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Ice sheets play an important role in sea level evolution by storing large amounts of fresh water on land. The ice in
an ice sheet flows from the interior of the ice sheet to the edges where it either melts or calves into the ocean. This
flow of ice results from internal deformation of the ice aggregate. Dislocation creep is assumed to be the dominant
deformation mechanism for polar ice and is grain size insensitive. Recently, a different deformation mechanism
was identified in the deeper part of the EDML ice core (Antarctica) where, at a depth of 2385 meters, the grain
size strongly decreases, the grain aspect ratio increase and, the inclination of the grain elongation changes (Faria
et al., 2006; Weikusat et al., 2017). At this depth the borehole displacement increases strongly (Weikusat et al.,
2017), which indicates a relatively high strain rate.

Part of this EDML ice core section was studied using cryogenic electron backscattered diffraction (cryo-
EBSD) (Weikusat et al, 2011). EBSD produces high resolution, full crystallographic (a-axis and c-axis) maps of
the ice core samples. EBSD samples were taken from an ice core section at 2392.2 meter depth. This section was
chosen for its very small grain size and the strongly aligned grain boundaries.

The EBSD maps show a very low orientation gradient of <0.3◦ per millimetre inside the grains, which is
5-10 times lower than the orientation gradients found in other parts of the ice core. Furthermore, close to
some grain boundaries, a relatively strong orientation gradient of 1◦-2◦ per millimetre was found. The subgrain
boundaries developed such that they elongate the sliding boundaries in order to accommodate the incompatibilities
and maintain the strongly aligned grain boundary network. We identify the dominant deformation mechanism in
this part of the ice core as grain boundary sliding accommodated by localized dislocation creep, which is a process
similar to microshear (Drury and Humpreys, 1988). The existence of layers of soft ice has serious implications for
ice core dating, related paleoclimate studies and ice flow modelling with respect to ice sheet mass balance and sea
level predictions.
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