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Introduction:  Relative ages of impact craters on 

Mars can be estimated by comparing crater degrada-
tion states.  Several crater features can be used to esti-
mate a crater’s degradation state, including the pres-
ence and preservation of interior features, the height of 
the crater rim, depth to the crater floor, and preserva-
tion of the ejecta blanket.  Of these, the first three are 
best determined using high-resolution satellite images 
and topographic data.  However, ejecta blanket preser-
vation is best gauged using multispectral imagery, with 
infrared data providing important insights.    

Rocky, fresh impact crater ejecta blankets appear 
brighter in night IR images than dusty, degraded ejecta 
blankets [1].  With the growing database of night IR 
THEMIS images, it is now possible to begin estimat-
ing the degradation states of ejecta blankets surround-
ing Martian impact craters.  This study began classify-
ing Martian impact craters based on the degree of deg-
radation of their ejecta blankets.  

Method: Night IR images from the Mars Odyssey 
THEMIS instrument were examined and 5,545 crater 
ejecta blankets classified.  Ejecta blankets were as-
signed a preservation class between 1 and 5 based on 
the following criteria: 

1—No discernible ejecta blanket 
2—Ejecta barely visible and similar in brightness to 

surroundings 
3—Ejecta easily visible, but still similar in brightness 

to surroundings 
4—Ejecta intermediate in brightness 
5—Ejecta blanket easily visible and much brighter 

than surroundings 

Seven regions previously identified as having a 
range of formation ages and surface rock units were 
selected for this study:  Syrtis Major (0-25N, 55-75E); 
Meridiani Planum (10S-10N, 350-10E); Elysium and 
Amazonis Planitae (0-40N, 120-210E); Gusev Crater 
(25S-0, 165-185E); Isidis Planitia (5-20N, 80-95E); 
Lunae Planum (0-20N, 285-300E); and Solis, Syria, 
and Sinai Planum (30S- 10S, 255-290E).   

Crater size-frequency distributions were calculated 
for each region using the Relative Plotting  (R-Plot) 
technique [2], where the parameter R is defined as: 
 

R =     D3N    h 
       A(Db-Da) 

 
where Da is the lower diameter limit of the bin, Db is 
the upper diameter limit of the bin, D = √ (Da Db), N is 

the number of craters in the bin, and A is the total area 
over which the craters were counted.  Bins were de-
fined by √2 increments.  For each region, R-Plots were 
created for each preservation class in order to illustrate 
size-frequency distribution changes through time.  Due 
to their small numbers, classes 4 and 5 were analyzed 
together to provide statistically significant results.   

The ejecta mobility (EM) ratio was also calculated 
for each crater with a discernable ejecta blanket.  The 
EM ratio normalizes ejecta extent to crater size, and is 
believed to provide information about volatile content 
in the substrate at the time of crater formation [3, 4].  
The EM ratio is given by:  
 

EM = (maximum radial extent of ejecta) 
    (crater radius) 

 
EM values were analyzed by region to observe 

possible changes in substrate volatile content through 
time.  An increase in EM with preservation class 
would indicate either an increase in volatile concentra-
tions through time, or that erosion has severely af-
fected older craters.  A decrease in EM with preserva-
tion class would indicate an increase in volatile content 
with time.  Finally, no correlation between preserva-
tion class and EM would indicate than volatile concen-
trations have remained constant through time.   

Results:  The crater size-frequency distributions 
for class 1 craters correspond to previously determined 
ages for all seven regions [5, 6].  These distributions 
appear to support the theory that Mars experienced a 
warmer, wetter, more erosive period during the Noa-
chian [7, 8].  The regions examined represent a spec-
trum of ages, with Meridiani being the oldest and Ely-
sium/Amazonis the youngest.  Meridiani displays a 
large vertical gap between its class 1 and class 2 distri-
butions (Figure 1), perhaps indicating that erosion 
rates were higher during or immediately subsequent to 
class 1 crater formation.  Younger regions show a gap 
no larger than that between the class 2 and class 3 dis-
tributions (Figure 2).   

No correlation was found between EM ratios and 
preservation class in any of the regions (Figure 3), 
supporting the theory that the volatile content of the 
Martian substrate has not varied significantly through 
time [9].  A comparison of EM ratios of the oldest re-
gion examined (Meridiani) with the youngest (Ely-
sium/Amazonis) shows little difference.   

This study has supported several exisiting theories.  
The size-frequency distributions match the previously-
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derived chronologies for these areas. The distributions 
also support the theory that Mars experienced a period 
of major erosive activity which has subsequently 
ended; however, regional episodes of degradation have 
occurred through more recent times.  Finally, the EM 
ratios support the idea that the volatile content of the 
Martian substrate has not varied through time.   
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Crater size-frequency distribution for Meridiani Planum, Mars

-4.5

-4

-3.5

-3

-2.5

-2

-1.5

-1

-0.5

0

0.55 0.7 0.85 1 1.15 1.31 1.46 1.61 1.76 1.91 2.06

Log (Crater Diameter (km))

Lo
g 

(R
) Class 1 Ejecta Blankets

Class 2 Ejecta Blankets
Class 3 Ejecta Blankets
Class 4 and 5 Ejecta Blankets

 
Figure 1:  Relative crater size-frequency distribution 
plots of different crater classes on Meridiani Planum.  
The large gap between the curves for craters in classes 
1 and 2 suggest that a major episode of degradation 
may separate the two classes. 
 
 
 
 
 
 
 

Crater size-frequency distribution of Elysium/Amazonis 
Planitia, Mars
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Figure 2:  Relative crater size-frequency distribution 
plots of different crater classes in the Elysium and 
Amazonis Planitiae regions.  These curves are much 
flatter and more closely spaced than those seen in Fig-
ure 1, indicating a much younger age.  The similarities 
of the curve shapes suggest that much less erosion has 
affected these regions compared to Meridiani Planum. 
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Figure 3.  Mean EM versus Ejecta Preservation class 
for the Isidis Region of Mars.  Within the statistical 
uncertainties (±0.5 in mean EM), no variation in EM 
with crater class is distinguished. 
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