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Introduction:  Modified impact craters represent 

some of the very first geologic features observed on 
Mars by spacecraft data  [e.g., 1], yet we still have a 
poor understanding of how they were modified, and 
how these processes may have changed both temporal-
ly and spatially. Although arguments that they resulted 
from the effects of volatile-rich airfall deposits contin-
ue to persist [2] only erosional processes are capable of 
explaining the fact that different sized craters are pre-
served in different stages of modification.  Diffusional 
processes, such as rainsplash or micrometeorite bom-
bardment [3, 4], advective processes, such as surface 
runoff potentially associated with valley network de-
velopment [3, 4], and aggradational processes, such as 
ejecta from the Hellas impact basin [5] have all been 
proposed.  There are also some observations to suggest 
that the style of crater modification may have changed 
over time, too [4]. With modern spacecraft data it is 
possible to decipher the types of geologic processes 
that have occurred while quantifying the amount of 
modification that has taken place.  We have pioneered 
the models and techniques for doing these types of 
quantitative analyses [3, 4, 6].  To date, however, we 
have only examined a small number of craters in lim-
ited areas.  The geologic, climatic and hydrologic his-
tory of Mars is recorded in modified crater popula-
tions.  Here we we present the preliminarly results to 
systematically extract and decipher that history.  
 Approach:  Differences in crater morphology is 
reflected in the topography, which can be quantified 
using Mars Orbiter Laser Altimetry (MOLA) data. 
Although it would seem easier to extract topographic 
information from the released MOLA gridded prod-
ucts, using these products creates two problems.  (1) 
Gridding averages the shot data within each grid cell 
and fills empty grid cells, reducing the accuracy. (2) 
The cross-track spacing between MOLA profiles is ~1 
km near the equator, and some gaps are much larger.  
When such gaps occur near the edges of craters, under-
sampling makes the gridded maps appear as though the 
crater was preferentially flattened by erosion, which 
would cause us to overestimate the amount of erosion 
that has taken place.  As a result, we have developed 
our own semi-automated techniques to collect and 
quantify data from individual MOLA tracks for indi-
vidual fresh and modified impact craters [6]. 

 To begin our analysis, we accessed the global 
Mars crater database compiled by [7], which includes a 
qualitative assessment of the degradation state of indi-
vidual impact craters ranging from a scale of 1 (“rim-
less”), 2 (“slightly elevated”), 3 (“some degrada-
tion/modification”, and 4 (“sharp”).  Although subjec-
tive, we generally agreed with the classifications pre-
sented by [7] and applied it here. To check for differ-
ences in crater morphology between regions, we ana-
lyzed craters in the Sinus Sabaeus (MC-20, 315°-360° 
W, 0°-30°S), Iapygia (MC-21, 270°-315°W, 0°-30°S), 
Mare Tyrrhenum (MC-22, 225°-270°W, 0°-30°S), and 
Aeolis (MC-23, 180°-225°W, 0°-30°S) quadrangles.  
To look for potential differences due to latitude, we 
also analyzed craters in the Eridania (MC-29, 180°-
240°W, 30°-65°S) quadrangle.  The morphometric 
parameters presented in Table 1 include average values 
for the crater depth, which is the difference between 
the lowest elevation in the crater floor compared to the 
elevation of the surrounding crater exterior, floor 
slope, which is the calculated slope of the crater floor 
from the base of the wall to the center of the crater, 
average minimum curavature (avg min curve), which is 
the angle between the crater floor and the crater wall, 
the average maximum gradient (avg max grad), which 
is the average maximum slope of the crater wall, aver-
age maximum curavature (avg max curv), which is the 
angle beween the crater wall and the surrounding exte-
rior, average maximum elevation (avg max ele), which 
is the average maximum elevation of the landscape 
surrounding the crater out to one crater diameter, and 
the rim height, which is the height of the rim calculated 
from the average surrounding elevation and the total 
crater depth.   
 Results:  In general, there is no obvious difference 
in morophometric parameters seen in modified impact 
craters located in different regions.  For example, dif-
ferences in the average maximum curvature has shown 
to be particularly diagnostic of craters that have been 
modified exclusively by linear diffusional creep versus 
craters that have also been modified by extensive sur-
face runoff [3, 4, 6].  However, the minimum average 
value seen in Type 1 craters located in the Mare Tyr-
rhenum quadrangle is 10.9±6.7 versus a high of 
12.2±7.2 for Type 1 craters located in the Iapygia 
quadrangle.  While we cannot rule out the possibility 
that there are individual crates with unique morpholo-
gies that may be the result of differences in local lithol- 
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ogy or perhaps brief climatic epoisodes on Mars, our 
preliminary results indicate the the general morpholo-
gy of the modified impact craters remains consistent at 
different stages of modification, even at higher lati-
tudes.  This may reflect the effects of an ancient cli-
mate that was global.  A global climate may be the 
result of a primordial atmosphere that was dense 
enough to prohibit many regional or latitudinal varia-
tions in climate that are typical on the Earth.  Essential-
ly, modified impact craters may be the result of con-
densation and collapse of a primordial steam atmos-
phere and record the period of time before lakes, 
oceans, and valley network formation occurred.  Con-

tinued statistical analyses of the morphometric parame-
ters we derived along with a systematic analyses of the 
other modified impact craters can test this hypothesis. 
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