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Recrystallization diagram for polar ice

Deformation of polar ice Recrystallization mechanisms

The flow or deformation of natural polar ice is Static: grain

mainly the result of dislocation creep, a boundary area
combination of dislocation glide + climb.

In a polycrystalline material recrystallization
IS needed to overcome accumulation and
entanglement of dislocations (strain
hardening). Heterogeneous internal strain
energies due to strong plastic anisotropy as
well the “hot” temperatures relative to its
melting point facilitate dynamic
recrystallization in natural ice. Accordingly, it
can be observed that grain growth in ice
sheets at all depths is mainly driven by
dynamic recrystallization.

Here we present a novel dynamic
recrystallization diagram, which summarizes ¥ - L
the competing recrystallization processes that .
contribute to the evolution of polar ice \Ho strain needey . Presentin all depths
microstructure (Faria et al., 2014).
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of ice sheet, even in firn (Kipfstuhl et al.,

2009)

New recrystallization diagram Grain size evolution

DY S = {é,T,D} The surface D describes the steady state Following the path indicated with the green
Steady state grain size grain size as a function of temperature and and red arrow in the recrystallization
ob _ ’Q&?Xié‘ﬂaeﬁicﬁon strain rate. diagram, a grain size evolution can be
o %4} derived for a volume of ice moving through
D<D,: grain growth regime, volume the state space. Temperature is assumed to
beneath D, be increasing along the path, while the
D>D.: grainreduction regime, volume  strain rate stays constant. D
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grain growth D= 055: steady state temperature ______ I?_e_lc_)i/\_/_s_tjrface D
| | Eﬁ D., represents an attractor surface in the — On Surface D,
o o o e state space S. An explicit form of D_ as a =
o o . function of strain rate and temperature <
Instead of assigning recrystallization regimestoa .~ o 4erived by combining an empirical v Dv

Cﬁrta";.depth.' oulr aim Is to Iocat? them in the relation for grain size evolution (Jacka & Li,  Assuming the ice volume is subducted
three- |men5|or:ja state space OD strain rate,  1994) and Glen’s flow relation, described  beneath an ice dome, the vertical axis can
temperature and mean grain size (D). in Faria et al. (2014b). be seen as an analogon to depth.
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