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The ARis Islas Orcadas data sets in the South Atlantic obtained
between 1976 and 1978 are used to study the regional ocean-
ography of the circumpolar belt, waters of the Weddell-
Enderby Basin, and their interaction. The items presently
being investigated are the source of the warm-saline signal
within the Weddell oceanic regime and the alteration of Wed-
dell deep water which apparently occurred during the middle
1970's.

The warm-saline deep water of the Weddell Sea represents
the weakest open ocean remnant of North Atlantic deep water
(NADW) in the southern ocean. The more specific source of
Weddell deep water (wDw) is the circumpolar deep water (cow)
entering the Atlantic through the Drake Passage. CDW mixes
vigorously with NADW in the Argentine Basin. However, a
ribbon of nearly pure Pacific CDW at the salinity maximum
level flows eastward across the Atlantic Ocean just north of a
frontal zone marking the northern boundary of the Weddell
oceanic regime. Between 20° and 40°E the deep water turns
south, mixing with Weddell water. While most of this water
continues flowing eastward at a more southerly latitude, some
is incorporated in the Weddell Gyre, crossing back into the
Western Hemisphere between Maud Rise and Antarctica.
West of Maud Rise the deep water signal is rapidly eroded by
sea-air-ice interaction, and new deep and bottom water masses
form.

Comparison of the warm-saline deep water west of Maud
Rise found in 1973 with that observed in 1977 and 1978 indi-
cates that more cooling and freshening occurred during the
middle 1970's. The most intense thermohaline difference of
the wow extends from the near surface to approximately the
—0.45°C potential temperature level near 2,700 meters. The
change amounts to an average cooling of 0.2°C with freshening
of 0.02%o, but with only minor variation in the density field.
The most intensive cooling and freshening (in excess of 0.4°C
and 0.03%o respectively) occurs in a region about the size and
position of the winter Weddell polynya, as observed in satellite
images made during the middle 1970's. The position of this
"cold spot" drifted westward at a rate of 1.4 centimeters per

second between the austral summers of 1976-77 and 1977-78
(see figure). This is also the rate of drift of the polynya.

It is suggested that the heat deficit within the wow of
1977-78 is caused by excess oceanic heat loss that must have
been associated with the polynya. A deep-water heat source
inhibiting ice formation is consistent with the convective
model for the Weddell polynya (as discussed by Gordon 1978;
Killworth 1979; and Martinson, Killworth, and Gordon 1981).
Warm deep water and cold surface water are vertically
exchanged as pycnocline stability disappears in winter.

The data suggest that winter surface water is convected into
the deep water mass at a rate of at least 2 x 106 cubic meters
per second during the 3 years of an extensive polynya
(1974-76) and at a rate of 8 x 106 cubic meters per second if
the rate during only the active winter period is considered. In
this way, open ocean convection forms a specific water mass
to abyssal depths, but not to the seafloor. The cooled WDW

includes the layer that Foster and Carmack (1976) call classical
antarctic bottom water, which they attribute to mixing of the
Weddell Sea bottom water and wow. The 1977 and 1978 data
indicate that this layer also receives direct input of antarctic
surface water by open ocean convection.

Study of historical hydrographic data in the Weddell Sea
suggests the deep water cooling occurred in the early 1960's.
It is possible that cooling of wow has accelerated in the last 20
years.

Below the intensely altered wow layer extending to the
—0.45°C level are further differences between the 1977 and
1973 conditions. In 1973 the 0/S structure displays a decreased
0/S slope between —0.45°C to —0.75°C, below which the water
column is composed of more isohaline Weddell Sea bottom
water (Carmack and Foster 1975). By 1977 this structure had
been destroyed. The entire water column below —0.45°C is
more nearly isohaline, so that above —0.65°C the 1977 condi-
tion is slightly less saline, and below —0.65°C it is slightly
more saline and warmer than observed in 1973. Possibly the
situation of open ocean convection in the mid-1970's "short
circuited" the open ocean/continental margin bottom water
formation mixing pattern, as presented by Foster and Carmack
(1976).

The process that initiated the polynya condition during the
mid-1970's is not known, though some speculation is offered.

An October 1981 joint U.S./U.S.S.R. expedition into the sea
ice of the Weddell region should provide information about
the end of winter stratification. Such data would improve
understanding of the Weddell polynya as well as the general
rapid decay of the southern ocean sea ice in the early spring
(Gordon 1981).
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Potential temperature at the temperature maximum core layer within the Weddell deep water in 1976— 77 and 1977— 78 austral summers.
A temperature maximum below 0°C Is highly inconsistent with historical data for the open ocean of the Weddell.
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The last phase of the International Weddell Sea Oceano-
graphic Expedition has involved four cruises to the Weddell
Sea: Polarsirkel in 1977 and 1979, Glacier in 1978, and Polar Sea
in 1980. We now have data from nine current meters with
records up to 630 days long and more than 300 vertical profiles

of temperature, salinity, and oxygen. These observations were
concentrated in a relatively small area at the shelf break of the
southern Weddell Sea near 74°S 40°W in order to study the
mixing processes that lead to the formation of bottom water.

Although the data are still being evaluated, several inter-
esting features are evident. The power spectra of the current
meter data show that energy levels of velocity fluctuations at
periods longer than about 2 days are much higher on the
continental slope than on the shelf proper. The energy levels
of velocity fluctuations at tidal periods, however, are lower on
the slope than on the shelf. The total energy of velocity fluc-
tuations is dominated by tidal effects and thus is stronger on
the shelf than on the slope. The longer period velocity fluctua-
tions seem to be consistent with a shelf wave origin. Power
spectra of temperature fluctuations indicate that highest levels
are right at the shelf break. This agrees with the higher levels
of temperature fine structure found at the shelf break from the
vertical profiles. A fairly consistent picture of the mixing pro-
cesses that occur near the shelf break in the southern Weddell
Sea thus is beginning to emerge from the data obtained during
the 1977 to 1980 cruises.
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