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The third phase of IWSOE was designed to study the mix-
ing processes that lead to the formation of bottom water in
some detail.

The first work on the third phase commenced in February
1977 when the Norwegian research ship Polarsirkel set out
five current meter moorings near the shelf break in the
southern Weddell Sea (figure). On each mooring two cur-
rent meters were set, one about 25 meters, the other about
100 meters above the bottom. All the current meters are
designed to record current speed and direction and
temperature for a year. Four of the current meters also will
record conductivity so that changes in salinity can be deter-
mined. In addition, tide gages were fixed to two of the
moorings. Four of the current meters were furnished by
Scripps Institution of Oceanography, the remainder of the
equipment by the University of Bergen. Polarsirkel also did
more than a hundred high resolution conductivity-
temperature-depth (cTD) soundings.

In February 1978 it is planned to retrieve these current
meter moorings and to set out a new set of moorings from a
U.S. icebreaker. In addition, a dense array of hydrographic
stations using a high resolution CTD will be carried out near
the moorings. In 1979 we hope to complete the third phase
Of IWSOE with retrieval of the moorings and additional
hydrographic work by ships from Argentina, Norway, and
the United States.

The Norwegian oceanographic effort was part of the
Norwegian Antarctic Research Expedition under the direc-
tion of the Norsk Polarinstitutt. Olav Orheim was the ex-
pedition leader. The oceanographic team from the Universi-
ty of Bergen consisted of Arne Foldvik, chairman of the
Geofysisk Institutt, Herman Gade, and Reidar B3. The
United States IWSOE program is supported by the National
Science Foundation under grant DPP 75-14936.

International Weddell Sea
Oceanographic Expedition, 1976:

tritium results
ROBERT L. MICHEL and TERESA L. JACKSON

Department of Chemistry
University of Ca4fornia

Lajolla, Cal!fornia 92093

During the 1976 International Weddell Sea
Oceanographic Expedition, 129 water samples were col-
lected for tritium analysis. The samples obtained fall into
three main groups. Surface water samples were collected on
a track from the Ross Sea into the Weddell Sea. These
samples were collected by bucket or from the ship's seawater
intake. Comparison samples showed both types of collection
gave identical results. Several samples of Winter Water
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(WW) were collected with a 5-liter Niskin bottle. Samples of
near-bottom water in the Weddell Sea were taken with two
Nansen bottles spaced 3 meters apart. All samples were
drawn into argon-filled 1-gallon glass bottles which were
then sent to the Mount Soledad tritium laboratory for
analysis. A cruise track for IWSOE 76 can be found in Foster
(1976).

Tritium is a radioactive isotope of hydrogen that is
generally found in nature as HTO. It has an atmospheric in-
put into surface water and, except for radioactive decay, can
be considered a conservative tracer. Because of its nature,
tritium is useful in tracing the input of surface water into
deeper layers, and the subsequent movement of this water
type. Weddell Sea Bottom Water is an example of such a
water type.

Results of most subsurface samples are given in figures 1,
2, and 3. Tritium concentrations are given in tritium units
[one tritium unit (Tu) is one tritium atom per 1018 hydrogen
atoms]. Numbers shown in parentheses are potential tem-
perature and salinity. Due to changes in technical pro-
cedures, the blank values for the laboratory changed during
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173	68	73	171	144	156	 163	145

50	 47	 4747
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Figure 1. Tritium con-
centrations in the western
Weddell Sea from 610
50.1 'S. 44 0 42.9'W. to 670
39.4'S. 400 01.4'W.
Numbers given in paren.
theses are salinity and

potential temperature.
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Figure 2. Tritium con.
centrations from the
western Weddell Sea onto

the continental shelf.
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Figure 3. Tritium concentrations on a transect across the
Scotia Ridge from 61 0 50.3'S. 55 0 12.3'W. to 61° 57.2'S.

51 0 43.4 'W.

this series. The blank values for stations before station 22 is
approximately 0.2 TU. For station 22 and all stations follow-
ing, the blank value was lowered to 0.1 ± 0.05 TU. Blank
values have not been subtracted from the data given. Error
limits for the data are ± 0.1 TU.

Winter Water tritium measurements are consistently
around 0.47 TU in the gyre region of the western Weddell
Sea. However, as the continental shelf break is approached
at the northwestern shelf, tritium concentrations begin to
rise to about 0.7 TU (figure 2). The higher values near the

continental shelf could represent a larger tritium input into
surface waters near the continent. Surface tritium meas-
urements show concentrations near the shelf to be 0.2 to 0.3
ni higher than samples taken from the gyre.

Figure 1 is data from a line of stations taken in the gyre
region of the western Weddell Sea. It duplicates a line taken
during IWSOE 75, and both lines show the same trend
(Michel, 1976). Highest tritium concentrations are found in
the north where the coldest bottom water is located. South
of station 7, tritium levels are close to blank levels and only
occasionally are concentrations significantly above blank
levels. The Weddell Sea Bottom Water (wsBw) found in the
north has been formed more recently and is in an area of
rapid bottom water movement.

Figure 2 shows samples taken in a series of stations that
ran from the deep Weddell Sea onto the northwestern con-
tinental shelf. Tritium concentrations are lowest in the
Weddell Sea basin and increase near the shelf break. Higher
tritium values are found in water with a potential
temperature of -0.9°C or less. Eight near-bottom samples
were obtained in a dense pattern of stations from station 30
to station 45. These samples were taken at depths from
1,300 to 400 meters and several contained a component of
Western Shelf Water (wsw). These samples gave tritium
values of 0.5 ± 0.1 TU, and concentrations were indepen-
dent of potential temperature, which varied from - 0.8 to
- 1.34°C.

The tritium results agree with the Foster and Carmack
(1976) model on WSBW formation and on WSBW movement
(Carmack and Foster, 1975). They postulate that WSBW is
formed when Warm Deep Water (wDw) intrudes onto the
continental shelf and mixes with ww and wsw. The wsw
then sinks down the shelf break and is deflected by
geostrophic forces. The resultant pattern is a clockwise cir-
culation along the shelf break and across the northern Wed-
deli Sea. Antarctic Bottom Water (AABW) is formed as a
mixture of WDW and WSBW as it flows out of the Weddell
Sea.

The tritium concentration of fresh WSBW can be estimated
for this model. ww has a tritium level of about 0.7 TU near
the shelf, and WDW is assumed to be less than 0.1 TU. WSW
appears to have a tritium concentration of 0.5 TU. From this
information, recently formed WSBW should have a tritium
concentration of 0.4 to 0.5 TU. The tritium levels along the
shelf break and in the northern Weddell Sea are close to 0.5
TO, indicating this is fresh bottom water. The WSBW in the
central Weddell Sea is seen to be much older.
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Figure 3 is data from a series of stations across the Scotia
Ridge. In the trench on the west side, homogeneous water is
found in the bottom 1,000 meters. The tritium concentra-
tions are very high in this layer, indicating recent and rapid
freshening of the water near the bottom. On the eastern
side, concentrations near the bottom are much lower but
still generally above blank levels.

Surface water tritium concentrations range from 0.5 to
1.1 TU. Lower values of tritium are found in the central Ross
and Weddell Seas, and higher values of tritium are found in
the open ocean. Tritium concentrations on the Weddell Sea
Continental Shelf are approximately 1 TU.

Theodore D. Foster furnished the hydrographic data. The
analytical work was supported by National Science Founda-
tion grant DES 75-07166. The sampling program was sup-

ported by National Science Foundation grant OPP
75-14936.
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Ross Ice Shelf Project: physical
oceanography

STANLEY S. JACOBS

Lamont-Doherty Geological Observatory
Columbia University

Palisades, New York 10964

The Ross Ice Shelf Project (RIsP) physical oceanography
program seeks to understand the interactions between
seawater and antarctic glacial ice and to determine how
such interactions may influence other water masses. From

12 December 1976 through 3 January 1977, a Lamont-
Doherty group made oceanographic measurements in the
Ross Sea from USCGC Northwind as part of RISP. Only a por-
tion of the overall program objectives were achieved, as the
access hole through the ice shelf at site J-9 was not com-
pleted. Also, Northwind was called on to break ice into
McMurdo Station and to break out the annual sea ice run-
way in McMurdo Sound. Thus it was not possible to repeat
salinity-temperature-depth (STD) sections, to set long-term
current/ temperature moorings, or to work the heavily iced
regions along the Victoria Land coast and east of Cape Col-
beck.

STD station positions are shown in figure 1. At each loca-
tion continuous recordings of temperature and salinity were
taken from the sea surface to within a few meters of bottom.
The STD measurements were supported and water sampling
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