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While the year-round presence of the pack ice in the western
Weddell Sea and some of its ice thickness characteristics are similar
to those of arctic pack ice, several features contrast markedly with
arctic ice and represent a unique ice regime. Structurally, the ice is
dominated by fine-grained frazil ice (Cow et al. 1987). Biological
activity, as shown by the substantial algal content of the ice (Ackley
et al. 1979; Clarke and Ackley 1984) is also of a different character
compared with the arctic drifting pack or antarctic fast ice. The
meteorologic and oceanographic conditions and the ice regime,
itself grow and sustain the pack ice in the western Weddell by
substantially different processes compared with other perennial
sea ice regions. The ice cover also modulates the interaction of the
ocean with the atmosphere. Thus, the ice cover, through this
interaction, therefore has climatic significance because of both the
region's importance as a source region for deep and bottom waters
that spread throughout the world ocean and for the influence of
advective ice and cold water on the atmosphere in more northern
latitudes than elsewhere around Antarctica.

Sea ice grows or decays, based on the fluxes between the
atmosphere and the ocean—that is, the thermodynamic balance
that is present. The objective of our thermodynamics measurement
program was to identify mass balance of the sea ice over the region.
We measured the net ice growth or decay in the region of the ice
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Figure 1. Site map showing the relative configuration of the six
Ice thermister string sites on the main camp floe of Ice Station
Weddell. Parentheses are ice thickness values in centimeters.
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Figure 2. Temperature vs. time (Julian day) of the top four therm-
isters (one air and three snow thermisters), showing the penetr-
ation of the cold atmospheric wave as the winter period initiated.

station's drift and attempted to identify the individual or combina-
tion of processes responsible for those changes in the ice cover.

We used thermister strings imbedded within the ice and snow
covers to measure the heat flux between the ocean and atmo-
sphere. Six stations located on the main camp floe were installed
with these arrays as shown on the site map in figure 1. The table
lists the sites with some of their initial characteristics. These sites
ranged in measurement from initial ice thicknesses of less than 0.5
meters to about 4 meters, and in ice type, from new ice formed in
a lead at the time of the camp, to flat medium first-year ice that
had survived the previous summer, to older thick first-year ice, to
second-year ice, some at various intensities of deformation. These
were covered with a variety of snow depths from zero to greater
than 0.5 meters. Two of the sites had the ice surface initially below
sea level, and at least one of these had a saturated layer of sea
water—flooded snow at the base of the snow cover. These sites
show the heterogeneous nature of the camp floe, formed as a
composite of several origination events over an estimated 2-year
period. Subsequent lead and ridging events occurred (Ackley et al.
1992) that destroyed two of these sites and further modified the
ice floe's configuration, indicating the unstable nature of any floe
in these dynamic and thermodynamic conditions.

Temperatures were recorded at 1-hour intervals for all sites
from initial deployment to their removal or destruction (4 months).
The vertical intervals between thermisters varied from 5 to 20
centimeters separation. Depending on ice thickness, the tempera-
tures were measured using between seven and thirty-eight
thermisters. Temperatures were measured in the air just above the
snow, through the snow and ice covers, and into the sea water at all
sites. Figure 2 shows the initial temperature record of the top four
thermisters in the string at Site Andy on the main camp floe for
fourteen days. It illustrates the transition of the snow pack from an
isothermal end-of-summer condition and maps the penetration of
the cold wave through the snow cover. Figure 3 shows the time
series of temperatures in the flooded snow at the base of the snow
cover and shows the freezeup of the slush layer at the base of the
snow cover as conditions transitioned into the winter period.

Mass-balance measurements are divided into two categories,
the amount of ice growth or decay that occurs through thermody-
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Figure 3. Temperature vs. time (Julian day) of thermisters initially
In the snow-sea-water slush at the base of the snow pack. As the
cold wave continued to penetrate to the base as shown in figure 2,
these three thermisters document the transition from slush to sea
ice at their depth locations.

namic processes and that is inferred as a result of ice deformation
processes (Ackley et al. 1992). The thermodynamic ice growth
was obtained by the thermister strings described earlier, in con-
junction with profile measurements over six lines of snow and
ice elevations. These measurements were repeated three to four
times during the 4-month experiment. These measurements, on
100- to 300-meter lines at 0.5-meter intervals, included snow
depth, snow elevation above sea level, and ice freeboard, that is,
the amount the ice surface either above or below sea level. Ice-
thickness measurements were also taken (80 to 200 holes) at 1-
meter intervals over three of these lines.

Preliminary results from these measurements show, for ex-
ample, the amount of ice growth associated with the freezing of

flooded snow that was mentioned earlier. We also found variations
in the top surface roughness associated with time with the frequent
redistribution of the snow cover by the winds through the area.
Over the thicker ice (greater than  meter), with the freezebackof the
snow and slush layers, the ice thickness change that occurs with
time is primarily associated with this top surface process with little,
if any, ice growth occurring on the bottom surface of this ice.

Owing to their extensive distribution over the older pack ice
that dominates in the western Weddell Sea (Darling, Lytle, and
Ackley 1992), the freezeback of these slush layers represents a
significant source of new ice growth for the region. Structural and
salinity data from ice cores taken at this and the other sites will be
used to estimate the fluxes and to compare them with pancake and
congelation ice-growth processes that occur in the ice-edge region
or in leads and polynyas within the ice pack. These temperature
measurements, together with the core salinities, surface elevation
profiles, aerial, ship, and satellite data (Ackley and Gow et al. 1992)
will be used to estimate the area of the ice cover where slush layers
are present. From this information, we can construct the regional,
average ice growth from this process and the resulting large-scale
contributions to the heat and salt fluxes to the atmosphere and the
ocean. Fifteen to twenty-five centimeters of ice growth occurred in
the profiles where flooding was observed, but the regional average
ice growth may be different from this figure and awaits a better
estimate of the areal coverage of the flooded areas that we will be
attempting to derive from these data sets.

While the magnitude is yet to be determined, our results
indicate that top-surface ice growth is, however, one of the major
ice-growth processes for this region, because the old ice cover
dominates the areal coverage and the thermister data shows little
growth associated with bottom freezing processes in this ice.
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Initial ice properties at thermister

string sites site

Number of
Thickness(cm) thermisters

Initial	Ice	Snow deployed	ice type

Jay	39	1	7	New lead
Andy 108 40 24 Medium thick, lightly de-

formed old ice,with slush
at the snow/ice interface

Boris	121	17	24	Medium thick, undeformed
first year, containing a
void space in the ice at
sea level

Dave	133	55	24	Deformed (first year or old
ice) with 0 ice freeboard.

Genya	234	37	31	Deformed old ice with
negative ice freeboard

Vicky	389	0	38	Thick, deformed old ice,
top hummock
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