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A central element in the concept of Gondwanaland is the
present subcontinent India, and any model of paleocontinental
connections and rifting and drifting of fragments must be
consistent with the evidence of India itself. In the reassembly
of Gondwanaland, the Indo-Antarctic fit is purely a geomet-
rical solution; it is not yet supported by geological, paleonto-
logical, and geophysical data. This report is an attempt to
outline the major problems of Gondwanaland reconstruction
involving India and Antarctica.

Geometric fit. In the continental reassembly (figure), the east
coast of India is usually repositioned relative to Enderby Land
of East Antarctica (Du Toit 1937; Smith and Hallam 1970). In
this reconstruction, an oceanic gap, termed Sinus Australis, is
created between the western margin of Australia and India.
Dietz and Holden (1971) suggested that this oceanic gap should
have a crust of pre-Mesozoic age. But because the crust, in
fact, is Mesozoic and no older (Heirtzler et al. 1973), the concept
of the Sinus Australis has been abandoned. Various sugges-
tions to fill the gap of Sinus Australis have been proposed:
(1) Southeast Asia (Audley-Charles, Carter, and Milson 1972);
(2) a displaced Tibetan massif (Crawford 1974); and (3) a
hypothetical "Greater India" lost under Tibet during collision
of India with Asia (Powell and Conaghan 1973; Veevers, Pow-
ell, and Johnson 1975).

Barron, Harrison, and Hay (1978), in a stimulating discus-
sion, rejected all the speculative landmasses between penin -
sular India and Australia. Instead, they modified the recon-
struction by pushing India against western Australia and
matching the Madras coast of India against that of Enderby
Land. This fit has narrowed the Sinus Australis gap but
expanded a large oceanic gap, thousands of kilometers wide
between India and Africa, without any continental connection.
Because most of the floor of the Indian Ocean is probably
Mesozoic in age, this speculation questions the existence of a
pre-Mesozoic ocean between India and Africa. Moreover, a
nonmarine dispersal route between these two continents is
necessary to explain the similarities of the Permian and Trias-
sic vertebrates.
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Sketch map illustrating various attempts to reconstruct East Gond-
wanaland. India: black; Antarctica: stippled. (a) Du Toit (1937);
(b)Smith and Hallam (1970); (c)Dietz and Holden (1970);
(d) "Greater India" after Veevers and others (1975); (e) Barron and
associates (1978).
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Geological correlations. If Antarctica and India were united
prior to the fragmentation of Gondwanaland, the rocks of the
originally adjacent coasts should display strong similarities in
structure, composition, and age. So far, no clear or detailed
stratigraphic or structural correlations between India and Ant-
arctica have been established. A major difficulty in the precise
correlation stems from the fact that only 5 percent of the total
area of Antarctica is exposed rock. However, the Indian shield
remained stable since Proterozoic (Krishnan 1968), whereas
the Antarctic shield is complicated by a widespread late Pre-
cambrian-early Paleozoic thermal event that clouds the mean-
ing of radiometric ages and paleomagnetic pole determina-
tions (Craddock 1978). Most of the Antarctic shield is younger
than the supposed matching coast of the Indian shield. Only
the Napier complex of Enderby Land shows matching isochron
data (2.5 billion years) with the granulitic terrain of South
India (Grew and Manton 1979).

Craddock (1975) attempted to reconstruct Gondwanaland on
the basis of structural trends or orogenic belts. Clearly, the
detection of such lineaments provides a powerful tool for the
continental drift reconstructions. He traced several orogenic
belts from South America through Africa, Antarctica to Aus-
tralia. However, he could not find any continuation of such
lineaments between India and Antarctica. Certainly there is
no tectonic evidence for the abutment of East Antarctica
against India.

In the Indo-Antarctic fit, the Amery Ice Shelf of East Ant-
arctica is usually positioned near the Mahanadi valley of India
(Dietz, Holden, and Sproll 1972; Smith and Hallam 1970).
However, no lithologic or stratigraphic similarities could be
found between the Gondwana rocks of these two valleys (Elliot
1975; Mitra, Bandyopadhyay, and Basu 1979). In the Mahanadi
basin, the Gondwana rocks are extensive, ranging in age from
Permian to Jurassic; they commenced with a typical glacial
boulder bed, intercalated with marine sequences. No such
correlative glacial or marine beds are known in the Amery
basin. Here, the Gondwana rocks are very limited in extent;
only the Permian rocks are represented. Even so, there is no
clear identification of the Amery Group of rocks with any
Gondwana strata of India. In the Mahanadi basin, the Eastern
Ghat Hills along the east coast served as the provenance. For
the Amery Group, the source was a thousand kilometers inland
in Antarctica. The Mahanadi and Amery basins maintained
their separate identities, and the sedimentation and deposi-
tional histories of these two basins are entirely different.

Paleomagnetic evidence. Paleomagnetic data, still very scant
from India and Antarctica, do little to resolve the problems of
former relations between these two continents. Creer (1970)
noted that the Indian apparent polar wandering (Am) path for
the late Mesozoic-Cenozoic period has been too poorly defined
to use as a check to establish the timing of separation of India
from other Gondwana continents. For example, the Permian
and Jurassic poles for India are not coincident with those of
Antarctica, and the reason for this is not clear. This is further
complicated by the fact that various red beds of the Indian
Gondwana rocks that were used for paleomagnetic studies
reflect widespread remanent magnetization during the extru-
sion of the Deccan lava (65 million years ago), and the reli-
ability of these paleomagnetic data has been questioned
(Klootwijk 1979; Turner 1979). Since the APW curves of India
do not match those of Antarctica, some authors (Briden 1970;
McElhinny 1970) have suggested early fragmental movements

of Gondwanaland around the Permian-Triassic periods. How-
ever, generally a later date (late Cretaceous-early Tertiary) of
Indo-Antarctic fragmentation has been postulated from other
geologic and geophysical data (McKenzie and Sclater 1973;
Molnar and Tapponnier 1977).

Ocean-floor evidence. The relative positions of the conti-
nents, reconstructed from the oceanic magnetic anomalies, are
best known for the past 80 million years (late Cretaceous).
Prior to this time, the oceanic magnetic lineations are
extremely limited and less well dated; in some cases they may
have been eliminated, possibly by submarine diagenetic pro-
cesses (Larson and Pitman 1972). Consequently, the early his-
tory of the breakup of Gondwanaland is largely speculative.
Thus it is not possible to check from the oceanic magnetic
anomalies whether the Gondwanaland reassembly, especially
the Indo-Antarctic fit (Smith and Hallam 1970) during the
Triassic time, is correct.

Paleontological evidence. Continental vertebrates have always
been regarded as especially reliable indicators of former land
connections because of their general inability to cross major
sea barriers. In India, the tetrapod-bearing horizons are abun-
dant in the Gondwana rocks ranging from late Permian to late
Cretaceous. None of these has been found in Antarctica except
for the early Triassic Lystrosaurus Zone fauna (Elliot et al. 1970).
Even so, the Lystrosaurus Zone fauna is not unique in Gond-
wanaland. It has not yet been discovered in South America
and Australia, but is recorded in "northern" continents in the
U.S.S.R., China, and Indo-China (Colbert 1971). Thus there is
no firm paleontologic evidence for or against the Indo-Antarc-
tic fit on the basis of Lystrosaurus fauna.

Colbert (1973) suggested that Gondwanaland and Laurasia
had distinct faunas in the Triassic. The late Triassic Indian
vertebrates such as parasuchids and metoposaurs are restricted
only to Laurasia; India genera such as Parasuchus, Metoposau-
rus, Typothorax, and Malerisaurus are also known from the late
Triassic rocks of U.S.A. (Chatterjee 1980). In order to measure
the degree of faunal similarities between two regions, Simpson
(1943) suggested a simple but realistic formula of 100 C/N1,
where C is the number of faunal units at a given taxonomic
level common to two areas, and N 1 , is the total number of such
units in the smaller of the two faunas. Cox (1973) compared
Indian Triassic vertebrates with contemporary fauna of the
world and found that the index of faunal similarity (at a family
level, using Simpson's index) is highest for India-Europe,
around 81. The early Jurassic Kota fauna of India includes a
variety of fishes, the earliest sauropod dinosaur Barapasaurus,
the pterosaur Campylogna tho ides, and mammals; most of the
taxa are very similar to those of northern continents. Charig
(1973) found that the index of fauna! similarity (at a family
level, using Simpson's index) between Indian and North
American dinosaurs in the late Cretaceous is 100.

To accept the popular notion that India separated from Ant-
arctica and subsequently united with Asia, one must accept
the idea that during some part of Mesozoic or early Tertiary,
India was an island continent (Dietz and Holden 1970). India,
if it were a drifting island continent for many millions of years,
should have evolved highly distinctive endemic fauna during
its isolation (a situation similar to the radiation of mammals
of Australia in the Tertiary), and we surely should find some
evidence of it—if it ever existed. On the contrary, Indian
Mesozoic and Tertiary vertebrates show closest similarities to
those of Eurasia and North America. The lack of endemism in
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the Indian vertebrates during this period is clearly inconsistent
with the island continent hypothesis (Sohn and Chatteijee
1979). The paleontologic evidence certainly attests proximity
of India to Asia. It must also be recognized that more vertebrate
faunas may be discovered in the Gondwana rocks of Antarc-
tica, and these faunas may provide significant evidence con-
cerning the exact positions and durations of contacts, if any,
between India and Antarctica.
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