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Introduction:  Analyzing the impact crater distri-

bution on each Saturnian satellites is currently the only 
means to decipher the geologic history of these satel-
lites. Here we present our previous [1,2] and new cra-
ter counts from Cassini ISS images in order to provide 
new constraints into geologic histories. 

Data:  Enceladus counts were performed on a con-
trolled global mosaic (100 m/pxl). This base map was 
divided into 7 geological units identified as either 
cratered plains (cp) or ridged plains (rp). Cratered 
plains are distinguished by their relatively higher den-
sity of craters and ridged plains by the presence of 
ridges and relatively lower density of craters. Mimas 
counts were compiled from a 400 m/pxl controlled 
global mosaic. Rhea, Tethys and Phoebe counts are 
from a selection of high-resolution images ranging in 
resolution from 20 to 200 m/pxl. Dione cratered plains 
counts are from a 500 m/pxl hemispheric mosaic and 2 
high-resolution images 18 and 25 m/pxl in resolution. 
Dione smooth plains (sp) counts are also from the 500 
m/pxl hemispheric mosaic. 

Results:  Fig. 1 shows the cumulative and relative 
(R) size-frequency distributions of the impact craters. 
These plots allows us to compare the relative densities 
and pattern (or shape) of the distributions. First, we 
find that the data indicate Enceladus’ geologic history 
has been very different from, and more active than, the 
other satellites, which ties in well with the differences 
in activity we see today [see 3]. The most obvious evi-
dence is the ridged plains. These terrains have a much 
lower density than the cratered plains on any of the 
other satellites (Fig. 1). We have computed the age of 
these terrains (and all others presented here; Table 1) 
using the method of Zahnle et al. [4] to get an estima-
tion of when resurfacing likely occurred. The ages in-
dicate that resurfacing, whether it be cryovolcanic or 
tectonic [see 3], occurred with a regular frequency and 
has progressed southward with time. The only other 
“young” terrain we have examined so far is an area of 
smooth plains on Dione (Fig. 1). This terrain, however, 
is still >2 Gyr old (Table 1), implying that Dione has 
not been active for quite some time.  

The ridged plains, however, are not the only indica-
tor of Enceladus’ activity. Enceladus’ cratered plains 
also show differences in shape of the curve on the R-
plot from cratered plains on other satellites (Fig. 1). 
The Enceladus data show a turndown of the R-values 
at small (≤ 2 km) and large (≥ 6 km) diameters. These 
differences are likely due to some type of geologic ac-

tivity, but what type is yet unclear. Burial of the craters 
by plume material could remove small craters from the 
record. Indeed, many small craters on Enceladus ap-
pear “subdued or “mantled” at high resolution, sug-
gesting burial by plume fallout. Furthermore, viscous 
relaxation could remove larger craters from the record 
[5].  

Examining the spatial distribution of the impact 
craters in Enceladus’ cratered plains provides addi-
tional evidence of Enceladus’ past activity (Fig. 2). 
The equatorial region appears to have a lower density 
of craters with D ≥ 2 km than the mid-latitude regions 
of the cratered plains unit. This implies that some, yet 
unknown, type of geological activity has preferentially 
erased craters from the equatorial region in the cratered 
plains. When we date the regions, we find that the ac-
tivity in the equatorial region likely happened ≤ 1 Gya. 

Figure 1. Cumulative (top) and relative (bottom) size-
frequency distributions. The relative plot (R-plot) shows 
the ratio of the actual distribution to a distribution with a 
cumulative slope of -3. sp – smooth plains; rp – ridged 
plains; otherwise cratered plains units. 
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Future work will continue to examine Enceladus’ im-
pact crater distribution and dynamics to hopefully find 
an explanation for the past geologic activity behind 
these unique characteristics. 

 
Table 1. Terrain Ages in Gyr 
 D ≥ 2 km D ≥ 10 km 
 A B A B 
Mimas -- -- 4.35 1.33 
Enc-cp-mid 4.56 0.93 3.97 1.01 
Enc-cp-eq 4.49 0.55 1.41 0.20 
Enc-rp6 2.04 0.08 1.80 0.27 
Enc-rp5 1.27 0.05 -- -- 
Enc-rp4 0.91 0.03 -- -- 
Enc-rp3 1.19 0.04 -- -- 
Enc-rp2 0.77 0.03 -- -- 
Enc-rp1 0.44 0.01 -- -- 
Tethys 4.56 2.05 4.36 1.73 
Dione-cp 4.55 1.43 4.56 3.40 
Dione-sp -- -- 4.44 2.00 
Rhea 4.56 2.30 4.56 4.05 
Phoebe 4.56 4.56 4.56 4.56 

 
Meanwhile, another important implication of the 

counts we have performed so far is that the impact cra-
ter distribution of Dione’s smooth plains has a similar 
shape to the cratered plains (Fig. 1), even though they 
are younger (Table 1). This implies that the size-
frequency distribution of the impactor population strik-
ing Dione did not change over the time period repre-
sented. We also found evidence that the impactor 
population was likely the same throughout the Sat-
urnian system because the shapes for the cratered 
plains of Rhea, Dione, Mimas and Tethys are all simi-
lar. Knowing whether or not the impactor population 
has changed is important for estimating the values used 
in calculating surface ages [4].  

Finally, we find that Phoebe has a dip in R-values 
at D ≈ 1 km that is not present on the other satellites 
examined here. The dip, however, does seem to be 
common on the smaller irregular satellites, such as 
Hyperion and Epimetheus [6], which may be a clue to 
what is causing this feature. Future work will include 
compiling the distribution on these other satellites our-
selves for a more accurate comparison and investigat-
ing hypotheses for this unique distribution. 

Conclusion:  The cratered plains of Dione, Rhea, 
Mimas and Tethys are likely produced by the same 
population of impactors according to the similarities of 
the distributions (Fig. 1) and they have very old sur-
faces (Table 1). We also conclude that the similarity of 
the distribution of Dione’s smooth plains to the 
cratered plains (Fig. 1) indicates that the impactor 

population did not change over the time frame repre-
sented (Table 1). Dione’s smooth plains are likely a 
result of some type of resurfacing, but the activity was 
at least 2 Gya (Table 1). The unique characteristics of 
Enceladus’ cratered plains and the young ages of the 
ridged plains (Figs. 1,2 and Table 1) indicate that 
Enceladus has had a long and geologically active past. 
The cratered plains appear to be “missing” impact cra-
ters ≤ 2 km and ≥ 6 km relative to the other satellites 
and the equatorial region appears to be less densely 
cratered than the mid-latitude regions. These features 
could be caused by some, yet unknown, past geologic 
activity or possibly continual burial of the smaller cra-
ters by plume material. If the latter is occurring, then 
studying the impact crater distribution could provide 
an indication of how long the plume activity has been 
occurring. Finally, Phoebe has an impact crater distri-
bution with a dip in R-values at D ~ 1 km, that is not 
found on the other satellites studied here (Fig. 1). It 
may be present on the other small irregular satellites 
[6], which could provide additional clues to the cause 
of this feature, which is so far unknown.  

Future work will include compiling crater distribu-
tions from medium-resolution global mosaics for Di-
one, Rhea, Tethys, Iapetus and Phoebe to compare 
these counts and determine if two different impactor 
populations [e.g., 7] are identifiable. These databases 
will also be used to make spatial distribution plots like 
Fig. 2 to search for subtle changes in the impact crater 
distributions on these satellites.  
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Figure 2. Impact crater density map showing the num-
ber of craters ≥ 2 km per unit area in the cratered 
plains unit on Enceladus. Created using a counting cir-
cle analysis (10º radius). Hot colors indicate higher 
densities, while cool indicate lower densities. White 
designates regions where no data is available. 
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