
southern Weddell Sea, it appears that bottom water may form
here as it does in the Weddell Sea.

One feature that is different from the southern Weddell Sea
continental shelf is that in this region off Wilkes Land the shelf
slopes upward toward the shelf break (as shown in the figure).
Thus the shelf waters may be partially constrained to-
pographically. On a helicopter flight just to the south of our
most western hydrographic section, we observed a line of ice-
bergs tending toward the coast for nearly 100 kilometers. At the
same time, the wind was blowing strongly off shore. Satellite
imagery (we had "real time" satellite imagery aboard ship)
showed that the sea ice was absent to the west of our region.
Thus we can conclude that either the icebergs were blown
offshore by the high winds or they were grounded on the edge
of the continental shelf. In either case, there is a mechanism for
inducing recirculation of the shelf waters (topographic trapping

or wind stress) so that the region may recirculate shelf water
until sea-ice formation has increased its salinity sufficiently for
bottom water to form. Our conclusions, however, must remain
tentative until the data are properly analyzed.

This work was supported by National Science Foundation
grant DPP 83-00804.
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The 1985 Wilkes Land Expedition included a chemical sam-
pling program to help elucidate the physical processes that
occur in this region. Information on the cruise track and pre-
liminary physical oceanographic results are given in Foster
(Antarctic Journal, this issue) and Foster, Yutian, and Eckert
(Antarctic Journal, this issue). Seven hydrographic sections were
taken during the Wilkes Land Expedition, with chemical sam-
pling conducted at selected stations in each section. Freons, acid
balance (pH), alkalinity, and nutrients were collected at selected
stations in all sections. More extensive chemical sampling oc-
curred in section 3 (stations 28 - 39) and section 7 (stations 71 -
88) where samples for tritium, helium-3, carbon-14, calcium,
and stable isotopes were also collected.

The acid balance was determined using the method and ap-
paratus described by Zirino (1975) with some modifications. A
Fisher Accu-phast combined pH-double junction reference
electrode was used. This electrode has a fast response and is
remarkably stable. Rather than National Bureau of Standards
buffers, an equimolar mixture of 0.04 molar tris and tris-hydro-
chloride in bicarbonate and borate-free artificial seawater was
used as a reference buffer. A fresh buffer solution was generally
prepared every 2 days. Drift of the measured electromotive

force of the buffer solutions over the 1-month period was 0.7
millivolts (0.012 pH units). Alkalinity was determined by poten-
tiometric titration of a 10-milliliter sample. The end point was
determined from Gran function extrapolation (Edmond 1970).
The average of all sample replicate deviations was 0.0015 millie-
quivalent per kilogram.

In the figure, the data for all samples south of 65°S are plotted
as alkalinity versus total carbon dioxide, when this latter is
computed from the pH and alkalinity using Lyman's constants
(Lyman 1956). As is shown in the figure, the samples taken
from below the pycnocline in deep water off the continental
shelf cluster about A, = 2.36 milliequivalents per kilogram,
irCO2 = 2.27 millimole per kilogram. This agrees well with the
Geochemical Ocean Sections Study (GEOSECS) deep southern
ocean data (Takahashi et al. 1980). The cold shelf water lying
beneath the seasonal halocline forms a second cluster of points
at A = 2.3 milliequivalents per kilogram, rCO 2 = 2.235 milli-
mole per kilogram. The pCO2 of this water is computed to be
about 410 parts per million, and its alkalinity and total carbon
dioxide are similar to the winter water and western shelf water
of the Weddell Sea (Weiss, Ostlund, and Craig 1979). All points
with total carbon dioxide values less than 2.178 millimole per
kilogram come from summer surface water above the seasonal
halocline. Between a total carbon dioxide of 2.1 and 2.175 milli-
mole per kilogram, the summer surface water total carbon diox-
ide, alkalinity, and salinity variation appears to be a result of
dilution with sea-ice melt. Calculation of the carbon dioxide
partial pressure of this water for a temperature range of - I to
+ 1°C gives 230 to 250 parts per million, substantially below the
present atmospheric carbon dioxide concentrations. The sur-
face water of station 45, located just north of a large field of
grounded icebergs, has an even lower carbon dioxide partial
pressure than that of the other surface samples collected in this
region. The surface pH value (20°C) here was 8.048 compared to
typical values of 7.91 to 7.95 elsewhere, giving a carbon dioxide
partial pressure at station 45 of 170 parts per million.

The distributions of the dissolved atmospheric chlo-
rofluorocarbons (freons) CC1 3F (F-il) and CC1 2 F2 (F-12) were
measured by F.A. Van Woy from the laboratory of R.F. Weiss
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(Scripps Institution of Oceanography). Because waters that
leave the surface ocean and enter the subsurface circulation
contain concentrations of F-li and F-12, which reflect the tem-
poral increases of these anthropogenic compounds in the at-
mosphere, dissolved freon concentrations are valuable time-
dependent tracers of new deep- and bottom-water formation at
high latitudes (Bullister and Weiss 1983; Wallace and Moore
1985; Weiss et al. 1985).

Concentrations of dissolved F-li and F-12 were measured
along the five longer hydrographic sections occupied during
the 1985 Wilkes Land Expedition and in the atmosphere using
electron capture gas chromatography. An additional major ob-
jective of the freon program was a series of five deep hydro-
graphic stations across the circumpolar current which had to be
abandoned because the Polar Star could not maintain station in
open water.

Although the results of the freon measurements have yet to
be fully processed and integrated with the final hydrographic
observations, the preliminary data for the five sections across
the shelf break near Wilkes Land all show high freon con-
centrations along the continental slope. The highest values
(about one quarter of present surface-water values for both
freons) are found near the base of the continental slope at
depths of 2.5 to 3.0 kilometers and indicate the presence of
newly formed bottom water which is apparently constrained
geostrophically in a westward-flowing current. A major compo-
nent of this newly formed bottom water must therefore origi-
nate to the east of our easternmost section. However, a more
thorough analysis of this feature and its relationship to local
shelf-edge processes must await the final freon and hydro-
graphic data.

Tritium and calcium samples were drawn into bottles and
returned to the Mount Soledad Tritium Laboratory for analyses.
The tritium samples will be analyzed according to a method
outlined in Bainbridge, Sandoval, and Suess (1961). Dissolved
inorganic carbon was extracted from seawater in a method de-
scribed by Linick (1980) and will be analyzed by the Mount
Soledad facility. Helium-3 samples were collected and returned
to Zafer Top (University of Miami) for analyses. The analyses of
the stable isotopes will be handled by Roy Schroeder.

The sampling program was carried out with support from
National Science Foundation grant DPP 83-00804.
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content within the polynya. Smear-slide data indicate that sedi-
ments within the polynya contain a higher ratio of terrigenous
to biogenous material than sediments from surrounding ice-
covered areas (figure 2). This change reflects the dilution caused
by the influx of eolian material in the open-water zone, rather
than a decrease in the biological productivity within the poly-
nya. Significant eolian input has been previously identified in
other regions of the Ross Sea (Barrett, Pyne, and Ward 1983),
and visible quantities of dust have been observed blowing over
Terra Nova Bay (Bromwich personal communication).

This study is a survey of the surface sediments of the Terra
Nova Bay polynya. The survey was designed to identify sedi-
ment characteristics that reflect polynya-influenced deposition.
We examined surface samples from 41 piston cores taken by the
U.S. Coast Guard icebreaker Glacier during its austral summer
1979 - 1980 cruise. Analysis of the cores consisted of visual
examination and description, particle-size analysis, smear-slide
analysis, and X-ray diffraction studies of both the less than 63-
micrometer and less than 2-micrometer size fractions.

The Terra Nova Bay polynya is located between 75°30' and
74°30'S and 162°30' and 164°E (figure 1). The polynya is kept ice-
free by two factors: the strong persistent katabatic winds that
blow down the Reeves Glacier valley and the Drygaiski ice
tongue, which blocks the northward flow of sea ice into Terra
Nova Bay (Bromwich and Kurtz 1984). The mean surface area of
the polynya is 1,000 square kilometers, with a maximum area of
5,000 square kilometers. Polynya size varies by migration of its
eastern boundary; the maximum eastward extent of the poly-
'nya is limited by the length of the Drygalski ice tongue (Kurtz
and Bromwich 1983). The bathymetry of the western Ross Sea is
characterized by the combination of a series of ridges and basins
oriented subparallel to the coastline and a general landward
slope of much of the continental shelf. This general landward
slope probably resulted from glacial action during the Wiscon-
in glacial maximum (Anderson, Brake, and Myers 1984). The

tnaximum water depth within Terra Nova Bay is over 1,100
peters and occurs near the western boundary of the polynya, in
he Drygaiski Basin (Anderson and Kurtz 1980).

The primary process that affects sedimentation within the
erra Nova Bay polynya differently than in adjacent ice-covered
reas is eolian transport of terrigenous material. The katabatic
inds in this region have an average velocity of 15 meters per

s cond, with much greater velocities present during storms
urtz and Bromwich 1983). These velocities, combined with

t e presence of exposed weathering surfaces of rocks found
u wind, are sufficient to explain the high terrigenous sediment
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Figure 1. Location map showing Terra Nova Bay and surrounding
features (from Kurtz and Bromwich 1983). ("km" denotes "kilo-
meter," "C" denotes "Campbell Glacier," "P" denotes "Priestley
Glacier," "H" denotes "Reeves Glacier," "N" denotes "Nansen Ice
Sheet," "L" denotes "Larsen Glacier," "0" denotes "David Glacier,"
"K" denotes "Clarke Glacier:')
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