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The Permian Gondwana flora, in general, is very
sharply distinguished from that of the regions farther
north. However, some plants of distinctly northern
ancestry occur south of the northern boundary of
Gondwanaland, although the Permian flora of Antarctica contains fewer elements with northern affinity than do other Gondwana continents. Two explanations seem possible: (1) The stratigraphic representation of Permian strata is less complete in Antarctica than in South America, southern Africa,
India, or Australia; or, (2) In Permian climatic
zonation, the number of plant species having definite
"northern" affinities seems to diminish progressively
toward the south, and thus is unrepresented in the
southernmost Gondwana areas. Probably Antarctica
was in this southernmost position, but, when the
plants were living, it must be assumed that the Antarctic Continent was situated somewhat north of
the Antarctic Circle.
Both of the above explanations may apply in part,
and it will be particularly difficult to distinguish between them because exposures and collections are so
limited in Antarctica compared with other parts of
the world. In any event, the similarity of most antarctic species of Glossopteris, Gangamopteris, Noeggerathiopsis, and Paracalamites—some of which are
illustrated in the accompanying plate of figures (19)—to forms generally present in other Gondwana
continents shows a convincing lack of biologic isolation in any part of Gondwanaland during the Permian. As stated by Sahni (1939): "The idea of a
single more or less continuous life-province in the
southern hemisphere during the Permo-Carboniferous period arose from the fact that the widely distributed Glossopteris flora was so uniform in character: it could only have been evolved under conditions permitting of free intermigration by land
plants."
This quotation from Sahni probably implies much
more to a biologist than is apparent to those not
biologically trained. The biologist knows that plant
migrations take time and that the mutation rate,
which is at least one source of biologic variation, is
continuous. Also, the more restricted the avenue of
access (a long narrow land bridge, for example,
versus broad, direct land communication), the longer
the time required for migration, other factors being
equal.
*Publica t ion authorized by the Director, U.S. Geological
Survey.

Of course, other factors are never equal: plant
distributions in normal habitats are always somewhat discontinuous due to environmental differences.
According to Gleason (1922, p. 48-49) : "Extensive
migrations of plants, proceeding at a relatively rapid
rate, therefore take place along routes where suitable
habitats are nearly continuous, such as river valleys
for mesophytic species or interfiuvial uplands fo
xerophytic forms." The rate of postglacial plant mi
gration in the central United States would appea
to average from 20 to 80 meters per year. By either
rate, it would require an unreasonable time to move
the same species, unchanged, across land bridges i
Gondwanaland.
One other factor must be taken into account when
we consider the environments occupied by the Glos
sopteris flora. The plant assemblage did not consti
tute a marine littoral flora as the northern Pennsyl
vanian flora, in part, must have. Only in a few place
is there any evidence in the rocks of associated o
successive marine conditions. Thus, the marine littoral is not likely to have provided an avenue of mi'
gration. River valleys along the necessary routes of
migration seem to be precluded if the links between
continents were only "isthmian." The glossopterids
commonly were inhabitants of freshwater swamps,
as indicated by deposits of Permian coal to which
they were major contributors. Such habitats would
develop rarely under the physiographic conditions
visualized for isthmian links.

Figure 1. Hypothetical reconstruction of a glossopterid tree (abou
10 m tall) with large leaves.
Figure 2. Two Glossopteris leaf fragments, the larger one refer.
able to G. indica Schimper. Collected by G. W. Grindley, N.
Zealand Geological Survey, at Mt. Wild, central Antarctica.
Figure 3. Large fragment of a leaf of Glossopteris ampla Dana
Collected by W. E. Long at Terrace Ridge, Ohio Range.
Figure 4. Apical fragment of a leaf of Gangamopteris obovaf
(Carruthers) D. White. Note the absence of a midrib. Collected b
D. B. Matz on the lower slope of Robison Peak, Victoria Land.
Figure 5. Fragment of a leaf of Belemnopferis. Glossopteroid vs.
nation and its association suggest that Belemnopteris may not b
a fern. Collected by W. E. Long near Terrace Ridge, Ohio Rang.
Figure 6. Glossopterid fertile bract and ovule-bearng structure
(fertiliger); diagrammatic. The connection of these structures, discovered by E. P. Plumstead (1952), shows that Glossopteris Is a
seed plant.
Figure 7. Postulated glossopterid male sporophyll; cut-away section shows pendant groups of short-stalked sporangia; diagrammatic.
Figure 8. Cross-section of large silicifed root of Vertebroria (about
70 growth rings) with branch. The white chalcedonic areas rep..sent central air spaces characteristic of Vertebraria. Ubiquitous
association of Verfebraria roots with Glossopteris leaves strongly
suggests that this is the type of root that supported the gloss.,
opter:cI trees of Gondwanaland. Note 5—cm scale.
Figure 9. Side view of specimen in Fig. 8, showing connection o
branch root. Note 5-cm scale. Collected by William J. Gealy a
Mt. Augusta, central Antarctica.
Leaf drawings in Figs. 2-5, photo-line tracings by J. F. Rigby,
reproduced at about 415 natural size.
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The glossopterids were gymnospermous plants in
which disseminules are not adapted to speedy migration. Gymnosperms generally are not adapted to
flotant distribution over salt water, and their seeds
could not have been carried far by air. Avian vectors
were lacking in the Permian. Prior to 1952, botanical
evidence for these assertions was less conclusive, and
many persons had assumed that the glossopterids
were essentially ferns that produced spores that could
propagate the plants by distant airborne transport.
It had been easy to disregard the fact that no acceptable fern sori or sporangia had been found on any
glossopterid leaves. In 1952, however, Edna Plumstead described several types of fertile structures attached to fertile glossopterid foliage that showed no
resemblance to ferns and proved that glossopterids
must be gymnospermous. Other evidence corroborates this view, although it is still not clear from
which type of gymnospermous plants the glossopterids
were derived. This additional botanical evidence regarding the nature of glossopterid reproduction shows
that any remarkably rapid mode of distribution was
very unlikely, as was migration across wide stretches
of sea.
The other important botanical fact with which
we are concerned is that the dominant glossopterid
species of all continents are the same. One may criticize the "form" classification under which leaves have
been assigned to as many as 50 or 60 species of Glossopteris, 15 or 20 species of Gangamopteris, and a
scattering of other, allied genera. However, to whatever extent this procedure in taxonomy is questionable, it cannot disguise the fact that most of the specimens in every assemblage are referable to the same
small group of species, regardless of the continent
from which the specimens were obtained. This serves
as most convincing evidence, as noted by Sahni, that
the populations were not biologically isolated. The
Gondwana area is large, and the degree of genetic
interchange that is signified by species in common
between these different continents is incompatible
with strong climatic differentiation of the area, let
alone the presence of isolating mountain ranges or
other biological barriers. The suggestion that broad
saltwater oceans might have separated parts of this
specifically allied flora then, as now, is unsupportable
by botanical evidence. The separate continental floras
represented in the Gondwana areas were not biologically isolated during Permian and Triassic time—a
matter of at least some 90 million years.
A better model of Gondwana paleogeography is
needed in order to summarize results of geologic and
paleontologic studies of the Permian in Antarctica.
Many reconstructions have been suggested that now
seem deficient for various reasons. The area originally proposed by Suess (1895-1901) included the
recognized Gondwana continents linked by land
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areas across the modern southern oceans. Such proposals (see maps and works cited by Arldt, 1919
1922) must be rejected now in the light of more
recent knowledge of the earth's crust and mantle and
the bathymetry of ocean basins. As Bullard (1964
p. 17) says: "The 'land bridges' and 'lost continents'
invoked in the older literature are now seen to involve processes at least as dubious and obscure a
those required to move the continents horizontally."
It seems inconceivable to me that the deep ocear
basins (more than 2,000 fathoms) could ever indude substantial parts of "foundered continents."
It seems more likely that an explanation is to be
found in the disruption of a contiguous Permiar
Gondwanaland according to the mechanisms involved in sea-floor spreading.
Of all the explanations for continental drift, seafloor spreading accounts best for the similarity iii
outline and geology of coastal South America and
southern Africa (Martin, 1961; Bullard, 1964; Hurley et al., 1967; Allard and Hurst, 1969; and rnan
others). Moreover, the rate and direction of spreading during the Cenozoic is relatively well established
for many of the earth's oceanic ridges as the resuli
of extensive studies of marine magnetometry (L(
Pichon, 1968; Heirtzler, 1968). Older records ol
crustal movement are more difficult to interpret
there are a great many divergent guesses about the
manner in which southern continental blocks were
assembled to form a Permian Gondwanaland, and
it is likely that the Permian arrangement represent
only one stage of intercontinental movement. Few ol
the coastal regions that may possibly have been opposed during the existence of Gondwanaland have
been studied in the same detail as those of Atlantic
South America and Africa.
Not only must geophysical and geologic facts be
harmonized, but paleontologic and biologic distributions must be reconciled in an areal reconstructior
if the "model" of Gondwanaland is to be convincing
South America and southern Africa are sufficient!)
close to the same latitude and climate that biologi
discrepancies between them are minimal. A more
challenging problem is presented in Antarctica
where the Permian flora is similar to that of Brazil
the Transvaal, and India. When the southern contin
ents are all placed together, they equal about half ol
the land surface of the world. It seems inconceivable
that any area so large could be occupied by ver
nearly the same assemblage of plant species withoui
evident floristic diversification such as exists in comparable and even in much smaller areas today. Thus
biologic requirements as well as geologic and geophy.
sical considerations must be accommodated in
satisfactory "model" of Gondwanaland.
Recently, I suggested that reconstruction of a Per.
inian Gondwana continent might be simplified ii
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rentative reconstruction of Permian positions of Gondwana continents. Area of the Glossopteris flora within dotted line. Dashed
lines = seas, principally epicontinental; stippled area = postglacial lake region. Areas of latest Permian or early Mesozoic folding: (1) Sierra de la Ventana; (2) Cape Mountains; (3) Pensacola
Mountains; (4) Ellsworth Mountains. Abbreviations: Mal.Malagache (Madagascar); N. Guin.=New Guinea; Tas.Tasmania;
N. Z.=New Zealand; N. Cal.=New Caledonia.

West Antarctica were not regarded as part of the
ancient antarctic crustal unit (Schopf, 1969). Adie
(1964) and many others have commented on the
basic geologic differences between the East Antarctic shield and West Antarctica. The margin of the
East Antarctic shield now represented by the frontal
scarp of the Transantarctic Mountains might represent a "rift" line that was opposed to very different
land areas in the Permian.
The accompanying sketch map indicates my present best "guess" about the Permian arrangement of
the Gondwana continents. Outlines roughly follow
the 1,000-fathom contour, but some of the present
strand lines are also shown for orientation. Needless
to say, most of the configurations suggested are tentative and much in need of detailed elaboration.
Nevertheless, evidence of plants, glaciation, stratigraphy, structural geology, and other considerations
make it seem most reasonable to believe that the
interior rift line of the East Antarctic shield may
have been adjacent to and east of southern Africa
during the Permian.
From a paleobotanical standpoint, the model
presented here has the advantage of reducing the
area of contiguous Gondwanaland to less than 16
million square miles, depending on the extent of
epicontinental seas. This area, although large, is
perhaps not inconceivably enormous to be regarded
as constituting a single floristic province. Its longiMay-June 1970

tudinal extent is greater than the modern temperate
zone, but it may still be acceptable according to
what we know about Permian climate (see Schopf,
1970, for further discussion). This reconstruction
brings the fold structure of the Sierra de la Ventana,
the Cape Mountains, and the Pensacola Mountains
into approximate alignment. Folding of the Ellsworth
Mountains may represent a continuation of the
same trend (Schopf, 1969). It also contributes to
the relationship of the area of postglacial brackish
lakes (stippled pattern in the sketch map), part of
which may have supported a marine fauna (Frakes
and Crowell, 1968). Extensive deposits of thinbedded, black shale (lower part of Polarstar Formation, Discovery Ridge Formation, Mackellar Formation) are associated with trace fossils above the
glacial beds in Antarctica, but no marine fossils
have been observed there. Barrett et al. (1968) have
shown by strontium isotopic studies that free interchange with Permian seas did not take place during
deposition of the Mackellar Formation. Except for
the locality in South America (which may reflect a
western seaway), marine deposits of Permian age
appear located near the margins of Gondwanaland
in this reconstruction.
In this model, the postglacial marine basins of
Western Australia are opposite the epicontinental
Tethys north of India rather than the nonmarine
Permian succession adjacent to the Bay of Bengal.
The geologic alliance between Tasmania and New
Zealand has been noted by Gill (1952) and by
J. B. W. Waterhouse (oral communication, 1968).
Extensive ancient fault lines have been noted in
Bass Strait, and it does not seem implausible that
Tasmania may have occupied an interstitial position
during the Permian. Australia differs from many
southern continents in that it has an extensive
northern continental shelf. It would seem most reasonable if the eastern shelf bordering Australia were
continuous with that on which New Zealand is now
situated; Carey (1958) has suggested that their
earlier geologic history was closely linked. New Zealand itself, however, evidently was mostly a marginal
area of shallow sea during the Permian (Brown
et al., 1968).
Rotation of Antarctica and the relative positions
of Australia and India also place the anorthosite
belt of the Southern Hemisphere in a more plausible
arrangement (Herz, 1969). Such features suggest
that the Gondwana arrangement may have had a
fairly long history.
Sproll and Dietz (1969) and Dietz and Sproll
(1970) followed the procedure of Bullard et al.
(1965) in using a computer to determine how good
a "fit" might be established between plausible
stretches of the coast of Antarctica and other continents. Bullard et al. admitted: "There is, of course,
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some arbitrariness and personal judgment in choosing what is to be fitted." Nevertheless, they found
an excellent "fit" in the South Atlantic, where other
evidence is most ample. Sproll and Dietz similarly
tested the most popular reconstruction arrangement
of Australia and Antarctica, with Tasmania positioned northeast of Cape Adare, and they, too, found
a contour "fit" that exceeded their expectations.
Recently, the same technique was applied in matching 1,000-fathom contours off Coats Land and New
Schwabenland in Antarctica with those of Mozambique and Natal in South Africa. However, the abundant geologic evidence that supports the "fit" in
the South Atlantic region is lacking for these
matchings of Antarctica with South Africa or Australia. The geology of the Cape Adare region, so
far as known (see Harrington et al., 1963), does not
seem to agree with the geology of Tasmania (Spry
and Banks, 1962). It is difficult to accept the constraints that Sproll and Dietz' antarctic "fits" impose
and still deduce a model of Gondwanaland that might
represent a climatic and floristic entity. Fortunately,
Antarctica has other coastlines upon which computer
matching should be tried.
In my tentative reconstruction, an enlarged lobe
is shown at the southern end of South America
adjacent to the Victoria Land coast of Antarctica.
This feature and the fact that the west coast of
South America and a long stretch of the Wilkes
Land coast of Antarctica now lack continental
shelves, I regard as anomalous and questionable.
Crustal elements seem lacking in this area, but if
they had been present, they might have provided
the Marie Byrd Land "islands" of West Antarctica.
However, the Paleozoic history of Patagonia is
particularly difficult to reconstruct. One wonders
whether a considerable body of adjacent "shelf"
rock may not have disappeared in the Peru-Chile
Trench, and, owing to its lighter density, may later
have been responsible for much of the Andean uplift and orogeny. The present western coastline of
South America can scarcely have much bearing on
that which existed during the earlier part of the
Mesozoic. It is entirely possible that Patagonia at
that time extended less far southward, and that there
was a shelf adjacent to Antarctica and the western
coast of South America.
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