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Introduction:  The NEAR-Shoemaker mission to 

asteroid 433 Eros presents an unprecedented opportu-
nity to gain fundamental new knowledge about the 
processes governing regolith formation and redistribu-
tion on small bodies.  NEAR-Shoemaker’s high-
resolution imaging of the surface of Eros [1,2] makes 
the asteroid a valuable and heretofore unparalleled 
laboratory for the detailed study of impact ejecta reac-
cretion and regolith redistribution on low-gravity (of 
order 10-3 g) objects. 

Regolith is produced on asteroids by impact crater-
ing, and the existence of regolith on the smallest solar 
system bodies supports the view that some of the 
ejecta from impact events on such objects may be re-
tained [3].  Impact craters and retained ejecta on low-
gravity objects like Eros represent valuable natural 
laboratories for evaluating various models of impact 
cratering processes [4,5], since they may present crater 
structures or ejecta features that either do not form or 
are hidden on higher-gravity bodies like the Moon.  
Further, quantifying the extent to which impact proc-
esses generate and redistribute regoliths on small body 
surfaces (excavation depths, retained fraction, turnover 
timescales, etc.) is pivotal to the issue of how to relate 
meteoritical samples to their asteroidal parent bodies 
when surficial processes (i.e., “space weathering”) 
may disguise or cover up underlying material and con-
found the ability of remote sensing techniques to pro-
vide reliable mineralogical assays of the parent objects 
[6,7]. 

The rich variety of data on Eros’ regolith properties 
and distribution returned by NEAR-Shoemaker now 
require detailed analysis in order to take full advantage 
of the clues these observations offer for elucidating 
details of the impact cratering process on small bodies. 

Complicating simple interpretations of crater and 
ejecta morphology are dynamical effects on ejecta em-
placement resulting from Eros’ irregular shape, rapid 
(5.27 hr) rotation, and low gravity.  Figure 1 shows the 
very different ejecta deposit morphology that can re-
sult if the effects of rotation alone are neglected.  Con-
sidering the additional complicating factors of Eros’ 
irregular shape and complex gravitational field, simple 
calculations of the extent and thickness of ejecta blan-
kets and the spatial distribution of ejecta blocks from 
basic crater scaling laws or numerical hydrocodes 
alone do not suffice.  In order to fully interpret the 
suite of NEAR-Shoemaker observations of regolith 
features across the surface of Eros and to evaluate 
various impact models for specific craters on the aster-

oid, detailed dynamical modeling of the deposition of 
crater ejecta from those craters is required. 

 
Figure 1.  The results of a sample ejecta reaccretion model 
showing the landing locations of ejecta particles launched 
from the crater Selene (14S, 12.5W, D = 3.64 km) on Eros.  
(Left) Landing locations of ejecta particles on a rotating 
(clockwise in this view) model of Eros.  Note the asymmetric 
ejecta deposit with a sharp boundary along the rotational 
leading margin and the lack of debris deposited within 
Himeros crater to the left.  (Right) Landing locations of 
ejecta particles on a non-rotating model of Eros, showing the 
very different ejecta landing locations which result from 
neglecting the effects of rotation. 

Here, I describe some modifications and improve-
ments to the dynamical model being used for these 
studies. 

Description of Basic Dynamical Model:  The dy-
namical model is that used in [8].  The shape model for 
Eros is filled with a uniform grid of point masses such 
that the total mass equals the mass of the asteroid for 
the density of 2.67 g/cm3 [9].  The accelerations of 
ejecta particles are computed as the vector sum of the 
accelerations due to each of the point masses, and the 
positions of the ejecta particles and the (rotating) shape 
model are updated at each time step. 

Modifications and Improvements: In the original 
version of the dynamical model, all crater ejecta parti-
cles for an impact event were launched at t = 0 from a 
point source (centered at a specified crater location) 
with a fixed ejection angle of 45° (local rotational vec-
tors are added to launch velocities relative to the aster-
oid surface).  Here, I (i) employ a more realistic annu-
lar model of the ejecta curtain, since in reality excava-
tion flows encompass the entire center-to-rim extent of 
a crater, and (ii) allow for a finite crater excavation 
time.  Since the final landing location of a reaccreted 
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particle does not depend on the specific rotational 
phase of the asteroid in inertial space at the time the 
particle was launched, this latter item is important only 
for studies of ejecta reaccumulation while in orbit 
about the primary asteroid, but may be a critical factor 
in the formation of small satellites in stable orbit by 
this process.  The aim here is to reproduce as closely 
as possible in the dynamical model the actual mechan-
ics of the crater excavation phase, allowing more 
meaningful constraints to be placed on the physics of 
ejecta deposition on Eros through direct comparison 
between observed and modeled ejecta blankets and 
block distributions.  A similar model is described by 
[10]. 

The initial conditions for ejecta particle launch lo-
cations and velocities are determined from specified 
crater latitude/longitude and diameter.  Ejecta velocity 
vectors are determined relative to the local Eros sur-
face normal vector at the center of the crater location.  
The volume of ejecta (i.e., the number of ejecta parti-
cles) with speed greater than a given value is deter-
mined by the crater ejecta scaling laws of [11], with 
the assumption of gravity scaling for Eros craters lar-
ger than 1 km in diameter.  Ejecta speeds are assigned 
between 1 and 20 m/s (the range of escape speeds on 
Eros is 3.1 to 17.2 m/s [9]), according to the appropri-
ate crater scaling relation.  The constants in the ejecta 
scaling laws are best fits to the experimental data of 
[12] for impacts into course sand, extrapolated to an 
impact speed of 5.3 km/s (the mean impact speed be-
tween asteroids in the main belt, where most of Eros’ 
large craters were likely formed).  Ejecta launch loca-
tions within the crater footprint are set by the (ran-
domly distributed) launch azimuth and with the radial 
location distributed from the center to the rim accord-
ing to the launch speed [11,12].  Experimental data 

[12] show that ejection angles vary substantially from 
45°, with ejection angles decreasing gradually with 
growing launch location within the crater, then in-
creasing again near the final crater rim.  Figure 2 
shows experimentally-determined values of ejecta an-
gle versus scaled launch position for the seven impact 
experiments reported in [12], plus three additional un-
published shots.  An inflection in the ejection angle 
distribution occurs near scaled launch positions of 
~0.55.  A 4th-order polynomial fit through the experi-
mental data is used the set the ejection angle for each 
ejecta particle after its scaled launch position is deter-
mined from its ejection speed.   

Application:  In progress is a suite of simulations 
for each of the D > 1 km craters on Eros, covering a 
range of physically plausible cratering regimes for 
each impact.  The result will be a ‘matrix’ of cratering 
outcomes for each impact event (i.e., predictions of 
block spatial distributions, number densities as a func-
tion of distance and direction from the source crater, 
etc.) against which NEAR observations will be com-
pared.  The dynamical model initial launch conditions 
for those simulations that most closely reproduce 
NEAR observations of ejecta distribution will then be 
compared with Eros cratering models of other re-
searchers to constrain impact parameters and mechani-
cal properties of Eros’ surface.  The plan is to combine 
the results of these simulations, normalizing the con-
tributions by specifying that the number of ejecta par-
ticles tracked in each case be proportional to the vol-
ume of the crater under consideration.  In this way a 
model for the distribution and thickness of impact-
generated regolith on Eros will be produced which can 
then be compared with observations of surface mor-
phology. 
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Dots are experimental data from [12].  The curved line is a 
4th-order polynomial fit to the data. 
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