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Introduction:  Impact cratering on Mars is signifi-

cantly affected by the presence of subsurface volatiles. 
Martian rampart craters, characterized by the fluidized 
morphologies are thought to form by impact into ice-
rich targets [1]. However, the observed morphologies 
could have been produces by the impact-generated 
winds and vortes as well as, especially if the Martian 
atmosphere was denser in the past [2]. The approach 
based on morphologic studies from images and topog-
raphy fails to discriminate between these two mecha-
nisms. Few attempts have been made to derive 
rheologic parameters of flowing ejecta [3,4]. However,  
further modeling is needed in order to derive the water 
concentration in ejecta at the time of impact. We pre-
sent here an inventory of the available data (morphol-
ogy, topography, roughness, composition) and their 
physical meaning in order to constrain future models 
of the formation of these features. 

 
 
Morphology of ejecta deposits:   
Mobility of ejecta: The mobility of ejecta was de-

fined from the ratio of the run-out distance and the 
diameter of the crater [5]. This term is thought to in-
crease with water concentration. The extent of ejecta 
ranges between twice and 6 or 7 times the radius of the 
craters [6,7]. This approach implicitely assumed a lin-
ear dependence between the extent of ejecta and the 
diameter of the crater for a given concentration of wa-
ter inside ejecta. However, assuming a simple Newto-
nian model (see figure 1) for the flow of ejecta after 
ballistic deposition we demonstrate that a non-linear 
dependence is expected. The one-dimensional equation 
of the flowing material writes as follow: 
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where v(r/R,z,t) is the velocity of ejecta at the position, 
dv/dz its derivative in respect to the vertical direction z, 
ν the viscosity, and ρ the density of the material. L and 
H are characteristic length and thickness of ejecta. H 
and L scales as the radius of the crater, so we get: 
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where C is a constant which account for the geometry 
of the problem and for the vertical velocity profile.   
 

 
 

Figure 1. Simple model for the emplacement of an 
annulus of ejecta and section of the annulus with verti-
cal velocity profiles. 
 
The solution of this differential equation (2) shows that 
the decrease of the velocity of flowing material fol-
lows an exponential law: 
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where v0 is the horizontal velocity at the time of sedi-
mentation. Since the topography of ejecta in gravity 
regime and in the case of ballistic sedimentation is 
self-similar (described by a unique function of r/R), we 
express the velocity as a function of the ratio between 
the ejection location r and the radius of the crater R. 
By integrating between t and infinity, we derive the 
distance δx of the fluidized particles of ejecta after 
ballistic sedimentation: 
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The velocity vo scales as the square root of the ra-

dius of the crater [8]. The mobility of ejecta, defined 
previously as the ratio between the extent of the ejecta 
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and the radius of the crater is computed from δx/R and 
scales as R3/2.  

 
Numerical simulations, using the Z-model with a 

flowing Bingham material in cylindrical geometry also 
demonstrates that the ejecta mobility parameter in-
creases with diameter [4]. This increase of ejecta mo-
bility with diameter questions previous studies where 
ejecta mobility trends where reported withour consid-
ering the distribution of diameters in the data sets. We 
present here the results of 250 measurements of ejecta 
mobility from Viking images in the area of Lunae 
Planum and Sinae Planum. The results are presented as 
contour maps of ejecta mobility for two classes of a 
restricted range of diameter. This approach has also the 
advantage to look at the variation of ground ice with 
depth. Indeed, at a range of diameter corresponds a 
range of depth for the excavated material. These data 
suggest that shallow water reservoirs should be or 
were present below the outflow channels (figure 1). 

 
Sinuosity of ejecta: The sinuosity of ejecta outline 

was first quantifed by [9] using the lobateness formu-
lae. The lobateness is defined as the ratio of the pe-
rimeter of ejecta and the perimeter of the circle having 
the same area. This term is thought to increase with 
water concentration. No significant regional depend-
ence have been reported for the most recent analysis of 
the lobateness parameter [10]. We also proposed a 
physical model in order to explain the sinuous outline 
of ejecta and use this model to derive relative viscosity 
of ejecta [3]. Our results show mainly a decrease of ice 
concentration with depth consistent with the decrease 
of porosity. Howevere, this model, based on instabili-
ties experimentally reported in viscous flow, remains 
speculative in its application to the emplacement of 
ejecta. 

 
Topography:   
Thickness of the deposit: The high resolution 

MOLA data allow to measure the thickness of ejecta 
deposit in order to compare with numerical simulation 
of ejecta emplacement. We plan to make numerical 
simulation of ejecta emplacement considering a Bing-
ham parameter (a material with plastic yield strength 
and viscosity). Previous results have demonstrated the 
interest in the comparison of topographic data on im-
pact and modeled ejecta thickness [11]. However, it is 
likely that the thickness of the final deposit taken alone 
will not allow the inversion of all the unknown pa-
rameters of the problem. 

 
 

 
 
Figure 2. Contour map of ejecta mobility map for 

Lunae Planum and Sinae Planum for two ranges of 
diameters and corresponding depths of material. 
These map have been derived from 250 measurements 
on Viking images. 
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Slopes and roughness: roughness and slopes are 

indicators of the yield strength of the material. Indeed, 
the flow stops when the shear stress related to the local 
topography of the deposit is reached. We adapted a 
tool used in [12] in order to compute averaged slopes 
and roughness on local planes from the interpolated 
MOLA grid at various resolutions (figure 3 and 4). 

 
 The roughess is computed from the following 

formulae: 
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where N is the number of points inside the local 
plane, and η the deviation from the mean elevation of 
this plane.  The resolution needed  is yet limited due to 
the gaps between MOLA ground track in the east-west 
direction). A resolution of a few tens of meters would 
be better for such studies. This could be computed 
from photoclinometry on MOC images and will be 
achieved with the Mars Express mission (HRSC in-
strument) from stereophotogrammetric data. 

 
Grain-sizes of transported particles:  Data about 

sorting and grain-size distribution of particles are criti-
cal in determining the mechanism of emplacement. 
Dams of large blocks are commonly observed at the 
head of the debris flow on Earth. The analysis of 
night-time images from THEMIS instrument (Mars 
Odyssey) provide constraints on the abundance of 
rocks and the presence of absence of fine-grained par-
ticles. Preliminary results indicate the presence of a 
higher-temperature zone at the head of some ejecta 
deposits consistent with the presence of large blocks 
(figure 5). We note that this observation is inconsistent 
with the atmospheric model [2] that should transport 
preferentially and to larger distances the fine-grained 
particles. Further observations are needed to constrain 
the effect of post-impact processes (erosion or sedi-
mentation of dust and fine particles). This will be 
achieved using the high-resolution MOC images. This 
hypothesis could be further tested with the photometric 
observations at high resolution to be produces by the 
HRSC instrument (Mars Express). 

 

 
 
Figure 3: Map of slopes from the MOLA grid of the 
lobate crater Yuti (22°N, 34°W). The slopes are aver-
aged over 2km*2km planes.  
 

 
 
Figure 4: Roughness map  from the MOLA grid of the 
lobate crater Yuti (22°N, 34°W). The roughness pa-
rameter  is  averaged over 2km*2km planes. 
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Figure 5. Exemple of night-time THEMIS images 

displaying higher thermal inertia at the head of ejecta 
blanket. (A: image I02231006, 13.302°N, 290.468°E, 
B : image I01544006, 30.068°N, 13.302°, 297.482 °E). 
This observation is consistent with the debris flow hy-
pothesis and is not consistent with ejecta driven mainly 
by atmospheric vortex due to impact winds. 

 
Composition of ejecta:  The composition of ejecta 

is the result of a mixing of the excavated layers. As-
suming a simple Z-model and pure ballistic sedimenta-
tion, the abundance of each layers in ejecta deposits, as 
a function of the distance of the crater, can be esti-
mated (figure 6). In the case of surface flow, we expect 
that the radial variations of the composition of lobate 
ejecta differ from those estimated from ballistic mod-
els or from their dry counterpart on the same geolocgi-
cal unit. The multi-spectral THEMIS images, and the 
data from the OMEGA instrument from Mars Express 
to be launched in summer 2003 will be used to map 
variation of composition of the ejecta deposit. These 
data, on lobate ejecta and on dry ejecta will help us to 
constrain the origin and amount of transported mate-
rial.  

 

 
 

Figure 6. (1) Impact in a four layers model. (2) Abun-
dance maps for ejecta depositis for a 10 km diameter 
impacl. A, B, C and D are abundance of material lin-
side ejecta for each respective layer. Black is 0%, 
white is 100%. These maps have been established for 
Mars, using the Z-model zith Z=3. We assuming a 
ballistic sedimentation of ejecta and the ejection veloc-
ity is given by ve = 0.28(r/R) -1.8*(2*g*R)1/2 [7]. 

 
Conclusion:  We focused on the interest of cou-

pling topographic, morphologic and spectral data to 
study  the emplacement of lobate ejecta in order to 
derive the ground ice concentration of the time of im-
pacts. We believe that the coupling of these data will 
provide the required constrain on the physical and nu-
merical modeling of ejecta emplacement.  
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