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Introduction: Recent mapping of Saturn’s icy 
satellites reveals complex geologic histories on those 
bodies [1], and a determination of the sequence and 
ages of these events places important constraints on 
Saturn system history.  Great debate has arisen as to 
the source and flux of comets (and asteroids), the 
impact of which on these bodies is the sole means of 
estimating surface ages. Here, we report on mapping of 
the distribution and SFD of relatively young rayed 
craters (Fig. 1) on these bodies with the goal of 
ascertaining the source and SFD of the currently 
impacting population in the Saturn system. 
 

 
Figure 1. Two bright rayed crater on Rhea in 3-color image 
(top) and IR/UV ratio image map (bottom), indicting bluish 

(i.e., UV) spectrum.  Crater diameters: ~0.4 km. 
 
Two main source populations have been proposed 

(we ignore asteroids as these are not dynamically 
important under current conditions).  For a moon 
orbiting one of the large outer planets, Zahnle et al. [2] 
confirmed that cratering rates by a heliocentric 
population should be much greater (by 10 to 40 X) on 
the leading hemisphere than the trailing.  Conversely, a 
planetocentric population (dominated by secondary 
projectiles launched into Saturn orbit from these 
moons) will mostly return to the originating satellite 
[3].  Models show a weak 1:2 global cratering 
asymmetry for this “sesquinary” population favoring 
the hemisphere opposite the original source basin [3]. 

Methods:  Voyager mapping, limited to no better than 
1 km resolution over parts of these satellites, suggested 
worlds where bright (or even dark) rayed craters were 
absent.  Cassini global mapping by the first author at 
~400 m and in 3 colors at ~1 km resolutions extending 
from Infrared to UV [(IR; 0.930 µm), Green (GRN; 
0.568 µm), and Ultraviolet (UV; 0.338 µm), with the 
exception of the highest resolution mosaics for Rhea 
which use the IR1 (0.752 µm) filter] have been used in 
this study and allow us to map the global distribution 
of rayed craters down to ~3 km diameter.  Smaller 
high-resolution color mosaics at 100-300 m resolution 
allow us to map the density of smaller rayed craters 
down to <1 km in restricted areas. Cataloged data 
include: latitude, longitude, distance from apex, 
diameter, bright/dark classification, and the basic color 
characteristics of the deposit (i.e., whether enhanced in 
the IR, Gr, or UV portion of the spectrum. 

The basic criterion for a “rayed” crater is one that 
has an ejecta deposit consisting of relatively bright 
material or material of a distinctly different color 
radiating from its center and extending beyond the rim, 
like spokes on a wheel (Figure 1). These new maps 
reveal a number of large bright-rayed craters in the 20-
50 km range, but also revealed a more significant 
population of much smaller rayed craters at <5 km 
diameters.  Further, some of these rayed craters are 
revealed as color-features only (that is, they are 
detectable only in the color-ratio maps and are not 
prominent albedo features). 

Results: Our global ray distribution maps (Fig. 2) 
show similarities and differences between the three 
moons. Both Dione and Tethys show significant 
enhancement in rayed crater density on the leading 
hemipsheres by factors of ~4.  A similar enhancement 
may occur on Rhea but only by factor of 1 to 2.  
Limited higher resolution mapping appears to confirm 
this asymmetry for smaller reyed craters on Rhea.  
High concentrations of rays were found near longitude 
240° W on Dione, but leading side hi-res color 
mapping is not yet available to test the asymetry on 
either Dione or Tethys.  Rayed craters are identifiable 
on Mimas, Phoebe and possibly Enceladus but global 
maps are not yet possible.   

While there are several color “types” among the 
rays identified, two types are especially common on 
these moons. On Dione, nearly twice as many ‘RG’ 
craters (red in the IR/UV, green in the Gr/UV) were 
found as ‘BB’ craters (blue in both the IR/UV and 
Gr/UV). This is in contrast to Rhea, on which there 
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were ~7 times as many ‘BB’ craters found as ‘RG’. 
Tethys has about twice as many ‘BB’ as ‘RG’ craters. 

 

Figure 2:  Global maps of rayed craters on Tethys, Dione, 
and Rhea.   Small points are those mapped only in high-

resoluion mosaics.  Circled craters are Creusa and Inktomi, 
the two largest rayed craters. 

 
Discussion: Concentrations on the leading 

hemispheres on Dione Tethys and Rhea of ~2 to 4 are 
broadly consistent with those predicted for a 
planetocentric population by Alverellos et al. [3]. 
However, no prominent source craters or basins have 
been identified on the opposing (i.e., trailing) 
hemispheres. Likely relatively young source craters 
(Creusa on Dione and Inktomi on Rhea) are on the 
same hemisphere as the highest concentration of 
putative return secondary impactors, contrary to the 
expectation of Alverellos et al. [3].   

Heliocentric impactors are expected to produce a 
much higher concentration of craters on the leading 
hemispheres of synchronous satellites [2] than those 
observed here.  One mechanism to reduce the expected 
asymmetry to the observed asymmetry would be to 
“depopulate” the leading hemisphere by another 
process. In this case, E-ring dust deposition is a likely 
cause of rapid ray erasure [4,5] as is bombardment of 

the trailing hemisphere by charged particles [eg., 4].  
Because the relative rates of surface alteration on the 
trailing and leading hemispheres are unknown, 
differential ray erasure, if it occurs, would make crater 
ray distribution unusable for identifying source 
populations.  That we observe similar asymmetries and 
also rays within equatorial bands currently being 
altered [4] suggests we are seeing a real effect. 

The size-frequency distribution of rayed craters 
(Fig. 3) is distinctly shallower (cumul. slopes ~-2) than 
observed for the global crater populations generally 
[6].  This is true for all satellites at all sites and all size 
ranges up to ~40 km, including Iapetus, where rayed 
craters may simply be part of the general system-wide 
population of young craters.  The consistency implies a 
common source population but its identifiaction 
remains elusive.  A model SFD for the populations 
prodcued by sequinary craters [3] would be ideal for 
comparison with our observed results.  If heliocentric, 
the population is severely depleted in small objects.  
Mapping of a putative sesquinary population could 
enhance models of their fate.  Additional global color 
and extended high resolution color mapping in 
upcoming encounters will be key in testing global 
asymmetries at all size ranges and improving the 
understanding of the populations of small craters in 
general and rayed craters in particular. 

 

 
Figure 3.  R-plot of rayed crater size-frequncy 

distributions on icy Saturnian satellites. 
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