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Ocean sci40 ences

Antarctic Bottom Water formation in
the northwestern Weddell Sea

THEODORE D. FOSTER, Marine Sciences, University of California, Santa Cruz, California 95064

A
s part of a project to study the formation of Antarctic Bot-
tom Water in the Weddell Sea, an oceanographic expedi-

tion was carried out in the northwestern sector of the Weddell
Sea. The scientific party embarked on the R/V Nathaniel B.
Palmer at Punta Arenas, Chile, on 21 October and disem-
barked at Punta Arenas on 4 December 1992. The northwest-
ern Weddell Sea was largely covered by fairly loose ice pack
during the period of the expedition, and the ice in the previ-
ously unexplored western part of the Weddell Sea was rapidly
breaking up. Thus, it was very disappointing that the Palmer
was not capable of performing the operations planned for this
region. As a result, we were able to do little more than repeat
the hydrographic work that we had carried out in 1991. Figure
1 shows the cruise track of the Palmer during the time the
expedition was in the Weddell Sea.

Altogether, we occupied 113 hydrographic stations and
made 149 conductivity-temperature-depth/rosette casts.
While at sea, we analyzed 990

Figure 1. The track of the RN Nathaniel B. Palmer while in the
Weddell Sea from 25 October to 30 November 1992.

water samples for salinity, 550
for oxygen, 359 for nitrate, 359	0

for phosphate, 359 for silicate,
and 225 for chlorophyll. We
also collected 431 water sam-
ples for helium analysis, 314
for carbon dioxide, 345 for
oxygen isotopes, 311 for car-
bon-13, 262 for chlorofluoro-

2000carbons, and 96 for tritium.	.
The sea water samples were all
returned to the United States;	icc
however, because the analyses (n 3000UJhave not been completed, we CL

do not yet know the outcome
of these chemical investiga-
tions, which may well provide	4000
the most important results of
the expedition.

A major aim of this expe-
dition was to retrieve current-	5000
meter moorings that we set	0	 100

out in 1987 and 1991 to moni-
tor the flow of newly formed	Figure 2. Potential temperature (degrees Celsius) in the long section in the northwestern Weddell Sea

from about 62 057S 54025W to 65 040S 40000W.
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bottom water out of the Weddell Sea and, thus, to estimate
the formation rate of Antarctic Bottom Water. Unfortunately,
we were once again frustrated in our recovery attempts. The
acoustic releases that we planned to use to recover the deep
moorings either had dead batteries or were defective in
design. In addition, it proved to be very difficult to conduct
grappling operations from the Palmer, and we were success-
ful in recovering only one current meter out of 19 instruments
deployed.

A preliminary analysis of the potential temperature data
from the long hydrographic section from about 62057'S
54°25'W to 65°40'S 40°00'W is shown in figure 2. The structure
of the potential temperature field is similar to that which we
obtained for this same section in 1987 and 1991 with the
exception of the surface layers where there are some differ-

ences due to seasonal effects. More significantly, the region of
newly formed bottom water, indicated by potential tempera-
tures below about -0.8°C, closely resembled those of 1987 and
1991. This may be evidence that bottom water forms all year
long in the western Weddell Sea; however, we will need the
current velocity and temperature records from the current-
meter moorings to prove this conjecture.

The field party consisted of Kevin G. Cannariato,
Theodore D. Foster, Kimberly A. Kloecker, Leslie E. Long, Lisa
A. Miller, Rafael A. Olivieri, and Kenneth E. Vicknair from the
University of California, Santa Cruz; Douglas M. Masten and
James A. Schmitt from the University of California, San Diego;
and Thomas F. Stocker from Columbia University.
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dation grant OPP 89-15730.

Helium isotope results from Ice Station Weddell 1
RALF WEPPERNIG and PETER SCHLOSSER, Lamont-Doherty Earth Observatory, Columbia University,

Palisades, New York 10964

A;rogram,
part of the Ice Station Weddell 1 hydrography/tracer

 we collected about 400 helium isotope samples.
Most of the samples were taken along the drift track of the ice
floe (figure 1). Additionally, a small sample set was obtained
from stations occupied by the Russian icebreaker Akademik
Fedorov during the ice station deployment cruise.

The first helium isotope data show very low isotopic heli-
um-3 (63He) values in a thin bottom layer [about 100 meters
(m) thick] along the drift track of the ice station (figure 2). This
reflects the fact that the shelf- and surface-water masses that
contribute to the formation of bottom water have a 8 3He sig-
nal that is in or close to thermodynamic equilibrium with the
atmosphere (83He=-1.8 percent). The increase of the surface
mixed layer 63He values with latitude (higher values toward
the north) is the result of entrainment of higher fractions of
Circumpolar Deep Water (CDW) into the surface mixed layer
by convective erosion of the pycnocline (for example,
Schlosser et al. 1987). CDW is advected from the Circumpolar
Current into the Weddell Sea and has relatively high 83He val-
ues (about 8 percent). The highest 8 3He signals were found at
a depth of about 800 m with weak gradients between 500 and
1,500 m. Below about 2,000-m depth, there is an extremely
strong 63He gradient toward the bottom.

The 4He concentrations of the surface waters reflect the
ice cover during the time of sampling. Gas exchange is
reduced because of the ice cover, and 4He accumulates as
CDW entrains into the surface layer. Low 4He concentrations
indicate that the water exposed to the surface nearly reached
solubility equilibrium with the atmosphere (about 4.1x10-5
cubic centimeters standard temperature and pressure per
kilogram) during the time when the ice cover is not closed. At

station 9, the gradient between surface water and CDW is well
pronounced (figure 3), which is an indication of a well-mixed
surface layer and rapid gas exchange with the atmosphere.

Figure 1. Geographical position of the Ice Station Weddell
1 tracer stations.
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