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Subglacial and Seabed Topography, Ice Thickness and Water Column
Thickness in the Vicinity of Filchner-Ronne-Schelfeis, Antarctica.

By D.G. Vaughan', J. Sievers®, C.S.M. Doake!, H. Hinze’, D.R. Mantripp*, V.S. Pozdeev®, H. Sandhiiger®, H.W. Schenke?,
A. Solheim’ and F. Thyssen®

Summary: Modelling of the deformation and evolution of the Antarctic ITce
Sheet, and the oceanographic conditions on the continental shelf around Ant-
arctica, requires good datasets that accurately describe the environment. We
present thematic maps of subglacial and seabed topography, and water column
thickness, over Filchner-Ronne-Schelfeis, its hinterland and the adjacent por-
tion of Weddell Sea. Subglacial and seabed topography were derived from vari-
ous bathymetric observations, seismic and radar soundings. Ice shelf draft was
deduced from an inversion of ERS-1 radar altimetry, assuming hydrostatic equi-
librium. Finally, the water column thickness was calculated as the difference
between the sea bed depth and the ice shelf draft.

The seabed morphology beneath the ice shelf is dominated by a slope down
towards the interior of the continent. Seabed depths near the ice front of around
200 to 300 m increase to more than 1500 m at the grounding line of some ice
streams. Deep troughs, possibly glacially deepened, run beneath the eastern and
western sides of the ice shelf and cross the continental shelf. An area of small
water column thickness to the north-west of Berkner Island suggests that exten-
sive grounding could occur after a relatively small change in the ice shelf. This
might result in very significant changes to the positions of the Berkner Island
summits and the rates of production of Ice Shelf Water (ISW).

Zusammenfassung: Fiir die Modellierung der Entwicklung und Veriinderung
des Eises der Antarktis sowie der ozeanographischen Randbedingungen auf dem
antarktischen Kontinentalschelf bedarf es umfassender geowissenschaftlicher
Datensitze, welche die Umwelt hinreichend genau beschreiben. Hierzu werden
vom Filchner-Ronne-Schelfeis, seinem Hinterland und dem angrenzenden Be-
reich der Weddell Sea die Topographie des Meeresbodens und des Eisunter-
grunds sowie die Schelfeismichtigkeit und die Hohe der Wassersiule unter dem
Schelfeis als thematische Karten vorgestellt. Die Topographie des Meeresbodens
und des Eisuntergrundes wurden aus bathymetrischen, seismischen und Radar-
messungen verschiedener Kampagnen abgeleitet. Die Miichtigkeit des Schelf-
eises wurde aus der Umkehrung von ERS-1-Radaraltimetermessungen herge-
leitet, waobei ein hydrostatisches Gleichgewicht des schwimmenden Eises an-
genommen wurde. Schlieflich wurde die Hohe der Wassersiule als Differenz
zwischen der Meerestiefe und der Schelfeismichtigkeit berechnet.

Die Morphologie des Meeresbodens unter dem Schelfeis wird durch eine
Abwirtsneigung dominiert, die zum Inneren des Kontinents gerichtet ist.
Meerestiefen, die in der Nihe der Eisfront 200 bis 300 m betragen, vergroBern
sich auf iiber 1500 m an der Aufsetzlinie einiger Eisstrome. Tiefe Troge,
wahrscheinlich von Gletschern ausgehdhlt, verlaufen unterhalb der stlichen und
der westlichen Seite des Schelfeises und durchqueren den Kontinentalschelf. Ein
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Gebiet mit geringer Michtigkeit der Wassersdule im Nordwesten von Berkner
Island legt die Vermutung nahe, daB hier schon bei relativ geringen Anderungen
des Flieverhaltens und der Dicke des Schelfeises ausgedehnte Auflagerungen
eintreten konnen. Als Folgeerscheinung kann es dann sowohl zu starken
Verdnderungen bei der Lage der Gipfel auf Berkner Island als auch bei der
Entstehung von Schelfeiswasser unter dem Schelfeis kommen.

1 INTRODUCTION

Antarctic ice shelves play an important role in the global cli-
mate system. Their influence pervades much of the Antarctic
Ice Sheet and, through the interactions with the ocean, a con-
siderable fraction of the Earth’s surface. Long term trends and
shifts in global climate can only be understood by examining
both the atmospheric and the oceanographic circulation patterns
and the major controls on these processes; ice shelves are one
such control.

The two largest ice shelves, Ross Ice Shelf and Filchner-Ronne-
Schelfeis (FRS) (Fig. 1) have been the focus of considerable
research effort. Using the most recent compilation of Antarc-
tica maps, Fox & Cooper (1994) recalculated the area of the
floating portions of the Ross Ice Shelf (494,213 km?) and FRS
(449,220 knm?). Being significantly thicker than Ross Ice Shelf,
FRS is the most massive body of floating ice in the world to-
day. Indeed, ice flowing into FRS accounts for around 15 % of
the total accumulation on the grounded ice sheet of Antarctica,
excluding the Antarctic Peninsula (240 Gt a’!, GroviNeTTo &
BeENTLEY 1985).

Two mechanisms in particular transmit the influence of FRS
worldwide. Firstly, changes in size of the grounded ice sheet
nourishing FRS are reflected immediately in global sea level.
The West Antarctic Ice Sheet (WAIS) is a marine ice sheet,
grounded on rock that is below sea level, and its discharge is
determined, to a significant degree, by the glaciers and ice
streams that flow into FRS.

Secondly, modification of the sea water beneath FRS influences
the circulation pattern in the oceans. Around 70 % of the ocea-
nographic water mass known as Antarctic Bottom Water
(AABW) is produced in the Weddell Sea region (CARMACK
1990). AABW is a cold dense body of water that is a product
of deep convection in the Southern Ocean (FarsacH et al. 1994).
It has a characteristically high density and so spreads through
the deep ocean as far as 53° N (MantyLa & RED 1983), and
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Fig. 1: Antarctic location map.

Abb. 1: Lagekarte der Antarktis.

since it is also oxygen-rich, both ventilates and cools the oceans.
In the Weddell Sea AABW forms from mixing between
Weddell Sea Bottom Water (WSBW) and Deep Water (DW) in
the Weddell Gyre. One mechanism for the production of WSBW
relies on the ice shelf base being exposed to circulating sea water
and forming an intermediate water, Ice Shelf Water (ISW)
(FoLpvik & GamMMELSR@D 1988). Production of ISW might be
drastically reduced if a.change in the ice shelf thickness caused
a different pattern of grounding, closing off the present routes
of access, reducing the area of the sub-ice shelf cavity ventilated
by ocean currents and resulting in a reduction of the production
of AABW. This could well be manifested in a large scale altera-
tion of vertical transport in the Southern Ocean.

Clearly, there are strong imperatives for understanding the past,
and predicting the future, behaviour of ice shelves such as FRS.
Simple models of ice sheets and ice shelves that use idealised,
or grossly smoothed geometry are inadequate to predict the par-
ticular behaviour of the real ice sheet resting on a highly com-
plex topography. In real ice sheets even small features may have
a profound influence (DoAkE & Vaucuan 1991). Plausible at-
tempts to predict the future behaviour of the ice sheet/ice shelf/
ocean system by prognostic mathematical modelling rely heav-
ily on the availability of high quality maps of the current ice and
bedrock.

In this paper we describe the preparation and implications of a
new thematic map published by VAUGHAN et al. (1994; see Ap-
pendix) showing subglacial and seabed topography beneath
FRS, its hinterland and the adjacent Weddell Sea as well as the
oceanographic water column beneath the ice shelf.

We refer to the entire ice shelf, as Filchner-Ronne-Schelfeis
(FRS) and to the subdivisions east and west of Berkner Island

76

as Filchnerschelfeis and Ronne Ice Shelf respectively. This is
done without implication, but following the relevant provisions
of the Antarctic Treaty.

2 MAP OF SUBGLACIAL AND SEABED TOPOGRAPHY

The aim of the project was to use the best available data to map
the elevation of the seabed in the open sea and under the ice
shelf, as well as the elevation of the ice/rock interface beneath
the grounded ice sheet. In such environments, the different over-
lying materials present differing obstacles to observation of the
rock surface. The optimum method depends on the environment,
so data from a variety of techniques were used. In the open sea
we chose shipborne sonar, on the ice shelf seismic reflection data
and airborne radar sounding with barometric altimetry on the
grounded ice. Original data from published sources were used
along with unpublished data from the participating institutes.
During preparation of the map the area was divided into zones
(Appendix-sources diagram). The sources of data used in the
compilation are described in detail in Appendix - explanatory
text. A schematic map of the distribution of the data is shown
in Figure 2.

The data were contoured in three separate areas; a) Zone A: the
southern Weddell Sea, using methods described by Hinze
(1994); b) Zone D: Berkner Island, using methods described by
SANDHAGER (1993); ¢) The remainder, FRS and its hinterland.
Data were assembled and processed using a geographic infor-
mation system. Additional constraints were imposed at ground-
ing lines and over ice rumples where the ice thickness could be
estimated with confidence from radar sounding data. The
gridding used linear interpolation of the triangulated data onto
aregular grid, from which contours were drawn automatically.
The resulting contours were smoothed by hand to produce the
final map (Appendix - main map). The seabed topography is
shown using black contour lines and block colours. The
subglacial topography is shown using brown contour lines only
but is overlaid with visible satellite imagery to allow compari-
son of surface features with subglacial topography.

Although we have chosen to present bedrock contours beneath
all of the ice shelf, paucity of data in Zone H means that bed-
rock elevation in this area is speculative. The contouring pre-
sented honours the available data at the boundary of this zone
but is subjective within.

3 WATER COLUMN THICKNESS MAP

The water column thickness map shown (Appendix - inset dia-
gram) is constructed by subtracting the bedrock elevation grid
from a coincident grid representing the ice shelf draft. Ice shelf
thickness and draft was derived by applying a hydrostatic equi-
librium relation to a grid of ice shelf surface elevation (SIEVERS
et al. 1995; Fig. 3). A further constraint was imposed at the



Fig. 2: Distribution of subglacial and seabed elevation data used in the compilation beneath Filchner-Ronne-Schelfeis and in the hinterland.

Abb. 2: Lage der Mefipunkte und Profile, die zur Ableitung der Topographie des Meeresbodens und des Eisuntergrundes unter dem Filchner-Ronne-Schelfeis und

in seinem Hinterland verwendet wurden.

grounding lines, where the water column thickness is necessar-
ily zero.

Filchner-Schelfeis front underwent a substantial change in 1986
with the calving of icebergs A22, A23 and A24 (FerricNO &
GouLp 1987). Ronne Ice Shelf front has undergone several less
significant events. To be compatible with the ERS-1 data, ac-
quired in 1992, we have used an ice front for this period which
is different from that shown by SwiTHiNBANK et al. (1988).

There are still large areas beneath FRS for which there have been
few measurements of bedrock elevation and these contribute
directly to uncertainty in the water column map. In the present
compilation we have attempted to make reasonable guesses of
the bedrock elevation in these areas, and note the need to col-
lect more data.

Calculating the ice shelf draft

FRS is formed from two types of ice: meteoric ice, comprising
ice draining from the inland ice sheet and ice accumulated on
the surface of the ice shelf itself, comprising direct snow-fall,
redistributed snow and hoar frost; and marine ice, frozen directly
to the base of the ice shelf as a layer underlying the meteoric
ice, in areas controlled by oceanographic conditions (Rosin et
al. 1983, ENGELHARDT & DETERMANN 1987, THYSSEN 1988,
OErTER et al. 1992). The body of marine ice beneath the central
region of Ronne Ice Shelf is notable because it is vast in area

(Tuvssen et al. 1993) and thickness (up to 400 m). Its mecha-
nism of formation is also unusual (BomBoscH & JENKINS 1995),
giving rise to an unusual composition, structure and properties
(OerTER et al. 1992). The high-frequency conductivity of ma-
rine ice is significantly higher than that for meteoric ice, giving
an impedance contrast at the meteoric/marine ice interface which
produces a strong radar reflection. Furthermore, since the ma-
rine ice is considerably more lossy to radio-waves, absorption
usually prevents the marine ice/ocean interface from being ob-
served. Maps of ice thickness measurements based on radar
sounding (Rosiv et al. 1983, CRABTREE & DoAKE 1986, THYSSEN
1988, THyssen et al. 1993) were thus interpreted as showing only
meteoric ice thickness. RoBmv et al. (1983) mapped the approxi-
mate areal distribution of marine ice by interpreting the strength
of the return from the base of the meteoric ice.

The presence of marine ice means that radar sounding is inad-
equate for mapping total ice thickness over the areas with ma-
rine ice, but additionally, radar sounding fails elsewhere. Areas
that show surface, basal or intermediate crevassing (THYSSEN et
al. 1993) rarely give satisfactory radar echoes, as voids and den-
sity changes within the ice act as scattering centres, cluttering
the radar return and obscuring the true basal echo.

Seismic sounding is more reliable since the density contrast
between meteoric and marine ice is low, and this interface gives
a weak reflection. The marine ice/ocean interface is more reflec-
tive, and also the marine ice is not particularly lossy to seismic
energy. In most areas the ice/ocean interface is resolvable. There
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Fig. 3: Map of total ice thickness over Filchner-Ronne-Schelfeis. The discontinuity in ice shelf thickness at latitude 81.3° S marks the junction between ERS-1

and conventional elevation data.

Abb. 3: Karte der Gesamteismichtigkeit des Filchner-Ronne-Schelfeises. Die Diskontinuitét in der Schelfeisdicke bei der geographischen Breite von 81.3° S markiert

die Grenze zwischen den konventionellen und den ERS-1-Hohendaten.

are, however, problems specific to seismic techniques. The iden-
tification of the echoes and interpretation of the seismic returns
is not always reliable in areas of active freezing where the base
of the ice shelf may be indistinct due to a layer of unconsolidated
ice slush (ENGELHARDT & DETERMANN 1987, NicuoLLs et al.
1991). The seismic coverage is also limited by logistic require-
ments and to areas accessible for ground based work; crevassed
areas are generally beyond the scope of seismic work.

Thus over floating ice neither radar nor seismic sounding can
be relied upon to produce a map of total ice thickness that is
adequate for our requirements. We have chosen to invert sur-
face altimetry from the ERS-1 satellite to produce a model of
the total ice thickness. This approach has the advantage that most
of the ice shelf, except for the portion south of 81.3° S (which
is beyond the satellite’s orbit), is covered with a high density
of points in a consistent dataset from a single source. We assume
that the ice shelf is in hydrostatic equilibrium, i.e. that the sur-
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face elevation, total thickness and draft are linearly related by
functions of ice and sea water densities which were assumed to
be constant, thickness becoming a linear function of surface el-
evation.

Processing of ERS-1 data

The surface elevation map derived from ERS-1 altimetry has
already been presented by SIEVERs et al. (1995). Data from the
fast delivery (1 Hz) data product (ERS-1.ALT.FDC) were proc-
essed at Mullard Space Science Laboratory, UK to retrieve the
best ellipsoidal heights using only one cycle (Cycle 93) of the
35-day repeat orbit. During this period the instrument was op-
erating in a high precision ,,ocean” mode. Waveform data are
not included in this product and so retracking was not possible.
The processing included removal of suspect data points and
application of the Preliminary Orbit. Reliable atmospheric and



tidal corrections were not available and so none were applied.
A crossover analysis showed residuals of around 1 m. Reduc-
tion of the data to orthometric height was carried out at Institut
fiir Angewandte Geodésie, Germany using Geodetic Reference
System 1980, (Morrtz 1984) and geopotential model OSU91A
(Rappetal. 1991). A final bias correction was made to bring the
data into line with the most reliable ground-based data (trigo-
nometric levelling).

The resulting map of ice shelf surface elevation shows vertical
accuracy, calculated by SiEvers et al. (1995) as £ 5 m, and good
planimetric detail. Features as small as a 10 km wide ,.wake™
of thin ice downstream of Kershaw Ice Rumples are clearly vis-
ible. There is a consistently high density of points across the
whole ice shelf and the satellite has collected data over the ar-
eas of crevassing. The small area of floating ice shelf beyond
the southerly limit of ERS-1 coverage (81.3° S) was filled in
using data from the earlier elevation compilation also described
by SieEvers et al. (1995).

Hydrostatic conversion

Regionally, ice cannot support large shear stresses over long
periods, thus floating ice shelves must be in regional hydrostatic
equilibrium and we can derive ice thickness from ice surface
elevation. For FRS, JEnkiNs & Doakk (1991) showed a regres-
sion of elevations measured by Doppler satellite positioning on
Ronne Ice Shelf against thickness and found a relationship of

h=0.107TH+ 13 (1)

gave a good fit to the data, where h is the surface elevation
(WGS84) in metres, and H is the total ice thickness in metres.
The intercept value of 13 m represents both a correction for the
lower fim density, and an offset between the geoid model and
true sea level.

To establish a conversion from ERS-1 surface elevation to to-
tal ice thickness we have derived a similar relation between a
map of meteoric ice thickness originally presented by CRABTREE
& Doaxke (1986) but subsequently improved, and the surface
elevation model derived from the ERS-1 data (SiEvErs et al.
1995). The two datasets were interpolated on to an identical 2
km grid and a comparison was made between corresponding
gridpoints in 15 areas (Fig. 4a). The relation between thickness
and surface elevation will only be linear in areas where we ex-
pect there to be only meteoric ice and no marine ice layer, out-
side areas of crevassing and areas of grounding. Several such
areas (A-J) were selected, together with several areas (K-O)
suspected of having a marine ice layer. Fig. 4b shows the vari-
ation of ERS-1 derived surface elevation with radar sounding
ice thickness. We find that the data are well fitted by the straight
line,

h=0.108H + 17 (2)

except in zones K-O which lie above the line, confirming the
presence of a marine ice layer. The gradient of this line is con-

sistent with a mean density of the water beneath the ice shelf of
1028 kg m™ and a density of solid ice of 917 kg m. The change
in the intercept value from the value given by JENKINS & DoOAKE
(1991) is small and is possibly due to a systematic biases be-
tween the ERS-1 data and the thickness data.

The scatter about the line in Fig. 4b indicates that the relation
given by Equation 2 is reliable to around 7 m in elevation and
70 m in thickness. The scatter is due to the combination of
various uncertainties and errors:

a) Error in the ERS-1 altimetry, estimated by SIEVERS et al.
(1995) as + 5 m.

b) Error in the radar sounding data, due to the combined effects
of our uncertainty in the speed of radio waves in ice, uncertainty
of the correct firn correction and limitations of the digitising
techniques. Additionally, there is a significant uncertainty in the
navigation of track data. CRaBTREE & Doaxe (1986) found the
standard mismatch at the cross-over points was + 40 m of ice
thickness.

¢) Error due to gridding of radar data. This is extremely hard to
quantify but is dependent on the distance from the nearest meas-
urement point and spatial frequency of ice thickness variations.
d) Unknown accuracy of the OSU9IA geoid in this area.

e) Systematic variations in the density of the ice shelf. Most of
the ice column is close to maximum density but a small error
may be introduced by changes in the firn structure across the
region, especially were crevassing causes a reduced mean den-
sity for the upper layers (SANDHAGER 1993). We estimate this at
around £ 5 m in surface elevation.

f) Artifacts in the ERS-1 data (particularly off-pointing and
snagging; MARTIN et al. 1983) cause the surface elevation given
in the fast delivery product to be unreliable close to the ice shelf
margins or where surface gradients are higher than on the ice
shelf.

Combining the known error estimates from items (a), (b) and
(e) gives a root mean square value of 8 m for the elevation er-
ror, but the dominant source of the error will vary from region
to region. Thus in terms of precision of ice thickness this method
does not represent an improvement over airborne radar sound-
ing or seismic sounding; the value of the approach is improved
coverage and spatial resolution.

Validation of the total ice thickness map

Figure 3 represents the hydrostatic conversion (Equation 2) ap-
plied to the surface elevation data presented by SIEVERS et al.
(1995). Areas within 10 km of ice shelf grounding zones are not
included. There are three boreholes on FRS that provide us with
useful data for checking the map; the D335 hole described by
ENGELHARDT & DeTERMANN (1987) and two holes described by
NicHoLLs et al. (1991) and designated 90/1 and 90/2. Table 1
shows the comparison of the borehole data and thicknesses ex-
tracted from the map at these locations. The comparison of these
measurements with the map of total ice thickness is satisfactory,
all the errors being well within the limits claimed.

79



150~

100

Surface elevation h {m)

50—
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tions (OSU9IA) and meteoric ice thickness.
Top = areas of ice shelf from which data was
taken. Bottom = relation between ERS-1 sur-
face elevations h, and meteoric ice thickness
H. The straight lines correspond to Equation
(2). Zones A-J are belicved to have no marine
ice layer and yield points that lie close to the
straight line. Zones K-O, are known or sus-
pected of having some marine ice layer, and
these yield points that lie above the straight
line.

Abb. 4: Beziehung zwischen ERS-1-Oberfld-
chenhohe (OSU9IA-Modell) und meteori-
scher Eisdicke. Oben = Schelfeisbereiche, die
zur Berechnung herangezogen wurden. Unten
= Bezichung zwischen ERS-1-Oberflichen-
hohe h und meteorischer Eisdicke H. Die ge-
rade Linie entspricht Gleichung (2). Die Zo-
nen A-J besitzen vermutlich keine marine
Eisschicht. Im Diagramm sind sie durch
Punkte reprisentiert, die nahe an der Funkti-
onsgeraden liegen. Bei den Zonen K-O ist
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In addition the present ice thickness map was compared to two
previous (and independent) maps of total ice thickness. These
were prepared from seismic data (Pozpeev & Kurinin 1987) and
airborne altimetry (THYSSEN et al, 1993, SANDHAGER 1993). The
standard differences between the ERS-1 derived map and pre-
vious maps were 32 m and 34 m, respectively. These values are
entirely consistent with the estimated uncertainty of the three
maps.
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4 DISCUSSION OF MAPS
Subglacial and seabed topographic map
General morphology

Pozpeev & Kuriniv (1987) identified two major morphological
provinces for the area they termed the Weddell Sea shelf and the
surrounding mountain frame. This distinction is largely artifi-
cial, since we now suspect that the area comprises several dis-
tinct tectonic blocks (Jounson & SmitH 1992). But we note that
the seabed beneath the open sea is generally subdued (reflect-
ing the thick sedimentary cover), while beneath the grounded
ice there is a mountainous terrain, showing several uplifted
blocks, and deep trenches filled by glaciers.

The subglacial and seabed elevation map (Appendix - main
map) shows that the seabed topography is dominated by a gen-



tle downward slope towards the continent. Typically, the seabed
is 1000 m lower at the grounding zone than beyond the ice front
in the Weddell Sea. In several areas the bed is deepest along
glacier troughs a few tens of kilometres inland of the ground-
ing zone. This inland slope and trough near the grounding line
is a common feature of Antarctic margins (TEN Brink 1994).
However, only a small portion of the inland slope can be as-
cribed to isostatic depression of the lithosphere by ice sheet load-
ing. DREWRY & Jorpan (1983) estimated that the isostatic de-
pression should vary from 50 m in the north to 200 m along the
southern grounding zone. Other mechanisms that could lead to
this pattern were listed by TEN BriNk & Cooper (1990). These
were, the pattern of erosion, the pattern of sedimentation, sea
level changes, thermal and tectonic subsidence and compaction
of the sedimentary section by the ice cap. It has been suggested
(teEn BriNk & ScunEDER 1994) that this trough is largely the
combined effect of inner shelf erosion and outer shelf deposi-
tion.

The western margin of the Ronne Ice Shelf is characterised by
extreme topography. DoakEg et al. (1983) noted that from the
summit of Vinson Massif (5140 m ASL) to the trough beneath
Rutford Ice Stream (1500 m below sea level) is a horizontal
distance of only 45 km, resulting in a sustained gradient of 10
degrees. Doake et al. (1983) suggested that the three western ice
streams (Evans, Carlson and Rutford) are located in grabens
originally formed by NE/SW extension between the Ellsworth
Mountains and the Antarctic Peninsula, and that these grabens
were further emphasized by glacial erosion.

This view was clearly supported by aeromagnetic anomalies
presented by GARRET et al. (1988) and modelling of deep crustal
features that caused these anomalies by MASLANYI & STOREY
(1990).

Comparison of the subglacial topography of the hinterland of
FRS (Appendix - main map) with that of the Siple Coast of Ross
Ice Shelf (DrREwrY & JorDAN 1983) shows marked differences.
For the most part the ice streams entering FRS lie in deep bed-
rock troughs and are bounded by bedrock/geological features,
whereas those on Siple Coast lie on a bed that shows little to-
pography and little landward dip. In these respects the FRS ,,ice
streams* more closely resemble East Antarctic glaciers, such as
Jutulstraumen, Shirase Glacier, Lambert Glacier, Denman Gla-
cier and Totten Glacier, which also lie in bedrock troughs and
have beds that reach a maximum depth upstream of the ground-
ing zone.

Another strong feature of the seabed is the Filchner Depression
(also known as the Thiel Trough and Crary Trough). This is
identifiable as a single feature from the continental shelf edge,
under the Filchner-Schelfeis and along the eastern margin of
Berkner Island, to the point at which the bedrock data runs out
(around 80° S). Further south the picture is unclear. Filchner
Depression is up to 1400 m deep, leading to a general accept-
ance that it is tectonic in origin. Pozpeev & Kurmvaw (1987) sug-
gested that the Filchner Depression continues south to become
the ,,Southern Trough* passing to the south of Korff and Henry

ice rises, and eventually joining to make a single continuous
feature with the Ronne Depression. This might suggest that there
is a distinct tectonic block beneath Berkner Island and Ronne
Ice Shelf. There is, however, no bedrock data to support or deny
this hypothesis. The present compilation shows a slightly shal-
lower bed than that given by Pozpeev & KURININ (1987), but one
that is at least 200 m deeper than the interpretation by DREWRY
& Jorpan (1983). This does not imply that we believe Filchner
Depression, Southern Trough and Ronne Depression to be in
any way continuous or connected in origin. An alternative hy-
pothesis is that Filchner Depression might actually be continu-
ous and structurally allied to the trough beneath Foundation Ice
Stream, or even to the smaller one beneath Support Force Gla-
cier.

Beneath the west side of FRS lies the Ronne Depression, which
is distinct but not so deep as Filchner Depression. It is bounded
on the south-east by the submarine ridge, first noted by Pozpegv
& KuriNniy (1987) and shown by Nictorrs & Jenkins (1993) to
be highly influential in the oceanographic evolution of the area.
The submarine ridge extends inland from the ice front but may
stop short of joining with the Fowler Peninsula. Under the cur-
rent ice flow regime the submarine ridge is immediately down-
stream of Fowler Peninsula. It is seductive to envisage the sub-
marine ridge as a relict of a grounded phase, during which ice
streams eroded the bed to the east and west, but left a high in
the wake of Fowler Peninsula. There is no particular magnetic
anomaly in the region that might suggest that the ridge is an
igneous body (MasLansy et al. 1991).

The floating portion of FRS is interrupted by several areas of
grounded ice that rest on areas of high bedrock. Besides Berkner
Island (which will be discussed in a separate section), there are
four smaller ice rises and many ice rumples (Appendix - main
map). Three of these, Korff Ice Rise, Doake Ice Rumples and

" Henry Ice Rise, occupy an influential central position in the ice

shelf. All three grounded areas rest on a continuous bedrock
shoal (later referred to as the KDH block).

A smaller point of grounding is Kershaw Ice Rumples. Here the
ice shelf is around 1000 m thick when it impinges on bedrock
that rises to a depth of around 500 m below sea-level (Smrtn
1986). It is notable that this point of rock effectively ploughs a
furrow 20 km wide and 500 m deep into the base of the ice shelf
at a rate of around 200 m a' (Jenkins & Doake 1991). Conse-
quently it must suffer considerable erosional stress. If the bed-
rock feature causing this erosion were sedimentary, like the sur-
rounding sea bed (Jounson & SmitH 1992) it would, in geologi-
cal terms, be short-lived. Alternatively, the bedrock feature
might be a more robust igneous body protruding though the sedi-
mentary cover. This interpretation is supported by the
aeromagnetic anomaly map by Jounson et al. (1992), which
shows an isolated dipole anomaly of several hundred nT cen-
tred on Kershaw Ice Rumples. If this interpretation is correct
then the rise forming Kershaw Ice Rumples may be significant
when modelling ice flow in this area. There is at present little
data to indicate the depth of the bed beneath Hemmen Ice Rise,
or its likely origin.

81



Evidence for structure of former ice sheets

The seismic stratigraphy of the continental shelf in the Weddell
Sea shows strong evidence of several phases during which the
grounded ice sheet extended to the continental shelf break
(Kuvaas & Kristorrersen 1991). Using lithologies from 83
cores, ELVERHOT (1981) found that stiff pebbly mud (interpreted
as till deposits from a grounded ice sheet) was overlaid by a
veneer of soft pebbly mud (interpreted as glaciomarine depos-
its). He went on to suggest a late Wisconsin age for the advance
of the grounded ice sheet to a depth of 500 m at the continental
shelf break around 30,000 ka bp. This interpretation was, how-
ever, based on only one "C date from a shell fragment, and so
must be treated with caution. Although, assuming only that the
West Antarctic Ice Sheet has been grounded out to the conti-
nental shelf break during some period, it is reasonable to expect
some evidence of a grounded glaciation to remain beneath FRS.
It is notable that the ice sheet would have been grounded on the
bedrock plain that is now seaward of the ice front and covered
with sedimentary material. Although we have argued above that
the present configuration of the ice streams entering FRS is very
unlike the Siple Coast of Ross Ice Shelf, we can see that the
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structural style of this earlier configuration might have borne
considerably more resemblance to the present day Siple Coast.

Fig. 5 shows a shaded relief of the bedrock around the FRS. The
image is calculated from the gridded bedrock data as if the bed
were a Lambertian scatterer illuminated from a direction 35°
anticlockwise from the y-axis (approximately north-west). The
major features are clearly visible, the smooth ,,plain® beneath
Ronne Ice Shelf, the mountainous frame, and the uplifted blocks
on which Berkner Island and the Korff/Doake/Henry system
rest. Unfortunately, several artifacts in the gridded values are
also present. Close to the ice front where the bedrock compila-
tion included very dense point data that had considerable uncer-
tainty, the shaded relief image shows a pocked texture. Several
very noticeable pockmarks are due to specific seismic measure-
ments and may be an artifact of observation noise. Conversely,
where data are very sparse (for example in Zone H) the image
has a faceted appearance, betraying the triangulation method
used to produce the grid. Finally, where the compilation in-
cluded contour data, the image is particularly smooth, reflect-
ing the smoothing during production of the contour data.

&
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Fig. 5: Shaded relief of the bedrock in the Filchner-Ronne-Schelfeis region. Constructed using a Lambertian scattering model and an illumination direction of

315°, (from the top-left).

Abb. 5: Schummerung des Meeresboden- und Eisuntergrundreliefs im Gebiet des Filchner-Ronne-Schelfeises. Hergestellt mittels eines Lambertschen Beleuch-
tungs- und Streumodells und einer Beleuchtungsrichtung von 315° (aus Nordosten).
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The angle of illumination on Fig. 5 was chosen to accentuate
structures parallel to the flow direction beneath FRS and so high-
light relict glacial structures beneath the ice shelf, either ero-
sional or depositional. The trough between Berkner Island and
Henry Ice Rise might be glacial in origin, carved by the
Mollereistrom/Foundation Ice Stream unit during a grounded
phase. Similarly the Ronne Depression closely follows the
present flow of Evans Ice Stream and may be a relict of erosion
by this glacier. To the east of Berkner Island and north of Korff
and Henry ice rises the sea bed is particularly smooth. This is
consistent with the interpretation of magnetic anomalies by
Jounson & SmiTH (1992) that in this area the ice shelf is under-
lain by up to 15 km of sedimentary and metasedimentary rock,
thinning to 2 km near Berkner Island. We should expect that
during earlier periods of grounding these sedimentary sequences
would have suffered erosion and still bear the scars of such
events. Seismic reflection sections from the west Ronne Ice
Shelf show an unconformity close to the surface confirming
erosional episodes (E. King, pers. comm. 1991).

[t is not possible to resolve the history of ice sheet advance and
retreat from the sea-bed topography alone, we must await de-
tailed modelling and geophysical investigations. Several impor-
tant points can, however, be concluded with only a simple-
minded interpretation. The importance of the KDH block in the
evolution of FRS is emphasised by the disparity of results from
models which either restrict or allow free flow across Doake Ice
Rumples. Even a small drop in sea-level might cause a merg-
ing of these grounding features, completely diverting flow
around the KDH block. This implies, for example, that the
palaco-flowlines for a grounded-phase ice sheet, shown by
Stuiver et al. (1981: 419) are particularly unlikely since the
KDH block would have barred the route suggested. A more
likely scenario is the splitting of flow into three ice streams or
ice shelves; one in the Ronne Depression, another between the
KDH block and Berkner Island and the last in the Filchner De-
pression. Beyond the ice front two of these troughs extend a con-
siderable distance towards the continental shelf break, probably
indicating the routes for the major glaciers during a grounded-
phase. The third bedrock trough, between Berkner Island and
Henry Ice Rise, appears to be less well developed and ends
somewhere in the centre Ronne Ice Shelf. It is possible that there
is a connection (not clearly shown on Appendix - main map) to
Ronne Depression across the submarine ridge, or that this gla-
cier was only active during an intermediate phase of ice sheet
extent.

The morphology of Berkner Island

Berkner Island has two domes; in the north, Reinwarthhohe
more than 650 m above sea level, and in the south, Thyssenhothe
more than 850 m above sea level (THyssEn & Hoppe 1988,
SANDHAGER 1993). Although the ridge between the summits does
not drop below 550 m a.s.1., the two domes are distinct and may
have different glaciological histories.

The subglacial topography (Appendix - main map) and the ear-

lier work by TuyssEn & HoppE (1988) and SANDHAGER (1993)
shows that bedrock topography beneath Berkner Island is highly
asymmetric. The highest point of the bedrock, almost directly
beneath the southern dome (Thyssenhohe), is less than 50 m
below sea level. Beneath both the domes there is a gentle west-
ward gradient on to the plain beneath the northern Ronne Ice
Shelf, and on the eastern margin of Berkner Island there is a
steeper eastward gradient into the Filchner Depression, which
reaches around 3° in the north, and around 10° in the south (see
Appendix - main map). As a result of these steep gradients, the
horizontal position of the eastern margin of Berkner Island will
be relatively stable to significant changes in sea level, of say 100
m. The western margin of Berkner Island is rather different.
Under the northern dome (Reinwarthhohe) the bedrock shelves
gently westwards and the ice rise margin is not fixed by a steep
bedrock gradient. Further south the westward gradient steepens,
roughly coincident with the ice rise margin, but the bedrock
gradients are never comparable with those on the eastern side.

The importance of this difference between the eastern and west-
ern margins of Berkner Island is highlighted if we consider that
a 100 m fall in sea-level, or similar ice shelf thickening, would
cause a rapid westward migration of the margin of perhaps 350
kim, as the ice shelf grounds on bedrock shoals. We are not sug-
gesting such events for any particular period, simply using the
point to illustrate that the western margin of Berkner Island is
unusually prone to migration.

ReEeH (1982), showed that assuming a plastic rtheology and with-
out a strong trend in bedrock an ice divide should occur equi-
distant from the margins. MarTIN (1976) performed an experi-
ment where sand was poured onto a platform with a complex
shape reminiscent of an idealized ice rise. With the further ad-
dition of sand, a maximum load was reached when the maxi-
mum sppportable slope was reached over almost the whole area.
Positions of the divides in this maximal system were easily ob-
served under low angle illumination. Reex (1982) went on to
show that for the central Greenland Ice Sheet where there is a
strong bedrock trend, the position of the ice divide is drawn to-
wards the bedrock ridge. This is a result of the driving stress
being dependent on both surface and bed slope and can be seen
also on the south dome (Thyssenhohe) of Berkner Island.

The analogue experiment shown by Martin can be achieved dig-
itally. Given the shape of the margin of an ice cap, it is an easy
procedure to draw ,,contours of continentality”, i.e. lines join-
ing points equal distance from the margins. Fig. 6a shows meas-
ured ice surface elevation contours, reproduced from SIEVERS et
al. (1993), together with the network of divides interpreted from
the contours and Landsat imagery. Fig. 6b shows contours of
continentality for Berkner Island. For this exercise the margin
is taken to be the grounding line shown by SWITHINBANK et al.
(1988). These contours were drawn using the ,,buffering™ algo-
rithm available in the Laserscan Horizon GIS package. Contours
of continentality correspond to the elevation contours predicted
by Reel’s plastic ice sheet model, assuming a flat ice sheet bed.
The network of divides corresponding to these contours is also
interpreted by hand. A comparison of the positions of ice divides
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Reinwarth-

Fig. 6: Comparison of observed ice sheet topography and ideal flat bed/plastic ice sheet topography over Berkner Island. A = surface clevation contours taken
from SiEveRs et al. (1993). Ice divides indicated by dashed lines were drawn by hand. B = contours of continentality calculated using the margin of grounded ice
given in SWITHINBANK ct al. (1988). C = comparison of observed ice divides (dashed lines) and predicted ice divides (dotted lines). Note the maximum disagree-
ment between the observed and predicted divide positions occurs in the region of the southern dome (Thyssenhthe).

Abb. 6: Vergleich der Topographie der real vermessenen Eisoberflidche von Berkner Island mit der modellierten Oberfliche eines plastischen Eiskorpers auf ideal
flachem Untergrund. A = Hohenlinien der realen Eisoberfliche aus Sievers et al. (1993), mit eingezeichneten Eisscheiden. B = Linien gleichen Abstands von der
Aufsetzlinie (,.contours of continentality”), berechnet mit Hilfe der Aufsetzlinie aus Switainsank et al. (1988). C = Vergleich von beobachteten Eisscheiden (ge-
strichelte Linien) mit modellierten Eisscheiden (gepunktete Linien). Die grofiten Abweichungen treten im Gebiet der Thyssenhohe auf.

and summits from the plastic model (contours of continentality)
and real data will show the distortion of the ice cap due to bed-
rock topography and perhaps other effects (e.g. basal sliding or
patterns of accumulation). Fig. 6¢ shows the network of ice di-
vides and ridges that are implied by the continentality procedure
from Figs. 6a and b. We can see that the networks are in fact
topologically similar, but there is a general shift and distortion.
The southern dome (Thyssenhthe) is displaced at least 20 km,
while the north dome (Reinwarthhthe) is only around 8 km from
the predicted centre. The pattern of distortion is a reflection of
the severe topography beneath Thyssenhthe, compared to the
gentler topography beneath Reinwarthhohe.

Water column thickness map

The picture shown by the water column thickness map (Appen-
dix - inset map) is of a highly complex water cavity. The water
column is at it thickest in the Filchner Depression (>700 m) and
in the Ronne Depression (>500 m). These are very deep bodies
of water; globally the average depth at the continental shelf
break is around 130 m (Pickarp 1979: 9). Conversely, the
water column thickness map shows a 100 km swath west of
Berkner Island, and inland from the ice front where the water
column is generally less than 200 m. Within this swath there are
at least four areas where the clearance between the ice shelf base
and the seabed is less than 100 m. With the present interpreta-
tion of the bedrock south of the KDH block, the path of maxi-
mum water column thickness from Ronne Depression to the
Filchner Depression passes north of the KDH block.

&4

The map of the water column thickness may help oceanographic,
tidal and glaciological modellers. HELMER & OLBERs (1991)
noted that their model of oceanographic flow beneath FRS was
particularly sensitive to the model domain, and it is now clear
that their idealised domain was far from representative. NgsT &
FoLpvik (1994) assumed that a deep channel ran from Ronne
Depression round the southern side of the KDH block and joined
with the Filchner Depression. Although the map indicates that
such a channel may exist, we emphasise that very little data have
been collected to support this conclusion.

The observation that the clearance between the ice shelf base
and the seabed close to the ice front of Ronne Ice Shelf narrows
to less than 100 m in four areas, raises the question: can the ice
shelf ground here while remaining afloat further inland? If we
assume that local grounding would have a damming effect and
lead to further thickening and more grounding, this would lead
to grounding across about two-thirds of the Ronne ice front.
Beneath most of Filchnerschelfeis (except the seabed plain
around the mouth of Bailey Ice Stream) the water column thick-
ness is much greater and so this ice shelf is much less prone to
grounding.

Oceanography

Three oceanographic transects across the ice front of FRS have
been published and although they were all collected in the sum-
mer months they span more than a decade, 1980 (FoLpvik et al.
1985), 1984 (RoHArDT 1984) and 1993 (GAMMELSR@D et al.
1994). GAMMELSR@D et al. (1994) discussed the differences be-



tween these transects, we attempt to summarise the similarities
and what we might conclude from them.

Both Ronarpt (1984) and FoLpvik et al. (1985) identified three
cores of water at less than -2 °C across the Ronne ice front (Fig.
7a). These cores are in a similar position in both sections, one
in Ronne Depression 58.5° W, which we designate (A); a sec-
ond, coincident with the submarine ridge at 56.5° W, designated
(B) and the third at roughly 54.5° W designated (C).
GamMELSRED et al. (1994) observed the same cold cores but (per-
haps due to an unfortunate distribution of stations around the
submarine ridge) failed to differentiate between cores A and B.
Furthermore, all the sections showed that the tops of the cold
cores were consistently at 100-200 m depth, coincident with the
ice shelf base.

FoLpvik et al. (1985) showed the thickness of the cores were
around 200 m and identified these cores as Ice Shelf Water
(ISW) emerging from beneath the ice shelf. Since the plumes
emerge at the level of the ice shelf base, two (B and C) appear
to fill the whole water column at this point. There is little evi-
dence presented here, for the detachment of the ascending plume
from the ice shelf base (Jenkins & Doake 1991).

Similarly, all the sections showed a core of warm water (be-
tween -1.45 °C and - 1.6 °C) at around 53° W. GAMMELSR@D et
al. (1994) noted that the warm core appeared to be a ,,perma-
nent feature, but the exact location and size of this core was
far more variable than for the cold cores. Both FoLpvik et al.
(1985) and GAMMELSR@D et al. (1994) identified this core as
Modified Weddell Deep Water (MWDW) entering the subice
shelf cavity.

These observations have been widely interpreted in terms of a
thermohaline circulation beneath the ice shelf which produces
cold Ice Shelf Water (eg. N@sT & FoLpvik 1994). The observa-
tion that the cores appear to be fixed over many years implies
that the positions of the cores are controlled by features of the
seabed and/or ice shelf, and that there are favoured routes of
escape for ISW from the sub-ice cavity. Similarly, the approach-
ing MWDW is constrained by the Weddell Sea bathymetry. The
maps presented here allow us to look for these topographic con-
trols by considering correlations with the three parameters, ice
shelf draft, water column thickness and seabed topography.

A major feature of the bathymetry north of Ronne Ice Shelf front
is a westwards dipping scarp (-350 to -450 m) unbroken from
the ice front to the shelf-break. A southwards flowing bottom
current of MWDW produced near the shelf-break (deflected left
by the Coriolis Force) might rest against this scarp, and so en-
ter the ice shelf cavity just west of 52-53° W, This is indeed the
position indicated on the sections for the MWDW core (Fig. 7a)

ISW emerging from beneath an ice shelf may be buoyant and
so whilst beneath the ice shelf we might expect it to be directed
by features of the ice shelf base or perhaps the water column
thickness. To investigate these relations, the positions of cores
A, B and C (FoLbvik et al. 1985) have been overlaid with con-
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Fig. 7: Oceanographic sketches of Ronne Ice Shelf showing the position of
conductivity, temperature and depth observations by ForLpvik et al. (1985)
marked by triangles, and the cores of water identified. A, B and C are cores of
Ice Shelf Water emerging from the ice front and MWDW is the core of Modi-
fied Weddell Deep Water approaching the ice front. Beyond the ice shelf front,
are contours of sea bed depth and the proposed path of the MWDW following
the westward dipping scarp to the continental shelf-break. A: shows contours
of total ice thickness over the ice shelf. Three troughs in the ice shelf base that
might be expected to direct buoyant plumes of ISW are indicated by the arrows.
The positions at which these channels emerge from the ice front do not coin-
cide well with the ISW core positions. B: shows contours of water column thick-
ness, shaded where less than 200 m. The arrows indicate the three routes with
the thickest water column connecting the interior cavity with the open sea.

Abb. 7: Lage der CTD-Profile (contactivity, temperature, depth) vor dem Ron-
ne Ice Shelf (Dreiecke, aus FoLpvik et al. 1985). A, B und C sind Kerne mit
Schelfeiswasser, das unter der Eisfront austritt, MWDW ist der Kern des Mod-
ified Weddell Deep Water, das sich der Eisfront ndhert. A = Isolinien der Ge-
samteismichtigkeit des Schelfeises. Drei kanalartige Aushohlungen an der
Schelfeisunterseite, die méglicherweise Schelfeiswasserfahnen lenken, sind
durch Pfeile gekennzeichnet. Die Stellen, an denen diese Kanile aus der Eis-
front austreten, fallen nicht genau mit der Lage der beobachteten Schelfeiswas-
serkerne zusammen. B = Isolinien der Wassersdulendicke, die schraffiert ist,
wenn sie weniger als 200 m betrigt. Die Pfeile zeigen die drei Verldufe mit der
arofiten Wassersiule unter dem Schelfeis, die die innere Hohlung mit der offe-
nen See verbinden. Vor der Schelfeisfront sind Hohenlinien des Meeresbodens
dargestellt sowie der vermutete Verlaut des MWDW entlang des westlichen
Steilabfalls vom kontinentalen Schelf.
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tours of ice shelf thickness and water column thickness (Fig. 7).
Figure 7a shows that there are four channels of thin ice, but that
the cores A, B and C appear to emerge from beneath the keels
between the troughs of thin ice, rather than from the troughs.

Comparison of the position of the cores with the water column
thickness is similarly inconclusive. The water column thickness
map shows two channels from the central area to the ice front,
in which the water column is continuously greater than 200 m
(Fig. 7b). One of these is over the Ronne Depression and the
other emerges at 54° W. A third channel thins to less than 200
m around 30 km short of the ice front, but emerges at around
57° W. Core A sits in the Ronne Depression channel, core C
emerges at the mouth of the channel at 54° W, and core B might
be associated with the thinner channel at 57° W. We conclude
that the positions of the cores of ISW may be controlled, at least
in part, by the available channels of escape from beneath the ice
shelf as indicated by the map of water column thickness. It
would be too simplistic to expect that either ice shelf draft or
water column thickness could entirely explain the positions of
the ISW cores, and this will require analysis using a full three-
dimensional thermohaline model.

Vertical Cross-sections

To emphasise some of the points made earlier and to aid visu-
alisation we discuss representative ice shelf and water column
profiles along five cross-sections, two roughly parallel to the ice
front and three approximately following the ice flow from the
main glaciers (Appendix - vertical cross-sections). The exact
positions of the sections are shown in Appendix - sources dia-
gram and inset map of sub-ice shelf water column thickness.

Section a-a’ is roughly parallel to the front of the Ronne
Ice Shelf and Filchnerschelfeis, around 20 km inland from the
1987 front position. The section shows Filchner Depression
extending across the whole of the Filchnerschelfeis front, while
the Ronne Depression extends only over the most westerly 150
km of Ronne Ice Shelf front. The eastern edge of the latter de-
pression is marked by the submarine ridge. Between the sub-
marine ridge and Berkner Island there is an apparently undu-
lating seabed that leaves a water column generally less than 200
m thick and in places less than 100 m thick. Even a modest in-
crease in the ice shelf thickness would cause grounding. The
western margin of Berkner Island is not well defined and a west-
ward migration of the ice rise would be likely with even a slight
drop in sea level or increase in ice thickness.

Section b-a’ is roughly perpendicular to the ice flow. It
shows the Ronne and Filchner Depressions and the submarine
ridge at it most prominent point (x = 200 km). b-b” is 250 km
from the ice front, but the submarine ridge still rises to within
100 m of the base of the ice shelf and would require only a 20
% increase in ice thickness to cause grounding. Between the
submarine ridge and Berkner Island there is a greater water col-
umn thickness of 400-600 m than across a-a’ which is closer to
the ice front. At this position the western margin of the bedrock
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block beneath Berkner Island is much stecper than in Section
a-a’.

Section c-c¢’ follows the approximate ice flowline studied
by Jenkins & Doake (1991) from the grounding line of Rutford
Ice Stream to the ice front and beyond into the open sea. The
section shows that close to the grounding zone of Rutford Ice
Stream the ice is around 1600 m thick, probably the thickest on
FRS. Apart from the region close to the grounding line where
SmiTH & Doakk (1994) have collected seismic data, the area up
to 350 km lies in our data hole (Zone H of Appendix - sources
diagram). The seabed bump at 340 km is the periphery of the
feature causing Kershaw Ice Rumples.

Section d-d’ follows the present ice flowline from the
mouth of Foundation Ice Stream to the 1987 ice front and be-
yond into the open sea. The section shows that the ice shelf thins
consistently along its profile, and that it is particularly close to
grounding at the ice front. In both Sections c-¢” and d-d’, the
ice front is within 30 km of the shallowest seabed.

Section e-e’ follows the flowline from the grounding line
of Recovery Glacier to the 1987 ice front and out into the open
sea, and highlights the differences between Ronne Ice Shelf and
Filchnerschelfeis. At the grounding line of Recovery Glacier the
ice is a little less than 1000 m thick and there is little thinning
along the flowline until within 80 km of the ice front. The thick-
ness gradient on Ronne Ice Shelf is considerably higher. This
ice shelf profile is probably a result of convergent flow over
much of the ice shelf caused by the lateral constriction of the
sides.

5 CONCLUSIONS

On the eastern side of Ronne Ice Shelf there is about 100 m of
clearance between the base of the ice shelf and the sea bed. The
profile along the contemporary flowline of Foundation Ice
Stream shows that the ice shelf would ground with only a small
increase in its thickness. Increased back-stress from the near ice
front grounding point would increase ice thickness and ground-
ing upstream. This would effectively block the current route of
entry for MWDW and the exit routes associated with ISW cores
B and C, with a possible consequence for the production of
AABW.

The relative position of Berkner Island and the ice front is per-
haps significant, since ice fronts often appear to be adjacent to
pinning points. Across the eastern two thirds of Ronne Ice Shelf
front there is an approximate juxtaposition (to within about 50
km) between the ice front and the highest area of the seabed
topography. Although this juxtaposition may be coincidental,
the geometry of the coastline means that the present day posi-
tion of the ice front is metastable in the sense that any move-
ment, either advance or retreat, results in a greater length.
SanDERSON (1979) showed that an equilibrium ice shelf could
only exist in a diverging bay without pinning points if the di-



Borehole Total ERS-1 ERS-I  Map
Elevation  Ice error
(m) (m) (m)
D335  (78.309°S 57.128° W) 4307 61 407 -23
90/1 (77.597° S 65.467° W) 548 73 518 -30
9072 (76.705° S 64.921° W) 541 77 555 14

Tab. 1: Comparison of ERS-1 derived total ice thickness map with borehole data.
* Although, the total ice thickness measured was 465 m, the last 35 m were in-
terpreted as slush layers.

Tab. 1: Vergleich der Gesamteismiichtigkeiten, abgeleitet aus ERS-1-Altime-
terdaten, mit Ergebnissen aus Schelfeisbohrungen. * Die gesamle gemessene
Eismichtigkeit betriigt 465 m, von der jedoch 35 m als Eisschlammschicht an
der Schelfeisunterseite interpretiert werden.

vergence angle was less than a critical value, which depended
on the ice thickness and velocity. Any advance of the Ronne Ice
Front might immediately exceed this notional critical angle and
cause the ice shelf to separate from the sides and calve back to
near its present position. Indeed, SwiTHINBANK et al. (1988) does
show that over the last 30 ki toward the ice front, the ice shelf
becomes detached from the grounded ice sheet. The position of
the shallowest point on the seabed might therefore be control-
led by erosion and sedimentation associated with the ice front.
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