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The Winter Weddell Sea Project is an international, multi-
disciplinary program which conducted field work from austral
winter through austral spring (June to December 1986) in the
sea-ice-covered region surrounding the antarctic continent.

The program consisted of two legs using West Germany's
research icebreaking vessel Polarstern for transportation and as a
research platform. The first leg, conducted between late June
and early September, 1986, traversed the approximately 1,500-
kilometer wide sea-ice belt near the Greenwich Meridian be-
tween 56° and 700 south latitude. After personnel exchange in
Capetown in mid-September, the second leg again traversed
the sea ice and concentrated investigations in the nearshore
region of Antarctica between 10° and 30° west longitudes, re-
turning to Capetown in mid-December. The program con-
ducted projects in sea ice, meteorology, oceanography, and
biology on each leg. We describe here the sea-ice program,
primarily from the first leg (June to September 1986).

The sea-ice program is a multidisciplinary effort to define the
relationships that govern sea-ice behavior in the Southern
Hemisphere winter. The field efforts consisted of ice-deforma-
tion experiments, ice-thickness measurements by coring and
drilling, surface wave investigations, aerial photography and
hourly visual observations of surface morphology and ice condi-
tions, radar ice-thickness measurements, microwave emission
studies, and joint physical-biological ice-property studies from
cores to characterize the sea ice as a habitat.

Several of the studies showed the relative importance of an
ice-advance process controlled by wave and swell action during
the freeze-up process. Shown schematically in figure 1, individ-
ual disks and plates called frazil ice grow in the surface water
initially to a few millimeters in diameter and are herded to-

gether by the wave action to form pancake ice, consisting of
small rounded floes (from centimeters to meters in diameter)
which enlarge by harvesting of the ice crystals in the surround-
ing water due to motion generated by the wave field. The pan-
cakes grow thicker and larger in diameter by this accretion
process gradually affecting the incoming wave field by attenua-
tion attributable to several sources (scattering, flexure, etc.) The
characteristic rough surface, due to the upturned edges of the
pancake ice, remains and serves to collect drifting snow in
dunes as an identifiable surface feature long after the ice sheet
forms.

Drilling the ice sheet for thickness measurements was done at
approximately 1°-latitude intervals from the ice edge to the
antarctic coast. We typically drilled two profile lines from 70 to
100 meters long at 1-meter spacing using power-driven me-
chanical ice augers. At each hole, the ice draft (depth below sea
level), freeboard (height above sea level), and snow depth were
measured. These lines were drilled on relatively undeformed
ice and were meant to represent the relatively undeformed ice
which characterized the greatest surface area of the pack. Raft-
ing, the stacking of adjacent ice pieces, was often encountered
in these transects. Ridges, ice pileups with a clearer surface
manifestation than rafting, occurred from distances apart from
a few tens of meters to a few hundreds of meters, depending on
the degree of ice deformation. These ridges were also drilled
occasionally but not on as regular a basis as the profile lines.
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Figure 1. Schematic of pancake ice formation preceding in time from
top to bottom. The process depicted takes a few days from initial
frazil ice formation.

88	 ANTARCTIC JOURNAL



120

0-1100
Cl)
Cl)
w80
Z
C.)
=
I-
w
C)
Z
w

0

2
-ME&t ,Pe.4

00 04
• August 9 - September 6
O July 2O- July 27

From a number of ridge transects, we found no ridges of greater
than 4 meters draft. Over 4,400 holes were drilled for the ice
thickness characterization. Figure 2 shows the mean ice thick-
ness as a function of latitude derived from the profile lines. On
the southbound transect the means are scattered about typical
values of 50 to 55 centimeters and appear to remain almost
constant with latitude until 67° south is passed when a rapid
increase to beyond 1.2 meters occurs. This is simply because ice
stations in the higher latitudes sampled more ridging and raft-
ing because deformed ice occupied a larger fraction of the ice
cover in those locations. On the northbound transect, ice thick-
ness is again fairly constant between 62° and 67° south latitutes
only at about 65 centimeters rather than 50 to 55 centimeters as
seen earlier. There are at least two possible reasons for this
difference, and we are evaluating supporting data to decide if
these, or perhaps other, reasons provide the best explanation
for the difference between the northbound and southbound
thicknesses. North of 62° south a decrease of mean ice thickness
with decreasing latitude occurs until the consolidated ice had a
thickness of about 33 centimeters near the northern ice edge.

Ice cores were obtained at the same sites where the thickness
data was taken. We obtained 214 cores in the first leg, totaling
156 meters in length. After examining each core for ice texture,
sampling was done at nominal 10-centimeter intervals without
crossing structural boundaries. We then performed measure-
ments of salinity, chlorophyll a, silicate, nitrate, nitrite, and
phosphate, and took foraminifer counts. This procedure will
enable us to relate textural characteristics of the ice, which
reflect its growth history, to the chemical and biological proper-
ties of the sampled cores.
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Figure 2. Mean ice thickness obtained from drilling about 100 holes
at the indicated locations as a function of latitude. The data were
taken from near the northern ice edge to the edge of the continental
shelf off Antarctica.
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West German and British field surveys suggest that the cen-
tral part of the Ronne Ice Shelf possesses a substantial deposit of
basal ice of an (as yet) undetermined nature (probably saline)
(Crabtree and Doake 1986; Engelhardt and Determann 1987;
Thyssen 1986). In places, this layer reaches approximately 300
meters thick. In previous radar surveys of ice-shelf thickness,
the top of this deposit was misinterpreted as the ice-shelf bot-
tom because of radio-wave attenuation within the presumably
salt-laden basal ice (Robin et al. 1983). The region containing the
basal ice was thus previously called the thin-ice zone (figure 1)
in reference to its seemingly unusual configuration. Although

not conclusively confirmed, it is likely that this layer consists of
an accumulation of frazil sea-ice platelets of similar nature to
those observed deep in the water column off the Filchner Ice
Shelf (Dieckmann et al. 1986).

Basal freezing necessary to produce this thick basal sea-ice
layer (if it is indeed sea ice) cannot be driven by atmospheric
cooling of the ice-shelf surface alone. The vertical heat flux
associated with such cooling can produce at most only several
centimeters of basal sea ice per year. An alternative means of
supporting a high basal freezing rate is known as the oceanic ice
pump (Lewis and Perkin 1987). This ice pump is driven by the
ocean in the sub-ice-shelf cavity where there are gradients in
the pressure- (i.e., depth-) and salinity-dependent freezing
temperature. Ice-platelet precipitation can occur wherever sub-
ice-shelf meltwater plumes ascend along the sloping ice-shelf
base. This precipitation is driven by supercooling as the freez-
ing temperature is elevated by changes in ice-shelf draft. The
term oceanic ice pump (Lewis and Perkin 1987) is applied to this
basal freezing mechanism because basal ice is simply trans-
ferred from the deepest parts of the sub-ice-shelf cavity to more
shallow parts without net accumulation or ablation.

To diagnose the freezing pattern associated with the potential
ice-pump action evident below the ice shelf, distortion of the
observed basal sea-ice distribution by ice-shelf flow and vertical
strain must be accounted for. We perform such a diagnosis by
solving the mass-continuity and stress-equilibrium equations
for steady-state configurations of ice-shelf flow, thickness, and
basal sea-ice distribution (Lange and MacAyeal in press). A
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