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Introduction: The middle-sized icy satellites of 

Saturn occupy an important niche in solar system 
studies.  This is true also in our understanding of  
impact crater formation, where the low to moderate 
surface gravity (g ~ 8-to-30 g/cm3) of these satellites 
gives us  the opportunity to study the role of surface 
gravity in crater modification on ice-rich targets [1, 2, 
3] (in much the same way that study of the large 
asteroids Ceres and Vesta will allow us to study 
modification on silicate-rich targets). Global mapping 
an high resolution Cassini imaging data are now 
available on the PDS.  Geometric calibration and 
control required to make use of these data for accurate 
measurements of impact crater features are now largely 
complete.  Stereo and photoclinometric mapping of 
topography is in progress and we report initial results 
here. 

 

 
Figure 1.  Preliminary digital elevation map of a 
portion of Iapetus (imaged in Saturn-shine).  Total 
range of topography displayed ~10 km.  Note the 
prominence of the 10-km high central peak in the 250-
km-wide, 10-km deep crater at upper center. 

 
Depth/diameter and Viscous Relaxation: 

Previous Voyager-based work on Saturnian satellite 
impact crater morphology and morphometry [1, 2, 3] 
has shown the first order differences in crater 
morphology on icy targets and highlighted several 
important tests to be made by Cassini.  Schenk [1] and 

Moore et al. [3] documented limited evidence for 
viscous relaxation on Dione.  Relaxed topography on 
small icy satellites would be an important indicator of 
thermal history.  To complete the survey of relaxed 
craters we are mapping large crater morphology on 
Mimas, Tethys, Dione, Rhea and Iapetus.   Our chief 
tool for mapping topography of large basins is digital 
photogrammetry (Figure 1). 

We compare large basin morphology on the 
satellites in groups according to surface gravity.  
Impact crater shapes on Rhea and Iapetus are similar 
(Fig. 2).  Of the large basins examined to date, we find 
no evidence of significant reduction in crater depths.  
Tirawa at ~6 km depth (D~450 km) is somewhat 
shallower than the general trend.   The large basin west 
of Tirawa, and the 250-km-wide central peak basins 
Izanagi, and Izagami, all have depths of 7-10 km, 
consistent with unrelaxed depths.  The two large 
leading hemisphere basins, including Tirawa, all have 
bowed floors, however, including central complexes 
that are 5-10 km high and exceed the local mean 
elevation.  This may be evidence of long-wavelength 
relaxation in thick lithospheres.   The large basins on 
Iapetus are all quite deep and unrelaxed.  
 

 
Figure 2.  Depth diameter curve for craters on Rhea 
(blue squares) and Iapetus (red dots).  Open symbols 
represent large basins.   
 

The story on Tethys and Dione is rather different.  
Fresh unmodifed craters here are slightly deeper than 
on Rhea and Iapetus, as expected from gravity scaling 
[4].  However, there is abundat evidence for regional 
relaxation of impact craters.  Odysseus, the 450-km-
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wide relatively young basin on Tethys is 8-km deep 
[1], but an older 300-km-wide basin just east of Ithaca 
Chasma is only 4 km deep (Fig. 1), almost half as deep 
as predicted.  This could be due to post-impact 
modification by numerous later impacts, or relaxation 
in a much older satellite, possibly related to smooth 
plains formation.  Evidence for crater elaxation is 
prevalent throughout smooth plains on Dione, 
however.  The large south polar basin (D~350 km) is 
only ~4 km deep, roughly half the depth expected.  
Despite its apparent youth (there are few if any 
superposed impacts), this basin is not nearly as deep as 
it should be.  Several 40-100 km diameter craters on 
smooth plains are also very shallow (1-3 km depth).   

Mapping of Mimas has just begun.  We confirm 
that Herschel is ~15 km deep and is probably not 
relaxed.  Large craters on Mimas are deeper than 
comparable craters on Enceladus.  Many craters on 
Enceladus are relaxed, many of these along the edge of 
heavily cratered terrains.  Much work remains, 
however. 

 

 
Figure 3.  Depth diameter curve for craters on Tethys 
(blue squares) and Dione (red dots).  Open symbols 
represent large basins or relaxed craters.  
 

Morphologies:  The prominence of central peaks 
on the mid-sized satellites, first noted by Schenk [1] 
and others, is confirmed by Cassini.  Central peaks 
inlarger craters can be as high as 10 km, many of 
which rise above the local mean elevation.  
Simultaneously, Cassini has revealed little evidence of 
terrace formation.  Clearly floor uplift dominates over 
rim collapse in complex crater formation [1].   The 
question remains:  does rim collapse occur as 
incoherent debris sliding (rather than terrace block 
sliding) or is true rim collapse negligable?    

Large irregular central mounds appear to be a 
phenomonon restrcited to Enceladus [7].  These 
mounds are 1-3 km high and are crossed by fracture 

sets similar to those in large central peaks on 
Ganymede [4].  Their morphology is not consistent 
with uplifted central peaks in relaxed craters on Dione, 
suggesting that either uplift of unusually ductile 
material during impact or subsequent extrusion of 
“volcanic” material throught the crater floor [4] is 
repsonsible for their formation on Enceladus. 

Pancake (formerly pedestal) ejecta have been 
observed on smooth plains on Dione.  These ejecta 
deposits, once known only to the Galilean satellites [8, 
9], now appear to be common to icy satellites.  Their 
lack of obviousness  on other satellites is most likely a 
problem of recognition on these rugged heavily 
cratered surfaces. 

The cratering record of the Saturnian satellites is 
complex and each body appears to record its own 
unique history.  Our early results point to similarities 
in the histories of Rhea and Iapetus, although detailed 
examination has only begun.  The cratering record of 
Tethys Dione, Encealdusm, and Mimas, however, all 
record major differences, consistent with geologic 
mapping [e.g., 10]. 
 

 
Figure 4.  Preliminary digital elevation model (color-
coded) for the anti-Saturnian hemisphere of Rhea.  
Total relief displayed ~10 km.  This region is 
dominated by two large basins, including a 450-km 
basin (right) and Tirawa (400-km-wide).  Note the 
prominent central complexes in both basins.  
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