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c sIO = Scripps Institution of Oceanography.
d UAl = University of Rhode Island.
eO5U = Oregon State University.
1wHol = Woods Hole Oceanographic institution.
9 U5AcRREL = U.S. Army Cold Regions Research and Engineering Laboratory.

Physical oceanography during
WEPOLEX-81

ARNOLD L. GORDON and BRUCE A. HUBER

Lamont-Doherty Geological Observatory
of Columbia University

Palisades, New York 10964

The physical oceanographic objective of the U.S.-U.S.S.R.
Weddell Polynya expedition (wEPOLEx-81) was to resolve the
vertical and horizontal scales of the thermohaline stratification

of the water column below the sea ice and, if possible, within
the Weddell polynya. The low vertical stability of the southern
ocean water column permits significant vertical fluxes of heat
and salt (Gordon 1981). These fluxes strongly influence the sea
ice budget and water mass conversion, and they are believed to
be particularly active in the winter. Water mass conversion
during the Weddell polynya period 1974-76 was significant
(Gordon in press).

The Neil Brown conductivity-temperature-depth (CTD) meter
was used in a number of ways: (1) to obtain vertical profiles to
varied depths, (2) to obtain repeated profiles at a single site ("yo-
yo" stations), and (3) to make time series observations at specific
depths (see table; also see figure 3 in Gordon, Antarctic Journal,
this issue). At the CTD time series sites, current meters (Soviet
instruments) were used to obtain current shear information. A
12-bottle, 1.7-liter rosette sampler accompanying the CTD meter
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Summary of conductivity-temperature-depth (cTD) stations by type and station numbera

Water depth	 Time series observations

Shallow	 Intermediate	 Deep
(s 1,000 m)	(2,000-3,000 m)	 (>3,000 m)

1 (220 m)	2, 3, 5, 7,	 17 (5,225 m)
26 (1,000 m)	13, 21, 22, (2,000 m)	23 (5,425 m)
27 (1,000 m)	31,36	 28 (5,200 m)

29 (5,300 m)
30 (4,200 m)

9, 11, 15,	(3000 m)	32 (5,250 m)
33, 34, 35	'	 37 (4,300 m)

aStations 1, 2, and 17-37 have CTD oxygen sensor data.
bTmax = Temperature maximum.
c 19—Soviet current meters deployed for 12 hours.
d25.....Soviet current meters deployed for 9 hours.

provided water samples for CTD calibration and for oxygen,
nutrient, and biological study. The oxygen determinations were
carried out by Gerry Metcalf. Observations by expendable
bathythermograph (xBT) were made between CTD hydrographic
stations (see figure 3 in Gordon, Antarctic Journal, this issue) to
define better the horizontal scales within the thermal structure
along the ship track. Surface water samples were obtained for
determination of a variety of physical and biological
parameters.

Several environmentally induced equipment problems de-
serve mention. The CTD meter was stowed on deck between
stations and thus was exposed to temperatures well below the
freezing point of seawater. To ensure good conductivity read-
ings, the instrument had to be lowered to the temperature

Yo-Yo
(No. of casts)	(duration)	(stratification feature)

4 (2)	 12 (1.4 hr)	 pycnocline
6 (8)	 14 (4.6 hr)	 Tmaxb
8 (6)	 19 (13 hr) c	T-max
10 (6)	 25(11.8 hr)d	 T-max
12 (4)
14 (3)
16(6)
18 (10)
19 (1)
20(3)
24 (6)
25 (4)

maximum layer to thaw out and then returned to the surface to
begin each cast. The oxygen sensor failed at station 3, appar-
ently because of freezing of the moisture in the Teflon mem-
brane, resulting in its rupture. The sensor was not replaced until
station 17, after which it performed well. Near-surface salinity
samples did not agree well with CTD salinities, but deeper sam-
ples did, with a standard deviation of approximately 0.002. The
large scatter in the surface samples may have been caused by ice
crystal formation in the Niskin bottles during the short time the
bottles were on deck before the samples were drawn. Finally,
the cold air temperatures affected the underwater connectors
used in the CTD wiring harness. We found that the rubber
connectors had to be prewarmed before assembly on deck to
ensure watertight mating.

Figure 1. Potential temperature, salinity, and density (SIGMA-0) at three neighboring conductivity-temperature-depth stations. Station 32 is
within a pycnocline dome, while stations 31 and 33 are within the more "normal" stratification regime.
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The Somov data provide the first modern information con-
cerning the actual end-of-winter condition of the sea-ice-cov-
ered water column of the southern ocean. The data set is situ-
ated in what can be defined, according to data for the summer,
as the Weddell Sea outflow of the cyclonic Weddell Gyre. This
water is colder and fresher than the inflow found farther to the
east and southeast. Although the Somov hydrographic data
support this view, two interesting and new aspects of the strat-
ification were found: the mixed layer is significantly deficient in
oxygen, and the pycnocline has what can be called bumps, or
domes, which are composed of relatively warm water more
characteristic of the Weddell Gyre inflow.

The oxygen saturation level of the mixed layer (average thick-
ness of 130 meters) was 85-88 percent. Since the ice shields the
water from light and gas exchange (Chen, Antarctic Journal, this
issue) and the water column biomass is quite low, the oxygen
undersaturation may result from an admixture of oxygen-defi-
cient Weddell deep water and surface water saturated with
oxygen at the beginning of the ice-cover period. Using oxygen
as a conservative parameter during the ice-cover period (about 5
months), it has been determined that the amount of deep water
required to account for the undersaturation is 40 meters. Pre-
sumably this deep water enters the mixed layer by a combina-
tion of wind-induced Ekman upwelling, entrainment, and dif-
fusion. This information provides the basis for estimation of the
vertical flux of heat (30 watts per square meter during the 5 ice-
cover months), salinity, and chemical parameters into the sur-
face layer.

The pycnocline domes (figure 1) (page 99) are particularly
curious features. The depth of the mixed layer over the domes is
nearly, half what it is elsewhere. The domes seem to have a
lateral dimension of about 20 kilometers. Three occurrences
were noted (stations 13, 27, and 32), though limited maneu-
verability of the ship in the ice precluded a full survey. As figure
1 shows, the deep water is significantly warmer below the pyc-
nocline dome. The pycnocline domes may be entrained into the
mixed layer more rapidly than is the case in a normal pycnocline
situation. Mixed-layer temperatures at all stations were .02° to
.05°C warmer than the calculated freezing point of seawater at
the observed salinities (Doherty and Kester 1974). The tempera-
ture elevation over the freezing point at the pycnocline domes
was .06° to .07°C. The relatively warm mixed-layer temperature
above the domes may be evidence of the enhanced vertical flux.

The thermal structure and surface parameter traces along the
return track from 61°S to 53°S (figure 2) reveal the varied strat-
ification and surface water conditions across the transition from
the ice interior to the open ocean. The transition region, or ice
edge zone, is associated with increased vertical relief of iso-
therms and variation in the surface nutrients. As Stepien (Ant-
arctic Journal, this issue) points out, water column biomass is
increased in the ice edge zone relative to the interior of the pack
ice. The ice edge zone is marked by smaller ice floes than are
characteristic of the interior, as well as by noticeable swell prop-
agation (Ackley, Smith, and Clarke, Antarctic Journal, this issue).

We are pleased to acknowledge the Soviet members of the
physical oceanography team: Ivan Chuguy, Nikolai
Bagriantsev, Nikolai Antipov, and Vladimir Romanov.

This work was supported by National Science Foundation
grant DPP 80-05765.
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Figure 2. Thermal structure for the upper 350 meters approximately
along the Greenwich meridian from 61 0 to 530S. Expendable
bathythermograph observations 81 to 146 are Indicated as vertical
tick marks, and the conductivity-temperature-depth thermal data
are Indicated by triangles. The thick horizontal bar along the sea
surface denotes the sea Ice cover. Meridional traces of various
surface water parameters are given. Salinity was determined by
AutoSal, nutrients by Auto Analyzer (see Jennings, Nelson, and
Gordon, Antarctic Journal, this Issue), and fluorescence by Turner
Fluorometer (determination by D. Boardman). pu = micromoles per
liter.
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