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284- 2 Invited Moores, Eldridge

PRECAMBRIAN OPHIOLITES AND THEIR TECTONICSIGNIFICANCE
MOORES Eldridge '
1 - Department of Geology , University of Californi a, Davis, CA 9561 6 USA
Keywords : ophiolite ; Precam brian ; tecto nics
A global survey of Precamb rian ophiol ites Indicates that Neoproterozoic and
Phanerozoic ophioli tes are similar, but pre I -Ga comp lexes are substan tia lly
different. Phanerozoic-Neoproterozoic comple xes are of two principal typ es: a
full (Penr~se-type) sequence of tectonite peridotite, mafic-ultramafic cumu lates,
sheeted dikes, ext rusives, and pelaqic/ volcanlqenlc sediments characterize
magm a-rich (gene rally fast-spreading) complexes, whereas an incom plete
(Hess-type) sequence of serpent lnlzed tecton ite peridoti te unconform ably
overlain by extruslves and pelagic/v olcanigenic sediments charact erize
magma-poor (slow- spread ing) environments . These ophiolit es have been
emplaced by mant le-rooted thru sts (incipient to matu re subduct ion zones) over
continental margin s (Tethyan -typ e) or Island arcs and/or accret ionary prisms
(Cordl11eran typ e) . In most orogens, ophiolite emplacement was a first-order
tectonic event of magn itude, and predated conti nent-co ntin ent collision.
Ophiolites typically represent the tectonically highest thru st sheet In an orogen
(e.g. Himalaya); they are quick ly eroded with only discontinuous fragments
preserved . Pre 1 Ga ophiolites generally lack tectonit e mantle beneath cumulate
rocks. Mesoproterozoic-Paleoproterozolc comp lexes may include a
"Penrose-ty pe" ophiolite together with thick overlying sediments/volcanic
deposits , and high - level Intrusive complexes and plutons . Inferred Pre- l Ga
ophiolites include supra -subductio n (SSZ), mid ocean ridge (MORB), and ocean
island (OIB) composi ti ons, and mor e komatllte In > 1.6 Ga complexes, Mant le
history affects tectonic inte rpretation of geochemica l data, however. Archean
greenstone belts may represent "fla kes" of oceanic crust in "accreti onary
prisms" . Oceanic crust probably has progressively th inned through time , with a
possible abrupt change at 1 Ga. The prime tectonic importance of ophiolit e
emplacement also affects Precambrian orogens where deeper level of exposure
make recogniti on of ophiolites diffi cult. Possible Indicato rs Include: part or all of
an intac t sequence, faul ted fragments, possibly part s of a complete sequence,
sheeted dikes, serpent ini te unconformably overlai n by hypabyssal/extrusive
rocks, shear zones with metamorphosed ophiolitic fragments, metamorphic
mafic/ult ramafic rocks of possible ophiolitic parentag e; geophys ical Indicati ons
of high -density or high-mag netic rocks within cont inental orogens .

284 -3 Oral Kaufman , Alan Jay
TECTONICS, PRIMARY PRODUCTIVITY, AND GLACIATION AT BOTH ENDS OF
THE PROTEROZOIC EON
KAUFMANAlan Jay '
1 - University of Maryland
Keywords : Proterozoic; glaciati on; greenhouse; cap carbonate; productivity
Eart h history at both ends of the Prot erozoic Eon was punctuated by a series of
pote ntially long- lived and globe-encompassing Ice ages where continental
glaciers and sea ice apparently extended to sea level at low latitudes. A
comparative analysis of the two glaciogenlc Interva ls reveals str iking simil ariti es;
in particul ar both are related to supercont inent rift ing and are assoclated with
extreme perturbat ions In carbon cycling, and differences, most notably the
unusual presence of carbonate and Iron-formatio n In the younger, but their
general absence In the older where they are more expected. Discrete
Neoproterozoic glacial diamictites (~570-750 Ma) deposited duri ng rifting the
supercont inent Rodlnla, are often associated with iron-fo rmations, and are
commonly overlain by text urally and isotopically anomalous cap carbonates,
which are characteristica lly depleted In l3C and enriched in 34S. Co-existin g
orga nic matt er Is 13C enri ched resulting In significant ly reduced biological

fractionation . Paleoprot erozoic ice ages (:52.45 - >2.22 Ga) are also associated
with rifting and breakup of the low latitude Kenorland supercontin ent. Although
thr ee episodes of glaciatio n are known there are no classic Iron-fo rma tions in
th is interva l and very few significant carbonate accumulatio ns.
Chemost ratig raphlc studies worldwide reveal oscillatio n of carbon Isotop e
abunda nces across some of these glacial event s, which are similar to those of
the Neoprot erozoic Era; furt hermore, preserved cap carbonates also have
negative carbon isotope compos itio ns and reduced fractionation. Geologica l and
geochemical Indicators suggest a stepwis e increase In the atmo spheric oxygen
content across both the Paleoproterozoic and Neoproterozoic glacial epochs. The
tempo and mode of atmospheric oxygen rise has Important consequences for
the abundance of the Importa nt greenhouse gases CH4 and C0 2. As methane Is
a significantly stronger infra -red attenuator, modulat ions in the relative
abunda nces of these atmos pheric gases might have resul ted in many of the
Proterozoic Ice ages. Ultimately, however, the rise of 0 2 must be tied to primary
produ ctivi tY,' which also sequesters C02 from the atmosphere into organic
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productivity In largely anoxic oceans, and hence climate change, throughout the
Proterozoic Eon.

284-4 Invited Cordan i, Umberto Giuseppe
THE TECTONIC SIGNIFICANCE OF JUVENILE INTRA-OCEANIC MAGMATIC ARCS:
THE CASE OF SOUTH AMERICA
CORDANI Umberto Giuseppe ', TEIXEIRA Wilson ', RAPELA Carlos ', HERVE
Franc isco 1

1 - University of Sao Paulo, Brazil
2 - Nati onal University of l a Plata, Argentina
3 - Universit y of Chile, Santiago, Chile
Keywords: Isotope geochemistry ; South America; Crustal evoluti on;
Accretiona ry belts; Magmati c arcs
Classical models of orogens invo lve either Andean-t ype accreti onary belts ,
where subduct ion beneath the front of a continental block give rise to
voluminous calc-al kaline magmatism, or a Wilson cycle of ocean opening and
closing, where the final event is a contin ent -continent collision. In both cases, a
pre-existent basement is Involved In the petro geneti c processes related to the
produc ti on of grani toid rocks, whose Isotopic signatu res Indicate reworked
crustal components In the parenta l magmas. A somewhat diffe rent model of
accretion ary orogens is related to Intra -oceanic magmatic arcs, formed with in
large oceanic doma ins, in areas of long-lived plate convergence and
B-subd uctlon, when both convergen t plates consist of oceanic lit hosphere. They
comprise calc-a lka line igneous rocks, with typical Juvenile Isotopic slqnature,
indicat ing mantl e derived parental magmas. Juvenil e rocks produc ed In such
processes of "soft accretio n" are forme d by lateral accretion of successive
magmatic arcs, and are widespread over very large areas. Typical examples are
the Eoproterozoic Svecofennlan belt In the Scandlnav lan Shield, and the
Arabian-Nub ian Shield In northeastern Afrlca .Granitold rocks are essentially
j uvenile in the Archean , when conti nenta l masses were much smaller, whereas
In the Phanerozoic reworked material is largely more common. In the
Proterozoic, a clear distinction of juvenile vs, rewor ked material can be made,

and we suggest : (1) - large oceans existed where major Juvenile magmatic arcs
are reporte d and (2) - small ocean basins or conti nenta l margins wer e present
where reworked material is predomina nt . In South Americ~, the largest region
WIth Juvenile granitoId rocks compris es the Ventuan-Tapajos and Rio
Negro- Juruena tecton ic provinces of the Amazonian Craton. The rocks are
Mesoproterozolc1 indicating the existe nce of a very large ocean before the
form ation of Rooinla . Another very Important tectonic provin ce Is the
Neoproterozoic Golas _Magmatic Arc, revealing a large oceanic domain separating
the Amazonian and Sao Francisco craton s before the agglu tination of West
Gondwana. In contrast, wi thin the Neoprotero zoic belts of the Borbor ema
Mantiquelra and Pampean prov inces only reworked mate rial is Indicated for their
gran itoid belts, suggesti ng the presence of restricted oceanic basins. Similar
mixed Isotop ic signature is noted for the Andean granitoid belt s formed duri ng
the Phanerozoic at the long-li ved Pacific cont inental margin of the cont inent.

284-5 Ora l Cruden , Alexander
NEOARCHEAN ACCRETIONARY GROWTH OF CRUST IN THE WESTERN SUPERIOR
PROVINCE, CANADA, FROM ISOTOPIC ANALYSIS OF ZIRCON
DAVIS Donald Wayne ', MELNYK Matt ', CRUDEN Alexander ', FRALICK Phil'
1 - Dept. of Geology, University of Toronto
2 - Dept. of Geology, lakehead University
Keywords: geochronology; zircon; Archean; Superior provi nce
U-Pb geochronology combi ned with str uctura l and sedimentolo gical analysis
reveals a detailed history of crusta l growth In the Superior province by collision
of a reworked Paleoarchean terrane (Wlnn l~e River - WRT) and Juvenile arc
sequences (western Wabigoon terrane - W wit h a reworked Mesoarchean
ter rane to the nort h (North Caribou - NCT). H Isotopic analysis of zircon serves
as a fingerprint of rocks in diffe rent ter ranes and to identi fy provenance of
detrital zircon. Collision caused progressive nort h to sout h uplift and deposit ion
of orogenic sedime nts Into foreland basins, which In some cases were overridden
by thru st sheets. The earliest evidence of accreti on and Init ial subduction of WRT
crust is Isoclinal foldin g of 2.9 Ga old WRT gneisses, dated at 2716 ± 2 Ma. This
was coeval wit h shutdown of arc magmatis m In the region and the earliest
deposition of orogenic sedimen ts . l arge scale melting, vertical nattenlng and
lateral now occurred in deep WRT crust at 2710 ± 2 Ma, coeval with an early
stag e of upright folding at mid to high crusta l levels In the adjacent WWT
greenston es. Regional scale open upright folding occurred in WRT at 2700-269 0
Ma, coeval with a second phase of deformation In WWT that formed regional
shears and alluv ial basins. Both areas were Intruded by num erous sanukitold
plutons, possibly derived from melt ing of previously metasomatiz ed mant le
follOWing slab breakoff and crustal extension. Rapid uplift and unro ofing of WRT
crust Is evidenced at th is time by the appearance of 3.0-3 .S Ga old detrital
zircons with Paleoarchean Hf Isotopic signatures in the WWT and Quet ico
subprovi nce to the south . In some cases 2.70 Ga old metasedimentary uni ts
were overt hrust by older volcanic arc sequences only a few m.y. afte r
deposit ion. Sediment accumul ated In the Quetico basin over the period
2700-2690 Ma and In the Ponti ac basin furth er south and west at 2690- 2683
Ma. The styl e of Neoarchean accretionary tecto nics in Super ior province seems
marked by southwardly advancing uplift, sedimenta tio n and deformati on that
Involved InterleaVing of volcanic sequences with orogenic sandstones on scales
from several to hundreds of kilometers accompanied by crustal melt ing at
depth . The present subprov ince structure of Superior province may be more
representative of late differential erosion and exposure of this Inter layered crust
than dockin g of discrete terra nes.

284-6 Invited Da Silva , Luiz Carlos
THE NEOPROTEROZOIC MANTIQUEIRA PROVINCE AND ITS AFRICAN
CONNECTIONS: A ZIRCON-BASED U-PB GEOCHRONOLOGICAL SUBDIVISION
FORTHE BRASILIANO/PAN-AFRICAN SYSTEMS OF OROGENS
DA SILVA l ulz Carlos '
1 - GEOLOGICAL SURVEY OF BRAZi l
Keywords : Brasil iano/ Pan-African orogens; Mant lqueira Province; U-Pb ages
The Mantlq uelra Province (MPV) Is a large and complex st ructural province
deform ed by the Neoproter ozoic/Ear ly Paleozoic Brasil iano orogenic event in
South America . Its evolution is herein detailed on the basis of the geolog ical and
geometr ic characterisation, structural and thermal overlapp ing of the distinct
phases of the orogenic collage. In addition to the tectono-stru ctural analysis,
some SO new zircon U-Pb SHRIMP data from a large numb er of selected units
provided a powerful tool for understanding the granitic chronostratigraphy and
the orogenic evolut ion . We also Integrated existin g U-Pb analyses, tot alling
some 250 dete rmi nations, which also furni shed Importa nt constraint s to
delineate the precise tectono-magmatic succession (orogenic episodes). The
study delineated an int ricate evorutl on comprising three successive systems of
orogens: Brasil iano I, II and III . New crusta l growt h Including Juvenile
Intra ocea nic volcano-pluto nic arcs cha ract er ises the ea rlier Braslliano I orogenic
system, which eresent s collisional clima xes at ca. 790 Ma (Embu Domain) and
730-700 Ma (Sao Gabriel Orogen). On the oth er hand, recyc ling of pre-existin g
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recorded at 640-62 0 Ma (Dom Feliciano Orogen) and 600 Ma (Paranaplacaba
and Rio Plen orogens), whereas the Brasiliano III clim axes Is also
well-constrained at 590-560 Ma (Aracue! Orogen) and 530- 500 Ma (Buzlos
Orogen) . The avail able geochronological data from the Pan-African lit eratu re
suggests tempo rally simila r orogenic succession. The protracted, dom inantl y
accretionary, Pan-African I system lasts from 850-7 00 Ma, whereas the
Pan-African II (collis ional peak at 650-600 Ma) and the Pan-African III
(collis ional peak at 590- 540 Ma) are characterised dominantly by crustal
recycl ing processes. The data reinfo rced previous attempts to correlate the
northernmo st Aracua! Orogen and the West Congo orogen (AWCO), both
belonging to the system Brasil iano/Pan-African III. On the other hand, the
available data did not confirm previous configurati ons for the western Gondwana
Supercontin ent amalgama tio n, based on a direct linkage between the
south-eas tern orogens from Rlbeira and Dom Feliciano belts (Brasilian o II) and
the south-western African orogens, I.e. Kaoko, Damara, Garlep, and Saldan la
(Pan-African III) .
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CONFINED OROGEN: THE CONCEPT, A PRECAMBRIAN EXAMPLE AND TECTONIC
IMPLICATIONS
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