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Background:

The morphology of impact craters has been used to study the surface and near-surface properties of
many bodies throughout the Solar System. Comparative planetological methods have then furthered
this to infer specific parameters regarding the sub-surface of planetary targets through comparison
of morphological features across both Solar System bodies and to laboratory-scale craters [1,2].
Being ubiquitous throughout the outer Solar System, ice:silicate mixtures have received a high level
of interest within laboratory-scale impact studies, with the primary focus being on ice-dominated
mixtures (silicate content of <50 wt.%) thought to be present on comets and outer Solar System
moons, e.g. [3,4].

The results of these experiments (along with a comparison to outer Solar System morphological
features) have then been used to infer the properties of ice bearing bodies across the inner Solar
System, in particular Ceres [5,6] and Mars [2,7,8]. Observations, however, have estimated the near-
surface ice quantity for these bodies to be far below 50 wt.% [6], placing them well within the
silicate-dominated range for ice:silicate mixtures rather than the ice-dominated regime studied by
previous experiments. Consequently, this presents a potential source of error in the interpretation of
Martian craters due to the misuse of applied assumptions to understand the morphology of craters.
The work presented here aims to study the cratering process for silicate-dominated Martian simulant
and kiln-dried sand mixtures, thereby better constraining the influence of ice on cratering processes
in such inner Solar System targets.

Methodology:

Impacted targets were formed of ice:silicate mixtures containing either a 50 wt.% or 80 wt.%
silicate content. Targets (Figure 1) were constructed from a mixture of crushed ice with either JSC
Mars-1 Martian simulant (Figure 2) [9] or a typical commercial kiln-dried sand (KDS) (Figure 3) for
50 wt.% targets only. Constructed targets measured 20 cm in diameter and 9 cm in depth. Once
frozen, targets were impacted by 1.5 mm spherical copper projectiles over the velocity range of 2-5
km/s using the light-gas gun at the University of Kent impact laboratory [10]. Following the impact,
depth profiles of the crater were taken across each target in orthogonal directions allowing
measurement of depth and diameter. Profiles across the crater additionally provided a means for
morphological comparisons to be made between the silicate types (JSC Mars-1 and KDS) and ice



quantities (50 wt.% and 80 wt.%).

Figure 1: Example pre-impact JSC Mars-1 target mounted to the Kent light-gas gun. The target
diameter was 20 cm.

Results and Discussion:

Crater parameters (e.g. depth, diameter, etc.) were analysed versus the energy of the impactor,
allowing comparisons to be made for varying projectile materials. The results show that variations in
crater parameters were seen when altering both the quantity of ice and the type of silicate within
the target. Analysis of the two silicate materials themselves shows that they possess highly different
morphologies, with the JSC Mars-1 having much more irregular (in both size and shape) grains
when compared to the KDS (Figures 2 and 3). This variation is thought to be the likely cause for the
observed variation in crater diameter due to the induced changes in internal friction and responses
to shock processing. A variation in crater depth was only seen, however, between targets of differing
ice quantities. This indicates that the crater depth was somewhat influenced by the target
properties, but that changes were less pronounced than for the crater diameter.

Figure 2: Optical microscopy image of the JSC Mars-1 simulant.



Figure 3: Optical microscopy image of the Kiln-dried sand.

Analysis of the interior crater morphology shows further differences between both silicate types and
the ice quantity. Figure 4 compares craters morphologies for targets containing a different silicate
type when impacted at various speeds. All targets contained the same 50:50 wt.% ice:silicate ratio.
As the impact speed increases, variations in the morphology become substantially more pronounced.
The same trend is seen when considering craters formed in targets of a differing silicate quantity.
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Figure 4: Comparisons at varying impact speeds between craters formed in JSC Mars-1 and
standard sand targets containing a 50 wt.% quantity of silicate material.

Conclusions:

Overall, whilst past investigations have shown that crater parameters change with increasing silicate



quantity within a target, the results of this investigation show that initial trends assumed from
previous studies may not hold as the silicate quantity increases above the 50 wt.% limit. Hence, the
continuing investigation of these processes is likely to further understanding of processes occurring
on the Martian surface.
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