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Introduction:  Voyager and Galileo imagery re-

veal that layered ejecta morphologies occur around 
some impact craters on Ganymede [1, 2].  Similar 
morphologies surrounding martian impact craters are 
commonly attributed to the role of subsurface ice [3, 4, 
5].  This study compares the characteristics of layered 
ejecta morphologies on Ganymede and Mars to inves-
tigate how impact into increasing amounts of target ice 
affect these ejecta morphologies. 

Methodology:  We identified seventy-one craters 
on Ganymede with layered ejecta morphologies, based 
on analysis of Voyager and Galileo imagery.  These 
craters range in diameter from less than 10 km to over 
40 km.  We have classified each crater into a single 
layer (SLE) or double layer (DLE) ejecta morphology 
and used the published USGS geologic maps to iden-
tify the terrain unit on which each crater is superposed.  
We utilized NIH Image software to measure crater 
diameter (D), maximum ejecta extent (EE), ejecta pe-
rimeter (P), and ejecta area (A) for each of these cra-
ters.  We calculated the lobateness (Γ), which is a 
measure of the ejecta sinuosity [6]: 

Γ =  P/(4πA)1/2 
and ejecta mobility (EM), a measure of the fluidity of 
the ejecta at the time of emplacement [7]: 

EM = EE/(D/2) 
Lobateness and EM were computed for each com-

plete ejecta layer of the 68 SLE and 3 DLE craters.     
Γ = 1 indicates a circular ejecta blanket and Γ > 1 indi-
cates a more sinuous ejecta blanket.   

We compared the characteristics of the 68 SLE cra-
ters identified on Ganymede to 123 SLE craters from a 
possible ice-rich region located in the Elysium region 
of Mars (0– 30°N, 135-180°E).  The results indicate a 
number of differences between layered ejecta forma-
tion on Ganymede and Mars. 

Results:  As previously reported [8], we see no 
strong correlation of layered ejecta morphologies with 
terrain on Ganymede.  This is similar to the results for 
SLE craters on Mars [9] and likely reflects the preva-
lence of subsurface ice on both bodies. 

Evaluation of lobateness values on Ganymede in-
dicate that the outer layers of the DLE craters have 
lower median Γ than their corresponding inner layers.  
This is opposite of the trend seen for martian DLE 
craters.    

We investigated Γ-latitude and Γ-diameter rela-
tionships for SLE craters on Ganymede and Mars.  No 
stong correlation was found on Ganymede between Γ 

and latitude or Γ and diameter, contrary to our previ-
ous preliminary result which showed a slight increase 
in Γ towards higher southern latitudes [8].    

Lobateness values on Ganymede are restricted to 
values near 1.0 (Figure 1). Martian craters vary in Γ 
from 1.0 to 6.4, possibly due to a more complex target 
material than seen on Ganymede.  Larger craters on 
Ganymede display about the same lobateness value as 
smaller craters, indicating no strong dependence of Γ 
on diameter.  This could be due to the more uniform 
nature of the icy target material on Ganymede.   Mars, 
whose subsurface contains a mixture of rock and ice, 
has a wider distribution of lobateness values which 
show a positively correlated dependence on diameter.  
The Martian atmosphere may also play a role in the 
resulting lobateness values [10]. 
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Figure 1. Γ- diameter relationships for Ganymede 
(pink) and Mars (blue).     
 

The latitudinal dependence of lobateness is shown 
in Figure 2.  Unlike Mars, layered ejecta craters on 
Ganymede show no variation in Γ with latitude.  Even 
though our comparison area on Mars was limited in 
laitudinal extent, a wider variation in Γ values are seen 
in Figure 2.   

The average EM value for SLE craters is 1.13, 
which is slightly lower than the average EM value for 
SLE craters on Mars (1.47).  The average EM for the 
inner layer of DLE craters on Ganymede is 0.90 while 
that for the outer layer is 1.25.  Again, these tend to be 
lower than the corresponding average values for DLE 
craters on Mars, which are 1.28 for the inner layer and 
2.58 for the outer layer [11].   Further analysis of DLE 
characteristics were not conducted due to the low num-
ber of craters and thus lack of statistically significant 
results for Ganymede.   
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Figure 2. Γ- latitude relationships for Ganymede (pink) 
and Mars (blue).   Note that the Mars data only include 
craters within the 0-30°N study area; results for the 
entire planet are reported in [6]. 
 

Figure 3 shows EM versus diameter plots for SLE 
craters on Ganymede and Mars.  Martian craters tend 
to show a larger variation in EM values than Gany-
mede craters over the same diameter range.  Overall 
Ganymede has a lower EM value range than Mars.  
The lower EM values for Ganymede might be ex-
plained by the fact that the colder conditions on 
Ganymede prevent the ejecta from flowing as far as on 
warmer Mars.   
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Figure 3.  EM-diameter relationships.  
 

Figure 4 shows that EM displays no strong correla-
tion with latitude.  Previous studies [7, 11] have shown 
that Martian SLE craters display higher EM values 
poleward of 40° latitude in both hemispheres and 
lower EM values closer to the equator.    
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Figure 4.  EM- latitude relationships.   
 
 

 Discussion:  The lobateness and EM differences 
seen between Ganymede and Mars are consistent with 
Ganymede having a colder and purer ice crust than 
Mars.  The lack of variation in Γ values for Ganymede 
indicate no large change in ice concentrations across 
the moon, unlike the case on Mars where the ice con-
centration increases towards the poles.  The lower EM 
values are consistent with the cold temperatures on 
Ganymede, which will impede movement of the ejecta 
curtain to a greater extent than on warmer Mars.  The 
Martian atmosphere may also play a role in the varia-
tions seen [10].  The big question still remaining is 
why larger numbers of craters on Ganymede do not 
display the layered ejecta morphology. 
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