
EJECTA FROM TARGETS STRONG AND WEAK: 
EXPERIMENTAL MEASUREMENTS OF STRENGTH 
CONTROLLED AND STRENGTHLESS CRATERS   

B. Hermalyn, NASA ARC/University of Hawaii, Honolulu, 
HI (hermalyn@hawaii.edu). 

 

Introduction and Overview:  
Craters are generally categorized into either the gravity 

scaling (small impacts into granular materials or very large 
impacts) or strength scaling (impacts into consolidated material) 
regimes for scaling studies. These regimes define the process that 
ceases crater growth: either the gravity of the body is too great to 
launch more material out of the transient cavity, or the yield 
strength of material is greater than the rarefaction pressure 
gradient. In point-source scaling, these terms (gravity and yield 
strength) are used to nondimensionalize the crater properties, 
generally separately. The distinction between strength and 
gravity, however, is not as cleanly divided for impacts into 
planetary bodies. This is particularly evident in oblique impacts, 
which exhibit shock asymmetries based on azimuth. 

The common point source scaling laws are not expected to be 
relevant at late stages of growth, even for vertical impacts, as 
these strength and gravity effects begin to overtake the expansion 
wave strength [e.g., 1,2]. In many studies, an empirical 
asymptotic form forcing the velocity to zero at the end of crater 
formation (or some distance from the crater center), is assumed, 
but little data is available for vertical impacts and none has yet 
been presented for oblique.  

In this study, we present novel time-resolved 3D 
measurements of the ejecta through crater formation and the 
arresting process that ceases growth. A variety of targets 
exhibiting a spectrum of different strengths were examined to try 
to better understand the interplay of gravity and strength scaling, 
ranging from water (strengthless), to regolith analog (air-fall 
pumice dust), to tuned strength (resin or wax welded sand).  

Experiments and Discussion:  
A suite of impact experiments designed to study the high 

speed component of impact ejecta was per-formed at the NASA 
Ames Vertical Gun Range (AVGR) in Moffett Field, CA.  
Particle Tracking Velocimetry (PTV)  and high-resolution 3D 
photogrammetry techniques (e.g., [3]) were developed and 
employed to non-intrusively measure the velocity, position, and 
number of particles in the profile of the ejecta curtain and within 
the forming crater at high spatial and temporal resolution. High-
speed cameras (>15,000 frames per second or fps) allow 
measurements of particle velocity over a significant dynamic 
range from ~700 m/s for the fastest material to the final end of 
crater growth and slumping.  As a result, measurement of ejecta 
velocities, angles, and accellerations, as well as the shape of the 
interior of the crater, can be made over a wide range of target 
materials highly relevant to our understanding of planetary 
cratering, particuarly the late-stage proximal ejecta deposits.  

Acknowledgements:  
We wish to acknowledge the work of the technical crew at the 
NASA Ames Vertical Gun Range: Donald Bowling, Alfredo 
Perez, Adam Parrish, and JP Wiens. This work has been 
supported by NASA Planetary Geology and Geophysics grants 
#NNX08AM45G and #NNX13AQ03G. 

References: 
[1] Housen, et al, JGR, 1983. 
[2] Housen, et al, Icarus, 2011. 
[3] B. Hermalyn and P. H. Schultz. Icarus, 216:269-279, 2011. 

5445.pdf77th Annual Meteoritical Society Meeting (2014)


