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New data from the outer satellites are 
consistent with the view that both planetary- 
surface gravity and target material strongly 
influence the morphology of impact craters and 
basins [1,2]. The measurements,from recent work 
by Basilevsky [3] and myself on the Voyager I 
and I1 pictures, describe the morphologic 
transitions from simple to complex craters and 
from complex craters to multiring basins. The 
resulting log-log graphs of onset diameter, D 
(km), both for central peaks in craters and for 
concentric rings in basins, agai st gravita- 9 tional acceleration, g (cm/sec ) (Figure I ) ,  
show three distinct linear trends and may 
suggest a fourth. 
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Figure 1. Log-linear relations between 
transition diameter, D, in km, and planetary 
surface gravity, g, in cm/sec2, for impact 
craters (two lover trends) end multiring basins 
(upper two), redrawn from Basilevsky [ 3 ] ,  vith 
author's additions: new data for Tethys, 
Enceladus, and Iapetue from Voyager 11; also 
queried trend and revised data for basins on 
Callisto and Ganpede (see text). Compare with 
Figure 3 in [ 2 ] .  
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The onset diameter of complex craters on 
the Moon, Mars, Mercury, and the Earth is 
linearly dependent on gravity. Basilevsky's D:g 
data for craters on the silicate bodies [3] 
agree with previously published results [2]; 
linear equations fitted to both sets of points 
slope at nearly 1.0. Basilevsky's D:g graph for 
impact basins on the same four planets, while 
tentative, closely resembles a similar, hitherto 
unpublished result of mine, and parallels the 
D:g trend for craters. My data, which place the 
smallest basins ()two concentric rings) on each 
of the four silicate planets at 140 km (Moon: 
Antoniadi), 65 km (Mercury: unnamed basin at 
OOoN, and 9g0W), 45 km (Mars: feature 12-Xm), 
and 24 km (Earth: the Ries), yield the D:g 
equation 

D = 1.96 x lo4 g-0'98. (1) 

On the icy satellites, however, the 
gravity-dependence of onset diameter for central 
peaks in craters differs substantially from that 
established for silicate bodies. Basilevsky's 
data [3] on six satellites of Jupiter and Saturn 
(Callisto, Ganymede, Rhea, Dione, Mimas, and 
S11) describe a trend that slopes at only -0.25. 
The difference in slope indicates that gravity 
has a smaller influence on the onset of central 
peaks than it does on rocky planets. Although 
Basilevsky's D-values for the icy satellites are 
preliminary, his data for craters on Ganymede 
and Callisto agree with those published earlier 
[2]. Moreover, preliminary measurements of D 
made here for craters on Tethys, Enceladus, and 
Iapetus from Voyager I1 images (Figure 1) also 
are consistent with Basilevsky's calculated 
least-squares fit. 

Only four estimates of D for impact basins 
on icy satellites are available (Figure 1). 
Basilevsky's graph shows measurements for 
Callisto, Ganymede, and Rhea, to which is added 
the basin on Tethys. At this time, the data are 
tentative. For example, other data for craters 
(41 and craters and basins [ 5 ]  on Ganymede and 
Callisto suggest that Basilevsky's maximum D 
values for these bodies (Figure 1) may be too 
high, and can be replaced by intervals of about 
100 km to 120 km and 80 km to 100 km, respec- 
tively. Also, I obtain a tentative maximum 
basin size on Rhea of 900 km, not a minimum of 
200 km. The 400 km value for Tethys is likely a 
maximum. All-in-all, these four measurements 
are only consistent with a D:g trend of slope 
-0.25; they by no means define it. 

Basilevsky (31 interpreted the new data on 
crater and basin transitions as indicating an 
influence of target material on the D:g rela- 
tion, a conclusion in agreement with [2]. How- 
ever, twelve of the 13 points that describe D:g 
for craters are reasonably well described by the 
-0.25-sloping line; Rhea, the Moon, Tethys , and 
Iapetus (poor resolution) lie slightly off this 
trend. Only the terrestrial data obviously do 
not follow the -0.25 trend at all. According to 
this interpretation, craters and basins on Earth 
differ substantially in their D:g characteris- 
tics from those on all other bodies. A con- 
vincing explanation for the unique behavior of 
the impact-cratering process on Earth would be 
required before this alternative could be 
seriously considered. 

Regardless of which, if either, of the 
above interpretations better explains the D:g 
data, the -0.25 relation initially observed by 
Basilevsky [3] suggests a type of scaling 
already known to students of impact cratering. 
Gault and Wedekind [I] found from laboratory 
experiments that diameters of small impact 
craters in a lorstrength target increase with 
decreasing gravity according to an approxi- 
mately -0.25 law. Further work is needed to 
-certain any possible genetic conncection 
between the two similar slopes. Providing 
impact craters on Earth are not unique, and both 
the -1.0 and the -0.25 D:g trends shown here are 
real, then the date in Figure 1 may reflect the 
influence of both gravity and target strength. 
Conceivably the 0.25 scaling applies to weak 
targets, which include loose sediments and ice, 
whereas the 1.00 scaling is more valid for 
strong targets, such as silicate rock. 

In conclusion, the previous D:g model for 
impact craters [2], which comprised three 
parallel trends corresponding to different 
crustal strengths, must be revised in the light 
of the new data from Voyager. Craters on 
planets with weak (e.g. icy) crusts follow a 
shallower D:g trend than craters on silicate 
planets, rather than a lower, but parallel, 
trend. Ringed basins seem to conform to a 
similar pattern. 

References: 

[I] Gault, D. E., and Wedekind, J. A., 1977, 
pp. 1231-1244 Impact and Explosion 
Cratering, Pergamon, N.Y. 

[2] Pike, R. J., 1980, Proc. Lunar Planet Sci. 
Conf. llth, p. 2159-2189. 

[3]  Basilevsky, A. T., 1981, Dokl. USSR Acad. 
Sci., v: 258, no. 2,p. 323-325. 

[4] Boyce, J. M., 1980, NASA Tech. Memo. 81776, 
p. 339-342. 

[5] Croft, S. K., 1981, Lunar 6 Planet. Sci. 
XII, p. 187-189. 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


