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FOREWORD

Clufrles E. Chapin

Maev Moxico Bureau of Mires and Mineral Resources

The Rlo Grande rift was largely overlooked as a major continencal rift
until the 1970's. Geologists in the United States were preoccupied with
the much larger Pasin and Range province and with the southarn Rocky
Mountains, The ploneering studies of Bryan (L938) and Kelley (1952,
1954, 1956) had uppearved in regional publications that vere generally
not known outslde the southwestern United States. During the 1560's, the
Rio Grande vift appeared on maps in sevural regional studies (Eardley,
1962; Hamilton and Myers, 1966: Cook, 1969) and was variously termed the
Rio Crande "rift valley svstem", “rift belt", or "depression'. Many
geologlists vegarded the Rlo Crande rift as merely a prong of the Basin
and Range province. However, the paper by Seager and Morgan in this
volume presents evidence that the southern Rio Grande vift differs from
the adjacent Basin and Range province in several important aspeces,

The surge of modern research on the Rio Grande vift wvas triggered by
two revolutions In the 1960's: 1) the quiet revolution of greatly ex-
panded genlogic mapping, cspeciallv of vwolcanic fields, and 2) the
noisy revolution of plate tectonics with fts focus on fitting major
structures into an overall scheme, The serles of modern papers began
with Lipman's (1969) comparison of the chemical compositions of basalts
within the rift versus thomse on its shoulders, In 1971, I attempted to
define the extent of the vift and to outline its characteristic features,
Alyo appearing in 1971 was tha epic volume on the stratigraphy of the
Santa Fe Croup by Calusha and Blick. 1975 was u vintage vear for pub-
lications on the rifc, Lipman and Mchnert described basaltic volcanism
and developwent of the ¢i1ft, Chapin and Seager the evolution of the
rife, Reiter and others the heat flow anomaly nssoclated with the rift,
and Decker and Smithson o lithospheric model for the gouthern rifc
bused on heat flow and gravity data. Woodward and others compiled a
tectonic map of the Rio Grande region from the Colorado-New Mexico
border to Presidlo, Texas. Also pubiished {n 1975 was Ceological
Society of America Memoir 144 Cenozoic Historv of the Southern Rocky
Mountains which documented the major role of uplift and block faulting
in shaping the presant character of the southern Rocky Mountains, The
culmination of papers leading up to the [nternacional Svmposium was the
poper by Cordell (1978) on the veglonal geophysical setting of the Rio
Grande rift ... a paper vhich caps nearly tvo decades of geophysical
work, [ have touched only the highlights here; many significant contri-
but{cns pertaining to parcicular areas or teatures have been made by
other raesearchers.

Another revealing way of measuring the progress of research on the
Rio Grande rift {3 to compare J sywposia held on the rift during the
1970's, vach 4 vests apart. The first of these confercnces was the
Spring Meeting of the New Mexico Geological Socierty held in April 1970
during vhich 21 papers on the Rio Grande rift were presented. The
abstracts were published in the Soclety's Twventy~First Annual Guide-
book (L. A. Woodward, ed., 1970), The second symposium was o Geological
Society of America Penrose Conference convened by Lindrith Cordell and
Frank Kottlowski and held in Santa Fe during August 1974, Thirty-five
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papers waere presented 20 a group of about 70 sclentists from the United
States, A volume of papers was not published after thiy meecing but
the Penrose Conference was an important catalvat as evidenced by the
number of papers that appeared during the next four years. The third
svoposium wits the International Conference held in October 1978, Approx-
zately 190 scientists attended, 28 of whom represented 13 councries
other than the United Status. Cighty=-seven papers were prasented of
which 33 were on the Rio Grande vift and {nvolved B6 authors from 28
Institutions in 14 states and 2 other countries. These tigures tell a
story of accelerating research on the Rio Grande rift with luvolvement
of a large number of sclentists from many inscitutions.

The other part of the story Is che incressc {n geophysical and seo~
chemfcal studies with a preater diversity of regearch techniques being
bYrought to bear on rift problems. in 1970, 2 of 12 papers were by
nuophysicists who covered sravity, acromagnetics, and selsmicity, In
1974, 5 of 15 papers vere by geophysicists with coverage of gravity,
aeromagnetics, heat flow, seismicity, and selsmic reflection (a previev
of plans by che Congortium for Continental Reflection Profiling). In
1978, 22 of 53 papers on the Rlo Grande vift were by geophvaicists with
coverage of seisaicltv, seismic reflection profiling, seismic relraction,
nagna shadowing using microearthquakes, surface wave dispersion, tele-
selsmic delay, =agnetotelluric profiling, geomawnezic variution, Douguer
sraviey, residual sravity, heat tlow, releveling, peodesy, and compucer
modeling, The increase in geochemicul research (s also {mpressive: 10
papers at the International Symposium dealt mainly with chemical and
{sotopic studies of ‘tolcanic rocks along the Rio Crande rift, An addi-
tional 6 papers reported the results of geochemical studiocs on mantle
and crustal xenoliths. Attempts were tade to wodel the litholowy,tem=
perature gradients, dugree of parcial celeting, magnitude of mancle
upwelling, and scate of stress in the lichosphere benaach rthe vifr,

in 8 vears of intensive research the Rio Grande rift has evolved [rom
ia Lnrgel" unknown structure to one of the best documented continental
vifts in the world., Research will not slacken with publication of this
volume. The next few vears will bring important new digcoverios and
concepts {n an endeavor which has become o fine example of interdisci-
plinary rescarch.

‘This volume centains o special collection of papers celected from
those presented at the International Symposium on the Ris Grande rift
held at Santa Fe, Mew Mexico, in October 1978, The Svmposium was spon-
sored by Working Group 4 of the Inter-Union Coumission on Geodynamics
and 9 ocher organizations with Los Alamos Sclentifle Laboratory as host.
Emphasis of the program was on tectonics and magmacism of the Rio Grande
zift, Too previous publications have resulted from the meeting: 1) a
Program and Abstracts volume published as reporc LA-74B7-C of the Los
Alamos Sclentific Laboratory, and 2) a Guidebook to the Ric Grande RifE
in Hew Mexico and Colorado compiled by J. W. Hauluv and publiehe as
Clrcular L6) of the New Mexico Bureau of Mines and Mineral Resources,
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ZVCLUTICH oF THE RIS SFANDE RIFT = & 3IMMARY

Charles Z. Zhapin

liow Maxico Burcau of N and l'ineral Fesources

Socorro, ew Mexics 4

ines
7801

The purpese of =his summary 139 to provide a concige overview of
~he Rio Srande rifs. For details and other interpretazions sce %the
individual papers in shis volume, redional syntheses by Chapin and
Seader {1775) and Cordell (1978), and Guldehook to the Ric Grande
31:: in Hew Mexice and Colorado conmpiled by Hawley (1978).

1:::nu recan ceswden 1o and 3T mar. aqo when regional excensicen
rnactivated the gcutaern Rocky Mountaing, a major nor=hetrending
sone of weakness =n1z had develofed during late Pileozolc and lase
Lretaceous-early Terziary orocentes. By 26 m.v, ago, she crust
Mlong zhe develorinz 2182 kad sagged sufficiently 2o form sroad,
ihallew zaning in wailsh madic $laws and wslzanic ash beds wore inzare
alated wich alluvial fiil.  Fresorvation wizhin rLifs Lasing of cone
iwlete pre«rift volcanic gecticns and earlys~rift wolcantc-alluwial
snctiens nlininates regional deming as an early rifs grocess. As
the rifs opened, .= broke en achelon acrass a series of ncrthuast-
and wostencrihwess-teunding Slaws which appear as lineamencts in <he
basemant <earrane of the sourhern Roc”y Mountains., 3asins l{orming on
apposite sides of linvamenszs sended to develop opposing :rrx criag «-
hinged cn the wasz warsus hineed on .hn east, Conseguently, those
portions of lincamenzs connecszinug the ends of staggered basins wnre
subjected o a scissors-like tozque in the brissle near-surface rocks
And to a transterse shear as depth. leare-syrface sirain along these
transYerse structures has been rolleVed mainly by a complex intes-
meshing ¢f normal faults of oproding dense rather than by strike-slip
faulting, The deeply nancrrazing trangverse structures have cended
o leak magmas and tc ke zones of high heat flow and qdoothermal
ieeivisy,s 3ee Chagin et al., {1978) for a map showing mater lincamont:
crangacted by the Blz Srande rif: and for qeological and c¢esphysical
documentation of a zTranaverse shear 2onn at Socorso.

The matn porticn of the Rio Grande rifs can be divided into tnree
sagments, cach with i%s own structural style and history but with a
common thread of major avents and timing, The northern seament,
Loadville =0 Alamosa (Figure 1), began to open about 27 m.y. ago and
{5 characterized b¥: 1 north-northwest trend paralleling the La.o
Ffaleozolis and Laramidae seructural grain: a near absance of synrif
volcanism in tha axial basins: and a shift {n oxcension away from the
axial drakens (n%o a broad belt aleng the east shoulder of the rifsz
(Twete, =his volume). The axtal graben gystem tapers norchward and
Pincnes out about 2° xa north of LeadWwiile, £Extenslion centinues
northward to near t=he Wyoming border as a bread zone of block faulting
{Tweto, this volumel.

The censral segmens, Alamosa to Socorro (Flqure 1), {s characterized
by a north-northeast-“rending series of cn echelon basins scparaced by
complex transverse ssructures, This seqment traverses an area of
northeast-srending basement lincamaents and crosses l.4-1.8 b.y.-old
Precambrion rocks (Hedge et al., 1969) in the north and 1,3-1.5 b.y.-
old Precambrian rocks (White, 1278) in the south., Except near Taos,
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RIFT EVOLUTION 83

marly=rifs ragmatism was rolatively uparse within this seyment,
but late-rifs bimodal volcanism was voluminous. The Jeme: lin-
namunt and the Taos Plateau have been especially active durzing
Lha past S m.y.

The southern seament, Socorro to El Pagso {(Figure 1), has
underdone the most extunglon as evidenced by the wideniny of the
rife near Socorro into a northe-trending series ot parallel basing
and randes with ¢ =otal widzh about .5 times thar of the large
single basing o the north, %Yha rifs also bifurcates near Socorrs
with » weaker arm (the 3an Auaustin rifs) exzending southweostwiard
along the Moroncli lineament Ln%o Arizona. 3Jecween the San Augustin
arm and “he scuthern segmont of the main rift {s a triangular area
about 80 km on a side which has undergone moderate to extreme (> 50
pereent) cruvwal attenuation and voluminous early~rift and late=-rift
magnatisw, “Comino=-gtyle” acrmal faulting (Chamberlin, 1970) and
10 to 50° of rotation of ecarly Miocens and older ustraza is cormon
within this trianole, wherever intrarif: horyts cxpose =he floor
af an early eift baaln., A similar srructural style ls present in
the Rincon-Radlum Springs arve north of Las Cruses, The Socorro
srianale is bisected by o norzheast-trending trangverse shear zone
icroys which the sense of rezation of straca and normal faulting
<hanues 1809, A larae, present-day, 3$1ll=like magma body at mide
sryatal daopeths of 17 km (Kinenars o= 3., this vnlume) ends againse
thlgs transvarse structure and Ly gapparencly leaking magmas alona
it to form shallow reservolirs,

Rifting began about & m.y, earlfer (32 m.y.) in the southern
deqment of the Rio Grande rifs. The change to bimodal volcanism
accurred near the bacinning of agh-flow magmatinm in %he Datile
Mogollon fiold (Elsten and Bornhcrse, this volume) instead of at
he und a8 in the San Juan field (Ligman ez al,, l978), JLargn
volumes of basaltic-andesite lavas with hich initlal srivsset
ratios (0.7055-0.7590, Stianett and Stueber, i976) dre interbedded
with high-silica ash-flow sneets dated at 32 %o 26 m.y. in age.
Basaltic andeglce volcanism continued 5o about 20 m.y, and wasg
followed by a lull in maymatism between about 22 and L3 m.y. ago.

A similar hiatug occurred throuahout the Intermountain West buz

wag ghorter Ln tzhe Basin and Fande province(s) {20-17 =.y., MNckee

% al., 12701, Following the middle Miocene lull, bimodal mage-
matism changed %9 a basalt-rhyolite sulte with low initial sed’ s sedt
ratiog (bagalt, 0,.7034-0,7081: snyellise, 0.7048-0,7070). CEvorson

and Silver (this volumel repor: hishly radiogenic rock lenads similar
%o thoge of oceanic iylonds in Pliocone and Pleistozene basalts of

she southern segment and suagost 3 deep mantle upwelling., The
structural characweriscica of the sodtharn segment and its magmatic
evolution suppor: their conclusion, In contrast, magma gsource reqgions
in the cuntral and northern seqgments remained in the lithospherc
throughout rifting as evidenced by the lack of systematic chemical
changes between early-rift and late-rift rocks (Lipman et al., 1378
Baldridge. this volume: wWilllams and Murchy, 1978 Dungan et al,,
1378). The more silicic pre-rift and early=-rift rocks of the southern

#i9, 1. Shaded relief map of the Rlo Grande rift. L = Leadville,

Al = Alamgsa, SJ e 3an Juan voicanic field, T » Taog, J = Jenez
volcanic £leld, A = Albuquerque, S = Socorro, SA = 5an Auguscin rift,
DM ® patil-Mogollon volcanic f£ield, LC = Laas Cruces, EP = El Paso,
Modifled frem cover of Mew Mexico Burecau of Mines and 4ineral Reosourcny
Clrcular 161, 1978,
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deament and thelr hicher initial se’’/se'® ration probably reflect
differ=nces in aue and composition of the Precambrian lithogphare
batween zhe two arcay,

volcanism along the Rio uyrande rift increased slowly after the
middle Miocene lull (2013 m.y.) with acrivisy concentravzed ini-
=Lally in the Socorre triancle and the Jeme= Mountainy where thu
rifs trangsects major norctheasc-zrending lineaments, 7he southern
Rocky Mounzains and adjacent areas were strongly uplifted between
abeuz ¥ and 4 m.y. ado.  Totdl uplift since middle Miocene has boewen
about 1100 m (Axelrod and Bailev, 1976), much of which probably
occurred during this brief interval., The uplift (s probably duo
to mantle upwelline like that documenzed for the Great Bagin and
adjacent areag by Eaton az al, (in press), Block faulting aceon-
Panving epelircaentic uplifs digrupted the early broad bastny of zhe
Rio orande rift and formed the modern topoqraphy, with narrover,
more sharply defined basins. Preliminary calculations based on
defleczicon of linecaments indlcate a zotal extension across tha Rio
Jrande rifs of 10C-150%, These flgures are an order of maanitudue
larger than previous estimates, but they arn consistent with tho
pdantities of basaltic magma that must ke inyected inco the cruge
o masnzaln the heat flsw anomaly (A. lachenbruch, 1278, oral
commun. ) and to explain the residual rosizive gravity anomaly aleng
~he rife axia (Cecker and Stithson, 1%7%: Cordell, 1978),

increased runcff from newly elevated alpine regiony integrated
the drainage to form the ancestral Rio Grande prior %o 4 m.,y. auo.
Widesproad geomorphlic nurfaces, gqraded tc the ancustral Rio Grande
and itg tribucarics, btecame mantled with basalt flows following
sharp accelerasion of basaltic voleanism about § m.y, ago., lowering
of base jevels fulluwing capture of the Ricv Giande at El Pdso during
middie Pleistocene time (Xottlowski, 1958) resulted in disscction of
tagins along the Rio Grande drainage and isolation of basalt-capped
mesas. Lpelrogentc upiift has continued since 4 m.y. ago but at a
rediced rate, PRifting continues today as ovidenced by abundont
fault scarps cuzting Pleistocene deposity, high heac flow, modern
elevation changes, modarn magma bodies, and geophysical evidence for
ancralous crust and upper mantle beneath the rifc.
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