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Introduction:  Morphologic variations among im-

pact craters yield important insights into the character-
istics of planetary crusts.   Central pit craters are com-
mon on bodies with volatile-rich crusts, including 
Mars and icy moons such as Ganymede and Callisto. 
Several models for central pit formation have been 
proposed, including release of impact-generated gases 
during crater formation [1, 2], collapse of a central 
peak in the weak icy crust [3], excavation into an un-
derlying liquid layer [4, 5], and impactor properties 
[4].  We are conducting a study of central pit craters on 
Ganymede and comparing the results to central pit 
craters on Mars to provide better constraints on the 
environmental conditions under which central pit cra-
ters form on these two bodies.   

Survey of Central Pit Craters on Ganymede:  
We are compiling a catalog of impact crater morphol-
ogic and morphometric information for Ganymede 
using Galileo and Voyager data [6].  The Catalog cur-
rently contains 5441 craters, of which 432 (~8%) are 
classified as central pit craters.  Central pit craters are 
those which display a central depression within the 
crater (Fig. 1).   

Martian central pit craters are classified as either 
floor pit craters, where the pit lies directly on the crater 
floor, or as summit pit craters where the pit lies atop a 
central peak or other rise [7].  At the resolutions used 
in this study, central pit craters on Ganymede are al-
ways floor pit craters—we have seen no evidence of 
summit pit craters on Ganymede.  However, most cen-
tral pit craters on Ganymede display updomed floors, 
with the pit lying near the center of the dome.  This 
updoming is almost certainly due to post-impact re-
bound of the ice-rich target [8].  A topographic study 
of martian central pit craters shows no evidence of 
crater floor updoming, consistent with much lower ice 
concentrations in the martian crust (estimated at ~15-
20% from layered ejecta deposit studies) [9].  These 
observations indicate that central pits form in targets 
with a wide range of ice concentrations.   The absence 
of central pit craters on volatile-poor bodies such as 
the Moon and Mercury indicate that target volatiles are 
necessary in the formation of central pits. 

 
 

Figure 1:  Example of a central pit on an updomed 
crater floor on Ganymede. 

 
Distribution of Central Pit Craters: Our prelimi-

nary results show no strong latitudinal or regional 
trends in the distributions of central pit craters on 
Ganymede.  No statistically significant variations in 
central pit crater concentration is seen on bright versus 
dark materials.  We are still investigating whether 
there are any significant variations with geologic unit. 
The lack of any obvious regional concentrations in 
central pit crater distribution suggest that either the 
target material across Ganymede is relatively uniform 
to depths of a few kilometers (the excavation depth of 
these craters) or that variations in the near-surface sub-
structure do not affect central pit formation.  This has 
implications for the model suggesting that central pit 
formation requires layered target materials. 

Sizes of Central Pit Craters: Central pits are seen 
in craters in the 5 to ~100 km diameter range.  The 
frequency of central pit craters peaks near a crater di-
ameter of 35-40 km (Fig. 2).  Contrary to reports from 
Voyager-based studies, craters within the diameter 
range of central pit craters can also display other inte-
rior morphologies such as central peaks.  Therefore, 
the argument that central pits form in place of central 
peaks within their specific crater diameter range is 
unsupported from our analysis. 

Central pit craters on Mars range from 5 to 57 km 
in diameter with a frequency peak in the 10-15 km 
diameter range.  Mars’ gravitational acceleration is 2.6 
times greater than that of Ganymede.  The frequency 
peak in diameter for Ganymede is about 3 times 
greater than that for Mars.  Therefore, the greater di-
ameter range and larger diameter at peak frequency for 
central pit craters on Ganymede is probably simply 
related to the lower gravity of the moon relative to 
Mars.   
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Figure 2:  Central pit (Cp) craters on Ganymede range 
in diameter from 5 to ~100 km.  The frequency of Cp 
craters peaks in the 35-40 km diameter range. 

 
Pit Diameter to Crater Diameter:  The size of the 

pit may provide constraints on the formation mecha-
nism of these morphologies.   We therefore have meas-
ured the diameter of central pits (Dp) and ratioed them 
to the parent crater diameter (Dc).  Fig. 3 shows the 
distribution of Dp/Dc for the 432 pit craters in this 
study.   Values range from 0.11 to 0.38, with a median 
of 0.19.  Dp/Dc values for martian central pit craters 
tend to be lower: floor pits have Dp/Dc between 0.07 
and 0.28 with a median of 0.15 while Dp/Dc for sum-
mit pits range between 0.05 and 0.19 with a median of 
0.11 [7].  Comparing these results indicates that Gany-
mede central pits are typically larger relative to their 
parent crater than martian central pits.  The difference 
is much less than 2.6 and therefore is not clearly re-
lated to the difference in gravity between the two bod-
ies.  The larger pit diameters on Ganymede may be 
related to the higher ice concentration in the target or 
to higher impact velocities of the (mainly cometary) 
projectiles. 
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Figure 3: Comparison of pit diameter (Dp)-crater di-
ameter (Dc) ratios for central pits on Ganymede.  

Implications for Pit Formation Models:  Our 
preliminary results for central pit craters on Gany-
mede, combined with results from the corresponding 
study of martian central pit craters, provide constraints 
on the various formation models for these features.  
The model proposing layered targets with liquid layers 
at depth [4, 5] appears contraindicated by the lack of 
any regional variations in central pit occurrence on 
either Ganymede or Mars.  Collapse of a central peak 
in a weak ice-rich target [3] could explain the presence 
of central pits on Ganymede, but the existence of 
summit pit craters on Mars argues against the opera-
tion of this mechanism there.  In addition, we find cra-
ters with the same diameter on Ganymede can show 
either a central pit or a central peak, so the target mate-
rial is apparently strong enough to support some cen-
tral peaks.  Vaporization of subsurface volatiles during 
crater formation [1], supported by high temperature 
gradients under the transient cavity in numerical simu-
lations [2], remains a probable mechanism for the for-
mation of central pits.  However, the question arises 
why central pit craters occur near craters of similar 
size and preservational state (a proxy for crater age) 
which do not display a central pit.  Projectile charac-
teristics, such as impact velocity, combined with the 
presence of target volatiles may help explain the ob-
served characteristics and distributions of central pit 
craters on Ganymede and Mars.  Our continued analy-
sis of central pit craters on various worlds will help us 
to further refine the conditions under which these mor-
phologies occur. 
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