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Wave-pancake ice interactions
HAYLEY H. SHEN and SUSAN FRANKENSTEIN, Department of Civil and Environmental Engineering, Clarkson University,

Potsdam, New York 13699-5710

D
uring the 1986 Winter Weddell Sea Project (WWSP), a
new mechanism for the formation of ice at the advancing

edge was observed. This so-called pancake cycle (Lange et al.
1989) begins with a high rate of ice-crystal production in a
turbulent wave field. These crystals later congeal into circu-
lar-shaped floes, typically less than 1 meter (m) in diameter.
These floes are called pancake ice. Wave action, along with
the production of more frazil in the open area between floes,
causes these pancake floes to freeze together rapidly to form a
continuous cover. The extent of the southern ocean covered
by this process in the early austral winter is estimated at 6
million square kilometers (Wadhams 1994). Except in areas
such as the Bering Sea and the Odden tongue in the Green-
land Sea, ice-cover formation in the antarctic region is
markedly different from that in the arctic and subarctic. A
consequence of this formation is the extremely rapid heat
exchange with the atmosphere and a salt flux to the underly-
ing water. A plan view of the pancake ice field observed in the
Weddell Sea is shown in the figure.

The presence of ocean waves is believed to be responsi-
ble for this "pancake cycle." Our study is to investigate, both
experimentally and theoretically, how waves interact with
individual pancake floes to form a continuous ice sheet.

The experimental work consists of two phases. Phase one
was done with plastic slabs placed in a wave tank. The wave
tank has a dimension of 19.8 m x 1.83 m x 0.9 m and is capa-
ble of producing monochromatic waves with a frequency of
0.21 to approximately 0.89 hertz, a wave length of 1.9 to
approximately 11.1 m, and an amplitude of 0.5 to approxi-
mately 8 centimeters. Two sizes of plastic slabs were used.
Both had surface areas measuring 0.2 m x 1.79 m. Their thick-
nesses varied and were 3.175 millimeters and 6.35 millime-
ters, respectively. This phase of the experiment was to deter-
mine the drift of a single floe and the interaction between
multiple floes. The results of this phase of study are being
used to help verify a theoretical model. This theoretical model
will be used to quantify the effect of waves on a field of dis-
persed ice floes.
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Phase two of the experimental study
will be done in a refrigerated wave tank hav-
ing dimensions 39 m x 1.22 m x 0.61 m.
Slabs of urea ice will be placed in this tank
to study the freezing process between
neighboring floes under various wave con-
ditions. Results of this experiment will be
checked against the parallel theoretical
development.

Preliminary results from phase one
have been obtained. The drift patterns
determined from both theory and experi-
ment are currently being compared. The
oscillation amplitude, drift velocity, and
time for the floe to become trapped at a sin-
gle location are the parameters being inves-
tigated. Initial comparisons look promising
although some inconsistencies are being
found. More work needs to be done before
conclusive statements can be made.
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Phase two of the experimental study and the parallel the-
ory are both in the planning stage. We expect that this study
will enable us to quantify the wave's role in the formation of
pancake ice covers.

This work has been supported by National Science Foun-
dation grant OPP 92-19165.
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Observations on the melting rates of brash ice, Arthur Harbor,
Antarctic Peninsula

NORMAN D. SMITH, Department of Geological Sciences, University of Illinois, Chicago, Illinois 60607-7059
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R
afting by floating icebergs is an important mechanism by
which terrigenous sediment is introduced to the ocean

along glaciated coastlines. Such ice-rafted debris constitutes
major portions of the total sediment deposited in many
glacimarine regions, and its presence is commonly diagnostic
for interpreting the glacial origins of ancient marine deposits.
Icebergs occur from greater than 10-kilometer (km) tabular
bodies that detach from floating ice shelves to submeter-sized
brash ice produced by calving of grounded tidewater glaciers.
Key to understanding the proper role of icebergs in marine
sediment distribution is knowing the rates at which they melt.
Large tabular icebergs have received much attention in this
regard, largely as a result of interest in their potential utility as
a source of fresh water. Less is known about the melting char-
acter of small icebergs or, consequently, their role in distrib-
uting sediment away from glacier margins.

Observations at Arthur Harbor (Palmer Station, Antarctic
Peninsula) indicate a predominance of brash ice [i.e., less
than 2-meter (m) icebergs] calving off Maar Glacier (64°46'S
64°04'W). Initial observations of iceberg distribution patterns
suggested highly variable melt rates that were controlled in
part by water-surface roughness. A series of exploratory
experiments was thus established to examine the rates at
which brash ice melts in Arthur Harbor and, by implication,
subpolar marine settings in general.

Natural brash icebergs were first trimmed to approxi-
mately 24x18x18-centimeter (cm) rectangular blocks to mini-
mize shape effects, then stored in a 0°C cold room. Melting
experiments were conducted in a 47-cm diameter circular vat
with flow directed upward from a hose positioned bottom-
center (figure 1). Overflow holes drilled around the upper
perimeter of the vat ensured that flow around the floating ice-
berg was evenly distributed. Flow was drawn directly from
Arthur Harbor; salinity remained constant at 34 parts per
thousand and water temperature varied only slightly from
1°C. Discharge was held steady through each run but varied
between runs. Mean upward velocity was calculated from
u=QA' where Q is discharge and A is vat surface area minus
initial maximum cross-section area of the iceberg. Reynolds

numbers based on mean velocities [0.017-0.68 centimeters
per second (cm/s)] ranged from 40 to 1,570. For each run, the
ice block was preweighed and immediately placed in the vat.
Approximately every 20 minutes, the block was retrieved,
reweighed, and returned to the vat, with weighing requiring
about 15 seconds. Nominal diameter for each weight stage
was computed as d=(weight/ density) "3 where ice density was
taken to be 0.9 grams per cubic centimeter. Melt rates were
then determined by the slopes of d vs. time plots. Melt rates
were also measured in the same manner for small icebergs in
the natural setting of Arthur Harbor. Preweighed icebergs
were placed in nylon-mesh bags (mesh diameter was 2 cm),
tethered to the dock or a boat, and periodically retrieved and
weighed. Four were artificially shaped as were the experimen-
tal blocks, and 15 had unmodified natural shapes. Two quali-
tatively disparate conditions were tested: isolated icebergs
exposed to wave attack and icebergs packed in a brash jam
and protected from wave action.

The laboratory results show clearly that melt rate,
expressed as reduction in nominal diameter per unit time,

Inflow from
Arthur Harbor

Figure 1. Schematic illustration of experimental apparatus.
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