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Deformation of single-crystal: Single crystals un-

dergo plastic deformation as soon as there is a compo-
nent of shear stress on the basal plane. Basal slip takes 
place by the motion of basal dislocations. But, cross-
slip of basal screw dislocations is invoked for the mul-
tiplication of dislocations. This non-basal slip does not 
significantly contribute to the deformation. 

Due to the low lattice friction, dislocations glide 
cooperatively and long-range internal stresses develop 
with deformation. The plastic deformation takes place 
through isolated bursts or dislocation avalanches as 
long as diffusion processs are not significant. Then, the 
plastic deformation of the ice crystal is characterized 
by large spatio-temporal fluctuations with scale-
invariant patterns [1].  

Deformation of ice in polar ice sheets: For devia-
toric stresses lower than 0.1 MPa, the stress exponent 
is lower than 2 [2], [3]. The deformation is essentially 
produced by basal slip. Basal slip is accommodated by 
grain boundary sliding, grain boundary migration or by 
intracrystalline deformation gradients. At the both 
scales of the ice crystal and the polycrystal, the defor-
mation is highly heterogeneous [4]. This behavior is 
associated with the anisotropy of the ice crystal and the 
mismatch of slip at grain boundaries for the polycrys-
tal. The viscoplastic deformation induces the develop-
ment of lattice-preferred orientations (textures) giving 
a non-random orientation of the c-axes in the largest 
part of ice sheets and making ice strongly anisotropic. 
Recrystallization textures associated with dynamic 
migration recrystallization are generally found in tem-
perate glaciers and near the bottom of polar ice sheets 
where temperature is the highest. It is worth noting that 
textures associated with rotation recrystallization are 
deformation textures.  

Effect of grain size, impurities and liquid phase: 
Grain size in glaciers and ice sheets is typically in the 
range of 1 to 10 mm. In situ and laboratory measure-
ments suggest that the secondary strain rate increases 
with decreasing grain size. An opposite effect is found 
for the primary creep. These grain size effects are in 
agreement with basal slip as the dominant deformation 
mode. There is no clear evidence of a grain size effect 
during the tertiary creep associated with migration 
recrystallization. 

The effect of a high concentration of fine particles 
on the creep behavior is well documented. The creep 
rate generally decreases with increasing volume frac-
tion of particles. Several mechanisms are put forward to 

explain these observations. A softening of ice by a high 
concentration of sediment particles was found in several 
glaciers. The presence of a liquid-like layer surrounding 
particles at temperatures as low as -15°C could explain 
this reduction of the ice viscosity.  

The creep rate significantly increases with the pres-
ence of a small amount of water at grain boundaries. 
The effect of the liquid phase is viewed in considering 
this constituent as an element in the accommodation 
processes of basal slip [5]. The long-range internal 
stress field would be reduced by this liquid phase.  
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