
IMPACT CRATER MORPHOMETRY ON MERCURY FROM MESSENGER OBSERVATIONS.  Hannah 
C. Susorney1, Olivier S. Barnouin2, Carolyn M. Ernst2, James W. Head III3. 1Montana State University, Bozeman, 
MT 59717, USA (hannah.susorney@msu.montana.edu); 2The Johns Hopkins University Applied Physics Laborato-
ry, Laurel, MD 20723, USA; 3Brown University, Providence, RI 02912, USA. 

 
Abstract: The MErcury Surface, Space ENviron-

ment, GEochemistry, and Ranging (MESSENGER) 
spacecraft has obtained extensive coverage of the to-
pography of Mercury’s northern hemisphere with the 
Mercury Laser Altimeter (MLA), and high-resolution 
images of the surface have been obtained with the 
Mercury Dual Imaging System (MDIS). By combining 
altimetry and images, several aspects of crater mor-
phology can be quantified and compared across the 
surface of Mercury to further the understanding of 
crater formation and modification. 

Introduction: Mercury’s impact craters have been 
studied in detail from Mariner 10 images [1–3] and 
MESSENGER flyby data [4]. Earlier studies of the 
relationship between the depth and diameter of impact 
craters on planetary bodies drew attention to the role of 
surface gravitational acceleration in driving transitions 
in crater morphology with increasing crater diameter 
[2]. Whereas gravitational acceleration appears to 
dominate many aspects of impact crater morphology, 
variations in target lithology and impact velocity may 
also yield differences in crater morphology across a 
given body [2, 3, 5]. Exploring and quantifying crater 
diameter, depth, rim height, central peak and ring 
height, and wall width may yield evidence for the role 
of bolide velocity and surface lithology in the observed 
crater morphologies. When such measurements are 
combined with crater degradation state, the influence 
of longer-term modification processes can also be ex-
plored. 

 

 
Figure 1. Schematic of crater dimension measure-
ments using both MLA and MDIS data for an unnamed 
crater 28 km in diameter. 

 

Methods: We measured the dimensions of 189 
northern-hemisphere impact craters ranging in diame-
ter from 3.9 to 196 km. Each crater’s features were 
measured by coregistering MLA data with high-
resolution MDIS data. Figure 1 illustrates how the 
crater’s depth (d), rim height (h), and central uplift 
height (r) were measured from the MLA transects. The 
crater rim (D) and floor (Df) diameters were measured 
by tracing their respected outlines in MDIS images and 
fitting a circle by least squares. To calculate the wall 
width (w) of each crater, the floor diameter of the 
crater was subtracted from the overall crater diameter 
and divided by two. For most craters, three MLA 
tracks were used to create average values for all fea-
tures, except central uplift height, for which only those 
tracks intersecting the highest point on the central peak 
or ring were included. Crater degradation state was 
noted by application of the Trask 1-5 scale [6, 7], with 
5 representing the freshest craters and 1 the most de-
graded. 

Results: The d/D relationship of craters from this 
study is shown in Fig. 2. The magnitudes of d for large 
impact craters (D > 50 km) are smaller than those 
measured in previous studies from Mariner 10 images 
[1], but they are consistent with results from 
MESSENGER flyby data [4]. The new results also 
indicate that some small, fresh craters are deeper than 
those observed during the MESSENGER flybys [4]. 

 

 
Figure 2. Depth/diameter relationship of impact cra-
ters measured in this study compared with previous 
results [1, 4]. 

 
At a given diameter, there is a broad range in depth 

for even the freshest craters. In some cases, fresh fea-
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tures are less deep than their older counterparts, contra-
ry to usual expectation that older craters are more de-
graded and thus shallower.  

A comparison of the two similarly sized craters 
Cunningham (D = 36 km) and Fonteyn (D = 29 km) 
illustrates some of these findings. Cunningham formed 
in the smooth plains of Caloris basin, whereas Fonteyn 
formed in a more heavily cratered terrain. Although 
both are fresh, rayed craters, they possess different 
depths (Cunningham d = 1.86±0.08 km; Fonteyn d = 
2.28±0.15 km). Cunningham also displays a larger 
central uplift (r = 1.6 km) than Fonteyn (r = 0.5 km). 

Consideration of other crater attributes shows that 
fresh simple craters (classes 3–5 with D < 12 km) pos-
sess rim heights that increase steadily with D. In con-
trast, complex craters in the freshest classes (classes 3–
5 with D > 12 km) show limited variation in rim 
heights, a slight increase in central uplift heights, and a 
substantial increase in wall width with increasing D 
(Fig. 3). 

Conclusions: The variations in impact crater mor-
phology at a given diameter point to either a variation 
in target mechanical properties across the surface of 
Mercury or a variation in the impact velocity of bo-
lides. The craters Fonteyn and Cunningham formed in 
different terrains, and perhaps the older, more degrad-
ed terrain in the Fonteyn target area allowed the im-
pactor to penetrate deeper than into the fresh volcanic 
plains of the Caloris basin at Cunningham. Other crater 
comparisons reveal that differences in crater morphol-
ogy are not consistently associated with target litholo-
gy and that some bolide property, perhaps impact ve-
locity, is important [8]. Experimental work has shown 
that higher impact velocities generate shallower transi-
ent craters [3, 9]. The wide range of velocities ex-
pected on Mercury combined with the observed range 
in depths of fresh craters could be evidence that such 
an effect has produced some of the variations in crater 
morphology on Mercury. Careful investigations are 
warranted to attempt to disentangle effects of target 
lithology from impact velocity. 
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Figure 3. Rim height (top), wall width (middle) and 
central uplift height (bottom) versus diameter of craters 
measured on Mercury. Simple bowl shaped craters are 
not included in the wall width measurements. 
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