
-5 -4	-3	-2	-1 0	1	2	3	4

-5	-4	-3	-2	-1	0	1	2	3	4

-64

-65

-66

-67

Weddell Gyre
warm-pool characteristics

ARNOLD L. GORDON and BRUCE A. HUBER

Lamont-Doherty Geological Observatory
Columbia University

Palisades, New York 10964

NIKOLAI BAGRIANTSEV

Arctic and Antarctic Research institute
St Petersburg, Russia

The thermohaline field of the Weddell Gyre has structure at
a variety of scales, from cells of tens of kilometers in diameter
(Gordon 1978; Gordon and Huber 1984) to features of hundreds
of kilometers in diamter manifested as pools with temperature
maximum (t-max) temperatures warmer than the surrounding

water. Summer data collected over several years have revealed
a warm pool west of Maud Rise, and it is believed that this may
be a quasi-permanent feature resulting from interaction be-
tween Maud Rise and the Weddell Gyre circulation (Bagri-
antsev, Gordon, and Huber 1989). These features, both large
and small, represent sites of enhanced flux of heat from the
warmer deep water to the winter mixed layer under the sea ice
and, hence, to the atmosphere. The regional variations in this
heat flux have an impact on the sea-ice properties, and the heat
flux as a whole plays an important role in the balance among
atmosphere, sea ice and ocean in the Weddell Gyre.

As part of the Winter Weddell Gyre Study 1989, the Russian
ice-breaking research vessel Akademik Fedorov occupied stations
in the vicinity of Maud Rise and drifted for 10 days within the
warm pool collecting data at regular intervals (see Gordon and
Huber 1990a). A portion of the data collected is a suite of con-
ductivity-temperature-depth profiles to 500 meters collected at
4-hour intervals during the ship's drift within the warm pool.
These conductivity-temperature-depth stations and others oc-
cupied during the ship's passage through the region are shown
in figure 1, with the bottom topography of the area displayed
for reference. Note the crest of Maud Rise at 65°S near 3°E. The
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Figure 1. Station positions from Akademik Fedorov cruise during Winter Weddell Gyre Study 1989. Contours of bottom depth are in
kilometers.
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drift series occurred near 65.5°S and 3°W, just north of a slight
ridge in the bottom relief.

The warm pool is characterized by warm t-max and mixed-
layer temperatures compared to the surrounding area. Within
the pool, t-max temperatures average about 1 °C, whereas typ-
ical t-max temperatures to the north are of order 0.4 °C (station
118, for example). Mixed-layer temperatures in the pool are
above freezing and range from - 1.83 to - 1.72 °C. The mixed
layer is typically thinner over warm features in the Weddell
Gyre (Gordon and Huber 1984, 1990b). This is true in part for
the warm pool, though there is considerable variation in mixed-
layer depth. Figure 2 represents a series of potential tempera-
ture profiles offset by 1 °C for clarity. For the eastern part of
the drift series (represented by stations 81-85) the mixed layer
is shallow, about 50 decibars. From station 86 onward (the west-
ern portion of the drift sequence), the mixed layer deepened to
near 100 decibars. Between stations 85 and 86, the ship had
drifted for 30 hours. Whether this change represents temporal
evolution of the warm pool, spatial variability, or drift from one
feature into another cannot be determined with certainty from
the data collected. The salinity and oxygen properties suggest,
however, that the eastern and western segments represent dif-
ferent features. In figure 3, we have plotted the mixed-layer

salinity against mixed-layer oxygen concentration for both Fe-
dorov 89 and previously collected data (Polarstern 1986, see Gor-
don and Huber, 1990b) in the region. The Fedorov data are la-
beled by station number; the Polarstern data are plotted as
circles. There are two features to note in this figure:
• the general trend is for decreasing oxygen with increasing

salinity, as exhibited by the Polarstern and some Fedorov data
and

• the Fedorov data from the easternmost drift segment do not
follow the trend but are anomalously low in oxygen.

Low mixed-layer oxygen is an indication of enhanced exchange
between the mixed-layer and low-oxygen Weddell Deep Water
lying immediately below the mixed layer (Gordon et al. 1984).
This enhanced exchange represents an increased vertical heat
flux, evidence for which was observed during the Fedorov cruise
in the reduced ice cover in the region during the drift sequence.

Although the warm pool west of Maud Rise is a quasi-per-
manent feature of the Weddell Gyre system, there appears to
be significant variation within the pool, a phenomenon that
warrants closer study.

This work was supported by National Science Foundation
grants DPP 85-02386 and DPP 90-08906.
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Figure 2. Temperature vs. pressure plots for selected stations during the drift sequence. Profiles are offset by 1 °C.
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Figure 3. Mixed-layer salinity versus mixed-layer dissolved oxygen concentration for Federov data (station numbers) and data collected in
1986 on board Polarstern (circles).
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