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Figure 2. Silica (S102) versus alkali (Na 20 + K20): a plot of Brans-
field Strait and South Shetland Islands samples. Squares and tri-
angles are dredge samples. Diamonds are King George Island.
Octagons are Penguin Island. Asterisks are Deception Island. lB
line is the alkali/tholeiite line from Irvine and Baragar (1971).
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A suite of 41 piston cores was obtained from the Terra Nova
Bay region of the western Ross Sea during the austral summer
1979-1980 cruise of the U.S. Coast Guard icebreaker Glacier
(figure 1). Because this region contains a consistent area of
open water surrounded by ice (a polynya), these cores have
been used to examine the characteristics of polynya-influenced
sedimentation. The polynya itself is kept ice-free by two fac-
tors: the strong and persistent katabatic winds, which blow
seaward from the glacial drainages along the coast, and the
presence of the Drygalski ice tongue, which blocks the north-
ward flow of sea ice into Terra Nova Bay (Bromwich and Kurtz
1984; Kurtz and Bromwich 1983, 1985).

Hughes and Krissek (1985) and Hughes (1986) examined
core-top samples from sub-ice and sub-polynya environments
of Terra Nova Bay to identify distinctive compositional sig-
natures for these environments. They showed that the ratio
of terrigenous to biogenous (TIB) sediment components (the
T/B ratio), determined from smear slides, is a consistent in-
dicator of polynya- vs. ice-influenced environments, with high
T/B ratios beneath the polynya and low T/B ratios in sub-ice
settings (figure 2). The variation in component abundances
probably reflects an increased input of land-derived eolian ma-
terial through the open water of the polynya but may also

reflect decreased biological productivity because of extremely
rapid mixing (Dunbar et al. 1985).

A subsequent study has examined downcore variations in
the T/B ratio along two east-west transects (cores 105/107/110
and cores 111-117), which extend from the modern polynya to
the ice-covered region to the east. The objective of the down-
core study is to trace the position and extent of the polynya
through time, thereby identifying past conditions of the ka-
tabatic windfield and past extent of the Drygalski ice tongue.

The results of this study are summarized in figure 3, where
T/B downcore profiles are plotted by geographic position within
the transects. Cores 105, 115, 116, and 117 are located beneath
the modern polynya, and T/B ratios in these cores remain high
throughout the recovered intervals. The high T/B ratio suggests
that these sites have experienced polynya-influenced deposi-
tion throughout the time represented. Cores 110, 111, and 112
are located beneath the modern pack ice, and T/B ratios in
these cores remain low throughout the recovered intervals.
The low T/B ratio suggests that these sites have experienced
sub-ice deposition throughout the time represented. Cores 107,
113, and 114 are located in the transition zone between these
two modern environments (Kurtz and Bromwich 1985), and
all show at least one major increase in T/B ratio downcore.
These changes are interpreted to record the past existence of
a significantly larger polynya, with the polynya/ice boundary
lying at least 90 kilometers offshore along the northern profile.

Establishing the synchroneity of the compositional changes
and, therefore, dating this expanded polynya, is problematic.
Diatoms are present in these samples, but the effects of re-
working are significant, and biostratigraphic resolution is lim-
ited (Harwood personal communication). Radiocarbon ages
were measured for 14 samples from these cores (analyzed by
Krueger Enterprises, Geochron Laboratories). The calculated
ages range from 10,825 ± 640 years (core 114, 8-38 centime-
ters) to >32,000 years (core 113, 83-110 centimeters) and are
all anomalously old, as has been observed for previous radi-
ocarbon measurements of Ross Sea sediments (Dunbar per-
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Figure 1. Location map of austral summer 1979-1980 piston cores
in Terra Nova Bay.

sonal communication). Although the radiocarbon ages are
anomalously old in an absolute sense, differences in the ages
of three samples from core 114 and two samples from core 107
define sedimentation rates of 0.05 to 0.20 millimeter per year.
These rates are approximately 10 to 50 times slower than short-
term sedimentation rates determined by Ledford-Hoffman,
DeMaster, and Nittrouer (1986), who employed lead-210 and
plutonium-239/plutonium-240 techniques on box cores from
the southwestern Ross Sea. While the expanded polynya can-
not be dated accurately, it can be estimated to have existed
during the Late Quaternary, and perhaps as recently as 6,000
years ago.
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Figure 3. Downcore profiles of terrigenous/biogenous component ratios (T/B ratios) for two transects through Terra Nova Bay. Shading
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