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Introduction: We have carried out a series of
numerical models to investigate the generation of
impact-induced melt on Mars due to collisions with
asteroids larger than 1 km in diameter. Existing
scaling-laws provide estimates of the amount of shock
melting generated by impacts [1,2,3]; however, they
neither account for the interior structure of a
differentiated planet nor provide any information on
the post-impact melt distribution. Upon collisions,
melted target rocks rise to the surface forming large
melt pools mostly within the final craters’ rim. Large-
scale collisions may result in the formation of a local
or a global magma ocean. The amount of melt
generated by an impact depends on the initial
temperature and lithostatic pressure of the target
planet. In particular for “young” planets, where the
initial interior temperatures are close to the solidus,
melt production as a consequence of shock heating
and decompression may be much more efficient than
on “old” and relatively cold planets. Depending on
the initial thermal structure, even relatively small
impact events may generate enough melt to fill up the
entire crater resulting in the formation of an igneous
province rather than a typical basin structure. With
this study we want to better quantify the mechanism
of heat production and melting during large-scale
impact events, including final melt distribution and
provenance. In a further step we intend to quantify the
subsequent degassing processes of impact-induced
melt pools, or regional/global magma oceans, which
may have had a significant effect on the formation of
the Martian early atmosphere. 

Methods: To model hypervelocity collisions we
use the iSALE Eulerian shock physics code [5,6]
(Version Dellen). In iSALE the thermodynamic state
(EoS) is calculated by look-up tables derived from
ANEOS [eg. 7] for basalt, dunite, and iron
representing the planetary crust, mantle and core,
respectively.

Melt calculation. To determine the distribution
and volume of impact-induced melting we calculate
the local, (post-impact) final temperature Tf via the
peak shock pressure method [2,10]; to assess whether
the material is (partially) molten or not, we compare
Tf with the solidus and liquidus temperature TS/L [8].
As the method relies on Lagrangian tracers, which

track the movement of the material, this approach
allows for taking decompression melting into account.
Decompression is a consequence of displacement of
material in the course of crater formation resulting in
a lower lithostatic pressure of a given mass unit after
crater formation than before impact. 

We assume that the Martian crust consists of
basalt and the mantle of dunite. We consider two
different initial thermal profiles Ti [9] representing a
young (hot) and an old (cold) Mars as shown in figure
1. We also assume dunitic impactors and neglect
differentiated bodies at this stage. A reference model
without the effects of gravity, material strength, and
depth-dependent temperature (TREF = 297 K), but with
a planet-like layered target has been calculated, which
can be directly compared with classical scaling-laws.
In all models the projectile radius is resolved by 50
cells (50 CPPR). For very large impacts we account
for the curvature of the target.

Figure 1: Initial temperature profiles for a young (red: 0
Myr after formation) and old (blue: 4500 Myr after

formation) Mars [9]. Solidus and liquidus curves are shown
in black and gray respectively [8].  

Results: In our model series, we vary the
impactor diameter L and velocity vi for different
temperature conditions Ti. For each simulation, we
quantify melt volumes and locate the melt
provenience and final distribution.

Figure 2 shows the post-impact distribution of
partially molten material for a 10 km (a), a 30 km (b)
and a 300 km (c) impactor diameter on a young/hot
(left) and an old/cold (right) Mars (cf. Fig. 1). For
impactors lager than 10 km in diameter we find that
the initial thermal target setup significantly affects the
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final melt distribution and the crater morphology. For
hotter and younger Mars (left), the final crater appears
flatter and more melt is produced (cf. Fig. 3). Also the
effect of mantle uplifting is more prominent
compared to an older target (right).

Figure 2: Post-impact melt distribution for a young
(left) and old (right) Mars (cf. Fig. 1) with impactor

diameters from 10 km (a) and 30 km (b) to 300 km (c) (cf.
Fig. 2.). Colors indicate (partially) molten material.

Figure 3 shows the melt volume normalized by the
projectile volume as a function of impactor diameter.
The reference model (purple line) agrees with
estimates from the scaling-laws (dashed lines)
depending on whether crustal or mantle melting
dominates. Under more realistic conditions
(considering lithostatic pressure and initial
temperature profiles) our models are approximately in
agreement with classic scaling for smaller impacts;
however, larger events are not well represented. We
find that, for a given initial temperature Ti, when
certain impactor size is exceeded, the normalized
melt production (Vmelt /Vprojectile) deviates significantly
from the reference model and estimates from scaling
laws. The distinct increase in melt production for
impactors larger than 10 km in diameter for the hot
Mars scenario is caused by the depth-dependence of
ΔTM, which is given by the difference between Ti and
solidus (and liquidus) TL/S. It can be shown that the
maximum normalized melt production occurs when
the main melt region is located in the area at a depth

where ΔTM is very small. This area usually
corresponds to the bottom of the lithosphere. 

The bulk of these results will be used to compute
speciation and volumes of emitted gases from the
melt pools, with implications for the earliest evolution
of Martian atmosphere and climate.

Figure 3: Normalized melt production for a young (red) and
an old (blue) Mars for collisions at 15 km/s. We show
classical scaling laws [1,2] (dashed lines) and a direct

comparable reference model (purple circles). More realistic
models (triangles) are based on the young (red line) and old

(blue line) temperature profiles presented in figure 1.
Colored areas indicate the contribution of decompression

melting.
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