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Introduction:  Impact crater morphology analysis 

is a powerful tool to decrypt the evolution of planetary 
surfaces [1][2]. Indeed, the morphology of an impact 
crater evolves according to the resurfacing processes it 
undergoes. Erosion for instance, reduces the depth of a 
crater with time but the velocity of the process depends 
on the erosion style (eolian or fluvial for instance) [1]. 
The morphology of the impact craters is thus crucial pa-
rameters to characterize and quantify the erosion history 
of a planet. It is especially relevant for Mars where the 
climate history is complex. 

One of the most used parameter in crater morphol-
ogy is the ratio between the crater depth and its diame-
ter. Assuming the initial depth of the crater, this param-
eter depends on the erosion rate but also on the age of 
the crater [3]. For impact craters smaller than a hundred 
meters, target properties may affect the initial 
crater/depth ratio [2]. In addition secondary craters are 
also supposed to be shallower than primaries [4]. 

However, to date, no large measurement set has al-
lowed to address this issue regardless of the planetary 
surface. Indeed extracting those morphology parameters 
on individual craters is time-consuming as it requires 
accurate topographic data for each crater. 

Here we propose a new automatic method providing 
large measurement set of depth/diameter ratio. We ex-
plain the method and its applications to the surface of 
Mars observed at high spatial resolution. As preliminary 
results we extract more than 3000 values of depth on 
different regions of Mars. We also discuss the limita-
tions as well as the perspectives of this study. 

Data and Methods: We use CTX (Context Camera) 
images from MRO (Mars Reconnaissance Orbiter) mis-
sion. After several year of mission, increasing coverage 
of the Mars surface by CTX images allows to create 
many digital elevation models (DEM) from two images 
taken on a different angle using stereo-photogrammetry. 
Those DEMs are associated with ortho-images that are 
aligned with the DEMs. 

All the management of CTX images from images 
download and calibration to DEM and ortho-images cal-
culation were done thanks to MarsSI facility [5][6]. 
MarsSI facility is using the AMES stereo-pipeline [7] to 
produce CTX DEMs and ortho-images on demand [5]. 
The calculated DEMs have the spatial resolution of the 
used CTX images (around 6 m/pixels). The resulted 
DEMs may have artifacts or bad pixels due to correla-
tion issues. In order to remove these artifacts, we 
resample the DEMs at 20 m/pixels. 

We perform impact crater mapping on the ortho-im-
ages under GIS environment (QGIS). Each crater is rep-
resented by a circle drawn from 2 points on the edge of 
the rim. We use a tool from GRASS software that ex-
tracts statistics from the associated DEM inside each 
crater circle. We extract for each crater the minimum, 
the maximum, the mean, the first and last deciles of both 
elevation and slope. 

The depth of the crater is calculated as the difference 
between the elevation minimum and maximum or be-
tween the elevation first and last deciles. The use of the 
first and last deciles aims to eliminate extreme values 
introduced by local perturbations such as boulders or ar-
tifacts from the DEM computation. The potential bias in 
precision of this automatic measurement on individual 
crater is expected to be compensated by the large num-
ber of measurements. 

 
Figure 1: Map of the investigated areas. We chose ar-
eas of interest (stars) and random sites (circles). 
 

We investigate several areas in different geological 
units, different latitudes and elevations in order to get a 
large set of data in different contexts (Figure 1). We an-
alyze Gusev crater and Meridiani Planum where erosion 
has been investigated in situ [8]. We also investigate 
high elevation calderas where the atmospheric pressure 
is lower and the volcanic nature of the rock is con-
strained. We finally select several random areas in No-
achian Highlands and in the north plains. The area stud-
ied in Sabaea Terra, displayed in blue in Figure 2, cor-
responds to the ejectas of a double-layered crater where 
auto-secondary crater production can be observed.  The 
second area, displayed in Figure 2 in red, is located in 
Tyrrhenum Terra on a ridged plain. 

Preliminary Results:  As preliminary results we 
present here the data set obtained on the area in Sabaea 
Terra and the area in Tyrrhenum Terra. Figure 2 repre-
sents the evolution of depth according to the diameter of 
the craters. The diameters of the studied craters range 
from 20 m to 1 km. The associated depths vary from 
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filled craters (0 m) to 300 m. The relation between depth 
and diameter seems to follow a scaling law as shown by 
the logarithmic scale. 

 

 
Figure 2: Evolution of the crater depth as a function of their 
diameter. Depth is calculated as the difference between the 
extremum  values of elevation The data set from Tyrrhenum 
Terra is represented as red dots and the data from Sabaea 
Terra is displayed in blue. The scaling law from Garvin and 
Frawley [9] for fresh craters is represented in green. 
 

As an indication, we compared our data with the 
scaling law of from Garvin and Frawley [9] (equation 
(1)) for depth of fresh craters on Mars. 

 
(1) 𝒅 𝑫 = 𝟎. 𝟐𝟏 ∗ 𝑫𝟎.𝟖𝟏	𝒊𝒇	𝑫 < 𝟕	𝒌𝒎 

 
All our measures lie under this scaling law suggest-

ing many craters have been modified. As the size of our 
data set will grow, we will be able to perform better 
comparison with this scaling law. 

The two sites present a very different distribution of 
the depths. The crater depths of Sabaea Terra site range 
in lower depths than. Tyrrhenum Terra site.  We propose 
here two hypotheses. This could be explained by a dif-
ference in the property of the impact target or by the oc-
currence of secondary craters in Sabaea Terra site that 
are supposed to be less deep than primaries [4]. Addi-
tional work will confirm either of the hypothesis. 

In order to further exploit our data, we introduce the 
depth frequency distribution, by analogy with the size 
frequency distribution. The bins of depth are created as 
a percentage of the maximum depth. Figure 3 represents 
Tyrrhenum Terra data in the depth-diameter space. The 
data show a wide range of depths for a same diameter. 
We can see that the number of craters increases for shal-
lower craters. Such depth distribution may be explained 
by the current erosion or infilling of small craters on 
Mars. This hypothesis needs further work to be con-
firmed.  

 
Figure 2: Distribution of the craters in the diameter-depth 
space. The result is expressed as the percentage of craters in 
each bin relative to the total number of craters. The depth is 
expressed as a percentage of the maximum observed depth in 
a specific diameter bin. 
 

Future works: In the near future, we will  calibrate 
our method comparing the depth found with our method 
with topographic profiles of a selection of craters. We 
will also collect data on additional regions to improve 
our data base of crater/depth ratios for craters smaller 
than 100 m. To do so we will perform new crater map-
ping on other areas of Mars trying to cover a wide range 
of ages and current climatic conditions (temperature, 
wind...). We will also investigate other diameter ranges 
down to CTX range by using HiRISE DEM and above 
CTX scale with HRSC and MOLA data.  

Conclusion: We developed a new method to auto-
matically extract statistics on crater morphometry. The 
method is powerful to extract large data set. The method 
applied on Mars, at multiple scales, will provide key 
clues on local erosion conditions or rock properties and, 
at large scale, on past sedimentary processes (ero-
sion/infilling). 
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