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Introduction: Through observations of meteorites and
their parent bodies, it is evident that many bodies were
heated early in the evolution of the Solar System. One
mechanism proposed to have contributed to this heating
is the impact of planetesimal bodies [e.g. 1, 2, 3] at ve-
locities high enough to generate a shock wave. Previous
numerical modeling work [4] has shown that the extent
to which a single collision can heat a porous planetesimal
may be substantial. In a collision in which the impactor
mass, Mi, is much smaller than the target body mass, Mt

(i.e. for Mi < 0.1Mt), heating will occur local to the im-
pact site, and disruption of the parent body is unlikely. For
example, a projectile impacting at 5 km s −1 into a 50%
porous dunite target body may shock heat up to 2 Mi to
the solidus, and approximately 10Mi by 100 K. However,
in larger collisions, where Mi > 0.1Mt, impact heating
can be global and the impact is likely to be disruptional.
For example, at a velocity of 7 km s −1, the total mass
of the target body can be shock heated to the solidus, and
the parent body disrupted. This work aims to quantify
the extent of heating caused on a porous parent body by a
population of impactors until the body is disrupted.

Hydrocode simulations: Using the iSALE hydrocode
[e.g. 5, 6], we simulated impacts onto the surface of a 50%
porous dunite parent body at a range of impact velocities
from 0.5 to 8 km s −1 [4]. Below the critical impactor-to-
target mass ratio of 0.1, the mass shock heated to a partic-
ular post-shock temperature is a constant multiple of Mi

for a given impact velocity (Fig. 1). For larger impactors,
the maximum mass of heated material is limited by the
initial mass of the parent body.

Cumulative heating calculations: To quantify the cu-
mulative heating caused by a population of small bodies
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Figure 1: The mass of material heated to given post-shock
temperatures on a 50% porous dunite target body, nor-
malised by the impactor mass, for a range of impact ve-
locities. The results shown apply when Mi < 0.1Mt.

impacting the surface of a parent body, a Monte Carlo
simulation has been designed. In each iteration, a 50%
porous, 500 km diameter dunite parent body, with an ini-
tial temperature of 298 K, is impacted by a series of pro-
jectiles, until a crater large enough to disrupt the body
is formed. For each impact event, the impactor diame-
ter is randomly assigned from a power law size-frequency
distribution, and the impact velocity is randomly chosen
from a Gaussian distribution. An approximate crater size
is estimated using the crater radius scaling law for dry
sand [7], and the mass of material shock heated to several
temperatures (400 K, 700 K, 1000 K, 1373 K, 2056 K) is
calculated using the relationships shown in Fig. 1.

Assumptions: The size- and velocity-frequency dis-
tributions of impactors in the early Solar System are not
well known and would likely have evolved through time.
We take an estimate of the size-frequency distribution of
impactors where the probability, P , that the impactor di-
ameter, di is larger than a given size, d, is defined by a
simple power law: P (di > d) = (d/dmin)−β , where β
is a free parameter and dmin is the minimum projectile
diameter. The results presented here are for β = 1 (as the
diameter decreases by a factor of 10, the number of im-
pactors increases by a factor of 10) and dmin = 50 m (the
effect of all smaller impactors are ignored). The impact
velocity was chosen at random from a Gaussian distribu-
tion with a mean of 4 km s−1 and standard deviation of
1 km s−1. In reality the mean velocity would have in-
creased through time as planetary embryos grow, but here
we choose a constant mean less than the present day mean
in the asteroid belt. Impacts are allowed to continue until
a crater large enough to disrupt the parent body is formed.
A first-order estimate of the disruption threshold for small
bodies is a crater with a diameter approximately equal to
the radius of the body [8]. All smaller impacts are as-
sumed to be non-disruptional. All craters formed are also
assumed to be on a fresh surface — the effect of overprint-
ing craters are not considered. We assume that a negligi-
ble volume of heated material is ejected from the porous
parent body during the impact. Hydrocode simulations of
impacts into a non-porous and porous dunite target sur-
face at a velocity of 7 km s−1, with the gravity of a 50%
porous, 500 km diameter parent body are shown in Fig. 2.
The colored area is the material shock heated during the
impact, plotted in its original position. The material above
the black contour lines would have been ejected from the
parent body at a velocity above that shown. The escape
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velocity for a 500 km parent body is ∼ 250 m s−1. This
shows that whilst a significant fraction of the heated mate-
rial would be ejected from a non-porous parent body at a
velocity greater than the escape velocity, only a negligible
amount would be ejected from a porous target. We there-
fore assume that all melt is retained on the parent body in
non-disruptional impacts.

Results: The simulation is run until many thousands
of parent bodies have been disrupted. On average, the
amount of heating produced by impacts before the par-
ent body is disrupted is small. Approximately one fifty-
thousandth of the parent body is melted, and one ten-
thousandth is heated by 400 K. The average mass heated
by 100 K is less than a thousandth of the parent body.
Over all the parent bodies, these results are log-normally
distributed. The standard deviations of these distributions
are large, which implies that while the average parent
body is not substantially heated before disruption, in a
small number of extreme cases heating on a larger scale
is possible. Indeed, in the case of maximum heating on
a parent body before disruption, more than one thirtieth
of the parent body is heated by 100 K, one eightieth is
heated by 400 K and four thousandths are melted. How-
ever, while a small number of parent bodies may experi-
ence substantial heating, global heating before disruption
is impossible.

In the disruptive, final collision, the mass heated to a
given temperature is about 100 times greater (on aver-
age) than that for all the previous impacts combined. One
twentieth of the parent body is heated by 100 K, one eight-
ieth is heated by 400 K and one thousandth is melted. In
about 20% of cases, a third of the parent body is heated by
100 K, a tenth is heated by 400 K and a hundredth of the
parent body is melted. In 8% of cases, almost the whole
parent body is heated by 100 K, half of the parent body is
heated by 400 K and about an eighth of the parent body is
melted (see Fig. 3).
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Figure 2: Comparison of the volume of shock heated ma-
terial in a porous and non-porous target. The impact ve-
locity is 7 km s−1, and the gravity is that of a 500 km
diameter planetesimal. All material above a velocity con-
tour line is ejected from the planetesimal surface at a ve-
locity greater than that contour.
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Figure 3: The probability that a fraction of a parent body
will be heated to different temperature levels before and
after disruption.

Our results depend on the size-frequency distribution
of planetesimals in the early solar system and the mean
collision velocity. A steeper size-frequency distribution
(larger β) implies more smaller impacts. On average,
this slightly increases heating prior to disruption, but de-
creases heating in the disruptive impact as the probability
of a large collision is smaller. An increase in the average
collision velocity leads to more heating in all impacts.

Discussion: Our model results suggest that porous par-
ent bodies that survive without experiencing a disrup-
tive collision will not be heated globally by impacts, al-
though volumetrically minor, localised impact melting is
expected. On the other hand, a significant proportion
of the fragments produced by large, disruptive collisions
may be strongly heated. If planetary embryos grow pri-
marily by accreting such fragments, rather than whole
planetesimals, as recently suggested [9], impact heating
may play an important role in the evolution of primi-
tive planetary materials. Further modeling will investigate
the effect of the size- and velocity-frequency distributions
evolving through time.
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