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Abstract

In this study, melt production due to planetary colli-
sions is calculated for an accretion history involving
more than 400 impacts, as predicted by N-body mod-
elling [1]. Varying material properties in this calcula-
tion result in a difference in the amount of energy al-
ready available in the target body. It is shown that the
pressure dependence of the liquidus temperature has a
significant influence on the melting depth.

1. Introduction

The rocky planets in the inner solar system show vari-
ation in their isotopic composition that is likely caused
by different processes during the formation of the
planets. Most likely processes for this are core for-
mation and metal-silicate element partitioning caused
by impact heating. To study the influence of these
processes during planet formation, a combination of
N-body models and compositional models, that calcu-
late the changes in composition due to core formation
during the growth stage, is required. For the compo-
sitional models, the amount of energy and therefore
the potential amount of melting in the growing planet
caused by each impact is a critical parameter, as this
influences the pressure and temperature conditions of
element partitioning. In this study, the amount of melt-
ing caused by each impact, as calculated from N-body
simulations [1], is determined. Material properties de-
termine the amount of energy already available in a
planetary embryo at a specific temperature. The po-
tential error in the amount of melting caused by poorly
determined material properties is studied here.

2. Model description

As 3-D models would be too time consuming for more
than 400 impacts that typically result from N-body
simulations, and 2-D models cannot properly describe
non-vertical impacts due to their assumed symme-
try, we use the parametrised model as described by

Abramov et al., 2012 [2]. This model is based on the
dimensional analysis from Bjorkman and Holsapple,
1987 [3] and, assuming a spherical melt volume and
taking into account the effect of a non-vertical impact
angle, describes the melt volume as:

Vinett = ~kE31/2P2 D330 gin21g (1)
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To take into account the amount of energy already
present in the planetary embryo, the specific energy
of melting is expressed as follows [2]:
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where the pressure at depth d,, is calculated from a
simple 2-layer model. This expression decreases E,;,
with the ratio of the energy available at depth and the
energy required for melting. Equations 1 and 2 can
be solved numerically to determine the depth of melt-
ing. Where this depth exceeds the core-mantle bound-
ary (CMB) depth, the parameters are changed to core
(iron) values and the equation is solved again to deter-
mine how deep melting penetrates into the core.

Table 1: Symbol explanation with values and units.

Symbol  Description Value/Unit
Vinelt Melt volume km?

k Experimental constant 0.42
En Specific energy of melting kJ/(kg K)
o Experimental constant 0.56

Pp Projectile density 3320 kg/m3
Pt Target density 3320 kg/m3
Dy Projectile diameter km

v Impact velocity km/s

o7 Experimental constant 0.66

0 Impact angle (90 is head-on) °©

Cp Specific heat kl/(kg K)
Ts Surface temperature 1650 K
T Temperature K

z Depth coordinate km

dm Depth of melting km

T Liquidus temperature K

P Pressure GPa
L, Latent heat of melting kJ/kg




3. Results

The first calculation has been done using average val-
ues for silicate minerals for the material properties.
Thermal structure and material properties are the same
for all bodies. The results are shown in Figure 1. The
melting depth is given relative to the depth of the core-
mantle boundary to eliminate the effect of the embryo
size. The timescale on the horizontal axis shows the
time of impact as determined by the N-body models.
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Figure 1: First results showing the ratio of melting
depth to core-mantle boundary (CMB) depth for ap-
proximately 400 impacts from N-body simulations.

To determine the influence of material properties,
we varied the specific heat, latent heat of melting and
the pressure dependence of the liquidus temperature
within a reasonable range for silicate minerals. Each
parameter is varied by a factor of 3. We used the fol-
lowing values:

Cp: 0.5-1.5kI kg7 K71
L,,: 250-750 kJ kg~ *
d11:50-150 K GPa~!
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The results for are most extreme and are shown in
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Figure 2: Results showing the difference in melting
depth for the two extreme values of the pressure de-
pendence of the liquidus temperature. Only a limited
number of impactors are shown for clarity and only
mantle melting is considered here.

Figure 2. Only mantle melting is shown and the first
30 Myr of impacts are omitted for clarity. A differ-
ence in melting depth of up to 12% can be seen for for
example the last impact.

For comparison, the most extreme cases, varying all
three parameters are shown in Figure 3. The maximum
difference in melting depth is only slightly larger, ap-
proximately 16%.
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Figure 3: Results showing the maximum melting
depth difference that can be achieved with the de-
scribed range of parameter values.

4. Conclusions & Outlook

The pressure dependence of the liquidus temperature
has the largest influence on the depth of melting. This
variable is very dependent on the choice of mantle
composition and it is therefore important to carefully
consider this choice when modelling melting due to
planet forming impacts.

Future work will look into the influence of the size
of the impactors. In N-body models, the minimum
size of the impactors is generally set to approximately
Moon-sized bodies to save computation time. How-
ever, it may be more realistic to split at least some of
these impactors into a number of smaller impact with
a small random variation in impact angle and velocity.
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