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Large impact structures on icy satellites differ radically from their terrestrial planet counterparts, and in so 
doing reveal much about icy satellite surfaces and cratering processes. A particularly persistent puzzle has been 
the nature and origin of palimpsests on Ganymede and Callisto. Palimpsests, circular low albedo scars with 
very low relief, are prime targets for observation by Galileo. Internal structure or composition may be 
important in controlling crater morphology [1,2]. In order to develop an up to date paradigm for palimpsest 
formation we have made a systematic study of large impact structures on these bodies, the first since 1982 [3], 
incorporating stereo observations and extensive measurements of basin ejecta and other basin structures. We 
find that the outer palimpsest boundary corresponds to the inner (pedestal) ejecta facies and basin morphology 
changed radically with time on Ganymede, perhaps due to decreasing thermal gradients. 
BASIN MORPHOLOGY 

Impact basins greater than 60 km in diameter occur in 4 morphologic types on Ganymede and Callisto. 
Central dome craters are the youngest, and have well developed ejecta, rims and central structures. Anomalous 
dome craters are similar in appearance except that definable crater rims are absent. Both types feature high 
albedo central domes embedded within central pit complexes [1,4]. Penepalimpsests are relatively bright circular 
features with poorly defined but mappable internal concentric structures (although it is not possible to identify 
crater rims specifically). The best imaged penepalimpsest, Nidaba (19", 124"), is defined by a roughly circular 
high albedo deposit with an outward facing scarp, similar to the neighboring palimpsest Memphis Facula. 
Palimpsests generally resemble penepalimpsests except that internal structure and relief are extremely subdued, if 
present at all. Ganymede (and Callisto) are the only bodies on which 4 different morphologic crater types occur 
within a given diameter range. The origin of this diversity is a central issue for icy satellite cratering. 

Stereo coverage was obtained by Voyager of at least one example of each basin type on Ganymede. All 
basins on Ganymede are anomalously flat compared to lunar craters (as are smaller craters [S]). No basin, 
including the multi-ring basin Gilgamesh (D=588 km), has relief exceeding 3 km. Some penepalimpsests may 
be modestly domed upward 1-2 km in the center, as in the case of the feature at 30°, 335' [6]. 
BASIN DIAMETERS AND THE ORIGIN OF PALIMPSESTS 

With the exception of palimpsests, all basin types have well expressed ejecta deposits. Using the well-defined 
relationship between rim diameter and radius of continuous ejecta [7], we have determined the nominal crater 
diameters for anomalous dome craters and penepalimpsests (Figure 1). In the penepalimpsest Nidaba, as well 
as other penepalimpsests, the nominal crater rim occurs interior to the bright circular albedo deposit, which we 
find coincides with the expected location of pedestal deposits (donut-shaped deposits adjacent to crater rims and 
within ejecta blankets that have outward facing scarps [8]). We conclude that the bright circular albedo deposit 
that defines palimpsests also corresponds to the equivalent of a pedestal deposit. Internal structures within 
palimpsests, where mappable, are at least consistent with this interpretation (Figure 1). 
BASIN AGES 

Palimpsests are found exclusively on older dark terrain, whereas penepalimpsests, anomalous dome and central 
dome craters are found on both older dark terrain and younger bright terrain. Crater counts for individual basins 
are subject to stochastic variations, but cluster according to morphologic class (Figure 2). Central dome craters 
have few to no superposed craters and are the youngest type of large crater and are the type forming today. 
Palimpsests are the oldest crater type, forming before bright terrain, but penepalimpsests formed later, around 
the time of bright terrain formation or shortly thereafter. Anomalous dome craters probably formed between 
penepalimpsests and central dome craters, although some may have formed recently. 
BASINS ON GANYMEDE AND CALLISTO 

There appears to be an evolutionary sequence in which relief and structure within large basins on Ganymede 
and Callisto became progressively more distinct, and the emplacement of anomalous bright material became less 
evident. In the cases of palimpsests and then penepalimpsests, bright material seems to be incorporated into the 
inner ejecta blanket. In younger craters, bright material is restricted to the central dome complex within the 
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central pit. In addition, whereas internal structures in older basins on Ganymede have a 0.5 ratio with respect to 
the crater rim, this ratio decreases to 0.2 to 0.4 in younger central dome craters. We propose that bright material 
is uplifted from depth (approx. 3-10 km [1,2]) and incorporated to varying degrees into the cratering process 
(into the ejecta blanket in older craters, the central uplift only in younger craters). This evolution may be related 
to thermal history and ice rheology. The low relief and lack of coherent internal structure indicates impact into a 
lithopshere much thinner or weaker than on rocky planets. Younger craters probably occur in stiffer crust, 
resulting in more coherent structural deformation and rim structures. Deep seated material is also stiffer due to 
declining heat flow, and is less mobile in the later stages of crater formation. There are several unresolved 
issues. Why are palimpsests (and penepalirnpsests) relatively uncommon and darker on Callisto (whereas central 
dome and anomalous dome craters occur in similar numbers on both satellites)? What is the role of impact 
melt? Why do anomalous dome craters have well defined central structures but lack topographic and structural 
rims? Why does the transition from penepalimpsests to central dome craters seem so abrupt? Why does the 
pitlrim diameter ratio decrease with age? Can these morphologic changes be translated into constraints on heat 
flow or thermal gradient? These and other questions may be answered by upcoming Galileo observations. 
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Figure 1 .  Correlation of ejecta, crater 
rim, and internal structure diameters for 
basins types on Ganymede. "Dome" is 
the central structure, with smooth 
deposit, frequently domed or bright; 
"pit" is a ring of massifs or an inner 
facing scarp exterior to the central 
smooth deposit; "pedestal" is the inner 
hummocky facies, and "ejecta" is the 
maximum extent of continuous ejecta. 

Figure 2. Crater size-frequency 
measurements for basins on Ganymede. 
Each curve represents an individual 
basin. Central dome craters have too 
few superposed craters to plot here. 
Anomalous dome craters have few 
superposed craters larger than 10 km, 
whereas penepalimpsests and 
palimpsests do. 
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