
rently known about this part of Antarctica, much less its glacial
history.

References

Crespin, I. 1960. Some Recent foraminifera from Vestfold Hills, Ant-
arctica. In Science Reports (special volume 4). Sendai, Japan: Tohoku
University (Department of Geology).

Grunow, A. 1884. Diatoms from Franz-Joseph Land. Vienna: Royal Acad-
emy of Sciences. (In German)

Hustedt, F. 1930. The siliceous algae of Germany, Austria, and
Switzerland. In L. Rabenhorst (Ed.), Kryptoga men -Flora (part 1).
Leipzig, Germany: Akademische Verlagsgesellschaft. (In German)

Kellogg, D.E., and T.B. Kellogg. 1984. Distribution of diatoms from the
McMurdo Ice Shelf, Antarctica. (Paper presented at the Eighth Sym-
posium on Living and Fossil Diatoms, August 27 to September 1,
1984, Paris.)

Kellogg, D.E., M. Stuiver, T.B. Kellogg, and G.H. Denton. 1980. Non-
marine diatoms from Late Wisconsin perched deltas in Taylor Valley,
Antarctica. Palaeogeography, Palaeoclimatology, Palaeoecology, 30,
157-189.

Kellogg, T.B., and D.E. Kellogg. 1981. Pleistocene sediments beneath
the Ross Ice Shelf. Nature, 293, 130-133.

Kellogg, T.B., and R.S. Truesdale. 1979. Late Quaternary paleoecology

and paleoclimatology of the Ross Sea: The diatom record. Marine
Micropaleontology, 4, 137-158.

Kellogg, TB., R.S. Truesdale, and L.E. Osterman. 1979. Late Quatern-
ary extent of the West Antarctic Ice Sheet: New evidence from Ross
Sea cores. Geology, 7, 249-253.

Kerry, KR., R. Williams, D.R. Grace, and H.R. Burton. 1974. Ecological
studies of the saline lakes of the Vestfold Hills, Antarctica. Washington,
D.C.: National Academy of Sciences (scAR/luBs).

Krebs, W.N. 1977. Ecology and preservation of Neritic marine diatoms,
Arthur Harbor, Antarctica. (Doctoral dissertation, University of Califor-
nia at Davis.)

McCollum, D.W. 1975. Diatom stratigraphy of the Southern Ocean. In
D.E. Hayes, L.A. Frakes, et al. (Eds.), Initial reports of the Deep Sea
Drilling Project, Vol. 28. Washington, D.C.: U.S. Government Printing
Office.

Setty, M.G.A.P. 1966. Preparation and method of study of fossil di-
atoms. Micropaleontology, 12, 511-514.

Setty, M.G.A.P., and R. Williams. In press. Recent Cytheracean Os-
tracodes from Deep Lake, Vestfold Hills, Antarctica. Hydrobiologia.

Setty, M.G.A.P., R. Williams, and K.R. Kerry. 1980. Foraminifera from
Deep Lake terraces, Vestfold Hills, Antarctica. Journal of Foraminiferal
Research, 10, 303-312.

Truesdale, R.S., and T.B. Kellogg. 1979. Ross Sea diatoms: Modern
assemblage distributions and their relationship to ecologic and
oceanographic, sedimentary conditions. Marine Micropaleontology, 4,
13-31.

Recycled palynomorphs and the age
of sedimentary sequences in the

eastern Weddell Sea

E. M. TRUSWELL

Bureau of Mineral Resources, Geology and Geophysics
Canberra City, ACT. 2601 Australia

J. B. ANDERSON

Department of Geology
Rice University

Houston, Texas 77251

Surficial sediments on the seafloor near Antarctica are often
rich in recycled palynomorphs—spores, pollen and dinoflagel-
lates. These derive from the erosion of sedimentary sequences
either on the continent, where they are usually hidden beneath
thick ice cover, or on the continental shelf. The palynomorphs
have been transported seaward by processes of glacial entrain-
ment, followed by meltout beneath grounded ice shelves or
floating ice. Their distribution and density are useful in predict-
ing the location of hidden sedimentary sequences; their value is
much enhanced where patterns of ice flow to the depositional
area are understood, allowing constraints to be placed on the
provenance of the recycled fossils. For example, in the Ross Sea,
Truswell and Drewry (1984) correlated high palynomorph den-
sities in the southeastern Ross Sea with discharge from Ice
Streams D and E flowing from West Antarctica; source beds

were thus predicted to lie in the catchment areas of these
streams near the head of the Ross Ice Shelf.

Palynomorphs in the Weddell Sea. In the Weddell Sea, recycled
palynomorphs were reported previously (Kemp, 1972;
Truswell, 1983) but sampling was too sparse for these occur-
rences to be related to source areas. Recently, more material has
become available from the eastern Weddell Sea, and, although
geographic coverage of the region is still meagre, there is now
enough information to make 'educated guesses' about the posi-
tion and age of sedimentary sequences on the continental shelf.
Samples were obtained by piston coring during cruises of the
USCGC Glacier in 1969-1970, and the ARA Islas Orcadas in 1978.
They cover an area from the Princess Martha Coast, where the
samples come from the continental shelf and slope offshore
from the Riiser-Larsen Ice Shelf (sites 3-11-4, 3-13-1, 3-17-1 and
1578-28) southwest to a region on the continental shelf offshore
from the Luitpold Coast and immediately to the north of the
Filchner Ice Shelf (sites G15, G16, 3-1-2, G17, G2 and 2-19-1 (see
figure). Lithologically, samples at the sites include both basal
tills and transitional glacial marine sediments.

Palynomorphs were recovered, in varying densities, from all
sites. At most sites several samples were examined from each
core, from depths of up to 2 meters. No appreciable vertical
variation in palynomorph composition was observed at any site.
At all sites, palynomorph assemblages are dominated by taxa
which elsewhere have stratigraphic ranges spanning the Late
Jurassic to Late Cretaceous. Tertiary forms are present at most
sites but are a very minor component. Most of the material
suggests derivation from source beds of Neocomian through
Cenomanian age. This situation differs from that of the Ross
Sea, where Paleogene palynomorphs dominate.

The sites fall into two regions or provinces on the basis of
their palynomorph content. The northeastern suite of sites, off
the Princess Martha Coast (viz, sites 3-11-4, 3-13-1, 3-17-1 and
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1578-28) all contain assemblages dominated by marine dino-
flagellates; spores and pollen are present, but subordinate. The
most common dinoflagellate is Cribroperidinium muderongense,
which in Australia ranges from Aptian to Cenomanian. Also
present in all samples is Diconodinium davidii, with a range in
Australia of mid-Aptian to Albian (Morgan 1979). Other less
common elements are Cyclonephelium membraniphorum, of Late
Albian to Cenomanian range, and Pareodinia ceratophora, which
is most common in the late Neoconian to Albian. Spores and
pollen in the samples are mainly long ranging within the Cre-
taceous. This assemblage suggests derivation from source beds
of marine origin, and of Aptian through Cenomanian age.
Present too in this province are rare Paleogene dinoflagellates;
these include Areosphaeridium diktyoplokus, Vozzhenikovia rotun-
dum, Deflandrea macmurdoense and Deflandrea antarctica, all of
which belong to a distinct high-latitude Eocene suite (Wilson
1967; Haskell and Wilson 1975; Wrenn 1981).

Sites in the southwest, (sites G15, G16, 3-1-2, G17, G2, and
2-19-1), in contrast to those from the Princess Martha Coast,
contain no dinoflagellates. Spores and pollen are abundant and
usually well preserved. Commonest are fern spores referable to
Cicatricosisporites and Contignisporites; also Leptolepidites ver-
rucatus. Common too is pollen referable to the podocarpaceous
taxa Podocarpidites and Microcachryidites. A few species have
restricted ranges within the Cretaceous—included here are Ap-
pendicisporites distocarinatus, which in Australia ranges from Al-
bian to Turonian, Coptospora paradoxa, which in Australia is a
zone fossil for the Albian, and the megaspore Balmeisporites
glenelgensis, with a Cenomanian to Santonian range. The aggre-
gate ranges of the material recycled in this province suggests
that source beds span an Early through Late Cretaceous inter-
val, Neocomian to perhaps Santonian. In the samples of this
suite, there is also a greater abundance of fine woody debris and
plant tissue than there is in the Princess Martha Coast samples.
This, together with the notable absence of dinoflagellates, sug-
gests derivation from strata of terrestrial origin.

Ice flow patterns and possible provenance. Examination of pat-
terns of ice flow into the Weddell Sea allows some constraints to
be placed on the possible sources of the recycled fossils. Ice flow
patterns summarized by Drewry (1983), show that the north-
eastern suite of samples, off the Princess Martha Coast, is likely
to have been deposited during phases of expansion of the
Riiser-Larsen Ice Shelf (see figure). Ice feeds into this shelf from
a relatively small catchment area in the northwestern sector of
Dronning Maud Land. Thick sequences of sediments have re-
cently been identified by seismic reflection profiling offshore
from the Riiser-Larsen Ice Shelf. On the continental margin
there, Hinz and Krause (1982) identified four depositional units
separated by unconformities. The deepest unit, a prism of sea-
ward-dipping strata, they termed the 'Explora Wedge,' suggest-
ing a pre-Cretaceous age for it. Overlying units, on the basis of
theoretical considerations of erosive events, they suggested to
be of Cretaceous through Neogene age. It seems likely that the
source of the recycled palynomorphs at sites 3-11-4, 3-13-1,
13-17-1 and 1578-28 are correlative sequences on the continental
shelf. Norwegian seismic records from this region do show a
widespread glacial(?) erosional surface on the shelf (Elverhoi
and Maisey 1983) perhaps resulting from phases of expansion
of the Riiser-Larsen shelf. Cores 3-17-1 and 1578-28 display all
the characteristics of tills (Anderson et al. 1980). Cores 3-13-1
and 3-11-4, which lie on the continental rise and slope respec-
tively, are thought to have penetrated fine-grained turbidites
and debris flow deposits, probably derived through glacial ero-
sion of the shelf.

Core locations, ice flow lines, bathymetry, and distribution of non-
marine and marine Cretaceous palynomorphs.

The recycled material confirms a Cretaceous age for part of
the sequence, and indicates too that much of it is marine in
character. There is a suggestion of a marine Eocene interval, too,
but no indication of pre-Cretaceous sediments. Little weight
should be placed on this negative evidence for older strata,
however, because palynomorphs can be destroyed by meta-
morphism associated with burial or volcanism.

Sites in the southwestern Weddell Sea (G2, G15, G16, G17,
2-19-1 and 3-1-2, figure), which are dominated by non-marine
Cretaceous forms, lie just seaward of the discharge points of ice
streams flowing in a northwesterly direction through the Fil-
chner Ice Shelf (figure). All of the cores penetrated sediments
that are interpreted as basal tills (Anderson et al. 1980). The
catchment area drained by these ice streams encompasses a
large area of Coats Land and Dronning Maud Land, and in-
cludes major streams passing through the Theron Mountains
and the Shackleton Range. Given this pattern of ice flow, it is
perhaps striking that there is only minor evidence of input from
Palaeozoic strata as sequences of this age occur in the Theron
Mountains and Whichaway Nunataks. Samples 2-19-1 and G2
do contain isolated specimens of taeniate disaccate pollen
grains, probably of Permian age, and sample G15 contains a
small percentage of darkened unidentifiable spores which
could be Palaeozoic, but these are very minor components. It is
possible that they derive from the Beacon Supergroup se-
quences mentioned; spore preservation in these must be much
affected by dolerite intrusion.

The predominantly Cretaceous composition of the as-
semblages in this sector suggests that the major area of deriva-
tion has not been the Transantarctic Mountains, but rather,
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sedimentary sequences lying seaward of these mountains. The
source of the Mesozoic palynomorphs seems most likely to be
in topographically low regions such as the northern end of the
Thiel Trough and the Crary Trough, beneath the Filchner Ice
Shelf (figure). The presence of substantial thicknesses of sedi-
ment below the Filchner and Ronne Ice Shelves has been sug-
gested on the basis of Russian and Norwegian geophysical data
(summarized in Behrendt 1983) and deep seated glacial erosion
of Crary Trough has been demonstrated by Elverhoi and Maisey
(1983).

The two northernmost sites in this province, sites G2 and
2-19-1, could have lain in the path of ice from a previously
expanded Filchner Ice Shelf; their palynological composition is
essentially the same as those sites immediately north of the
present front of that ice shelf. Expansion and grounding of the
Filchner Ice Shelf through Crary Trough and to the edge of the
continental shelf has been suggested on the basis of till distribu-
tion (Anderson et al. 1980; Elverhoi and Maisey 1983); such
expansion seems likely to have effected the transport of pal-
ynomorphs in this area.

Finally, it should be pointed out that sampling density in the
Weddell Sea is as yet too sparse to allow detailed and confident
assessment of source area localities to be made. Correlation
between the palynomorph provinces described here and the
petrologic provinces identified by Andrews (Antarctic Journal,
this issue) is broad; the southwestern microfossil province cor-
responds approximately to provinces I to IV of those authors
which are characterized by a variety of rock types; the north-
eastern palynological province, with its marine Cretaceous
component, corresponds to petrological province V. Basalt and
andesite pebbles distinguish the latter province, which sug-
gests that sediments providing a source for the recycled micro-
fossils may be part of a largely volcanic sequence.

These preliminary data suggest that palynomorphs were
transported and deposited in the Weddell Sea by processes
associated with either ice sheet or ice shelf expansion. The
recognition of clear provinces on the sea-floor suggests that, as
in the Ross Sea, there has been little redistribution of the re-
cycled microfossils by bottom currents after their deposition.
These interpretations are consistent with those of Andrews
(Antarctic Journal, this issue) who conducted an independent

petrologic examination of glacial and glacial-marine deposits of
the eastern Weddell Sea.
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Limited outcrop exposure restricts our understanding of ant-
arctic subglacial geology. Additional evidence for the geology of
this ice-covered continent is perhaps best obtained through
investigations of terrigeneous sediments deposited on the ant-

arctic continental margin. In this study, petrologic analyses
were conducted on glacial and glacial-marine deposits cored on
the Weddell Sea continental shelf to gain increased understand -
ing of the subglacial geology and glacial history of land areas
contiguous to the eastern Weddell Sea.

Piston cores were collected from the Weddell Sea continental
shelf, between 5°W and 50°W, during cruises of the USCGS Glacier
in 1969-1970 and the Am Islas Orcadas in 1978. Basal tills and
glacial marine units were previously identified within the
piston cores by Anderson et al. (1980) using sedimentologic
criteria. Downcore lithologic analyses from this study support
the basal till and glacial marine identifications. The basal tills are
characterized by constant composition downcore, and each till
is distinct in composition from other tills, reflecting the
character of underlying bedrock along particular ice flow lines
(figure 1). Glacial-marine units are also compositionally homog-
eneous downcore, and derivation from the basal zone of an ice
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