
on the biological side, and geochemical and granulo-
metric techniques on the physical side. The effort is
to deduce physical and chemical conditions in the
ancient water column and on the seafloor, and their
effects on life, and then to relate these especially to
oceanic circulation systems of the past.

A model for near-shore sedimentation in the polar
regime has been developed by Anderson (in press)
using such an approach, and another is being pre-
pared to relate the midocean situation to the near-
shore model. The general case for migration of
oceanic facies due to climate change can be treated
by use of the techniques of Frakes and Kemp (1972).
This combination of models is necessary because of
the obviously different conditions in the two environ-
ments.

From material taken during recent cruises, it ap-
pears that in the Eocene the narrow seaway between
Antarctica and Australia (Weissel and Hayes, 1972)
was very warm, and also that vegetation was wide-
spread in Antarctica (Kemp, in press), two facts
in conflict with the notion of extensive ice in Antarc-
tica at that time. Geitzenauer et al. (1968) con-
cluded from ice rafted debris in a South Pacific
core that glaciation was under way in the Eocene
(see also Le Masurier, 1970; Margolis and Ken-
nett, 1971). On the other hand, oxygen isotope
paleotemperatures from southern Australia and New
Zealand (Dorman, 1966; Devereaux, .1967) indicate
a warm southern ocean that cooled markedly in the
early Oligocene.

To date the earliest glaciation in Antarctica is
extremely difficult, first because the record is so in-
complete on the continent and so controversial in the
deep ocean, and second because glaciation must have
varied in intensity depending on local and regional
geography. The second point assures us that the
answer to this very important question lies in de-
tailed study of near-shore marine sediments around
the continent.

This work was supported by National Science
Foundation grant GV-2 7549.
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Recycled palynomorphs
in continental shelf sediments

from Antarctica
ELIZABETH M. KEMP

Department of Geology
Florida State University

Analyses have shown that bottom sediments from
the continental shelf around Antartica frequently
contain abundant recycled spores, pollen, and dino-
flagellates. This palynological material is assumed to
derive from the erosion of older strata on, or close
to, the Antarctic Continent and from the abrasive
action of glaciers, and to have been transported sea-
ward by ice-rafting mechanisms. Some redistribution
by bottom currents may have occurred, but it seems
likely that the predominant direction of movement
of this material by all mechanisms has been north-
ward, away from the land mass.

The assemblages are of mixed age and provenance,
but can still provide useful data concerning the
paleontology and paleoclimatology of Antarctica.
Their usefulness lies in providing checklists of species
frequently in excess of those known from in situ
localities; in suggesting the presence of sedimentary
strata of certain ages in ice-covered areas; and in
providing a clue to the nature of the vegetation—
and hence to the climatic regimes—that existed dur-
ing particular time intervals.

To date, samples from three widely separated
localities have been examined in detail. From the
Ross Sea, Wilson (1968) reported Permian , Triassic,
and Early Tertiary spores and pollen and Early
Tertiary dinoflagellates. In the Florida State Uni-
versity Antarctic Marine Geology Research Facility,
studies have been initiated on some 50 samples from
widely spaced localities in the Ross Sea and environs.
The aim is to discern distribution patterns of recycled
palynomorphs and to correlate these with sediment
distribution patterns (Chriss and Frakes, in press),
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and so pinpoint more closely possible sources for the
reworked material.

From the Weddell Sea, nine samples have been
examined palyno logically. The microfossils recovered
fall into three age groups—Permian, Early Cre-
taceous, and Late Cretaceous-Early Tertiary. The
Permian forms are chiefly bisaccate striatitid types,
but include specimens of Duihuntyispora. The latter
is an important guide sporomorph for Upper Permian
strata in Australia, but has hitherto been unrecorded
outside that continent. The record of Early Cre-
taceous spores is the first for Antarctica. Species
characteristic of this group include Pilosisporites
notensis, Crybelosporites striatus, Trilobosporites pur-
verulentus, Cyatheaecidites tectif era, and Aequitrira-
dites cf. spinulosus. The overlapping stratigraphic
ranges of these species, which occur in Australia
(Dettmann, 1963) and Argentina (Archangeisky and
Gamerro, 1965), among other localities, suggest
derivation from strata of approximately Aptian-
Albian age. A source near the northern end of the
Antarctic Peninsula is possible (Halpern, 1965).
The Late Cretaceous-Early Tertiary assemblage con-
tains spores, pollen, and microplankton and resembles
that broadly discussed by Cranwell (1969) from Sey-
mour and Snow Hill Islands.

The third locality from which remanié palyno-
morphs have been recovered is that near Prydz Bay,
East Antarctica, slightly west of the West Ice Shelf
(Kemp, in press a). Here, Permian forms, probably
deriving from Amery Group strata (Balme and Play-
ford, 1967; Kemp, in press b) are present but are un-
expectedly rare. Early Cretaceous forms (all non-
marine) occur, but the most abundantly represented
group includes pollens that are zonal indices for the
Paleocene to Middle Eocene in Australia and New
Zealand (Harris, 1971; Couper, 1960). Dinoflagel-
lates are common, and all of those identified are
known from Eocene strata (Wilson, 1967; Archangel-
sky, 1968, 1969).

The presence of Eocene pollens in East Antarctica,
including a high frequency of proteaceous types, sug-
gests plant cover of at least temperate aspect in the
vicinity during that period. These data, combined
with those previously obtained from West Antartica,
indicate that forest cover was widespread, at least in
coastal regions, during the Eocene, a condition that
seems incompatible with extensive ice-sheet develop-
ment. It is also of interest to note that, in the palyno-
logical record of Antarctica, there are as yet no
identifications of forms that elsewhere make a first
appearance in post-Eocene times. It is, however,
premature to interpret this absence as being due to
climatic conditions too severe for forest growth as
far back as the Oligocene.
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Fossils that can be used to indicate paleotempera-
tures can make contributions to plate tectonics and
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