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The theory of continental drift apparently orig-

inated in 1858 with A. Snider (cited in Carozzi,
1970), who observed that the shapes of opposing
oasts of South America and Africa suggested that

they were once joined. Much later, Taylor (1910)
and Wegener (1912), from study of matching geo-
logic features on now distant continents, concluded
hat the southern continents—including India—were
robably once part of a supercontinent (now called
ondwanaland). During the past quarter century,
aleomagnetic data have slowly accumulated and
ained reliability, and now also support the concept
hat dispersed pieces of Gondwanaland were once

together (e.g., Creer, 1965). It has only been within
the past decade, however, that a tentative under-
standing has evolved of the way that the ocean floor
spreads outward from mid-ocean ridges, thus pro-
viding a mechanism for moving the continents apart
(e.g., Heirtzler, 1968). The theory of continental
drift, therefore, rests on similarities of coastlines; the
matching of rocks by age, type, structure, and history;
paleomagnetic data; and partial comprehension of
the mechanism of sea-floor spreading. Throughout
this long development of the theory, speculation
concerning the place of Antarctica in Gondwanaland
has increased, especially since the time of discovery
of Gondwana rocks on the Antarctic Continent
(Gould, 1935; Long, 1962).

Matching of Coastal Configurations

As in the case of Africa and South America, the
shapes of coastlines offer the first clue as to whether
continents were once adjacent. The present shape of
the shoreline having been affected by Cenozoic
fluctuations in sea level, it is important to establish
the margin of the true continent—usually taken to

be the outer edge of the continental shelf. The
1000-rn isobath has been found satisfactory for fitting
(Bullard et al., 1965), so we will also use it for Ant-
arctica.

The 1000-rn isobath traces an almost semicircular
path around the East Antarctic shield. Antarctica fits
reasonably well against Australia by placing the
curved antarctic segment against the Great Aus-
tralian Bight (Fig. 1). The fit is locked into place
by the southward salient of Tasmania, which must
fit into the sulcus of the eastern Ross Sea. On
isobaths alone, the fit of Antarctica with Africa is
less satisfactory, although rough correspondence of
the two continents is suggested (Fig. 2). (In match-
ing these coastal segments, polar projections of each
continent are used; the poles of both projections
are superimposed and marked by a circle on the
figures.)

Matching of General Geology

Once the similarity of opposed continental margins
is discerned, the validity of the suggested fit can be
tested by comparing the rocks on either side of the
juncture. This comparison involves determining both
the age of the rocks and their general types and
structures, and finding unique ages and types on
both sides.

In Fig. 1, reconstruction of the Antarctica-Aus-
tralia segment of Gondwanaland aligns major geo-
logic trends across the juncture. The Ross
Geosyncline of Antarctica was an elongate trough
in which a thick layer of sediment was accumulated
in late Precambrian and early Paleozoic time (be-
tween about 750 and 450 million years ago). The
history of this rock belt is closely matched by the
region known as the Adelaide Geosyncline in
southern Australia, and the two are aligned when the
continents are juxtaposed. Similarly, the rock belts
east and west of the Ross-Adelaide trend are aligned
in the reconstruction, and display similar ages and
rock types as well.

The match of Antarctica and Africa (Fig. 2) was
achieved by juxtaposing the Cape Ranges of southern
Africa with the opposite end of the Ross Geosyncline
in the Weddell Sea region. The juxtaposition is nec-
essary because a unique matching of coastlines is not
apparent. Again, the Cape Ranges display rocks of
late Precambrian to early Paleozoic ages—as in the
Ross Geosyncline—and the rock types are broadly
similar. Precise matching of other geologic provinces
across this boundary is not presently possible because
of a scarcity of geologic information on the eastern
Weddell Sea region. However, there is general cor-
respondence of rocks by age and type between
southeastern Africa (Mozambique) and the Atlantic
sector of Antarctica.
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Figure 1.

Matching of Geologic Detail

Aligned regions of two continents containing
similar rocks opens the possibility that detailed
studies on comparable rock units will reveal internal
characteristics which also show alignment on recon-
struction. For example, folds and faults may show
alignment, as may variations in the degree of regional
metamorphism and trends of old shorelines and
similar features in strata. The latter approach in-
volves determination of the paleogeography, or dis-
position of land and sea during the formation of a
sedimentary rock unit. We have concentrated our
efforts on a paleogeographic study of ancient glacial
deposits (Late Paleozoic: 350-250 million years old)
(Crowell and Frakes, 1968; Frakes and Crowell,
1968). These rocks are much younger than those
of the Ross Geosyncline, and their distribution is
within the heavy lines on Figs. 1 and 2.

The late Paleozoic glacial rocks of Antarctica,
Australia, and Africa have a special significance in
that they indicate a polar climate at the time and
place of their formation. Presently, these glacial rocks
of Gondwanaland are widely dispersed over the globe

and without latitudinal patterns. They occur in
present polar regimes (Antarctica), in the equatorial
regions (Africa), and even in the Northern Hemis-
phere (India, Pakistan). This distribution suggests
either that almost one half of the earth was glaciated
in the late Paleozoic or, more probably, that the
Gondwanaland fragments were gathered together in
the polar regime before splitting apart. Our task has
been to fit the fragments back together in their
original configuration, on the basis of paleogeography.

In the figure it is apparent that the regions of
Antarctica and Australia which were glaciated
during the late Paleozoic lie adjacent to one another
on reconstruction. Moreover, there is a radial pattern
of ice flow—indicated by arrows—suggesting that a
major ice mass was centered in the Ross Sea region
and flowed outward toward remote parts of Antarc-
tica and toward southern Australia and Tasmania.
We conclude that a single ice mass produced glacial
deposits on both continents.

Similarly, a major ice center lay in the eastern
Weddell Sea region and flowed across the present
continental boundary onto Africa along the southeast
coast (Fig. 2). The match suggested here is strongly
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;upported by the occurrence on both continents of a
distinctive type of glacial deposit which probably
,vas formed in a deep basin (Frakes and Crowell.
[968). These rocks are limited to the southern end
)f the African Continent, the Pensacola Mountains
md the Sentinel Range of Antarctica, the Falkland
[stands, and Buenos Aires Province of Argentina—all
egions which would be in close proximity in a re-
onstructed Gondwanaland.
The suggested position of Antarctica between

A ustralia and Africa solves some long-standing prob-
[ems regarding late Paleozoic glaciation. In Africa.
u 'I'oit (1921) pointed out that the ice seems to
iave flowed onto Africa from what is now the
Indian Ocean; a comparable situation exists for
southern Australia in that ice must have come out
of the present Southern Ocean. This is, of course,
impossible, since major ice sheets do not form in
oceans, but instead require a sizeable land mass as
a seat. Antarctica provides such a seat in both cases.
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