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Introduction: Planetesimal collisions were important
events during the early evolution of the solar system. Not
only were these collisions responsible for the growth of
the planetary embryos and eventually the planets that we
see today, but these collisions have also been invoked to
explain the heating of planetesimals, the shock effects
seen in meteorites, the compaction and lithification of the
earliest generation of planetesimals, and even the forma-
tion of the chondrules which populate the most primitive
meteorites in our collections [1,2]. While a large amount
of effort has been devoted to studying the low velocity, ac-
cretionary impacts [e.g. 3], the higher velocity collisions
that may be responsible for this latter set of processes are
not well understood [e.g. 1]. We have begun a thorough
numerical investigation of the detailed physics and conse-
quences of planetesimal collisions to help constrain mod-
els of solar system evolution. Here we present preliminary
results that quantify the effects of target properties, such
as porosity, on melt production in planetesimal collisions.
Our results have implications for chondrule formation by
planetesimal collisions.

Simulations: To quantitatively assess the volume of
melt produced in impacts between similar sized, km-
scale, spherical dunite bodies we used the iSALE hy-
drocode [4]. In addition to the effect of impact velocity
and planetesimal size, the effect of pore space closure on
shock attenuation and heating was investigated using the
epsilon-alpha porous compaction model [4,5]. This pa-
rameterization relates the reduction in volumetric strain in
each cell during compression to a reduction in bulk poros-
ity, and can be used in combination with any equation of
state (for the solid matrix material) to describe the bulk
thermodynamic behaviour of a porous material. Impor-
tantly, the scale of pore spaces considered by the model
must be smaller than the computational cell size, which in
our simulations is ∼ 1/500 times the radius of the plan-
etesimal (∼ 10 m). The sensitivity of our model results to
numerical resolution and the epsilon-alpha model param-
eters were quantified; the uncertainties in our results due
to these factors are in the range of 1− 10%.

Results: Our numerical models so far assess the effect
on melt volume production of (a) porosity; (b) the relative
size of the bodies to one another; and (c) impact velocity.

Porosity: Target porosity φ (void volume/bulk volume)
is known to increase impact melt production due to the
large amount of energy (PdV work) expended during the
crushing of pore space [6,7]. The efficient energy ab-
sorption of porous materials increases their shock atten-

uation relative to nonporous materials, but at the same
time greatly lowers the critical shock pressure required
to melt the material [5]. To quantify the effect of porosity
on melt production in planetesimal collisions we simu-
lated the impact of two 10-km diameter dunite planetes-
imals at a relative velocity of 5 km s−1, with different
initial porosities in the range 0 ≤ φ ≤ 0.75. We used the
ANEOS equation of state for dunite [8] to represent the
solid material.

At 5 km s−1 the volume of material melted is very low
when porosity is low (i.e. for 0 ≤ φ < 0.2), but increases
rapidly above a porosity of 0.2. Melt volume increases by
a power law up to a porosity of 0.4 (approximately 28%
of the initial volume is melted in this case), where it then
increases less rapidly, and linearly with porosity (see Fig-
ure 1). However, since the mass of a given size planetesi-
mal decreases with increasing porosity, the absolute mass
of impact melt actually reaches a maximum (∼ 30% ini-
tial mass) between 0.4 < φ < 0.6, before falling off for
even higher porosities (see Figure 2).

Relative body size: For collisions between identical
spherical bodies of a given material the impact melt vol-
ume, when normalised by the planetesimal volume, de-
pends only on impact velocity, not on planetesimal size.
Thus, provided the assumption implicit in our porosity
model remains valid (i.e. that pore spaces are small com-
pared to the cell size), the results presented in Figs. 1
and 2 should be independent of body size. However, as
the relative size of each body varies, the propagation of
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Figure 1: Percentage of the total initial volume of the two
bodies that is shocked to a sufficient pressure to melt ma-
terial.
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the shock wave and the generation and propagation of re-
lease waves within the colliding bodies will change and
affect melt production.

To quantify how the relative size of the colliding bod-
ies affects the volume of melt produced, we varied the vol-
ume of the two bodies but kept the total volume of the sys-
tem equal. Our results demonstrate that melt production
is most efficient when the colliding bodies are of equal
volume. As the difference between the volume of the two
bodies increases, the volume of melt produced decreases.
When the ratio of volumes between the two bodies is ap-
proximately 0.5, the volume of melted material is reduced
by almost 20% (for φ = 0.5) of the value when the bod-
ies are the same size (see Figure 3). This reduction in
melt volume is less pronounced for lower porosity cases
(there is only a 12% reduction for when φ = 0.33). As
shown in figure 2 the melt mass reaches an optimum value
above φ = 0.4. This behaviour is also seen when the rel-
ative body size changes — the melt mass for φ = 0.4
and φ = 0.5 are approximately the same, and also signif-
icantly higher than for φ = 0.33.

Velocity, impact angle and other target properties: Nu-
merical models are currently being performed to quantify
the coupled effect of impact velocity and porosity on melt
production. Future investigations of impact angle and
other target properties such as composition and strength
are planned.

Discussion: The results of our models indicate that
porosity and the relative size of the impacting bodies
greatly affect the amount of melt produced in collisions
between planetesimals. The collision of moderate-to
high-porosity, similar-sized planetesimals can melt a sub-
stantial fraction of both objects, even at relative impact
velocities below 5 km s−1. The production of large vol-
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Figure 2: Total mass that is shocked to a sufficient pres-
sure to melt material. Note the maximum mass of melt is
reached for porosity of 0.4 - 0.6

0%

10%

20%

30%

40%

0.1 1 10
Ratio of Volumes (Body1:Body2)

%
 T

o
ta

l 
V
o
lu

m
e 

M
el

te
d

0.50 Porosity
0.40 Porosity
0.33 Porosity

Figure 3: Percentage of the total initial volume melted.
The melt volume increases with porosity, and decreases
as the relative difference in size of the bodies increases.

umes of melt in such collisions could be important in con-
sidering the origin of chondrules — the millimetre-sized,
igneous particles that dominate the textures of chondritic
meteorites. An impact origin for these objects has been
suggested before [e.g. 9], but had been largely rejected, in
part due to the belief that melt production is inefficient in
such collisions, as has been shown to be the case in colli-
sions of non-porous planetesimals of significantly differ-
ent sizes [6,10], and because collisional velocities were
expected to be low. Recently, it has been shown that early
planetesimals could attain a velocity of many kilometres
per second [11]. In light of our new results and the recent
proposal that impacts are responsible for the young and
unique chondrules in the CB chondrites [12], we suggest
that a new look at chondrule formation in planetesimal
collisions is warranted.
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