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Introduction: The early Solar System was a violent 
place for planetesimals—collisions with other planetes-
imals were common and affected both their thermal and 
physical structure. As meteorites provide our strongest 
evidence of early Solar System conditions, a full under-
standing of the histories of their parent bodies is vital. 

Parent body histories: A Monte Carlo model [1] 
has been developed to determine the range of possible 
impact histories for meteorite parent bodies, using dy-
namical models of planet formation [2,3], numerical 
models of planetesimal collisions [4,5] and impact scal-
ing relationships. For a given parent body size, we can 
determine the average number of impacts on that parent 
body and the corresponding times, velocities and im-
pactor sizes for each impact event. We can determine the 
size of the crater, the depth that material is excavated 
from, and the amount of shock processed material. 

It is likely that those parent bodies that were not cat-
astrophically disrupted within the first 100 Myr sus-
tained hundreds of impacts on their surfaces compacting, 
heating, and mixing the outer layers; it is highly unlikely 
that many parent bodies escaped without any impacts 
processing the outer few kilometers. The first 10–
20 Myr were the most important time for impacts, both 
in terms of the number of impacts and the increase of 
specific internal energy due to impacts: The same period 
that short-lived radionuclide decay was important. 

 Thermal effects of an impact: To investigate the 
full thermal effects of an impact we have also calculated 
the temperature–time history of all the mass in an im-
pacted parent body, accounting for its heating in an on-
ion-shell structure prior to the collision event (modelled 
by the iSALE shock physics code [5–7]) and then allow-
ing for the post-impact thermal evolution as heat from 
both radioactive decay and the impact are diffused 
through the resulting planetesimal and radiated to space 
[7,8]. We chose an impactor size and velocity based on 
the impact energy of a collision event that we expect 
most 100 km radius bodies to have experienced from the 
Monte Carlo simulation: a 10 km radius impactor collid-
ing with the parent body at 4 km/s.  

Our simulations show that impacts can affect the 
thermal evolution of a planetesimal in two important 
ways.  First, impacts cause localised heating of the target 
body around the point of impact, creating near-surface 
thermal anomalies within which a wide range of cooling 
rates is observed. Second, large impacts into planetesi-
mals with hot interiors uplift deep, hot, interior materials 

to the surface during crater formation, which can dra-
matically increase the cooling rates of a large volume of 
material.  

Parent body histories: With an understanding of the 
frequencies and consequences of impacts, we can begin 
to apply this insight to real meteorite parent bodies. 

H chondrite parent body. In a recent onion-shell 
model of the H chondrite parent body [9], an impact was 
invoked that excavated to 5.6 km depth to explain the 
observations of thermal signatures from meteorites that 
were unable to be explained by radiogenic heating alone. 
Using the Monte Carlo model we tested this require-
ment: Between 77% and 92% of parent bodies (depend-
ing on the orbits of the gas giants) experienced at least 
one impact that excavated to at least 5.6 km depth. 

CV chondrite parent body. A model of the CV chon-
drite parent body [10] to account for the unidirectional 
magnetic field requires a parent body of ~ 200–300 km 
radius that accreted a crust of ~ 6–20 km thickness dur-
ing heating by 26Al.  The undifferentiated crust—the 
source of the pristine CV chondrites—must have re-
mained undisturbed while the parent body was being 
heated and the magnetic field was in place (~ 10 Myr). 

In the Monte Carlo model, no 250 km radius parent 
bodies survived 10 Myr without a collision that pene-
trated to 6 km, and 40% of bodies survived without a 
collision penetrating to 20 km. If a 20 km crust was pre-
sent, of the three 250 km radius bodies that were not 
disrupted before 100 Myr and remained in the asteroid 
belt, we can estimate that one of them would have 
matched the CV chondrite criteria. 

Conclusions: It is important to account for both im-
pact heating and cooling in models of the thermal evolu-
tion of parent bodies if we wish to infer the conditions of 
the early Solar System from meteorite observations. 
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