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Introduction:  Linear features are common on 
the layered ejecta blankets of fresh Martian im-
pact craters [1 - 7] with the radial grooves on the 
inner ejecta layers of double layered ejecta (DLE) 
craters [7] some of the most enigmatic.  They are 
thought to be either produced by blast surge [7], 
high-speed granular flow described by [8], or 
low-speed flow like that common to landslides 
[9].  Each of these mechanisms is an indicator of 
flow conditions at the time of groove formation, 
and has a unique morphometric imprint.  Here, 
we attempt to identify and read these imprints. 
Data Collection:  The length and width of radial 
grooves on the inner ejecta layers of 10 Martian 
DLE craters have been measured (Table 1).   
These data were collected in a strip of rectangular 
sample areas  outward from the rim in 0.5 crater 
radii (R) increments to at least 1 R 
(~approximately the edge of the inner ejecta lay-
er).  The number of grooves/km2 in each sample 
area is shown in Fig. 1.  Average groove length 
(from where the grooves start nearest the rim to 
their maximum radial extent, even if a groove 
extends across  sample area  boundaries) in each 
sample area and average groove width are shown 
in Fig. 2. From these data the surface area of 
grooves (where length is measured only within 
the sample area)  in each sample area was calcu-
lated and normalized to the total area of the ejecta 
at the particular radial range of that sample area 
shown in Fig. 3.  
Results:  These data show that, to a first order, 
the average width, length and area of grooves on 
the inner ejecta layer increases with crater diame-
ter.  However, no matter the size of crater, the 
grooves are narrower, shorter and more numerous 
per unit area out to 0.5 R compared with those in 
sample areas further from the rim. This can be 
seen in Fig 4 and appears to be the opposite trend 
for grooves on some Martian landslides (Fig. 5).   
The abundant short, narrow grooves near the 
crater rim commonly coalesce outward with other 

small grooves to form larger grooves, or disap-
pear altogether (Fig. 4).  In some cases there are 
some relatively large grooves that occur near the 
rim and extend to the outer edge of the ejecta lay-
er.  In other places, large grooves develop abrupt-
ly further out from the rim (Fig. 5).  From a visual 
inspection, we suggest that these width and length 
trends appear to be the reverse of those observed 
on Martian long run out landslides (Fig. 6 b).  In 
addition, on these landslides, grooves that extend 
to the edges on flow lobes tend to curve outward 
to intersect the edge  of the lobe at high to near 
normal angles (Fig. 6).  This is similar to the ge-
ometry of grooves on some Multilayered ejecta 
craters (Fig. 6d), and terrestrial landslides (Fig.  
6a, c), but contrasts to grooves on the inner ejecta 
layers of DLE craters whose trends appear to be 
unaffected by the presence of a flow lobe (Fig. 7). 
Conclusions:  These data suggest that the depth, 
length, and area relationships of radial grooves on 
DLE craters appear unlike those on landslides 
and multilayer ejecta crater ejecta suggesting dif-
ferent mechanical behavior during flow em-
placement.  This is further supported by the dif-
ference in geometry of the intersections of the 
grooves with the edge of lobes on DLE inner 
ejecta layers, landslides (Mars and Earth) , and 
some MLE ejecta layers.  The trends of radial 
grooves on landslides and the inner ejecta layer of 
MLE craters appear to have developed coincident 
with the direction of the expanding flows.  This 
suggests that these grooves form in the moving 
material.  In contrast, the trends of the radial 
grooves on DLE craters is unaffected by the ge-
ometry of the edge of flow lobes.  This suggests 
that their development was insensitive to the flow 
direction of the ejecta in the layer, and probably 
did not form in the flowing material.  This obser-
vation is consistent with the formation of grooves 
on the surface of the ejecta layer and not in it as it 
moves.  This would support the model of Boyce 
and Mouginis-Mark (2006). 
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                 Table 1.                Fig. 1.  Relative number of grooves       Fig. 2.  Average length (on left) and width (on            
                                              (per km2) on the inner ejecta layer.      right) of grooves in sample cells outward from the     
                                                   of  Martian DLE craters.                            rim in increments of 0.5 R on the  inner ejecta layers                       
                                                                                                          of the craters listed in Table 1 
                                            
 

                          
 

Fig. 3.   Area occupied by grooves on the inner ejecta layer of DLE craters  in increments of 0.5 R outward from the rim.  For 
comparison, the black line shows the surface area of the inner ejecta layers from the rim to 1.5 R.  Fig. 4. (center) SE portion of 
inner ejecta layer of Gamboa  Crater (40oN, 216oE).  Most small grooves occur towards the crater rim (top left), and an abrupt 
formation of large grooves (arrows) at greater radial distances. Fig. 5. (right) Inner ejecta layer of Bacolor crater showing numer-
ous comparatively relatively narrow, and short grooves inward of about 0.5 R (white dashed line) 
 

      
                (a)                       (b)                     (c)                            (d)                                        (e) 
Fig 6. Images of the distal edge of showing flow lobes of  different types of  fluidized granular debris.  Image a(a) is Sherman 
Glacier landslide, image (b) is a long run out Martian  landslide in Valles Marineris at 11.6°S, 292° E, (c) is the Blackhawk land-
slide, (d) is the outer ejecta layer of a Martian MLE crater at 24° N, 321° E, and (e) is the inner ejecta layer of the DLE crater  
Bacolor (the scene is ~ 18 km).  Note that in a, b, c and d the radial grooves developed  parallel to the flow, and intersect lobe at 
high angles along its outer edge, however in e the grooves appear to be unaffected by the presence of the edge of flow lobes.   
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