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Introduction: Many martian  craters possess  fluid-
ized ejecta morphologies and topographies indicative of 
surface flow.  These morphologies are usually thought 
to be the product of surface volatiles [1-8].  However, 
two other  viable  processes  (Figure  1)  have  also been 
proposed: strong atmospheric winds that entrain ejecta 
[9-14] and deposition by simple granular flow [15].  A 
combination of these models may also explain the ob-
served morphologies [9, 11, 16, 17]. Each model pos-
sesses specific implications for the volatile content and 
atmospheric properties of Mars. 

Regardless of the mechanics involved, it is generally 
agreed that excavated ejecta at these craters must have 
flowed across the surface. Several studies have modeled 
the  fluidized  ejecta  emplacement  process  as  a  con-
tinuum surface  flow,  but  to  this  point  none  of  these 
models match all the aspects of the observed ejecta.

This study presents the first results on the mechanics 
of ejecta emplacement using the new JHU/APL ejecta 
emplacement simulator (EESim).  The EESim is a large 
apparatus, capable of throwing sheets of debris 0.9 m in 
height, 2 m wide, and several cm thick.  Such a large 
mass of material is significantly greater than any ejecta 
curtain one could create during laboratory impact exper-
iments and are required to obtain a good understanding 
of the dynamics of granular flows [e.g., 18]. The first set 
of experiments explore the emplacement of ejecta as a 
granular flow onto a smooth surface. Later, more com-
plex ejecta and surface material will be considered, in-

cluding wet ejecta.  The data will provide ground truth 
for ongoing numerical simulations [19] and continuum 
models.  Furthermore, new qualitative and quantitative 
insights will be obtained on how ballistic ejecta interact 
with a surface during its emplacement. All these results 
are expected to provide important new information on 
the  deposition  mechanics  of  the  continuous  ejecta  at 
planetary scales. 

Figure 2. The front of the EESim with its ejecta launch-
er plate loaded.

Experimental setup:  The EESim (Figure 2) con-
sists  of  an  ejecta  launcher  plate,  a  series  of  strong 
springs, and a target box.  The plate, on which debris is 

Figure 1: Models for ejecta emplacement that could be responsible for the formation of layered or fluidized ejecta  
on Mars.
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loaded, is  curved to reproduce the radial  geometry of 
ejecta.  The  simulated  curtains  have  velocity  distribu-
tions and structures  that  are similar  to  ejecta  curtains 
generated by impacts. At its maximum speed of 10 m/s, 
the EESim curtain is  approximately equivalent to that 
generated by a 20 meter-diameter crater, far larger than 
craters  produced  during  laboratory  experiments.  The 
simulated  crater  size  can  be  changed  by  varying  the 
launch velocity. 

The  current  experiments  keep  the  launch  velocity 
(Figure 3) constant but change the mass and distribution 
of the debris to be launched to simulate different por-
tions of an ejecta curtain. The target surface is smooth to 
investigate ejecta emplacement with minimal target in-
fluence.  High-speed  video,  pressure  gauges,  and laser 
sheets  are  used  to  investigate  the  detailed  physics  of 
ejecta emplacement that influence runout,  morphology 
and topography, including the amount of work lost dur-
ing the emplacement of the continuous ejecta.  The res-
ults are used as a first step towards establishing what 
factors influence ejecta deposition and subsequent flow 
for a simple set of deposition conditions. For example, 
the measured energy loss once ejecta first reaches a sur-
face (prior to sliding) improves constraints on the run-
out efficiency of martian fluidized ejecta.  Comparison 
of this efficiency with that  of other large mass move-
ments, such as wet debris flows [e.g., 20], leads to im-
portant  inferences  on  whether  or  not  volatiles  are  re-
quired.
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Figure 3. Data from the first EESim experiment showing ejection and emplacement of debris analogous to ejecta. 
The time elapsed since release of launcher plate is indicated in each frame.
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