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Introduction: Voyager and Galileo imagery have 

revealed a wide variety of impact crater morphologies 
on Ganymede. Image analysis reveals that central 
domes, peaks, and pits are common interior morpholo-
gies of impact craters on this large icy moon [1-3]. 
However, the environmental factors responsible for the 
formation of such features are not well understood.  
The purpose of the current project is to create a catalog 
of all craters on Ganymede [4].  This catalog will in-
clude information on crater location, size, preserva-
tional state, ejecta morphology, and interior morphol-
ogy, and will be available in both ASCII and GIS for-
mats.  Data from this catalog will be used to investi-
gate possible environmental factors producing the 
various ejecta and interior morphologies.  The study 
we report on here attempts to explain the distribution 
of and possible conditions leading to the development 
of the various interior morphologies associated with 
the impact craters seen on Ganymede. 

Methodology:  Our efforts to date have focused 
on collection of the data to produce the crater catalog.  
Galileo Solid State Imager (SSI) data are the primary 
datasource, although Voyager data is being used to fill 
in coverage gaps.   These data are being used to iden-
tify and characterize impact craters on Ganymede.  To 
date, all craters larger than approximately 15 kilome-
ters in diameter have been characterized.  The final 
catalog will consist of all impact craters larger than 3 
kilometers in diameter. 

Data sources for this project include the Galileo 
SSI imagery from the Planetary Data System, US Geo-
logical Survey geologic maps, and the controlled color 
photomosaic map (1:15M scale) of Ganymede.  The 
location of each crater is noted, marked by the latitude 
and longitude of the crater center. An average crater 
diameter (measured from rim to rim) is computed for 
each crater, as well as the radial extent for each cra-
ter’s ejecta blanket. As image quality permits, central 
peaks, pits, and domes also are measured. The geo-
logic unit on which each crater is superimposed is ob-
tained from the USGS geologic maps. Each crater is 
classified as a simple crater, a complex crater, a multir-
ing basin, or a palimpsest. 

A general preservation classification system is in-
cluded in the catalog, which is patterned after the Mar-
tian crater preservation system [5]. Although the Mar-
tian system uses a 0 (almost completely destroyed) 
through 7 (extremely fresh) scale to gauge preserva-
tion, image resolution limits us to classifying Gany-
mede craters into only three divisions (1, 2, or 3). A 

crater with a value of one implies that the crater’s ma-
terial is highly degraded, while a value of three implies 
a fresh crater. 

Interior Morphology: A major aspect of this pro-
ject is the investigation of correlations between interior 
crater morphologic features and the environmental 
conditions under which they occur. This will be ac-
complished once the catalog is in its final stages of 
production.  Our current analysis is focusing on central 
dome, central peak, and central pit craters, all of which 
are associated with complex craters.  The subsequent 
sections discuss some of our preliminary results. 

Central Dome Craters: Central dome craters are 
characterized by having flat crater floors with an up-
lifted central complex.  The central complex is com-
prised of a central depression partially filled by a 
smooth, relatively bright dome [6, 7] (Fig. 1).  Craters 
that contain central domes are typically in the diameter 
range 16.0 km to 125.6 km. 

    
 
Fig.1. An exam-
ple of a central 
dome crater. Se-
ker, located at      
-41° latitude and 
351° longitude, 
has a dome di-
ameter of 21 km 
and a rim diame-
ter of 105 km. 

 
 
 
 

Thus far we have identified 67 craters containing 
domes. This includes 57 central domes, and ten “moat” 
craters, which consist of a central dome and an irregu-
lar depression on top. Sixty percent of the craters con-
taining domes have a preservation level of 2, implying 
that the craters are partial degraded. These craters’ 
ages span much of Ganymede’s history. The majority 
of the domes (44%) are located in the Galileo Regio 
Quadrangle (Jg-3). None, however, are found in the 
Perrine (Jg-2), Nun Sulci (Jg-5), or Hathor (Jg-15) 
quadrangles. 

Much of the material on which the dome craters 
are superimposed is mapped as either dark furrowed or 
dark undivided material. The dark furrowed material is 
rough, hummocky, and densely cratered. This material 
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is interpreted to most likely be composed of a silicate-
ice mixture. The undivided dark material includes 
other dark materials whose characteristics are difficult 
to identify due to poor resolution. This material lacks 
furrows but has linear depressions resembling grooves. 
This material is probably also a silicate-rich ice mix-
ture. 

Central Peak Craters: Central peak craters are 
characterized by an uplifted central peak complex, 
similar to central peak craters on other solar system 
bodies.  Central peak craters on Ganymede typically 
display raised rims and inward-facing rimwall slopes 
as well as flat crater floors, interrupted by the central 
peak complex [1, 8].  Our analysis has found central 
peaks in craters within the 11.0 km – 82.1km diameter 
range.   

We have thus far identified 212 craters with cen-
tral peaks on Ganymede. The majority of these craters 
(83%)  have a preservation level of 2, whereas only 
4% are fresh (level 1). Most peak craters are found in 
the Memphis Facula (Jg-7) and Uruk Sulcus (Jg-8) 
regions. However, no central peak craters have been 
seen in the Dardanus Sulcus (Jg-6) and Tiamut Sulcus 
(Jg-9) regions. 

Like the central dome craters, central peak craters 
are primarily found in dark and dark furrowed mate-
rial. However, these craters are also common on scab-
rous material. This is material that is similar to other 
dark cratered material, however the origin of surface 
features is unknown. 

Central Pit Craters: Central pit craters on Gany-
mede have an uplifted central complex containing a pit 
[1, 7]. Central pits have been seen in craters 20.0 km to 
91.8 km in diameter (Fig. 2).  These craters bear a 
morphologic resemblance to some pit craters observed 
on Mars [9] and one of our goals with this project is to 
compare pit crater characteristics between the two bod-
ies to determine the environmental conditions under 
which pit formation is favored. Central pits have been 
proposed to form by impact into ice-rich target mate-
rial [10], a theory which has recently gained support 
from numerical modeling of asteroidal and cometary 
impacts into ice-silicate mixtures [11]. 

311 craters with central pits have been identified 
thus far. Similar to the dome and peak craters, the ma-
jority (82%) of the pit craters have a preservation level 
of 2. There is a concentration of central pit craters in 
Galileo Regio (~38% of all central pit craters are seen 
here), but central pits show a wider distribution than 
that thus far obtained for central peak and central 
dome craters. 

Central pit craters are found superimposed on the 
same types of material as the dome and peak craters. 
The majority are found on either dark or dark furrowed 
material, while some are found on scabrous material. 

 
 
Fig. 2. An exam-
ple of a central pit 
crater. Located at  
-25° latitude and 
339° longitude, 
Khumbam has a 
central pit diame-
ter of 9 km and a 
rim diameter of 57 
km. 

 
 
Summary: Voyager and Galileo imagery provide 

valuable information about variations in crater interior 
morphologies across Ganymede. Although this project 
is still in its early stages, some interesting regional 
trends are already becoming apparent. The apparent 
concentration of central domes, central peaks, and cen-
tral pits on dark material, for example, suggests that 
these features may preferentially occur in material con-
sisting of ice-silicate mixtures rather than pure ice 
alone.  Completion of the crater catalog for Ganymede 
will allow further correlations between crater mor-
phologic features and environmental conditions to be 
investigated. 
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