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Introduction: Planetesimal impacts and collisions were fun-

damental processes in the early solar system. Impacts have been 
invoked to explain shock effects in meteorites, the compaction 
and lithification of the earliest planetesimals and even the pres-
ence of chondrules in the most primitive meteorites [1,2]. In a 
comprehensive study, Keil et al. [3] concluded that impacts are 
inefficient as a source of heating and melting in planetesimals, 
and suggested other processes as the major source of heating, e.g. 
short-lived radio-nuclide decay [4] or electromagnetic induction 
[5]. However, their analysis focussed on the consequences of col-
lisions between non-porous bodies of greatly differing sizes. 
More recent studies have modelled low velocity collisions [e.g. 
6], but heating and melting in high velocity collisions between 
similar sized bodies, or bodies with substantial porosity has not 
been quantitatively investigated. In particular, the collapse of 
pore space during impact is known to substantially increase 
shock heating and lower the critical pressure for melting [3,7,8]. 
As newly accreted planetesimals are likely to have had high po-
rosity, the collisional heating of such bodies is important to quan-
tify.  

Numerical Modelling: We quantify the efficiency of heating 
and melting in impacts between similar sized, km-scale, spherical 
dunite bodies using the iSALE hydrocode [9]. We investigate the 
effect of pore space closure on shock attenuation and heating 
with the epsilon-alpha porous compaction model [8,9]. To com-
pare the efficiency of heating between collision events, we meas-
ure the mass of material shock heated to a certain post-shock 
temperature, e.g. the solidus (incipient melting) or the liquidus 
(complete melting). 

Results: In agreement with observations and experiments, 
pore space compaction has a large effect on post-shock tempera-
ture, due to extra waste heat produced by the crushing of pores. 
The critical velocity required to shock heat half the mass of the 
colliding planetesimals to post-shock temperatures above the 
solidus is ~12km s-1 for non-porous bodies, but only ~7.5km s-1 
for 20% porous bodies and ~5km s-1 for 50% porous bodies. 
Even at low velocity (e.g. 3 km s-1), almost the entire planetesi-
mal mass is heated by >400 K and ~40% is heated by >700K af-
ter impact between two planetesimals with 50% porosity. Head-
on collisions between equal sized planetesimals produce the 
greatest mass of material shock heated to the solidus; as the dif-
ference in size between the planetesimals increases, the total 
fraction of both planetesimals that is heated above the solidus 
decreases. 
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