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Abstract

Ice streams are fast-flowing corridors within ice
sheets. Their shear margins form narrow transi-
tion zones where velocity changes abruptly and
deformation is strongly localized. By controlling
momentum exchange between fast-flowing ice
and the adjacent slower ice, these margins play a
central role in ice-stream stability and in the over-
all mass balance of ice sheets.

Source: https://oceanwide-expeditions.com/blog/ice-
streams-and-lakes-under-the-greenland-ice-sheet

This thesis aims to develop a model for shear
margins in ice streams based on large-strain
viscoelasticity in an Eulerian formulation, cou-
pled with phase-field modelling. The framework
should capture stress, strain-rate, and internal-
structure evolution in and around shear margins,
including the influence of basal drag, effective
viscosity, and boundary conditions. The coupled
Eulerian–phase-field implementation will be used

to analyze margin localization, progressive dam-
age/softening patterns, and the sensitivity ofmar-
gin width and stress concentration to key model
parameters. Model predictions will be compared
with published observations and literature data to
assess physical plausibility and parameter sensi-
tivity.

Task
Main goal: Develop a predictive model for shear
margins in ice streams using large-strain vis-
coelasticity in an Eulerian framework coupled
with phase-field modelling.

Work packages

• Literature review on ice-stream dynamics,
large-strain viscoelasticity and phase-field
methods.

• Formulation of a coupled model for shear
margins combining Eulerian large-strain vis-
coelastic flow and phase-field evolution.

• Numerical implementation (e.g., FEM) for 2D
or simplified 3D benchmark configurations.

• Parametric study of basal drag, boundary
forcing, rheological parameters, and phase-
field length/regularization parameters.

• Analysis of shear-margin width, stress and
strain-rate localization, and phase-field pat-
terns with implications for ice-stream stabil-
ity.
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