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The authors participated in this season's International
Weddell Sea Oceanographic Expedition with the fol-
lowing programs: (1) retrieval of the four current me-
ters emplanted near 74 0S.40°W. in 1968 (Kvinge,
1968), (2) studies of the thermohaline convection in the
vicinity of an iceshelf.

The participants and their equipment embarked on
USCGC Glacier at Punta Arenas, Chile, on January 12,
1973. Glacier left Punta Arenas on January 13, heading
for the Weddell Sea. The cruise was closed on February
25, and Glacier called at Valparaiso on March 7, when
the Norwegian group disembarked together with the
rest of the scientific staff.

The Norwegian programs were assigned ship time of
3 days, or 72 hours. To accomplish both programs it
was tentatively planned to share the available time
equally between the two programs.

Program 1. Retrieval of the current meters was orig-
inally based on releasing the anchor weight by means of
an acoustic release system. However, the recovery at-
tempts made in 1969 and in 1970 failed due to un-
favorable ice conditions, and after 5 years of operation
all batteries were expected to be completely exhausted.
The alternative was to drag for groundlines extended
about 1,000 meters along the bottom from each mooring.
A special dredging device consisting of five small grap-
nels in a chain was provided and applied from the deep
sea coring winch with 1,700 meters of wire paid out.
The dredging tracks were based on fixes from the SRN-9
satellite navigator and echo soundings.

The operation started on February 3 in good weather:
light wind, no swells, and no ice in view.

The grapnels broke and were lost during the first
dredging attempt and replaced by a slightly adapted boat
dredge. Several attempts were made, during which the
dredge was damaged and had to be repaired. After
dredging for about 25 hours, meters at stations 2 and 4
were brought to the surface, severely entangled due to
sliding along the bottom during the recovery. The
anchor and release system for the meter at station 4 thus
had to be cut away to save the instrument.

The instruments and the rig were found to be in ex-
cellent condition, with almost no sign of corrosion or
wear. A detailed search revealed a few spots of pit-
corrosion under a plastic plate clamped to the current
meter rod. The tectylspray on the current meters was still
intact. The amount of marine growth was surprisingly

small, and its influence on the measurements was as-
sumingly negligible.

Both instruments were in operational order. Instru-
ment 67 (station 2) had recorded for about 9 months
and obviously stopped due to exhausted clock battery.
The main battery showed 2 amperes shortcircuit current,
sufficient to run the instrument. During recovery the
Savoneous rotor on instrument 67 broke and the sus-
pension rod became severely bent. The Braincon Cor-
poration water sampler attached to the station 2 rig was
lost, again probably during recovery. The batteries in
the release unit were exhausted and had given a minor
fluid discharge that ruined the electronics. The detonator
was intact and fired correctly. Instrument 70 (station 4)
had worked until the magnetic tape supply and the bat-
teries were completely exhausted.

The relatively sparse concentration of marine life on
the rig was sampled and preserved by Dr. D. F. Parme-
lee, University of Minnesota.

The recovery of stations 2 and 4 was completed after
about 30 hours, and it was then decided to abandon the
two remaining current meter stations to save the ship
time for the second program.

The current meter data have been processed in Bergen
and show that instrument 70 has 11,400 perfect record-
ings, equivalent to about 474 days. Instrument 67 has
worked for 269 days, giving 6,397 recordings, all re-
cordings technically perfect.

Program 2. This program dealt with the effect of po-
tentially supercooled water near the ice shelf. A brief
survey was made along the edge of the Filchner Ice
Shelf from 77 0 25 1S, 41°01'W. to Gould Bay.

On February 11 Glacier was moored to the fast ice in
a wide bay at position 77°59'S. 41 0 45'W.; the depth
was 710 meters.

The following sampling program was carried out
from 1900 February 11 to 2100 February 12. The
Christian Michelsens Institute datalogger with the three-
component current meter and the thermistor chain was
lowered to 410 meters depth by the deep sea coring
winch. The thermistor chain was attached to the wire
extending from 410 to 365 meters in depth with nine
thermistors evenly spaced 5 meters apart. A float system
was then clamped to the wire and the rig towed away
from the ship and secured to the fast ice. This instru-
ment was recovered twice during the 26-hour sampling
period to change batteries and magnetic tape.

To find out if potentially supercooled water exists at
depth the following experiments were carried out: STD-
casts and hydrographic casts were taken at short inter-
vals, using two Nansen bottles and one 30-liter Niskin
bottle. One of the Nansen bottles, which was made of
clear plastic, was equipped with 0.9 millimeter mesh
filters at bottle openings.

Thirteen STD-casts and four hydrocasts for the ice
crystal experiment were made. In addition, temperatures
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and current components were recorded at 30-second in-
tervals for a 26-hour period.

The programs were carried out in cooperation with,
and assisted by, the U.S. Coast Guard Marine Science
Division, and the salinity analyses were made by Mr.
H. R. Kaye, Scripps Institution of Oceanography. Their
assistance is highly appreciated. The projects were finan-
cially supported by The Norwegian Polar Institute, Oslo.

Physical oceanography in the
Weddell Sea

EDDY C. CARMACK and THEODORE D. FOSTER

Scripps Institution of Oceanography
University of California, San Diego

The major purpose of the physical oceanography pro-
gram was to investigate the formation of Antarctic Bot-
tom Water. Four hydrographic sections were made con-
sisting of a total of 87 hydrographic stations. On every
hydrographic station an electronic salinity-temperature-
depth (STD) recording instrument was used to measure
the vertical temperature and salinity structure. On most
stations the STD was positioned to within about 20 me-
ters of the bottom with the aid of an acoustic pinger
and was calibrated by reversing thermometers and water
samples taken with Niskin bottles at the surface, at 10
meters in depth, and near the bottom. On 22 of the sta-
tions a shallow (500- to 1000-meters deep) hydrographic
cast was made to collect water samples in the upper
layer of the ocean. All the water samples were analyzed
for salinity, oxygen, and nutrients.

One long section was made cutting across the entire
eastern limit of the Weddell Sea from the Scotia Ridge
in the north to the antarctic continent at Cape Nor-
vegia in the south. On this section nine bottom-moored
current meters were deployed, and seven were recovered
19 to 32 days later. Though only five current meter
records 5 to 19 days long were obtained because the
manufacturer supplied faulty batteries, it is hoped that
these bottom-moored current meter records will allow
correction of the geostrophic calculations made from hy-
drographic data so that absolute transports into and out
of the Weddell Sea can be determined. It is especially
desired to estimate the rate of flow of the Antarctic Bot-
tom Water out of the Weddell Sea. The coldest Antarc-
tic Bottom Water was not found close to the Scotia
Ridge as expected but near the center of the section (fig.
1). In addition the Warm Deep Water centered at about
the 500-meter level appeared as a nearly continuous
layer with several minor temperature maxima. There did
not seem to be any indication of mixing of the Warm
Deep Water with the cold shelf water at the shelf edge
in the south.

Two other hydrographic sections were made perpen-
dicular to the shelf edge further to the west centered at
about 25 0W. and 40 0W. The section at 25 0W. off Hal-
ley Bay showed some tendency for the Warm Deep
Water to flow up onto the shelf, but the section at
40 0W. (fig. 2) showed intense mixing and an indication
of Antarctic Bottom Water on the slope between about
2000 and 3500 meters in depth.

Finally, a hydrographic section was made along the
edge of the Filchner Ice Shelf east of Berkner Island
(fig. 3). The temperatures on this section were close to
the freezing point. There was some indication of cool-
ing by the ice shelf, in that water below the surface
freezing point (but not below the in situ freezing point)
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Figure 1. Preliminary evalua-
tion of potential temperature
for the section from the Sco-
tia Ridge to Cape Norvegia.
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