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Introduction:  Because Mars lacks a global 

magnetic field or protective ozone layer [1], its surface 

is unshielded to harsh radiation from space. This 

ionizing radiation breaks down any organic components 

in the soil at the martian surface on timescales of tens to 

hundreds of millions of years (10–100 Ma) [2]. In 

planetary geology, we use the density of impact craters 

as a proxy for time: older surfaces tend to accumulate 

more craters. Using the record of impact craters, we can 

assess the exposure age and therefore organic 

preservation potential of the martian surface from orbit.  

Hypothesis: The goal of this ongoing project is to 

better understand exposure ages and organic 

preservation potential across Mars by analyzing the 

size-frequency distribution of impact craters at selected 

sites across the surface. Preliminary results [3] indicate 

that at high latitudes greater than about ±45° N and S, 

fewer small diameter craters are present than at regions 

closer to the equator, indicating more active erosion. 

This latitudinal pattern is consistent with other observed 

surface properties, such trends in the global distribution 

of depth-to-diameter ratio of craters 3 to 5 km diameter 

[4] and the surface roughness at sub-km measured in 

MOLA (Mars Orbital Laser Altimeter) profiles [5]. 

Methodology: For this project, we used JMARS, a 

GIS program developed by ASU’s Mars Space Flight 

Facility [6], to examine CTX (Context Camera [7]) 

images of Mars in a gridded array over Mars (Figure 1) 

so that we can document the density of craters between 

100 m and 1 km in diameter, which are the most 

susceptible to erosion. Data for these craters is then 

analyzed using CraterStats, a crater-counting analysis 

software developed at the Freie Universität Berlin [9], 

where we document the transition diameter between 

erosion and production, which is termed here the 

rollover diameter (Figure 2).  

Crater Counting. For crater counting to provide 

useful information regarding the age of a planetary 

surface, it is necessary to ensure that only impact 

structure are counted, not other crater-like features. 

There are many circular features on the surface of Mars 

that could be mistaken for an impact crater, including 

volcanic craters, volcanic edifices, calderas, collapsed 

lava tubes, pseudo craters, pit craters, or thermokarst 

[5]. Another issue with using crater counting as a proxy 

for time is that it is important to ensure that the craters 

counted are primary craters and not secondary. 

Secondary craters are those formed secondary to a 

primary crater, such as those formed from impact ejecta. 

Counting every circular feature rather than 

differentiating between non-impacts or primaries can 

skew the age of a surface to appear older than it actually 

is. 

 
Figure 2: Example cumulative crater frequency curve 

documenting the rollover diameter between erosion and 

production. This curve was derived from a count 

completed at approximately 64.7 °N (CTX 

ID:  D21_035347_2449_XN_64N152W). 

  

 

 

 
Figure 1: Sinusoidal projection of Mars centered at 0° 

longitude overlain with graticule; crater counts were 

conducted using CTX images [7] within selected grid 

cells in the northern hemisphere. Background images is 

the Mars Digital Image Mosaic (MDIM) version 2.1 [8].  
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Results: Comparing the rollover diameters between 

varying latitudes in the northern hemisphere of Mars 

reveals in a pattern of higher rollover diameters in the 

polar region (Figure 3). This is consistent with previous 

results [1] that show that craters with smaller diameters 

disappear in latitudes of ±45° N and S. This indicates 

that there is more active erosion at high latitudes. This 

information can assist in the evaluation of the organic 

preservation potential of different areas on Mars, where 

organic material is less likely to have been preserved in 

areas with higher erosion rates. 

Sources of Error. Crater counts will vary between 

counters because the definition of what appears to be a 

primary impact crater depends on the person counting. 

Therefore, the data can include counts that are not 

impact craters or are part of larger secondary crater 

fields. Another source of error could come from images 

being selected that are not representative of a larger 

area. Additionally, due to time constraints, images have 

only been selected in the northern hemisphere of Mars, 

which can be misrepresentative of the entire planet 

because the surface of Mars is not uniform. Different 

factors such as accounting for areas with heavier 

volcanism were not controlled in this study and could 

also impact the data. 

Future studies: Research can be performed as a 

product of this data to determine the mechanisms behind 

the elevated rates of erosion in the highest and lowest 

latitudes. Further studies can also use this data to 

determine the organic preservation potential of different 

areas on Mars based on the rates of erosion at different 

latitudes. This data can be useful in selecting areas for 

study in future lander missions to Mars.  Data from this 

study can be used to create automated programs for 

future crater counting studies, reducing the need for 

humans to manually count large areas of terrestrial 

planets. A continuation of this study is planned which 

will control different variables and determine whether 

they significantly affect the data, such as excluding 

areas of heavy volcanism, as well as including data from 

the southern hemisphere of Mars.  
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Figure 3: A graph of the logarithmic relationship 

between the center latitude of a count area and the 

rollover diameter of its crater count data as measured in 

CraterStats. 
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