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During the austral winter and early spring of 1986, the West
German research icebreaker Polarstern conducted two extended
multidisciplinary oceanographic expeditions into the eastern
Weddell Sea (ANT V12, 27 June to 17 September; ANT V13, 28
September to 14 December). ANT V/2 focussed primarily on
physical and chemical oceanography, meteorology, and sea ice,
from the ice margin to the antarctic continent, approximately in
the region of the prime meridian and over Maud Rise. ANT V/3
focussed primarily on biology, with additional programs in
physical and chemical oceanography, meteorology, and sea ice,
along the coastal zone extending from Atka Bay at about 71°S to
the eastern Filchner Depression at about 77°S. These expedi-
tions comprised the Winter Weddell Sea Project (wwSr' 86), in
which the shipboard physical and chemical oceanographic
components were carried out by scientists from the United
States, West Germany, Switzerland, and Argentina.

The major geochemical measurements carried out by each
laboratory on WWSP 86 are summarized in the table. This suite of
measurements was designed to study the mechanisms and

rates of important regional wintertime oceanographic pro-
cesses, including water mass conversion, air-sea exchange, sub-
surface mixing and circulation, interactions between glacial ice
and sea water, and the chemical influences of biological pro-
cesses. The measurement programs for dissolved atmospheric
chlorofluorocarbons (freons) and sea-surface and atmospheric
carbon dioxide and nitrous oxide are discussed here. The other
geochemical measurements are described elsewhere (see Jen-
nings, Gordon, and Nelson, Antarctic Journal, this issue), and in
the cruise reports of the Alfred-Wegener-Institute for Polar and
Marine Research (Schnack-Schiel 1987).

The distributions of the dissolved anthropogenic chlo-
rofluorocarbons F-Il and F-12 were measured in the water and
in the atmosphere. These compounds are especially useful as
transient tracers of decadal time-scale oceanographic processes,
because they are entirely manmade, they are extremely stable in
the troposphere and in the ocean, and the histories of their
release to the atmosphere are fairly well known. The primary
focus of the WWSP 86 freon measurements was on the study of
ventilation, mixing, and transport in subsurface waters, and on
the study of deep-water entrainment and air-sea exchange pro-
cesses in the ice-covered winter surface layer. This work was
closely integrated with the hydrographic observations of the
physical oceanography programs. The F-Il and F-12 con-
centrations in about 2,400 seawater samples and about 500 air
samples were measured during the course of the two expedition
legs.

The deep freon measurements along the ANT V12 north-south
section from the ice edge to the continental slope, and along the
shorter ANT V13 sections extending across the continental slope
further to the southwest, show a number of interesting fea-
tures. To the north of Maud Rise (at about 65°S), in the cold deep
waters of the eastern limb of the Weddell Gyre, waters deeper

WWSP 86 Geochemical Measurements

Chemical parameter	 Laboratorya	 Applications

Nutrients and oxygen	 osu

Chlorofluorocarbons (freons)	 sio

Radiocarbon	 UH

Oxygen and hydrogen stable isotopes	 sio

Tritium and helium-3	 UH

Total inorganic carbon, alkalinity, carbon-13,	LDGO,SIO, UG

partial pressure of carbon dioxide, atmospheric
carbon dioxide

Krypton-85	 LDGO,UH

Argon-39	 UB,UH

Nitrous oxide	 Sb

Radon and radium-226	 UH

Radium-228	 USC, PU, UH

Barium	 LSU

Effects of biological processes, sediment-water interactions, air-sea
exchange

Rates of subsurface mixing and circulation, air-sea exchange, mesocale
transient tracer

Carbon cycle, air-sea exchange, deep-sea advection and mixing rates

Roles of evaporation/precipitation and melting/freezing of sea ice and
glacial ice

Subsurface mixing and circulation rates, air-sea exchange

Carbon cycle, air-sea exchange

Air-sea exchange, subsurface mixing and circulation rates

Deep-sea advection and mixing rates

Air-sea exchange, nitrogen cycle

Air-sea exchange rates, sediment-water interactions

Sediment-water exchange, deep-sea transport rates

Biogenic effects, composition of nascent bottom water

a LDGO denotes Lamont-Doherty Geological Observatory; LSU denotes Louisiana State University; osu denotes Oregon State University; Pu
denotes Princeton University; sio denotes Scripps Institution of Oceanography; UB denotes University of Bern, Switzerland; UG denotes University
of Groningen, Holland; UH denotes University of Heidelberg, West Germany; and usc denotes University of South Carolina.
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than about 2 kilometers were marked by high freon con-
centrations (F-li >0.2 picomoles per kilogram) reflecting the
admixture of recently ventilated Weddell Sea Bottom Water.
South of Maud Rise, in the region of warmer and more saline
deep waters, the bulk of the water below the 2-kilometer depth
showed freon concentrations less than half of those to the
north, reflecting much less-ventilated Warm Deep Water of
circumpolar origin. Close to the continental slope, freon con-
centrations are again elevated, with F-li concentrations >0.2
picomoles per kilogram throughout the deep-water column and
a core of high-freon water (F-il equals approximately 0.5
picomoles per kilogram) apparently moving westward at a
depth of about 5 kilometers along the base of the continental
slope. The implications of the deep-water freon data with regard
to convective processes in the open ocean and water mass
modification along the continental shelf and slope regions must
await a complete evaluation in the context of the final hydro-
graphic data and the other tracer observations.

The freon measurements in the winter surface layer below the
sea-ice cover showed marked undersaturation, reflecting the
balance between the entrainment of low-freon deep water from
below and the effective impedance of air-sea exchange by the
ice. The degree of undersaturation ranged from about 20 per-
cent near the ice edge in the north, to about 50 percent near the
southern edge of the pack ice, where the greatest degree of
deep-water entrainment was found (c.f, Huber, Gordon, and
Manley, Antarctic Journal, this issue). In the immediate coastal
region, mean undersaturations were about 30 percent, com-
pared to the much greater undersaturations found further off-
shore. This difference is apparently the result of greater air-sea
exchange in the open waters of the coastal polynya system.

The surface-water partial pressures of carbon dioxide and
nitrous oxide, and the atmospheric concentrations of these en-
vironmentally important trace gases, were measured along the
entire ship's track of ANT V/2 and ANT V/3 by automated ship-
board gas chromatography (Weiss 1981). A total of approx-
imately 15,000 measurements, divided equally between the sur-
face water and the atmosphere, was made. Whereas surface
waters of this region in the summertime (Weiss unpublished
data AJAX expedition data) are generally undersaturated in car-
bon dioxide (due principally to photosynthetic removal and
summer stratification) and near saturation in nitrous oxide (due

to air-sea exchange and summer stratification), the wintertime
distributions show the effects of deep-water entrainment, low
photosynthetic activity, and the impedance of air-sea exchange
by ice cover. Because both carbon dioxide and nitrous oxide are
produced metabolically at depth, deep-water entrainment leads
to supersaturation of the ice-covered winter layer in both of
these gases. For carbon dioxide, this effect ranges from about 15
parts per million (approximately 4 percent) supersaturation
near the ice edge to about 40 parts per million (approximately 12
percent) near the continent, and for nitrous oxide the range is
from about 10 parts per billion (appro),"imately 3 percent) super-
saturation near the ice edge to about 40 parts per billion (approx-
imately 13 percent) near the continent. Thus, the surface-water
distributions of carbon dioxide and nitrous oxide showed the
same general effects of entrainment and ice cover as were
shown by the freon and oxygen distributions (c.f., Jennings,
Gordon, and Nelson, Antarctic Journal, this issue). In the at-
mosphere, carbon dioxide and nitrous oxide showed the
characteristic tropospheric concentrations for this latitude and
time.
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Overview. The objective of the drifter/modeling program of
the Winter Weddell Sea Project 1986 (wwSP 86) is to study the

seasonal evolution of the upper ocean, in response to a sea-
sonally varying atmospheric forcing and sea-ice distribution.
This upper ocean evolution is directly related to ocean/at-
mosphere fluxes of heat, salt, and momentum under a variety of
air/sea/ice conditions and the magnitude of deep-ocean ventila-
tion. The understanding of these processes represents funda-
mental goals of WWSP 86.

Specifically, three prototype, ice-locked drifters (figure 1)
with temperature-conductivity chains to 155 meters depth,
were to be deployed to monitor the tipper ocean and at-
mosphere for 1 year. The resulting time-series data, the first of
their kind for the Antarctic, would supply fundamental obser-
vational evidence pertaining to the interactive nature of the air/
sea/ice system while providing a foundation against which to
test, evaluate, and improve existing models addressing the
ocean/sea-ice coupling. These data would be collected at 10-
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