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TECTONIC EVOLUTION OF GONDWANALAND

N. A. BOZHKO, Geological Department, Moscow State University, Moscow

B-234, USSR.

The tectonic evolution of Gondwanaland since Early Precambrian to

Cenozoic times is shown in 22 paleotectonic maps, compiled on the new

fit of the Supercontinent.

Shown in five maps of the Early Precambrian is the formation of

the primitive crust» as well as the evolution of granite-greenstone

belts at*d of protoplatforms. As shown in the next four maps, the main

feature? of the Upper Precambrian are the destruction of primitive

crust and the formation of rift-related intrageosynclines, together

with the appearance of zones of tectono-thermal reworking of basement

and of the first orthogeosynclines, clearly related to

The Upper Precambrian is the epoch of formation of the Prototethys and

of the isolation of Gondwanaland, signalling the beginning of

operation of modern mechanisms of Plate Tectonics.

During the Paleozoic (next six maps), the inner zones of Gondwana-

land were uplifted as platforms (cratons), with the development of

both active and passive margins at the mobile periphery. In the Upper

Paleozoic, extensive continental rifting took place and vast areas

were covered by ice. The four Mesozoic maps register the outpouring

of enormous amounts of tholeitic basalts, and the formation of both

the global active Pacific margin and continuing continental rifting.

The opening of the South Atlantic and the development of the Indian

Ocean began in the Early Cretaceous.

The three Cenozoic maps reflect, as a result of the fragmentation

of the supercontinent, the development of continental rifting and the

related opening of several oceans, as well as the formation of deep-

sea structures. The tectonic analysis revealed the existence of

paleostructures of various ages which are clearly related to

Gondwanaland margins and structures. As a result, three main

structural epochs are distinguished during Gondwanaland evolution.

The Supercontinent was part of Pangea up to the Late Riphean. Up to

the Middle Paleozoic, it existed as an isolated land mass. Its

fragmentation took place from the Upper Mesozoic onwards.
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DISRUPTION OF EAST GONDWANALAMD (ANTARCTICA, AUSTRALIA, INDIA) BY
CONTINENTAL EXTENSION BEFORE SEAFLOOR SPREADING.

C.McA. POVELL and J.J. VEEVERS, Australian Plate Research Group,
School of Earth Sciences, Hacquarie University,
Nev South Vales, 2109, Australia.

Australia and Antarctica occupied the eastern part of
Gondwanaland until their breakup by the growth of the Southeast
Indian Ocean in the aid-Cretaceous (96 Ha). The growth of the
ocean was preceded by a stage of separation of the land areas of
the continents that started in the aid-Jurassic (160 Ma). This
separation was effected by 360 ka of extension (6 mm/year) by
normal and listric faulting in a 600 ka wide zone represented
today by the submerged continental aargins. In the first phase
of seafloor spreading, froa the aid-Cretaceous to the Eocene (45
Ha), the Southeast Indian Ocean grew to a width of 500 ka at the
slow rate of 10 aa/year, and in the second phase grew another
2600 ka at a fast rate of 60 aa/year.

Though entailing little «ore than l/10th of the total
separation, the stage of extension between Antarctica and
Australia has a significant implication for the node of
separation of India froa Antarctica and Australia. Froa 160 Ma to
132.5 Ma (M-ll), India-Australia rotated froa Antarctica by
continental extension between Australia and Antarctica and
largely transform-fault motion between the Coroaandel Coast
•argin of India and the Kron Prins 01av Kyst aargin of
Antarctica. In the second stage, from 132.5 to 96 Ma, when
continental extension between Australia and Antarctica was
greatest, India moved northwestward about a newly determined pole
of rotation away from Australia/Antarctica, producing M-10 and
younger magnetic anomalies and many bathymetric features off the
western margin of Australia.
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GONDWANAN RECONSTRUCTIONS FOR THE MESOZOIC AND LATE
PALAEOZOIC

Don H. TARLING, Geological Sciences, Plymouth
Polytechnic, Plymouth PL4 8AA, England

An examination o-f the magnetic anomaly patterns in
the Indian Ocean, combined with an assessment o-f the
location of continental -fragments, suggests an alternate
sequence of reconstruction for East and West Gondwanaland
in the Mesozoic (Tarling, 1987) which provide a somewhat
simpler sequence of motions than previously. The final
reconstruction for mid Jurassic times also appears to be
more consistent with other geological and geophysical
evidence. Palaeomagnetic evidence appears to be
consistent with this model, but the available data arc
still inadequate for testing most reconstructions. • The
relationship between this super-continent and other
tectonic units in central and eastern Asia is more
difficult to determine as there are no magnetic anomaly
patterns to delineate such positions. Geological and
palaeomagnetic evidence suggests that most of these
tectonic units formed the "northern" margin of
Gondwanaland until mid Carboniferous times, but then
formed separate units, only loosely linked with the
Gondwanan super-continent until Cretaceous and later
collisions formed present-day S.E. Asia.
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THE DISTRIBUTION OF LATE PROTEROZDIC TO EARLY PALAEOZOIC ROCK SEQUENCES IN
GONDtMNA : A FRAMEWORK FOR UNDERSTANDING THE BUILDING BLOCKS A » THE FUSION
PROCESS OF GOMMAMA.

« •a r te * J . DE HIT. Bernard Price I n s t i t u t e o f Geophysical Research,
I M v e r s i t y of the Wit*atersra»d. P.O. « U s , 2050, Sowth Afr ica .

With the new 1:10 mil l ion geological nap of Gondwana as the data base, a aap
has been coapiled, showing the distr ibution and character of those rock
sequences and associated tectonic structures throughout Gondwana, which date
between c. 1.0 and 0.45 Ga. This interval fac i l i ta tes study of the Upper
Proterozoic fusion of proto-Gondwana fragments into the super-continent.
This period overlaps the onset of extensive Early Phanerozoic global r i f t i n g
by about 0.15 Ga. The disposition of the Upper Proterozoic supercontinent
may original ly have been contained within a globally encircuiating be l t , but
was almost entirely confined to one hemisphere by the end of the Palaeozoic.

When the late Proterozoic-Early Palaeozoic geology of Gondwana is viewed in
the consolidated framework of this map, many disparate facts known to the
viewer are quickly perceived in a fresh and comprehensible way. For
example, the central West African-eastern Brazilian belts, and the Arabian-
East African-Mozambique belts form two major trans-Gondwana tectonic belts,
which appear to have a common linkage in the Oamaran-Irumide-Zambezi fold
belts. Together they form one immense trans-Gondwana mobile bel t , with both
internal and external foreland fold and thrust belts. Moreover, southern
Africa clearly emerges as a common focal point from where these suture zones
can be linked to the Proterozoic-Early Phanerozoic mobile belts of the
Antarctic and Australian segments of Gondwana. Tectonic features of these
belts w i l l be highlighted in this ta lk . When these well-defined, major
mobile belts, and the cratonic fragments separating them, are scrutinised on
the Gondwana map, they soon raise provocative questions about the bir th of
Gondwana:
(1) What were i t s proto-fragments; how and when did they collide?
(2) Do the tectonic belts relate to local Wilson cycles?
(3) Do the mobile belts relate to a larger scale global cycle, involving

major continental dispersal and then renewed association of the
dispersed fragments?

The present preference is to relate the major trans-Gondwana mobile belts to
(3), a large-scale cycle which "pivoted" around evolving Scotia Arc-like
regions. Such a "fulcrum" may have originated as a Trench-Trench-Rift [TTR]
t r i p le junction in a broad sense. At least one such major fulcrum existed
along the southern margin of Proterozoic Gondwana.
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COMPARISON OF NEW Rb-Sr AND K-Ar DATA FROM UPPER PRECAMBR1AN
SEDIMENTARY SEQUENCES IN CONGO REPUBLIC WITH CORRESPONDING FORMATIONS
OF WESTERN AFRICA, CENTRAL AFRICA AND NORTHEASTERN SOUTH AMERICA

Michel G. BONHOMME, Institut Doloaieu, Univ. Joseph Fourier,Grenoble,
UA 69 CNRS Geologie Alpine, IS, rue Maurice Gignoux, 38031 Grenoble,
France, Maria Helena F. MACEDO, Departaaento de Geologia, CCE-UFRN,
Caapus Universitário, 59000 Natal, RN, Brazil and Hector DIAZENZA
N'DEFI, Rue Sainte Rose, 1825, Montreal, H2K 4MI, Canada.

Isotopic Rb/Sr and K/Ar ages relevant to stratigraphy can only be
obtained fro» sediaents which were affected neither by strong dia-
genetic nor slight aetaaorphic events. Such sequences were defined in
Western and Central Africa, and in South Aaerica. These areas are:
the Atar region (Mauritania), the Southern Taoudenni and Volta Basins
in Western Africa, the northwestern and southwestern parts of the
Congo Basin in Central Africa, and sediaentary covers of the São
Francisco (Brazil) and Buenos Aires cratons in South Aaerica.

New data were obtained for Upper Precaabrian sequences in the
Northwestern Congo baain.

Fine-grained fraction aineralogy and isotopic geocheaistry reveal
that the Bouenzian was deposited froa nearly 1110 Ma to 920 Ma, date
at which it suffered a diagenetic event. The Lower Tillite is dated
back at nearly 950 Ma. The Schisto-Calcaire is situated between 920
Ma and 600 Ma, the latter age being that of a slight aetaaorphism
affecting the whole southwestern ttiari basin. Metaaorphic phases
still go on until 480 Ma in the West-Congolian Range.

In the Central African Republic, the Bafcouaa series suffered two
events dated back at 708 and 633 Ma. The latter also affected the
Sembé-Quesso series in Northern Congo.

These new results allow for tentative numerical correlations with
already dated sequences on both sides of the Equatorial and the
northern South Atlantic Oceans. In particular, the three main
sections: detrital, carbonatic, and again detrital, described in each
of the studied sequences, show nearly identical dates.
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THE GEOTECTONIC SETTING OF EASTERN BRAZIL AND NEST AFRICA DURING THE BRASI-
LIANO/PAN AFRICAN OROGENY

Oswaldo SIGA Jr., Instituto Brasileiro de Geografia e Estatística; Uaberto
G. OORDANI and Ariadne C. FONSECA, Instituto de Geociências, USP, CP.
20899, 01498 São Paulo, Brazil.

In a pre-drift reconstruction for eastern Brazil and western Africa,the
geometry of the Late PrecaÉVrian Brasiliano/Pan African belt is conditioned
by the shape of the São Francisco and Congo cratons, which were at these
times physically connected at the latitudes of southern Bahia and Gabon.
They served as foreland to the deformational evolution of a double vergence
belt, which exhibits a clear tectonic simmetry, with an axis of high grade
roetamorphism located along the present coast of Brazil, and a tectonic zon-
ing which decreases in intensity and netamorphic grades toward both crato
nic areas. Platforms covers, slightly tectonized and unraetamorphosed, are
found over both stable areas, corresponding to the Banbui and Lower Congo
sequences.

In Brazil, the radiometric pattern, together with the geological infor-
mation, define two main geological domains: the internal domain with medium
to high-grade rocks formed during the Brasiliano orogeny (660-450 MA), and
the external domain adjacent to the São Francisco craton, with low to medi-
um grade metasediments lying on a basement formed either in the Archean
(2.7 GA), or in the Proterozoic (2.0 GA).

The geotectonic evolution of the Late Precambrian belt is interpreted
as an ensialic development, with an early period of crustal stretching and
thinning, leading to rifting and possibly ocean floor opening to the South
(the Adamastor ocean). At the northern end, the Bahia-Gabon cratonic connec
tion was possibly kept during the entire Late Precambrian. The early phase
was followed by compression and ocean closure, conditioning an easterly
dipping A-subduction and crustal doubling along a weakness zone associated
with a previous Middle Proterozoic suture.

The exhumation of the meso-catazonal province of Brasiliano/Pan African
age along the coast of Brazil is here explained by two successive factors.
First, the vertical uplift connected with isostatic compensation of a thick
crust. Second, an additional uplift associated with the general bulge pre-
ceding the continental separation of Brazil and Africa. This later event
was dated by the fission track method in apatites, with apparent ages be-
tween 140 and 70 MA. These results, obtained in several different igneous
and metamorphic rocks formed during the Late Precambrian, or even earlier,
indicate the time in which these rocks, in theiT upward movements from
deeper and warmer levels, transposed the 1109C isotherm.
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OK THE COUELâTIOa BlAZIL/tSST AF1ICA

U.C.CORDANI, K.KAWASHITA, K.R.B.VANCINI - Instituto de Geociéncias -ÜSP,
P.O.Box 20899 CEP 01498 Slo Paulo» Brazil; A.BORIANI, B.BIGIOGGERO, P.
CADOPPI - Università di Milano, Italy; L.SACCHI - Universitè di Torino,
Italy.

In the central part of the Territory of Benin, West Africa, deformed
orthogneisses of granitic to granodioritic composition» with large feldspar
megacrysts and frequent mafic inclusions, occur within the so called crys_
tal line basement. They exhibit different petrographic facies, with pred<>
minant blastomylonitic gneissic varieties (augen gneisses of Dassa type),
associated with fine-grained varieties (Tré type) with less pronounced
planar orientation.

Samples from Dassa, Save, Gome, Assiyo and Lissa localities were ana
lysed by the Rb-Sr method, in whole-rock systsms. Although the individuaT
augen-gneisses, whose megacrysts reach up to a few centimeters, may not
have been chemically closed after the emplacement of the protoliths, the
analytical points exhibit a clear colinearity in the isochron diagram,in
dicating their probable cogeneticity and an age for the original formation
of the rock systems of about 660 N.A.

Later events of deformation, associated with neoformation and retro
gression, are evident from thin section examination. Chemical mobility
of Rb and/or Sr among the mineral phases is confirmed by isotopic anal£
ses on separated feldspar megacrysts. An aplite dike indicated a conven
tional age of 580i20 H.A., if a (« 78r/«8r) 0 of 0,705 is assumed for the*
calculation, and this value could correspond to the terminal phases of
the granitic magmatism. Three K-Ar dates on biotites yielded cooling
ages of about 510 M.A., associated with afinal event of regional uplift.

The geochronological results of the granitoids are typical Pan-Afri^
can, and confirm previous scattered radiometric determinations. Moreover,
the Dassa and Tré granitoids seem to correlate closely with the Cahval
granitoid within the Granja Complex, in the northwestern corner of the
Boborema Province of Northeast Brazil.
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THE BREAKUP OF GONDWANALAND: AN ANIMATION

Lawrence A. LAWVER, Lisa M. GAHAGAN, Ian W.D. DALZIEL, David S.
SANDWELL, Catherine L. MAYES, and Jean-Yves ROYER, Institute far
Geophysics, university of Texas, Austin, 8701 N. MOPAC Blvd., Austin, Texas 78759-

We have digitized all available marine magnetic anomalies in the circum-Antarctic region
Mid have analyzed the tectonic fabric of die ocean floor as revealed by the satellite altimetry
data collected by the GEOSAT satellite. We used the identified marine magnetic anomalies as
age constraints and the tectonic fabric and fracture zones as flowlines. We then used the
Evans and Sutherland System 300 graphics terminal to produce a color, computer animation
of the break-up of Gondwanaland and the subsequent growth of die Southern Oceans.

The break-up of Gonwandaland began in Early Jurassic with die widespread Ferrar and
Karoo basaltic volcanism of Antarctica and Africa as well as the Jurassic silicic volcanism in
southern South America The initial break-up event included the formation of the back-arc
Rocas Verdes Basin in the southern Andes and some possible extension between the
Antarctic Peninsula and the East Antarctic craton. The first phase of true seafloor spreading
as pan of the break-up of Gondwanaland was dominated by strike-slip movements as eastern
Gondwanaland (Madagascar, India, Australia, East Antarctica) separated from western
Gondwanaland (Africa, South America) along a series of transform faults that ran parallel to
the Davie Ridge, Mozambique escarpment, and Explora escarpment (Dronning Maud Land).
Some translation of the Antarctic Peninsula with respect to the southern margin of South
America must have occured during this phase of the two-part break-up.

Seafloor spreading in the Somali Basin can be dated as earliest Late Jurassic, while the
conjugate earliest Late Jurassic magnetic anomalies with respect to those found in the
Mozambique Basin are located east of die Astrid Ridge at 12-20° East The earliest seafloor
spreading in die present day southwestern Weddell Sea probably occured contemporaneously
with the spreading in the Somali and Mozambique Basins and resulted in the rotation and
possibly the translation of a West Antarctic block that consisted of the Antarctic Peninsula,
the Ellsworth and Whitmore Mountains and possibly Thurston Island. Stretching of
continental crust between the Antarctic Peninsula and the Ellsworth and Whitmore Mountains
may have occured at this time as well.

With the beginning of opening of the South Atlantic at approximately M10 time (132 Ma)
the simple two plate break-up of Gondwanaland developed into a three plate problem with
South America separating from Africa. At roughly the same time 'Greater India' began to
separate from the west coast of Australia while the next phase involved the rifting of'Lesser
India' from Antarctica. This phase may have begun in the west when the Africa-Antarctica
spreading center became aligned with what is now the Straits of Mannar producing an initial
rift between Sri Lanka and India which failed but then jumped and succeeded in detaching Sri
Lanka/India from Enderby Land, East Antarctica. Or it may have begun in the east,
propagating westward when the rifting of Greater India shifted to include Lesser India at
about anomaly M5 time (128 Ma).

The next phase occurred with the rifting of Australia from Antarctica. The deflection-ot-
the-vertical or first derivative of the satellite altimetry data from the GEOSAT satellite shows
conclusively where Australia fitted against Antarctica. The rifting began very slowly at about
90 Ma, increasing in speed from 4.5 mm/yr to 27 mrn/yr at anomaly 22 (52 Ma) time. At
roughly the same time (90 Ma), pieces of New Zealand began rifting off Marie Byrd Land.
While the spreading between New Zealand and Marie Byrd Land extended into the Tasman
Sea region some extension may have been occurring between Marie Byrd Land and the East
Antarctic craton, which would have produced two very complicated triple junctions
separating Australia, East Antarctica, Marie Byrd Land and the pieces of New Zealand.
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THE RECONSTRUCTION OF ENDERBY LAND IN EAST ANTARCTICA AND SRI LANKA
BASED ON PALEOMAGNETIC RESULTS

M. FUNAKI, National Institute of Polar Research, 9-10, Raga 1-choae,
Itabashi-ku, Tokyo 173, M. YOSHIDA, Department of Geosciences, Osaka
City University, 3-138, Sugimoto 3-chome, Sumiyoshi-ku, Osaka 558,
H. MATSUEDA, Department of Mining Geology, Mining College, Akita
University, I-I Gakuen-cho, Tegata, Akita 010, Japan.

Recent geological and geochronological data from Sri Lanka were
compiled and compared with the ones known from Enderby Land, East
Antarctica. The results indicate, as already mentioned in the
literature, that Sri Lanka may have been connected with the East side
of the Gunnerus Bank, at the Lutzow Holm Bay, in Enderby Land. New
paleomagnetic results are now presented, to test further this
possibility. Natural remanent magnetization (NRM) of samples from Sri
Lanka and the Lutzow Holm Bay region were tested for stability against
AF demagnetization. Two kinds of virtual geomagnetic pole (VGP)
positions were obtained from samples of the Lutzow Holm Complex (A:
15.1°S, 28.7°E and B: 75.3°S, 90.9°E), probably indicating Cambro-
Ordovician and Late (?) Proterozoic VGPs. Two VGP positions were also
obtained for the Vijayan and Highland Complexes in Sri Lanka (C:2.3°S,
34.1°E, D: 44.0°N, 71.7°E). Two samples of Jurassic dolerite dikes
from Sri Lanka yielded a fifth VGP position (E: 24.0°N, 59.5°E).

Rotation of Sri Lanka with respect to East Antarctica, assuming
the reconstruction model proposed by Barron and coworkers, places the
VGP C close to that of the A position, while the E position shifts near
to that defined for the Jurassic Ferrar dolerite from the Trans-
antarctic Mountains. The results suggest that Sri Lanka may have
joined Lutzow Holm Bay up to the Jurassic period. The best-fit
Euler's pole position of Sri Lanka with respect to East Antarctica
is 10.0°S, 26.5°E, with a rotation angle of -101.2°.

Klík
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PALEOMAGNETIC DATA OF EOGONDWANA FORMATIONS OF ANGOLA. GEOLOGICAL

CORRELATION.

Mário Alberto A.O.SALGUEIRO, University of Azores, 9502 Ponta Delga-

da, Azores, Portugal.

A paleoaagnetic st idy of red beds from the Cassange Formation,

Karoo Supergroup, collected at Baixa do Cassange, north-central Ango-

la, led to the determination of paleomagnetic pole at 49.0°S 78.7°E;

095*9.8°. The polarities were normal.

The polarity and the comparison with African and Gondwana Upper

Paleozoic APW paths as well as paleontological and stratigraphic data

indicated that the unit could correspond to the IIlavarra Zone close

to the Upper Tatarian - Lower Scythian boundary.

Both stratigraphic and paleontological studies including palyno-

logical analysis have been performed in connection with regional

mapping (1:100,000) of Karoo strata.

The lower Cassange Formation contains a rich ichthyological fauna,

assigned to the Late Permian - Early Triassic interval, and a well

diversified palynoflora including genera both caracteristic of Late

Permian as well as Early Triassic microfloras. The age determinations

are consistent with paleontological data on the overlying upper

Cassange red beds ("Camadas com filópodos") with thickness up to 250m.

These beds with a rich faunas of conchostracans contain genera

spanning also the Late Permian - Early Triassic interval which is

consistent with the paleomagnetic age indicating that the Cassange

Formation could correspond to the Illawarra Zone.

Reverse polarities of red sandstones from the regional lowermost

stratigraphic unit of the Karoo Supergroup, Lutôe Formation, were also

determined. According to the polarity and the age interpretation of

mega floras, including Neuropteridium, Noeggerathiopsis, Glossopteris

and Sphenopteris that are recognised in equivalent beds from the

nearby Lunda region, this formation of glacial origin could correspond

to the Kiaman Magnetic Interval, close to the Permo-Carboniferous

boundary.
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CLOCKWISE LOOPS IN THE PERMO-JURASSIC APPARENT POLAR WANDER PATH OF
WESTERN GONDWANA. —

Eduardo S. OVIEDO, Juan F. VILAS, Laboratório de Paleomagnetisno y
Magnetismo de las Rocas, Dto. Ciências Geológicas, Fac.Ciências Exac-
tas y Nat., UBA, C. Universitária*Pab II, 1428, Buenos Aires, Argen-
tina.

The Permo-Jurassic quasi-static apparent polar wander period,
established for Western Gondwana (South America - Africa - Madagascar),
is analysed using paleomagnetic poles (PP's) which passed rigorous
classification criteria. It is established that the PP's distribution
is not circular or Fisherian but elliptical and that this ellipticity
is not caused by random factors, the excentricities and major axes of
the South America elliptical distributions being comparable to those
from Africa - Madagascar. The chronological ordering and sorting of
PP's makes it possible to define the existence of clockwise loops in
the apparent polar wander path around the mean position of the quasi»
static period, showing nearly a 10° maximum departure from the mean
position and a 50 Ma periodicity. To understand the origin of these
cyclic movements two hypotheses can be put forward: one of them
interprets the loops as apparent polar wandering, involving recurrent
crustal movements. The other states that a true polar path has been
detected, different from normal ones owing to some peculiar
characteristics of the Earth's magnetic field during Permo-Jurassic
times.
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PALEOMAGNETISM OF THE TAHBILLOS FORMATION, CORDILLERA FRONTAL, ARGEN-

TINA, AND THE TECTONIC EVOLUTION OF THE SOUTHERN ANDES.

Augusto E. RAPALINI and Juan F. VILAS, Laboratório de Paleomagnetismo

y Magnetismo de las rocas, Depto. Ciências Geológicas, Fac de Cs.

Exactas y Naturales ''BA), Pabellón 2, Ciudad Universitária, 1428,

Buenos Aires, Argen:ina.

Paleomagnetic pole (PP) positions obtained for some late Paleozoic

formations from the Southern Andes differ considerably from the

apparent polar wandering path (a.p.w.p.) established for Gondwana for

the Late Paleozoic and Mesozoic. These formations are: the Yalguaraz

Formation (Middle Carboniferous?) and the Portezuelo del Cenizo

Formation (Lower Permian, 275-10 m.a.), both exposed in the Cordillera

del Tigre (sampling site 1, 32.1°S 69.3°W, Cordillera Frontal, Argen-

tina), the Majaditas Formation (Middle Carboniferous?) exposed in the

Western Precordillera (simpling site 2, 31.7°S 69.5°W, Argentina) and

the Choiyoi Formation (Permotriassic) exposed in the Cordillera Prin-

cipal (sampling site 3, 39.1°S 7O.5°W, Argentina). The "anomalous"

positions of these PP were interpreted by two different geodynamic

hypotheses. One postulates that the three mentioned sampling sites

are located in three different crustal blocks each of which suffered a large

clockwise "in situ" rotation around a vertical axis during the

Mesozoic and/or the Cenozoic. The other suggests that the formations

mentioned above integrated an allochthonous terrane, whose limits are

not yet defined, which accretted to the western margin of Gondwana in

the Permotriassic.

Preliminary paleomagnetic data for rocks from the Tambillos

Formation (Upper Permian?) are reported here. These rocks are exposed

in the Cordillera del Tigre (sampling site 4, 32.3°S 69.4°W,

Cordillera Frontal, Argentina), 25 km south from sampling site 1. The

preliminary PP obtained for this formation (81°S 31°W, A95:7°) is

consistent with the a.p.w.p. of Gondwana for the late Paleozoic.

These new data constrain the two hypotheses mentioned above. First,

if sampling site 1 is located in an "in situ" rotated crustal block

then the southern boundary of this block, probably an important

structural feature with some kind of surface trace, must be located

between sampling sites 1 and 4. If the other interpretation is taken

into account, the position of the new PP requires that the accrettion

of the hypothetic allochthonous terrane to Western Gondwana must have

developed before the extrusion of the volcanic and pyroclastic

sequence of the Tambillos Formation (prior to the late Permian?).
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PALAEOMAGNETISM OF UPPER PRECAMBRIAN AND LOWER PALAEOZOIC ROCKS PROM
THE PROVINCE OF BUENOS AIRES, ARGENTINA: ITS SIGNIFICANCE REGARDING
THE FRAGMENTATION OF GONDWANA.

Ana M. SINITO, Consejo Nacional de Invsstigaciones Cientificas y Téc-
nicas, Depto. Cs. Geológicas, Universidad de Buenos Aires, Ciudad
Universitária, Pab. 2, 1428 Buenos Aires, Argentina.

Palaeoaagnetic data from the La Tinta Formation, a sedimentary
sequence exposed at Barker, central Argentina (37.5°S, 59.5°W) are
given. Some authors assigned to the sequence a Late Precambrian age.
Others subdivided it into a lower section of Late Precambrian age (lhe
Sierras Bayas Formation), and an upper section of Early Palaeozoic
age (the Balcarce Formation). The samples show both normal and
reversed polarity after thermal demagnetization and chemical hoc
leaching. Two palaeomagnetic poles were computed: one for the lower
section of the sequence (A) and another for the upper section vBKThe
position of both poles is consistent with the position of the
paleopole for the Late Precambrian La Tinta Formation rocks from
Olavarria (SAPr e (0)) and of other Precambrian poles from Condwana
continents. The mean of the virtual geomagnetic poles used to compute
A, B and SAPr£ (0) is 94.4 E, 86.1 S (SAPre , N- 85, A95« 4.S) and
is accepted as the representative pole for the Late Precambrian rocks
from Olavarria and Barker.

The plotted apparent polar wander path for the Gondwana continents
supports the interpretation that Gondwana was a unit as far back as
Late Precambrian time.
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THE UPPER PRE-CAMBRIAN AND LOWER PALEOZOIC APWP OF SOUTHERN AFRICA
ANT) SOUTH AMERICA.

S. D'AGRELLA-FILHO, Igor G. PACCA, Instituto Astronômico e
Geofísico da USP, C.P. 30627 - 01051 - São Paulo - Frazil.

An analysis of new paleomagnetic results from Southern Brazil
corresponding to the Brasiliano (Pan-African) orogenic cycle (650-
450Ma) is presented and an APWP from Southern Africa for the 900-450Ma
time interval was used as reference. This APWP was slightly modified
on the basis of paleogeographical reconstructions of the "continent"
formed by Jouth America and Africa. These paleogeographical
reconstructions put in evidence the following points: 1-An inversion
in the sense of rotation of the continent from clockwise to anti-
clockwise; this inversion could have been caused by the Brasiliano
(Pan-African) event. 2-Drift rates calculated from paleolatitude
variations indicate values which are in agreement with those obtained
for the Laurentia Continent for the Middle Proterozoic. Also,
similarities in the paleolatitude variation curves for these two
continents suggest a cyclic behavior for plate movements during the
Middle-Late Proterozoic and Early Paleozoic.



15

PALEOMAGNETIC ANALYSIS OF THE SUBANDEAN CARBONIFEROUS ("GONDWANA")

SEQUENCE IN BOLIVIA: IMPLICATIONS FOR THE APWP OF SOUTH AMERICA.

Mareia ERNESTO, Liliana A. DIOGO, Instituto Astronômico e Geofísico,

University of São Paulo, C.P. 30627, 01051 Sao Paulo, Brazil and

Antonio Carlos ROCHA-CAMPOS, Instituto de Geociências, University of

Sao Paulo, C.P. 20899, 01498 Sao Paulo, Brazil.

The Carboniferous sequence cropping out along the Subandean belt

of Bolivia comprises, from botton to top, the Itacua, Tubambi, Tari-

ja, Chorro and Taiguati Formations (Machareti Group) and the Escarp-

ment and San Telao Formations (Mandiyuti Group). These units make up

an entirely clastic sequence of colored sandstones, mudstones,shales,

argillites and diamictites of marine to glacial-marine origin. The

age of these strata is only approximately established, mostly on

palynological and in part on invertebrate evidence, as belonging to

the Early to Late Carboniferous. Carboniferous sediments in the Sub-

andean belt are tectonically deformed by parallel holomorphic folding.

Directions of fold axes in Central and Southern regions differ by

about 40°-60°, and this apparent rotation may be associated with the

postulated deformations in the Central Andes.

In the Southern Subandean region a sequence of more than 1,000

meters, which includes the Tupambi, Itacuami, Tarija, Chorro, Taigua-

ti, Escarpment and San Telmo Formations was sampled for paleoroagnetic

analysis. The computed paleomagnetic poles describe a path rhat is in

disagreement with any known Gondwana APWP for the Upper Paleozoic.

Even the Taiguati pole is located far from the one determined by

Creer (1970) from samples from the Central Subandean region. However,

if the magnetization directions of the Southern Subandean samples are

corrected by rotating declinations counterclockwise about 40°-60°,

the resulting paleomagnetic poles for the upper part of the sequence

(Chorro to San Telmo Formations) seem to follow the Carboniferous

Gondwana APWP (Path Y) proposed by Morel and Irving (1978). The new

computed southern Taiguati pole becomes closer to Creer's northern

Taiguati pole. Therefore, due to the present lack of South American

paleomagnetic poles for the lower Carboniferous, it is suggested that

Morel and Irving's curve may well represent the Gondwana trajectory.

The poles for the lower part of the sequence, once rotated, become

more consistent with Permo-Carboniferous ages, therefore suggesting

that samples have been remagnetized as they are mostly purple to

reddish in color and the red pigment seems to carry the remanent

magnetization. However, chemical leaching and vector analysis failed

to reveal any other characteristic magnetization component.
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PALEOMAGNETIC RESULTS FROM WEST ANTARCTICA: WHERE THINGS STAND
NOW.

Anne M. GRUNOW, Lamont-Doherty Geological Observatory of
Columbia University, Palisades, NY 10964, Ian W. D. DALZIEL,
Institute for Geophysics, University of Texas at Austin, 8701
Mopac Boulevard, Austin, TX 78759, Dennis V. KENT, Lamont-
Doherty Geological Observatory of Columbia University,
Palisades, NY 10964.

West Antarctica is composed of 5 discrete structural blocks:
the Antarctic Peninsula block (AP); the Ellsworth-Whitmore
Mountains block <EWM); the Haag Nunataks block (HN); the
Thurston Island-Eights Coast block (TI); and the Marie Byrd
Land block (MBL). A limited amount of paleomagnetic data has
been obtained from these blocks. An overview of paleomagnetic
studies done on West Antarctic rocks of mid-Mesozoic and older
age will be presented.

Presently, the oldest rocks yielding a pole are Cambrian
rocks in the Ellsworth Mountains. The data indicate a
clockwise restorative rotation of 90° that aligns the
structural trend of the Ellsworth Mountains with the Cape Fold
Belt.

Middle Jurassic AP and EWM block poles are indistinquishable
and allow the possibility that the AP and EWM blocks were one
paleomagnetic entity that rotated clockwise with respect to
East Antarctica. This rotation would be consistent in both
amount and sense with the Cambrian EWM data if the 30° rotation
is assumed to be correct. An Early Cretaceous TI block pole is
very similar to the Middle Jurassic AP and EWM poles, i.e.,
little apparent polar wander since the Middle Jurassic.
Paleomagnetic data from the AP and TI blocks suggest that the
Late Cretaceous, the AP and TI blocks (and so we assume the EWM
block) were near the present-day relative positions with
respect to East Antarctica. The existence of a combined AP-
EWM-TI block ("Weddellia") has direct implications for the
opening of the Weddell Sea and East-West Antarctic relative
motion. Motion between the individual blocks of Weddellia
cannot be precluded but must be within the limits of error of
the analyses.
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PRECAMBRIAN GEOLOGY OF BRAZIL-AFRICA. PERSISTENT PROBLEMS

Benjamin Bley de BRITO-NEVES. Instituto de Geociências-USP, P.
O. Box 20899, 01498 São Paulo-SP, Brazil.

The reconstruction of the Precambrian geology of Brazil and
Africa still faces a series of varied problems of both virtual
(terminology, school of thinking, etc.) and real (geological
knowledge itself) natures. Many of these questions have never
been properly considered in previous approaches to pre-drift
reconstruction.

In both continents, the level of geological knowledge is
quite unequal from one place to another and the geotectonic
treatment of the regional data varies according to different
authors. The distribution of systematic geological maps and
other data from Africa has usually been unsatisfactory. Such
problems led to very poor results for the IGCP project 108/
144.

Modern evidence for the offshore extension of the
continental crust, preliminary data on crustal stretching and
other data concerning horizontal (transform/transcurrent) and
vertical displacements (during Mesozoic-Cenozoic times) along
the continental margins were not yet integrated into an up-to-
date scheme of palaeogeographic reconstruction. Without such
fundamental support it is obviously difficult to point out
the best matching points and where to start comparative
studies.

The .Pharusian-Medio Coreau belt exhibits features of a
complete collisional zone on the African side that seem to be
hidden by the Parnaiba Basin in Brazil. Furthermore, it is
difficult to correlate the stratigraphic sequences of both
continents. Matching of the Oubanguides-Sergipano belt, north
of the Congo/S.Francisco Craton, is far from ideal. The
stratigraphic assemblages of the Mbalbanyo-Bengbis, Dja and
Sembê-Ouesso groups are positioned far from the African
margin (ca. 4°00') and they cannot be readily adjusted with
the miogeosynclinal rocks of the Sergipano units.

The only likely fit in the southern portion is to connect
the Araçuai and West Congo System into a single belt, again
with problems related to structural trends and vergence» In
the southernmost area, a comparison between Ribeira/Don Fe-
liciano and the Damara/Gariep belts is hampered by a series
of difficulties related to differences in structural frame-
work, lithostratigraphy and geochronological data. So far,
the geotectonic models proposed are of local (and ephemeral)
validity, because they have not been able to integrate such
a great amount of heterogeneous data.

An IGCP project would seem to be the ideal forum to
discuss these problems. The simplicity of preexisting
correlation schemes should be accepted with caution.
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BRAZILIAN URANIUM OCCURRENCES IN GONDWANA SEQUENCES

Luiz Carlos SURCAN SANTOS, Samir SAAD, Sumio HASSANO, NUCLEBRÃS S.A.,
Av. Presidente Wilson, 231/59 20030 Rio de Janeiro, Brazil.

Brazilian uraniurr occurrences in sedimentary basins can be divided
into two main groups, based on their depositional environment: (1)
Marine epicontinental environments of shallow waters, near the source
area with occurrences represented by Devonian arkosic sandstones (Ponta
Grossa Formation, Parana Basin, southern Brazil, and Inaja Formation, Ja-
tobá basin, northeastern Brazil) and by sequences of siltstones,
mudstones and marls of Upper Permian age (Teresina Formation, Parana
basin). Uranium is usually found in close association with clay minerals,
phosphates and iron hydroxides; occurrences have a low average uranium
content (200 to 400 ppm U 30 8). (2) Continental fluviatile or fluvio-
deltaic reducing environments in Permo-Carboniferous Gondwana coal
measures. Uranium mineralization occurs in carbonaceous gray facies
sandstones, siltstones and clay or coal (Rio Bonito Formation in the
northeastern Paraná Basin, Brazil), either as uraninite (in the matrix of
sandstones) or as \ir»na<iiriiite in organomineral complexes associated with
Mo, V, Cu, Pb, As and Zn. Average uranium contents in these deposits are
higher (0.1 Z U3O8) than in the marine sandstones.

Another important occurrence of Gondwana age is the Sierra Pintada
deposit in the Precordillera of Mendoza Province (western Argentina),
where uranium occurs in arkosic sandstones of fluvio-eolic origin of the
Permian Cochicõ Group, as uraninite associated with iron hydroxides
without the presence of organic matter. Probable uranium source are the
overlying tuffs. Average contents of ore bodies range from 0.1 Z to
0.2 Z U3O8.

Several uranium deposits in the Sokoto (Agades) basin of the Niger
Province (Central western Africa), with average U30g grades of 0.25 Z to
0,45 Z, occur in sandstones interbedded with carbonaceous and clay
lenses, deposited in continental fluvio-deltaic environments of Lower
Carboniferous age. Like the Figueira deposit in the fluviatile coal-
bearing sandstones of the Rio Bonito Formation,Brazil, the deposit
occurs in an intracratonic basin bound by ridges in a reducing gray
facies in the presence of organic matter.

Other uranium occurrences of Gondwana age are the ones found in the
Lake Kariba area of Zambia (Southern Africa) and in the Ecca and
Beaufort Groups (South Africa), all related to Karoo sedimentation.
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URANIUM AND MOLYBDENUM OCCURRENCES IN THE BEAUFORT GROUP OF
THE MAIN KAROO BASIN, SOUTH AFRICA.

Douglas I. COLE, and Paul E. UIIPPLINGER, Geological Survey,
P.O. Box 572, BellwillB, South Africa.

The Permian Adelaide Sutaorouo of the Beaufort Group con-
taina approximately 1000 sandstone - hosted uranium occur-
rences in the western and central parta of the main Karoo
basin. Molybdenum is mainly reatrictad to thoae occurren-
ces in the south-west part of the basin. There are three
typea of occurrence, primary, palaeocalcrete, and aecondary
oxidised, of which only the primary haa any economic poten-
tial. This type, which foras discrete poda and lenses in
sandstone bodies peneconcordant to bedding, la small (leaa
than 10 000 cubic metres) and has an average grade normally
not exceeding 1 kg. U / ton and 0,5 kg. Mo / ton. The sand-
stone bodies are fine-grained, up to 60m thick, and wara
deposited mostly by fluvial ephemeral, aheet floods. Inter-
bedded mudatone was deposited in a flood baain and/or lacus-
trine environment.

The uranium was probably derived from anomaloua granitic
provenances west-north-west, south-weat, south-south-eest,
and north-east of the Karoo basin and also from volcanic
sen, which waa windblown from a source in Patagonia. The
molybdenum appears to have been derived only from the grani-
tic provenances uest-north-weat, aouth-weat, and south-
sou th-east of the Karoo baain. The provenance-derived
metals were adsorbed by claya and organic matter, which were
transported and depoaited mainly in the flood basin and la-
custrine environments. These adaorbed metals, together
with the aBh-hoatad uranium, were leached by oxygenated,
alkaline groundwatara, which migrated into the aandatona
bodiea shortly after burial» Upon encountering reduced
conditions caused by hydrogen sulphide derived from anaero-
bic bacteria acting on carbonaceous plant debris, a primary
deposit was formed. Cofflnite, uraninlte, and molybdenite
are the principal ore-forming minerala.

V

*



21

ORGANIC GEOCHEM1 AL EVALUATION OF THE PARANA BASIN

José Roberto CERQUEIRA, Eugênio Vaz dos SANTOS NETO, Centro de Pes-
quisas e Desenvolvimento Leopoldo A. Miguez de Mello, Cidade Univer-
sitária, Quadra 7, Ilha do Fundão, 21910, Rio de Janeiro - RJ.

Approximate • 4,t )0 geochemical analyses in rock and hydrocarbon
samples have been carried out in order to evaluate the possibilities
of hydrocarbon generation in the Paraná Basin.

Oils found in the Paraná Basin correlate geochemically well with
each other and with the organic extracts from bituminous shales of
the Permian Irati Formation.

Gas and condensate occurrences show isotopic (5 C) correlation
with the Devonian Ponta Grossa Formation.

The Permian Palermo and Rio Bonito Formations and Itararé Group
(Late Carboniferous/Permian) contain thin, dark colored shales, with
no lateral continuity; they are possible sources of only small
amounts of hydrocarbons.

The Silurian formations have a very low hydrocarbon source
potential, in the Brazilian part of Paraná Basin. These formations
increase their shale content and hydrocarbon source potential west-
wards.

Geochemical data suggest a heat influence of intrusive igneous
rocks of Juro-Cretaceous age that effectivelly increased the thermal
maturation up to a degree not reached by subsidence.
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OIL POTENTIAL OF THE PERMIAN UHITEHILL SHALE FORMATION IN
THE MAIN KAROO BASIN, SOUTH AFRICA.

Douglas I. COLE, Geological Survey, P.O. Box 572, Bellvllle,
and Ian R. McLACHLANf SOEKOR, Bellville, South Africa.

The early Permian, Mesosaurue-bearlng Uhitehill Shale
Formation is the atratigraphlc equivalent of the Irati For-
mation in Brazil. It ia between 10 and 60 metres thick
and consists of black, carbonaceous, pyritic, non-biotur-
bated shale, which was deposited in B brackish-water, con»
tinental shelf environment. The formation is consistent
across the 300,000km2 area that it presently underlies In
the main Karoo basin and It is only in the north-west that
a sandy fades is present In the lower half of the unit.

Bockeval pyrolyaiB and optical date indicate that thermal
maturation caused by deep burial has destroyed the oil gene-»
rating potential of the shales south of about latitude
3D,5°S. The small remaining outcrop length to the north of
30,5pS (65DI:n long) has further suffered from the adverse
thermal effects of dolerlte sills, which have been pre-
ferentially intruded within or adjacent to the fissile White-
hill shales. Boreholes were positioned in order to sample
unueathered tilhitehill shales in selected dolerite-free
areas. Even in these areas, the shales are in the main
stage of oil generation and have lost some of their poten-
tial as a result of oil generated and migrated. The best
yields (t»3 litres per metric ton over 5,7m) were obtained
in the south of the prospective ares beyond the southern-
most extent of the lower sandy fades. These yields com-
pare unfavourably with thoae of the Irati Formation In
Brazil, where yields of up to BO litres per metric ton are
reported. It is concluded that the potential for finding
commercially-exploitable deposits in the main Karoo basin
is low.
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À COMPARATIVE STUDY OF MESO- AND META-ANTHRACITES FROM NORTH-ATLANTIC AND
GONDWANA BASINS

M.J.LEMOS DE SOUSA, Mineralogia e Geologia, Faculdade de Ciências do Porto,
Praça de Gomes Teixeira, 4000 Porto, Portugal, H.J.PINHEIRO, Maclachlan &
Lazar Coal Laboratory, P.O.Box 334, Johannesburg 2000, South Africa, M.N.
MARQUES and D.FLORES, Mineralogia e Geologia, Faculdade de Ciências do Por-
to, Praça de Gomes Teixeira, 4000 Porto, Portugal.

This paper deals with the study of meso- and meta-anthracites from North-
Atlantic (Douro-Portugal and Guadiato-Spain coalfields) as well as Gondwana
(Natal, Vryheid Coalfield-South Africa) basins. The study is based on petro-
graphic and chemical characteristics aiming to define type, rank and grade,
in order to qualify these coals according to the Alpern-ICCP classification
system.

Conclusions reached confirm that for both North-Atlantic and Gondwana ba-
sins we must consider the boundary between meso- and meta-anthracites when
the following conditions are simultaneously met:

« M X V 5* A. 5 % and H d a f < 2%.

These conditions coincide favourably with the inversion point at which
the vitrinite mean maximum reflectance is equal to or greater than fusinite
mean maximum reflectance (R „ ^ R c * J- )•

max V *̂  max fusinite
Furthermore, mean maximum reflectance of vitrinite and hydrogen content

(daf) have once more proven to be the most accessible and reliable parame-
ters at this high rank level.

Consequently, the anthracites from Douro Coalfield are classified as
meta-anthracites and those from Guadiato and Vryheid coalfields as meso-an-
thracites, although positioned at the very boundary with the raeta-anthraci-
te rank level.
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DEPOSITIONS SETTING AND HISTORY OF A PERMIAN POST-GLACIAL BLACK SHALE:
MACKELLAR FORMATION, CENTRAL TRANSANTARCTIC MOUNTAINS

Molly F. MILLER» Department of Geology, 6001-B, Vanderbilt U n i v e r s i t y ,
N a s h v i l l e , Tennessee 37235; James W. COLLINSON, Byrd Polar Research
Center, The Ohio State U n i v e r s i t y , Columbus, Ohio 43210, and Robin S.
FRISCH, U.S . Geolog ica l Survev, 345 Middlef ie ld Rd. , Menlo Park,
Ca l i forn ia 94025.

Extens ive exposures of the Mackellar Formation in the Beardmore
Glacier region allow interpretation of the deoositional processes by which
a Permian post-glacial starved basin was f i l l ed and aid in reconstruction
of the paleogeographic setting and subsidence history of the basin. On a
large scale, the Mackellar Formation is a three-dimensional mosaic of
coarsening upward sequences representing progradation of deltaic lobes.
The most basinal facies , a laminated shale, was deposited in quiet water;
thin layers of s i l t and clay were transported basinward from deltaic
distributaries by interflow and overflow. Delta slope deposits,
consisting of interbedded sandstone and shale, dominate the formation. On
a small scale , sandstone units , ranging from a few millimeters to a meter
thick, fine upward from plane-bedded sandstone to climbing ripple-
laminated sandstone to si ltstone with starved rioples. These are
interpreted as indicating waning flow conditions associated with episodic
sediment-laden density currents. On a large scale , the Mackellar
Formation consists of coarsening-upward sequences up to 30m thick that are
capped by lenticular sandstone bodies. These were probably deposited
within distributary channels. Rare remanent glacial diamictites, which
were probably i n i t i a l l y deposited on localized topographic highs, were
redeposited as debris flows in the basin. Channels hundreds of meters
across, which are f i l led with fine grained sediment, record distributary
switching.

The sedimentary sequence in the Mackellar Formation suggests that the
basin was subsiding as it f i l l e d , offsetting possible effects of uplift
due to post-glacial isostat ic rebound. At most loca l i t i e s the formation
contains two or more complete coarsening upward sequences. Without
subsidence, progradation of a deltaic lobe would have eroded most of the
deposits of previous lobes.

Although some Permian post-glacial black shales in Antarctica may
have been deposited under marine or brackish water conditions (e .g .
Ellsworth Mountains), the Mackellar Formation accumulated in fresh (or
sl ightly brackish) water. Evidence for fresh water includes the
occurrence of similar trace foss i l faunas in the Mackellar Formation and
in flood-basin deposits in the Buckley Formation, which is higher in the
Permian sequence of the region. Trace foss i l s typical of marine
turbidites are absent* Extremely high carbon-sulfur ratios in black
shales of the Mackellar Formation are indicative of deposition in fresh to
sl ightly brackish water (R.A. Berner, Pers. commun.).
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A COMPARISON OF THE PETROLOGY OF SOME PERMIAN COALS OF INDIA WITH
THOSE OF WESTERN AUSTRALIA.

H. K. MISHRA, Deputy Superintending Geologist, CMPDIL, Exploration
Laboratory, Gondwana Place, Ranchi, Bihar, India - 834008.

A comparison of t e coal type and rank on some Permian coals from
the Indian basins (Damodar Valley, Son-Mahanadi Valley and Pench-
Kanhan Valley Basins) and Western Australian basins (Collie, Pearth
and Canning Basins) indicate that the Permian coals of India and
Western Australia are broadly similar. Collie coals, however, closely
resemble Son-Mahanadi and Pench-Kanhan Valley Basin coals.

In India, outcrops of high rank coals (Rvmax, 0.93% - 1.27%) are
largely restricted to the Damodar Valley Basin. In this basin,
vertical rank gradients are higher and uplift and removal of cover
has occurred to a greater extent than in other Gondwana basins of
India. Coals of the other Gondwana basins occur at shallow depths and
are generally low in rank (Rvmax, 0.40% - 0.64%).

Coals examined from the Collie, Canning Basins are subbituminous
in rank and do not vary significantly in rank laterally or with
depth. Coals from the Beagle Ridge area of the Perth Basin are very
high in rank compared with the other Permian sequences in the basin.

The maturation history of the Jharia Basin of India implies that
the Permian section of the basin has suffered a major Permian to
Triassic thermal event. During this time a tensional regime caused
extensive subsidence and consequently a thicker sedimentary sequence
(>3 km) was deposited in the Jharia Basin than in other Gondwana
basins of India. A similar situation also existed in the Beagle Ridge
area of the Perth Basin but there a much thinner Permian sequence has
resulted.

Type and rank data from the Permian coals indicate that India and
Western Australia have closely related depositional and thermal
histories. This concept is consistent with the view that India was
proximal to Western Australia during the Permian.
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THE SEDIMENTARY HISTORY OF LOWER GONDWANA COAL BASINS OF PENINSULAR INDIA

N.D. MITRA, Geological Survey of India, 29, Jawaharlal Nehru Road,Calcutta-
700016, India.

An integrated analysis of lithofacies of Lower Gondwana coal measures of
Peninsular India shows that Gondwana sediments had earlier wider spread on
Precambrian basement having platform cover characteristics. The proximal
facies of coal basins is often characterized by debris flow deposits which
intertongue with other alluvial fan sediments. The alluvial plain facies
with meandering channel, backswamp, levee and crevasse splay deposits
formed in the medial area of the Gondwana basins. In the distal and seaward
end of the master basins the record of deltaic sedimentation is well
documented.

The thickness and spread of Gondwana coal seams were controlled
primarily by the nature of channel migration across the alluvial plains.
Due to autocyclic shift of channels towards topographically low areas large
parts of the Gondwana basins were often transformed into poorly drained
peat swamps. The peat formation was however periodically interrupted due
to sediment influx and subaerial exposure of vegetal matter. Allocyclic
processes also imposed control on the pattern of coal formation. During the
deposition of Karharbari coal measures (Early Permian) in embryonic basin*,
episodic tectonic impulse generated by activation of border faults did not
permit development of thick and persistent coal seams, whereas in Barakar
(Lower Permian) and Raniganj (Upper Permian) period extensive thick coal
seams could form during the intermittent phases of tectonic quiescence.

Gondwana coals of India are typically heterolithic in nature. High ash
coal seams originated in low moor swamps which are slightly acidic in
nature whereas the raised peat swamps on topographic platforms fa ured the
formation of coal seams of better quality in more acidic environment. The
study of authigenic minerals associated with the coal bearing sediments
depicts the changes in geochemical behaviour of peat swamps during the
different phases of depositional history. The high alumina fireclay*
associated with Karharbari and lower units of Barakar coal measures
indicate leaching of clay* by highly acidic water. The ubiquitous presence
of siderite in upper member of Barakar shows a sulphide-poor depositional
environment with slightly acidic condition. The calcareous cement of
Raniganj sediments and other geochemical characters, on the other hand,
suggest a mildly alkaline environment.
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THE FORMATION OF COAL DEPOSITS IN SOUTHERN BRAZIL.

Zuleika Carreta CORRÊA DA SILVA, Department of Geology, UFRGS, P.O.
Box 15052, 91500, Porto Alegre, RS, Brazil.

South Brazilian Gondwana coals occur in the States of Rio Grande
do Sul, Santa Catarina and Paraná associated with sediments of the Rio
Bonito Formation, Guatá Group, and are considered to be of Artinskian-
Kungurian Age (Lower Permian).

The coal seams were formed from peats which developed mainly in
subaquatic conditions in both open-water and limnotelmatic moors from
arbustive and herbaceous pteridophitic plants, with subordinate tree-
like gimnospermae and associated algae and algae-like elements.

The composition of the coals, in terms of macerals and microlitho-
types, was conditioned by the environment of deposition. The coals
are mineral matter-rich and present high amounts of oxidized plant
tissues on account of the transportation of the plants toward the
site of deposition. The subaquatic environment also caused the
concentration of organic matter with lipidic composition, i.e., spores,
cuticles, algae remains.

The coal rank varies, according to ASTM classification, from Sub-
bituminous A to High Volatile Bituminous A, from the southwestern
Candiota mine, in Rio Grande do Sul, to the northeastern Santa Cata-
rina Coalfield,.

Coal resources are calculated at more than 32 billion tons, about
87Z in Rio Grande do Sul and 13% in Santa Catarina.
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LOWER GONDWANA COALS IN THE PARANA BASIN

I.P. MARTINI, University of Guelph, Department of Land Resource Science,
Guelph NIC 2W1, Canada and A.C. ROCHA-CAMPOS, Instituto de Geociências,
Universidade de Sao Paulo, Cidade Universitária, C P . 20.899, Sao Paulo,
CEP 01498, Brazil.

Gondwana coals of the Parana Basin occur both in interglacial and post-glacial
sequences. The first ones are found exclusively in the northeastern part of
the basin, in the State of Sao Paulo, included in the Itararé Subgroup.
They are usually thin (max. 50 cm), generally dull and rich both in mineral
matter and silt intercalations. Some of the older coal-bearing sediments
are associated with a possible pre-Gangamopteris flora in the Lower part of
the Itararé Subgroup (late Carboniferous age?). The younger coals in the
topmost Itararé Subgroup are associated with abundant Gangamopteris in
fluviatile-deltaic sequences; no Glossopteris was found up to now. Coals
and associated sediments are locally folded, truncated by a shearing
surface and capped by silty-sandy diamictite. Elsewhere, clasts of a
boulder pavement show crescentic marks and striae. These features strongly
suggest direct action of glaciers and their proximal position during
sedimentation of the capping diamictites.

The main coal measures of the overlying Rio Bonito in Parana, Santa
Catarina and in Rio Grande do Sul are all post-glacial in origin, Lower
Permian in age and are associated with Glossopteris prevalent floral
assemblages. Most of them, in Rio Grande do Sul, derive from limno-
telmatic peatlands developed in paleovalleys; others are associated with
deltaic and barred coastal plains. Pebbly sandstones occur in the coal
measures as well, but they are interpreted as debris flows formed under
semi-arid conditions from nearby highlands. Some may actually be flash
flood deposits reworking former glacial and slope deposits. In Santa
Catarina and Parana, coals are mostly associated with prograding alluvial
(fluviatile-deltaic) systems. Transgression of a shallow sea terminated
the peat-forming period of the Lower Permian,

Comparison of the coal-bearing sequences of the Paraná Basin with the
Quaternary peat-bearing sediments of-the Northern Hemisphere allows
identification of some similarities and differences. Permian coals of
the Paraná Basin are found in interglacial deposits, capping post-
glacial lacustrine rhythmites, or enclosed in fault-bounded bedrock
valleys possibly modified by glacial action much resembling Quaternary
setting of Central southern Canada. Similarly to the latter, the Lower
Permian record shows evidence for rapid post-glacial climatic
amelioration and development of fen-like peatlands.
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ORIGIN OF LITHOTYPES OF INDIAN LOVER GONDWANA COALS.

Subhasis SEN, Central Fuel Research Institute, Post Box-75, 17/c,Telenkhedi
Area, Nagpur 440 001, India.

To account for the origin of Lower Gondwana Coals, conspicuous by
layered sequence of lithotypes having characteristic maceral assemblages,
it has been pointed out that both cellulose and lignin of wood tissues,
together with hydrogen-rich plant ingredients, have significantly contribu-
ted in building up the various lithotypes.

Prior to deposition in a basin the coal-forming vegetal debris were
attacked by various agencies due to which the cellulose-rich secondary
and tertiary cell-walls were segregated forming chemical sediment especi-
ally under high pH condition. Under changed environment of acidic condi-
tion the chemical sediments were precipitated as humic acid - floating
over the aqueous medium together with variable proportions of drift wood.
During dry season, owing to desiccation of the aqueous medium, the floated
humic layer descended and gradually superimposed over the earlier formed
lithotypes forming a layer of dopierite or the precursor of vitrain.

The lignin-enriched residual wood tissues which have been considered
to be the precursor of fusain, on the other hand, were thoroughly impregna-
ted with argillaceous matter and sticky hydrogen-rich plant ingredients
forming detrital or clastic sediments. The clastic sediments were brought
into the neighbouring basin by running water and under favourable condition
of still water,were segregated into durain and various argillaceous litho-
types forming the basic infra-structure of a typical Lower Gondwana coal
seam.
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ON THE THICKNESS DISTRIBUTION OF PENINSULAR INDIAN GONDWANA COAL
SEAMS

A.S. SINHA, Exploration Division, Central Nine Planning and Design
Institute Ltd., Gondwana Place, Ranchi-834008, India.

Exploitable coal seams in Peninsular India occur exclusively in
the Damuda series of the Lower Gondwana System. There are more than
fifty separate coalfields exposed along well-defined river valleys.
The different coalfields contain from one to more than thirty coal
seams; the average thickness of individual coal seams varies from
less than 1 m to more than 140 m. The subsurface data from abundant
mine workings and exploratory drilling indicate the unit areal thick-
ness variability of an individual coal seam to vary from seam to
seam.

An attempt has been made to suitably transform the raw coal seam
thickness measurements on borehole cores for different seams from
several exploration blocks and to study the frequency distribution
for assessing general behaviour. It is indicated that the population
of the transformed thickness of coal seams is normally distributed;
this property is indicated not to depend on the average raw thickness
of the coal seam, its inorganic content,its geographical or
stratigraphical location or the size of the exploration block.

The generalized frequency distribution of the transformed
thickness measurements of coal seams is proposed to be used to assess
and define the range of possible variation of the raw thickness of a
coal seam in a given area for a desired level of significance. The
estimation of the probability of demonstrating the total possible
variation of coal seam thickness with different numbers of equi-
spaced boreholes in an exploration block is also attempted.
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FOSSIL INSECT-BEARING LOCALITIES IN GONDWANA AS INDICATORS OF PALAEO-
GEOGRAPHIC RELATIONS.

Thomas SCHLUETER, Department of Geology, University of Dar es Salaam,
P.O. Box 35052, Dar es Salaam, Tanzania.

Fossil insect-bearing localities on the Gondwana continent are
still very rare compared with those situated in the northern
hemisphere. This is probably more due to the exploration work that has
been done up to now than to their fossilization potential. However,
some of the higher systematic groups of insects have already been
found in particular parts of Gondwana, for example in Africa, South
America, Antarctica and Australia, whilst nothing is recorded from
India.

As inhabitants of terrestrial ecosystems insects are quite
reasonably adapted to indicate a palaeogeographical development in
Gondwana, especially during its initial fragmentation. Generally the
origin and development of floral provincialism during Carboniferous
and Permian in Gondwana has been accepted, but it has never been
pointed out if the evolution of insects can be reconciled with floral
provincialism. The likelihood to expect such trends is high due co the
fact that many insects and plants are connected by revolutionary
relationships. The scope and aim of this paper is to present from the
list of all the known fossil insects of Gondwana a comparison of
their phylogenetic development with those of Laurasia. Higher groups
(Odonata, Hemiptera etc.) are especially well-represented in deposits
of Upper Carboniferous, Permian and Triassic age, and some palaeogeo-
graphical conclusions can be drawn from their distribution pattern.
For example, Riek described several species of Homoptera and
Paraplecoptera of the Upper Permian from Natal, South Africa, which were
assigned to genera that are otherwise known only from Australia. Also
to be rejected are the theories of Tillyard that i) Australia was not
populated by insects until long after the northern hemisphere, and
ii) Australia lay far away from the area weve the earliest insects
developed. However, already Tillyard had suggested that the Upper
Permian insects of Australia were apparently associated with
Glossopteris.
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THE SIGNIFICANCE OF PRIMITIVE GONDWANIC FAMILIES OF PLECOPTERA IN THE
EVOLUTION OF THIS GROUP OF INSECTS

Irene R. WAIS, Laura I. de CABO, Alejandro R. VILA, Sección Limno-
logía, Museo Argentino de Ciências Naturales & Instituto Nacional de
Investigación de Ias Ciências Naturales, Av. A. Gallardo 470, CC 220,
sue. 5, (1405) Buenos Aires, Argentina.

Plecoptera is an ancient group of running freshwater insects
commonly known as stoneflies, which developed a high degree of
endemism in Southern South America .-especially in the Western Andean
range of Argentina. This considerably old order of aquatic insects
offers a wealth of interesting facts and problems related to the
distribution of higher systematic categories as well ma recent genera
and species. In the study of these problems, however, it makes such
difference which of the categories is being considered. In general,
we can assume that the evolution and distribution of families took
place mainly in the Paleozoic era, that of genera in the Mezosoic and
that of species in the Cenozoic, respectively. As for the zoogeo-
graphy of Plecoptera, it seems to be in order, therefore, to deal with
the respective levels of family, genus, and species consecutively,
according to the antecedents.

Of the 15 described families of the world, only 6 are present in
South America, all of them represented in Argentina. Diamphipnoidae
is endemic in Chile and Argentina; Eustheniidae, AusCroperlidae and
Gripopterygidae have an amphinotic range; Perlidae has an arctogaeic-
neotropical distribution and only one family, Notonemouridae, is
supposed to have clear Gondwanic "limits". It is pointed out in the
literature that the member* of the most archaic suborder, belonging
to the amphinotic type, are restricted to the Southern hemisphere.
This fact was explained in two alternative ways. Matthew's hypothesis
supports that all families could have evolved in the Northern
hemisphere. Thus, the more evolved groups would expel the more
primitive ones driving them accross the Equator to the South. On the
other hand, evolution could have started in the Southern hemisphere»
with the more evolved forms spreading to the North. Opposed to
Matthew's hypothesis is the evidence that the primitive groups are
of the amphinotic and gondwanic types. Another proposal, made about
two decades ago, was that the Archiperlaria stoneflies originated in
the "Paleozoic region" which existed as one continuous land mass, and
included parts of present-day Australia, South America and Antarctica.
This origin can be dated at least a« early a§ the Permian, és the
first fossils of the suborder occur in Permian deposits from Austra-
lia. All hypotheses can be tested against newer knowledge about the
Plecoptera.
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KERODUCUVE TSOUXS1 IN THE

Edith L. TKfWR and U n a s N. TAYICR, Byrd Rplar Tienei ill Oenter and
Department of Botany, lhe Chio State University, ̂ Vwfrf, Ohio 43210.

Silicif ied peat from the late Permian Buckley Formation in the
central Transantarctic Mountains has yielded a nuaber of parmineralized
reproductive organs that are attributable to the ciffy+«Hrin»i«»
These consist of saall (6 ma wide x l a thick), darsiventral
•egasporgphylls with ovules attached on one surface, lhe anatoay of the
vascular bundles indicates that the ovules are borne on the «*Mri»i
surface; between 4 and 5 ovules are present on each unit. Megasporo-
phylls are slightly inrolled at the edges, but do not enclose the
ovules. Ovules are platyspermic and meaaum 1.6 x 1.2 ma in the
primary plane and 0.7 ma in the secondary plane. Bisaccate pollen is
present within the pollen chanter.

Also present at this locality are larger ovules, described under the
name PlectiloerryrnfiT elliotii. Ihese measure approximately 4.8 x 3.1 mm
in the primary plane and 2.2 nn in the secondary plane and are winged.
Ihey contain a canplex integument and a simple pollen chamber. A nueber
contain megagametcphytes, same with archegonia and two eabryos. These
seeds, which were described previously, have recently been found
attached to similar, laminate megasporophylls.

Both organs are similar in their basic morphology and anatomy. The
histology of the vascular bundles is comparable to that present in
Glossopteris vegetative leaves present at the same locality. Although
similar in morphology, this fructification type appears generically
distinct from other ovulate fructifications that have been described for
the glossopterid pteridosperms. The artaxial position of the ovules is
considered in relation to the reproductive biology of the plant.
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GLOSSOPTERID LEAVES AND FERTILE ORGANS, THEIR DISTRIBUTION IN
TIME AND SPACE

Manju BANERJEE, Department of Botany, University of Calcutta,
35, Ballygunge Circular Road, Calcutta-700019, India.

Glossopteris Brongniart, Gangamopteris McCoy, Rubidgea Tate,
Euryphyllum Feist., Palaeovittaria Feist., Macrotaeniopteris
Schmimp. are recognised as frond genera in the Glossopteris
Flora of Gondwanaiand. Glossopteris and Hanoamopteris are more
common than Palaeovittaria, Macrotaeniopteris while Rubidgea,
Euryphyllum are less known in the Gondwana continents both in
number of species and freouency of occurrence. Taxonomy,
interrelationship and status of the genera often have been
subject of discussion through advances in external and
internal morphographic studies. More than thirty genera of
fertile organs of various morphology either in organic
connection or in association have further accelerated the
understanding of the systematic position of the group»

Association of Glossopteris and Gangamopteris with
Noeggerathiopsis and Botrychiopsis in the initial phase of
appearance throughout the Gondwanaiand is characteristic. The
composition of the associated plants and habit characteristics
have gradually changed during the successive phases of maximum
development and disappearance of the Glossopteris flora.

The earliest records of the genera in the Gondwana
continents, their distribution pattern in the different
geographical areas through the chronological secmence and
disappearance have been discussed with emphasis on their
record from the Indian Gondwana.
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MESOZOIC SEED FERNS: OVUIE ENCLOSURE AND ANGIOSFHW EVDILTION.

Thomas N. TAYIJDR and Edith L. TAYL3R, Department of Botany and Byrd
Bolar Research Center, The Ohio State University, Columbus, Ohio 43210.

lhe silicified flora of the Fremouw Formation is exceptionally
diverse. The fossils occur in a stream bed deposit in the upper part of
the formation and are considered to be early-middle Triassic in age.
Plants are preserved within a permineralized peat and the flora as it is
currently understood includes seed ferns, cycads, ferns, sphenophytes,
probable conifers and numerous fungi.

In addition to abundant vegetative remains, reproductive organs are
also present. These include dispersed seeds, pollen, pollen organs and
seeds borne within reproductive structures. One of the most interesting
fructifications is a cupule-like structure containing a variable number
of small seeds. The seeds are approximately 1.0 irni in diameter,
triangular in transverse section and possess an integument that is
thickened at the corners. The seed coat consists of a continuous outer
layer 2-3 cells in thickness and an inner zone of ovoid cells with more
resistant walls. The cupule measures about 1.5 x 2.5 cm in transverse
section with 2-5 ovules attached along the inner wall. The cupule wall
consists of an outer zone of larger cells with numerous intercellular
spaces and an iniier zone of smaller, more densely packed cells. The
cupulc appears to be vascularized by a single vascular bundle that
repeatedly divides to vascularize each ovule. Ovules are attached to
the cupule wall by a small pad of tissue. The cells within this pad
appear similar to transfusion tissue; no vascular tissue is present
within the ovule.

There are a number of histologic similarities between these cupules
and the foliage of the seed fern Dicroidium which is the dominant plant
at this locality. The implications and importance of ovule enclosure
and the occurrence of this feature within Mesozoic seed ferns are
discussed in light of the subsequent evolution of the angiosperms.
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PRE-CENOZOIC FLORAL EVOLUTION OF THE PARANA BASIN REGION

Oscar RÕSLER, DPE-Instituto de Geociências, Universidade de São Pau-

lo, Caixa Postal 20899, CEP 01498 - São Paulo, SP, Brazil.

This reconstruction of floral evolution is based on fossil vascular

plants described from Devonian to Mesozoic outcrops of the Paraná

Basin in Brazil, Paraguay and Uruguay.

During the Devonian the predominant vascular plants inhabiting the

margins of this Basin were primitive psilophytes and lycophytes.

Knowledge of floral evolution from the latest Devonian to the Late

Carboniferous is obscure due to the lack of fossiliferous deposits of

such age in the outcrop area.

During the Late Carboniferous, plants probably allied to

Progymnosperms (Nothorhacopteris, Botrychiopsis), together with

lycophytes, conifers, sphenopsids, etc., comprised the pre-Glossop-

teris flora, possible in high latitude conditions. At about the

latest Carboniferous, the first glossopterids (Rubidgea and other

"gangamopteroids") developed. This was approximately contemporaneous

with the retreat of glacial conditions, followed by a generally humid

temperate climate. Considerable diversification of the Glossopteris

flora took place, with possible differentiation in subregional pro-

vinces. From the Early Permian to the beginning of the second half

of this period, the climate became less humid and possibly warmer.

The primitive glossopterids (Gangatnopteris, etc.,), the larger

lycophytes (Brasilodendron) and several species of other groups became

extinct. New species of Glossopteris plus other forest plants were

common. Smaller lycophytes (Lycopodiopsis) still persisted, most

becoming extinct, however, during the latest Permian, when new forms

of sphenopsids (Schizoneura, etc.), filicopsids and other glossop-

terids appeared in the flora.

The floral events of the Permian-Triassic transition and of a

relatively large part of the Mesozoic are still poorly known, due to

the little studied, scattered nature of the fossil evidence.

Exceptions to this are the events of the Middle and Late Triassic,

when, at least over part of this region, a Dicroidium flora developed,

probably in locally humid, but regionally arid conditions. (This is

a contribution to the IGCP Project n° 237; "Floras of the Gondwanic

Continents.")
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THE EVIDENCE FOR CLOSE PALBOFAUNISTIC AFFINITY BETWEEN SOUTH AMERICA AND AFRI
CA, AS INDICATED BY LATE PERMIAN AND EARLY TRIASSIC TETRAPODS

Mario C. BARBERENA; Dina C. ARAGJO-BARBERENA, Centro de Investigação do Gon-
dwana (CIGO), Instituto de Geociências, Universidade Federal do Rio Grande do
Sul, Bloco I, Prédio C2, Av. Bento Gonçalves 9500, CEP 91.500, Porto Alegre,
RS, Brasil; Ernesto L. LAVINA, PETROBRÂS - CENPES - DIVEX - SEGEL, Quadra 7,
Prédio 20, sala 2044, Ilha do Fundão, CEP 21.945, Rio de Janeiro, RJ, Brasil,
and Ubiratan F. FACCINI, (CIGO - IG - UFRGS).

Tetrapod taxa, shared by South America and Africa, start appearing as ear-
ly as Late Kazanian times, as indicated by the presence of Mesosaurus tenui-
dens and Stereosternum tumidum in both Irati and Whitehill Formations. This
trend in close paleofaunal similarity persists in Middle Tatarian times, as
can be inferred from the presence of the dicynodont Endothiodon and rhinesu-
chid amphibians in both the Cistecephalus Zone of the Karroo Basin and the
Serra do Cadeado Local Fauna (Rio do Rasto Formation) of southern Brazil.

In addition, Pareiasaurus americanus, an advanced form, found at. the upper
most Rio do Rasto levels in Rio Grande do Sul State (Aceguá Local Fauna), pro
ved to be very similar to congeneric species of Late Tatarian age in South A-
frica (Daptocephalus Zone).

Continuation of the close paleofaunal affinities between the two conti-
nents into the Early Triassic is supported, in southernmost Brazil, by the
gradual passage from the pareiassaurian levels to a Scythian (Puestoviejan)
assemblage (Catucaba Local Fauna), in which Procolophon and lydekkerinid and
rhytidosteid amphibians are associated; this same association is present in
the Lystrosaurus Zone. Scytian tetrapod faunas of Argentina reinforce this e-
vidence.

Possible dispersal routes for the Permo-Triassic tetrapods of South Ameri-
ca and Africa are cemented on. Paleoenvironmental conditions, associated
with paleogeographical features, are preliminarly discussed.

Some additional comments are presented on Middle and Upper Triassic local
faunas of Brazil and Argentina, related to biostratigraphy, chronccorrelation
and faunal substitution.
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THE FIRST ASPIDORHYNCHIDAE (PISCES:TELEOSTEI) FROM ANTARCTICA.

Marcha RICHTER, Museu de Ciências, Poncificia Universidade Católica do Rio
Grande do Sul, Av. Ipiranga, 6681, CEP:90620 Porto Alegre, RS,
Brazil, and M.R.A. THOMSON, British Antarctic Survey, Natural Environment
Research Council, High Cross, Madingley Road
Cambridge CB3 OET U.K.

A new species of the teleostean family Aspidorhynchidae, Aspidorhynchus
antarcticus sp. nov., is described from Antarctica. The fossil material,
consisting of the post-cranial remains of one medium-sized fish, comes
from a reworked tuffaceous mudstone boulder of presumed Late Jurassic age
in the Lower Cretaceous (Albian) Whisky Bay Formation of James Ross
Island, Antarctic Peninsula. Generic diagnostic features of the fish are
mainly, the relationships of the lateral-line canal to the body scaling
and the absence of ganoine on the scales. The new species differs from
other species of Aspidorhynchus on the grounds of post-cranial morphology.

Not only is this the first reported occurrence of the family from
Antarctica, it is also the first unequivocal record of Aspidorhynchu»
outside Europe. Prior to this discovery, Aspidorhynchus has only been
recorded with certainty, in marine deposits from the Middle Jurassic-Lower
Cretaceous of England, France and Germany.
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THE PALEOICHTHYOFAUNA FROM THE SAN GREGORIO FORMATION (LATE CARBONIFEROUS
OR EARLY PERMIAN) OF URUGUAY (SOUTH AMERICA).

Laurence BELTAN, Institut de Paleontologie, Museum National d'Histoire N«-

turelle, 8 rue Buffon, 75005 Paris, France.

Gondwana rocks are widely distributed in South America, where they are

known from Southern Brazil, Uruguay, Paraguay and Northern Argentina. Among

these mainly continental deposits, with glacial sediments and marine inter-

calations, one must mention the Santa Catarina System which includes the

San Gregorio Formation (Uruguay; Itararé Formation in Brazil), considered

Late Carboniferous or Early Permian in age.

The San Gregorio Formation is present in Northeast Uruguay, and has

yielded besides an ichthyofaina, arthropods, radiolarians, goniatites,

spores and wood. The paleoniscid ichthyofauna includes different genera:

1? - genera known only in Laurasia as Mesonichthys.

2° - endemic genera, such as Gondwanichthys. Among the endemic genera,

two new ones, belonging co a new family, display many skull characters

common to the genus Chei rolepis. known only from the Middle Devonian of

Scotland and the lower part of the Upper Devonian of Canada.

3? - genera known in other provinces of Gondwanaland and in Laurasia:

Rhadinichthys, Elonichthys. The latter genus was already known in the

Carboniferous and Permian of Europe, Greenland, North America, the Early

Permian of Australia and the Beaufort series (Middle Permian) of South

Africa.

In general this ichthyofauna includes genera belonging to families well

known elsewhere. The San Gregorio Formation (Uruguay) and the Dwyka

Formation (South Africa) are marine and Late Carboniferous in age. Probably

a small ocean existed between South America and South Africa at that

period. The analysis of the biostratigraphy of the two mentioned provinces

gives rise to questions. The same genera of goniatites are found in Uruguay

and South Africa, but relationships between the two ichthyofaunas are on a

family-level only.
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LOWER TRIASSIC TRAVERSODONTIDAE (THERAPS1DA, CYNODONTIA) OF SOUTH AMERICA.

ORIGIN, RADIATION AND COMPARISON WITH OTHER GONDWANIC GOMPHODONTS.

Ricardo G. GONI, Division Paleobotánica, Museo de Ciências Naturales de La

Plata, 1900 La Plata, Argentina and José F. BONAPARTE, Museo Argentino de

Ciências Naturales, Avenida A. Gallardo 470, 1405 Buenos Aires, Argentina.

Gomphodont cynodonts evolved from generalized carnivorous forms which

showed a dental pattern similar to that of primitive Galesauridae. Indeed,

there is a morphological sequence exhibited by the postcanines of the

galesaurids Thrinaxodon (Lystrosaurus Zone), Cromptodon (Rio Mendoza

Formation) and the traversodontid Andescynodon (Rio Mendoza Formation).

As to their distribution, the gomphodont cynodonts were present in two

main regions during the Early Triassic: a) Diademodontidae and Trirachodon-

tidae in central Gondwana (present African continent) and b) Traversodonti-

dae in western Gondwana (present South American continent). Presence of the

most primitive Traversodontidae in the Early Triassic of Argentina (Puesto

Viejo Formation, Reptil-Age Puestoviejan) suggests a differentiation centre

of these forms in western Gondwana. Later, a radiation towards the East and

North of the continent occurred in the Middle Triassic, resulting in a

wider, probable world-wide distribution at the beginning of the Late

Triassic.

Traversodontids developed new, mainly dental features that clearly

distinguished them from the diademodontids. Among these features we point

out: a) presence of gomphodont postcanines as the single dental type in the

adult specimens, b) radical differentiation, in size and shape, between

upper and lower postcanines, and c) achievement of precise mechanism of

dental occlusion and mandibular movements required for a better

manipulation of food in the mouth.

Almost no convergence of the Traversodontidae and the Diademodontidae

results from the analysis of tooth morphology and feeding habits. The

specialized dentitions of the Traversodontidae would have displaced the

Diademodontidae in the Middle Triassic favouring their extinction. At that

time the gomphodont forms evolved towards masticatory mechanism better

suited for vegetable foods. These sophisticated features reached their

highest degree of development in the specialized Traversodontidae of the

early Late Triassic Exaeretodon and Ischignathus.
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THE NEOPALEOZOIC F* 'RISTIC SUCCESSION FROM NORTHWESTERN ARGENTINA.
A NEW PERSPECTIVE.

Sergio ARCHANGELSKY and Rubén CUNEO. Paleobotany Division, Museo
Argentino de Ciências Naturales B. Rivadavia, Av. A. Gallardo 470,
Buenos Aires (1405), Argentina.

Recent paleobotanical information from Northwestern Argentina
allows a new analysis of several components in relation to their bio-
stratigraphic and paleoecological significance. The distribution of
all taxa in different lithostratigraphic units that have been
described or redescribed, is presented in a chart.

The biozonation currently accepted for this area includes some
poorly characterized units together with others that are better
defined. In this regard the transitional Carboniferous-Permian beds
provide new information in the Paganzo Basin and other related areas
(San Rafael, Calingasta-Uspallata and Rio Blanco Basins).

Paleoecological studies in some selected areas are related to the
depositional environments and the paleogeography. The response of the
vegetation to climatic changes, that were mainly related to
glaciation, are also considered.

A correlation of events between this region and other neighbouring
basins is outlined.
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THE SEDIMENTOLOGICAL AND PALEOBOTANICAL CHARACTERISTICS OF AN UPPER
TRIASSIC-LOWER LIASSIC BASIN IN NORTHWESTERN PATAGONIA (ARGENTINA).

Oscar G. ARRONDO, Luis A. SPALLETTI, Eduardo MOREL and Daniel GANUZZA. Fa-
cuttad de Ciências Naturales y Musao, Universidad de La Plata, Paseo del
Bosque, 1900 La Plata.

The Upper Triassic-Llssslc sillciclastic rocks of the western side of
the North Patagonian Massif (western Patagonia, Argentina) fora an upward
fining 500 • thick sequence. It begins with conglomerates and coarse
sandstones deposited in humid alluvial fans and braided systems, and ends
with high-sinuosity channel sandstones and flood basin dark shales.

These deposits were deposited in a highly subsiding and fault bounded
extenslonal or transtensions 1 successor basin. In the Upper Trlassie, It
started as a narrow trough, surrounded by volcanic and granitic terrenes,
and filled up with the deposits of transverse alluvial fans and
longitudinal braided rivers. During the Lisasic, it evolved to a wider and
low gradient fluvial basin, essentlslljr limited by plutonic and
metamorphic rocks.

The lowermost paleofloristic association (from the Paao Flores
Formation) includes typical Triasslc genera, such as Asterotheca.
Cladophlebia, Dicroidlum. Pachydermophyllun, and Baiera which are
associated with Dictyophvllm». Thaumanopterls. Pseudoctenis snd
Coniferous. It represents the youngest Trlassic flora of Argentina.

The uppermost association (from the Nestares Formation) is composed of
Neocslamltes. Glelchenltas. Geopertella. Scleropterls. Cladophlebia.
Meratthia. Kurtrlana. Otozamites. Ptilophyllum. Taenlopteris and
Coniferous. It is considered as the oldest Llassic flora of Argentina.
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EAST COAST GONDWANA FAUNA FROM SOUTHERN INDIA AND ITS
STRATIGRAPHIC IMPLICATIONS

K. AYYASAMI, Geologist, Geological Survey of India,Palaeontology
and Stratigraphy Division, 27, Jawaharlal Nehru Road,Calcutta-
16, India and M.N. GURURAJA, Geologist, Geological Survey of
India, Publications Division, 5-5-449, Mukram Jahi Road,
Hyderabad - 1, India.

The report of marine fossil fauna occurring along with
plants in the Upper Gondwana outliers distributed along the
east coast of Andhra Pradesh and Tamil Nadu, India, has been
viewed with interest as the animal fossils suggest an Early
Cretaceous age and the plants supposedly a Late Jurassic age.

The study is based on the present collection of molluscs
and the earlier GSI collections from the Upper Gondwana beds
of Sivaganga, Uttattur, Sriperumbadur. Ongole and Elluru areas
comprising a diversified fauna represented by ammonoids,
bivalves, gastropods, belemnoids, brachiopods and fish fossils.
The most interesting among them is a decorated ammonoid that
is planispiral, evolute, with rapid growth of whorls, showing
sharp fine ribs and distinctly trituberculate on the last
whorl. The numerous specimens representing a single species
show a close affinity to ancyloceratids of Early Cretaceous age.
This find further supports an Early Cretaceous age for the
Upper Gondwana beds, suggested by Waagen and Spath.

Emphasis has been laid on the ammonoids for reasons of
better stratigraphic resolution and the present fossil
collection favours a two fold biostratigraphic division for
the east coast Gondwana , namely, a lower Pascoeites budavada-
ensis Zone and a higher Gymnoplites simplex Zone. The higher
biozone is markedly represented in nearly all the coast
Gondwana outliers. The above mentioned ancyloceratids are
found restricted to the lower Pascoeites budavadaensis Zone.



44

REASSESSMENT CP THE PERMIAN MARINE FAUNAS OF PENINSUIAR INDIA, HIMALAYAS
AND CENTRAL ASIA AND SCME CLIMATIC AND TECTUNIC IM>LICATIONS

J.M. DICKINS, Bureau of Mineral Resources» PO Box 378, Canberra, ACT,
2601» Australia, S.C. SHAH, Geological Survey of India, 27 Jawaharlal
Nehru Road, Calcutta, 700016, India, N.W. ARCHBCLD, Department of
Geology, University of Melbourne, Parkville, 3052, Australia, J H YUGAN,
Nanjing Institute of Geology and Palaeontology, Academia Sinica, 339
Beijing Road, Nanjing, China and HANG DINGYI, Beijing Graduate School,
Wuhan College of Geology, Chenfu Road, Beijing, China.

The earliest Permian (Asselian-Sakmarian) colder water Eurydesma
fauna has for long been known to be overlain by later wanner water fauna
in the Himalayas (including Tibet). More recently early Permian colder
marine water faunas have been recognized in the Lhasa Block and in North-
west Tibet including Eurydesma itself in North-west Tibet. Further
north and east only warmer water faunas are recognized. The distribution
of the colder water faunas and its explanation poses a fascinating
problem.

In this paper Asselian-Sakmarian, lower Artinskian, Upper Artinskian-
Kungurian, Kazanian-Dzhulfian and Dorasharoian (Changhsingian) faunas are
reviewed and their stratigraphical and geographical distribution is
considered.

This information is applied in understanding the development of the
sequences, their tectonic and magmatic history and the palaeogeography
of the region.
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BIOGEOGRAPHICAL AND ECOLOGICAL RELATIONS OF THE PERMIAN CONTINENTAL

FAUNAS OF INDIA.

S. C. SHAH, Geological Survey of India, 27 Jawaharlal Neru Road,

Calcutta 700 016, India and J. SCHNEIDER, Bergakademie Freiberg,

Akademiestr. 6, Freiberg, 9200, GDR.

Continental fauna together with the Glossopteris/Gangamopteris

flora occur in Peninsular as well as in Himalayan India. Faunistical-

ly four associations with different palaeobiogeographical zones can

be distinguished. Peninsular Indian faunas belong to three

stratigraphically successive environments. Firstly, a newly

discovered periglacial mixed aquatic/terrestrial association in the

Talchir Needle shales, consisting of conchostracans, fragments of

small winged insects and other arthropods. Ecological similarities

could be to the arthropod-trail rich Dwyka shales in Natal. Secondly,

the postglacial fluvial-terrestrial association of the higher Damudas

succession with neorachitomous amphibians, different reptiles and

large neuropteroid insects. Thirdly, the association of lacustrine

black shales in the topmost Permian Raniganj Fm. and Lower Panchet Fm.

with various palaeoniscids, xenacanthodian sharks and (?) dipnoans,

ecologically related to Euramerican lacustrine faunas of warm humid

climate.

In Kashmir the association from the Gangamopteris beds consists of

ostracods, palaeoniscids, aquatic adapted amphibians and blattoid

insects. It is almost identical with European Pertnocarboniferous

chronofaunas of great stable lakes.

The postglacial Peninsular Indian faunas shows mixed character-

typical Gondwana endothiodont reptiles and amphibians (Gondwanosaurus,

Rhinesuchus) with an Euramerican captorhinomorph reptile. The revised

Kashmir-amphibians are identical with the European Archegosaurus and

Actinodon; the insects belong to the Aanthracoblatina/Kunguroblattina/

Kashmiroblatta-group, distributed over the Angara and Euramerican

region to Brazil and Kashmir,

Similar shifts from southern Gondwana-type to equatorial mixed

Gondwana/Euramerica/Cathaysia-biotas exist in Africa. A migration

route for the European aquatic amphibians to Kashmir is indicated by

Euramerican fishes in Morocco and mixed floras in South Spain,

Algeria and Turkey along the coastline of the Tethys.
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MICROVERTEBRATES FROM EARLY 3URASSIC KOTA FORMATION, INDIA,
AND THEIR SIGNIFICANCE.

P. YADAGIR1, Geological Survey of India, Training Institute, 3-6-266, Himayat-
nagar, Hyderabad-500 029, India.

The continental sedimentary sequence of the Pranhita-Godavari Valley
in India is fairly continuous spanning a long geologic period from Early Permian
to Early Cretaceous and has yielded well preserved vertebrate remains from
seven different stratigraphic levels. The Kota Formation of Early Jurassic age
has yielded a rich assemblage of vertebrate fauna. The fossil fishes include
members of the families Semionotidae, Coelacanthidae and Pholidophoridae.
Reptiles are represented by sauropod dinosaurs and a pterosaur. The fossil record
of early mammals from early Jurassics was sparse till the discovery of symme-
trodonts from the Kota Formation. Three new genera and species of symmetro-
donts and a new genus of amphidontid symmetrodont have been described so
far. Recently, the microvertebrates particularly hybodontid, amphibia, sphenodon-
tid and platynotid are also reported from the Kota Formation. A critical evalua-
tion of the faunal remains of microvertebrates along with the early mammals
has resulted in a significant contribution in tracing out their evolutionary trends
and also in the reconstruction of the palaeobiogeography during Early Jurassic
period.
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INITIATION OF PALEOZOIC CRATONIC BASING OF WESTERN GONDWANALAND
POSSIBLY ASSOCIATED WITH AN UPPER OROOVICIAN - LOWER DEVONIAN
DISTENSIVE TECTONICS EVIDENCED IN NORTHERN CAMEROON.

Roland TROMPETTE, Laboratoire de Geologie dynamique et Petrologie de
la surface, üniversité Aix-Marseille III, Centre de St-Jerome, 13397
Marseille Cedex 13, France.

The main intracratonic basins in western Gondwanaland are, in
Africa, the circum-Hoggar Tassilis, the Tindouf and Taoudeni basins
and, in Brazil, the Amazon, Maranhao-Parnaiba and Paraná basins.
Sedimentations started between the Lower Ordovician (Norther Hoggar
Tassili) and the Silurian or Lower Devonian (Brazilian basins).
Sediments are continental or shallow marine, very thin in thickness
but laterally continuous. The localization of these basins is
independent of the Pan-African tectogenesis (-600 m.y.i. They
unc on format) ly overlie an horizontal pediplain wich levels all Pan-
African structures including the late tectonic Cambrian molassic
grabens such as the numerous troughs infilled with the "Series
pourprée" (purple Series) in Hoggar and the Jaibaras and Cocoxi
Basins in NE Brazil. Nevertheless, reactivation of major Pan-African
strike-slip faults may induce significant local chickening in the
overlying Upper Paleozoic cover (submeridian transcurrent faults in
Hoggar and the Transbrasiliano lineament in the Maranhão basin).

In the Garoua, North Cameroon, small grabens, tens of kilometers
in length, are cut across Pan-African structures. The grabens are
infilled with sandy continental detrital sediments and volcanic rocks
with K/Ar radiometric ages ranging from 440 to 385 m.y.. The volcanic
rocks include rare basalts of continental tholeitic affinities, as
well as trachy-andesites, rhyolites and ignimbrites. The chemical
affinities of the intermediate to acidic facies have been not
determined because of intense hydrothermal alteration. The distension
which led to the opening of these grabens is roughly oriented NS to
NE-SW, Its age is Upper Ordovician, the age of the oldest volcanics,
or perhaps slightly older.

The Ordovician distensive tectonics characterized in North
Cameroon, although limited in magnitude, may be the reason why large
cratonic basins developed at the Lower-Upper Paleozoic limit in
western Gondwanaland.

«,.tk
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POST-EBURNEAN EXTENSION TECTONICS IN EASTERN PART OF THE E6LAB
MASSIF, RE6UIBAT SHIELD (WEST AFRICAN CRATON)

Antoni K. TOKARSKI, Institute of Geológico! Sciences, Polish Academy of
Sciences, ui. Senocko 3,31-002 Krakow

It is generally accepted that the structural development of the Eglab
massif was largely completed during the Eburneon orogeny (> 1.7 Ga). Only
in places the structure of the Eglab was reworked during the Pan-African
orogeny (c. 0.6 Ga). However, the structure in the eastern part of the Eglab
massif is largely controlled by tectonic features unrelated to either of the
two orogenic events. These structures include: a set of N-S trending
alkaline dykes of red microgronite and two sets of strike-slip faults, a
dextral NNW-trending one and a sinistrai NNE-trending one. The faults are
marked by linear zones of quartz-feldspar breccias. In the studied area,
the red granite dykes, locally composed of en echelon arranged fragments,
are up to 90 km long. They are locally accompanied by vertical lenses and
dykes of dolente. All these features were formed due to a N-S oriented
main principal stress.

The described structures cut across earlier Eburnean features. Some of
them were rejuvenated during the Pan-African event. It appears that they
correspond to one of the two periods of extensional tectonics recognized
at the border of the West African croton and at its southern part, and
dated there at 1.8-1.5 Ga and 0.8-0.7 Ga.
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EVOLUTION OF THE GABBRO - ANORTHOSITE COMPLEX OF SOUTHWEST ANGOLA
BASED ON PETROCHEMICAL DATA

Zenaide Carvalho G. SILVA, Departamento de Geologia, Fac. Ciências,
Univ. Lisboa. Ed C2, 59 piso, Campo Grande, 1700 Lisboa, Portugal.

The Precambrian gabbro - anorthosite Complex which occurs in south-
western Angola displays an elongate N - S shape over an extension of
approximately 300 kilometers in Angola and Namibia territories. The
structure of the Complex as a whole is still unknown, although some
incomplete data are available for specific areas.

Stratigraphic data are limited due to poor exposures. Rhythmic
layering is well developed and exposed in several areas, mainly in
the northern half of the intrusion, being conspicuous the alternation
of anorthosite - troctolite layers, with subordinate gabbroic
anorthosite, gabbro and norite, concordant with the main orientation
of the Complex (roughly N - S). Cryptic layering can be traced in a
W-to-E direction, emphasizing the igneous origin and the original
layered character of the Complex.

Fields of composition and petrochemical trends of the exposed part
of the gabbro - anorthosite Complex of Angola were established (by
the author) based on 55 major and trace-element rock analyses of the
entire body. Chemical and mineralogical similarities with the Main
and Critical Zones of the Bushveld Complex of South Africa were
identified and are compatible with similar data from other layered
igneous intrusions of stable geological environments. The chemical
composition of the rocks is closely related to their stratigraphic
position in the Complex. This feature is well shown in variation
diagrams which exhibit an eastward increase in Si and Na and
decrease in Mg, thus indicating the direction of the top of the
intrusion.

Concentrations of ilmenite and Ti-magnetite in different levels
of the intrusion are reflected in the general chemical trend of the
Complex which shows no enrichment in iron with differentiation.
Variation diagrams confirm these findings by exhibiting oscillatory
contents in iron from the base to the top of the intrusion in the
exposed area.
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THE MWEHBESHI AND ZAMBEZI-KENYERE DISLOCATION ZONES OF
ZAMBIA: THE CENTRAL SEGMENT OF A TRANSCONTINENTAL
PAN AFRICAN SHEAR ZONE IN SOUTH-CENTRAL AFRICA.

Raphael UNRUG, Department of Geological Sciences,
Wright state University, Dayton, Ohio, 45435, USA.

The Mwembeshi dislocation is a WSW-ENE oriented shear
zone crossing Pan African and Kibaran terranes in southern
Zambia. In the Pan African terranes the Mwembeshi
dislocation separates N-vergent structures of the Lufilian
foldbelt from the SH-vergent structures of the Zambezi
belt. The latter are bound in the South by the
Zambezi-Kenyere dislocation. East of Lusaka small Katangan
basins resting on the Irumide foldbelt of Kibaran age are
present along the dislocation. Here the dislocation follows
a segmented course. The WSW-ENE segments are shifted to the
north along three N-S oriented dislocations. Foliation
lineaments are parallel to the elongation of the segments.
The WSW-ENE oriented segments of the dislocation zone are
marked by mylonite belts one km wide, with sub-horizontal
stretching lineation. In some areas several subparallel
mylonite belts are present.

Troctolite-pyroxenite-peridotite bodies are present
along the Zambezi - Kenyere dislocation. Along the
Mwembeshi dislocation pods of serpentinized ultramafic and
mafic rocks and lenses of marbles are present among
micashists and gneisses. Pan African granitoid intrusions
are located where the dislocation zone is transposed to the
North. The Kibaran rocks of the Irumide foldbelt are
thermally rejuvenated in a wide band along the dislocation
zone.

The Mwembeshi dislocation zone marks the location of an
extensional event associated with Pan African sedimentary
basin formation and magmatism, followed by oblique
collision and transcurrent translation. The Mwembeshi
dislocation extends to the South-West under Karoo and
Kalahari sediments in Botswana, and can be correlated with
the Schlesien - Amerongen discontinuity in the Damaran
foldbelt of Namibia. To the North-East the Mwembeshi
dislocation extends into the Chiroaliro dislocation of
Malawi. The Chimaliro, Mwembeshi and Schlesien-Amerongen
dislocations form together a transcontinental shear zone
marking the collision suture of the Congo and the Kalahari
cratons during the Pan African orogeny.
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PALEOMAGNETIC RESULTS FROM LATE ARCHAEAN AND EARLY PROTEROZOIC
GRANITES FROM KENYA

J.P. PATEL, Physics Department, Nairobi University,Box 30197,Nairobi,
Kenya.

This paper presents the results of a paleomagnetic study carried
out on the Migori and the Buteba granites from the South Western and
the Western provinces of Kenya, respectively. The Migori granites of
post-Kyanzian and post-Kavirondian ages are dated at 2739-111 Ma and
2420t60 Ma, respectively. The Buteba granites are dated at 2530-50
Ma using the whole rock Rb-Sr isochron method. Alternating frequency
and thermal demagnetization techniques have been used to isolate
characteristic components of natural remanence. Polished section and
thermomagnetic analyses indicate titanomagnetite grains as the main
carrier of primary component of the natural remanence. The mean poles
for the Post-Nyanzian, the post-Kavirondian and the Buteba granites
are calculated at 336°E, 72°N (<5m-l2°f Sp=6°), 263°E, 4!°N (

im*23°,
6p=15°) and 2I1°E. 6I°N (A95-I3.5°), respectively.
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TECTONIC SIGNIFICANCE OF PALEOZOIC METAMORPHIC AND SEDIMENTARY ROCKS OF
COASTAL CENTRAL CHILE.

Sofia REBOLLEDO and Reynaldo CHARRIER, Departamento de Geologia y Geofí-
sica, Universidad de Chile, Casilla 13518 - Correo 21, Santiago.

The metamorphic rocks known in the coastal area of Central and Southern
Chile have been considered as remnants of the Paleozoic accretionary prism
formed along the active margin of Gondwana. Recent studies in coastal
Central Chile, at 31 30" latitude south, demonstrate that these rocks form
a sequence of juxtaposed slices of different metamorphic and sedimentary
units separated by zones of cataclastic rocks. Regional studies evidence
that rocks with the same structural pattern have at this latitude a width
of about 60 km. They are unconformably covered by Triassic sedimentary
rocks, and were intruded by Jurassic granitoids forming a belt parallel Co
the present coast.

The following units were characterized: a. Metamorphic complex, with
different units of quartz-rauscovite and amphibole schists, phyllites and
metasedimentary rocks, and b. Devonian to Permian sequences of syntectonic
sedimentary breccias, proximal to middle-fan rhythmic deposits and shales.

In one unit of quartz-muscovite schists five superposed penetrative
foliations were detected. The metasedimentary rocks have three superposed
deformations and the sedimentary units only two. The cataclastic zones are
interpreted as reverse shear zones developed at different depths on a
subduction convergence margin.

On the basis of major and trace element contents it was deduced that the
quartz-muscovite schists and phyllites are the metamorphic equivalents of
graywacke and/or arkosic rocks, while amphibole schists derived from
oceanic basalts.

The sedimentary and metasedimentary units and probably the protolith of
some of the quartz-muscovite schists were deposited in a fore-arc basin
located along the continental edge. Subsequently, during further
deformation of the prism, these deposit were also deformed and incorporated
to it. The amphibole schists were accreted to the prism by scrapping of the
oceanic crust during subduction.

The age (K-Ar: 359-36 Ma) of the second deformation of the amphibole
schists and the age of the sedimentary units indicate that the prism was
already active during the Devonian and that its activity lasted at least
until the Permian.
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ISOSTATIC ANALYSIS OF THE PARANA BASIN (BRAZIL): CRUSTAL GROWTH
DURING THE MESOZOIC VOLCANISM.

Eder C. MOLINA, Naomi USSAMI, Nelsi C. de SÁ, Denizar BLITZKOW, Institu
to Astronômico e Geofísico da Universidade de São Paulo, C P . 30627.
0105I São Paulo, Brazil.

The isostatic analysis of the Northern Parana Basin was carried out
by using the response (or admittance) function technique. Bouguer
anomaly and topographic data were cross-correlated in the wavenumber
domain in order to obtain the experimental isostatic response function.
A comparison of the observed response function with response functions
predicted by a thin elastic plate rheology for the lithosphere shows
that the isostatic equilibrium in the Northern Parana Basin is
attained regionally by loading of a relatively denser (+0.05 to 0.10 g]
cm-3) mid/lower crust along the main NNE-SSW axis of the basin. The
subsurface load is here interpreted as a large portion (20-25 km) of
the mid/lower crust intruded with high density mantle material (as
sills?) during the Upper Jurassic-Lower Crecaceous volcanism which
preceded the opening of the South Atlantic at that latitude. This
flexural mode of isostatic compensation also predicts a Moho downwarp
of about I km along the main axis of the basin relative to its borders.
The addition of the mantle material into and at the base of the crust
represents a significant crustal thickening which may have hampered
further subsidence of the basin after the cessation of extension and
flood basalt volcanism.



PROTEROZOIC AND PHÀNEROZOIC TECTONOMAGMATIC AND TEC-
TONOTHERMAL DEVELOPMENT IN NEUSCHWABENLAND BASED ON
RÀDIOMETRIC, PALEOMAGNETIC AND 6E0CHENICAL DATA OF THE
MAGMATIC SEQUENCES FROM THE AHLMANNRÜCXEN AND VESTFJELLA
(ANTARCTICA).

Matthias PETERS, & Klaus WEBER, IGDL Gòttingen, Gold*
schmidtstr. 3, D-3400 Gõttingen, FRG.

Three narked tectonomagmatic and tectonothermal epi-
sodes have been established in central and western
Neuschwabenland:

- A tectonomagmatic episode in the Ahlmannrücken with
intrusion of mafic sills (Borg Massif Intrusions) and
dykes in the central parts and effusion of basaltic lava-
flows in the NE parts. K/Ar mineral dates and correspon-
ding paleoroagnetic data suggest an age of ca. 1200 Ma.
Geochemical analyses provide evidence of island arc and
plate margin volcanism.

- A tectonothermal event in the Ahlmannrücken with de-
velopment of mylonitic zones cutting the Proterozoic mag-
matic sequences. Synkinematically grown white nicas yield
K/Ar ages of 525 Ma.

- Jurassic/Triassic magmatic activity in the Ahlmann-
rücken and Vestfjella associated with the Mesozoic break-
up of Gondwana. This activity can be subdivided into two
phases. The first initial phase of Gondwana break-up is
documented in the Ahlmannrücken by doleritic dykes. K/Ar
mineral dates and corresponding paleomagnetic data ~ on
these rocks suggest an age of about 250 Ma. Geochemically
they can be characterized as typical continental tholeii-
tic basalts. Mobility of some trace elements before par-
tial melting is typical. In Vestfjella, however, geoche-
mistry of the flows, dykes and sills exposed here is
obscured due to intense crustal contamination and crystal
fractionation. But there are also some indicators of con-
tinental tholeiitic magmatism. Geochronological and cor-
responding paleomagnetic data suggest an age of about 180
Ma for this final event. This volcanism obviously
reflects the magmatic activity during opening of the
Weddell Sea.

The effects of these events on the crustal evolution
of Neuschwabenland will be presented.
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STRUCTURAL EVOLUTION OF WESTERN NEUSCHWABENLAND AND THE
SHACKLETON RANGE/ANTARCTICA - A COMPARISON.

Gerhard SPAETH and Werner FIELITZ. Geologisches Institut,
Rheinisch-Westfalische Technische Hochschule Aachen,
Federal Republic of Germany.

The Shackleton Range is the closest area of basement
rocks to the southern part of western Neuschwabenland.
Both regions probably are part of the Pacific margin of
the East Antarctic shield. Previous comparisons between
the two regions are by authors who have worked in the
Shackleton Range. Through recent expeditions, the structu-
ral history of western Neuschwabenland is now better
known and a comparison between this region and the Shack-
leton Range will be presented here.

Numerous similarities exist between both regions, but
also several distinct differences:
The crystalline basement rocks are very similar in meta-
morphic facies (mostly pQlymetamorphic) and are both
covered by Precambrian and younger platform sequences.
Both areas show several generations of fold axes, of
which at least two are clearly distinguishable. Numerous
gently dipping overthrusts and nappe structures are pre-
sent and are found cutting both basement rocks and older
parts cf the cover sequences. Age data correlate well
with Nimrod and Beardmore-Ross ages.

Distinct differences exist in age and structures of
the cover sequences, directions and vergences of folds,
and nappe structures. Basic dikes, which are very common
in western Neuschwabenland, are very limited in number in
the Shackleton Range.

In summary, the geotectonic setting and relations of
both regions are discussed with respect to the Ross Oro-
geny and its influence on the break-up of Gondwana.
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TECTONIC EVOLUTION OF WEST ANTARCTIC CRÜSTAL BLOCKS AND Tlffi ADJACENT TRANS-

ANTARCTIC MOUNTAINS FRONT IN THE WEDDELL SEA AREA

Bryan C. STOREY, Robert J. PANKHURST, David I.M. MACDONALD, British Antarctic

Survey, Natural environment Research Council, High Cross, Mad ingley Road,

Cambridge CB3 OET, U.K., Ian W.D. DALZIEL, Institute for Geophysics, The

University of Texas at Austin, 870) North Mopac Blvd., Austin, Texas, 78759-

8345, and John L. 1SBELL, Byrd Polar Research Center, The Ohio State Uni-

versity, 125 South Ov-al Mall, Columbus, Ohio 43210.

Results to date of the joint BAS-USARP "West Antarctic tectonics project"

have established the tectonic evolution of three of the five geologically

distinctive crustal blocks within West Antarctica and more clearly defined

the nature of the boundary between East and West Antarctica along the

Thiel-Ellsworth mountains ridge.

The main tectonic episodes are a Precambrian crustal formation event at

Haag Nunataks and the deformation of a Cambrian-Permian succession within

the Ellsworth-Whitmore Mountains (EWM) crustal block. Magmatic events

include the break-up-related within-plate middle Jurassic granites of the

EWM suite and the late Jurassic-early Cretaceous subduction-related

plutonic and volcanic rocks of the Pacific margin Thurston Island block.

The chemistry of the within-plate suite suggest that Ferrar magmas were

emplaced within West Antarctica as well as along the Transantarctic

Mountains front and that Gondwanaland breakup was not related to subduct ion

processes but to a subcontinental lithosphere thermal event.

Our new data from the Gondwana cover sequence in the Pensacola Mountains

confirm their polyorogenic history, which is in marked contrast to much of

the Transantarctic Mountains and published accounts of the Ellsworth

Mountains. However, our data reveal a more complex structural history during

the Cambro-Ordovician Ross orogeny than previously recognized. The presence

of growth folds, a palaeokarst, an additional unconformity between the

Cambrian volcanic rocks of the Gambacorta Formation and the overlying Wiens

Formation, and tectonically controlled sedimentation suggest that Ross

deformation was progressive and long-lived. The implications of this work

lead us to believe that the Ellsworth Mountains themselves were probably

affected by this same extended Ross deformation and that they too may have

had a complex early Palaeozoic tectonic history. The Thiel Mountains remainJ

structurally anomalous along the Transantarctic Mountains front with an

essentially undeformed Cambro-Ordovician succession. The tectonic

significance of the extended Ross deformation is not clearly understood and1

the only evidence for an active subducting margin during the Palaeozoic

comes from Carboniferous granitoid gneisses within the Thurston Island

block.
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GONDWANA ACCRETION: THE EVOLUTION OF THE PACIFIC MARGIN OF THE ANTARCTIC

CRATON IN VICTORIA LAND AND THE SHACKLETON RANGE

Georg KLEINSCHMIDT, Geol.-Palaont. Institut d. Universitat Frankfurt,

Senckenberganlage 32, D-6000 Frankfurt a.M., FR Germany.

At first sight the geological settings of the Shackleton Range (SHR) and (North) Victoria

Land (NVL) resenble each other: both lie in the border area between the East Antarctic shield

and the West Antarctic orogenic belts; both consist (among other things) of crystalline

basement rocks showing polyphase netancrphism and deformation (SHR: Shackleton Range Meta-

norphic Complex; NVL: rocks of the Wilson Terrane) and low-grade netamorphics (SHR: Turnpike

Group; NVL: Robertson Bay Group, Bowers Supergroup). However, there are vast differences

between the two regions. The crystalline basement of SHR has radionetric ages between 2700 and

300 Ma. In contrast NVL basement has yielded Ross ages s.l. only (600-400 Ma). However, the

low grade rocks of the Turnpike and Robertson Bay Groups coincide at least partly, both

including rocks of Eocambrian to Cambrian age. Other differences concern the relationships of

the lithological structural units: they are complex and not obvious in SHR whereas 3 well

defined "terranes" have been recognized in NVL. Has the similar position at the shield/non-

shield boundary produced a comparable structural development, i.e. accretionary history?

In NVL paired metamorphic and magjnatic belts, a chain of ultramafics, olistostrome-like

metasedinents, vergence of the youngest generation of folds and of thrusting within the

basement, and thrusting away from the craton has led to reasonable accretionary models. We

believe that the evidence is consistent with multiple subduetion events rather than with

strike-slip accretionary models.

The orogenic history of the Shackleton Range is nuch more complicated and longer. Around

2700 Ma the "Shackleton Tectogenesis" occurred, producing N-S to NE-SW trending structures.

The "Nimrod Tectogenesis" formed E-W trending structures at about 1500 Ma. The E-W direction

' was also used by the "Beardraore" event (600-500 Ma)^TVie effect of the Ross orogeny s.s.

! i (500 Ma) is controversial. As in NVL,the main structural boundaries of SHR have been

recognized as tectonic boundaries, but they have been reinterpreted from normal faults to

thrusts. Thus structural style of both SHR and NVL is controlled by thrusts and nappes. The

strongly metamorphosed and deformed thrust sheets were transported mainly from N to S, each

overlying a less affected sheet. This situation seems to occur at different structural

levels, and thus - apart from directions of thrusting - a certain similarity results.

Directions of thrusting are principal difference from NVL: in NVL they are perpendicular to

the Ross trend ("N-S) and to the shield margin; in SHR thrusting is mainly from N towards S.

The arrangement of the structural units of SHR may be similar to the juxtaposition of NVL

terranes.

Despite several similarities between NVL and SHR, neither subduction nor strike-slip

accretion nor exotic terranes have been proposed for SHR. Only a possible intracratonic

situation has been suggested. SHR may be closer to the craton or may include parts of the

craton. Accretionary processes may be less evident in SHR than NVL because of its longer

history. We expect new results after our return from "GEISHA 1987/88".

SOil i I-
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GEOPHYSICAL EVIDENCE FOR THE BOUNDARIES OF WEST ANTARCTICA MICROPLATES
IN ELLSWORTH LAND.

Myron P. MASLANYJ, Bryan C. STOREY, Andrew M. SMITH and
J. Adrian JONES, British Antarctic Survey, Natural Environment Research
Council, High Cross, Madingley Road, Cambridge CB3 OET, UK.

Regional aeromagnetic, gravity and bedrock elevation data are
examined where four distinct continental microplates converge:
Antarctic Peninsula, Thurston Island, Ellsworth-Whitmore Mountains and
Haag Nunataks.

There is a reduction in amplitude of magnetic anomalies in the area
of depressed topography between the southern Antarctic Peninsula and
Thurston Island, but the West Coast Magnetic Anomaly continues more or
less undisturbed, as a coast-parallel feature. Most anomalies are
linear and trend parallel to the strike of the Andean orogentc
structural trends.

An extensive zone of positive magnetic anomalies associated with
Haag Nunataks suggests that Prcterozoic basement continues near the
surface over an area which is significantly larger than outcrop.
Regional gravity data suggest that there may be crustal attenuation in
the area relative to the Antarctic Peninsula and Ellsworth Mountains.
The abrupt termination of positive magnetic anomalies is suggestive of
major down faulting of basement to large depths at most margins of the
Haag microplate. In contrast to the Haag area the Ronne Ice Shelf and
Ellsworth-Whitmore Mountains are characterized by a relatively smooth
magnetic field, suggesting quite different upper-mid crustal
compositions partly related to thick sequences of sedimentary rock.
Upward continuation and regional anomaly separation studies show that
the areas have different basement compositions or that Haag basement is
at deep (>20 km) crustal depths. A long wavelength (150 km) linear
magnetic anomaly extends over 350 km along strike over the Rutford Ice
Stream, a previously proposed crustal boundary, and could represent
Precambrian basement which extends beneath the Ellsworth Mountains*

Our geophysical data suggest the micro-plates of West Antarctica are
not geophysically unique; the West Coast Magnetic Anomaly is common to
both Antarctic Peninsula and Thurston Island and the Precambrian
basement of Haag Nunataks may be present beneath the Ellsworth
Mountains. Many of the topographic features are faulted and considered
to be related to a recent episode of crustal tension, probably basement
controlled and possibly related to a regional strike-slip tectonic
regime.
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PALYNOBIOSTRATIGRAPHY OF THE SOUTHERN BRAZILIAN NEOPALEOZOIC
GONDWANA SEQUENCE

Marlene MARQUES TOIGO, Departamento de Paleontologia e Estrati
grafia. Instituto de Geociências, UFRGS, Caixa Postal 1505?
Porto Alegre, RS, BRASIL

In the present paper the microflora contained in
Neopalaeozoic sediments from the Parana Basin is analyzed.
The sporopollinic associations obtained from drill samples and
from outcrops of the main coalfields in the States of Rio
Grande do Sul and the southern part of Santa Catarina were
identified.

The sedimentary sequence taken into consideration conprises
the lithostratigraphic units: Itararé Group, Guatá Group (Rio
Bonito and Palermo Formations) and Passa Dois Group (Irati
Formation).

The palynological content is represented by triletes and
monoletes spores, associated with PTERIDOPHYTA, Monosaccites,
Disaccites and Striatiti pollen grains belonging to
GYMNOSPERMAE, besides ALGAE (Botryococcus braunii), Incertae
sedis forms probably related to ALGAE and marine microfossils
(ACRITARCHA).

Based on the vertical and lateral distribution of
Monosaccites, Disaccites and Striatiti polen grains and the
relative abundance of the identified taxa, a biostratigraphic
zonation is being proposed.

The palynobiostratigraphic system includes two Interval
Zones named Cannanoropollis korbaensis Zone and Lueckisporites
virkkiae Zone. The former is subdivided into three interval
Subzones: Protohaploxypinus goraiensis, Caheniasaccites
ovatus and Hamiapollenitês karroensis.

Previous papers en the palynostratigraphy of the Parana
Basin (Neopalaeozoic) were taken into consideration to give
this new interpretation of the biostratigraphy of this
Gondwanic sequence.

An age corresponding to the interval Eopermian (Sakmarian/
Kungurian) to Neopermian (Kazanian/Tatarian) was attributed
to the microflora by comparison with other sporopollinic
associations from the Paraná Basin as well as from other
Gondwana regions.
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PALAEOECOLOGY OF THE GUATÁ AND PASSA DOIS GROUPS - PERMIAN OF THE PARANA
BASIN, SOUTHERN BRAZIL.

Miriam CAZZULO-KLEPZIG; Ana Emilia M. PICCOLI; Marleni MARQUES-TOIGO, Insti-
tuto de Geociências, UFRGS, Caixa Postal 15052, Porto Alegre, RS, 91500,
Brasil.

Palynological, sedimentological and stratigraphic studies of the coal-
bearing basins of the Rio Grande do Sul and Santa Catarina States,
comprising the Rio Bonito, Palermo and Irati Formations, have provided
important elements for the recognition of the dominant palaeoecological
characteristics during which the deposition of these sediments has taken
place.

An important stratigraphic marker corresponding to a marine trans-
gression is represented in the middle to top of the Palermo and base of
the Irati Formations respectively. The transgression was recognized on
the basis of the marine microplancton (Acritarcha) occuring in pelites and
sandstones. The latter are commonly grey, massive or with flaser to
lenticular bedding (tidal bedding) and widespread bioturbation.

These sandstones are associated with well-sorted, fine-grained sand-
stones displaying parallel to low-angle inclined lamination. Coarse-grained
sandstones are less abundant. Hummocky cross-stratification is common in
the sandstones.

In the underlying sedimentary sequence (Lower Palermo and Upper Rio Bo-
nito formations) the microflora is composed of palynological associations
containing Botryococcus (a fresh to brackish water alga), although the
lithofacies exhibit the same characteristics of the upper sequence. No
palaeomicroplancton (Acritarcha) was found. The latter disappears from the
sediments above the stratigraphic marker (middle part of the Irati
Formation) and there is a recurrence of the microflora with Botryococcus.
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INDIAN GONDWANÀ • REDEFINED

B. Srinivasa VENKATACHALA and Hari K. MAHESHWARI, Birbal Sahni Institute of

Palaeobotany, 53 University Road, P.O. Box 106, Lucknow GPO 226001, India.

One of the objectives of geological investigations in India in the early

nineteenth century was the search for coal and economic minerals. Calder in

his General Geology of India (Asiatic Researches, vol. 18, pp. 1-22, 1829)

reported on coals of Damodar Valley. In the ensuing years detailed surveys

were undertaken in many more areas and as a result a number of stratigraphic

units were established. H.B. MedlicotC in his unpublished 1872 report

recognized these as a part of a larger unit, the Gondwana System. These were

all fresh-water sediments and the study of the rocks was purely litho-

logical. The term Gondwana was, however, dropped in the report when

published in 1873. Probably it did not meet the approval os his superiors.

The term Gondwana System was first published by Ottokar Feistmantel in

1876 who described a number of fossil floras from rock units ascribed to

the Gondwana 'System'. The term, however, has rarely been formally and

officially defined. Gondwana was generally referred to primarily fresh-

water deposits of Upper Carboniferous to Lower Cretaceous age with a

typical fauna and flora. However, the reports of marine intercalations in

the fresh-water Gondwana, and the number of coastal marine beds with the

Gondwana mega- and micro-flora are now too many to be accomodated within

the above definition. There is even nothing like a Gondwana flora - there

is a succession of floras, a lower one with endemic elements and upper

ones with many cosmopolitan taxa. There are also increasing reports of

mixed floras.' Recent researches have not only conclusively proved the

absence of fresh-water Jurassic sediments in the Indian Craton but also a

continuous succession of Lower-Upper Cretaceous sediments in the subsurface

of south india.

In view of these findings, we suggest to restrict the term Gondwana to

the group of fresh-water sediments in the Indian Craton that began with

a basal Permian glacigene epoch and terminated with a large hiatus at the

top of the Triassic. Thin marine intercalations may be accommodated as

exceptions. However, pericratonic marine beds even with a Glossopteris

association are ruled out. Post-Gondwana sediments with a Ptilophyllutn

association may be referred to by their local formation names. The Gondwana

Supergroup will thus comprise Talchir, Damuda, Panchet and Mahadeva groups

and range in age from the earliest Permian to the earliest Jurassic.

The term Gondwanaland is also a misnomer as in vernacular Gondwana itself

means the land of Gonds (in medieval times the Gonds ruled in central

India). The term Gondwana Supercontinent may be used instead.
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CLIMATIC REFLECTIONS IN THE PERMIAN VEGETATION OF INDIAN PENINSULA

Hari K.MAHE5HWARI, Usha BAJPAJ and Rajni TEWARI,Birbal Sahni Institute
of Paiaeobotany, 53 University Road, P.O.Box 106, Lucknow GPO 226 001, India

A glacigene event initiated the Permian Period in India. No trace of vegetation
that immediately preceded the glacial advance is preserved and the origin of
the Permian vegetation that occupied the Indian Peninsula is obscure. It is not
definitely known if a vegetation co-existed with the glaciers but if the find
of pollen in the glacigene sediments is any indication such must have been the
case.

The vegetation that followed the receding glaciers is preserved in the sediments
of the Talchir Formation. It mostly comprised plants with leaves that were
undifferentiated into blade and petiole and had a clasping leaf base and more
or less parallel venation. As no petrified wood is recorded, it is assumed that
the plants were small and simple that could tolerate the rigours of an arid cold
climate. In the upper part of the Talchir Formation the leaves apparently developed
a midrib and reticulate venation but with still no petiole.

Gradually the vegetation started becoming profuse so much so that during
the basal Barakar sedimentation the first coals were laid down. The precipitation
was probably very high as the leaves usually are hypostomatic, feature adopted
to stop clogging of stomatal apparatus. Leaf midribs were still not very prominent.
Occurrence of radial monosaccate pollen shows that temperatures continued
to be low.

During the upper Barakar sedimentation huge coal deposits were laid down.
Petrified wood with definite annual rings is first encountered which shows that
the climate was temperate. Leaf midribs now became quite prominent and were
made up of independent bundles that eventually diverged into the lamina to
become a secondary vein. Undergrowth is also noticed in the form of lycopods,
articulates and ferns signifying a rise in temperature. The paucity of fossils
in the Kulti Formation probably reflects an inhospitable climate.

The Raniganj Formation again saw the return of favourable climate. Large
woods with annual rings, deciduous, mostly hypostomatic leaves and thick under-
growth of articulates and ferns reflect a warm temperate climate. Many of
the leaves had a terete slender petiole permitting greather flexibility in orientation
of lamina possibly to counteract increasing wind velocities. During the upper
part of the Raniganj Formation the climate became dry and arid as is reflected
by small-sized petiolate leaves with thick cuticle and a few stomata on the
lower side. Some of the woods contain biogenic pyrite indicative of reducing
environment.
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BIOSTRATIGRAPHY OF THE DEVONIAN-CARBONIFEROUS SEQUENCE OF KASHMIR HIMALAYA,

INDIA.

A.K. PAL, Palaeontology and Stratigraphy Division, Geological Survey of

India, 27, Jawaharlal Nehru Road, Calcutta-700016, India.

Four plant-bearing horizons occur in the Upper Devonian-Carboniferous

sequence of Kashmir Himalaya, India. Two plant-bearing horizons are present

in the middle part (Kanjdori Member) of the Syringothyris Limestone

Formation. In the succeeding Gund Formation (Upper Tournaisian-Lower Visean)

a luxuriant land flora developed in a fluviatile condition. While the lower

part (Salar Member) of Fenestella Shale Formation experienced marine trans-

gression during Upper Visean, a paralic condition prevailed in the middle

part of the Formation (Kollur Member) when a fourth plant-bearing horizon

developed.

The following biozones are suggested for the Upper Devonian-Carboniferous

sequence of the area:

7. Fenestella - Phillipsia Zone - IT. Westphalian to Stephanian

6. Lepidodendron - Botrychiopsis Zone - L. to M. Westphalian

5. Productus - Aviculopecten Zone - M. to U. Visean

4. Lepidodendropsis - Rhacopteris Zone - U. Tournaisian to L. Visean

3. Syringothyris - Dibunophyllutn Zone - L. to M. Tournaisian

2. Sublepidodendron - Lepidodendropsis Zone - L. Tournaisian

1. Trimerophyton - Dawsonite Zone - U. Devonian
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A BIOSTRATIQRAPHICAL COMPARISON BETWEEN THE LOWER GONDWANA
FLORAS OP SOUTHERN XIZANO (TIBET) AND KASHMIR.
LI Xlngxue, Nanjing Institute of Geology and Palaeontology, 39
East Beijing Road, Nanjing, China, 210 008; John RIGBY,
Geological Survey of Queensland, Box 19*, GPO Brisbane, 1001,
Australia; and WU Yiming, Xizang Institute of Geological
Sciences, Lhasa, Xizang, China.

Lower Gondwana Glo»$opt«rie floras have been described from
the Early Permian Qubu Formation at Dingrl and Dingjie in
southern Xizang. These floras include largely endemic species
of Gloêêoptariêt Peoopttrie t tebatannularia, Paraoalamit*», and
some questionable identifications. More recent, but undescrlbed
collections include Vêrtebrarxt and Euryphyllum in addition.
There are too few short-ranging species in common with either
Kashmiri Permian or Indian Gondwana successions for accurate age
correlation at this stage. Some striking differences with the
more varied floras from Kashmir probably derive from the larger
number of collecting sites.

We relate the floras of the Qubu Formation with those of the
Barakar Formation of India.

Southern Xizang and Kashmir occupied a region where some
species related to the Cathayslan Flora were able to compete
successfully with species of the Gondwana Flora. The presence
of the Cathaysian genus L'obatannularia suggests a warmer to
subtropical climate at the time of growth of the plants, not a
cool temperate or cold climate as probably occurred over most of
the habitat of Gloesopttrie.
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BOUNDARY PROBLEMS IN THE GONDWANA SEQUENCE OF INDIA: OBSERVATIONS.

S. C. SHAH, Geological Survey of India, 27 Jawaharlal Nehru Road,
Calcutta 700 016, India.

The Gondwana sequence in India or, following the American Code of
Nomenclature, the Gondwana Super-system, is defined as a group of
essentially nonmarine mappable lithounits deposited between the Upper
Carboniferous (?)/Permian and the end of the Lower Cretaceous. Either
the presence of marine intercalations in nonmarine units or the
presence of terrestrial palynomorphs or plants, or nonmarine
intercalations in marine units give reliable data planes for
correlation with the Standard Time Scale.

The biotic evidence is reviewed and is considered as the principal
basis for demarcation of boundaries between systems, based largely on
evidences from Peninsular India, supported by data from essentially
marine deposits of extra-Peninsular India.

On analysis of the megaflora, the following observations are made:
1. The appearance of Gangamopteris/Glossopteris and Eurydesma in the

nonraarine and marine sequences respectively should be taken as the
base of the Gondwana in India.

2. The appearance of either Lepidopteris and/or Dicroidium marks the
beginning of the succeeding flora.

3. The appearance of Ptilophyllum in the nonmarine sequence commences
the beginning of the 'Jurassic-Lower Cretaceous' flora.
Microfloral changes in general correspond with those of the mega-

flora.
Floral changes are being considered as the main criteria for the

demarcation of boundaries relating to the geological time scale.
Evidence and changes in the faunal biota are taken into consideration
to supplement the floral data. Non-biotic changes, like palaeo-
magnetism, oxygen isotopes, sulphur isotopes, lithological changes,
iridium content, are also being examined.
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NORTHERN HEMISPHERE CLIMATE DURING GONDWANA GLACIAL ERA

Nikolay CHUMAKOV, Geological Institute, Academy of Sciences, Pyzhevsky 7,
109017 Moscow, U.S.S.R.

The Northern Hemisphere was dominated in the Early Carboniferous by humid
equatorial and subtropical belts separated by arid zones. The first
indications of Upper Paleozoic c*oling are recorded at the beginning of the
Middle Carboniferous (Namurian B) by an impoverishment of the floristic
assemblages both in the boreal Angara and the tropical Amerosynian king-
doms. Paleogeographic reconstructions show that the Verkhoyansk-Kolyma
region (in the URSS) was the northern extreme(50-70°N) of the continental
crust at that time. The first diamictite layers were formed in this region
in the middle of the Mid Carboniferous, and are interpreted as season ice
or glacimarine deposits. Similar cooling episodes, marked by diamictite
units, were registered in the Late Carboniferous and Permian of the
Verkhoyansk - Kolyma region. The major horizon within this age span
comprises Late Permian Kazanian diamictite units, scattered over an area
of more than 1000 x 1700 km, with an occasional thickness of up to 700 m.
The Late Paleozoic floristic assemblages of Verkhoyansk - Kolyma were poor
in species and had small leaves; they were included by S.V.Meyen in the
northern Verkhoyansk - Vilyui floristic region of the Angara kingdom. The
Siberian platform belonged in part to the same floristic region, though it
must have lain mainly in a temperate climatic belt (40-65°N), characterized
by intense coal deposition. No real Upper Paleozoic glacial deposits were
found on the Siberian platform; however, sedimentary products which may
have derived from them are observed in the Middle Carboniferous and Upper
Permian. Most of southeast Asia, Europe and North America were located in
the Late Carboniferous and Permian at low latitudes, which in the Early
Permian were occupied largely by a northern arid belt in the West and humid
tropical and equatorial belts in the East.
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LATE PALEOZOIC GLACIAL PALEOGEOGRAPHY OF THE BEARDHORE GLACIER REGION:
THE PAGODA FORMATION, CENTRAL TRAMSANTARCTIC MOUNTAINS.

Julia M.G. MILLER, Department of Geology, Vanderbilt University,
Nashville, TN 37235, U.S.A., and Barbara J. UAUGH, Montgomery Bell
Academy, Nashville, TN 37205, U.S.A.

The Pagoda Formation records Pemo-Carboniferous glacial, glaciofluvial
and glaciolacustrine sedimentation near the fluctuating terminus of a
temperate terrestrial ice sheet. The formation is about 100m thick around
the Beardmore Glacier and thickens northward to more than 200 m near the
Nimrod Glacier. Facies within it include: (1) diamictite with either a
sandy matrix and 4 to 15% clasts or a silty matrix and less than 3%
clasts. The diamictite locally contains sandstone lenses and irregular
sandstone inclusions and rarely is diffusely bedded; (2) sandstone forming
units up to 30 m thick which are massive, cross-bedded, planar-laminated,
or rippled, and locally show abundant soft-sediment deformation; (3)
interbedded diamictite and sandstone with generally planar and locally
erosional bed contacts; (4) mixed diamictite and sandstone with a
heterogeneous and disrupted fabric, and (5) siltstone which commonly is
structureless and contains deformed sandstone lenses and beds, locally
contains scattered pebbles, and rarely shows parallel-lamination. Some
facies grade into one another and others may be closely interbedded.
Striated surfaces and boulder pavements and beds occur throughout the
formation.

Pagoda diamictites are interpreted as lodgment, melt-out and
resedimented till. Associated sandstone and siltstone facies are
subaqueous and subaerial outwash and glaciolacustrine deposits. Some
soft-sediment deformation was glaciotectonic, but much disruption was
probably caused by downslope sliding. Abundance of outwash facies,
relative proportions of different till types, and lateral continuity of
resedimented till and outwash beds suggest that the Pagoda was deposited
during temperate glacial conditions.

A basal erosional surface to most Pagoda sections and predominance of
sandy diamictite in the lower half of the formation indicate that grounded
ice and ice marginal environments dominated during early Pagoda
deposition. It two sections thick sandstones occur near the base
suggesting abundant outwash deposition. Siltstones, and most silty
diamictites, usually occur in the upper half of the formation, are
commonest in the center of the study area and are absent in the most
northern and southern sections. This suggests that glaciolacustrine
conditions were more prevalent during upper Pagoda deposition with lakes
commonest in the central area and absent in the north, close to the Nimrod
Glacier. From an analysis of vertical facies sequences, episodes of
glacial advance and retreat can be recognized. Two or three advance-
retreat cycles exist in most sections, and as many as six may be present
in the thickest, most northerly section. Paleo-ice flow indicators show
transport dominantly towards the southeast, but sparse paleocurrent and
soft-sediment fold orientation data suggest an irregular depotitional
surface. In most places the top contact of the formation is gradations!
over a few meters into regularly bedded lacustrine deposits of the
overlying Mackellar Formation.
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PRESENCE OF THE GONDWANA ICE SHEET DURING THE DEPOSITION OF THE PERMO-
CARBONIFEROUS FORMATIONS, BEACON SUPERGROUP, TRANSANTARCTIC MOUNTAINS.

Brenda K. LORD and Gunter FAURE, Byrd Polar Research Center, and Department of
Geology and Mineralogy, The Ohio State University, Columbus, Ohio, USA 43210;
Lois M. JONES, Research and Development Department, CONOCO, Inc., Ponca City,
Oklahoma, USA 74603.

The 87 Sr/86 Sr ratios of lenticular bodies of calcite in the Pagoda,
Mackeliar and Fairchild Formations of the Beacon Supergroup in the Queen
Alexandra and Queen Elizabeth Ranges of the Tansantarctic Mountains are
significantly greater than those of seawater in late Paleozoic time. Analyses
of 20 specimens indicate 87Sr/86Sr ratios between 0.71148 and 0.7215 compared
to values between 0.7068 and 0.7081 for marine strontium of Permian age. The
enrichment in 8' Sr of the calcite leases indicates that they were deposited
from freshwater and are probably of concretionary/diagenetic origin.

The oxygen in the calcites is strongly depleted in l 8 0 with 6 1 80 values
between -19.4 °/oo and -30.1 °/oo (PDB). Calcites with suchjsxygen isotope
compositions can form only in isotopic equilibrium with water that is even
more depleted in ^ 0. Caicite in the til lite-bearing Pagoda Formation was
apparently precipitated from water uaving ô ^ 0 = -30 °/oo (SMOW) at an assumed
temperature of 5*C. The c.-ilcites in the overlying "post-glacial" MackeIlar,
Fairchild and Buckley Formations wete deposited in water having a similar
isotopic composition which occurs only in glacial ice and meteoric
precipitation in high latitudes.

The carbon in the calcites is progressively depleted in ^ C up-section
from the Pagoda Formation with 613C values from +2.6 °/oo to -23.1 °/oo (PDB).
The depletion in 1 3 C was caused by oxidation of plant remains, washed into or
growing within, the Mackellar Basin.

These isotopic data indicate that the Mackellar Basin received glacial
me It water up to the time of deposition of the Buckley Formation presumably
from the Gondwana ice sheet and that the area around the basin became
vegetated soon after the ice sheet withdrew during Pagodã time.
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GLACIATIOK IN A RIFT SETTING; THE LATE PROTEROZOIC (STURTIAN)
GLACIGENIC ROCKS OF THE NORTHERN FLINDERS RANGES, AUSTRALIA

Grant M. YOUNG, Department of Geology, University of Western Ontario,
London, Ontario, Canada and Victor A. GOSTIN, Department of Geology
and Geophysics, University of Adelaide, P.O.Box 498, Adelaide, South
Australia 5000.

The Late Proterozoic Sturtian succession in the northern part of
the Adelaide "Geosyncline" is disposed in a southward-closing
"V-shaped outcrop belt that is largely bounded on its southern
margin by reverse faults. This region is interpreted as a discrete
depositional basin (Northern Flinders Basin) that was separated from
the main portion of the Adelaide "Geosyncline" to the south by the
weakly emergent Central Flinders Zone.

In the western part of the North Flinders Basin (NFB) the
glacigenic portion of the Sturtian succession is quite thin (100m -
800m) and consists of four stratigraphic units. A thin discontinuous
basal breccia lies on older rocks of the Burra Group and is followed
by Unit 1, a locally-developed diamictite (true tillite) with
associated lenticular sandstones (outwash deposits). Unit 2 is a
mudstone-dominated heterogeneous succession formed by the complex
interplay of traction currents, gravity flows and some rainout from
floating ice. A second diamictite (Unit 3) is considered to have
formed mainly by rainout. The topnost unit (4) is lso complex and
resulted from the interplay of traction currents, gravity flows and
rainout from floating ice. Paleocurrents indicate transport to the
southeast.

In the eastern part of the NFB the Sturtian succession shows
dramatic thickness changes from bout 6,000m in the Fitton Trough to a
few hundred metres in areas to the west. Two glacial periods were
formerly proposed in the Fitton Trough area. The locally-developed
Serle Conglomerate at the top of the succession was considered to
represent a second glacial advance. It was correlated with the
thinner diamictite succession to the west, which was therefore also
attributed to the second glacial advance. Study of the Serle
Conglomerate in the type area has led to re-interpretation as a
submarine fan deposit. The presence of similar conglomerates above
the thin diamictite successions to the west of the Fitton Trough
suggests that these diamictites are probably correlative with the
thick succession preserved in the Fitton Trough. Thus there is only
evidence for one major glaciation in the Sturtian succession of this
area.

The great variations in thicVness of the Sturtian succession are
attributed to glaciation in a rift environment that may have
ultimately led to the creation of the Proto-Pacific Ocean in Late
Proterozoic-Cambrian time.
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SUBSURFACE FACIES ANALYSIS OF PERHO-CARBONIFEROUS GLACIOGENIC
SEDIMENTS. CANNING BASIN, WESTERN AUSTRALIA.

Jonathan REDFERN. University of Bristol, Geology Department,
Queens Road, Bristol. BS8 1RJ. United Kingdom.

The Canning Basin is a large intra-cratonic basin, which underlies an
onshore area of 430,000 sq.km.

A series of stratigraphic boreholes, drilled by Western Mining
Corporation Ltd, provide fully cored sections through the previously poorly
exposed Permo-Carboniferous Grant Group.

From this core data, located along the Barbwire Terrace adjacent to the
main depo-centre, the Fitzroy Graben, a number of distinctive and
intimately related facies types have been recognised:

a) Diamictites, both clast-rich units believed to be sub-glacial
lodgement tillites, and dominantly massive, matrix-supported units of
subaqueous 'rain-out* and sediment gravity flow origin.

b) Massive, destratified and normally graded sandstones produced mainly
by mass flow processes.

c) Thick mudstone sequences deposited in relatively low energy
lacustrine conditions with occasional interbedded, normally graded, silty
sandstones, the product of pulsed turbidity flows.

Dropstones indicate the presence of periodic floating ice, and the soft-
sediment deformation of numerous horizons is characteristic of the unstable
nature of the rapidly deposited sediments, and also possible ice loading.

The units are indicative of dominantly subaqueous outwash and glacio-
lacustrine sedimentation. This is followed by fluvio-deltaic conditions,
as the glacial influence on sedimentation diminished.

The data is yielding valuable insights into the style and evolution of
sedimentation within the Canning Basin during the Permo-Carboniferous
glacial period, and is comparable with successions recorded from
contemporaneous Gondwanan basins.
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FACIES AND AGE OF THE CARBONIFEROUS GLACIAL DEPOSITS OF WESTERN AR-

GENTINA: A REVIEW.

Arturo AMOS, Carlos LIMARINO, Oscar LOPEZ CAMUNDI and Silvia CÉSAR1.

Departamento de Ciências Geológicas, Facultad de Ciências Exactas y

Naturales, Universidad de Buenos Aires, Ciudad Universitária, Pabe-

llón 2, 1428 Buenos Aires, Argentina.

The Carboniferous glaciation is probably the most important paleo-

climatic event recorded in the Upper Paleozoic of Argentina. The

glacial deposits vary widely in character according to their

depositional environment and paleogeographic position. Two main

depositional environments are considered in this paper: marine and

continental.

Glacial-marine sequences comprise proximal and distal deposits.

The first are found in the Hoyada Verde Formation (Calingast-Uspallata

Basin, Mendoza, western Argentina) and are considered an ice contact

glacial-marine depositional system. Distal glacial-marine sequences

are described in the upper member of the Cortaderas Formation (Rio

Blanco Basin) including resediraented diamictites and very probably

iceberg dump tillites.

Continental facies include true tillites and related glacial-

lacustrine deposits. Continental tillites have been identified in the

Lower Member of the Água Colorada Formation (Paganzo Basin) and are

represented mainly by matrix-supported massive diamictites. Deposits

interpreted as glacial-lacustrine sequences occur in several

Carboniferous Formations of Argentina (Água Colorada, Lagares, Guan-

cacol and Malanzan Formations) and include low and high dens icy

Curbidites and laminated mudstones containing dropstones.

According to their paleogeographic position glacial-marine deposits

are important in the west marginal basins, where significant changes

in the sea level occurred. On the contrary, continental facies are

associated with more stable cratonic areas, largely dominated by

fluvial and lacustrine systems.

New palynological data from the distal glacial-marine and the

lacustrine deposits suggest an Early-Middle Carboniferous age for

the glaciation. This age determination is consistent with the

evidence furnished by the marine invertebrates faunas from he

proximal glacial-marine strata.
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THE AGE(S) AND CHARACTER OF TALCHIR GLACIATION, PENINSULAR INDIA: A

NEW WORKING HYPOTHESIS.

Bradford A. HALL, Department of Geological Sciences, University of

Maine, Orono, Maine 04469, Harold W. BORNS, Jr., Institute for Qua-

ternary Studies and Department of Geological Sciences, University of

Maine, Orono, Maine, 04469, Asru K. CHAUDHURI, and Dhiraj K. RUDRA,

Geological Studies Unit, Indian Statistical Institute, 203 Barrack-

pore Trunk Road, Calcutta 700 035, India.

Talchir glaciation in peninsular India is widely accepted as being

of Early Permian age based on: D a marine invertebrate fauna of

Early Permian age in the basal "boulder bed" of the Talchir Section

at Manendragarh and 2) mict tossi Is of probable Early Permian age

found in shales and diamictite matrices in several localities within

the Talchir Formation. However, previous workers have considered that

the stratigraphic position of the microfossil-bearing rocks within

the Talchir is uncertain as is, therefore, their bearing on the age

of some or all of Talchir glaciation.

In our initial restuiy ot the Talchir Formation we have examined

u: it-examined fifteen partial sections and tour old and newly

discovered striated pavements below the Talchir in the Pranhita-

Godavari River valleys and upper reaches of the Son and Mahanadi River

valleys. As many as six distinct tillite units are present in

individual sections. Glacial movement directions determined from

glaciated pavements and till fabrics are 1) to the northeast and

southeast and 2) to the southwest and northwest. Analysis of the

order of these directions within and between sections suggests that the

above listed order is temporal with the northeast and southeast

directions being the earlier. Both sets of directions are consistent

in orientation over distances as great as 700 miles, which suggests

major continental ice sheet glaciation rather than valley glaciation.

This also suggests the possibility of correlation between Talchir

sections throughout peninsular India based on the directional

characteristics of till fabrics.

At one locality (Menendragarh) the Early Permian marine fauna

clearly postdates the youngest (southwest and northwest) glacial

movement directions. Thus, much of Talchir glaciation may have been

pre-Perrnian rather than Permian in age.
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STRATIGRAPHIC SIGNIFICANCE OF THE LATE PROTEROZOIC GLAC1GENIC

DEPOSITS.

LU SONGNIAN, Tianjin Institute of Geology and Mineral Resources,

CAGS, No4, 8th Road, Dazhigu, Tianjin 300170, China.

The Late Proterozoic Eon is one of the periods with glaciations in

the Earth's history. Its glacigenic deposits are characterized by a

wide distribution on a global scale, frequently associated with

products formed in warm climate; glaciations took place at quite low

palaeolatitudes. In addition, multiple episodes of Late Proterozoic

glaciations are registered.

In Asia, the Late Proterozoic glaciations are dated at about 700

Ha, and around the Precambrian-Cambrian boundary, and can be divided

into an Early, a Middle and a Late Ice Age, corresponding to the

Guocheng, Nantuo and Luoquan Ice Ages in China, respectively. The

Early Ice Age is an initial stage of the Late Proterozoic glaciation.

Outwash sediments deposited in periglacial regions are predominant

over its whole outcrop area, except for some places where massive

subglacial tillites are found. The Middle Ice Age is the climax stage

of the glaciations, during which most part of Asia was covered by

ice-sheets; these glacigenic deposits are widely spread and are

powerful potential stratigrnphic markers for Late Proterozoic

sequences. The Late Ice Age is a declining stage of the glaciations.

Its deposits are distributed mainly along part of the margins of the

Sino-Korean Paraplatform and the borders of the Tianshan Mountain.

Its deposits were probably laid down by mountain glaciers. These

glacigenic deposits can be used locally as chronostratigraphic markers

in stratigraphic correlations.
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SEDIMENTARY FACIES OF THE ESTRADA NOVA AND CORÜMBATAÍ FORMATIONS(NEO-

PALEOZOIC OF THE PARANÁ BASIN) IN THE STATE CF SÃO PAULO, BRAZIL

Sílvia H. MELLO SOUSA, Kenitiro SU6UI0, Instituto de Geociências, Uai

versidade de São Paulo, CP. 20.899, 01498 São Paulo, SP, and Joel

C. CASTRO, PETROBRÁS-CENPES/DIVEX/SEGER, Ilha do Fundão, Q.7 - P.20,

21.910 Rio de Janeiro, RJ.

The Estrada Nova and Corumbataí Formations, cropping out in the

State of Sao Paulo, represent the uppermost part of the Passa Dois

Group (Late Paleozoic) in the Parana Basin.

The Estrada Nova Formation, composed of the Serra Alta (lower) and

Teresina (upper) Members, crops out in the southwest and central-

southern regions of the State of São Paulo, whereas the Corumbataí

Formation, an indivisible lateral equivalent, continues across the

northeastern part of the state.

Eight facies and five subfacies have been recognized in these

formations, mainly based on lithological association and primary

sedimentary structures. The distribution and relationship of these

features allowed us to identify offshore, transitional offshore-

shoreface, tidal flat, tidal bar and lagoonal environments of

deposition for these sediments.

The offshore deposits are represented by the Serra Alta Member,

while the Teresina Member is mainly characterized by progradational

tidal flat deposits. On the other hand, the Corumbataí Formation was

deposited mainly in a transitional offshore-shoreface environment.

The deposition of these formations probably occurred under

tectonically stable, arid conditions, in a huge, gulf-shaped

epicontinental sea, that invaded this area from SW to NE.

Regression of the Permian sea is suggested by the upward

transition from offshore sediments to tidal flat to lagoonal

deposits, by the increase of red sands and by the presence of fossil

plants, such as Lycopodiopsis derbyi and Pecopteris spp. in the

middle and upper parts of the Estrada Nova and Corumbataí Formations.
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WEATHERING PROFILES AND INTERBEDS IN THE JURASSIC BASALT SEQUENCE,

BEARDMORE GLACIER REGION, ANTARCTICA.

David H. ELLIOT, Byrd Polar Research Center and Department of Geo-

logy and Mineralogy, and Jerry BIGHAM, Department of Agronomy, The

Ohio State University, Columbus, Ohio 43210, USA.

Tholeiitic flood basalts cap the Gondwana sequence in two separate

areas in the central Transantarctic Mountains, north and south of the

Beardmore glacier. Composite stratigraphic sections give a maximum

thickness of 630 m with up to 15 flows present. The simple succession

of lavas is interrupted by weathering profiles and a variety of inter-

beds.

Weathering profiles, as much as 2 m thick, consist of very fine

grained structureless rock that merges down into strongly altered

amygdaloidal basalt. Widely dispersed amygdaloidal lava clasts occur

nearly to the top of some profiles. The upper surfaces commonly carry

plant impressions. In a few profiles, near vertical branching tubes

penetrate downward for 50 cm or more; these are interpreted as paleo-

sols. The structureless rock consists of scattered quartz and less

common plagioclase set in a quartzose and phyllosilicate matrix;

tricuspate shards are present in a few profiles. Similar tuffaceous

rocks, up to 4 m thick and commonly carrying plant debris in the upper

10 to 20 cm, occur widely, but have unclear relationships to the

underlying lava. Volcanic breccias arc present at one locality.

Laminated to finely bedded siliceous sedimentary rocks with a variety

of fossils, mainly conchostracans, form lacustrine beds as much as 2m

thick. Finely bedded volcanic strata with ripples are also lacustrine

deposits. Fluvial sandstone occurs at one section.

Weathering profiles and interbeds are present at four horizons in

each of the two areas; each horizon changes character laterally. The

two principal horizons in each area provide reliable correlations of

lava sequences, and the upper horizon permits correlation between

the two areas. These horizons represent significant time breaks in

lava eruption during which ephemeral lakes and streams developed on

essentially flat topography undergoing normal weathering processes.

Wood remains with well-developed growth rings suggest a temperate

climate. The shards indicate that the widespread silicic volcanic

activity which preceded the basaltic magmatism continued at a

diminished level during flood basalt eruption.
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TECTONICS AND SEDIMENTATION OF THE PARANA BASIN

Pedro V. ZALÁN, Sven WOLFF, Inês S. VIEIRA, Marco A. M.ASTOLFI,
Petrobrás/Depex, Av. Chile 65/1360, Rio de Janeiro, 20031, and
João C. J. CONCEIÇÃO, Osmar ZANOTTO, Valéria T. APPI, Petrobrás/
Cenpes, Cidade Universitária Quadra 7, Ilha do Fundão, 21910,
Rio de Janeiro.

The Paraná Basin was established in the Late Ordovician/
Early Silurian over continental crust of the recently
assembled Gondwana supercontinent. Thermal subsidence due to
cooling of large hot areas, that had been affected
by metamorphism, plutonisrr and deformation during the Brasiliano/
Pan-African orogenic event, constituted the initial driving
mechanism.

The tectonic-sedimentary evulution cf the basin consisted,
in the Paleozoic, of the deposition of three transgressive-
regressive sedimentary sequences (Silurian, Devonian, Permo-
Carboniferous) strongly influenced by glaciation, sea level
changes and intraplate stresses derived from Andean orogenies.
During the Mesozoic the basin evolved via deposition of two
major continental sedimentary sequences (Triassic,Juro-Cretaceous)
strongly influenced by climate, mantle-related thermal anomalies
and stresses derived from the rupture between South America
and Africa. The first fo>jr sequences are predominantly
siliciclastic in nature, while the fifth contains the most
voluminous basaltic lava flows of the planet. They are
separated by basin wide unconformities and were deposited
during three main phases of subsidence (Silurian-Devonian, Late
Carboniferous-Permian, Late Jurassic-Early Cretaceous), each
being interpreted as representing distinct basins in time and
space.

The structural framework of the Parana Basin consists of a
remarkable pattern of criss-crossing linear features (faults,
fault zones, arches) clustered into three major groups (N452-
65SW, N50S-702E, E-W). The northwest- and northeast-trending
faults are long-lived tectonic elements inherited from the
Precambrian basement whose recurrent activity throughout the
Phanerozoic strongly influenced sedimentation , fades
distribution, and development of structures in the basin. The
E-W trends were mostly developed during the breakup of
Gondwana.
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ASHFALL-DERIVED VITFOCLASTIC TUFFACEOUS SEDIMENTS IN THE PERMIAN
OF THE PARANA BASIN AND ITS PROVENANCE.

José M. V. COUTINHO, Departamento de Minas e Geologia Aplicada,
Instituto de Pesquisas Tecnológicas S.A., Cidade Universitária,
05508 São Paulo; Paulo R. dos SANTOS and Armando M. COIMBRA,
Departamento de Paleontologia e Estratigrafia,Instituto de Geo-
ciências, Universidade de São Paulo, Cidade Universitária, 05508
São Paulo.

Examination of a large number of thin sections taken from
drill cores in southern Brazil has disclosed the occurrence of
at least one widespread ashfall during late Permian times (240-
250 m.y. ago) recorded in sediments of the Paraná Basin.

Thin sections show sparse or concentrated shards within
silty and/or carbonate (calcrete?) sediments of Permian
formations (Rio Bonito Formation and Tatui Formation, mainly)
in five southern Brazilian states.

As expected in buried material, the glass shards are now
completely replaced by zeolites (commonly analcime) and, rarely,
calcite. Chalcedony is suspected in a few cases. "Bogen"
structure in sediments with concentrated shards is still well
preserved.

A rhyolitic or trachytic volcanogenic provenance was sought
along the margins of the Paraná Basin, in the volcanic Andean
Pre-Cordillera and in South Africa. One suitable source area is
located in the Provincia de La Pampa, Central Argentina, where
a swarm of upper Permian rhyolitic centers have been described.
Ash apparently formed there by violent explosions related to
acid volcanism and travelled NE at least 2.500 km before
finally settling in deltaic and shallow marine environments.
The same type of Permian tuffaceous sediments should be
expected in parts of Africa that would have been reached by the
cloud. If found, such sediments should provide an excellent
stratigraphic marker.
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SEDIMENTOLOGY AND GEOCHEMISTRY OF TRIASSIC STRATA IN WESTERN ARGENTINA

Ulrich ROSENFELD, Institute of Geology and Paleontology, University of
Muenster, Coxrensstr. 24, 4400 Muenster, W-Germany

Triassic continental sediments are found in several basins in western
Argentina from San Juan (about 30° S) to Santa Cruz (about 49° S). The
successions consist mainly of alluvial fan, fluvial and lacustrine de-
posits. They reflect the post-Vanscan epirogenic history of the different
regions; at some places they indicate, too, that Jurassic paleogeographic
conditions were already prepared in Triassic times. Frequently, sediment-
ary mega-sequences are observed, which may be related to either synsedi-
mentary uplifts of the basins' borders or of the hinterlands. According
to the age of the respective basement and the deformation history, only
one sequence, or many of those, may exist.

Geochemical investigations were carried out on shales and sone arenites
in several profiles of the Marayes Basin (Prov. de San Juan), parts of the
Cuyo Basin (Prov. de Mendoza), Malargüe Basin (Prov. de Mendoza) and the
Comallo Basin (Prov. de Rio Negro). Samples taken from those regions, where
the Lower to Middle Triassic Choiyoi Group is the main source material for
the Triassic sediments, show a typical and relatively constant geochemical
composition. The sediments of the Patagonian basins reflect other and
different source areas. Within areas of homogeneous source materiel differ-
ent facies (e.g. alluvial fan and lacustrine facies) may be differentiated
geochemically. Locally special transportation conditions of the sediments
and even special diagenetic conditions (e.g. with respect to bentonite
layers) may be recognized by characteristic geochemical element distribu-
tions.
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PERMO-TRIASSIC SEDIMENTARY BASINS IN AUSTRALIA AND EAST AFRICA AND THEIR
RELATIONSHIP TO GONDVANIC STRESS PATTERN

Helmut VOPFNER, Geologisches Institut der üniversitit zu Kõln,
Zülpicherstr. 49, D 5000 Kôln 1, Fed.Rep.Ger«any.

In Australia, Perao-Triassic deposits are known fro» all the coastal
basins fringing the western and northwestern margin of the continent. In
t.e southern Perth Basin, the entire Perao-Triassic succession, aeasuring
«ore than 2000 a is of freshwater origin; but both, accumulative thickness
and marine influence increase rapidly to the north. In the saae direction,
the time gap between the basal Permian and the underlying rocks decreases.
In the south, Permian glacials rest on Precaabrian aetaaorphics, in the
north on folded Carboniferous sediaents. The fauna of the early Peraian
marine beds has Tethyan affinities. Froa the late Peraian onward it
becomes clearly Tethyan. Seismic evidence and well-bore data deaonstrate,
that deposition was controlled by large, syndepositional fault systeas,
fora?:9 extensional graben or halfgraben structures.

The Perao-Triassic succession of East Africa (Karoo Supergroup) rests
on Proterozoic aetaaorphic rocks. It comprises, in ascending order,
glacigene and coal bearing deposits, multicoloured fluvio-lacustrine
arkoses, carbonates and bone beds and finally fluvio-deltaic sandstones
and red beds. All these sediaentary rocks, exceeding 2900 a total
thickness, are of terrestrial origin, except for a ainor marine intercala-
tion in east-central Tanzania. However, in Madagascar, late Peraian aarine
beds, containing a fauna of Tethyan provenance, overly early Peraian
continental Karoo deposits. Sedimentological and geophysical evidence
indicates that sedimentation was controlled by rifting and down-basin
faulting.

These two major incisions into the Tethyan margin of Gondwana have been
termed the Halagassy and Vest Australian Troughs. The tectonic style
controlling both features suggests that the cratonic crust bordering the
Tethys was affected substantially by extensional forces whilst, during
the same tiae span the Pacific margin still experienced collision.
Development of the intervening intracratonic basins resulted from the
interplay of forces, emanating from the two dominating stress fields.
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COMPARISON OF PERMIAN POST-GLACIAL SEQUENCE IN ELLSWORTH AND CANTRAL
TRANSANTARCTIC MOUNTAINS, ANTARCTICA

James V. COLLINSON, Byrd Polar Research Center and Department of Geology 6
Mineralogy, Ohio State University, Columbus, Ohio, 43210, USA, and Molly P.
MILLER, Department of Geology, Vanderbilt University, Nashville, Tennessee,
37325, USA.

Permian post-glacial black shale sequences in Antarctica occur exten-
sively throughout the central Transantarctic Mountains (e.g., Mackellar
Formation) and in an isolated area in the Ellsworth Mountains (Polarstar
Formation). Although these regions are 900* km apart, stratigraphic
correlations are based on gross lithologic similarity and stratigraphic
position between Upper Carboniferous-Lower Permian glacial deposits and
Permian deltaic-fluvial sandstones containing the Glossopteris flora.
Although similarities are often stressed in Gondwana correlations,
differences, as noted below, provide important clues toward interpreting
paleogeography.

Polarstar Formation Mackellar Formation
1. 1,000+ m thick 100 m thick"
2. Overlies 1,000-m-thick glacio- Overlies 0 to 200-m-thick

marine(?) diamictite terrestrial diamictite
3. Thick laminated shale at base Thin laminated shale at base
4. 6-10 major coarsening-upward 1-3 major coarsening-upward

sequences sequences
5. Minor coarsening-upward sequences Minor fining-upward sequences of

of lenticular to wavy to flaser plane-bedding or climbing rip-
bedding pie-laminations to lenticular

bedding
6 Transition to fluvial sandstone Transition to fluvial sandstone

gradual over 100s of meters abrupt in 10 meters
7. Trace fossils rare in lower part Scattered trace fossils throughout
8. Marine to brackish-water ichnofauna Fresh-water ichnofauna
9. Volcanic arc provenance Cratonic provenance

We propose a paleogeographic model in which an inland sea occupied a
developing foreland basin along the paleo-Pacific margin. The Polarstar
Formation accumulated in a deep, rapidly subsiding part of the basin whereas
the Mackellar Formation vas deposited in a shallow, slowly subsiding area
near the margin. The rarity of trace fossils in the lower part of the
Polarstar Formation may reflect low oxygen, deep basin conditions. The
occurrence of trace fossils concomitant with the introduction of fine-
grained sandstone higher in the section probably indicates increased oxygen
in shallower water. Differences in ichnofauna between the two areas may
reflect water depth and/or their relative distances from direct connections
to the paleo-Pacific ocean. Minor cycles in the Polarstar Formation may
have been produced by the episodic dispersal of fine sand to the deeper
parts of the basin by low-velocity density currents and subsequent reworking
by bottom currents. Minor cycles in the Mackellar Formation are attributed
to density-driven currents on rapidly prograding delta slopes. During the
seaway's existence, volcanic arc sediments were trapped on the paleo-Pacific
margin side of the basin, which accounts for differences in provenance. The
seaway gradually shrank as the basin was progressively filled by deltaic
progradation, vhich resulted in the widespread development of coal measures
throughout the basin by Late Permian time.
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SEDIHENTOLOGICAL SIGNIFICANCE OF FLUVIAL CYCLES IN THE PERMIAN COAL
MEASURES, CENTRAL TRANSANTARCTIC MOUNTAINS, ANTARCTICA

John L. ISBELL and James V. COLLINSON, Byrd Polar Research Center and
Department of Geology & Mineralogy, Ohio State University, Columbus, Ohio,
43210, USA

In the Central Transantarctic Mountains, Upper Paleozoic sediments vere
deposited along the axis of a foreland basin which paralleled the margin of
the east Antarctic craton. Facies relationships and sediment geometries
imply that alluvial stratigraphy within the basin was controlled by the in-
teraction between fluvial processes and subsidence. Fluvial sediments of
the Permian Fairchild and Buckley Formations were deposited by low-sinuosity
(braided) streams. The Fairchild (230 m thick) consists almost entirely of
stacked sand-filled channels while the Buckley (750 m thick) is character-
ized by interbedded channel sandstone, crevasse-splay sandstone, and flood-
plain/basin shale and coal. Alluvial stratigraphy between the two forma-
tions is conformable and gradational. Channel-sandstone bodies predominate
at the base of the Buckley Formation; interbedded fine-grained units thicken
and increase in abundance upward. An interpretation of Buckley sandstones
as braided stream deposits is based on the following criteria: 1) the pres-
ence of sheet-like sandstone bodies, 10 to 20 m thick, which are laterally
continuous for several kilometers, 2) the presence of sand-filled abandoned
channels (fine-grained fills are absent), 3) the abundance of 1- to 2-m-
thick scour-bounded, fining-upward cycles within channel sandstones, 4) the
abundance of reactivation surfaces and fine-grained drapes which indicate
fluctuating discharge, and 5) the rarity of lateral accretion surfaces.
Channel-belt migration was by avulsion as indicated by 1) the occurrence of
laterally extensive channels interstratified with overbank deposits, 2) the
abundance of crevasse splays directly below channels, and 3) the absence of
splays directly overlying channels.

The occurrence and abundance of flood-plain deposits resulted from the
interaction between subsidence and channel avulsion. Avulsion is the pro-
cess by which a channel belt is diverted off of an alluvial ridge into a
lower area on the alluvial plain; flood-plain scour accompanies avulsion.
During deposition of the Fairchild Formation, slow basin subsidence relative
to channel avulsion resulted in preferential preservation of channel sand-
stones; overbank sediments were removed by flood-plain scour during avulsion
events. The gradational increase in flood-plain deposits at the base of the
Buckley Formation resulted from an acceleration in subsidence rates relative
to avulsion rates. Under conditions of rapid subsidence, greater thick-
nesses of overbank sediments were deposited. Burial of sediments below the
level of avulsion induced flood-plain scour resulting in the preservation of
interbedded braided channel-belt sandstones and overbank deposits. Recogni-
tion of flood-plain preservation within braided-fluvial systems provides a
unique insight into alluvial stratigraphy. Vithin the framework presented
herein, environmental interpretations are liberated from rigid classifica-
tions based on limited criteria from channel sandstones. Avulsion/subsi-
dence controlled processes may be significant in other Gondwana basins as
veil.
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THE SEDIMENTOLOGY AND PETROLOGY OF THE TAYLOR GROUP, CENTRAL McMURDO

BASIN, ANTARCTICA: A TECTONIC INTERPRETATION.

Ken J. WOOLFE, Antarctic Research Centre, Research School of Earth

Sciences, Victoria University of Wellington, Private Bag, Wellington,

New Zealand.

The sedimentology and petrology of Taylor Group strata (Devonian)

in the central part of McMurdo Basin is described, following field

mapping during the 1987-88 austral summer. The sediments were derived

from a cratonic source and subsequently deposited in a regionally

elongate, slowly subsiding, shallow basin which was dominated by

extensive fluvial sedimentation.

The mature, quartzose nature of much of the sediments along with

the limited vertical thickness of the Beacon, the lack of arc derived

material, the lack of deformation and the persistence of the basin

through time are all indicative of intracontinental crustal stretch-

ing.

Stretching commenced in Early Devonian times and probably

continued throughout the period of Beacon deposition. It is inferred

that sediments derived from the craton were subjected to prolonged

transportation, during which time they became progressively more

quartzose. The presence of orthoquartzite indicates that only limited

relief developed between the slowly subsiding basin and the adjacent

craton.
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CLIMATIC INFLUENCE AND DEPOSITIONAL ENVIRONMENT OF THE MESOZOIC
QUARTZ ARENITES OF GONDWANALAND.

Prodip K. DUTTA, Department of Geography and Geology, Indiana
State University, Terre Haute, Indiana 47809, USA.

A thick continental arenaceous sequence was extensively
developed throughout most of Gondwanaland during Middle Triassic
through Early Jurassic time. Remnants of this deposit are
presently found in Australia (Hawkesbury Sandstone), South Africa
(Cave Sandstone), South America (Botucatú Sandstone) , and
India(Lugu/Mahadeva/Parsora formations). In spite of the large
areal extent of the deposit, the unit shows remarkable
similarities in lithologic, mineralogic, sedimentologic, and
stratigraphic attributes. These similarities seem to bind the
unit into a single lithostratigraphic entity having a common
heritage.

Compositionally, the sandstones are supermature and may be
classified, in most cases, as quartz arenites. These sandstcr.es
have been interpreted to be of eolian origin, based mainly on
large scale cross-bedding as well as compositional maturity,
facies associations, and textures. This implies that arid
conditions prevailed during deposition. Using the same criteria,
these quartz arenite sequences in India and Australia have also
been interpreted to be braided stream deposits. The supermaturity
of Australian and Indian quartz arenites have been related to
intense chemical weathering of the source rock in a relatively
temperate to warm humid climate.

During quartz arenite deposition in the Gondwana basins the
global climate changed from a cold to a relatively warm humid
regime. This climatic change may have been the result of
eustatic sea level rise and increased carbon dioxide content in
the atmosphere due to increased tectcnic/ volcanic activity,
causing "greenhouse" conditions. An aqueous environment and
mineralogical maturity due to intense chemical weathering are
consistent with the global climatic model for the Gondwana quartz
arenites but not an arid eolian model. The interpretation of
ancient eolian environments, based on so-called "eolian-type"
cross bedding has always been a weakness in clastic depositional
models. Only recently, eolian environments have been interpreted
unequivocally, based on structures such as translatent ripple
lamination, grain fall lamination, and sandflow cross-stratifi-
cation.

In this context, a reevaluation of the environmental
interpretation of the Gondwana quartz arenites is necessary. In
such reassessment it is also necessary to bear in mind that the
global climate was changing towards a warm humid condition during
Gondwana quartz arenite deposition. Within such a climatic
milieu, the tropical "Kosi" and "Brahmaputra" fluvial models in
India might represent modern analogues of the Gondwana quatrz
arenite formation.
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STRATIGRAPHIC PROBLEMS IN THE CONTINENTAL GONDWANA
SUCCESSION IN INDIA AND CONVENTIONAL WISDOM.

Prodip K. DUTTA, Department of Geography and Geology,
Indiana State University, Terre Haute, Indiana 47809, USA.

Even a cursory glance through all the published tables
on Gondwana stratigraphy of peninsular India «ill reveal
the magnitude of Gondvana stratigraphic problem. In these
tables one observes that lithostratigraphic units have been
moved up and down along the stratigraphic colunn. What is
one's Upper Permian unit is another's Upper Triassic
unit. The stratigraphic controversy, however, is mostly
restricted to a sequence lying between the well defined
Lower Permian Barakar Formation and the Upper Jurassic
Jabalpur Formation. Geographically, the problem is
restricted to the outlying Gondwana basins particularly, in
Kamthi, Pranhita-Godavari, and South-Rewa basins.

The sequence in question, in general, can broadly be
divided lithologically into two distinctly different
lithostratigraphic units. A near-paraconformity surface
separates these two units. Plant fossils in the upper unit
are generally scarce but where present in abundance have
resulted in anomalous interpretations. The stratigraphic
controversies are rooted in the piecemeal approach to the
problem as well as overreliance on plant fossil based
biostratigraphv. In one area the sequence has been
correctly identified as two lithostratigraphic units and
their correct order of succession has been deciphered but
interpretation based on plant fossils has completely
reversed the sequence. In other areas both the units are
lumped into a single lithostratigraphic unit where order
of succession has not been correctly deciphered causing
stratigraphic anomalies. Solution to such stratigraphic
problems possibly lies in following conventional wisdom by:
(a) defining the two lithologic associations as different
lithistratigraphic units in the entire region, and (b)
recognition of the near-paraconformity surface between
them and thus establish their order of succession. Further
refinement to the stratigraphy may be accomplished through
biostratigraphy.
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EVIDENCES OF SANDUR DEPOSITS IN THE BARAKAR FORMATION (LOWER PERMIAN) IN THE
RAMGARH COALFIELD, INDIA.

Asokkumar BHATTACHARYA, Department of Marine Science, Calcutta University,
35 Ballygunge Circular Road, Calcutta 700 019.

The Basal Barakar Beds (Lower Permian) of the Ramgarh Coalfield,
Hazaribagh district, Bihar, India reveal sedimentological features that
indicate their origin from glacial outwash plain deposits i.e. from
'sandur' deposits on gently sloping plains cut through by many streams that
characterize coarse, lenticular channel and comparatively fine, tabular bar
deposits.

The 50m to 100m wide Basal Barakar Beds form a distinct lithofacies
having medium to poorly sorted, highly indurated, gravelly to coarse pebbly
sandstones intercalated with thin (1m to 1.5m) coal seams and sandy shales.
The gravel beds are well stratified with abrupt alternation in the sorting
of sediments. The gravel/sand ratio goes up to 40%/60% in the lower part of
the Basal Beds, the proportion of sand, however, increases towards upper
part of the Barakar Formation. The well rounded to rounded, highly
spherical gravel clasts range in size from 0.5 to 3 cm with the commonest
size around 1.5 cm. The gravels are composed of quartz, fresh feldspar,
quartzite, schist and gneiss.

Cross-bedding and horizontal bedding are the main bedding structures.
Cross-bedded sandstone grades laterally and vertically to horizontally
bedded coarse sandstone. Planar, trough and trough-lenticular cross-beds
are produced mainly by migrating trains of megaripples (1 to 4m wavelenght
and an average height of 1m) in the channel facies. The horizontal bedding
is an internal manifestation of flat-bedding deposited in the adjoining
bars. The commonly occurring scour and fill structures with gravel lags at
the bottom are characteristic of both channel and bar facies. Isolated
megaripples and small ripples are occasional bed forms. The cross-bed
azimuths and ripple lee-slope directions indicate a NW to NNW palaeocurrent.

A sandur-model sedimentation for the Basal Barakar Beds has been
suggested for the first time, contradicting the generally accepted idea of
the channel, braided stream or alluvial fan depositional models,
Depositional features exhibit an uninterrupted pattern of sedimentation
from Talchir to the Raniganj Formation.

The passage of the glacial Talchir tillite facies through sandur Basal
Barakar Beds to the true fluvial Middle and Upper Barakars has suggested a
new sedimentation model for the Indian Lower Gondwanas.
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PERMIAN ROCKS OF THE HIMALAYA AND SOUTH TIBET: THEIR BEARING ON THE
EVOLUTION OF TETHYS

Trilochan SINGH, Wadia Institute of Himalayan Geology, Dehra Dun -
248001 (India)

The nature and distribution of Permian sediments in the Himalaya
and South Tibet have been discussed and it has been found that though
a complete Permiar sequence is observed in Salt Range and Kashmir,
in other parts of the Himalaya either the Lower Permian or the Upper
Permian sediments are exposed at one particular locality. However,
at few localities, even the Lower and/or the Upper Permian sediments
are not fully developed. Interestingly, the Lower Permian localities
fall in the Lesser Himalayan domain while the Upper Permians fall in
the Tethyan regime. It is also noteworthy that the Lower Permians
throughout the Himalaya have Gondwanic attribute, while the Upper
Permians show a Tethyan affinity. Furthermore, the Lesser Himalayan
Lower Permian successions have a tectonic contact both at the base
and at the top, while in the Tethyan Himalayan belt the Lower Permian
succession is missing in the more or less continuous Phanerozoic
sequence. Significantly in South Tibet just north of the Tethyan
Himalayan belt, the situation is once again reversed, wherein the
Upper Permians are missing in the continuous sequence from
Carboniferous to the Cretaceous. This observation has significant
bearing on the geodynamic evolution of the Tethys during the Permian.
It is presumed that the Tethys was not a wide ocean but of epi-
continental nature, and that during the Lower Permian marginal shelf
conditions existed up to the Lesser Himalayan domain and were
succeeded by typical land deposits of Gondwana. However, the Upper
Permian transgression was confined to the Higher and Tethyan zone of
the Himalaya. Moreover, the analysis of fauna clearly indicates
changes from cooler in Lower Permian to warmer climatic condition! in
Upper Permian.
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INDIAN GONDWANA BASINS : A REAPPRAISAL

B. C. PANDE, Geological Survey of India, 27, Jawaharlal Nehru
Road, Calcutta, India.

The problem or evolution of Indian Gondwana basins has raised
many a geoscientific storm; many models have been worked out.
However, the role of the Sone-Narmada Lineament in the formation
of these depositional basins has not hitherto been realised.

The Sone-Narmada Lineament traverses the heart of the Indian
peninsular shield. The fragmentation of the supercontinent along
with strike slip movement seems to have caused sub-crustal
ruptures, with the suture lines parallel or askew to its general
trend. The resultant release of stresses and strains and creation
of longitudinal loci for the deposition of the fluvial lithics of
the Gondwana period are relevant to the proposed model. The
sediment load coupled with the stress - release triggered by the
periodic episodic movements, controlled the deposition in the
individual basins. This is reflected in the cyclic pattern of
sedimentation, with the elliptical beds and the centripetal dips.
Consequently, the younger sediments often overlap the depositional
realms, even resting directly on the older sediments or the basinal
floors.

The linear structural disposition of the Gondwana Master Basins
trending NW to NE, south of the Sone-Narmada Lineament,
virtually limit the depositional process in an arc of 95°. These
converge northwards near the bulge of the Bundelkhand Granite
Complex, enveloped by the Proterozoic and the early Palaeozoic
rocks. This represents a situation analogous to that of the
Himalayan syntaxial bend and limits the fluvial Gondwana
limnistics.

The tectonic framework, exhibits a fault mosaic mainly
confined to the two planes oblique (NW-SE) or parallel (NE-SW)
to the Sone-Narmada Lineament. Both intrusive and extrusive
igneous activity shows the preferred orientation along the oblique
trend, which consequently appears to be a deep crustal
manifestation.

The paper attempts to substantiate this idea through a
comprehensive analysis of the structural distribution, tectono-
sedimentational setting, litho-biostr&tigraphic history and chrono-
stratigraphic signature in the Indian plate, in relation to the
Gondwana Master Basins.
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TECTONIC BEHAVIOUR OF THE PARANA BASIN DURING GONDHANA TIME

Vicente J» FULFARO, Instituto de Geociincias e Ciências Exatas
da UNESP, 13500 Rio Claro, SP, Antonio R. SAAD, Vilma A. CAM-
PANHA and Narsis CABRAL JR., Instituto de Pesquisas Tecnolõgi
cas do Estado de São Paulo S/A, C P . 7141, 05058, São Paulo,SP.

The analysis of the Permo-Carboniferous/Jurassic sequence
of the Parana basin shows a complete transgressive-regressive
cycle in which three tectonic episodes are separated by two
relatively stable periods.

The initial event corresponds to the beginning of the first
tectonic episode with the formation of a NW tectonically
controlled depression. The sedimentary filling is continental,
with glacial influence, forming the basal and middle parts of
the Itararé Group. A progressive onlap towards the margins of
the basin is due to a marine ingression, resulting in an
enlargement of the depositional area, which has its peak in
the sedimentation of shelf character represented by the upper
portion of the Itararé Group.

A new tectonic event generates a partial barrier to the
marine sedimentation, with faulting along the western and
eastern margins of the basin leading to the beginning of
deltaic lobe formation. These depositional seouences correspond
to the Rio Bonito and Tietê Formations.

A period of stability separates the second and the third
tectonic episodes marked by the deposition of the shales and
limestones of the Irati Formation.

The third event is characterized by the filling of the
marine platform initially through regressive systems as
represented by the Serra Alta and Corumbatai Formations (the
last one as tidal plain deposits). After that, sedimentation
occurs by progressive settling of continental systems of
fluvial and eolian origin represented by the Piramboia and
Botucatu Formations.

The link between the regressive sedimentation and the
continental one is represented by the Rio do Rasto Formation,
which is due to a renewed uplift of the western and eastern
margins of the basin.
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GLACIAL/POST-GLACIAL LIMIT WITHIN THE TUBARÃO GROUP IN THE
PARANA BASIN.

Vicente J. FULFARO, José A. de J. PERINOTTO, José H. BARCELOS,
Instituto de Geociências e Ciências Exatas da UNESP, 13 500 Rio
Claro, SP»José C. STEVAUX, Universidade Estadual de Maringá,
87020, PR, and Edvard E. de SOUZA FILHO, Consórcio Nacional de
Engenheiros Consultores, 05804, São Paulo, Brazil.

Permo-Carboniferous stratigraphy based on existing data
shows remarkable differences between the southern and northern
areas of the Parana basin with respect to the last
nanifestation of glacial deposition (Itararé Subgroup) and the
post-glacial unit (Guatá Group), with a longer duration of
the glacial event in the north while post-glacial sedimentation
was going on in the south. This picture, described in the last
two decades, is in complete disagreement with the polar
wandering path for the period. The post-glacial Guatá Group,
subdivided into the fluvial-deltaic Rio Bonito Formation
(containing coal beds) and the shallow marine Palermo Formation,
has never before been recognized in the northern part of the
basin, where coal beds have been considered as part of the
Itararé Subgroup.

Revision of the stratigraphy of the Itararé Subgroup in the
northern area of the Parana basin has led to a reinterpretation
of its upper sedimentary layers as of fluvial-deltaic origin,
deposited within ancient valleys, and not as glacial deposits
as previously interpreted. This deltaic seouence with coal
beds for which the name Tietê Formation is assigned is covered
by the shallow marine sediments of the Tatui Formation. The
Tietê and Tatui Formation are respectively correlated with
the Rio Bonito and Palermo Formations of the Guatá Group to
the south, thereby demonstrating the basin-wide occurrence
for this group, and not a restricted one, as previously
thought.

This revision has important implications for the evolution
of the Paraná basin during this period.
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TECTONICS AND SEDIMENTATION OF THE SOL1MÔES BASIN, NORTHERN BRAZIL.

Raoru TSUBONE, Auro F. APOLUCENO NETO, Isaías R. BRAZIL, Petróleo
Brasileiro S.A., Departamento de Exploração, Distrito de Exploração
da Amazônia Ocidental, Avenida Djalma Batista, 712, 69.000 Manaus,
Amazonas, Brasil.

The Amazonas basin is subdivided in three sub-basins: the Upper
Amazonas or Solimões basin, and the Middle and Lower Amazonas basins.
The Solimões basin is limited by the Iquitos and Purus arches to the
west and east respectively, and by the Guyanas and Guaporé shields to
the north and south.

The basin geology is remarkably different when compared with the
other Amazonas sub-basins, both structurally and sedimentologically.
The most notable difference is the Jurassic-Early Cretaceous
compressional tectonics which is absent in the other units, possibly
controlled by the convergence of the Pacific and South American
plates during the opening of the South Atlantic ocean. Other
hypotheses are also disscussed.

This tectonic regime generated a series of NE-SW oriented thrust-
fault trends with associated "en echelon" structures which have been
excellent oil exploration guides since 1978, year of the Juruá gas-
field discovery.

The main sedimentological difference is the sense of the Devonian
marine transgression, which occurred in a west-to-east sense in the
Solimões basin, whereas it proceeded east-to-west in the Middle and
Lower Amazonas sub-basins.

In 1986, the Solimões basin was the scenario for the first
commercial oil discovery within Brazilian Paleozoic basins, as
evidenced by the wildcat 1-RUC-1-AM (Rio Urucu n° 1), located 110 Km
east of the Juruá gas province.

The Urucu find is presently in the initial stage of appraisal.
The aim is a fast definition of its real potential. Three-dimensional
seismic work is scheduled for 1988, in order to give more accurate
information to interpreters.
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MESOZOIC GONDWANA SEDIMENTATION IN WESTERN INDIA

Satyendra M. CASSHYAP and M. ASLAM, Department of Geology, Aligarh Muslin

University, Aligarh 202002, India.

The Mesozoic Gondwana rocks crop out in three separate areas of Gujarat

state, namely: 1) Bhuj-Lakhpat in the district of Kutch; 2) Himatnagar,

district of Sabarkantha; and 3) Surendranagar-Wankaner district in

Saurashtra, representing about 600m thick of clastic sequence, and ranging

in age from middle to late Cretaceous.

The b'-uj Formation comprises recurring cycles of sandstone and muds tone,

with or without gypsum; trace fossils (? skolithos etc.) in sandstone and

the interbedded mudstone assemblage increase progressively from east to

west in the Kutch peninsula. The Himatnagar sandstone includes coarser

facies of conglomerate and cross-bedded sandstone, locally of herringbone

type, with or without upright burrow structure. The Dhrangadhra Group in

Saurashtra comprising four clastic formations of Than ('125 m), Surajdeval

(-175m), Ranipat (-200m), and Wadhwan (-50m), in ascending order, broadly

represents a coarsening upward sequence. However, crossbedded sandstone/

shale assemblage displays locally fining upward cycles in Bhuj, Than,

Surajdeval, and Ranipat in which lower sandstone member exceeds upper shale-

siltstone member. The paleocurrent pattern is commonly bimodal to bipolar

in the Bhuj Formation with a strong sea ward (offshore) direction toward

southwest (240°) and a subsidiary landward (onshore) direction toward

northeast (50°). The paleocurrence are directed likewise towards south-

southwest (216 - 40°) and northwest (296 - 45°) in Himatnagar area and in

Dhrangadhra group of rocks of Saurashtra, representing proximal and distal

parts of the basin, respectively.

Combined evidence from facies dispersal, facies association, bedding

types and cross-bedding orientation, and occasional presence of shallow

water trace fossils show that the overall depositional environment of the

Mesozoic Gondwana rocks of Gujarat, unlike those of peninsular India, is

attributed largely to nearshore delta distributaries and/or tidal to

subtidal currents; a subsidiary system of longshore currents, directed

toward northwest, reworked the sediments periodically.

It is suggested that the Mesozoic basin of Saurashtra may have developed

as a longitudinal trough on the western margin of the Aravalli craton, soon

after rifting and drifting of the Indian subcontinent in Cretaceous time.



GONDWANA PLATE MARGINS AND FRAGMENTATION HISTORY (cont.):

Associated tectonic and magjnatic processes (IVb) - Marginal basins:

development and structure (IVc)

THURSDAY, July 21

Red Auditorium



93

EARLY JURASSIC SILICIC VOLCANISH IN EAST-CENTRAL GRAHAM LAND,
ANTARCTIC PENINSULA, AND ITS RELATIONSHIP TO THE BREAK-UP OF GONDUANA.

John L. SHELLIE, British Antarctic Survey, Natural Environment
Reaearch Council, High Cross, Madingley Road, Cambridge CB3 OET, U.K.

The timing of magmatism in east-central Graham Land is coincident
with the initiation of Gondwana fragmentation during the Early
Jurassic. Western outcrops consist of a batholith, feeder dykes and
volcanic cover, which are compositionlly indistinguishable and fona a
mature, continental margin, calc-alkaline magmatic arc. By contraat,
outcrops farther east consist only of silicic rhyolites and
volumetrically minor basic-intermediate dykes and sills. The
rhyolites are classical "S-type" rocks, probably derived from
anatectic magmas, whereas the dykes and sills show compositional
similarities to both tholeiitic and calc-alkaline magmas. The silicic
rocks are interpreted as "flood rhyolites" similar to voluminous
Jurassic rhyolites in southern South America. The dykes and sills
resemble some tholeiitic magmas emplaced in continental crust, in
particular dykes from the Sarmienco Complex (Chile), which formed in a
narrow marginal basin.

Together, the eastern rhyolites, dykes and sills comprise a
previously unrecognized bimodal magmatic association formed in a
back-arc region undergoing extension. The magmas are tectono-magmatic
features generated in a continent-wide extensional environment. The
petrogenesis of the Jason Peninsula rhyolites, dykes and sills can be
reconciled with a model of Early Jurassic rifting, which culminated in
continental fragmentation. Because of the large scale and
contemporaneity of the various teccono-magmatic events, the underlying
cause of the fragmentation is likely to be a major thermal
perturbation rooted deep in the mantle rather than a simple back-arc
response to subduction.
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MID-PALAEOZOIC MAGMATISM ALONG THE ANTARCTIC PENINSULA SEGMENT OF
THE PACIFIC MARGIN OF GONDWANA.

Alastair J. MILNE, British Antarctic Survey, Natural Environment
Research Council, High Cross, Madingley Road, Cambridge CB3 OET,
UK.

Recent geochronological studies of orthogneiss from northern
Antarctic Peninsula have yielded the first reliable «id-Palaeozoic
ages representing times of emplacement of granitic plutons. The
granitic protolith was intruded by basaltic dykes whose extrusive
equivalent may be represented by a banded gneiss terrane with
paragneiss intercalations, as yet undated. This complex was then
deformed and metamorphosed to amphioolite facies during the
Carboniferous prior to the onset of the "Andean" magmatic episode
in the Triassic.

Geochemistry of the Palaeozoic granitic and basaltic
lithologies are consistent with an active continental margin
setting similar to the Mesozoic magmatic arc rocks. However,
abundances of certain elements(e.g. Nb, Y)in the granites are low
compared with the Mesozoic counterparts suggesting that the arc
was immature. Low initial *7Sr/**Sr ratios of the granites also
indicate little or no crustal contribution to their genesis. Its
immature nature and the lack of known pre- or early Palaeozoic
rocks within the Antarctic Peninsula suggests that the arc may
have originated during the early Palaeozoic in one of two ways*
The granites may have been emplaced during a period of extension
in a continental margin arc on the Pacific margin of Gondwana.
Alternatively the arc may have originated in an intraoceanic
setting with immature continental crust formed later in the
mid-Palaeozoic. This arc would then have been accreted onto the
assembling Gondwana supercontinent during the Carboniferous as
indicated by the metamorphism.
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SIGNIFICANCE OF THE PARANA FLOOD VOLCANISM IN THE DISRUPTION OF THE
WESTERN GONDWANALAND.

Enzo M. PICCIRILLO, Iscituco di Mineraiogia r Petrografia, Universiti
di Trieste, 34100 Trieste, Italy, Giuliano BELLIENI, Istituto di
Mineralogia, Universiti di Padova, 35100 Padova, Italy, Piero
COMIN-CHIARAMONT1, Istituco di Mineralogia, Petrografia e Geoquiraica,
Università di Palermo, Palermo, Italy, Mareia ERNESTO, Adolpho J.
MELFI, Igor I. G. PACCA and Naomi USSAMI, Dept? de Geofísica,
Instituto Astronômico e Ceofísico, Universidade de São Paulo, C P .
30627, 01051 São Paulo, Brazil.

The flood volcanism of the Parana Basin (PB), Southern Brazil, is
the most important Mesozoic igneous activity that affected the South
American platform during Jurassic-Cretaceous time. Since the volcanism
is concentrated near the present continental margin, it has been
associated with the South America-Africa separation. The Parana
volcanism is dominated by tholeiites which in the SE portions of Che
basin are overlain by voluminous silicic volcanics with basalt
intercalations. To the south of the Rio Uruguai lineament (Southern PB)
the basalt-rhyolite suites correspond in age and composition to these
Of Etendeka (Namibia, SW Africa) of low-TiO. content. Between the Rio
Uruguai and Rio Piquiri lineaments (Central PB), they are characterized
by the presence of both low- and high-TiO basalts which are also found

.o thin Namibia above the latitude 19.5 S. Both the Southern and central PB
and Etendeka were adjoining portions of a single land mass since their
palaeomagnetic poles coincide in a pre-drift reconstruction.

Gravity data of the PB suggest an underplating of the crust by
basaltic cumulates, particularly in the Northern PB which is
characterized by a normal to thick crust. A significant crustal thinning
is observed in the eastern part of Southern PB where acid suites occur.
The generation of these acid rocks seems consistent with melting
processes of underplated basalts as a result of continuing extension and
a more intense thermal anomaly. The thermal regime peak migrated
eastwards as indicated by the thickening of acid suites from eastern
Southern PB towards the Etendeka plateau, the presence of late-stage
cross-cutting dolerite dykes of asthenospheric source only in Namibia, and
from PB palaeomagnetic data. Therefore, the major rifting might have
occurred after the eruption of the voluminous acid volcanics.

The PB voleanism, as a whole, migrated northeasterly culminating with
the emplacement of a late-stage dyke swarm in the Ponta Grossa Arch. By
this time, the South American plate had already rotated 10° clockwise
which is consistent with a south-to-north opening of the South Atlantic.



GEOPHYSICAL INVESTIGATIONS IN THE BRANSFIELD STRAIT ANO IN
THE BELLINGSHAUSEN SEA

Luiz A. P. GAMBOA, Sílvio L. BARROCAS, Paulo R. MALDONAOO,
Grupo Especial do Projeto Antártica na Petrobrás, PETROBRÁS,
Rua da Assembléia, 100 - 272 andar - Rio de Janeiro - 20.011
- RJ.

During the summers of 1987 and 88 the area adjacent to the
Antarctic Peninsula, between Elephant and Adelaide Islands
was investigated by the research vessel NOc. Almirante
Câmara. Special attention was given to the geology of the
Bransfield Strait, where several dip and strike lines were
shot.

More than five thousand and five hundred kilometers of
seismic data were acquired using hight - pressure guns adding
up to 540 cubic inches and operating at 4500 PSI. The signals
were received by a 72 channels streamer and recorded using a
DFS-V. A minimum of six seconds below the seafloor were
always recorded. A lacost Romberg gravimeter and a Geometries
nuclear precession magnetometer were used to acquire the
potential data. Transit and GPS satellite systems were used
to control navigation.

The data acquired within the Bransfield Basin allowed
identification of a continuous back-arc spreading center
along the axis of the basin. The sedimentary sequences
deposited during the rifting stage and during the drifting
stage between the Antartic Peninsula and the South Shetland
Inslands can be identified using the seismic data collected
along the southern margin of the basin.

At the Bellingshausen Margin, a long basin located at the
outer shelf and continental rise was investigated. This basin
was informally named Câmara Basin. At the present continental
shelf, the upper sequence of this basin is represented by
prograding and stacked continental shelf sediments. The lower
sequence comprise tilted sediments that might have been
deposited in a paleo fore arc region. A large submarine fan,
down-dip to the prograding clinoforms, is situated over
oceanic crust. The relative age of the clinoforms and the fan
sediments will help decipher part of the complex evolutionary
history of this margin. A basement high was detected at the
base of the continental slope and may represent the flank of
the paleo-spreading center which was partially consumed by a
subduction zone active along this margin in the geologic
past.
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ISOTOPIC AND GEOCHEMICAL STUDIES OF FERRAR DOLER1TE SILLS IN THE
TRANSANTARCTIC MOUNTAINS.

Gunter FAURE, Teresa M. MENSING and Elizabeth M. KIBLER, Byrd Polar Research
Center, The Ohio State University, Columbus, Ohio, U.S.A., 43210; Lois M.
JONES, Research and Development Department, CONOCO, Inc., Ponca City,
Oklahoma, U.S.A., 74603 and Jochen HOEFS, Geochemical Institute, Gottingen,
Federal Republic of Germany.

Several sills of the Ferrar Dolerite that intrude the Beacon Supergroup
and the underlying granitic basement rocks of the Transantarctic Mountains
have been studied by analysis of samples from measured sections. Two sills
on Roadend Nunatak (79'48'S and 158'01'E) near the confluence of the Darwin
and Touchdown Glaciers are both tholeiitic in composition but include Mg-
rich cumulates. Other oxide components also vary stratigraphically
indicating in-situ magmatic differentiation. Whole rock samples from both
sills define separate Rb-Sr isochrons yielding crystallization ages of
187 i 40 Ma (Basement Sill) and 182 ± 29 Ma (Peneplain Sill). The initial
87Sr/86Sr ratio of the Basement Sill (0.71047 ± 0.00028) is significantly
lower than that of the overlying Peneplain Sill (0.71167 ± 0.00031). These
results indicate that the sills may have formed sequentially by intrusion of
magma derived from a reservoir at depth which assimilated increasing amounts
of crustal rocks* The variation of oxygen isotope compositions from
•4.7 °/oo to +7.1 °/oo (SMOW) was caused partly by assimilation of crustal
rocks, which enriched the magma in l8O, and partly by high temperature
equilibration with groundwater, which depleted the affected dolerites in
1*0. The hydrothermal alteration of the dolerite may also have caused
varying losses of radiogenic 8^Sr.

Three Ferrar Dolerite Sills, which intrude the Permo-Carboniferous
Buckley Formation on Mt. Achernar (84'lTS, 160'59'E) in the Mac Alpine Hills
south of the Law Glacier, are likewise composed of tholeiite. Analyses of
samples from measured sections indicate significant internal magraatic
differentiation with MgO ranging from 3.54Z to 10.70% and SiOj from 51.5X to
55.1Z. The 618O values of whole-rock samples range from 4.35 % > o to
6.47 °/oo indicating depletion of some samples in 1 80 by high-temperature
hydrothermal alteration.
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EVIDENCE FOR CRETACEOUS VOLCANISM IN NORTHERN VICTORIA LAND, ANTARCTICA,
AND IMPLICATIONS FOR A MANTLE ENRICHMENT EVENT DURING THE ROSS OROGENY
BASED ON CHEMICAL AND ISOTOPIC DATA FROM THE KIRKPATR1CK BASALT IN THE MESA
RANGE.

Teresa M. MENSING and Gunter FAURE, Byrd Polar Research Center and
Department of Geology and Mineralogy, The Ohio State University, Columbus,
Ohio, USA 43210; Lois M. JONES, Research and Development Department,
CONOCO, Inc., Ponca City, Oklahoma, USA 74603; and Jochen HOEFS,
Geochemical Institute, University of Gottingen, D-3400 Gottingen, Federal
Republic of Germany.

The thick sequence of flows of the Kirkpatrick Basalt exposed in the
Mesa Range area of northern Victoria Land can be divided into a Lower Suite
and an Upper Suite based on differences in their chemical compositions.
The Upper Suite has higher concentrations of SiOa, alkalies, total Fe, MnO,
TiO», and PaO» than the Lower Suite. The isotope compositions of Sr and 0
of the Lower Suite are positively correlated which can be explained by
fractional crystallization and simultaneous assimilation of a crustal
contaminant. In contrast to the Lower Suite» the Upper Suite is homo-
geneous in chemical composition, buc the initial Sr-isotope ratios of the
Upper Suite, calculated for an assumed age of 175 Ma, were lower than those
of the Lower Suite, and are not constant. However, by lowering the assumed
age of the Upper Suite to 92 Ma the range of the initial Sr-isotope ratios
was greatly reduced. Some K-Ar dating and paleonagnetic studies in the
literature also support a Cretaceous volcanic event in northern Victoria
Land. The magma source of both suites had elevated *TSr/"*Sr ratios com-
pared to "normal*1 mantle values because of prior enrichment in_Rb. The
Rb/Sr ratio of the source was 0.50 which is higher than typical values for
the mantle. The differences in the ages and initial Sr-isotope ratios of
the suites were used to show that the source was enriched in Rb about 475
Ma ago. This date coincides with the Ross Orogeny which may reflect a
causal relationship between these events. Marie Byrd Land» West Ant-
arctica, was also affected by magmatic activity during the Cretaceous
Period. The occurrence of igneous activity in northern Victoria Land
during the same period strengthens tectonic reconstructions indicating that
northern Victoria Land and Marie Byrd Land were juxtaposed during the
Mesozoic Era but were later separated by major right lateral displacement
«long the Transantarctic rift system.
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EARLY OROOVICIAN VOLCANIC APRON AND EPICLASTIC TUR8IDITE DEPOSITION IN THE
NU ARGENTINE/N CHILEAN PUNA: IMPLICATIONS FOR THE GEODYNAMIC DEVELOPMENT
OF THE WESTERN MARGIN OF GONDUANA.

Heinrich BAHLBURG and Christoph BREITKREUZ, Institut fur Geoiogie und
Palaontologie, Technische Universitãt, Ernst-Reuter-Platz 1, O-1OO0 3erl1n
10, Federal Republic Germany.

In the northern Puna of NW Argentina turbidite series of predominantly
Late Arenigian-Llanvirnian age (Coquena Formation), as determined by grap-
tolites, are extensively exposed. They overlie the volcanic arc assemblage
of the Middle Areniglan Aguada de Ia Perdiz Formation which occurs in the
N Chilean/NW Argentine boundary zone. Together both formations constitute
a sequence of 6000 m thickness of volcanic apron deposits passing over to
epiclastic turbidites which was deposited west of the Argentine Cordillera
Oriental.

The turbidite greywackes of the Coquena Formation consist mainly of
detritus of intermediate and silicic magmatic rocks. The turbidites were
deposited by northward oriented paleocurrents in an at least 2700 m thick
submarine fan system. In the upper 2000 m the fan system displays a
marked, sequential fining upward trend from mid fan channel environments
to outer fan depositionai lobe associations and basin plain pelites. Basin
Subsidence apparently increased west of the Cordillera Oriental when
active volcanism faded away in the Aguada de Ia Perdiz Formation and
uplift of the Cordillera Oriental was initiated in the Late Arenigian
(Guandacol diastrophic phase). Subsequently the thick submarine fan system
of the Coquena Formation developed during Early Ordovician times in an
ensialic back arc basin on the western margin of Gondwana. The basin was
fed mainly by erosional debris of the volcanic arc to the west, of which
the Aguada de Ia Perdiz Formation is a remnant, and the rising Cordillera
Oriental to the east.

The Coquena Formation was affected by heterogeneous deformation mainly
during the Oclóyic orogenic phase at the Ordovician/Siiurian transition.
The N-S striking folds only subordenately display vergencies to east and
west.

The alleged volcanic rocks constituting the 'Faja Eruptiva de la Puna
Oriental* (exposed on the eastern margin of the outcrop area of the Co-
quena Formation), frequently cited as the volcanic arc of the eastward-
dipping subduction zone contemporaneous to turbidite sedimentation, are in
fact foliated, porphyric hypabyssai granitoids which intruded the Coquena
Formation after the main folding event. Locally intrusive contacts are
well exposed. The intrusives therefore have to be younger than the Oclóyic
phase and do not represent the magmatic arc of the east-dipping subduction
zone contemporaneous to deposition of the Coquena Formation.
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THE MIDDLE TO LATE PALEOZOIC EVOLUTION OF NORTHERN CHILE: GEOTECTONIC
IMPLICATIONS FOR THE EAST PACIFIC MARGIN OF GONDWANA

Christoph BREITKREUZ, Heinrich 3AHLBURG & Werner ZEIL, Institut für Geolo-
gie und Paláontologie, Technische Universitat, Ernst-Reuter-Platz 1, 1000
Berlin 10, Federal Republic of Germany.

After the Oclôyic orogenic phase at the Ordovician/Silurian transition
marine sedimentation began in northern Chile during the Lower Devonian. In
the area of the Pre- and High Cordillera thick clastic units (Lower
Devonian to Lower Carboniferous) were deposited on the western shelf of
the Oclóyic Central Andean High ('Arco PuneftV). To the west, in the area
of the Coastal Cordillera mainly N-S directed longitudinal currents depo-
sited thick flysch units in a regime of technically controlled aggrada-
tion. Continental-rift basalts are intercalated in the lower part of the
flysch units .

During the Carboniferous the flysch units were deformed leading to a
mainly SW-vergent fold pattern. As a result, transition to shallow water
sedimentation (Lower Permian limestones) took place. In the Late Carboni-
ferous the Pre- and High Cordillera region emerged, a place where volca-
nism and terrestrial sedimentation commenced in the very Late Carboni-
ferous lasting until the Triassic.

Deposition of the Devonian to Permian sedimentary units was probably
controlled by intracontinental processes, rather than by processes related
to a subduction regime. Tectonic control of basin subsidence, deposition
and closure was possibly linked to the collision of the Chilenia terrane
with Gondwana south of 29°S which started in the Middle Devonian. It is
possible that the collision induced a dextral strike-slip cycle (MITCHELL
& READING 1986) in the north Chilean area as a kind of escape movement
according to the reverse indenter model of EISBACHER (1985).

The north Chilean Late Carboniferous-Triassic volcanic units probably
formed as a response to an intracontinental tensional regime and may thus
be the equivalent of the Mitu Group in the Eastern Cordillera of Peru and
Bolivia, for which a continental rift-associated origin has been proposed.
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PALAE0HA6NETXSM AND 6E0CHR0NQL06Y OF THE DECCAN AND SERRA 6ERAL LAVAS - A
COMPARATIVE EVALUATION AND SYNTHESIS

Poorna C. PAL, Instituto Astronômico e Geo-Fisico, Universidade de Sao
Paulo, 01051 Sao Paulo, SP

The Deccan lavas of peninsular India and the Serra Geral lavas of the
Parana basin in southern Brasil, Uruguay, Paraguay and Argentina have
•any common characteristics. Both are amongst the largest continental
flood basalt provinces in the world, covering aeral extents exceeding 0.5
and 0.7 x 10* km* respectively. They also seem to be associated with the
two boundaries of the Cretaceous period, the -former with its upper
boundary, the latter with its lower boundary, and may well have caused
the terminal Haastrichtian and terminal Tithonian extinctions, according
to one postulate, and spurts in geomagnetic reversal activity according
to another. Both these voleanisms also appear to be related to the
intense contemporaneous geodynamism involving their respective plates.

Extensive palaeomagnetic and geochronological data are now available
on these lavas, although not in the much needed integrated manner, and
are reviewed here, together with the relevant marine-magnetic and plate
tectonic inferences, in order to examine these and the related aspects.
These data are shown here to be consistent with the possibility that the
bulk of these lavas experienced rather rapid extrusive histories, perhaps
heralding vigorous geodynamism in their respective regions. The different
drift histories of India and South America then explain the
magnetostratigraphic dissimilarities between these two lava suites; the
Deccan volcanism either heralded, or probably commenced with, India's
rapid northerly drift between the anomalies 28 (64.29-65.50 Myr) and 22
(51.95-53.88 Myr), whereas most of the Serra Gerai volcanism probably
occurred be-Fore the initiation of rifting in the South Atlantic by the
anomaly tt-11 (133.50-134.75 Myr) times. Thus, although both these
volcanics probably extruded during the periods of reversal spurts and may
have had comparable durations, the Deccan lavas recorded far fewer
reversals of the ambient geomagnetic field than the Serra Geral lavas.

The planetoiogical implications of these volcanic episodes too »rm
examined here, it is shown that both the volcanic activities »r9 more
likely to have occurred after, than during, the supposedly
contemporaneous extinction and impact cratering episodes. Evidently, the
catacJystic postulate, that the suspected recurrence of terrestrial
catastrophism is triggered by processes originating in the planetary
interior, is not favoured by this evidence.
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DEXTRAL WRENCHING DURING LATE PALEOZOIC CONVERGENCE ACROSS THE SW MARGIN OF
LA PLATA CRATON (ARGENTINA).

COBBOLD P.R., GAPAIS D., Centre Armoricain d'Etude Structurale des Socles
(CNRS), Université de Rennes, Campus de Beaulieu, 35042 RENNES Cedex,
France, ROSSELLO E.A. and JAPAS M.S., Departamento de Cs. Geológicas,
Universidad de Buenos Aires y CONICET Pab.II, Ciudad Universitária, (1428)
BUENOS AIRES, Argentina.

Late Paleozoic convergence across the SU margin of the La Plata Craton
and NE Patagonia is discussed on the basis of detailed structural studies
undertaken in two key areas : Sierras Australes (Buenos Aires province) and
Sierra Grande (Rio Negro province). In both areas, Paleozoic clastic
sedimentary sequences were folded under low-grade metamorphic conditions.

The Sierras Australes foldbelt trends NW-SE. Outcrop conditions are
excellent. Kinematic indicators of various kinds reveal components of
wrenching and thrusting attributable to northeasterly oblique convergence.
In the NW arcuate part of the foldbelt, granitic basement is exposed above
we11-developed mylonitic thrustzones with NNE transport directions ; the
cover shows folds strongly overturned to the NE. Throughout the entire
foldbelt, dextral wrenching along strike is responsible for steep NW-SE
mylonite zones. Southerly pitching stretching lineations, due to combined
wrenching and thrusting, are common in the Hinojo and Sauce Grande slates.
In the internal (SW) zones, syntectonic metamorphism is at most of lower
greenschist grade. We infer that crustal thickening in the foldbelt is
overshadowed by dextral wrenching along strike.

In the Sierra Grande Foldbelt, deformation is generally less intense. In
the W it is expressed as open folds and brittle fractures. In the E,
however, a 20 km long ridge of steeply dipping quartzites (Loma Manocchio),
shows more ductile deformation. Cleavage/bedding relationships and shear
zone patterns reveal dextral wrenching along strike (N-S).

Structural similarities between the two areas studied suggest that the
marginal zone SW of the La Plata Craton underwent dominantly strike-slip
motion during the Late Paleozoic.
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METAMORPHIC CORE COMPLEXES AND THE PACIFIC MARGIN OF
GONHANALAND.

Ian W. D. DALZIEL, Institute for Geophysics, University of Texas
at Austin, 8701 Mopac Boulevard, Austin, TX 78759.

Approximately 20 metamorphic core complexes of late Mesozoic
and Cenozoic age are exposed along 2,000 km of the Pacific
margin of North America from British Columbia, Canada, to
northern Mexico. The Paleozoic and lower Mesozoic "Gondwanide"
basement of South America, .Antarctica, New Zealand and Australia
may contain older examples, but the only directly comparable
complex identified along some 20,000 km of the Pacific margin of
the Gondwanaland continents is the Darwin metamorphic complex of
Chilean Tierra del Fuego in the southernmost Andes. It is
suggested that this distinction has important implications for
our understanding of the behavior of continental lithosphere.

The Darwin ntetamorphic core complex resulted from tectonic
overthickening of the continental crust during back-arc basin
collapse in mid-Cretacecus compression along the Pacific margin
of South America, followed by localized extensional unroofing in
a transpressional regime along the North Scotia Ridge during
initiation of the Patagonian orocline in the Late Cretaceous to
early Cenozoic. In contrast, rçetamorphic core complexes were
not unroofed during the earlier fragmentation of Gondwanaland,
and middle crustal rocks have not been uplifted where the Nazca
and Antarctic plates are still converging with the South
American continent north of the Patagonian orocline. Hence the
most critical factors in the formation of metamorphic core
complexes appear to be:

1. Tectonic overthickening of the continental crust; and
2. Subsequent relaxation of congressional stress.
The role of heat from a magmatic source in weakening the

continental crust and lithosphere may also be critical, but this
is more problematical.



GONDWANALAND AND THE OPENING OF THE SOUTH ATLANTIC IN THE LIGHT OF NE
BRAZILIAN BASINS AND BENUE TROUGH GEODYNAMICS.

Michel POPOFF, Kingsley A. OJOH, Jacques SENANT, Laboratoire de Geo-
logie Dynamique et Petrologie de la Surface Case 431, UA CNRS 132,
13397 Marseille Cedex 13, France.

After the late compressional stages occuring at the end of the
Panafrican events, most of the inner Gondwanaland was submitted to
relaxation processes during the Cambrian rifting followed by pre-
Devonian and later by Jurassic intraplate extension. It is shown that
the main inherited lithospheric zones of weakness, such as the Patos-
Benue or Pernambuco-Birao-Khartoum mega-discontinuities, were
reactivated.

During the Lower Cretaceous South Atlantic (and Indian Ocean)
opening, Gondwanaland was submitted to a generalized continental
fragmentation on the future zones of oceanic rifting. A large
irradiation of extensional processes, for example in the MARS (Mid-
African Rift System), could be the origin of the South American and
African Aptian Great Lakes which are displayed in the hinterland
during the initiation of the African and South American plates.

We propose a documented three stage scenario during which the
Austral, Tropical and Equatorial domains of the South Atlantic were
successively rifting/drifting, with an ongoing northwards axial
propagation of oceanic sea-floor spreading, from the Falkland to the
Guinea Plateaus.

The proposed limit-zones of these domains were acting as transform
fault zones, on a transcontinental lithospheric scale. The geological
setting, structural inheritance and kinematics of such limits are
discussed. Their geodynamic significance is documented on the basis
of intercratonic deformation exemplified in the Brazilian-Panafrican
mobile Belt from NE Brazil, Nigeria and Cameroon.
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CRETACEOUS TO RECENT BASIN EVOLUTION IN THE ANDEAN FOREARC OF
NORTHERN CHILE: AN INSIGHT INTO THE HISTORY OF THE WESTERN MARGIN OF
GONDWANA.

Stephen FLINT, Shell Research, Postbus 60, 2280AB Rijswijk, The
Netherlands, Peter TURNER, Adrian HARTLEY, Department of Geological
Sciences, Aston University, Birmingham B4 7ET, England, and Graham
WILLIAMS, Department of Geology, University of Keele, Keele, Sttaford-
shire, England.

The western margin of South America has been characterized by an
eastward-dipping subduction zone since at least Jurassic times. In
parts of northern Chile the eastward-younging of Jurassic to Recent
arc-related magmatic rocks is well documented, albeit with local
complications. To date, few detailed studies have been presented on
the origin and stratigraphic-sedimentary evolution of post-Jurassic
sedimentary basins in this geologically complex area of the present
day Andean forearc.

Ancient basin-fill sequences to be described will include the
Lower Cretaceous Coloso/El Way Formation (Coastal Cordillera), the
presumed Cretaceous Purilactis Formation (pre-Andean Cordillera) and
the Oligo-Míocene Paciência Group (pre-Andean Depression). Important
modern basins include the Central Depression (controlled by the
Atacama Fault System) and the basins of the pre-Andean Depression
such as the Salar de Atacama.

Sedimentological, structural and palaeomagnetic data will be used
to propose that extension has been the dominant stress regime in the
Central Andes of northern Chile over the past 130 Ha. Net contraction
took place over specific, short-duration periods; crustal shortening
uplifted earlier basin-fills, providing source areas for successor
basins formed during subsequent net extension. Thus the Purilactis
Formation sourced part of the Paciência Group, which in turn is
currently sourcing modern alluvial fans of the Salar de Atacama
basin.

Possible mechanisms for forearc extension and basin formation will
be discussed.
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CYCLICITY IN LATE CRETACEOUS-EARLY TERTIARY SUBDUCTIONAL VOLCANIC COMPLEX,

SOUTH SHETLAND ISLANDS, WEST ANTARCTICA

Krzysztof BIRKENMAJER, Institute of Geological Sciences, Polish Academy of

Sciences, ul. Senacka 3, 31-002 Kraków; Wojciech NAREBSKI, Museum of the

Earth, ul. Oleandry 2a, 30-063 Krakow, Poland.

The Late Cretaceous to Early Tertiary calc-alkaline volcanic arc suite

of the South Shetland Islands was related to subduction of the south-east

Pacific oceanic crust under continental crust of the Antarctic Peninsula.

This is a sequence of basalts, basaltic andesites and andesites, with a

minor share of rhyolites and dacites, altogether about 3000 m thick.

Two major volcanic cycles have been recognized within the tectonic

Warszawa Block on King George Island. The first cycle (77 Ma •) is

represented by the Paradise Cove Group, more than 170 a thick. The base of

the cycle is not exposed; the lowest lavas are represented by high-Al

basalts, followed by terrestrial deposits, terminating with acidic

volcaniclastics, lavas and plugs of rhyolitic and dacitic character.

The second cycle comprises the Baranowski Glacier, the Ezcurra Inlet and

the Point Hennequin groups. This is a predominantly volcanic sequence about

2400 m thick, spanning the latest Cretaceous (c. 77 Ma) through Palaeogene

times, up to the Oligocene-Miocene boundary (24.5 Ma). It begins with

massive effusions of basaltic augite-andesite lavas more than 1 000 m thick

(latest Cretaceous, 77 - 66.7 Ma), probably marking an important plate-

tectonic event - a late Cretaceous stage of break-up of Gondwanaland. High-

Al tholeiitic basalts follow, abounding in cumulate plagioclase glomero-

crysts, and finally more acidic hypersthene-augite andesites and

latiandesites. Minor rhyolite and dacite plugs appear at the final stage

of the cycle.
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AH UNORTHODOX PIT BETWEEN WEST AND EAST GONDWANA ASS A REASSEMBLY 07 PAHGAEA
IN THE SOUTHERN HEMISPHERE.

Peter TRURNIT, Wacholderweg 6, 3006 Burgwedel 1, F.R.G.

The Pacific baaln (the shape of the Pacific; not the Pacific crust), the
oceanic atagea included "in the Wilson cycle (Rift/Red Sea state, Atlantic
state, Pacific state, Colllsional state) and moat probably also the lower
mantle are constantly displaced eastwards relative to the Earth*a crust or
the convecting upper mantle-crust system (one full turn around the globe each
200-250 my), presumably on account of the eccentric rotation of the spinning
Earth around the gravitational center of the Earth-Moon (-Sun) Byatea (prin-
ciple of hypocycloid gearing). The continents aigrate westwards around the
Pacific basin both in the North and South. They collide at the equator to the
West of the Pacific (or Tethya), continuoualy adding segmenta to a colliaional
mountain belt, that becomes older towards the West (sequential collision; tip
fastener principle). Between the Permian and present-times this belt wound
around the cratonlc nucleua or Lauraala or North fangaea about 1 1/3 tiaea In
the form of a spiral (from Eaat to West and from the youngest to the oldest:
Alpine belt of Southern Eurasia, Laratuide-Kimmerian belt of Western North
America and Northeast Asia, Indooinien belt of South and Central Asia, Urals).

The Earth's crust is subdivided into a Pacific area and a continental or
Pangaea area with Intra-Pançeea oceans (Atlantic, Red Sea-Indian Ocean, etc.).
The Pangaea area in turn is subdivided into a North Pangaea area and a South
Pangaea area (Laurasia and Gondwana) with the North and South Pangaea conti-
nents broadly distributed over the northern and southern hemispheres. The
more recent history of the Earth appears to be subdivided into alternating
North Pangaes growth/South Pangaea breakup eras (Permian to present-day Ura-
lian-Indosinian-Kinnnerian-Lareinide-Alpine cycle; Late Proteroeoic Panafriean-
Braolliano cycle; etc.) and South Pangaea growth/North Pangaea breakup eras
(Late Proterosoic and Early to Middle Paleozoic Balkalian-Cadomian-Caledoniaa
cycle; Kiddle to Late Proterozoic Kibaran-Grenvillian cycle; etc.). In the
hemisphere of the Pangaea growth, a colliaional mountain belt, continuoualy
forming behind the eastward migrating Pacific basin, winds around a cratonic
nucleus, thus effecting the lateral growth of continents, the cyclical repeti-
tion of orogenic atages for certain continental margina (passive state, active
state, collisional state, etc.) and the global tectonic megacycles (Wilaon
cycle, orogenic cycle, cycle of the collistonal mountain belt, cycle of con-
tinental margins, etc.).

In the heaiephere of the Pangaea aicak-up the continents rotate through
•one 120° while passing through the Antarctica setting (clockwise in the
southern hemisphere; counterclockwise in the northern hemisphere). Through
reverse rotations of the South Pangaea end/or Gondwana continents (breaking
up since the Permian in the southern hemisphere) to their Early MeBOZolc and
Paleozoic orientations one arrives at the correct reassembly of Gondwant (Eaat
and West Gondwana), South Pangaea (Oondwana plus Laurentia) and the Late Pro-
terozoie and Early to Middle Paleozoic two-lap South Pangaea colliaional moun-
tain belt spiral. The resulting sequence of collisions (at the equator to the
West of the Paleozoic Pacific or Iapetua Ocean), which formed the South Fan-
gaen collieional mountain belt, is as follows (from Eaat to West and from the

Soungeat to the oldest): Late Acadian (Appalachians/Caledonldea of Easternorth America and Western Europe: Early Carboniferous), Borchgreyink (West
Antarctica: Late Devonian/Early Carboniferous), Tuhua (New Zealand; Devonian),
Xabberebberaik (East Australia: Devonian), Paoatina (Patagonia and Southern
Andes of South America: Late Silurian/Early Devonian), Reuasic-Celedonian
(South and Central Asia: Silurian), Taconlan-Caledonian (Appalachiens/Caledo-
nldes of Eastern North Aierica and Western Europe: Late Ordovician/Eerly Si-
lurian), Ross (Antarctica: Late Cambrian/Early Ordovlcian), Delamerian-Tyen-
nan (East Australia: Cambrian), Pampa (Patagônia and Southern Andes of South
America: Early Cambrian), Baikalian-CadomlBn-Aeayntic (Central and South Afia,
Xarope, Eastern North America: Late Proterozoic).
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MID-TRIÀSSIC LACUNA ON THE GONDVANALAND PLATFORM IN THE CONTEXT
OF PANGAEAN FUSION AND INCIPIENT FISSION.

J.J. VEEVERS, Australian Plate Research Group, School of Earth
Sciences, Hacquarie University, New South Wales, 2109, Australia.

The Gondwana sequence of peninsular India and its equivalents
in the rest of Pangaea, all constituents of the Pangaean super-
sequence, contain a lacuna bracketed by Carnian strata above and
early Ladinian or older strata belov: Delta-A/Delta in Brazil,
Holteno/Beaufort in southern Africa, Isalo/Sakaaena in Malagasy,
Chicharia/Yerrapalli in India, Brady/Tiers in Tasmania and
equivalents in the Transantarctic Mountains, Ipsvich/Moolayember
in eastern Australia, and Lesueur/Woodada in western Australia.

The lacuna coincides with the final fusion of Pangaea by the
collision of Cimneria and China with Asia, reflected by precisely
dated terminal deformation in the Cape Fold Belt of southern
Africa, Bowen Basin of eastern Australia, and Canning Basin of
western Australia, and simultaneous incipient fission of Pangaea
by rifting in the central Atlantic, east African, and northwest
Australian regions, all marking a radical change in global
tectonics.



•ELATING IATE PROTEROZOIC CONTINENTAL DISTRIBUTIONS TO THE ORIGIN OP
"MOBILE" BELTS.

Tullis C. ONSTOTT, Department of Geological «id Geophysical Sciences,
Princeton University. Princeton, NJ 08544.

An «valuation of the Proterozoic paleoaagnetic data for the Gondwana
and Laurentia continents, emphasizing paleoaagnetic poles derived fro»
radiometrically dated rock «nits, in particular those dated by the
**Ar/"Ar technique, pe raits the following conclusions to be drawn
concerning the origin of various Proterozoic "aobile" belts.

1) The Aaazonas and Vest African cratons «ere contiguous at 2.0 Ga, a
result supported by stratigraphic, structural, and geochronological
correlations between the two cratons. This iaplies that the displaceaent
along the intervening Pan-African Rokelides "aobile" belt was priaarily
transcurrtnt and/or involved very ainor rifting, oceanic crust formation,
and convergence.

2) The 1.8 to 2.0 Ga paleoaagnetic poles froa the other cratons of
Gondwana and Laurentia are dispersed and do not fora a single APWP when
rotated into a Pangea reconstruction. This iaplies these cratons were
aoving independently at this tiae.

3) The 1.0 to 1.1 Ga paleoaagnetic poles of the sua of the cratons of
Africa, India, and South «toerica coincide in a conventional Gondwana
reconstruction. This suggests that the 1.2 and 1.3 Ga "aobile belts"
separating these cratons «ay have resulted froa their coalescence at this
tiae. It also precludes explaining the Pan-African age Daaara-Zaabezi
"aobile" belts in terms of plate tectonic aodels that involve large-scale
horizontal motions.

4) Utilizing a nonconventional Pangea reconstruction, which juxtaposes
the east coast of North Aaerica with the southwest coast of South Aaerica,
the 1.0 to 1.1 Ga paleoaagnetic poles of Laurentia are brought into
conjunction with those of Gondwana. This suggests that the Grenville
"aobile" belt of North America, the Sveconorwegian belt of Scandinavia,
the Sunsas and Garzon belts of South America and the Naaaqua belt of
southern Africa may have resulted froa collision of Laurentia-Baltica with
Gondwana between 1.1 and 1.3 Ga. This reconstruction remains highly
speculative because of the coaplete lack of «ell-dated 1.0 to 1.1 Ga
paleoaagnetic poles froa the Aaazonas Craton. Their acquisition remains a
high priority.
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COMPARATIVE TECTONICS OF TWO BASINS WITH MAJOR TRAPP OCCURFENCES :
TUNGUSKA AND PARANA.

Georg Robert SADOWSKIr Instituto de Geociências da Universidade
de São Paulo, Caixa Postal 20899, São Paulo, SP, 01498, Brasil.

A comparison is made in terms of structural frame, organi-
zation and evolution of the Tunguska and Parana basins.

Both contain the largest basalt flows of the world and are
probably situated on old precambrian cratons within two old
platforms. Their similarities and differences may help to better
define the geological evolution of large continental areas and
also to establish oil and gas exploration criteria in similar
regions.

The basins are separated from Mesozoic mobile belts by
highs adjacent to large depressions (Cis-Verkoiansk and Cis-
Andine) and are partially bordered by expressive tectonic up-
lifts and arches. Rift zones, represented by the Baikal Rift in
Siberia and the Paraiba do Sul Rift in Brazil, are found at
their margins. Their basements are cut by fundamental faults
which, in part, helped to define the contours of the main depo-
sition centers.

The basaltic-tholeitic activity within these two basins
was the most expressive, later followed by alkaline and kiraber-
l i t i c activity. The timing of the basic volcanism i s , however ,
different for the basins but coincides approximately with the
opening of the Atlantic Ocean for the Northen and Southern he-
mispheres. In Tunguska, i t took place at the end of the Paleo
zoic and beginning of the Mesozoic while in the Parana Basin i t
lasted from the Middle to the Late Mesozoic; i t s African coun
terpart, the Karoo basin, showed Triassic volcanism. ~~

The geologic evolution of the two syneclises shows inte-
resting similarities although the subsidence and deformations
seem to be greater in the Siberian basin (wich also predates the
Parana basin) .

Aborted rifting during the Gondwana breakup, at the site
of the Parana basin, can be considered a possible explanation
of the basaltic activity, bearing in mind several features asso
dated with the opening of the South Atlantic Ocean. It is more
complicated, however, to relate developments observed in the
Tunguska basin with the opening of the North Atlantic.
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THE GEOLOGIC NAP/DIGITAL DATA BASE OP GONDWANA: THEIR CONSTRUCTION AND USES,
PARTICULARLY TOWARDS BETTER UNDERSTANDING GONDVANA DISRUPTIONS AND
RECONSTRUCTIONS

Maarten J . DE WIT, Bernard P r i c e I n s t i t u t e o f Geophys ica l Research ,
U n i v e r s i t y o f t h e Witra terarand , P .O. WITS, 2 0 5 0 , SOUTH AFRICA

We have recently published a detailed geological map of Gondwana. This
map was constructed over a period of eight years; i t was first described at
the 5th Gondwana Symposium in New Zealand at i t s infant stage, and was
completed towards the end of 1987. This map, initially compiled at a scale
of 1:5 million has now been published at a scale of 1:10 million through the
American Association of Petroleum Geologists. When the combined eeoloey of
the fragments is viewed for the f i rs t time in this consolidated framework of
Gondwana, many disparate facts known to the viewer are quickly perceived in a
fresh and comprehensible way. As new insights and ideas emerge they can be
followed up and tested against the facts, because the geology shown on this
map is detailed and up-to-date. Seventy-six colours and 15 geological
symbols are used to distinguish more than 360 different geological codes,
including tectonic trends and geochronology compiled from modern geological
maps, and new data from many local and overseas geologists and eeochronology
laboratories in Canberra, London, Sao Paulo and Johannesburg.

The map has now been digitized using the SCITEX (raster) laser-scanning
and (polygon) INTERGRAPH techniques. This database contains all the
information on the map in a form in which i t can be manipulated by a computer
and associated graphics devices. An exciting hinterland beckons to the
researcher with regard to systematic comparison of the Gondwana database with
other large geoscience data sets, particularly in graphical form. Such
research will provide a better understanding of al l the thousands of relevant
earth-science observations; i t should yield new maps that may provide
important insights which are obscured by the detail of the printed map; for
example into the distribution of certain resources, or certain rock types of
a specific time period (e.g. mafic volcanic rocks of the Lower Jurassic).

Earth scientists have proved that an immense range of Upper Palaeozoic and
Mesozoic geological events can be understood best within the framework of a
Gondwana super-continent and i t s Mesozoic dispersal. Using the Gondwana
digital database every field of geoscience research on Gondwana can be
approached in the spir i t of the plate tectonic motion picture; researchers
can ehift the continents about and integrate their own data bases. I t should
be possible to find new restorations which are properly constrained by new
seafloor-spreading data and estimates of continental distortions (extension),
as well as to identify transcontinental areas where more detailed ceological
field work could reduce the error of fi t to within the 10 km scale now needed
to improve Gondwana's restoration.

In this talk, there will be a central focus on the problems concerning
Gondwana fragmentation and reconstruction as highlighted by the new map.



PROGRESS ON THE METALLOGEN1C MAP OF GONDWANA

Wendy A. WILSHER & Maarten J . DE WIT, Bernard Pr ice I n s t i t u t e of Geophysical
Research, Univers i ty o f the Witwatersrand, P.O. WITS, 2050, SOUTH AFRICA

Our current research into the qeochemistry of .u,e Gonawana lithosphere
visualizes the production of transition element dis'rihutio-. r.ars (viz.
contour maps of Pb, Cu, Zn, Au, U, e t c . ) , to support the recently published
Gondwana Teclogical t'.ap cf ãe 7it, et s i . (IP0.?). The objectives are: i) tc
publish more quantitative resource maps than the purely metallogenic maps
hitherto available (eg. :/et,alloeenic ".-'az. of South America, C. Mar tin F,
13rt3); i i ) to establish a metalloeenic database cf Oonawana which mill aaa to
the present geological database; i i i ) to make first oraer quantifiable
assessments of the mineral endowment of specific large areas not accessible
to conventional mineral exploration, in particular, those covered by desert
(North and south Central Africa), dense forests (Brazil and Zaire), ano ice
(Antarctica); and iv) to investigate teochc-ical ;.rcce.5ses within the
Gondwana crust from these 'tracer naps' with implications for crustal
recycling, and the tectonic evolution cf the Gondv/ana continental
li thosphere.

A central issue to the above research is the necessary desi2n and early
implementation of a comprehensive Gondwana Geoscier.tif ic Indexing Database
(GO-GBOID). This database is necessary for the efficient use of the larse
global, complex and muitidisciplinary cata and should allow for easy
extraction, interrogation, and updating of the data for various graphic,
s t a t i s t i ca l , model line or general inquiry nurposes. Flexibility in the
design of G0-GE01D allows for easy modification and portability between
different hardware and database management systex.s. The GO-GEOID database
will be partitioned into the various disciplines of research, including;
geology which exists at present; ceochronoloey and tectonics which partially
exist at present; and geochemistry and geophysics (magnetics and gravity)
which will be added. The different fields will be inter-related through the
database and also linked together via a Graphics desien f i le . Establishment
of a graphics database (desien file) uti l izes the facility of the Intereraph
system.

In the context of the metal log enic rr.aps, user commands can select out
specific mineral occurances from a defined area of the design f i le . If gola
is chosen, for example, the database is processed and al l the gold deposits
in the defined ares are highlighted on the graphic screen. In this way, any
attribute can be searched from the graphics. For the netalloçenic project,
i t is the intention to quantify each point on the Gonawana map with respect
to one or more tace elements ( i .e . Au, Cu, Sn) by the integrat ion of
tonnages and grades. Following this, a contouring scheme will be implemented
to generate Gonawana metal-anom&ly r:,aps. Toaate, the project has proposed a
preliminary me tal-anomaly map of Gondwana.
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DEVONIAN TO PERMIAN PALEOGEOGRAPHY OF THE CENTRAL PRECORDILLERA (SAN JUAN
PROVINCE, ARGENTINA): IMPLICATIONS FOR THE GEOTECTONIC EVOLUTION OF THE
PALEO-PACIFIC MARGIN OF GONDWANA.

Oscar R. LOPEZ GAMUNDI and Horacio L. SESSAREGO, Departamento de Ciências
Geológicas, Facultad de Ciências Exactas y Naturales, Universidad de Buenos
Aires, Ciudad Universitária, Pab. 2, 1428 Buenos Aires, Argentina.

The central segment of the Precordillera of San Juan Province, vest Ar-
gentina (31° - 32° S) shows a Devonian to Permian paleogeographic history
with significant connotations for the geotectonic evolution of the Paleo-
Pacific margin of Gondwana. The Devonian deposits are mainly represented by
deep-sea turbidites with paleocurrents from east to west, though southerly
and northerly deflections are observed probably due to submarine, north-
south trending arches. The paleocurrent dispersal and the sandstone
composition (quartz fragments with abundant metamorphic lithic fragments)
suggest an eastern provenance located in cratonic complexes. During the
Devonian-Carboniferous transition the region was affected by a strong
diastrophisra which led to the formation of an important paleogeographic
high (Proto-Precordillera). This north-south trending range divided two
main areas of sedimentation during the Carboniferous: to the west, marine
conditions prevailed (Calingasta-Uspallata basin) while to the east,
continental conditions were dominant (Paganzo basin). The Proto-
Precordillera acted as the main sediment supplier both for the Calingasta-
Uspallata basin and the western sector of the Paganzo basin, while the
eastern portion of the latter received mainly craton-derived detritus. A
Proto-Precordillera-derived, sedimentary lithic petrofacies characterizes
the sandstones of the Calingasta-Uspallata and westernmost regions of the
Paganzo basin, while a quartz-feldspathic petrofacies of cratonic nature
can be identified in the eastern Paganzo deposits. The tectonic significance
of the Proto-Precordillera is still in debate: envisaged as probable geo-
tectonic scenarios are either a (microplate) continent-continent collision
orogen or a foreland fold-thrust belt along a Cordillera-type active margin.

By the Early Permian, volcanic activity connected with a magmatic arc
emplaced to the west along the Paleo-Pacific active margin extended its
influence to the Proto-Precordillera region. This influence was expressed
in substantial paleogeographic changes (fragmentation of deposition areas,
shallow marine up to continental sedimentation) coupled with volcaniclastic
sandstone petrofacies.
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EVOLUTION OF PROVENANCE DURING THE BREAKUP OF GONDWANALAND, NEUQUEN
BASIN, WEST-CENTRAL ARGENTINA

Ralph L. KUGLER, Department of Geology and Geophysics, University of New
Orleans, New Orleans, Louisiana 70148 U.S.A.

The Neuquen Basin is a back-arc basin formed by rifting initiated in
latest Triassic-earliest Jurassic near the western margin of
Gondwanaland. The basin overlies Paleozoic plutonic rocks and a wide
Permo-Triassic magmatic arc that covered much of southern South America.
Throughout Early to Middle Jurassic the entire continent south of the
basin was tectonically active and contributed sediment to the basin.
During Late Jurassic much sediment was derived from an active magmatic
arc to the west. By Early Cretaceous, South America and Africa had
begun to separate, as rifting continued in the southern part of the
South American continent. During this time, large volumes of sediment
were shed into the basin from the east and south, possibly from rift-
flank uplifts.

Sandstones in the basin are dominantly feldspathic litharenites and
lithic arkoses. Average detrital modes are: Qoü^fl^iS ^ower an<*
Middle Jurassic units); Qjfín^Sl (Upper Jurassic units); and Q A 2 ^ 2 6 ^ 3 2
(Lower Cretaceous units). Regional variations in framework composition
of sandstones are related to depositional environment, proximity to the
Mesozoic Andean magmatic arc or to the South American craton, and
intensity of orogenic activity in regions surrounding the basin.
Detrital modes of Jurassic sandstones plot along the volcanoplutonic
sand-suite mixing line on Dickinson's tectonic-discriaiinate diagrams.
However, Lower Cretaceous sandstones plot along a mixing line between
transitional-arc and transitional-continental provenance terranes.
These sandstones represent a mixture of material derived from cratonic
basement and from the Permo-Triassic magmatic arc.

Partial detrital mode parameters such as plagioclase-to-total-
feldspar ratios have been used to differentiate types of modern back-arc
basins in the western Pacific. However, these parameters may be of
limited value in differentiating ancient back-arc basins, such as the
Neuquen Basin, due to pervasive albitization of plagioclase and/or
wholesale dissolution of potassium feldspar during burial diagenesis.
In most areas of the Neuquen Basin plagioclase retains no memory of
volcanic source areas as a result of albitization of calcic plagioclase
and of dissolution of oscillatory-zoned and potassium-rich (>5% K)
plagioclase. Proportions of potassium feldspar have also been
substantially reduced through dissolution in deeply buried parts of the
basin.
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PALAEOENVIRONMENTAL SIGNIFICANCE OP UPPER PERMIAN GONDWANA SEQUENCES IN
CENTRAL AND SOUTHERN AFRICA

Keddy YEMANE, Kerry KELTS; Geological Institute, ETH-Z, CH-8092, Zurich

Almost all Upper Permian (Lower Beaufort) Karoo sequences in central
and southern Africa are continental. These sequences include those from
Tanzania, Malawi, Mozambique, Zambia, Zimbabwe, South Africa and Angola.
These continental sequences were deposited in a dominantly lacustrine and
fluvio-lacustrine environments. Lateral facies association of fluvio-
deltaic elastics and lake carbonates is often characteristic. Shallow water
lake beds mostly consist of siltstones and muddy siltstones. Deeper water
lacustrine sequences are less common and constitute finely laminated black
shales and mudstones and carbonate bands.

This paper suggests that the widespread distribution of correlatable
Upper Permian lacustrine sequences in the African subcontinent represents a
period of major lake development in this part of Gondwana. The Upper
Permian lakes were of large sizes and locally connected. The continuity of
lake beds for example through Tanzania and Malawi is one evidence. Similar
situation may have existed between the Zambezi Karoo basins and the
northern end of the type Karoo basin of South Africa. Earlier lacustrine
phases are also known from Karoo basins of southern Africa. During the
Early Permian, interconnected deep lakes (epeiric sea?) covered the
southern part of Africa. Some of the lake beds can be followed over
thousands of square kilometers into South America. The early Permian
lacustrine phase was mainly a result of the deglaciation of Carboniferous
ice. The Upper Permian lacustrine sedimentation was linked to humid
climatic conditions. The overall fining-upward nature of Upper Permian
lacustrine sequences and underlying Middle Permian swamp deposits (Ecca
coal measures) strongly indicate deposition in subsiding basins. Major
changes in the tectonic regime at the end of the Permian are represented in
the central Karoo basins by large hiatuses at the contact between the
lacustrine and the overlying early Triassic coarse fluviatile deposits; in
the southern Karoo basins lacustrine deposition was related to subsidence
associated with the Cape Fold Belt. Lakes were abruptly filled with
elastics from incipient rifting that eventually led to the beginning of
fragmentation of Gondwana. The Upper Permian lacustrine deposition in
central and southern Africa thus was a result of the interaction of
climatic and tectonic controls.
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STATUS OF IDEA ON CYCLIC SEDIMENTATION IN GONDWANA SEDIMENTS WITH SPECIAL
REFERENCE TO CYCLIC SEDIMENTATION IN THE WEST BOKARO COALFIELD, BIHAR, INDIA.

G. AHMED, Geological Survey of India, Palaeontology & Stratigraphy Division
II, 27 J.L. Nehru Road, Calcutta-700 016, India.

The idea of 'Geologic Cycle' is an ancient one traceable perhaps to the
days at the beginning of the nineteenth century, contemporaneous with the
pronouncement of the catastrophic theories of Cuvier and D'Orbigny. A
'sedimentary cycle' determines the ordered sequence of sedimentary rocks.
The nature of sediments obviously depends on the physical conditions of
deposition.

Wanless and Weller (1932) first used the term 'Cyclothem' for the
spectacular cyclic repetitive strata found in the Pennsylvanian coal-bearing
rocks of Illinois, USA. Although a few geologists have criticised the idea
that cycles are present in the Gondwana coalfields of India, most workers
have found cyclic sedimentation in Indian Gondwana sediments.

The sediments of Indian Gondwana coalfields display unique evidence of
a cyclic pattern of sedimentation. In order to appreciate the development
of ideas regarding the nature and origin of cyclothemic sedimentation an
attempt is made here, first to document the relevant observations and
conclusions made by individual contributors on this problem, starting from
the very early work of Foster in 1809. Secondly, an attempt is then made
to review these contributions in terms of specific observations and
suggested criteria, and also according to the various proposed processes
and modes of origin of the cyclothemic sediments. Thirdly, cyclic
sedimentation in the West Bokaro coalfield is discussed with reference to
the observations in the coalfield and a model is suggested.
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DEPOSITIONAL ENVIRONMENTS OF KOTA FORMATION (JURASSIC) IN THE CENTRAL PART
OF THE GODAVARI VALLEY, ANDHRA PRADESH, INDIA.

G. LAKSHNINARAYANA and M. G. RAO, Geological Survey of India, Chandra Vihar,
M.S. Road, Hyderabad 1, Andhra Pradesh, India.

The Kota Formation of the Upper Gondwana Group, characterised by
fossiliferous limestone and sandstone with ptilophyllum flora (Equisetites
rajamahalensis, Ginkgoites sp., and Sphenopteris sp.) has been identified
for the first time near Kondaparti, Ayalapur and Kondai, Warangal district,
Andhra Pradesh, formerly attributed to the Kamthi Formation. The strati-
graphic succession thus established in the central part of the Godavari
Valley comprises the Talchir, Barakar, Barren Measures (?) and the Kamthi
(Lower Gondwana Group) and Kota Formations (Upper Gondwana Group). The Kota
Formation overlaps the Maleri Formation (Upper Triassic) and comes directly
in contact with the Upper Kamthi Formation (Lower Triassic).

Four distinct lithounits have been identified in the Kota Formation and
the succession in the ascending order is a) Conglomeratic sandstone - clay
clast bearing sandstone, b) Limestone horizon-I, c) Conglomeratic sandstone-
sandstone-clays, and d) Limestone horison-II. The Limestone horizon-I in
the lower part shows limestone-marl rhythms and contains ostracods
represented by (?) Dharwinula sp., whereas the intraclast limestone present
in the upper part shows 'birds' eye1 structures, and dissociated fish
remains with bioclastic fabrics such as planar lags, and imbrication and
erosive pockets. The Limestone horizon-II unit is made up of limestone-marl
rhythms and contains well-preserved fish fossils represented by Lepidotus
deccanensis and Darwinula ostracods.

The oldest conglomeratic sandstone-clay clast bearing sandstone unit
represents fluvial sedimentation deposited by an aggrading braided stream
system whose flow was towards the NW. The deposition of limestone horizon-I
was initiated in a fresh to brackish water environment which later
experienced storm events (perhaps related to marine transgression?). The
succeeding conglomeratic sandstone - sandstone - clay unit represents fining
upward sequences and indicates point bar deposits in meandering river types.
Palaeoflow was towards N 30°W. An abundance of fossil wood denotes the
presence of thick vegetation of the overbank environments. The limestone
horizon-II seems to have been deposited in a fresh water lacustrine environ-
ment.

In the early phase, the rivers of the Kota period developed aggrading
fluvial systems. With the decrease in basin gradient, the rivers have
become of the meandering type and the basin experienced, probably, a short
lived marine ingression from the northwest, followed by the development of
fluvial and lacustrine basins.
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STRATIGRAPHY AND SEDIMENTATION OF THE GONDWANA FORMATIONS IN THE CHINTALAPUDI

SUB-BASIN, GODAVARI VALLEY, ANDHRA PRADESH, INDIA

K.S. MÜRTI and G. LAKSHMINARAYANA, Geological Survey of India, Chandra Vihar,

M.S. Road, Hyderabad 1, Andhra Pradesh, India.

The Chintalapudi Sub-basin in the south-eastern part of the Godavari

Valley, Andhra Pradesh, occupies an area of 2500 sq km and was hitherto

believed to contain mainly deposits of the Kamthi Formation of the Lower

Gondvana Group. Recent work has established the presence of an Upper

Gondwana sequence also, consisting of the Kota and Gangapur Formations. The

Kota Formation consists of clay clast bearing sandstone and limestone and

contains Ptilophyllum sp., Cladophlebis sp., Elatocladus sp., and (?)

Ctenozamites sp. The Gangapur Formation shows white sandstone, buff silt-

stone and claystone and is characterised by Ptilophyllum cutchense,

Ptilophyllum sp., Araucarites sp., Araucarites cutchensis, Cladophlebis

denticulata, Cladophlebis sp. and Elatocladus sp. The stratigraphic

succession thus established in ascending order is Talchir, Barakar and

Kamthi Formations of the Lower Gondwana Group (Upper Carboniferous to Lower

Triassic), followed by the Kota and Gangapur Formations of the Upper

Gondwana Group (Upper Triassic to Lower Cretaceous). A conformable

relationship is noticed between the Talchir and Barakar Formations, whereas

unconformable relationships are noticed in the other cases.

Lithological attributes indicate a glacio-lacustrine environment for the

Talchir sediments. A fluvial environment is envisaged for the remaining

formations, on the basis of lithological characteristics, sedimentary

structures, paleocurrent pattern and floral assemblage. The paleocurrent

direction of the rivers during the Lower Gondwana period was mainly towards

NNW, and the prevailing current during the Upper Gondwana was towards WNW.

The Eastern Ghats have provided detritus to the Gondwana basin.

The overlaps of the different formations in the western part of the

sub-basin can be attributed to westward avulsion of the streams due to

periodic uplift of the provenance area in the east.

The present study delineates, for the first time, a potential coal-

bearing area (about 130 sq km) of Permian age around Sattupalli, Khamman

district, Andhra Pradesh.
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TRINITY PENINSULA GROUP (TPERMO-TRIASS1C) AT DANCO COAST, ANTARCTIC PENIN-
SULA

Krzysztof BIRKENMAJER, Institute of Geological Sciences, Polish Academy of
Sciences, ul. Senacka 3, 31-002 Kraków, Poland.

The Trinity Peninsula Group at Paradise Harbour, Danco Coast (Antarctic
Peninsula) represents a clastic sequence up to 1000 m thick. The rocks are
strongly tectonically disturbed, faulted and arranged in southeast-vergent
folds and thrust-folds. They are unconformably covered by basic volcanics
of the Antarctic Peninsula Volcanic Group.

Three lithostratigraphic units of formation rank may be distinguished.
The lower unit, some 500 m thick, consists of a grey-green to dark-grey
and black siltstone-shale-quartzite sequence with infrequent ripplemarks.
This unit is lithologically comparable to the Legoupil Formation (Triassic)
and, partly, to the Hope Bay Formation (?Permo-Carboniferous) of Trinity
Peninsula.

The middle unit, distinguished as the Skontorp Cove Formation, is some
200 m thick. It consists of reddish to variegated claystones, siltstones
and fine-grained sandstones with very frequent small-scale current ripple-
marks, small-scale cross-lamination, horizontal and convolute lamination,
less frequently with graded bedding. Infrequent marine organisms were
found: jellyfish imprints, Zoophycos burrows and other trace fossils. The
formation has no equivalents elsewhere in the Antarctic Peninsula sector.
It may correspond to the Triassic.

The upper unit, 100-300 ra thick, called the Mount Inverleith Formation,
consists predominantly of greenish-grey to yellowish quartzites and
quartzitic sandstones with traces of large-scale cross-stratification,
alternating with black siltstones. The age of the formation may be
Triassic.

Sedimentological analysis points to a marine basin filled mainly from
suspension and by low energy and low density turbidity currents. Reworking
of bottom sediments by traction currents is common. Less frequent, higher*
energy turbidity currents deposited normally graded sandstone bodies.
Sporadic, more heavily-loaded bottom currents deposited cross-stratified
sandstone horizons, probably representing channel fills.
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SEDIMENTATION AND TECTONIC HISTORY OF GONDWANA SUPERGROUP IN RAJMAHAL
BIHAR, INDIA.

Srinivas MADABHUSHI, Geological Survey of India, MIG-II-18, M.V.P.
Colony, VISAKHAPATNAM-530 017, India.

Mesozoic volcanic sequence of Rajmahal Trap and intertrappean
sedimentary beds occur as hills with a relief of 300 m over an area
of 6,000 sq km in the eastern part of India. The Lower Gondwana
formations are exposed as discontinuous bodies along the western
flanks of these hills. Drilling revealed for the first time the
occurrence of "Tinpahar Formation" bridging the stratigraphic gap
between Lower Gondwana Barakar and Upper Gondwana Dubrajpur
formations.

Archaean granite gneisses with unfaulted western and faulted
eastern margins form a 'half graben' in whicn the Gondwana sediments
were deposited. Physiography restricted the deposition of Upper
Carboniferous glacial Talchir and glacio-fluvial Karharbari sediments
to the south-western part of the area.

The braided ancient Rajmahal river flowing from south to north
with tributaries joining from west deposited extensive Parakar
Formation with the deposition of thick coal seams at the confluence
of the tributaries. The change in climate from temperate humid to
warm semi-arid resulted in the reduction of the river's length and
the deposition of Tinpahar Formation over a lesser area. The sub-
sequent Dubrajpur sedimentation took place in a warm and humid
climate within a widened basin of deposition.

Loading of the crust by the weight of the sediments beyond the
elastic limit resulted in the effusion of Rajmahal traps. Collision
of Indian Plate with Burmese Plate was responsible for the post
Rajmahal faulting.
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NEW K-AR AGES ON THE METAMORPHIC HISTORY OF THE PUNCOVISCANA
FORMATION AND EQUIVALENTS, NW ARGENTINA.

Christopher ADAMS, Institute of Nuclear Sciences, Lower Hutt,
Private Bag, New Zealand, Hubert MILLER, Institut für allge-
meine und angewandte Geologie, Universitat München, BOOO Mün-
chen, LuisenstraOe 37, Federal Republic of Germany, and Ale-
jandro TOSELLI, Facultad de Ciências, Universidad Nacional de
Tucumán, Miguel Lillo 205, Argentina

The age of deposition, metamorphism and deformation of the
Puncoviscana Formation in NW Argentina is under discussion. In
order to determine the end of its regional metamorphic over-
print, we carried out K-Ar isotope measurements on 17 samples
of this unit and its equivalents between Salta and Tucuman,
Argentina.

Besides 2 samples, which apparently have been overprinted
by a later contact metamorphism or by faulting, the data scat-
ter within two small ranges from 560 to 570 Ma and from 530 to
550 Ma. These data are interpreted as cooling ages very close
to the age of maximum regional metamorphism of the very low to
low grade metamorphic rocies. According to the minimum age of
metamorphism, the deposition age of the Cerro San Javier For-
mation west of Tucumân must be older than 570 Ma, whereas the
minimum age for the Puncoviscana Formation s.s. in the Rio de
las Conchas and Quebrada del Toro areas is only 540 Ma.

Samples from higher tectono-metamorphic levels show signi-
ficantly younger ages than samples from lower tectono-meta-
morphic levels. Thus, these deeper buried, higher grade meta-
morphic units may have been uplifted more rapidly and earlier
to temperature levels which allowed radiogenic Argon to be
retained in the rock. This supports the idea that block tec-
tonic movements, dominating the recent history of the NW Ar-
gentinian Andes, were also active in the final phase of the
oldest orogenic cycle known from the NW Argentinian basement.

On the other hand, the younger, 540 Ma ages may reflect a
second metamorphic event that did not occur in the Cerro San
Javier area.
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PARTIAL MELTING IN SUPRACRUSTAL AND GRANITIC GNEISSES OF THE CENTRAL
NAMAQUALAND METAMORPHIC COMPLEX, SOUTH AFRICA

Frankie S. BAARS, Depart, of Geology and Mineralogy, University of Cape
Town, Rondeposch 7700, Africa do Sul.

Definitive text not available at time of printing.
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TECTONIC AND METAMORPHIC HISTORY OF THE WILSON
TERRANE AT TERRA NOVA BAY (VICTORIA LAND,
ANTARCTICA).

Bruno LOMBARDO, C.N.R.,C.S.Problemi Orogeno Alpi
Occidentali, Torino (Italy), Piero PERTUSATI,
Dip.Scienze d.Terra, Univ.Pisa (Italy) and Carlo
Alberto RICCI» Dip. Scienze d.Terra, Univ.Siena
(Italy).

Field work during the 1985-86 and 1986-87
expeditions o-f IARP (Italian Antarctic Research
Program) and petrographical observations suggest
that the Wilson Terran» at Terra Nova Bay and in
the Deep Freeze Range consists o-f a granulite-
mi gmatite complex and of metasedimentary sequences
intruded by Ordovician granitoids. The high—grade
complex includes relics of a folded basalt dyke
swarm and dykes or irregular bodies of anatectic
garnet-muscovite granite. The metasedimentary
sequences are the low-grade Priestley Fm. of
earlier authors and an amphibolite-facies sequence
of quartzite, metapelite and metaconglomerate. The
granitoids comprise older, foliated cpx-bearing
varieties and younger crosscutting bodies with
cooling ages ranging from 500 to 450 MA.

Granulite rocks of the high-grade complex
preserve mineralogical evidence recording a
multi-stage P-T path from early high T and P
conditions to low P, medium T conditions similar
to those recorded in the amphibolite-facies meta-
sedimentary sequence. Comparison with adjoining
portions of Gondwanaland, particularly with
southern Australia, suggests that the high—grade
metamorphism may be not younger than the Middle
Proterozoic.

Low-grade metamorphism and isoclinal folding of
the Priestley Fm. appear to be older than the
emplacement of the Ordovician granitoids but
younger than the amphibolite-facies event and the
high-grade metamorphism.
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SEOINENTARY ENVIRONMENTS, FACIES AND GEOCHEMICAL TRENDS IN CONTINENTAL
TRIASSIC SEQUENCES OF THE CUYO BASIN, ARGENTINA

Norbert HAUSCHKE, Geologisch-Palaontologisches Institut der Universitàt,
Corrensstr.24, D-4400 Hünster, F.R.G.

The Cuyo Basin is one of several basins in southern South America
with Triassic continental sedimentary deposits. The Triassic sequence of
the Cuyo Basin is well exposed in some sections in the Andean Precor-
dillera in western Argentina.

This paper describes detailed stratigraphic and facies analyses effec-
ted in the Rincôn Blanco section and associated geochemical studies.
The Triassic section is 1,700 m in thickness and is divisible into two
megasequences of which only the lower is completely developed. The litho-
stratigraphic classification in use until now may be replaced by a genetic
one based upon facies units. The lower megasequence comprises a fining-
upward cycle and the facies progress from alluvial fan through braided
river to lacustrine sediments. The upper megasequence commenced abruptly
with more energetic sedimentation associated with predominantly meandering
river systems. The Cuyo Basin is taphrogenic in type and the tectonic
movements responsible both for reactivating subsidence and initiating the
upper megasequence are shown by clastic dikes. These can be observed
frequently at the top of the lower megasequence.

Geochemical studies were carried out to test whether this method is
appropriate for distinguishing facies units. For this purpose, over 100
samples from the Rincón Blanco section and also from the Santa Clara
section were analysed. The results were compared with data already
available from the Potrerillos section; multivariate statistical proce-
dures were applied. Geochemical trends are indicated, and also the
possibility of identifying facies units. The geochemical trends are corre-
lated with the local basement. It can be shown that the trends which are
based on samples from Rincón Blanco and Santa Clara coincide. Both
sections rest on a basement of Paleozoic clastic rocks. Completely
different trends were obtained from the Potrerillos samples, derived from
a section lying on a Permotriassic volcanic basement.
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SEDIMENTOLOGICAL, GEOCHEMICAL ANO PALYN0L06ICAL ASPECTS OF A TRIASSIC
SEDIMENTARY SEQUENCE IN THE HALARGÚE BASIN. ARGENTINA

Norbert HAUSCHKE, Ulrich ROSENFELD, Geologisch-Palaontologisches Institut
der Universitàt, Corrensstr.24, D-4400 Münster, F.R.G., and
Wolfgang VOLKHEIMER, Museo Argentino de Ciências Naturales "Bernardino
Rivadavia", Avda. Angel Gallardo 470, (1405) Buenos Aires, Argentina.

The Malargüe Basin is situated in the south of Mendoza province in
western Argentina. The Triassic continental basin fill was subdivided into
2 formations, the Chihuiu Formation at the base and the Tronquimalal
Formation at the top. From recent studies the Triassic sequence was re-
vised, taking into account the facies evolution. The Tronquimalal Forma-
tion, comprising 2 coarsening-upward megasequences, is described here in
greater detail.

Lower megasequence: The basal part is characterized by pelitic, lamina-
ted and grey sediments. Interstratified are fine-grained sandstone beds,
usually without visible erosional basal contact. Numerous bands contain
concentrations of plant debris. Above it, follows a succession of coarsen-
ing-upward sequences. This sedimentary unit is superimposed by a channel-
like, sedimentary body showing, in part, tabular cross-bedding. It is a
coarse-grained sandstone with conglomeratic intercalations. Apparently, it
sank down penecontemporaneously into the underlying sediments. This is
indicated by defcrmational structures. However, deposition into erosion
channels cannot be completely disregarded because mud pebbles were found.
The megasequence ends with a coarse conglomerate in which large tree
trunks are intercalated.

Upper megasequence: Despite a similar lithological development, remark-
able differences can be observed. Within the more argillaceous sediments,
conchostrecans are present in large quantities; also carbonate inter-
calations occur, which may be stromatolites.

The facies evolution of the Tronquimalal Formation reflects a deltaic
progradation of a fluvial into a lacustrine environment (the lower mega-
sequence) succeeded by progradations into a floodplain-dominated environ-
ment (the upper megasequence).

The geochemical investigations carried out on 30 samples of pelitic
rocks are connected with more comprehensive studies carried out in various
Triassic sedimentary basins in western Argentina. For the first time,
pelynological results from the Malargüe Basin are available. Four micro-
floristic assemblages have been recovered from the basal and middle part of
the Tronquimalal Formation. The following genera of palynomorphs could be
identified: Alisporites, Auritulinasporites, Cadargasporites, Conbaculati-
sporites, Cycadopites, Oeltoidospora, Equisetosporites, Gemmatriletes,
In.aperturopollenites, Megamonoporites, Monosulcites, Osmundacidites,
Punctatosporites and Verrucosisporites, In the basal part trilete (fern-)
spores are the most frequent group, followed by bissccate pollen. Thus, 8
moist environment is indicated. In the middle part, bisaccate pollen pre-
vail; much of the material present belongs to the genus Alisporites. A
characteristic form is the monolete spore Polypodiisporites ipsviciensis
(de Jersey) Playforò S Dettmenn, which is known from many Triassic basins
in both hemispheres.
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STRATIGRAPHY AND RESERVOIR ANALYSIS OF THE ITARARÉ GROUP (PERMO-
CARBONIFERCUS), PARANÁ BASIN - BRAZIL.

Almério BARROS FRANÇA, Petróleo Brasileiro - PETROBRÁS,DEBAR-DINTER -
S2LAB, Rua Interventor Mario Câmara, 2783, Natal - RN, 59070, Brazil.

A stratigraphic and reservoir analysis of the Itararé Group was
made using cross sections over 100 wells. Nearly 400m of cores were
described and 95 thin sections were analysed petrographicalLy.

Three new formations and four new members are proposed for the
Itararé Group, based mostly on subsurface information: The Lagoa Azul
Formation, the Campo Mourao Formation, and the Taciba Formation. This
new nomenclature facilitates subsurface exploration and surface
mapping as well.

Well logs show that the Itararé Group has three major depositional
cycles termed lower, middle and upper, which correspond broadly to
the three new formations. Each cycle is composed of a sandy basal
section and an upper "shaly" one. It is likely that the cycles are
responses to climatic and sea level changes. Pebbly mudstone present
in the "shaly" sections of the cycles were probably deposited by
glaciers, whereas fossiliferous shales containing dropstones were
deposited in a cold sea. The lower sandy parts were probably deposited
by braided rivers on outwash plains, and comprise the best reservoir
rocks in the Itararé Group.

Basically there are two sandstone types in the Itararé Group. One
is clay-rich with little or no porosity, and the other has little or
no clay. The later type has secondary porosity mostly due to
dissolution of early siderite cement. Dissolution was probably
contemporaneous with, or later than, the Gondwana break-up (Jurassic-
Cretaceous) when the Paraná Basin had its hottest period. This event
probably accelerated the thermomaturation of organic matter, releasing
organic acids and CO;, which were sandstones, leaching unstable
constituents to form the secondary porosity.

This study is based on a PhD Dissertation presented by the author
to the Department of Geology - University of Cincinnati (USA), under
the guidance of Prof. Paul Edwin Potter, and sponsored by the Conse-
lho Nacional de Desenvolvimento Científico e Tecnológico - CNPq,
Brazil.
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THE APPLICATION OF THE 'ALPERN-ICCP SCIENTIFIC CLASSIFICATION OF SOLID
FOSSIL FUELS' TO QUALIFY GONDWANA COALS FROM DIFFERENT BASINS

B.ALPERN, 23 bis, rue des Cordilières, 75013 Paris, France, J.NAHUYS, Fun-
dação de Ciência e Tecnologia-CIENTEC, Rua Washington Luiz 675, 90 000 Porto
Alegre» Rio Grande do Sul, Brasil, M.J.LEMOS DE SOUSA, Mineralogia e Geolo-
gia, Faculdade de Ciências do Porto, Praça de Gomes Teixeira, 4000 Porto,
Portugal, H.J.PINHEIRO, Maclachlan & Lazar Coal Laboratory, P.O.Box 334,
Johannesburg 2000, South Africa, M.M.MARQUES, D.FLORES, V.MOREIRA and A.
JORGE, Mineralogia e Geologia, Faculdade de Ciências do Porto, Praça de Go-
mes Teixeira, 4000 Porto, Portugal.

The so called 'Alpern-ICCP Scientific Classification of Solid Fossil
Fuel' has already been successfully applied to Laurasian (North-Atlantic)
coals of different basins.

The scope of this poster is to prove that it is possible to extend its
application to coals from several basins of Gondwanaland in different coun-
tries (Brazil, Mozambique and Southern Africa). In doing so, the flexibility
of this scientific system is definitively verified.

The coals concerned are classified according to three main parameters,
i.e., rank, type and fades (grade). The rank and type parameters are based
on petrographic analyses, reflectance and maceral composition, respectively.
Complementary rank parameters based on chemical analyses have also been con-
sidered. The facies (grade) parameter is defined by the ash content.

The rank categories are Lignite, Bituminous and Anthracite, each one sub-
sequently sub-divided into hypo, meso and meta.

Type is sub-divided into three genetic categories: Vitric , Liptic and
Fusic , however a combination of the three permits the inclusion of an Inter-
mediate category as well.

Facies is sub-divided into three major steps: Coal , Mixte and Shale .
The classification system used is a descriptive one that conveys a clear

meaning to a majority of coal users without the necessity for translation.
Another advantage of this system is that it can be expressed graphically by
standardized charts in which besides the three main parameters referred to,
we can also represent the beneficiation characteristics of a run of mine coal
in terms of its washibility potential, either in industrial plants or labora-
tory tests.

This classification system is concerned not only with geological purposes,
such as, basin characterization, reserve calculation and in situ evaluation,
but also with practical application like beneficiation and carbonization.

In view of this poster presentation, it is worthy of note that the system
has been computerized allowing for data to be displayed effectively for all
relevant fields of application, such as resources and reserves calculations,
and beneficiation. The concept adopted is simple, permiting easy access by a
personal computer.
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LATE PALEOZOIC GLACIGENIC SEDIMENTATION. COOPER BASIN. SOUTH AUSTRALIA.

Brian P.J. WILLIAMS and Elizabeth K WILD. Department of Geology,
University of Bristol, Bristol BS8 1RJ, England.

The Late Carboniferous-Early Permian Merrimelia Formation of the
southern Cooper Basin, South Australia comprises a glacigenic and
paraglacial suite of sediments that accumulated under the influence of the
Gondwanan glaciation. The Formation attains a maximum proven thickness in
the subsurface of some 560M and Includes two important fluvioglacial
sandstone reservoirs which contain commercial quantities of gas and oil.
The Formation, which Is present as the lowest unit in the 1600m thick
Gidgealpa Group lnfrabasin sequence, has no surface outcrops and is
intersected in cored wells some 2500m to 3600a subsea. It is irregular in
thickness achieving a maximum development In coeval depressions
(paleovalleys) and fault-bounded grabens and half-grabens. The glacigenic
and fluvioglacial sediments (reservoirs) are commonly preserved in
association with early structural highs whereas the glaciolacustrine
mudrocks (source rocks) are more closely associated with structural
troughs.

The Merrimelia Formation displays a kaleidoscope of sedimentary fades
deposited in a number of environments and subenvironments (both subaerial
and subaqueous) that evolved in response to glaciation and ice-retreat.
Facies preserved in cored sections, often correlatable with distinctive
wireline log responses, include massive diamictites.; stratified
diamictites; horizontal and cross-stratified conglomerates and mediust-to
coarse-grained sandstones; massive petromict conglomerates;
ripple-laminated (flaser and linsen) fine-grained sandstones (commonly
displaying high-angle ripple climb); and varved mudrocks which include
dropstone trains and 'event' beds. Also preserved In the Formation are
porous, large-scale cross-stratified units with very distinctive lamination
styles. Several of the above facies types exhibit spectacular
soft-sediment deformation phenomena attributed to ice loading effects and
overpressuring.

The environments in which these facies patterns evolved Included both
subaerial and subaqueous directly from ice (? ablation tills, melt-out
tills and ?debris flows), proximal outwash fans and sandy fans/braidplains,
glaciolacustrine deltas and shorelines, and deep water glacial lake
deposits with ice-rafting effects and turbldltlc underflows. The most
unusual facies sequence, however, comprises the preservation of
cold-climate aeollanite sandstones, of both dune and interdune
subenvironments, which potentially include major hydrocarbon reservoirs.
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THE "EASTERN B> :DER OF THE PARANA BASIN" PROJECT: GEOLOGIC
INTEGRATION AND ECONOMIC EVALUATION

Ricardo da CUNHA LOPES, Companhia de Pesquisa de Recursos Mine-
rais, Rua Banco da Província, 105, 90650 Porto Alegre, Rio Gran
de do Sul, Brazil»

The eastern border of the Parana Basin was studied by the
Companhia de Pesquisa de Recursos Minerais (CPRM), on behalf of
the Departamento Nacional da Produção Mineral (DNPM). The study
encompassed the entire Gondwana sequence shown at the eastern
margin of the Paraná Basin, located between the crystalline
basement and the overlying volcanic rocks of the Serra Geral
Formation.

The main objectives, oriented towards a better understanding
of mineral commodities (mainly coal), were as follows.
1) Standartization of stratigraphic nomenclature and mapping
procedures, as a frame of reference for the establishment of a
uniform stratigraphic column, and elaboration of compiled
geologic maps. 2) Inventory and characterization of all
previous coal exploration work, to identify distribution and
stratigraphic limits of coal beds, together with a proposal for
a common nomenclature, and an evaluation of resources,
composition and quality of the deposits. 3) Detailed fades and
sedimentologxcal studies in some sections of the coal-bearing
Rio Bonito Formation. 4) A critical appraisal of the presently
used terminology in coal exploration, and proposal of a
standard technical nomenclature. 5) The elaboration of
Previsional Charts as a guide for the evaluation of present
day knowledge about the geology and mineral resources of the
eastern border of the Parana Basin, helping in the selection
of key areas both for continuing regional or detailed studies
and for identification of new areas of economic interest.

These charts, mainly the ones dealing with coal studies,
were set up after a critical review of the geologic maps and
correlation of about 2,000 borehole logs. The data obtained,
together with detailed descritpions of about 100 cores, led
to a preliminary paleoenvironmental interpretation used to
define a paleogeographic model applied to the Permian Itararé
and Guata Groups.

The results of these studies are presented as 99 newly
compiled geologic maps and 139 Previsional Charts at a
1:100,000 scale; 22 maps with borehole locations; 12 detailed
charts describing sections of coal seams, charts with
lithostratigraphic and paleoenvironmental sections; paleo-
geographic maps for the Itararé and Guata Groups, and a file
of lithostratigraphic data.
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THE TRACE FOSSILS AND PALEOENVIRCWMENT OF THE TAYLOR GROUP (BEACON
SUPERGROUP), SOUTHERN VICTORIA LAND, ANTARCTICA.

Ken J. WOOLFE, Antarctic Research Centre, Research School of Earth
Sciences, Victoria University of Wellington, Private Bag, Wellington. New
Zealand.

Recent fieldwork has discovered previously unrecorded facies associations
in the Taylor Group of Southern Victoria Land. These associations allow
for a revised interpretation of the paleoenvironment during the Devonian.
Carbonaceous shale, desiccated mudstone, fine ripple laminated sandstone,

coarse gritty sandstone, intrafortnational conglomerate and thin shaly red
beds' interbedded with medium to coarse trough cross-bedded quartz
sandstone forms a previously unrecorded facies association in the Arena
Sandstone. Beds are lensoid over a few tens, or in some cases hundreds, of
metres and in places they grade into one another, generally however
contacts are sharp. Trough cross-bedded sandstone comprises most of the
sequence, cross-bed sets up to lm thick form fining upwards cycles which
are locally capped with a thin shaly 'red bed'. Lacustrine mudstone beds
(up to 50cm thick), containing desiccation polygons, grade laterally and
vertically into carbonaceous shale and locally coal. The sequence was
clearly deposited on an alluvial plain.

Trace fossils are abundant and diverse. The assemblage includes
Beaconities, Didymaulichnus, Didymaulyponomos, Diplichnites, Skolithos and
?ThalassinOides. The same trace fossils, either collectively or
individually occur throughout the Taylor Group.

Although carbonaceous shale has not been recorded from other formations
in the Taylor Group, lacustrine muds, "red beds', ripples and desiccation
cracks occur throughout the group. In the New Mountain Sandstone, these
features are developed on the surfaces of very large cross-beds (up to 6m
high), the ripples are often developed at a high angle to the dip direction
of the bedding plane on which they lie. This is consistent with a braided
channel network, with flow around large transverse sand bars that were
deposited during periodic flood events. During periods of reduced flow the
sand bars were probably emergent. Lenses of mudstone and fine sandstone
with desiccation polygons and concretionary horizons probably formed in
ephemeral ponds. Extensive ephemeral lake systems, gave rise to the red
bed' dominated Terra Cotta and Aztec Siltstones.

The sedimentology of the Taylor Group shows the group to have been
deposited on an alluvial plain but a classical interpretation of the trace
fossils would suggest a shallow marine origin.



131

PALEOGEOGRAPHIC EVOLUTION OF THE LATE PALEOZOIC GLACIATION IN THE PARANA
BASIN, BRAZIL

P.R. dos SANTOS, A.C. ROCHA-CAMPOS, and J. R. CANUTO, Instituto de Geoci-
ências, Universidade de São Paulo, Cidade Universitária, C P . 20899, São
Paulo, CEP 01498, Brazil.

A series of four paleogeographic reconstructions showing wain lithofacies
distributions, position and extension of ice masses and land-sea relationships
have been prepared on the basis of subsurface data for successive bio-
stratigraphic intervals (G, H, Ij and ^ - l ^ ) , of (Middle?) Late Carboniferous
to Early Permian age, corresponding to the Itararé Subgroup/Aquidauana
Group, Paraná Basin, southeastern Brazil.

Sedimentation during interval G was mainly continental; principal depo-
centers were in the northern part of the basin, and main source areas along
the eastern and northeastern margins. At least three glacial lobes, the Rio
Grande do Sul, Paraná and Kaokoveld lobes, seem to have reached the eastern
Paraná Basin, from the Rio Grande do Sul-Uruguayan shield, the south, and
the southeast, respectively.

Interval H is characterized by the transgression of a relatively shallow
sea into the basin, either from the southwest, around the Rio Grande do Sul-
Uruguayan shield, or/and the southeast, via the Rio do Sul depression, with
widespread deposition of finer clastic facies; the main depocenters also
shifted to locations farther south. Fluviatile-deltaic(?) sand bodies
programed into the subsiding area and probably coalesced at that time and
also later on with glacigenic sediments derived from the three main glacial
lobes, restricted now to the southern and eastern margins of the basin.
The Kaokoveld and Paraná lobes (the latter possibly subdivided into two
masses) continued to move towards the northwest and north, respectively,
entering the basin at or below sea-level. Intercalations of marine shales,
sometimes bearing rafted clasts, with terrestrial/grounded glacier deposits
and with continental sediments including coal beds are possibly related to
eustatically controlled, periodical (interglacial?) encroachment of the
sea eastwards. The coastline was probably very irregular with engulfments
and bays where "ijord"-like sedimentation may have occurred.

Maximum sea transgression in the Paraná Basin is recorded during
interval I]f probably coinciding with attenuated glacial activity;
fluviatile-deltaic (?) sand bodies prograded into the basin. Sediments of
the Paraná and Kaokoveld lobes are still recognizable, but some of the other
large fluviatile-deltaic deposits with intercalated coal beds in southern
Paraná and northern Santa Catarina are now correlated with the post-glacial
Rio Bonito Formation. This deglaciation pattern continues into intervals
I2-I4. The Kaokoveld lobe, however, seems to have persisted in the north-
eastern part of the basin, at places moving over fluviatile-deltaic coal-
bearing sediments.
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COMPARISON OF MIDDLE-UPPER DEVONIAN MIOSPORES BETWEEN BOREHOLES

Al-69, GHADAMIS BASIN (LIBYA) AND RSP-I, PARANA BASIN (BRAZIL): PALA-

EOGEOGRAPHIC CONSEQUENCES.

Stanislas LOBOZIAK, Laboratoire de Paléobotanique, Greco 7 du CNRS,

Uníversité des Sciences et Techniques de Lille Flandres Artois, 59655

Villeneuve d'Ascq, France; Maurice STREEL, Université de Liège, Labo-

ratoire de Paléobotanique et de Paléopalynologie, 7 place du Vingt

Aoüt, B - 4000 Liège, Belgique and Maria leda A. BURJACK, Universida-

de Federal de Goiás, Departamento de Geologia, IQG-II, Caixa Postal

131, 74000 Goiânia, Goiás.

The authors presented previous studies of Middle to Upper

Devonian miospores of Ghadamis (Libya) and Parana (Brazil) basins,

which allow a closer comparison with the well-dated biozones defined

in the Ardenne-Rhine regions. In particular, the Late Eifelian-Late

Frasnian miospore assemblages found in the three areas are very

similar.

All species known from Ghadamis basin which are not listed in the

Ardenne-Rhine regions are also present in Brazil. But a few species

of the Parana basin do not occur in Libya. They might characterize

some climatic difference between both regions.
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PALYNOFLORAL EVENTS IN GONEWANALAND, AND THEIR BEARING ON PLANT-GROUP
MIGRATION AND PALEOGEOGRAPHY OF THE SUPER-CONTINENT

Ram Shanker TIWARI, Birbal Sahni Inst. of Paleobotany, 53 University Road,
Lucknow 226 007, India.

Definitive Abstract not available at time of printing.
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A SYNOPSIS OF THE GONDWANIC WOOD TAPHOFLORAS

Diana MUSSA, Depto. Geologia e Paleontologia, Museu Nacional, Quinta da
Boa Vista, 20940 - São Cristóvão, Rio de Janeiro, Brazil.

The recent interest in the study of Gondwanic wood taphoiloras from the
Southern Hemisphere is partly hampered by scarcity of available literature
on the subject; especially needed are review papers with a broader scope,
integrating and comparing results obtained both from Gondwanic areas and
from neighbouring regions. Previously published synopses were of a
regional scope, ,/ith the exception of those presented by Kráusel,
Lepeckina and Maheshwari in the 1962-1972 interval. A new insight is now
needed, defining the exact stratigraphic level of at least the well-
established taxonomic entities. Information is however still missing for
almost all Gondwanic sequences, even for well-studied areas such as the
Karoo Basin. As a result, knowledge about the stratigraphic distribution of
Gondwana form-genera is still rather sketchy.

A large number of well-preserved samples found mainly in Permian strata
of the Paraná Basin, in Southern Brazil, permitted good morphological
studies and a clearer appraisal of some taxonomic questions.

A key for the determination of genera is here proposed on the basis of
affinities of their anatomical plans. Block diagrams are used to
synthesize the diagnostic features of the published taxa. A few newly
described forms are also illustrated.
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THE PLATYSPERMIC GONDWANIC SEEDS IN REVIEW

José H. MILLAN, Depto. Geologia e Paleontologia, Museu Nacional
Quinta da Boa Vista, 20940 - são Cristóvão, Rio ãe Janeiro, Bra
sil. "

Definitive Abstract not available at time of printing.
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TENTATIVE CORRELATION OF THE MAIN PRECAMBRIAN LITHOSTRATIGRAPHIC
UNITS FROM THE COASTAL REGIONS OF.ANGOLA AND BRAZIL

Heitor de CARVALHO, Centro de Geologia, Instituto de Investiga -
ção Científica Tropical, Alameda D. Afonso Henrique 41, 49 Dis -
trito, 1000 Lisboa, Portugal, and Georg Robert SADOWSKI, Institu
to de Geociências, Universidade de São Paulo, Cx. Postal 20899 ,
01498, São Paulo, Brazil.

The region of Brazil which was connected with the Angolan
territory before the opening of the South Atlantic Ocean is limit
ed approximately by the parallels 16° and 25° S, in 3razil, and
6° and 18° S, in Angola. This region now comprises the Brazilian
States of Bahia (to the north) and Rio de Janeiro, Espírito Santo,
Minas Gerais and São Paulo (to the south) and the Angolan . base
ment areas around Cabinda, Carmona, and Salazar (to the north)ana*
Novo Redondo, Benguela, Sã de Bandeira, and Moçamedes-Cunene (to
the south).

In Brazil, considerable areas are now contituted by older re
gions reworked during the Brasiliano (Pan-African) cycle draped
around three cratonic masses: the eastern and southeastern por
tion of the São Francisco Craton, the buried Paraná Craton, and
the Luis Alves Massif (which is considered by some authors as the
extension of the Rio de La Plata Craton).

Most of the Angolan coastal area is constituted by the Cen -
tral African Craton and also by two smaller linear areas, reacti-
vated during the Pan-African Cycle: the Damara Belt, around the
Lower Cunene region, and the reactivated belt around the Gulf of
Benguela, located between the Cuanza Horst and the town of Bengue
la, which some authors interpret as a northern continuation of the
Damara Belt.

Attempts at reconstruction have to consider that parts of the
lithostratigraphic units to be correlated actually belong to reac
tivated belts of Brasiliano or Pan-African age, amidst larger era
tonic areas or minor craton fragments. A state-of-the-art lithos-
tratigraphic correlation between Angola and Brazil is here pre -
sented, with emphasis on Lower to Middle Proterozoic units.
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INTRAGONDUANIC RECURRENT MOVEMENTS IN THE PERMO-TRIASSIC?

Eduardo S. OVIEDO, Juan F. VILAS, Laboratório de Paleomagnecismo y

Magnetismo de las rocas, Dto Ciências Geológicas, Fac.Ciências Exac»

tas y Naturales, UBA, C. Universitária, Pab II, 1428, Buenos Aires,

Argentina.

Recent paleomagnetic studies performed in rocks coming from

Gondwana blocks provide enough data to obtain a better definition of

the aparent polar wander paths (APWP) for South America, Africa, An-

tartica-Australia aad India.

The reconstruction of Gondwana as well as the corresponding APWP

for both Western (South America - Africa - Madagascar) and Eastern

Gondwana (Antártica - Australia - India) was performed for the Late

Carboniferous, on the basis of the optimal possible fit of the APWP

for each one of the Gondwana blocks. The difference between the APWP

for Western and Eastern Gondwana, during the Permo-Triassic, suggests

the existence of recurrent relative movements between them before the

fragmentation of the Gondwart 3upercontinent. These intragondwanic

movements can be placed between the eastern coast of Africa and

Wegener Land in Eastern Antártica. The position of the rotation pole

in the Africa frame for that movement would have been: Lat.: 21 S.

Long.: 28°E, rotation angle: 26°.
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EVOLUTION OF PALEOZOIC BASINS OF THE WEST AFRICAN CRATON AND THEIR
CORRELATION WITH THOSE OF NORTHEASTERN BRAZIL.

Michel VILLENEUVE, UA CNRS n? 132, Faculte des Sciences St. Jerome, 13397,
Marseille, Cedex 13.

The Paleozoic basins of the western margin of the West African craton
were active from the Cambro-Ordovician till the Carboniferous, at which
time the Hercynian Appalachian and Mauritanide belts were built up in this
area. The area constituted, at the end of the Pan-African orogenesis, the
North-Western margin of Gondwana, limited by the Theic ocean.

The main basins of this margin are, from north to south, the Tindouf,
Taoudeni, Bové and Suwanee (Florida) basins.

The Tindouf and Florida basins show significant amounts of marine
deposits; those in others basins are mainly continental, with some
marine transgressions mostly of Lower Silurian and Lower Devonian age. On
the whole, stratigraphic and sediraentologic comparisons show that
connections existed between all these basins, during the Lower Paleozoic
or at least till the Famennian.

On the contrary, connections did not exist between the northwestern
Brazilian basins (Amazonas, São Luis and Maranhão) and those of the West
African craton, during the Ordovician and Silurian, as shown by correlation
studies. These connections probably began to exist during the Devonian,
particularly during the Emsian.

During the Carboniferous, the Brazilian basins were related with those
of Ghana but not with those of the West African craton, where the sedimen-
tation was stopped at the end of the Devonian (except for the Taoudeni
basin). v

Comparisons between those differents Paleozoic basins suggest some
paleogeographic and paleogeodynamic models for the northwestern part of the
Gondwana continent.
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THE RELATIONSHIP BETWEEN PATAGONIAN AND SOUTH AMERICAN BLOCKS; FRONTAL

COLLISION OR TRANSPRESSION?

Jose SELLES MARTINEZ, Depto. de Ciências Geológicas, Fac. de Ciências Exac-

tas y Naturales, Universidad de Buenos Aires, Pabellón 2, Ciudad Universi-

tária, '428 Buenos Aires, Argentina.

Paleomagnetic and paleontological evidences along with regional geo-

logical features led recently to the idea of an allochtonous origin for Che

Patagonian block. The existence of some minor plates, like the Precordille-

ra block, which is supposed to have collided from the west with the South

American craton well before the arrival of the main Patagonian block point

to the idea, together with the general structural setting, that Patagonia

came from a roughly western position and after its first contact rotated

counterclockwise along the cratonic margin to achieve its present position.

This movement took place along faults with an important strike-slip

component, giving rise to complex structures derived from the existence of

a transpressive regime, with its associated transtensional and trans-

pressional systems. The development of basins that could be classified as

back-arc ones (Cuenca Triásica de Cuyo, Cuenca de Gral. Alvear, Cuenca de

Beazley) and their associated horsts (Dorsal de San Pedro, Dorsal de

Alvear) can be related to such a transpressional regime. The same regime,

acting in a more compressional way, caused the deformation of Sierra de la

Vencana (and probably is also responsible for the S - shaped offshore

structures of southern Buenos Aires Province).

Apparently, collision began first (Mid-Devonian?) in the northwest,

shifting to the southeast later (Permian?).
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POLAR WANDERING IN THE PERMIAN, THE POSITION OF INDIA DURING THE PERIOD
AM) THE MARINE TRANSGRESSION IN THE PENINSULA

F. ArtWD, Indian National Academy, DS/MIG-16, Sitapur Road, Lucknow, India.

Definitive Abstract not available at time of printing.
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THE SIERRAS AUSTRALES DE BUENOS AIRES (ARGENTINA): 0>E OR TWO FOLDING EVENTS?

Maria S. JAPAS, Departamento de Ciências Geológicas, Universidad de Buenos
Aires, Ciudad Universitária,(1428) Buenos Aires, Argentina.

Evidences of a unique folding event affecting the rocks of the Lolén
(Early Devonian) and Sauce Grande (Upper Carboniferous? - Lower Permian?)
Formations, in the Sierras Australes of Buenos Aires, Argentina, are
presented.

The presence of gentle folds in the Sauce Grande formation, in comparison
with those more tightly folded of the Lolén Formation, does not necessarily
indicate the existence of a folding event previous to the deposition of Che
Upper Paleozoic sequence.

Geometrical features like conformity of fold forms (principally near the
contact) that vary transitionally in a narrow zone, similar percentage of
finite strain in both units and the presence of a unique cleavage attitude
are, among others, strong evidences for the existence of a single
deformational event, which folded both sequences.

The differences between styles of folding in the Lolén and Sauce Grande
Formations are the result of different rheological properties of the
involved sequences (Lolén: sandstones interbedded with pelites; Sauce Gran-
de: diamictites *.n the thick lower section), so that these features would
explain the different behaviour of the Formations under the same
cleforirat ional event, that in this area probably occurred after the Lower
I'ertnian.
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