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TIlE AMERICAN CONTINENTS AS MORPHOLOGIC ''1WJNS'' BORN 400 M.Y.
APART: BREAK-UP OF PANNOTIA AND PANGEA

DALZIEL, LW.D., Institute for Geophysics, Uni versity of Texas al Austin, 8701
N. Mopac Expwy., Austin, TX 78759-8397, ian@ utig.ig.utexas.edu

There is widespread acceptance (Dalziel et al., GSA Today, 1996) that the Cambrian­
Lower Ordovician carbonate platform constituting the Precordillera of northwestern
Argentina (APe) was pan of Laurentia until mid- to Late Ordovician times, and that it
originated in the Ouachita embayment, as originally suggested by Dalla Salda et al., .
G/!()logy, 1992) . This means that the APC is indeed a critical clue in Paleozoic paleogeog -..:.
rap hy. Astini et al . (GSA Bulletin, 1995) foll owed Th omas (GSA Bulletin, 1991) in
suggesting tha t it was detached from Laurentia in the Late Cambrian, docking in South
America as a microcontinent rather than as a result of the continent-contine nt collision
hypoth esized by Dalla Salda et al. However, comparison with the exte nsional regime as- . ":
sociated with the Mesozoic separation of the Falkal nd/Malvinas Platea u from Africa during .
the ope ning of the South Atlantic Ocean basin at 128 Ma suggests that the Birmi ngham .
graben, South Oklahoma aulacogen, and Ouachita troug h are analogous to the Rawson
basins, San Julian basin, and Malvinas basin respectively. Moreover, positi oning of the
Gree nland-Scotland-Labrador promontory of Laurentia within the Ariea embayment of
South America prior 10 the opening of the Iape tus ocean basin at ca. 545 Ma, as suggested '
by Dalziel (GSA Today, 1992), places the Ouachita embayment adjacenlto the
FalklandlMa1vinas Plateau and opposite the latest Precambrian to Ear ly Cambrian rifted . s.
margins of southem Africa and the Ellsworth Mountains block of the East Antarctic craton.
Hence, the Grenvillian basement of the PrecordiUeran platform may have originated along .
the present-day southern margin of the Falkland/Malvinas Plateau, and the American con- :
tinents may have been born ca. 400 m.y. apart as morphologic "twins" - southward .
tapering cratons with 1()()()'1500 km loop promontori~ at their southeastern.e"'tremities.. ..
Opening of the western Iapetus (Laurentia-South Amenca) and South Atlanoc ocean basins
coincided with the initiation of the first-order Paleozoic and Mesozoic rises in sea level ' .
respectively, presumably as a result of displacement of ocean water by new mid-ocean
ridge sytems at leas t 6000 Ian long in eac h case. .

NO SWEAT: P AN-AFRICAN DAMARA OROGEN (NAlI-U BIA) AS AN
UNSTABLE T RIP L E POINT, WITH IMPLICATIONS FOR RODINIA

HOFFMAN, Paul F., Dept, of Earth & Planetary Sciences, Harvard Uni versi ty,
20 Oxford St ., Cambridge, MA 02138, hoffman@eps .harvard.edu

The tectonic asse mbly of Gondwanaland involved closure of the Mozambique and Brasilide
(aka Adamastor) oceans, concurr ent with breakup of the 1.05-0 .75-Ga superc ontinent
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GE O LOGY OF NORTHERN ERITREA, EAST AFR ICA.
HAILEAB, Bereket, Carleton College, Nort hfiel d , MN 55057,

bh aile ab@c arl e ton .edu , RE ITAN , H. Paul, pre ita n @a cs u.buffalo.edu
a nd WOLDU , Am a n uel, v230 h5fb @ubv ms .cc .bulfalo .e d u, Dept. of
Geolog y, Un ive rs ity a t Buffa lo, Buffalo , NY 14 260-3050.

The geolog y of Erit rea is do mina ted by P re ca mb ria n crystalline basement
overlain by Tertiary to Quaternary volcanic and sedimentary rocks. The
Proterozoic roc ks consi st dominantly of vo lcano-sedimentary assemblages;
gneisses, amphibolite, homblende schist , quartz-m ica-schist , gamet schist,
staurolite schist, marble and basallic flows . Intrusive roc ks of varying s ize
from stocks to batholiths are very common; they inc lud e granites to dio rites
and mafic to ultramafic bodies. Some o f these seem to be emplaced du ring
deformation and some post deformation. Th er e a re also se veral circular
post-tectonic intru sive bodies tha t show lillie or no evidence of deformation.
Petrographic analyses of the metamorphic rocks shows mineral associations
inclUd ing chlorito id , gamet, andalusite a nd s ta uro lite . Mineral assemblages
indicate Ihe metamorphic history of the rocks ranges from greenschist facies
to a mphi bolite facies . Most structures of no rthern Eritrea have st rong line a r
features trending NNW-SSE. Several ty pes of ducti le folding , shear zo nes
a nd normal fa ults structures can be see n from th e o utc rops as we ll as from
satellite images. Tertiary floQd basalts rest comformably on the P re camb rian
basement rocks. These basalts reach a thic knes s of more th an 5 00 meters.
Lateritic paleosols mark the contact between the Tertiary and basement
co mple x in many parts of the outcrops . Quaternary geology of Eritrea
ind ica te s that th e region is seismically active as can be see n from recent fault
s carps, c ha n ge s in drainage r>attems and recent earthq uakes.
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SESSION 21, Tectonics I: Southern Hemisphere and Precambrian Tectonics
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A I GA MAGMATIC ARC IN THE BORBOREM A PROZI~, NE BRAZIL: A
RODINIAN-AGE ANDEAN-TYPE CONTINENTAL MARGIN?

KOZUCH, M., VAN SCHMUS, W. R., PLANK, T.A, Dept~ Geology, Univ. OfKansas,
Lawr ence, KS 66045; kozu@falcon.cc.ukans.edu, rvschmus @kuhub.cc.ukans .edu,
tp lank @kuhub .cc .ukan s.edu ; BRITO NEVES , B.B., Institute de Geociencias,
Universidade de Sao Paulo, CEP 05422-0970 Sao Paulo, SP. Brazil, bbleybn@usp.br.

Withinthe states of Pernambuco and Parafba in the Borborema Province, NE Brazil, there are
excell ent exposures of plutonic, metavolcanic, metasedimentary. and gneissic rocks in this
0.6 Ga BrasilianolPan African orogen. Most undeformed granitoid plutons are Brasiliano in
age. Growing evidence, however, indicates thatextensive magmatismalso occurred - 1.0±0.1
Ga (Cariris Velhos orogen); various workers have proposed a ritt envi ronment or arc
environment for this activity. but the petrogenetic selling remained equivocal. primarily since
these - 1.0 Ga rocks have been relatively little-studied.

New U-Pb data confirm earlier Rb-Sr work thai - 1.0 Ga rocks represent a large
proportion of exposures . The Amb6 gneiss (north-central Pern ambuco ) yie lds a
preliminary U-Pb age of -1.0 Go. assuming Brasiliano Pb-Ioss. About 40 km south. gneiss
near Palmeira contains zircons that are 0.96 Ga, also assuming Brasiliano reactivation. The
Palmeira granite, a Brasiliano pluton thai intrudes the regional gneiss, contains inherited - 2.0
Ga zircons with an unforced lower intercept of -0.5 Ga. Therefore, the Palmeira granite was
probabl y not derived from the surrounding gneiss. Sm-Nd data for the Palmeira granite
(TDM = 2.15 Ga; ENd[0.6 Ga] of -14.1) show derivat ion from an older, evolved source.
TDM for the I Ga gneisses are 1.78 to 1.65 Ga, while ENd[0.6 Ga] are -3.8 10 -5.8.
suggesting that more than one source was involved to form the protolith of these gneisses,
i.e. a younger andlor more depleted source plus an older andlor more enriched source.

Trace element and REE chemistry of I Ga gneisses show arc signatures (negative Nb-Ta
anomalies), negative Eu and Sf anomalies (plagioclase resrite), and shallow melting. Trace
element and REE pattern s of the Palmeira granite display depletions in HREE (deep melt .
source) and positiv e Sr and Eu anomalies (plag ioclas e in melt ) . Comp lem entary
geochemistry between the gneiss and intrusive Palmeira granite, coupled with age and
isotopic data, suggests that a -2.0 Ga reservoir (older crust) was reactivated - 1.0 Ga during
Andean-type subduction, producing arc rocks with hybrid Nd signatures. The Brasiliano
orogeny remelted the restiti c - 2.0 Ga reservoir. which ex isted at a deep crustal level at - 0.6
Go. resulting in granitoids with old Nd signatures and old inherited zircons. The inferred arc
may denote tectonic activity complementary to the assembly of Rodinia ca. I Ga.

relative rotationsof up to 60 degrees. Previously reponed paleomagneticresultsfromyoungerunits
typically yieldrotationsno greater than20 degrees. The rotations recorded by youngerunitscanbe
reasonably explainedby a nearly symmetric oroclinal bending. The greaterrotations of the olderunits
indicates a morecomplex structural developmentin the oroclineaxis thanthat predictedby a simple
oroclinemodel. The data suggest at least onemajor fault cutting obliquely through the Eastern Cordillera.
Thisstructuremay accommodate, in part, the lengthening of meorogen during the developmentof the
Bolivian orocline. The greaterandmore variable vertical-axis rotations of the olderunits suggest that the
EasternCordillerainthe axis of the orocline was actively deformedduring late Oligocene and possibly
Eoceneorogeny.

LOWERAND MIDDLEORDOVICIAN K-BENTONlTES IN THE PRECORDILLERAOF
ARGENTINA: NEW DISCOVERIESAND SIGNIFICANCE

KOLATA, Dennis R , Dlinois State Geological Survey, 615 E. Peabody Dr., Champaign, IL
61820, kolata@geoserv.isgs.uiuc.edu;HUFF, WarrenD., Dept. of Geology, Univ. of
Cincinnati, Cincinnati, OH 45221, Warren.Huff@UC.Edu; BERGSTROM, Stig M.,
Dept ofG col. Sci., The Ohio State Univ., 155 S. Oval Mall, Columbus, OH 43210,
stig@orton.mps.ohi<>-state.edu; CINGOLANl, Carlos A., Centro de Investigaciones
Geologicas, Universidad Nacional de La Plata, Calle I n. 644, 1900 La Plata, Argentina,
ccingolani@cig.edu.ar;ASTINI,RicardoA., Universidad Nacional de C6rdoba, Av.
Velez Sarsfield 299, CC 395, 5000 Cordoba, Argentina

K-bentonite beds (alteredvolcanicash) are present in Lowerand Middle Ordovician rocks in the
Precordillera of western Argentina, First discovered twoyears ago in the upper part of the San
Juan Limestone and overlying shales of the Gualearnayo and LosAzules Formationsnear Jachal,
San Juan Province, this K-bentonitecomplex has now been identified in 10 areas between
Guandacol, La Rioja Province andSan Juan, San Juan Province,a distance of about 200 I:m. At
two localities, over 30 beds are present, ranging in thickness from 1 to 60 em. All known
occurrencesare in the central and eastern thrust belts of the Precordillera. The K-bentonites are
mid-Arenigian to mid-Llanvirnianin age based on biostratigraphically diagnostic graptolite and
conodont faunas, and they offer excellent potential for high-resolution correlation.

Deposition of the volcanic ash occurredprior to and shortly following the teetonic collapse of
the Precordilleran carbonate platform beginningduring the Arenigian. The volcanismappears 10 be
related 10 the early Middle Ordovician collision and docking of the Precordilleranterrane with
Gondwana. The geochemistryof the K-bentonites indicates a rhyolitic to trachyandesitie parental
magma that originatedin a volcanicarc-continental marginsetting. The distribution andthickness
of the K-bentonitebedssuggest that thesource volcanoes were situated to theeast of the
Precordillera, probably ncar the margin of the Argentine craton. K-bentonites occur in a
comparable stratigraphic position in the southern part of the United States, but it is unclear what
their relationship is, if any, to those in the Precordillera.

9:15 AM

.. - : ~





INST!1U10 CE GEOCiENC1AS - USf
8 18LIO T:::CA

t,,.

r~:---------"'-~------,;,,-"""'~~~~~

f
i

ASSOCIATED SOCI ETI ES
Associatio n for Wome n Geoscientists • Association of Engineering Geologists. Association of American State Geologists.
Association of Geoscientists for Inte rnational Development. Cushman Foundation. Geochemical Society. Geoscience Information
Society • Mineralogical Society of America. National Association for Black Geologists and Geophysicists. National Association
of Geoscience Teachers • National Earth Science Teachers Association. Paleontological Research Institution. Paleontological
Society • Sigma Gamma Epsilon • Society of Economic Geologists • Society of Vertebrate Paleontology

C O-SPONSORS
Colorado Scientific Society • Rocky Mountain Association of Geologists • Society for Sedimentary Geology (SEPM)-Rocky
Mountain Section .

Futur~A~Mee:tiHj~

1997 SALT LAKE CITY, UTAH .

1998 TORONTO, ONTARIO .
199 9 DENVER,COLORADO

2000 RENO, N EVADA .. ..

2001 BOSTON, MASSACHUSETIS

2002 DENVER,COLORADO . . ..

OCTOBER 20-23
OCTOBER 26-29

. ·O CTO BER 25-28
NOVEMBER 13-1 6
NOV EMBER 5-8
OCTOBER 28-31

Great Sand Dunes
National Monument.
Photo byJ ohn
Karachewski.

~ 50%Total Recovered Fiber

~ 10%Post-Consumer

GSAAbstracts with Programs. vol. 28, no . 7: ISSN 0016-7592-Coden: GAAPBC is published by the Geological Society of America, Inc., with
offices at 3300 Penrose Place, Boulder. Colorado 80301-9140 USA. Mailed at first-class before the respective meetings and fourth -class after. Seven
issues published in 1996: February (3), March, April (2), and October. Copyright II) 1996 . the Geological Society of America, Inc. (GSA). All rights
reserved. Copyright not claimed on content prepared wholly by U.S. Government employees within the scope of their employment. Individual scien­
tists are hereby granted permission, without royalties or further requests, to make unlimited photocopies of abstracts and other items in this publica­
tion for noncommercial purposes advancing science or education. including classroom use , and to make up to five copies for distribution to associates
in the furtherance of science. Permission is granted to individuals to make photocopies of those items for other noncommercial, nonprofit purposes
advancing science or education upon payment of the appropriate fee ($0.25 per page) directly to the Copyright Clearance Center, 27 Congress Street,
Salem. Massachusetts 01970, phone (508) 744-3350 (include title and ISSN when paying) . Written permission is required from GSA for all other forms
of capture, reproduction, and/or distribution by any means. GSA provides this and other forums for the presentation of diverse opinions and positions
by scientists worldwide, regard less of their race, citizen ship , gender, religion, or political viewpoint Opinions presented in this pub lication do not
reflect official positions of the Society.

Price: Subscription to the seven-issue 1996 volume: $80 to GSA Members: all others, $89 to U.S., Canada. and Mexico. $99 to all other'countries.
To order, call 800 -472-1988, (303) 447 -2020. Members may E-mail member@geosociety.org: all others E-mail rbevard@geosociety.org.

Clairns for nonreceipt or damaged copies: Members contact Membership Services Department: Nonmember subscribers contact Subscription
Department.

For information about the content of papers abstracted in this issue, contact the respective authors directly. To request abstract forms or obtain
general information about abstracts processing, contact the GSA Abstracts Coordinator or E-mail ncarlson@geosociety.org.


