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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.

MEAN ICE THICKNESS

58	60	62	64	66	68	70
LATITUDE (°S)

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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An enigmatic basal sea-ice layer of the
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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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Figure 1. The central portion of the Ronne Ice Shelf. The region
labeled Thin Ice is where radar surveys are unable to map the true
ice-shelf thickness because of radar attenuation in a basal sea-ice
layer of unknown thickness. Borehole observations at one location
provide some constraint on the oceanic ice-pump basal freezing
mechanism thought to have produced the layer. ("km" denotes
"kilometer?")

reconstruction of the basal sea-ice distribution that resembles
the observations is presented in figure 2 and is obtained by
prescribing a 0.6 meters per year basal-freezing rate within the
cul-de-sac between Henry and Korff ice rises (figure 1). The
thick reconstructed sea-ice lobe that originates within the cul-
de-sac extends along ice-shelf flow lines toward the ice front
(figure 3). This lobe attenuates downstream as a result of general
ice-shelf thinning and basal melting prescribed within 100 kilo-
meters of the ice front.

Two glaciological factors that most influence the basal sea-ice
distribution are the ratio of surface snow accumulation to basal
freezing and the ice-column residence time within the basal-
freezing zone. The first parameter governs the relative amounts
of surface and basal ice within a given ice column. The second
parameter determines the net basal-ice thickness that can be
deposited while the column is resident within the basal freezing
zone. The reconstruction we present in figure 2 assumes a snow
accumulation rate to basal freezing-rate ratio of 1 to 1.7 in com-
pliance with the 1-to-I. 7 ratio of surface ice to basal ice observed
in the ice column at the borehole site by Engelhardt and Deter-
mann (1987). The ice-column residence time plotted as a func-
tion of select ice-column trajectories is shown in figure 3. In this
example, ice columns reside within the cul-de-sac zone of pre-
scribed basal freezing for over 3,000 years.

Disagreement between our basal sea-ice reconstruction and
the observed 295-meter sea-ice thickness (Engelhardt and De-
termann 1987) at the borehole site (indicated by a star in figure
2) can be attributed to a number of possibilities including freez-
ing outside of the cul-de-sac at greater rates than 0.6 meters per
year, excessive discharge prescribed as a model boundary con-
dition through the Foundation Ice Stream outlet (between
Berkner Island and Henry Ice Rise), and periodic flushing of the
cul-de-sac by a breakdown of the Doake Ice Rumples. We pre-
scribe a 60-cubic-kilometer-per-year ice-volume discharge
through the Foundation Ice Stream in our simulations following

Figure 2. Reconstructed steady-state basal sea-ice distribution
(designated Hb, in meters). Location of the borehole where 295
meters of basal sea ice was observed is indicated by the star.

McIntyre's (1986) estimate of snow accumulation in the region
drained by the ice stream. If this discharge is reduced by 75
percent, the thickest part of the sea-ice lobe shifts east and
crosses the location of the borehole. Such a reduction appears
possible given evidence for ice-stream discharge fluctuations
observed along the Siple Coast. Periodic breakdown of the
Doake Ice Rumples may flush the thickest portions of the basal
sea-ice deposit from the cul-de-sac and temporarily increase the
sea-ice distribution at the borehole site as the thick bolus is
advected toward the ice front.

500

500

Figure 3. Elapsed time resident within the ice shelf plotted as a
function of select ice-column trajectories.
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Ice fronts and icebergs in the Ross
and Weddell seas
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Approximately 11 percent of the 14 million square kilometer
antarctic ice sheet floats on and interacts with the continental
shelf seas of the southern ocean. The seaward margins of the ice
shelves and glacier tongues evolve at various rates in response
to inflowing ice streams, thermal and mechanical oceanic forc-
ing, and the calving of icebergs. Where growth is not balanced
by small-scale attrition, decadal periods of slow advance can be
punctuated by major ice front retreats of many kilometers in a
few days. For the past 25-75 years, most of the Ross Ice Shelf,
the Drygaiski Ice Tongue, and Erebus Glacier Tongue have
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Figure 1. Profiles of the Drygalski Ice Tongue in October 1960 (dotted) February 1973 (dot-dash), early 1980 (dashed), and February 1987 (solid).
Sea floor topography in meters. Modified from Holdsworth (1985).
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