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Introduction:  Confident measurement of crater 
depth and diameter is important for understanding 
cratering mechanics, the role of target properties, 
and post-impact modification processes [1, 2].  
Virtually all impact craters exhibit irregularities in 
their planforms due to, in varying degrees, target 
property variability, the degree of erosion, and/or 
non-normal impact trajectories.  Here we compare 
the use of Mars Orbiter Laser Altimeter (MOLA) 
Precision Engineering Data Record (PEDR) ele-
vation data to geometric data derived from digital 
elevation models (DEMs) produced from stereo 
Context Camera (CTX) and High Resolution Im-
aging Science Experiment (HiRISE) images.  Our 
DEM measurements were made from 20 new 
CTX DEMs, as well as 6 publically-available 
HiRISE DEMs.  We include craters formed on a 
diversity of terrains, including the northern plains 
(Utopia Planitia), Chryse Planitia, lava flows as-
sociated with the Tharsis and Elysium volcanoes, 
as well as ridged plains materials in Lunae and 
Syria Planitia.   Total crater depth (dt) is defined 
as distance from the highest point on the rim crest 
to the lowest point on the crater floor.   
 

 
Fig. 1:  Comparison of crater depths using the raw 
PEDR MOLA shots and our measurements from the 
CTX and HiRISE DEMs. 
 
Depth Measurements: Fig. 1 compares the ge-
ometry of 31 craters measured using the PEDR 
MOLA profiles and the CTX/HiRISE DEMs, and 
Fig. 2 compares measurements of depth/diameter 

(dt/D) for the same craters using two different 
values for the diameter (i.e., PEDR and CTX).  
These craters range from 1.2 km to 25.6 km dia. 
(as measured from CTX data), all lie within 50 
degrees of the equator and 13 are within 20 de-
grees.  All of these craters possess ejecta blankets 
(and thus have not been significantly modified by 
erosion). For each MOLA PEDR measurement, 
we selected the laser profile which comes closest 
to the center of the crater and took the single low-
est data point for the crater floor compared to the 
highest point on the rim.  For the DEMs, we use 
the twice the average of 360 measurements of 
crater radius at 1-degree azimuths around the rim 
to estimate the diameter.   
 

 
Fig. 2:  Crater depth/diameter (dt/D) values for same 
craters included in Fig. 1. (a) compares values derived 
using PEDR dt/PEDR D to the PEDR dt/CTX D.  (b) 
Compares MOLA PEDR to CTX dt/D values. 
 

Apparent from Figs. 1 and 2 is the under-
estimation of crater depth using the MOLA data, 
as well as an under-estimation of crater diameter 
using the PEDR data.  From the DEMs, we find 
that depths can be >100% larger as measured 
from the DEMs, with the result that the dt/D val-
ues may be >400% the MOLA values.  We attrib-
ute these differences to two factors: (1) As shown 
in Fig. 3, it is often the case that the MOLA pro-
file does not cross through the center of the crater.  
Thus the depth is underestimated as it is measured 
on part of the inner crater wall rather than the 
floor.  This is often the case for craters <~5 km 
dia., where the cross-track spacing of the PEDR 
shots may be ~2 km at low latitudes [3].  (2) Ac-
curate measurement of the dt also requires that the 
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MOLA shots hit the topographic crest of the rim.  
This is rarely the case, because of the 300 m spac-
ing between the shots and the 160 m spot size [3].  
In contrast, use of the contour maps produced 
from the DEMs allows the true highest point of 
the rim to be determined, as well as the lowest 
point of the crater floor. 
 

 
Fig. 3:  Examples of individual MOLA tracks across 
craters of different diameters.  Faint dots indicate all of 
the MOLA shots in the area, and black dots indicate 
data used for each profile.  a)  3.9 km diameter crater 
(15.1oN, 98.2oE) where four profiles cross the central 
part of the crater floor.  Base image is THEMIS 
V28627019.  b) 4.1 km diameter crater (8.8oN, 
181.3oE) where only one MOLA profile crosses the 
interior of the crater, with the data falling on the inner 
wall rather than the crater floor.  Base image is 
THEMIS V53698016.  c) Multiple MOLA profiles 
cross this 9.3 km crater (29.6oN, 116.5oE), allowing 
both dt/D and multiple measurements of the rim crest.  
Base image is THEMIS V28876009.   
 

Visual inspection of the craters studied here 
confirms that all of the deepest craters have prom-
inent central peaks and/or hummocky floors sug-
gesting that they are not heavily modified.  We 
note, however, that none of these craters possess 
small pits which have been linked to the freshest 
craters [4, 5]; our conclusion is that these craters 
are not the youngest craters on Mars and so may 
still have experience some infilling (reducing 
crater depth) and erosion (lowering the crater 
rim).  

 
Crater Geometry from DEMs:  For flat-floored 
craters, there appears to be two crater populations 
with some craters deeper than others at a given 
diameter.  Our best-fit relationships for craters 
D>5 km with the largest dt/D values (i.e., the least 
infilled) is dt = 0.5039 D0.7106 (N = 4) and for 
those craters which appear to be partially infilled 
craters is dt = 0.3747 D0.6493 (N = 17), with meas-
urements in kilometers.  For the 10 craters with 

D<5 km diameter, the best fit is dt = 0.2764 D0.8081 
(in km).  Typically, deviations from the norm 
have been attributed to lower dt/D values due to 
erosion and infilling of craters [6].  But Boyce et 
al. [7] also recognized this distribution, which 
they attributed to the deepest craters of any diam-
eter being formed in areas of high target strength. 
 
Conclusions: 
1. Measurements from individual MOLA pro-
files (i.e., PEDR data) should only be used with 
caution when the crater diameter is <~10 km.  
Inspection of the exact location of each profile 
with respect to the crater rim must be done before 
confident estimates of depth and rim height can 
be made.  For craters <~5 km, D will almost cer-
tainly be under-estimated because only a few pro-
files (or maybe even just a single profile) cross 
the crater interior, and often do not even cross the 
floor so that dt will be underestimated.  We note 
that we have also investigated the use of MOLA 
128th-degree DEMs [8] and find that dt/D values 
derived from this method differ even more from 
the CTX DEM values due to the interpolation of 
few data points. 
2. The DEM-derived dt/D relationships dis-
cussed here have higher values than previously 
reported [1, 2, 7 - 9], which used either MOLA 
PEDR or gridded 128th-degree data.  The most 
likely explanation is that by using the DEMs we 
can identify and use the highest point on the 
crater rim as well as the lowest point on the crater 
floor.  Even so, we note that the craters for which 
the DEMs are currently available are not “pristine 
craters” [2], so that it is likely that the geometric 
relationships reported here may still need revision 
once more CTX and HiRISE DEMs for the mor-
phologically freshest craters become available.   
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