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Winter Weddell Gyre Study, 1989:
Physical oceanography on board

Akademik Fedorov
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Sea ice, atmosphere, and ocean interact in the southern ocean
in subtle, as yet poorly understood, ways to influence both
regional and global climate. As part of a continuing interna -
tional effort to improve our understanding of this system, sci-
ence teams on board the icebreaking research vessels Akademik
Fedorov and Polarstern carried out austral winter research in the
Weddell Gyre in 1989 (the Winter Weddell Gyre Study (WWGS),
figure 1). A Lamont-Doherty team of four physical oceanog-
raphers with conductivity-temperature-depth/rosette and ac-
quisition computer equipment, salinometer, and oxygen

titration/chemical equipment participated in WWGS-89 during
the period September-November aboard the Fedorov. In July
1988 U.S., Soviet, and West German oceanographers met in
Leningrad to coordinate plans for WWGS-89.

Fedorov and Polarstern had few problems with the ice cover
and most of the research objectives were met. The two ships
met near Maud Rise on 17 October 1989 to exchange data and
intercalibrate equipment. Station array information from Fe-
dorov, as well as a subset of the conductivity-temperature-depth
data obtained, were telexed to Lamont-Doherty Geological Ob-
servatory during the expedition. A total of 127 conductivity-
temperature-depth stations was obtained from Fedorov with a
nominal spacing of 50 kilometers.

A cluster of closely spaced conductivity-temperature-depth
stations including a 1-week time series was obtained at a site
west of Maud Rise (figure 2), where summer-period data reveal
the frequent presence of a large pool of warm deep water
(Bagriantsev, Gordon, and Huber 1989). The 1989 Fedorov data
reveal a similar feature, with associated high oceanic heat flux,
the effects of which are evident in the sea-ice characteristics
and from atmospheric boundary layer measurements made by
a group aboard Fedorov (these measurements suggest an oceanic
heat loss of 220 watts per square meter). Current meters were
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Figure 1. Cruise tracks of Fedorov and Polarstern during WWGS-89.
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Figure 2. Temperature of the temperature maximum layer at locations of the conductivity-temperature-depth time series and cluster stations.
The data are superimposed upon contours of temperature of the t-max from historical data (Bagriantsev et al. 1989). Bottom bathymetry
is represented by dotted lines, showing the location of Maud Rise.

suspended at 35, 70, and 200 meters for the duration of this
"meso-polygon" experiment. Correction of the ice drift as tracked
from the ship yields the absolute current profile in the mixed
layer and across the pycnocline. The analysis of this compo-
nent of WWGS-89 promises to be a highlight of the expedition
results.

The Fedorov track passes across many regimes of the Weddell
Gyre (figure 3). The temperature-maximum core layer (t-max),
which represents the "top" of the Weddell Deep Water (WDW)
is at its warmest (over 1.2 °C) in the Scotia Sea (35-40°W),
abruptly falling to 0.33 °C at the northern limits of the Weddell
Gyre (delineated by a ribbon of the Weddell-Scotia Conflu-
ence), before attaining the 0.4-0.5 °C characteristic of the Wed-
deli cold regime (Gordon and Huber 1984). The t-max rises
above 0.5 °C near 65°S and 25°W where the western extent of

the Weddell warm regime is reached. The t-max temperatures
steadily increase as Maud Rise is approached, with values
above 1.0 °C from the Greenwich Meridian to around 8°W (as
mentioned above). This marks a warm pool of WDW, believed
to be a product of the topographic influence of Maud Rise on
the general circulation. Its position agrees quite well with that
based on summer data, suggesting a quasi-stationary nature
of this feature. Over Maud Rise the t-max is 0.4-0.5 °C, some-
what warmer than that observed in 1986 from Polarstern. Com-
bining the Fedorov data with the Polarstern data collected during
WWGS-89 will allow better definition of the Maud Rise water
column in 1989 for comparison with the 1986 condition.

The temperature/salinity relationship of the mixed layer water
indicates temperatures well above the freezing point of sea
water, about 0.1 °C for salinity above 34.3. This is the pattern
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also seen with the Polarstern 1986 data (Gordon and Huber in
press). This is a strong indicator of the WDW heat which enters
the mixed layer and is trapped below the insulating blanket
of sea ice. The relationship of the mixed layer temperature to
mixed layer oxygen reveals the mixed layer over the warm
WDW pool is low in oxygen, also a sign of WDW incorporation
into the mixed layer. Within the cluster of stations over the
warm pool of WDW, there appears to be some differences from
the 1986 data set: the warm mixed layer temperatures are cou-
pled to salinities that are not very high.

What does this mean? It is likely that in the region of the
warm WDW pool west of Maud Rise there is anomalously high
heat flux into the mixed layer. This flux melts sea ice that the
wind field forces to pass over the warm pool. The low salinity
characteristic is derived from meltwater. This process acts as
a powerful negative feedback, and prevents a runaway situ-
ation into a convective mode. The warm pools set up by Maud
Rise are "hot spots" which melt ice.

The combined Fedorov-Pola rs tern data provide a nearly syn-
optic view of the east-west spatial variability across the winter

Figure 3. A. Vertical temperature section from Fedorov stations 1-
24, Scotia Sea to 68°S. B. Vertical temperature section for stations
24-43, 680S to Maud Rise.

Weddell Gyre, including the gyre inflow in the east, the west-
ern boundary current, the central hub of the gyre, the down-
stream region from Maud Rise with the expected thermohaline
perturbations, and across the northern boundary of the gyre
in the Scotia Sea region. The entire 1989 data set, along with
the Greenwich Meridian observations obtained from the Win-
ter Weddell Sea Project-86 (WWSP-86), provides an excellent
full regional view of the winter Weddell Gyre.

We are grateful to our colleagues at the Arctic and Antarctic
Research Institute, Leningrad, for the opportunity to sail on
Akademik Fedorov. The R/V Polarstern is operated by the Alfred
Wegener Institute for Polar and Marine Research, Bremer-
haven. The Lamont-Doherty team was J. Ardai, R. Guerrero,
S. O'Hara, and M. Stern. Our thanks to them for so ably
meeting the challenges of winter work in the ice. This research
was supported by National Science Foundation grant DPP 85-
02386.
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Winter Weddell
Gyre Study 1989:
Nutrient, oxygen,

and biomass chemistry on
board F.S. Polarstern

Louis I. GORDON and JOE C. JENNINGS, JR.
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Information about the distributions of nutrients, biomass,
and oxygen content in the southern ocean is useful for tracing
and describing the circulation of water masses as well as for
studies of the resident ecosystems. The input to water mass
circulation studies helps physicists reach an understanding of
seasonal heat and salt transports, both of which influence re-
gional and global climate and carbon dioxide uptake. The effect
of the southern ocean ecosystem upon carbon dioxide uptake
is evident in the rate at which anthropogenic carbon dioxide
can be transferred from the atmosphere to the sea.

The Weddell Sea is one of the few oceanic regions with deep
vertical mixing. Approximately 70 percent of the Antarctic Bot-

tom Water is formed in the Weddell Gyre and its periphery.
The Winter Weddell Gyre Study 1989 (WWGS 89) was de-
signed as part of a continuing, multinational, multidisciplinary
study of this region (Huber, Gordon, and Manley 1987), un-
dertaken to provide a general hydrographic description of the
area.

The chemistry program of WWGS 89 was designed to pro-
vide an accurate, precise set of chemical data in order to quan-
tify the Weddell Gyre circulation and the heat, salt, and chemical
transports related to it at the end of the winter season, to
provide data on the rich algal blooms encountered on Polarstern
ANT/V2&3, and to improve chemical sampling and analytical
methods for studying the water chemistry associated with high
latitude, winter conditions. Sampling was conducted aboard
the icebreaking research vessel F.S. Polarstern operated by the
Aifred-Wegener-Institut, Bremerhaven, Germany. The ship
occupied a transect of hydrographic stations across the central
Weddell Gyre from the tip of the Antarctic Peninsula to Cape
Norvegia, then proceeded northeast to a rendezvous with the
USSR research vessel, Akademik Fedorov, and continued to the
northeast en route to Capetown, Republic of South Africa. (See
figure, Gordon and Huber, Antarctic Journal, this issue, for
cruise tracks of the Polarstern and Fedorov and a physical ocean-
ographic description of the expedition.)

Dissolved oxygen and nutrient (orthophosphate, nitrate, si-
licic acid, nitrite, and ammonium) samples were collected from
the conductivity-temperature-depth (CTD) rosette sampler. The
nutrients were analyzed with an ALPKEM 300 continuous flow

1990 REVIEW	 113




