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Introduction: Knowledge of the surface 
processes and stratigraphy of asteroids is key to 
understanding their formation and evolution. 
Impact craters are dominant features on many, 
but not all observed small bodies to date, as well 
as for the larger rocky and icy bodies of the solar 
system. Study of the processes, effects, and 
observed records of impact have long provided 
key information regarding planetary and solar 
system history.  

The spatial density of small craters on 
asteroid 433 Eros (200m diameter and below) 
decreases with decreasing diameter relative to an 
empirically saturated surface, with a converse 
increase in boulder spatial [1]. Among the best 
explanations for the small crater depletion are: 
1) the Yarkovsky effect; 2) the prevention of 
crater formation by impact into boulders; 3) and 
seismic shaking from other impacts [1,2]. 
Simple [2] and rigorous [3] modeling of seismic 
shaking due to impact process show that craters 
as small as 300 m in diameter can be agents of 
surface alteration or resurfacing to significant 
distances the rim (Fig. 1). These mechanisms 
can include: 1) launching loose surface materials 
on ballistic trajectories covering distances of 
centimeters to many meters; 2) inducing 
downslope movements; and 3) "sifting" of 
surface materials.  
Fig. 1. Model surface amplitudes of seismic signals from 

impacts of a given radius, scaled to Eros from theoretical 
predictions, Lunar impact data, and early laboratory impact 
experiments [2]. Such a seismic wave could disperse loose 
surface material as described in text. 

 

Fig 1. shows one-dimensional seismic 
models of displacement due to surface seismic 
signals in regolith. This simple-minded approach 
indicates the potential for far-field displacement 
affects of surface materials due to impact, which 
[3] have begun with far greater rigor and detail. 
There is also evidence that larger (kilometer-
size) craters on Eros could have been destroyed 
near Shoemaker crater, and seismic shaking has 
been proposed as a plausible process [4].  

It is clear that impacts on small bodies 
produce potentially substantial seismic signals 
[3-6]. Better empirical understanding of the 
processes of seismic shaking in low gravity 
environments may further illuminate the crater 
degradation and erasure process on low gravity 
bodies (Eros), the development of “ponds” 
(Eros) [10,11], and the formation and evolution 
of a regolith on Itokawa. 

Simple laboratory modeling of the seismic 
effects on surface features may provide a quick, 
and easy simulation of effects on small bodies as 
a complement and/or improvement to theoretical 
and numerical models. We are attempting to do 
this with a seismic simulation via a shaker table 
and high speed camera, using high frame rates to 
scale time and simulate lower gravity. Our 
purpose is to determine effectiveness of vertical 
and horizontal displacements in modifying and 
possibly destroying craters and slopes in 
regoliths.  

Seismic simulation mockup (SSM): The 
vibration lab at the Johns Hopkins University 
Applied Physics Laboratory (APL) is a 
spacecraft testing facility and a level 300,000 
clean area. Reasonable precautions must be 
taken to keep particulate debris from the air and 
surfaces of the facility. The vibration tables (a 
T4000 shaker table) can be configured to induce 
both vertical and horizontal accelerations of up 
to a few gravities over amplitudes of a few 
centimeters. The SSM, is essentially a 1 meter 
square, 40 cm deep Plexiglas sandbox, boltable 
to the table, designed to handle the accelerations 
of simulated seismic events (Fig. 2). A 
transparent ‘shower curtain’ around the upper 
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rim of the SSM allows viewing and filming 
during experiment runs.  

 

 
Fig 2. The SSM on the shaker table. 
 

Validation testing: An initial (and literal) 
shakedown test period is in progress to validate 
the sturdiness of the SSM both empty and filled 
with regolith simulants (sand, silt, pebbles) 
under a sub-sample of shake tests. These runs 
will be filmed using a high speed “Phantom” 
digital camera and analyzed to test the 
observation system.  

Systematic SSM runs and analysis for a 
simple regolith: The first series of experiments 
will use one regolith simulant (sand or silt), 
graded flat, with 1) an angle of repose slope 
about halfway across the middle of the box (Fig. 
3a), or a ~20-30 cm crater form added (Fig. 3b). 
A set of shake test runs (employing synthetic or 
recorded seismic signals) will be executed and 
filmed at high speed (up to 8000 frames per 
second). Variables during this set include shake 
type (single “jerk” vs. variable frequency 
tremors of different durations), Initial 
acceleration (0.1 to ~2.0g), and displacement 
(<1 to ~5 cm).  Once a set of runs is complete, 
“boulders” (large pebbles or cobbles), and/or 
multiple surface features may be added. For the 
last few experiments in the pilot runs we will 
coat the surface layer with contrasting powder 
paint. Analysis will include techniques such as 
frame-by-frame differencing of the digital video, 
and/or tracing of markers to extract types and 
magnitudes of morphologic change induced by 
the model seismic signals. The first series of 
experiments are qualitative explorations of the 
setup and mechanisms. With follow-on 
experiments we will build a database of 
variables and results, including image records.  

 

 
Fig 3. a (top): Schematic of SSM with angle of repose 
slope. b (bottom): Schematic of crater form experiment.  
 

The experimental series is open ended. The 
results of each run will inform the design of next 
set of runs, which will feature the same or 
different regolith simulant materials and the 
same or different seismic and/or morphology 
configurations in an effort to make the 
simulation most applicable to the question of 
small body dynamics. Exploration of the 
experiment space includes varying a number of 
parameters: 
• Surface morphology: craters of different 

sizes relative to grain, slopes and cliffs 
• Simulant composition (grain size, 

heterogeneity, grain shape) 
• Seismic signal (strength, duration, direction) 
• Time/gravity/size scaling 
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