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THE SIMPLE-TO-COMPLEX CRATER TRANSITION ON VENUS; P, Schenk and 
V.L. Sharpton, Lunar and Planetary Institute, Houston, TX 

An outstanding problem in planetary cratering is the importance of surface gravity (g) in 
controlling crater morphology, specifically the modification of simple bowl-shaped craters to 
complex morphology. Study of crater morphology on Mercury, Earth, the Moon, and Mars 
suggested that gravity was the primary factor in controlling crater collapse but that target 
properties such as the presence of ground water or ice (e.g., Mars) could also be important [I]. 
Recent work on the icy satellites of the outer solar system reinforced this conclusion, with the 
exception that the icy satellites are composed of significantly weaker crustal material and 
modification occurs at significantly smaller crater diameters [2]. A major problem has been the 
uncertainty in crater depths and diameters on Earth (high g) due to extensive erosion. Thus the 
true dependence of transition diameter on surface gravity on rocky planets has remained 
questionable. In this study we examine the recent Magellan results for Venus craters in an 
attempt to constrain this dependence. 

Magellan observed some 1000 or so impact craters on Venus, many of which have been 
modified by volcanics or tectonics [3]. Recent study of fresh complex craters on Venus (i.e., 
those with radar bright floors or dark westward opening parabolas), based on the geometric 
principles of radar image distortion, indicate that complex craters on Venus have depths similar 
to those on Mars, significantly deeper than expected from simple gravity scaling of crater 
dimensions from lunar craters [4]. Unfortunately, the thick atmosphere prevents normal crater 
formation at diameters less than -10 km, so that the expected simple-to-complex transition @3 
is not observed. Nevertheless, a transition diameter for Venus can be modeled assuming that 
simple craters on Venus would have depthldiameter (d/D) ratios similar to those observed 
elsewhere on terrestrial planets. We select the simple crater curve for Mercury [5], for which 
the average d/D is -0.2, but note that using Meteor Crater as a baseline (d/D -0.19 [6]) would 
raise our estimate only slightly. 

The regression fit for 17 fresh Venus craters with west-facing parabolas [4] is d = log 
(-0.338k0.497) + 0.387(&0.295)log(D). (Errors are 20 confidence limits.) This is very 
similar to the d/D curve for complex craters on Mars [I]. The intercept of this curve with the 
simple crater d/D curve for Mercury is 3.95 km (+1.06, -0.85), and represents a modeled d/D 
transition diameter for Venus. This compares with the d/D transition diameters of 4.7 km for 
Mercury [5] and 3.1 for Mars [I], and the highly uncertain estimates of 0.8 and 1.9 km for 
sedimentary and crystalline targets [I] on Earth. 

Assuming that Mercury, the Moon, and Venus represent the 'dry' rocky planets, a 
dependence of transition diameter of gravity can be estimated (Fig. 1). A best-fit through these 
three transition diameters is given by Dt = g-0.54. This fit is similar to fits to transition 
diameters on the icy satellites (excluding very-low g Mimas), which has a best-fit of Dt = g-0.65 
(*0.23). Surprisingly, the transition diameters for Mars and Earth (the later being highly 
uncertain) both fall along the extrapolation of the Dt-g fit for icy satellites (Fig. 1). This may 
reflect the importance of ground ice or water in weakening these targets. These fits suggest a 
significantly weaker dependence of transition diameter on gravity than the g-1 dependence 
proposed [1,2]. The reason for this is unclear. It may be related to a scale dependence of 
acoustic fluidization with crater diameter, if that mechanism is important during crater 
modification [7]. 
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Nevertheless, the Venus transition diameter is a modeled transition and is subject to 
improvements of the d/D curve for complex craters on Venus. Also, unexpected influences of 
the dense atmosphere on Venus on crater shapes cannot be explicitly ruled out as a cause for 
the surprisingly deep complex craters of Venus. These possibilities will be considered 
elsewhere. Considering the overall uncertainties, a key test of the Dt-g dependence on rocky 
planets will probably have to await the first closeup reconnaissance of a large anhydrous 
asteroid such as Vesta. 
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Figure 1. Simple-complex transition diameters versus surface gravity for rocky (open symbol) 
and icy (closed symbol) planets and satellites, as determined by the inflexion of deptwdiameter 
(dm) curves. The Venus transition diameter is modeled as described in text. 
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