
Figure 1. Locations of proximal pairs/clusters of craters 7-9 km 
in diameter in the eastern hemisphere of Mars.  Maximum sepa-
ration of craters in this data set (200 craters) is 38 km. 
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Introduction: Examining craters of identical di-

ameter on a planetary surface is the closest one can 

come empirically to examining multi-km-scale craters 

formed from identical impact energies.  If fresh craters 

of the same diameter are morphologically different, the 

two possible generic causes for the differences are tar-

get (e.g., rheology, layering, volatile content) or 

impactor (e.g., impact angle, velocity) properties.  

Based on a successful initial survey [1], we have been 

examining Martian craters within the simple-complex 

transition with 7 < D < 9 km.  This diameter range 

represents roughly a factor of two variation in impact 

energy over which there is a wide variation in crater 

morphology [2].  In general terms, a strong correlation 

of crater morphology with geologic setting argues for 

target properties controlling variations in appearance, 

while the converse argues for impactor properties.  In a 

companion abstract [3], we discuss the effects of target 

properties on craters in this size range. 

Here we discuss an effort to isolate impactor ef-

fects on crater morphology.  Our approach is to take 

the best-preserved 7-9 km craters from [2], starting 

with the eastern hemisphere of Mars, and examine 

pairs or clusters of craters that are proximally close to 

each other in order to hold both total impact energy 

and target properties constant.  To this end we selected 

craters with preservation states 3 and 4 (minor degra-

dation and pristine craters) in [2], longitude 0-180, and 

then sorted them according to the closest craters to 

them.  For 7 < D < 9 km, there are 1541 craters with 

these preservation states, and we selected the 200 cra-

ters, or roughly 100 crater pairs (there are a few clus-

ters of three and four craters), that are closest to other 

craters in this size range (Figure 1).  In our data set the 

maximum center-center crater separation is 38 km.  

We studied this crater population in some detail to try 

to identify morphology differences that cannot be easi-

ly explained by variations in target conditions.  

Results:  We examined our survey population of 

craters using CTX, THEMIS Vis, and HRSC images, 

and gridded MOLA data.  We removed from the sur-

vey the craters, and those paired with them, that had 

the following properties: 

 Overlapping craters due to simultaneous impact 

(total of 10 craters); 

 Pairs so close together that one crater is superposed 

on the other (4 craters); 

 Craters clearly distorted by impact on highly une-

ven terrain (e.g., a larger crater’s rim; 34 craters); 

 Interior features of a crater clearly covered by post-

crater fill or otherwise degraded (50 craters); and 

 Crater is noncircular due to highly oblique impact 

(6 craters).  We understand the effect of highly 

oblique impact angle on crater shape [e.g., 4,5] and 

are seeking to isolate other impactor properties in 

our survey. 

After removing these craters, we were left with 96 

close-proximity, well-preserved, non-overlapping, 

non-elliptical craters.  With these remaining craters we 

examined in some detail the basic morphology and 

shape (particularly rim-floor depth) of the craters.  As 

detailed in [1-3], craters in this size range usually have 

one of a few gross morphologies: 

 Simple bowl shape; 

 Flat floor with discrete slump blocks on the wall, 

sometimes with a central pit; and 

 Mounding in the crater interior, occasionally as a 

well-developed central peak. 

Some craters, particularly in the highlands, have both 

significant wall slumping and central mounding.  Cra-

ters in the highlands also tend to have a less circular 

rim that probably reflects more subsurface heteroge-

neity in the target than in the northern plains. 

Of the 96 craters that we examined more thorough-

ly, there were 71 craters in pairs, one trio, and one 

quartet, whose properties matched their partner craters 

closely in terms of morphology and depth (e.g., Figure 

2).  This left 25 craters (eleven pairs and one trio) that 

had a different appearance and/or different depths in 
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the gridded MOLA data.  Of these craters, in four cas-

es further examination indicated that the difference in 

appearance between proximal craters is likely due to 

more dust cover “softening” features in the older crater 

of the pair, but otherwise the craters matched.  In one 

case the difference in depth was due to no MOLA 

tracks running through one of the crater centers.  In 

five cases it appears that subtle differences in the target 

(e.g., one of the craters on the ejecta blanket of a large 

crater, or straddling a tens of meters high topographic 

step) may be responsible for the differences in crater 

appearance.  

The two remaining pairs are particularly notable.  

In one pair (craters at 17.3 N, 22.6 E, Figure 3), one 

crater has a well developed central peak, while the 

other does not.  The latter, while having a circular rim, 

has an uprange forbidden zone characteristic of a low-

angle (~15° from horizontal) impact.  In the other pair 

(craters at 8.6 N, 128.4 E, Figure 4), the western crater 

has a much more irregular rim, with extensive rim 

slumping, and is ~350 m shallower than the eastern 

crater, despite appearing to occur on an identical geo-

logic setting. 

Discussion and Future Work: In the vast majority 

of cases, the craters in the proximal pairs are nearly 

identical; differences are attributable to impact into 

differing targets and/or different post-impact modifica-

tion.  This study, in combination with others [1,3,6], 

makes the case that differences between craters of the 

same size can generally be attributed to differences in 

target properties, excepting highly oblique [4,5] and 

obvious clustered [e.g., 7,8] impacts.  Our study sug-

gests that variability in impactor velocity, shape, com-

position, and density, at least for the family of Martian 

impactors, has minimal effect on final crater morphol-

ogy (other than the overall effect on crater size).  The 

circular oblique/nonoblique flat-floor/central-peak pair 

(Figure 3) is notable, as it has not been documented 

that low-angle impact (but not low enough to form an 

elliptical crater) inhibits central peak formation, and 

we will look for additional examples of this.  In future 

work we will expand our efforts on Mars and begin 

looking at lunar and Mercurian craters to evaluate ini-

tial results and look for additional exceptions to the 

rule. 
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Figure 3. HRSC image of pair of craters centered at 17.3 N, 
22.6 E.  Western crater does not have central peak, but does 
have uprange forbidden zone indicative of oblique impact.  
Craters have similar depths. 

Figure 2. CTX images of a trio of craters centered at 3.9 N, 
138.1 E.  The three craters have identical depths, flat floors, 
and exhibit modest slumping of the rim walls. 

Figure 4. HRSC image of pair of craters centered at 8.6 N, 
128.4 E.  Western crater has extensive wall slumping and is 

~350 m shallower than eastern crater. 
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