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Introduction: The ejection and distribution of material as a 

consequence of hypervelocity impact can be considered as a 
ballistic process. Angles and velocities of ejected particles have 
been recorded in laboratory experiments by Particle Image 
Velocimetry (PIV) [e.g. 1], but information on the original 
location of the ejected particles in the target and their shock 
exposure are lacking. We present the analysis of laboratory 
impact experiments at NASA Ames Research facility in 1972 
that have been published only partially so far [2]. In these 
experiments the pre-impact location of ejecta in the target and its 
final depsotion was determined by using color-coded sand and a 
catcher system. In combination with numerical modeling we 
provide insight of the ejection kinematics and thermodynamics.  

Experiments: In two campaigns (19 experiments) plastic 
(Lexan) cylinders (series I) [2] and aluminum spheres (series II) 
with a mass of 0.30 to 0.38 g were fired vertically into targets of 
quartz sand with velocities ranging from 5.86 to 6.90 km/s 
producing craters 29.5-33.6 cm in diameter. In each experiment 
layers (9 mm thick) and rings (2-3 cm wide) of colored sand were 
placed at different positions (depths, radii) in the target. The 
ejecta were collected in bins at various radial distances r from the 
point of impact (r = 16-105 cm; ~1.1 to ~7 crater radii). Besides 
mass also the degree of shock metamorphism of individual 
particles in each bin at a given radial distance was determined. 

Modeling: We used the iSALE [3,4,5] shock physics code to 
simulate the experiments. The behavior of the quartz sand target 
was modelled by a Drucker-Prager rheology and ANEOS [6] 
combined with the ε−α compaction model [4]. We used tracer 
particles to record the shock conditions and to determine angle 
and velocity of ejection. Subsequently, we calculated the ballistic 
trajectories for each tracer to work out the deposition distance.  

Results: We present detailed analyses of crater formation and 
of ejecta including their degree of shock metamorphism as a 
function of deposition distance and their original location in the 
target. Generally, we find a good agreement between models and 
experiments comparing crater size and ejecta distribution. Some 
deviations result presumably from inaccuracies with regard to the 
experimental setup. Our results confirm that material closest to 
the point of impact experience the highest shock pressures and 
are ejected the furthest. Modeling suggests that ejection angle and 
velocity depends on porosity and friction in the target. Validating 
models against observations enables meaningful upscaling of our 
results on laboratory scale to dimensions of natural craters. In 
addition models allow for considering a wide range of material 
parameters more realistic for planetary surfaces than those of 
granular sand. 
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