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Extensive new crater counts have been carried out on Ganymede and Callisto to 
address the following objectives: 1) determination of the origin(s) of cratering populations 
in the Jovian system, and 2) compilation of the most accurate crater size distributions 
possible with Voyager imagery, particularly at  large diameters. 

Results. 1) Leading-Trailing Asymmetries: We have calculated the ratio in crater 
density, 6, between the leading and trailing apices by least-square fits for the following 
data sets on Ganymede: a) 6 = 4.1 f 1.1 for craters > 30 km in diameter (1) shown in 
figure 1, b) 6 = 1.11 f 0.01 for craters between 10 and 20 km on the dark terrain using 
our new counts, c) 6 = 1.00 f 0.21 for craters between 10 and 20 km on the dark terrain 
using data from (2), and d) 6 = 1.54 f 1.13 for craters between 10 and 20 km on the 
light terrain using data from (2). Crater densities on Callisto for all craters > 10 km 
show no statistically significant variations between leading-trailing edges or equator-pole 
(except near Valhalla), though (3) reports a leading-trailing asymmetry for craters > 60 
km (which would be statistically lost in our sample). 2) Crater Statistics: The new "R" 
plot for Ganymede and Callisto are shown in figure 2 with (4)'s curves for Ganymede. Our 
results virtually coincide with (4)'s curve for Callisto (not shown) below 60 km, though 
with substantial variation above 60 km. Our Galileo Regio curve roughly corresponds with 
(4)'s dark terrain curve except for the lltailll below 15 km, but corresponds closely with 
the curve found by (5). Our global dark terrain curve for craters > 30 km shows the 
same shape, but is a factor of 2 lower in density than our Galileo Regio curve, apparently 
reflecting a lower global average compared to the higher density in Galileo Regio in the 
leading hemisphere. Our global light terrain curve is very similar to the global dark terrain 
curve below 100 km and is statistically identical with the large crater data on Callisto. 
The upturn in the dark terrain curves relative to the light terrain above 100 km is entirely 
due to  palimpsests on the dark terrain. The difference may be due to: a) difficulties 
identifying palimpsests on the light terrain and on Callisto, b) incorrect choice of original 
rim for size of albedo patch, or c) most of the faint palimpsests are of internal rather 
than external origin. All three data sets show a broad arch at  diameters below 100 km, 
but with the peaks at  different diameters: - 30 km on Callisto, - 40 km on Ganymede's 
dark terrain, and - 50 km on Ganymede's light terrain. Subtraction of the light terrain 
curve from both the Callisto and Ganymede dark terrain yields nearly identical curves for 
each except for a factor of 2.5 in density. In summary, 1) the smaller and older craters 
on both Ganymede and Callisto have nearly identical population curves except for density 
and show no leading-trailing asymmetry, 2) the larger and younger craters on Callisto and 
both terrains on Ganymede have statistically identical population curves (except for the 
palimpsests) both in shape and density and exhibit a definite leading-trailing asymmetry. 

Discussion. We interpret these results as evidence of two separate cratering popula- 
tions in the Jovian system: 1) a low impact velocity population internal to the system 
which dominated cratering early in the system's history and is the source of most of the 
small craters, and 2) a high-velocity population external to the system which has domi- 
nated the cratering record since the formation of Ganymede's light terrain and is the source 
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of most of the large craters. The presence of pits in the larger craters presumably related 
to impact melting (6) is consistent with the high (> 10 km/s) impact velocities of external 
populations compared to the low (2-3 km/s) impact velocities of internal populations. Our 
results confirm and strengthen the observations of (4), but we reject their interpretation 
in terms of viscous relaxation because: 1) in no calculation (e.g. 7) do short wavelength 
features of craters such as rims and scarps ever relax viscously enough to become invisible 
at Voyager resolutions, a conclusion strengthened by statistical studies (4) and new crater 
depth/diameter measurements (8), as is required to make the relaxation hypothesis match 
observations; and 2) relaxation of a single population of craters on both satellites predicts 
the peak of the population arch (fig. 2) to increase with increasing crater density, in con- 
tradiction to observation. Thus we interprt crater densities as reflective of true surface 
ages and not as crater retention ages as dehed  by (3). 

Identification of the two cratering populations is a bit problematic. The internal 
crater population presumably represents a long-lived tail of accretionary remnants. The 
external population, which include the younger rayed craters, presumably result from 
impacts of comets and asteroids. Taking (9)'s calculation at face value, the 6 w 4 for 
the external craters implies dominance by long period comets, a result which implies a 
somewhat different, but not totally irreconcilable, llmixll of long and short period comets 
and asteroids than suggested by (9). However, more recent model calculations by the same 
group (10) suggest cratering rates -- 3 x higher with all of the increase coming in objects 
that would generate leading- trailing asymmetries of 20 or more. This result is not only 
at variance with the observed 6, but the increased cratering rate implies nominal ages of 
some areas of Ganymede's light terrain of only a few hundred million y e w ,  an implication 
difficult to sustain on the basis of thermal models. Thus these crater statistics begin to 
establish a practical upper bound on models of impact cratering rates. 
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