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Marine siliceous microfossil assemblages reworked by ice
into the Pliocene glacigene Sirius Formation of the Transan-
tarctic Mountains provide the only record of Cenozoic sedimen-
tary sequences beneath the east antarctic ice sheet. These mi-
crofossils have an origin in the Wilkes and Pensacola basins of
East Antarctica. The microfossils reflect periods of deglaciation
when the basins were flooded with marine waters and con-
nected to the southern oceans (Harwood 1983, 1985, 1986;
(Webb et al. 1983, 1984).

Lower Oligocene, upper Oligocene/lower Miocene, middle
Miocene, and Pliocene marine sequences beneath the east ant-
arctic ice sheet are represented in the Sirius Formation by sil-
iceous microfossil assemblages, including: marine and non-
marine diatoms, silicoflagellates, ebridians, radiolarians,
chrysomonad cysts, and sponge spicules (Harwood 1986). Ma-
rine microfossils were recovered from 34 of 81 (approximately
41 percent) Sirius Formation samples collected from outcrops
spanning 1,300 kilometers in the Transantarctic Mountains. Of
these 34, 8 samples yielded more than 50 marine diatoms with a
maximum occurrence of 345 specimens in 1 sample. Nonmarine
diatoms were recovered in 3 of 81 samples. Over 350 smear
slides of soft sediment clasts (Harwood, Grant, and Karrer,
Antarctic Journal, this issue) from five Sirius Formation samples
were examined with the goal of proving that the microfossil
assemblages occur inside the tillite within clasts and are not
surface or laboratory contaminants. Nine smear slides con-
tained diatom floras, with a density of up to 50 individuals in
one slide. Furthermore, several preparations of the same micro-
fossil-bearing sample produced consistent results. These fac-
tors eliminate the possibility that the microfossils are
contaminants.

Clumps of diatom-rich sediment were frequently encoun-
tered (figure). These clumps and clasts of diatomaceous sedi-
ment represent marine source beds in East Antarctica which
generated most of the diatoms recovered in the till matrix.
Upper Eocene, upper Oligocene, Miocene, and Pliocene sedi-
ments are represented by individual diatomaceous clumps.
High diatom abundance in these clumps and clasts indicates
high productivity and fertility of the marine seaways/embay-
ments which occupied the Wilkes and Pensacola basins.

The microfossil assemblages are dominated by Pliocene spe-
cies. Pliocene sediments rest on the top of the sedimentary pile
in the Wilkes and Pensacola subglacial basins and would be the
first sediments eroded by ice. Additionally, older Neogene and
Paleogene sedimentary clasts would not disaggregate as readily
in water as did the Pliocene clasts due to greater induration and
possible cementation. Because calcareous and organic walled
microfossils are also present in the Sirius Formation, corrosive
chemicals were not used in sample preparation. The next stage
in the investigation of the Sirius Formation microfossils is to

reprocess all sedimentary clasts greater than 500 microns in
hydrochloric acid and hydrogen peroxide to disaggregate the
older indurated and possibly cemented sediments.

All of the marine diatoms recovered are planktonic species;
no benthic diatoms were recovered. Fringing-ice-shelves, ice-
tongues, or ice-shelves in the Wilkes and Pensacola basins
would prevent light from reaching the sea-bed near the coast,
thus limiting benthic diatom growth. Most of the area of the
Wilkes and Pensacola subglacial basins would have been too
deep (more that 100 meters) for benthic diatoms. The majority
of biogenic sediments in the Wilkes and Pensacola basins,
which were eroded by "Sirius Formation ice," were probably
deposited in deep water.

The modern distribution and ecologic limits of diatom species
recovered from the Sirius Formation, which are still represented
in modern southern-ocean assemblages, shed light on environ-
mental conditions in the Late Neogene Wilkes and Pensacola
seas, provided their environmental tolerances have not
changed. An approximation of water temperature and the de-
gree of ice-cover in the Late Neogene Wilkes and Pensacola seas
is provided by the recovery of several extant diatom species,
including: Thalassiosira len tiginosa, Nitzschia kerguelensis, and
Nitzschia curta. The environmental limits are well known for
these species from biogeographic (Fenner, Schrader, and
Wienigk 1976; Truesdale and Kellogg 1979; DeFelice and Wise
1981; Burckle and Cirilli in press; Burckle and Jacobs in press)
and culture studies (Neori and Holm-Hansen 1982; Jacques
1983). Today, Thalassiosira lentiginosa and Nitzschia kerguelensis
are not commonly found south of the Antarctic Divergence.
They are the two most abundant diatoms in the southern
oceans siliceous ooze belt, bounded to the south by the north-
ern limit of sea-ice and bounded to the north by the Polar Front
(Burckle and Cirilli in press). The occurrence of these diatoms in
the Sirius Formation suggests the presence of marine waters
with temperatures similar to subantarctic values between 2° to
6°C in the Late Neogene Wilkes and Pensacola seas (Harwood
1986). Water this warm at 86°S latitude must have aided the
growth of coniferous vegetation in the late Pliocene Sirius For-
mation as reported by Webb and Harwood (Antarctic Journal,
this issue.)

Siliceous microfossils recovered from the Sirius Formation
reflect open water and ice-minima conditions in the Wilkes and
Pensacola basins during the following times: late Eocene/early
Oligocene (40 to 33 million years ago), late Oligocene/earliest
Miocene (28 to 23 million years ago), Middle Miocene (17 to 14
million years ago), and Pliocene (approximately 5.0 to 2.5 mil-
lion years ago). This history is supported by episodes of high
sea-level and light oxygen-18 isotopic values as discussed in
Harwood (1986). The principal factor limiting application of this
method of ice-volume determination is the questionable bio-
stratigraphic resolution afforded by marine diatoms at the pres-
ent time.

Initial dating of Pliocene diatoms in the Sirius Formation
(Harwood 1983) relied heavily on the work of Ciesielski (1983)
from Deep Sea Drilling Project (DSDP) leg 71. Two episodes of
Pliocene deglaciation (early Pliocene and mid to late Pliocene)
were suggested by Harwood (1983, 1985). Whether the diatom
biostratigraphic record from drill sites in the subantarctic
(Weaver and Combos 1981; Ciesielski 1983) could be applied
directly to diatoms from the antarctic interior was a question
that needed to be addressed (Mercer 1985). Diatom data from
CIROS-2 (Cenozoic Investigations in the western Ross Sea) in
McMurdo Sound (Barrett etal. 1985; Harwood 1986), which also
has paleo-magnetic control, suggest there are only minor dif-
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Diatomaceous sediment clumps recovered from the Sirius Formation at Tillite Spur, Reedy Glacier area. (1) Clump of upper Eocene/lower
Oligocene diatomaceous sediment with Naviculopsis biapiculata, Chaetoceros sp. bristles, and Sceptroneis sp. among other diatom frag-
ments, 64 JHM 70, x 700. (2) Clump of upper Eocene/lower Oligocene diatomaceous sediment with Pyxilla sp. among other diatom fragments,
64 JHM 70, x 700. (3) Clump of upper Eocene/lower Oligocene diatomaceous sediment with Hemiaulus sp. among other diatom fragments, 64
JHM 70, x 700. (4,6) Clump of Neogene diatomaceous sediment with abundant Thalassionema sp. fragments and silicoflagellate fragments,
TS-10, x 1200. (5) Clump of Neogene diatomaceous sediment with abundant Thalassionema sp. fragments and silicoflagellate fragments,
TS-10, x 1200.(7) Clump of diatomaceous sediment with Rhizosolenia sp., 64 JHM 70, x 300.(8) Clump of Neogene diatomaceous sediment with
ebridian Pseudoammodochium dictyoldes, 64 JHM 70, x 1000.
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ferences between the biostratigraphic records of the suban-
tarctic-based chronology of Weaver and Combos (1981) and
Ciesielski (1983) and the antarctic-based chronology of CJROS-2
(Harwood 1986). It now appears that open marine conditions
prevailed in the Wilkes and Pensacola basins throughout the
Pliocene. This long deglacial period was punctuated by several
short-lived glacial events and over-printed by a gradual cooling
from mid to late Pliocene. Maximum warmth is suggested for
the early Pliocene (Mercer 1985) with cooling, but continued
marine conditions in these basins during the late Pliocene. The
Pliocene deglacial event is also recorded by in situ sequences in
the CIROS-2 and DVDP (Dry Valley Drilling Project) cores 10 and
111 in the western Ross Sea region. Diatomaceous mudstones
from these sites contain the same diatoms recovered in the
Sirius Formation, suggesting Pliocene deglacial conditions on
both sides of the Transantarctic Mountains (Harwood 1986).

Future research should be focussed on understanding the
overall biostratigraphic record of antarctic and southern-oceans
diatoms, including their paleobiogeographic distribution, mi-
gration, evolution, and extinction. This will provide higher
resolution in dating the Pliocene and older episodes of marine
incursion and ice-volume decrease, as well as identify pal-
eoclimatic and paloeoceanographic effects of these changes in
the southern high-latitudes.

This research was supported by National Science Foundation
grants DPP 83-15553 and DPP 84-20622.

References

Barrett, P.J., et al. 1985. Plio-Pleistocene glacial sequence cored at
CIROS-2, Ferrar Fjord, western McMurdo Sound, New Zealand Ant-
arctic Record, 6(2), 8-19.

Burckle, L.H., and J . Cirilli. In press. Origin of diatom ooze belt in the
Southern Ocean: Implications for paleoceanography and pal-
eoclimatology. Micropaleontology.

Burckle, L. and S. S. Jacobs. In press. Late spring diatom distribution
between New Zealand and the Ross Sea: Correlation with hydrogra-
phy and bottom sediments. Micropaleontology.

Ciesielski, P.F. 1983. The Neogene diatom stratigraphy of DSDJ' leg 71.
Initial Reports of the Deep Sea Drilling Project, (Vol. 71.) Washington,
D.C.: U.S. Government Printing Office.

DeFelice, D.R., and S.W. Wise, Jr., 1981. Surface lithologies, biofacies,
and diatom diversity patterns as models for delineation of climate

change in the southeast Atlantic Ocean. Marine Micropaleontology, 6,
29-70.

Fenner, J . , H-J. Schrader, and H. Wienigk. 1976. Diatom phytoplankton
studies in the southern Pacific Ocean, composition and correlation to
the Antarctic Convergence and its paleoecological significance. Initial
Reports of the Deep Sea Drilling Project, (Vol. 35.) Washington, D.C.:
U.S. Government Printing Office.

Harwood, D.M. 1983. Diatoms from the Sirius Formation, Transan-
tarctic Mountains. Antarctic Journal of the U.S., 18(5), 98-100.

Harwood, D.M. 1985. Late Neogene climatic fluctuations in the south-
ern high-latitudes: Implications of a warm Pliocene and deglaciated
Antarctic continent. South African Journal of Science, 81(5), 239-241.

Harwood, D.M. 1986. Diatom biostratigraphy and paleoecology and a
Cenozoic history of antarctic ice sheets. (Doctoral dissertation, Ohio State
University, Columbus, Ohio.)

Harwood, D.M., M.W. Grant, and M.H. Karrer. 1986. Techniques to
improve diatom recovery from glacial sediments. Antarctic Journal of
the U.S., 21(5).

Jacques, C. 1983. Some ecophysiological aspects of Antarctic phy-
toplankton. Polar Biology, 2, 27-33.

Mercer, J.M. 1985. When did open-marine conditions last prevail in the
Wilkes and Pensacola Basins, East Antarctica, and when was the
Sirius Formation emplaced? South African Journal of Science, 81(5),
243-245.

Neon, A., and 0. Holm-Hansen. 1982. Effects of photosynthesis in
Antarctic phytoplankton. Polar Biology, 1, 33-38.

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

Weaver, F.M., and A.M. Gombos, Jr. 1981. Southern high-latitude di-
atom biostratigraphy. In J.E. Warme, R.G. Douglas, and W.L. Win-
terer (Eds.), DSDP: A decade of progress. Society of Economic Paleon-
tologists and Mineralogists Special Publication, 32, 445-470.

Webb, P-N., and D.M. Harwood. 1986. The terrestrial flora of the Sirius
Formation: Its significance in interpreting Late Cenozoic glacial histo-
ry. Antarctic Journal of the U.S., 21(5).

Webb, P.-N., D.M. Harwood, B.C. McKelvey, J.H. Mercer, and L.D.
Stott. 1983. Late Neogene and older Cenozoic microfossils in high
elevation deposits of the Transantarctic Mountains: Evidence for ma-
rine sedimentation and ice volume variation on the east antarctic
craton. Antarctic Journal of the U.S., 18(5). 96-97.

Webb, P.-N., D.M. Harwood, B.C. McKelvey, J.H. Mercer, and L.D.
Stott. 1984. Cenozoic marine sedimentation and ice volume variation
on the East Antarctic craton. Geology, 12, 287-291.

Southernmos Chile: A modern analog
of the southern shores of the Ross

Embayment
during Pliocene warm intervals

J.H. MERCER

Institute of Polar Studies
Ohio State University

Columbus, Ohio 43210

Plant remains, including wood have been found at Oliver
Bluffs, Dominion Range massif, Beardmore Glacier area at 85°S

latitude, 1,800-meter elevation in thin, organic-rich bands inter-
bedded at several horizons with glacial, glaciofluvial, and
glaciolacustrine sediments (Webb and Harwood, Antarctic Jour-
nal this issue). Carlquist has identified some of the wood as
coniferous (Askin and Markgraf, Antarctic Journal, this issue).
These glacial sediments contain marine microfossils that, in
marine cores obtained 30 degrees of latitude further north, are
of early and late Pliocene age (Harwood 1985, p. 239). According
to Askin and Markgraf (Antarctic Journal this issue), the low
number of species recognized in the pollen content of the plant-
bearing sediments suggests that the assemblage represents the
last surviving vestiges of vegetation in Antarctica before extinc-
tion by increasing cold.

The presence of small wood fragments, some of them con-
iferous, is evidence that tree or woody-shrub species were pres-
ent on the slopes of the Transantarctic Mountains facing the

1986 REVIEW 103




