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Physical oceanography

Interdisciplinary investigations
In antarctic oceanography

STANLEY S. JACOBS

Lamont-Doherty Geological Observatory
Palisades, New York 10964

Recently we have attempted to synthesize our oceano-
graphic measurements with simultaneous or complemen-
tary observations by ornithologists, glaciologists, marine
chemists, and geologists. Since collaborative work was not
planned prior to the field experiments, some links are miss-
ing. Nonetheless, developing results illustrate the value, if
sometimes serendipitous, of interdisciplinary research in
the Antarctic.

Lamont and Point Reyes investigators, working aboard
the USCG icebreaker Northwind, commonly observed in-
creased numbers of seabirds near the pack ice and over the
subsurface Antarctic Slope Front. The latter feature we de-
fine by increased horizontal gradients in several seawater
parameters (figure 1). We hypothesize that currents near
the continental shelf break concentrate potential prey from
oceanic regions to the north and south. In addition, the life
cycles of planktonic species such as krill that are more
abundant near the continental slope may be especially
adapted to the upwelling deep water and descending sur-
face and shelf water there. Large areal differences observed
in bird concentrations indicate that accurate biomass esti-
mates require observational grids that fully account for
oceanographic and cryographic features (Ainley and Jacobs
in preparation).

Vertical profiles of temperature, salinity, and density on
February 1979 USCGC Glacier stations in McMurdo Sound
revealed intervals of steps" between relatively warm fresh
water near the surface and colder, saltier water at greater

Figure 1. A Northwind section from the Ross Ice Shelf NNW
across the continental shelf and antarctic slope front. Tem-
perature and chemical data are from am (salinity/temp-
erature/depth) records and rosette water bottles at each of
the stations (30-43) shown. Peaks in avian biomass (kilo-
grams/square kilometers) occur above the subsurface front
and the pack ice edge (oktas), and near changes in secchi
disk depth (meters) and geopotential surface (meters).
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depths. These steps (figure 2) were best developed near the
end of the Erebus Glacier Tongue (77°42'S 166°25E). The
vertical scale of the steps is about that predicted from theo-
retical work and laboratory experiments on ice blocks melt-
ing in seawater (e.g., Huppert and Turner 1980). Jacobs,
Huppert, Holdsworth, and Drewry (in preparation) ac-
count for the steps by basal melting of the Erebus Glacier
Tongue. These observations and larger scale features in the
Ross Sea (Jacobs, Gordon, and Amos 1979) show that
meitwater/seawater mixtures move laterally away from
glacial ice in addition to any upwelling that occurs along
vertical walls.
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Figure 2. Vertical profiles of temperature, salinity, and densi-
ty (a,) made in February 1979 from Glacier in McMurdo
Sound. This cm (conductivity/temperature/depth) station
(217) was located within 200 meters of the western end of
Erebus Glacier Tongue and shows well developed steps that
we attribute to melting at the underside of the ice tongue.

Conductivity/temperature/depth profiles and piston
cores were taken from Glacier along the George V Coast in
December 1978 and January 1979 (Jacobs, Szelag, Patla, and
Bruchhausen 1979). Bottom currents estimated by Ander-
son and co-workers (personal communication) from sedi-
ment textural analysis show weak flows on the inner shelf,
increasing to velocities of over 15 centimeters per second on
the continental slope. At the latter locations the ocean-
ographic data indicate potential antarctic bottom water for-
mation and circumpolar deep water movement onto the
continental shelf, either intermittently or at particular lo-
cations. This deep water overrides the denser, deeper, and
less active shelf water, flowing along the shelf or reaching
toward the glacier tongues (figure 3). Geostrophic currents
will be compared with velocities inferred from the sedi-
ment data to determine a circulation pattern.

Combining oceanographic data taken by Lamont and
other institutions, we collaborated in a study of silicate
distribution and movement in the deep oceans with Ed-
mond, Jacobs, Gordon, Weiss, and Mantyla (1979). The flux
of dissolved silica from opaline pelagic sediments can ac-

count for near-bottom silicate anomalies, assuming a
residence time of several decades. Largest anomalies occur
in the Weddell-Enderby Basin. There, newly formed low-
silicate (less than 100 microgram-atoms per liter) antarctic
bottom water is transformed during its flow across diatom-
rich sediments into high-silicate (greater than 150 micro-
gram-atoms per liter) bottom water. These data support the
concept of a predominantly lateral ocean circulation, with
an advective deep silica maximum.

During the year we devoted time to the reduction of
several data sets, one of which appears in Jacobs, Georgi,
and Patla (1980). We also contributed information to a con-
ference report on the response of the Antarctic ice sheet to
climatic warming.

This research was supported by National Science Foun-
dation grants, including DPP 79-18674. Among others
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Figure 3. A Glacier temperature section from the Mertz Gla-
cier Tongue northward across the continental shelf and
slope. The relatively warm circumpolar deep water Impinged
here on the upper slope and had, at another location or time,
intruded onto the shelf and reached as far south as the We
tongue.
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Circumpolar water masses

ARNOLD L. GORDON

Lamont-Doherty Geological Observatory
Columbia University

Palisades, New York 10964

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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