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We have developed a statistical framework to determine the range of plausible collisional
histories for individual meteorite parent bodies [1].  This framework uses dynamical and
collisional evolution models [2,3], shock physics modeling [4] and impact scaling laws [e.g. 5] to
evaluate the consequences of the many impacts all meteorite parent bodies were subjected to in
the early Solar System. First results show that parent bodies would have experienced hundreds to
thousands of impacts during the first 100 million years of Solar System evolution [1], and perhaps
two to three times as many impacts over the age of the Solar System; these impacts can cause
significant localized heating and compaction.

The model has been extended to include impacts on differentiated bodies (a dunite mantle
surrounding an iron core), and on bodies composed of a mixture of dunite and ice (by creating a
mixed material equation of state [6,7]), to examine the influence of material properties and parent
body structure on the collateral effects of impact processing. We are quantifying how impacts
disrupt the cooling histories of the parent bodies compared to previous “undisturbed” models and

exploring the effect that impacts have on the volatile inventories of these bodies.

[1] Davison TM, O'Brien DP, Ciesla FJ, and Collins GS (2013). The early impact histories of
meteorite parent bodies, Meteoritics and Planetary Science, 48:1894-1918

[2] Bottke, WF, Durda, DD, Nesvorny, D, Jedicke, R, Morbidelli, A, Vokrouhlicky, D, and
Levison, HF, (2005). Linking the collisional history of the main asteroid belt to its dynamical
excitation and depletion, Icarus 179:63-94.

[3] O’Brien DP, Morbidelli A, and Bottke WF, Jr. (2007). The primordial excitation and clearing
of the asteroid belt—Revisited, Icarus 191:434-452.

[4] Davison TM, Collins GS, and Ciesla FJ (2010). Numerical modelling of heating in porous
planetesimal collisions. Icarus 208:468-481.

[5] Schmidt RM and Housen KR (1987). Some recent advances in the scaling of impact and
explosion cratering, International Journal of Impact Engineering 5:543-560.

[6] Pierazzo E, Artemieva NA, and Ivanov BA (2005). Starting conditions for hydrothermal
systems underneath martian craters: Hydrocode modeling, In Large meteorite impacts 111,
edited by Kenkmann T, Horz F, and Deutsch A. Geological Society of America Special Paper
384. Boulder, Colorado. pp. 443-457.

[7] Gilildemeister, N, Wiinnemann, K, Durr, N and Hiermaier, S (2013). Propagation of impact-
induced shock waves in porous sandstone using mesoscale modelling, Meteoritics € Planetary
Science, 48: 115-133.



