
census parties were placed on floes by boat or heli-
copter. Trawling operations and seal-census flights
were carried out as opportunities arose.

In all, Glacier and San Martin occupied 70 stations,
which was more than twice the number planned for
the first season. The information obtained (the types
of which are indicated for each station in the table)
will become available, after refinement and filing,
through the National Oceanographic Data Center.
Because the data were collected at locations precisely
fixed by satellite navigation, their value is expected
to be considerably greater than would have been the
case otherwise.

Among the numerous side benefits of the expedi-
tion were the compilation of an updated bathymetric
chart of a large part of the Weddell Sea and the
development of techniques for obtaining significant
quantities of physical data even where 10/10 con-
centrations of ice were encountered. About 80 per-

cent of the 5,000 nm covered by Glacier in the Wed-
dell Sea were through ice, and 90 percent of the
stations were occupied in areas where no oceano-
graphic research had been conducted previously.

IWSOE-1969, which will commence early next
January, will have as its objectives the retrieval of
the submerged buoys, further collection of data from
the waters under perennial ice, and extension of the
survey grid to the southwestern and northeastern por-
tions of the sea. The cruise, which is expected to be of
12 weeks' duration, will consist of two parts—the first
into areas of heavy or medium ice concentration, and
the second into areas of light ice concentration. In
addition to the scientific equipment Glacier now
carries, she will have gear for taking deep cores,
which should enhance the geologic potential of next
year's phase of the expedition.

Descriptions of projects conducted during IWSOE-
1968 are given in the following articles.

Investigations of Currents Related to the
Formation of Antarctic Bottom Water

THOR KVINGE

Geophysical Institute
University of Bergen

and

JAN A. STRØMME

Chr. Michelsen Institute, Bergen, Norway

Antarctic bottom water is formed principally in
the southwestern part of the Weddell Sea. It is a mix-
ture of warm deep water and water formed on the
continental shelf. The shelf water gets its particular
properties by vertical convection due to cooling and
ice formation. Owing to the nonlinear dependency
of density of sea water on temperature and salinity,
the processes determining the formation of bottom
water are hampered or even prevented until a certain
stage has been reached. The formation of bottom
water may, therefore, appear as a sudden flow, with
related strong, or at least perceptible, current speed.

Opportunity for performing investigations of these
conditions was provided by the National Science
Foundation through arrangements it made for the
authors to participate in IWSOE-1968.

The investigations were based on four submerged
buoy stations, each consisting of instruments set to
measure temperatures and current speeds and direc-
tions at one-hour intervals. The battery and tape-
storage capacities of the buoys are sufficient to re-
cord about 14 months of observations. One of the

buoys was equipped with a multiple water sampler
provided by Professor H. Stommel of the Massa-
chusetts Institute of Technology. The water sampler
was programmed to take one sample each 10 2/3 days
in Pyrex containers free of bacteriological or metallic-
ion contamination.

The buoys were placed on the continental slope
near 74°S. 40°W. at a depth of about 700 m. All
instruments were located about 20 m above the bot-
tom, and each buoy was equipped with an acoustic
release mechanism, which will free the anchor weight
when triggered to do so.

Provided that the recovery of the instruments is
successful in IWSOE-1969, it is expected that the
data will give valuable information on the formation,
magnitude, and extent of antarctic bottom water.

U.S. Coast Guard Oceanographic Unit's
Participation in IWSOE-1968

ROBERT B. ELDER

U.S. Coast Guard Oceanographic Unit
Department of Transportation

The Coast Guard Oceanographic Unit's program
in IWSOE-1968 consisted of physical oceanographic
measurements, nutrient and pH determinations, bot-
tom photography, and gravity coring. This work
was planned to augment or supplement other pro-
grams sponsored by the National Science Founda-
tion.
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Nansen Bottle Casts. Nansen casts were made at
52 locations to determine the water's temperature,
salinity, and pH, and to measure its nitrite, phosphate,
silicate, and ammonia content. Temperatures were
measured at each observational level by pairs of well-
calibrated and protected reversing thermometers,
and at alternate levels below 15 m by pressure ther-
mometers. Salinity was determined by a Bissett-Ber-
man model 6220 inductive salinometer. Dissolved
oxygen was determined by a modified Winkler
method. A Beckman model-G pH meter was used to
measure pH. Nutrient analyses were performed ac-
cording to methods described in Strickland and Par-
son's A Manual of Sea Water Analysis. Because the
spectrophotometer used to perform the nutrient analy-
ses became inoperative during the cruise, some
samples were not analyzed aboard ship but were
frozen for later study at the Coast Guard Oceano-
graphic Unit. Additional samples were frozen and
retained for trace-metal analysis. Particular care was
taken to select the proper sampling levels so that no
significant inflection points would be missed. At most
stations, samples were obtained at closely spaced inter-
vals immediately above the bottom in order to detect
any changes in the parameters that might be associ-
ated with those levels.

Salinity- Temperature -Depth (STD) System. A
continuous trace of salinity and temperature versus
depth was obtained at 29 stations by means of a
Bissett-Berman model-9006 STD recording system.
At 20 of these stations, Nansen casts were also made.
In addition, a Nansen bottle was attached to the STD
wire just above the sensor unit in order that a com-
parison could be made between the salinity and tem-
perature recorded by the STD and by laboratory
salinometers and reversing thermometers.

Bottom Photography. Compass-oriented bottom
photographs were taken at 13 locations on the shelf,
slope, and rise of the western Weddell Sea. A Thorn-
dike-type bottom-contact camera was used. The trig-
ger wire and lens were adjusted for close-up oblique
photography, each frame revealing the form of the
bottom over an area of about 3 m 2 . The most obvious
features revealed by the photos are signs of animal
activity. However, of equal interest are the consistent
orientation of current lineations and the deflection
directions of sessile organisms, indicated by worm
tubes and sea pens.

Gravity Cores. Gravity cores were taken at 14 loca-
tions. Two Alpine Geophysical Associates' model-210
gravity-coring rigs with four-foot barrels were at-
tached to a bridle so that double cores could be ob-
tained during each lowering. This procedure worked
quite well in the soft bottom of the Weddell Sea.
Generally, the cores were about three feet long.

Analyses of the cores, which are being performed by
Florida State University, should prove helpful in plan-
ning IWSOE-1969's enlarged geology program,
which will include piston coring.

Operations in the ice. One of the most intriguing,
and at times frustrating, problems of conducting an
oceanographic program in ice concentrations such as
those of the western Weddell Sea is that of setting the
ship properly. Generally, the success of such an opera-
tion is inversely proportional to the ice concentration.
In heavy ice, it was usually possible to ease into an
opening and let the wind hold the ship against the
ice on the downwind side. In ice that was not firm
enough to keep the ship from drifting, the ice would
frequently converge in the ship's "wake" and en-
danger any gear that was put over the side. Open
pack presented the greatest difficulty because it was
impossible to predict when floes would drift in and
entangle or break the oceanographic cable.

Occasionally, it was necessary to maneuver the ship
in a polynya to set her properly for oceanographic
work. Obviously, this would greatly stir up the near-
surface layer of the water column. Therefore, meas-
urements made in the upper layers were performed
late in the station procedure to allow the water
column to return to a relatively normal condition.

Zonation of the Weddell Sea Benthos

JOHN S. RANKIN, JR., and KERRY B. CLARK

Marine Research Laboratory
University of Connecticut

and

BRUCE W. FOUND

University of Rhode Island

The objective of this project was to study the dis-
tribution of benthic organisms at different depths,
primarily by means of an epibenthic sled and a modi-
fied anchor dredge. Ice conditions, rocky shallow bot-
toms, and soft ooze, as well as the occasional loss of
a sled, necessitated use of other gear, including a Van
Veen grab, a Blake trawl, and a small biological trawl.
Physical data and photographs were provided through
the courtesy of R. B. Elder of the Coast Guard
Oceanographic Unit. All sediment samples were
washed through sieves, the finest of which had a
0.42-mm mesh. All macroscopic organisms were iden-
tified to the group level and preserved for future
analysis. Fine, medium, and coarse sievings were also
preserved.

July-August 1968	 85




