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Introduction: Quantifying the excavation and ejection proc-
esses that occur during an impact or small-body collision is im-
portant for understanding many solar system processes. Ejected 
material is the dominant component of deposits around a crater; 
hence, ejection is an important mechanism for the redistribution 
of mass on airless bodies. In addition, material ejected at suffi-
ciently high velocity may escape the gravitational field of the 
target body, which has important consequences for early plane-
tary growth, the collisional evolution of asteroids and the inter-
planetary transfer of surface material. 

Background: Experimental studies of ejection dynamics 
have provided much insight into ejection processes either indi-
rectly, by tagging target material and locating its post-impact po-
sition [1], or directly, by making stroboscopic photographs of 
grains in ballistic flight [2, 3]. However, the difficulty of measur-
ing the motion of ejecta in such brief, rapid, small-scale events 
has precluded thorough quantification of the ejection process. 

As a compliment to experimental investigation, numerical 
modeling enables us to study the effects of target properties, such 
as porosity and strength, on ejection processes. Here we report on 
a suite of iSALE [4,5] impact simulations, spanning a range in 
target porosity from 0-90% and target friction angles from 0-45°, 
to quantify ejection velocity in porous geologic materials as a 
function of ejected mass and launch position.    

Results: Our results are largely consistent with experimental 
studies [e.g., 2,3,6]. We find that, for fixed impactor parameters, 
the total ejected mass is lower for impacts in targets with high 
porosity and/or high friction angle. For the majority of crate 
growth, ejection velocity decreases as a power law of launch po-
sition.  The mass ejected faster than a given velocity decays as a 
power law of the ejection velocity. The slopes and offsets of 
these power-laws depend on target porosity and friction angle. 
Power-law behavior breaks down for low ejection velocities (in 
the near-rim region and at the termination of crater growth) due 
to the effects of gravity and internal friction.  Existing ejecta 
scaling laws [7] can be extended to account for these effects. 

Implications: Our model results suggest that cratering effi-
ciency and ejection velocity are dramatically reduced when the 
target material is highly porous. Porosity is an important property 
of asteroids, comets and early planetesimals; hence, our results 
have important implications for momentum transfer and disrup-
tion in collisions between these bodies. 
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