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I During May-June 1992, the Nathaniel B. Palmer made four
t$verses of the western Weddell Sea in conjunction with opera-
tions on Ice Station Weddell #1. On the outward bound leg of the
second rotation (1-16 May) and on both legs of the recovery cruise
(0 May-22 June), ice observations were made from the bridge
while the ship was traveling through ice (figure 1). This data set
is an hourly record of ice conditions encountered in the western
Weddell Sea and can be used to provide a regional scale perspec-
tive on the work completed at the ice camp (see Ackley and Lytle
et al. 1992; Ackley and Lytle 1992). Our objectives were to
determine if the ice data collected at the camp was typical of the
surrounding region, and to compare the floe where the camp was
stationed to the surrounding ice conditions. In addition, the ice
observations provide a quantitative estimate of the different ice
types which can be used to clarify satellite remote sensing data
collected during the same period.

The method of recording observations was consistent through-
out the three legs. An observer noted the ship position and
surrounding ice conditions every hour using a numerical scheme
developed by Allison (1989). Categories noted were: total ice
concentration, percent concentration of ice types, floe size, topog-
raphy, snow type, and open water characteristics. Ice thickness
and snow thickness were also estimated using a 2.5-meter long
stick calibrated in 0.5-meter divisions that was protruding over
the ice on the starboard side of the ship from the main deck. Ice
blocks that were turned "on edge" as the ship broke through a floe
were then sighted against the divisions on the stick to provide
thickness estimates. Local weather conditions, air temperature,
visibility, wind speed and direction, and the presence of algae in
the ice were also noted. During daylight hours, photographs
were taken from both the port and starboard bridge wings to
supplement observations. Close-ups of ice features, e.g. ridges,
pancake floes, finger rafting, and icebergs were also taken.

The data collected during these three legs define a closed
region in the Weddell Sea (figure 2). The outbound leg of the
rotation cruise started at 6T56' S 4822' W before bearing north-
west and out of the Weddell Gyre passing between Elephant
Island and King George Island. This track following a band of old
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Figure 1. Preston Sullivan (front) and Brett Castillo (rear) making an
ice observation from the bridge of the Nathaniel B. Palmer.

Figure 2. Cruise track and ice conditions observed. The cruise
tracks are solid lines with arrows pointing in the direction of the
ship's movement; the shaded grey area is the region of the old ice
band.
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ice (ice that has survived intact through at least the previous
summer) that was being advected northward along the Antarctic
Peninsula in the western boundary current. Other than the very
beginning of this leg when the ship veered off to the northeast,
there was some old ice all along the cruise track. [Ice concentra-
tion is defined as the fractional areas of ocean surface covered by
ice and is expressed by the fraction in tenths, e.g., 7/10 = 70 percent
ice cover.] South of 63 1)30'S and roughly between 51 and 54 W
the ice concentration was 10/10 with large (500-meter to 2-
kilometer in diameter) to medium (100 meters to 500 meters) floes
of thick first-year ice and old ice. Between 6330' Sand 63* S (at the
same latitude as the tip of the Antarctic Peninsula), was a uniform
region of 6/10 concentration. Medium floes of old ice and small
(20 meters to 100 meters) floes of thick first-year ice each ac-
counted for 3/10 of the concentration. Directly north, at the
latitude of the Bransfield Strait, the concentration dropped to 4/
10. The floe size further decreased to less than 20 meters in
diameter consisting of old ice, brash ice, and young pancakes.
Wave field action is partially responsible for the decreased floe
size but this is a complex region with other possible contributing
factors. Ice shear deformation is probably influenced by the
proximity of the Antarctic Peninsula and Shetland Island land
masses. These topographic features affect the wind and wave
fields, contribute to the strong currents in the Bransfield Strait,
and interact to produce the observed decrease in floe size and ice
concentration. Around this latitude (62 S), the band of old ice
appeared to split, with one branch continuing north along 55 W
and the other branch veering off to the northeast. These areas of
old ice were observed on the Palmer's recovery cruise during the
end of May and June (figure 2). Before leaving the ice edge on 13
May, the ship passed through one more region of 10/10 concen-
tration consisting of a mixture of first-year ice, old ice, and
pancakes all in small floes. This ice was at the same latitude as the
South Shetland Islands which may have topographically shielded
the ice from winds, waves, and ocean currents, so that the ice
concentration remained high.

The Nathaniel B. Palmer's recovery cruise of Ice Station Wed-
dell #1(20 May-22 June) followed essentially the same route on
both inbound and outbound legs circling east around the South
Orkney Islands. On the previously discussed track there were
quite distinct divisions between the marginal ice zone and the
higher concentration/ large floe size, closed pack-ice zone. On the
second cruise the Palmer's track paralleled the ice edge for a long
time and the transition from the deep pack-ice to open water
appeared much more gradual. The conditions along the route
were highly variable (figure 3), with several transitions in ice
concentration and floe size. Working north from the ice camp, the
Palmer followed leads covered over with sheets of gray and gray-
white ice, breaking through a region of 10/10 concentration first-
year ice, medium to large floes. North of the deep pack-ice zone
was a region of high diversity with large to small first-year floes,
young ice, nilas, gray and gray-white sheet ice, pancake ice, and
brash. The ice concentration ranged from open water to 10/10
concentration. Between the ice edge and deep pack-ice, the Palmer
passed through two regions of old ice that may have drifted up
from the split branch of old ice observed on the outbound leg of
the Palmer's first cruise (figure 2). At the first location (5120' W),
the ship dipped down half a degree from 6010' S into a region of
small to medium floes of old ice. The ship traversed a second
region of old ice along 5940' S from 48 15W to 50 W iihere the
floe size was small and the concentration less than 2/10. Both of
these regions seem to connect with the circling band of old ice that
drifted up along the Antarctic Peninsula and branched northeast.

Figure 3. Close up of the ice conditions observed on the Nathaniel
B. Palmer 92-2 cruise.

The final region the ship traversed before leaving the ice was
another region of small, old ice floes and brash that appears to
have drifted up from the northern branch of the old ice band.

These observations differ from those made during the U.S.+
U.S.S.R. Weddell Polynya expedition in 1981 in which the pack-
ice zone was divided into three distinct regions (Ackley et al.
1982) delineated by wave action and swell propagation. Al,
though the outbound leg of the rotation cruise passed through
four distinct regions, they differed from those observed in 1981 in
terms of both observed characteristics and the processes by which
they were formed. There was, for example, no extended region
of 9-10/10 concentration as was observed in 1981. One similarity,
however, was the decrease in floe size that was observed as the
ship approached the open ocean boundary. No distinct bound-
aries were observed on the legs of the recovery cruise that
corresponded to those observed in 1981. One reason may be that
the ship followed the ice edge traversing east-west after rounding
the Orkney Islands. Two major differences between these data
sets are the season and location. Those from 1981 were made in
late winter in the eastern Weddell while ours were made in
midwinter in the western Weddell. While the area studied earlier
was in open ice away from land boundaries, we were in a region
sheltered by the Antarctic Peninsula and affected by both cur-
rents from the Bransfield Strait and a strong frontal zone (Weddell
Scotia Confluence) in the northeast. The wave action which was
responsible for the distinct separations in the pack-ice zone to the
east was mediated here by these additional characteristics and
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the proximity of the Antarctic Peninsula, the South Shetland
Islands and the South Orkney Islands, allowing a much more
gradual transition from the deep pack-ice to the open ocean bound-
ary.

We wish to thank Brett Castillo, Robert Swayzer, Preston
Sullivan, Peter Amati, and John Cavanaugh for recording hourly
ice observations. Thanks are also extended to Herb Baker for
making and mounting the ice calibration stick over the side of the
ship, and to the captain and crew of the Nathaniel B. Palmer for
their support. Thanks to everybody's cooperation, the most
complete set of ice observations were taken. This work was
supported by National Science Foundation grant DPP 90-24809.
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During the Weddell Sea Cruise of the Nathaniel B. Palmer in
May and June 1992, we occupied 15 ice stations, the location of
which are shown in Ackley and Gow et al. 1992. At most of these
stations ice cores were collected, surface snow and ice elevation
lines were measured, and snow characterization was performed.
The core collection and initial results are described in Gow et al.
1992; here we describe the snow pit measurements and the
surface elevation surveys. These data will be used to estimate the
heat flux to the atmosphere and salt flux to the ocean on the bas-
is of snow and ice properties, and also provide surface properties
to help in the interpretation of microwave satellite remote-sens-
ng data.

Thermodynamic ice-growth rate is determined by the heat
.lux from the ocean to the atmosphere, which is in turn regulated
y the thickness and properties of the ice and snow cover. The
now cover can provide an insulating layer, significantly reduc-
g the heat flux and slowing down the ice-growth rate. Particu-

larly in the Weddell Sea it has been found, however, that the
eight of the snow often depresses the ice surface below sea level

Ackley et al. 1990; Lytle et al. 1990; Lange etal. 1990), resulting in
an influx of sea water above the ice surface. As the sea water
infiltrates the snow pack, a slush layer is created at the snow/ice

terface. As this layer refreezes it will add to the ice thickness as
ell as acting as a vapor and heat source to modify the snow

cover. Significant algal growth can also occur in this layer
(Sullivan et al. 1992). With the influx of this sea water, the ice

becomes isothermal, and continued ice formation occurs above
the surface of the ice as this slush layer freezes, rather than at the
bottom of the ice sheet. This ice formation process will result in
a more rapid heat transfer rate to the atmosphere and possibly a
different salt flux to the ocean than would the growth of congelat-
ion ice formed by continued ice growth at the bottom of the ice
sheet.

This slush layer has been found repeatedly in the Weddell Sea
ice cover (Ackley and Lytle 1992; Ackley et al. 1990) and the
subsequent refreezing of this slush has been estimated to affect as
much as 50 percent or more of the total ice area in the western
Weddell Sea. During this cruise, temperature, density, and grain
size measurements were taken in the snow pack to estimate the
heat flux through the ice and overlying snow. In addition,
elevation measurements were collected to estimate the amount of
ice which was above or depressed below sea level and snow and
ice properties were collected to estimate the amount of ice which
had been formed due to the refreezing of this slush layer. These
measurements in conjunction with the ice core program in the
same area (Gow et al. 1992), will be used to describe whether this
process of the freezing of the slush had also occurred earlier, and
to estimate the cumulative associated heat and salt flux.

Two snow pits were dug and analyzed at each station, one
near where the cores were extracted and a second where the radar
data were collected (Yankielun and Ackley 1992). Figure 1 is an
example of the data collected from a snow pit on site number 5.
Note the large grain sizes near the base of the snow pit, indicating
that a significant amount of metamorphism has occurred. This is
most likely being influenced by the infiltration of brine, as sup-
ported by the salinity (5 ppt) in the bottom layer of the snow.
Additional snow pits were analyzed at four of the stations, where
there were significant variations in snow or ice thickness across
the floe. Snow temperatures, densities, dielectric properties,
grain sizes, and salinities were measured as a function of depth in
the snow pack. In addition, snow and ice samples were collected
for stable isotope analysis which will help estimate the relative
amount of snow which had been incorporated in the sea ice.
Snow depths for the pits varied from 10 centimeters to 85 centime-
ters, with snow salinities varying from 0 ppt up to as much as 63
ppt. We found significant variability in the pits both between
sites and at the same sites. The presence of layers in the snow
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