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Observations were made in the northwestern Weddell Sea
during March 1986 to characterize temperature, salinity, and

density structures associated with the marginal ice zone. These
observations were part of the Antarctic Marine Ecosystem Re-
search in the Ice-Edge Zone (AMERIEZ) program. Program em-
phasis was upon conditions in the immediate vicinity of the ice
edge, and along two transects which extended from inside the
ice edge several hundred kilometers to seaward. The sampling
focussed on the biologically active upper ocean layers. The
complete physical oceanographic data set has been presented in
Husby and Muench (in press).

Temperature and salinity observations were made simul-
taneously from two vessels. The icebreaker USCGC Glacier oc-
cupied stations inside the ice and at the edge. The iIv Melville
operated near the edge and in the open water to seaward. Data
were obtained from both vessels using Neil Brown Mark IV
(conductivity-temperature-depth) profiling systems which
were calibrated before, during, and following the field pro-
gram. Most of the conductivity-temperature-depth stations ex-
tended to depths of 500 meters or more; more than half ex-
tended to 1,500 meters. Station locations are indicated on fig-
ure 1.

Upper layer hydrographic structure in the study region was
dominated by a 20-30-meter thick surface mixed layer (figure 2).
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Figure 1. Horizontal distribution of salinity (in parts per thousand: %o) at 10 meters. Since the upper layer is vertically well mixed down to 20-30
meters, this distribution represents the upper layer salinity. Dots indicate locations of conductivity-temperature-depth stations, and straight
line gives location of transect shown in figure 2. Dashed line indicates approximate location of ice edge.
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Figure 2. Vertical distributions of temperature (upper), salinity (mid-
dle), and density as sigma-t (lower) along the west (left) to east
(right) transect whose location is indicated on figure 1. Vertical tick
marks at the sea surface indicate station locations. Heavy horizontal
line at the sea surface indicates approximate extent of sea ice.

Upper layer lenses of low salinity water underlay the ice in the
vicinity of the ice edge, and represent meltwater remaining
from recent ice melting episodes (figure 1). These contributed to
ice edge salinities as low as about 33.1 parts per thousand, as
compared to values of 33.8 parts per thousand (beneath the ice)
or higher (seaward of the ice edge). Upper layer temperatures
were relatively uniform horizontally beneath the ice and well
seaward of the edge, but increased rapidly across a temperature
front located just seaward of the edge (figure 3). The highest
observed temperatures, about 0°C, occurred more than 200
kilometers seaward from the ice edge.

The upper mixed layer falls within the Weddell surface water
layer, as defined in Carmack (1977). The surface water is subject
to wide variability in temperature and salinity, because it is
directly affected by surface heating, cooling, meltwater addi-
tion, and brine rejection from newly forming ice. The cold layer
at about 50-80-meter depths is Weddell winter water, and repre-
sents a remnant of the previous winter's cold, convective layer.
This layer is isolated from fluctuations in the surface water by
the strong halocline/pycnocline which acts to minimize vertical
transport of heat or salt. The deeper, water with temperatures
above 0°C and extremely weak vertical gradients in salinity and
density is Weddell warm water.

Baroclinic ocean circulation was virtually nonexistent in the
study area (Husby and Muench in press). Observed conditions
represent the end result of primarily local processes, such as
surface cooling and freezing or previous ice melting. Multiple
occupations of the transect shown in figure 2 and a second
transect farther north indicated that temperature and salinity
changes were insignificant over the 1-month field program.
Conditions were essentially steady-state, following the end of
summer ice melting and prior to initiation of winter freezing.

Upper layer physical oceanographic conditions in the north-
western Weddell Sea marginal ice zone during March 1986 were
the result primarily of local processes and were nearly steady-
state. The dominant feature was a 20-30-meter thick upper
mixed layer underlain by a strong halocline (and pycnocline).
Low-salinity lenses of meltwater were associated with the ice
edge, and salinity increased away from the edge both beneath
and seaward of the ice. Temperature was at the freezing point
beneath the ice and increased seaward from the ice edge, with
most of the seaward increase occurring across a temperature
front just seaward of the ice edge.
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This layer was best defined by the salinity (hence, also, the
salinity-controlled density) field. The layer was underlain by a
sharp halocline (and associated pycnocline), below which sali-
nity and density both increased gradually with increasing
depth. In contrast to the salinity and density layering, upper
layer temperature stratification vanished beneath the ice cover,
because temperature was nearly uniform and close to the freez-
ing point (about -1.8°C). Only near and seaward of the ice edge
was there a temperature structure reflecting salinity and densi-
ty. Below about 100 meters, however, temperature increased
with depth considerably more rapidly than salinity or density,
with temperature greater than 0°C deeper than about 200
meters.
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Figure 3. Horizontal distribution of temperature (in degrees C) at 10 meters. As for the salinity (figure 1), this represents the upper layer
distribution, and the dashed line indicates the ice edge.
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