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Introduction: Recent mesoscale modelling [1, 2] has shown the heterogeneous nature of shock compaction of
primitive solar system solids during planetesimal collisions. Those studies simulated the shock processing of non-
porous chondrules set within a porous matrix, composed of dry or hydrated silicates. In bodies that formed beyond the
snow-line, pore space between grains would have been filled with ice and/or other volatiles. Higher shock pressures
can be expected in water-saturated sandstone when compared with a sandstone with empty pores [3]. Ice will undergo
a phase transformation at lower shock pressures than silicate material, and thus buffer temperature increases. The
vapour pressure imposed by melting ice could lead to additional fracturing of the body. In this work, we use high-
resolution mesoscale shock physics simulations of impacts into a granular material with the interstitial spaces filled
with void, or ice, or a mixture of the two, to determine the effects of ice on shock processing of meteoritic materials.

Modeling: A suite of high-resolution mesoscale numerical planar impact simulations were performed using the
iSALE shock physics code [4–6], in which shock waves were propagated through a bed of explicitly resolved olivine
grains. Grains were randomly placed in the mesh until they filled 50% of the volume, and were modelled as randomly
oriented ellipses in the size range 150–400 nm. One end-member simulation had empty pore space between grains.
The other end-member had the interstitial spaces completely saturated with ice. Partial saturation was achieved by
surrounding the grains with rims of ice of different thicknesses. All simulations used the same grain arrangement.

An ANEOS-derived equation of state for forsterite [7] described the thermodynamic response of solid grains and
the ANEOS-derived equation of state for water [8] was used for the ice. Simulations spanned a range in impact velocity
(vi = 1–3 km/s), with an initial temperature of 170 K. Lagrangian tracer particles recorded the peak- and post-shock
state of the ice and matrix material, from which the bulk state was determined.

Results & Discussion: As ice-fraction increased (and thus porosity decreased), the velocity required to reach a
given bulk peak shock pressure decreased. For example, for a bulk shock pressure of 10 GPa, a velocity of 2.9 km s−1

was required in the dry-pores case, and a velocity of 1.6 km s−1 was required for the saturated case. For this constant
bulk shock pressure, the post-shock temperature of the bulk material and the deformation of olivine grains decreased
as the ice fraction increased (see Figure 1). The preliminary results show that the buffering of temperature increases
and the protection of grains by ice during impact events is significant, and warrants further investigation.
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Figure 1: Shock propagating down the page in four models with different ice fractions. Top row shows material
distribution; middle row shows pressure; bottom row shows temperature.
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