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Circumpolar water masses
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While the basic water mass components of the southern
ocean are well known, there are subtle variations within
each of these components. The saline North Atlantic deep
water is diluted by low-salinity waters, mostly from the
antarctic continental margins. Antarctic bottom water var-
ies from low to high salinity and is derived from select sites
along the continental margins of Antarctica as well as
within the open ocean. Antarctic intermediate water also
has a range of temperature-salinity values, with distinct
Atlantic and Pacific varieties.

The waters of the Weddell gyre offer some of the more
extreme water mass examples, notably a minimum of the

relatively warm-saline deep water mass component. Using
the historical and 1976-78 Islas Orcadas data sets, the water
mass structure of the Weddell (subpolar) gyre is being stud-
ied. A schematic of South Atlantic circulation which would
produce the observed water mass distribution is shown in
the figure.

The warm-saline signal, although weak throughout the
Weddell gyre, is most evident in a zonal band running from
Maud Rise (67°S 0°) eastward to 30°E. The deep water
within this band is nearly identical (though somewhat re-
duced in salinity) to the Pacific near-bottom waters ob-
served in the northern Drake Passage. The route followed
by these bottom waters carries the water mass characteris-
tics through the South Georgia-South Sandwich Island Pas-
sage, eastward along the midocean ridge, and then to the
south near 30°E, marking the most probable eastern extent
of the Weddell gyre. The source water mass from the Pacific
is elevated from about 4,000 meters to 400 meters below sea
level along the 8,000-kilometer path to Maud Rise. A char-
acteristic lateral velocity of 1 centimeter/ second requires a
mean upwelling rate of 4.5 X 104 centimeters/
second which would balance the net sinking associated
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with antarctic bottom water formation considered to be
active in the western perimeter of the Weddell gyre and
near the gyre center just to the west of Maud Rise.

The warm-saline deep water is advected to the west of
Maud Rise along the antarctic continental slope, which re-
quires a sudden poleward offset of this water mass at Maud
Rise. Of interest is the role that Maud Rise might play in the
initiation of this offset and the consequences in regard to
bottom water formation. Another fascinating relation is
that the Pacific bottom water source of the Weddell warm-
deep water is enriched in salt (relative to water of similar

temperatures elsewhere in the circumpolar belt), by the
Ross Sea saline bottom water. This raises the question: Is the
convective process believed common in the Weddell Sea
preconditioned by the Ross Sea?

Another topic being studied is the open ocean convection
of the Weddell gyre. Convective processes may be respon-
sible for the rapid early spring melting of sea ice cover, and
in its more extreme mode may induce the Weddell Polynya
(open water) feature in the winter period.

This research is supported by National Science Founda-
tion grant DPP 78-24832.

Physical oceanography data from
ARA Islas Orcadas cruise 17-78
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The austral winter cruise of ARA Islas Orcadas cruise 17-78
took place from 2 September to 14 October 1978, mainly to
obtain biological data related to primary productivity along
the pack ice during the late austral winter. In order to
determine physical oceanographic conditions, 19 salinity-
temperature-depth (STD) stations with rosette samplers
were occupied and 117 expendable bathythermographs
(xsi"s) were launched during the cruise (figure 1). The
std data were processed by correcting temperature and sal-
inity with formulas obtained by comparing with values
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Figure 1. Location of sic stations (in open circles) and of XBT stations (in closed circles) occupied during ARA Islas Orcadas
cruise 17-78.
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