
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.
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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
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Ross Embayment. This implies that summer air temperatures
were then well above freezing point, probably no lower than
5°C (see figure), which is about 5°C warmer than is the north-
western Antarctic Peninsula today. This in turn implies that ice
shelves and floating glacier tongues were absent and that tide-
water glaciers calved close to their grounding lines (Robin and
Adie 1964, p. 100). In a map of the isostatically adjusted bedrock
surface of an ice-free Antarctica (Drewry 1983), a fjord extends
from the Ross Embayment southward to the vicinity of the
Dominion Range massif. The stratigraphy of the sediments at
Oliver Bluffs shows that, at the time the vegetation was grow-
ing, the ancestral Beardmore Glacier was nearby and so was,
presumably, terminating as a calving glacier at the head of the
fjord.

To reconstruct the environment at the head of the Beardmore
fjord when this vegetation was growing, the uplift that the site
has since undergone must be taken into account. It now lies at
about 1,800 meters above sea level. Until recently, most workers
believed that uplift of the Transantarctic Mountains during the
Neogene did not exceed 100 meters per million years (e.g.,
Fitzgerald and Gleadow 1985; Smith and Drewry 1984). At that
rate the Oliver Bluffs site would have been at about 1,500 meters
above sea level during the late Pliocene, and 1,300 meters at the
beginning of the Pliocene. Using the lowest possible summer
temperature of 5°C for survival of tree species (see figure) and
the standard lapse rate of 0.65°C per 100 meters given by List
(1949, p. 265), summer temperature at sea level along the shore
of the Ross Embayment would have been about 15°C, if the
vegetation was growing at 3 million years ago, or 14°C it was
growing 5 million years ago. Such temperatures prevail at sea
level today on the Chilean coast between latitudes 41°S and
43°S, in the Valdivian Rain Forest zone; presumably, therefore, a
forest of comparable luxuriance would have occupied the lower
slopes of the Transantarctic Mountains. However, no trace has

:

•1

Glaciae Bruggen at the head of Seno Eyre, Chile (49°14'S 74°W) in
February 1986. The glacier, after advancing 10 kilometers down the
fjord after 1945 and bulldozing and overriding vegetation, began to
recede in the early 1980's. The photograph shows hummocky mor-
aines with shattered remnants of overridden trees, chiefly the con-
ifer Pilgerodendron uvifera, and shrubs, including the conifer
Dacrydium fonckii. This scene may be a partial analog of the upper
Beardmore fjord when the wood-bearing sediments at Oliver Bluffs
were deposited near the margin of the Beardmore Glacier. However,
midsummer temperature in Seno Eyre is about 12°C, allowing fair-
sized trees to grow, whereas the plant remains from Oliver Bluffs
point to a much more stunted vegetation, typical of summer tem-
peratures of about 5°C.

been found in the Pliocene portions of terrestrial or marine
cores on or near the antarctic continent of the pollen such a
forest would have produced. Probably, therefore, when the
impoverished plant assemblage was growing, the Oliver Bluffs
site was at a low elevation—less than 500 meters—and true
forests were absent from the shores of the Ross Embayment.
Evidence that major faulting, with displacements of several
hundred meters, has affected the Dominion Range massif since
deposition of the glacial sediments of the Sirius Formation
(Webb et al., Antarctic Journal, this issue), supports this
conclusion.

A modern analog for the environmental conditions in the
Beardmore Glacier area at the time the Oliver Bluffs vegetation
was growing must be sought well to the north of the Antarctic
Convergence, because tree species or coniferous shrubs do not
grow to the south of it. On the subantarctic island of South
Georgia at latitude 54°30'S, for example, the vegetation consists
of herbaceous angiosperms with a noteworthy absence of
woody species (Greene 1964, p. 25). On the other side of the
Antarctic Convergence in southern South America, however,
tree species grow south of the latitude of South Georgia, the
most southerly occurrence being near 56°S latitude in the Cape
Horn islands, Tierra del Fuego. Because the Antarctica/South
America land bridge was the last connection of Antarctica to the
outside world to have been broken, the closest modern analogs
of Neogene antarctic vegetation are likely to be in southernmost
South America.

Most of the ice-free slopes on the Pacific side of the Andean
Cordillera between 48°S latitude and Cape Horn at 56°S latitude
are covered by what Pisano (1977, p. 149) calls the "Tundra
Magallanica," (Magellanic Tundra). In his study of this zone
between 52°S and 56°S latitude, Pisano (1977, p. 150) points out
that it differs from the arctic tundra in not covering frozen
ground, in having much higher precipitation, and in not being
subjected to the polar regime of continuous summer daylight
and midwinter darkness.

Pisano (1977, p. 218) divides the Magellanic Tundra into sev-
eral vegetational associations. Of these the Sphagnum magellanici
association, which requires the least annual precipitation, is
best developed between the western entrance of the Strait of
Magellan at 52°50'S latitude and Isla Hoste at 55°30'S latitude.
He subdivides this association into two, one of which, the
Pilgerodendro-Sphagnetu m magellan ici sub-association, occupies
the drier habitat with 60 to 100 centimeters annual precipitation.
This sub-association contains both of the coniferous species that
grow in these latitudes: Pilgerodendron uvifera, a member of the
vpress family, and Dacrydium fonckii, a podocarp. Under

lvorable conditions, Pilgerodendron uvifera can grow into a tree
U meters high, whereas under harsher conditions it occurs in a

low, shrubby form. Dacrydium fonckii is always a low shrub less
than a meter high. On Isla Hoste and Isla Navarino on the south
side of the Beagle Channel at 55°S latitude, the treeline on north-
facing slopes is at about 600 meters (Huesser personal com-
munication) and the average midsummer temperature at sea
level is about 9°C (Almeyda and Saez 1958, p. 119). Using a lapse
rate of 0.65°C per 100 meters increase in elevation (List 1949, p.
265), the average temperature at treeline would be about 5°C.

Further to the west, in the area where glaciers calve into
tidewater at the heads of fjords, rainfall is much heavier, ranging
from 250 centimeters to more than 750 centimeters. Sphagnum
bogs are absent, their place being taken by cushion bogs which,
according to Godley (1959, p. 469), are genuinely subantarctic in
character. Pisano (1977, 244-245) describes a zone of mountain
tundra, the Tundra NanofanerofItica Montana,
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(Nanophanerophytic Montane Tundra) up near the treeline in
this zone, where the climate is cold, wet, and windy, and soils
are thin. Vegetation is confined to protected areas and thus
covers less than 30 percent of the surface; the rest is bare, giving
a general aspect of mountain desert. Shrubs are stunted and
ground-hugging, the dominant species being Escallonia serrata,
Em pet rum rubrum and the shrubby forms of the tree species
Nothofagus betuloides and N. antarctica. At lower elevations the
conifer Pilgerodendron uvifera is abundant, both as trees and in
shrub form, and the coniferous shrub Dacrydium fonckii.

The western slopes of the southern Andes are very wet be-
cause they lie across the southern westerlies, in the path of
frequent storms whose frontal precipitation is greatly increased
by the orographic effect of the Cordillera. Comparable condi-
tions are unlikely to have prevailed on the Ross Embayment
slopes of the Transantarctic Mountains during the Neogene
warm intervals. However, if the species of conifer or conifers
that were present at Oliver Bluffs were closely related to the
modern southernmost conifers Pilgerodendron uvifera and
Dacrydium fonckii, rainfall is likely to have been at least moder-
ate-perhaps 60-100 centimeters annually, as in Pisano's (1977,
p. 219) Pilgerodendro-Sphagnetum magellanici sub-association, in
the drier parts of the islands south of the Beagle Channel. Thus
the environment of the Ross Embayment coasts at a time of
Pliocene warmth may, as regards ice cover, have resembled the
extremely wet fjord region of Patagonia and Tierra del Fuego,
whereas the vegetation cover more closely resembled that of
drier areas on the other side of the main divide.

The figure shows a modern scene with some of the inferred
environmental features at the head of the Beardmore fjord at the
time the sedimentary sequence exposed at Oliver Bluffs was
being deposited. The glacier at the head of Seno Eyre (49°S
latitude), after advancing about 10 kilometers down the fjord
after 1945, overriding trees and peat bogs, began a slow retreat
in the early 1980's. The photograph of recently deglaciated
terrain, taken in 1986, shows hummocky glacial sediments with
abundant wood on the surface, chiefly Pilgerodendron uvifera,
with some Nothofagus betuloides. The vegetation that was over-
run also includes Dacrydium fonckii. In the Beardmore fjord at a
time of Pliocene warmth, the glacier would have advanced into
less luxuriant and more stunted vegetation than that shown
here, where average midsummer temperature is about 12°C.

This research was supported by National Science Foundation
grant DPP 84-20622.
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The search for microfossils
beneath the Greenland and west

antarctic ice sheets
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Interest in sediments beneath the Greenland and west ant-
arctic ice sheets stems from the recent discovery of reworked

marine microfossils in the upper Pliocene/lower Pleistocene
terrestrial Sirius Formation of the Transantarctjc Mountains
(Harwood 1983, 1986a; Antarctic Journal, this issue; Webb et al.
1984, 1987). These fossils indicate a complex history of Cenozoic
marine invasion and deglaciation of East Antarctica. Determin-
ing whether this history could be verified and improved from
debris beneath the Greenland and west antarctic ice sheets was
the goal of the present investigation. The results from my search
for microfossils in subglacial debris from two ice cores, Camp
Century in northwest Greenland and Byrd in central West Ant-
arctica, and from glacial deposits associated with hyaloclastites
in Ellsworth Land and Marie Byrd Land are reported below.

West Antarctica

Byrd ice core. The bottom of the west antarctic ice sheet con-
tains, abundant stratified debris, including layers of clay, sand
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