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Introduction:  The Martian surface is increasingly 

seen as a mixture of rock/sand and near-subsurface ice 

in many regions [1]. The widespread impact craters on 

Mars will therefore not all have occurred in either rock, 

sand or pure ice, but some will have taken place in 

mixtures or layered materials. It has been suggested [2] 

for example that the presence of sub-surface ice layer-

ing may explain features of Martian craters such as 

layered ejecta blankets found around the craters [3, 4], 

so the nature of the Martian surface is clearly important 

in understanding impact processes. 

Laboratory experiments are not at the correct size 

scale to provide full explanations of large impact cra-

tering events. However, they can provide insights into 

general behaviour under impact. Accordingly here we 

look at hypervelocity impacts into mixed sand:ice tar-

gets. Note these are not layered, the sand and ice are 

intimately mixed. 

Experimental Method:  We used an impact speed 

of ~5 km s
-1

 (close to the Martian in-fall speed) ob-

tained in the Univ. of Kent two stage light gas gun [5] 

with 1 mm dia., spherical stainless steel projectiles. We 

used 4 different types of sands in the various targets 

including (S1) NASA JSC Mars-1 simulant [6] (grain 

size: 98% between 20 and 1000 µm). The other sands 

were: (S2) semi-rounded silicate building sand (98% 

between 229 and 836 µm), (S3) ground semi-rounded 

silicate building sand (98% between 27 and 585 µm) 

and (S4) diatomaceous sand (individual grains < 20 

µm). The sands were mixed with water to form water 

saturated targets. By weight, the sand: water ratios 

were: S1 = 2.6:1, S2 = 5.3:1, S3 = 4.5:1, S4 = 0.52:1. 

The S4 samples required much greater amounts of wa-

ter in order to cause saturation. Two targets were made 

in each case and frozen to different temperatures. The 

first temperature was 255 K which is typical of that 

used in many laboratory impact experiments with ice 

targets. The second temperature was approximately 

180 – 200 K which is more typical of Martian surface 

temperatures. 

After each shot the craters were measured using 

micrometer gauges held above the surface and moved 

across two diameters of the crater giving depth pro-

files, from which crater diameter and depth were ob-

tained accurate to ±½ mm (see Table 1). The targets 

were weighed immediately pre and post shot to obtain 

an estimate of the mass during cratering (Table 1). Im-

ages of two craters are shown in Fig. 1 and of a depth 

profile in Fig. 2. The craters from impacts on S1, S3 

and S2(255 K) were similar in appearance to Fig 1a, 

whereas those in S2(182 K) and S4 were like Fig. 1b.  

 

 

 
Fig 1. (a) Crater in S2 at 255 K (coin diameter = 22.5 

mm). (b) Crater in S4 at 203 K, where the deeper cen-

tral pit (arrowed) is surrounded by an incomplete spall 

zone (coin diameter = 24.5 mm). 
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Fig. 2 Depth profile across crater S1 (-18°C). Note the 

difference in vertical and horizontal scales which exag-

gerates the crater depth. 
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Table 1. Crater sizes in this study. 

Sand Temp. 

(K) 

Vel. 

(km s
-1

) 

Dia. 

(mm) 

Depth 

(mm) 

Spall 

Zone 

S1 255 5.08 32.5 7.33 No 

S1 189±10 5.08 26.5 7.28 No 

S2 255 5.05 28.0 10.14 No 

S2 182±13 4.96 45.0 9.00 Yes 

S3 255 5.02 29.5 8.19 No 

S3 188±14 5.13 31.0 7.16 No 

S4 255 5.03 48.5 9.97 Yes 

S4 203±14 4.97 46.5 9.77 Yes 

 

Analysis: At 255 K the craters in S1 and S3 were 

very similar in size. This may reflect the similar size 

distributions of the sand grains used. The crater in S2 

however was noticeably deeper. When comparing im-

pacts at different temperatures for S1 and S3 there is 

little difference as the temperature is lowered, however 

for S2 there is a significant increase in crater diameter 

by a factor of ×1.6. This is because the deeper central 

crater in S2 at 182 K is surrounded by a shallow spalla-

tion zone typically 2 mm deep. By examining photo-

graphs taken of the target pre-shot it appears there was 

a thin ice layer on the surface of this target due to ex-

cess water. If the spall zone is excluded the crater di-

ameter is 27 mm. Shallow spall zones are observed in 

both impacts on targets S4 (extra care was taken to 

remove all excess surface water from the S4 targets so 

this was not the cause of this spall zone).  

Discussion:  The results can be compared to previ-

ous laboratory impact studies on a variety of materials.  

Impacts on pure water ice targets at 255 K [7-9] pro-

duced much larger diameter craters (impacts of 1 mm 

st. st. proj. at ~5 km s
-1

 gave craters with dia. ~10 cm 

and depth ~1.3 cm). In the present work the wide, shal-

low spallation zones around pure water ice craters are 

absent for S1, S2(255 K) and S3 targets. They are pre-

sent for S2(182 K) and S4 but are still smaller than for 

pure ice targets. The impact onto S2 at low temperature 

needs to be repeated to check that it really was due to 

an excess surface water layer. The present craters are 

also much smaller than those arising from similar im-

pacts into dry sand e.g. [10-11] and are closer in size to 

those found in impacts in dense, crystalline rock e.g. 

[12-13].   

These results can be compared to those reported in 

[14] for impacts on ice:silicate targets (5 – 20% silicate 

by mass, grain size < 24 µm) at 255 – 265 K and at up 

to 3.3 km s
-1

. There, the craters had a deep central pit 

surrounded by a wider, shallow spallation zone. This is 

similar to S4 here (33% sand by mass) and impacts on 

pure water ice in general. As well as a smaller sand 

grain size, we note that the S4 targets had a greater 

water content than the other targets here, and those in 

[14] were even more so. In [14] it was proposed that 

excavated crater volume depended only on silicate con-

tent by mass. By contrast, we suggest that at the scales 

used here, the sand grain size may also be important.  

Previous hypervelocity experiments have also 

looked at impacts in pure water ice targets over a range 

of temperatures [15]. In [15] crater dia. remained con-

stant as the target temperature fell over the range here, 

whereas crater depth  fell by ~17% as the temp. de-

creased, qualitatively similar to here.  

Conclusions: We have shown that in mixed water 

ice:sand targets, the crater morphology depends 

strongly on the target composition. This may be due to 

the size of the component sand grains or the water con-

tent, this remains to be fully determined. It has previ-

ously been reported in low strain rate tests, that the 

tensile strength of ice:silicate mixtures increases with 

the % content of the silicate in the sample and at over 

50% content, plastic deformation is reported rather 

than brittle fracture [16], there is also some evidence it 

may depend on grain size. In [16] it is suggested the 

diameter of spall zones, in laboratory impact experi-

ments on ice, scale inversely with tensile strength, 

which given the high sand content in samples S1, 

S2(255 K) and S3 explains the lack of a significant 

spall zone. We have also shown that as in [15] the tar-

get temperature plays a role in determining crater depth 

but not diameter over these temperature ranges.  
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