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[CONTEXT

ASPI (Antarctic Subglacial Processes and Interactions: the
role of transition zones in ice sheet stability) is an interdisci-
plinary research project that focuses on the stability of ma-
rine ice sheets, ice shelves and subglacial lakes within a
global climate change context. ASPI forms part of the Bel-
gian ACSYS/CIiC-related activities and is part of the IPY
endorsed research programme SALE-UNITED (Subglacial
Antarctic Lake Environments). ASPI is the follow-up of AM-
ICS (Antarctic ice sheet dynamics and climate change:
Modelling and Ice Composition Studies).

[PROJECT DESCRIPTION
Objectives

The aim of ASPI is (i) to understand the interactions between
the ice sheet and the subglacial environment and the proc-
esses that control the Antarctic ice sheet, and (ii) to quanti-
tatively determine the stability of the ice sheet in a changing
climate and the impact of climatic variations on the coastal
ice sheet. A key factor in such quantification and impact as-
sessment is the existence of transition zones within the ice
sheet. Typical examples of such transition zones are the
grounding lines, i.e. the interface between the ice sheet and
an ice shelf, between an ice sheet and a subglacial lake, as
well as between an ice shelf and its pinning points. These
transition zones are probably among the least understood
elements of ice sheets, although they determine to a large
extent the processes and dynamics of lateral expansion and
retreat of ice sheets as well as the stability of marine ice
sheets.

Methodology

Work Package 1: Grounding line migration
In most large scale ice sheet models of the Antarctic ice
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zones are several hundreds of kilometres large, even for
continental ice streams that drain large parts of the East
Antarctic ice sheet. The need to elaborate models that treat
both the mechanical coupling between ice shelf and ice
sheet and simulate the migration of the grounding line in an
appropriate way became clear after the recent observed
grounding line retreat (Rignot, 1998) and inland thinning of
Pine Island Glacier (PIG; Shepherd et al., 2004), due to
rapid upstream thinning propagation. These studies thus im-
ply a tight coupling between the ice sheet interior and sur-
rounding ocean. ASPI intends to shed a light on both mecha-
nisms of stress transmission and grounding line migration in
a marine ice sheet for different perturbations in both the ice
shelf and at the grounding line with a higher-order ice sheet
model. Our treatment would use a sub-grid accuracy deter-
mination of the grounding line and a full 3D determination of
the stress field across the grounding line (transition zone),
leading to a proper grounding line migration in the plane.

Work Package 2:

“Welding” at grounding lines by marine ice forma-
tion

Transition zones at grounding lines are the seat of marine
ice formation in the large-scale bottom crevasses occurring
at the hinge and between individual ice streams getting
afloat. Marine ice thus has a great potential to stabilize the
ice shelf flow, especially at those transition zones where the
ice gets afloat (grounding line) and where it impinges on pin-
ning points. Pinning points are considered to be equally im-
portant in stabilizing the ice flow in ice shelves and ice
sheets. In January 2005, a deep ice core was retrieved with-
in the framework of the (French-British) Berkner Island Ice
Core Drilling Project (Dr. R. Mulvaney, pers. com.). Bedrock
has been reached at 948.5 m depth and the bottom of the
core consists of more than two metres of debris-loaded ice.
This would provide the first opportunity to investigate the
ice-substrate interface of an island which acts as a major
pinning point for the Filchner-Ronne Ice shelf. ASPI propos-
es to study these mechanical properties of marine ice by
analysing ice cores formed in rifts near grounding lines or
close to pinning points. Parts of these cores will be used for
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rheological studies. The basal part
of the Berker Island deep ice core (at
a pinning point of a major Antarctic
ice shelf) will be analysed in con-
junction. Control methods will be
employed to perform inverse model
experiments. Such inversion proce-
dure identifies the main features of
rheological weakening within the
shelf including rifts.

Work Package 3:

Subglacial lakes

More than 150 subglacial lakes have
been identified beneath the Antarc-
tic ice sheet. At this point we do not
know if the known subglacial lakes
are transient or permanent features
of the sub-glacial hydrological sys-
tem and whether they are subject to
dramatic changes, such as sudden
outbursts, which may lead to a
destabilization of the overlying ice
sheet. To understand the stability of
Antarctic subglacial lakes over time
it is important to develop an under-
standing of what conditions would
trigger the (catastrophic) draining of
such a lake, which has its impact on
the stability of the ice sheet in gen-
eral. ASPI will analyse the basal part
of deep ice core drillings across and
in the vicinity of subglacial lakes and
will model the ice flow across sub-
glacial lakes at high resolution. Mod-
el experiments aim at understanding
the relation between the water body
and the overlying ice, especially with
respect to the stability of subglacial
lakes with changing environmental
conditions.

Work Package 4: Basal ice prop-
erties and processes

Not only large water bodies (like
ocean or subglacial lakes) can be
held responsible for anomalous flow
in the basal layers of ice sheets. Lig-
uid water exists in natural ice mass-
es well below their pressure melting
point and forms thin films. Interac-
tions between these water films and
lenhanced deformation in the debris-
rich ice at the proximity of the bed
have been shown to alter both the
rheology and the palaeoclimatic sig-

mediate vicinity of major drilling
sites, which makes it plausible that
lake ice is present at the base. ASPI
intends to increase the knowledge of
the modification processes of basal
ice layers properties in large ice
sheets, both from ice measurements
and from laboratory deformation ex-
periments. Results should enable us
to correctly interpret the reliability of
the paleoclimatic signal at depth.
ULB has access to the study of the
basal ice from the two EPICA drilling
sites (EDC and EDML).

INTERACTION BETWEEN
THE PARTNERS

The project relies on a tight collabo-
ration between scientist involved in
ice analysis and laboratory experi-
mentation (ULB) and those involved
in ice sheet modelling (ULB and
VUB). Results of these analyses will
directly constrain the development
and refinement of (existing) ice sheet
and ice shelf models by determining
the rheology and deformation char-
acteristics of marine ice inclusions at
the grounding line (ULB). Coupling
of the different models will further-
more allow large-scale simulations
over the last glacial-interglacial tran-
sition, where grounding line evolu-
tion was the most prominent (VUB).
These will enable us to assess the
global change impact on the Antarc-
tic cryosphere.

ASPI is a contribution to the SCAR-
SALE (Scientific Committee on Ant-
arctic Research — Subglacial Antarc-
tic Lake Environments) research
programme and the EU Framework
VI project “EPICA-MIS (European
Project on Ice Coring in Antarctica):
New paleoreconstructions from Ant-
arctic ice and marine records”. The
results of the impact research will
also be beneficial to the SCAR-ACE
(Scientific Committee on Antarctic
Research — Antarctic Climate Evolu-
tion) programme. ASPI is also a Bel-
gian contribution to the SALE-UNIT-
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