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Introduction. We examined the size-frequency and spatial distributions of impact craters 
on Venus [1,2] in order to reconstruct the resurfacing history of the planet. An atmospheric 
transit model was formulated to map the velocity-size distribution of incoming meteoroids 
into the size-frequency distribution of craters and crater clusters. The calculations showed that 
for crater diameters larger than about 30 krn, the size-frequency distribution is close to the 
atmosphere-free case. For crater diameters larger than this, estimates can be obtained for the 
production age of the surface, the areal resurfacing rate, or the vertical resurfacing rate. Each 
of these estimates corresponds to a specific resurfacing model. 

Resurfacing Models. A model describing equilibrium between slow, planet-wide crater 
infdling and crater production can be eliminated because a spectrum of volcanic filling states 
is not observed for impact craters. Only about 5% of the observed craters show clear evidence 
of volcanic embayment. Based on a meteoroid flux estimate [3], we used the size-frequency 
distribution to obtain a production age estimate of about 5 x lo8 years, and this corresponds 
to a model in which volcanism and tectonism on Venus have been essentially nil over this 
interval. Alternatively, a model of equilibrium resurfacing, in which Venus is resurfacing at 
the rate of approximately 1 krn"er year, is consistent with the size-frequency distribution. 

Areal Distribution of Craters. We tested the areal crater distribution for spatial ran- 
domness and found that it cannot be distinguished from a completely spatially random (CSR) 
population. This implies that, from crater distribution measurements alone, only a single 
production age or resurfacing rate can be determined for the entire planet; regional estimates 
are not possible. Size-dependent subsets of the craters are also CSR. 

That the crater distribution is CSR does not mean that geological processes do not effect 
the distribution of craters. The implications are that: (i) statistical arguments cannot be used 
as a geological basis for explaining anomalies in spatial crater densities (e.g., local absence of 
craters does not necessarily imply local resurfacing); rather, geological arguments must be used 
to distinguish density anomalies due to chance from those due to real planetological processes; 
but (ii) models for real processes must operate so as not to violate the CSR constraint. 

Satisfying both CSR ancl Size- Frey uencg Distribution. The resurfacing rate can be 
expressed as the product of resurfacing patch area, n (non-dimensionalized by planetary surface 
area), and the frequency of resurfacing events, w .  An equilibrium resurfacing model was 
formulated to test for values of a that do not violate CSR. We found two branches in the 
solution, a < 0.0003 (4" diameter) and a > 0.1 (74' diameter). The former range corresponds 
to resurfacing diameters smaller than the average inter-crater distance with the mean resurfacing 
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interval less than 150,000 years, while the latter is associated with large, infrequent events - 
from covering 10% of the planet every 5 x 10' years to covering the entire planet once every 
5 x lo8 years. Head et al. [4] examined the size distribution of volcanic features and found 
that the vast majority of such features fall within the range a < 0.0003. 

We can reject the end-member a = 1.0 (catastrophic resurfacing) statistically and geolog- 
ically. A significant negative correlation was found between volcanically-embayed and non- 
embayed craters, indicating that partially flooded craters occur in areas where other craters 
have been completely removed. We contrasted geological associations of high crater density 
areas with low crater density areas and found differences in homogeneity of surface albedo and 
freshness of coronae and craters that are consistent with surface geological age proportional 
in some manner to crater density. 

Implications for Magmatic and Tectonic History. Our results combined with the ob- 
served size-frequency distribution of volcanic events [4] describe a planet of relatively frequent 
but relatively small volcanic resurfacing events. Since so few volcanically embayed craters 
are observed, resurfacing events must, for the most part, completely bury craters. If we take 
the typical rim height of large craters as 0.5 krn [5], then about 0.5 k m v o r  more) of lava is 
produced each year. If only 18% of magmas are extruded [6], then Venus produces at least 5 
km3 of magma per year. This lower bound is a small fraction of the terrestrial rate. 

While some resurfacing episodes are clearly related to hotspot activity, the broad global 
distribution of volcanic features as observed [4] and as required by an equilibrium resurfacing 
model suggests that other mechanisms must be important. Tackley and Stevenson [7,8] have 
proposed a mechanism for spontaneous, self-perpetuating volcanism developing from Rayleigh- 
Taylor-like instabilities in regions that are partially molten, or at the solidus. Such a mechanism 
may have application to the origin of both terrestrial oceanic seamounts and to coronae and 
other tectovolcanic features on Venus. The instability is triggered by an upward velocity 
perturbation, and on Venus such perturbations may arise from extensional strain events in the 
lithosphere associated with both upwelling and downwelling mantle flsw. The concentration 
of both volcanism [4] and coronae [9] in the low-to-mid-latitude region between the strong 
hotspots at Atla and Beta Regiones may be a result of this process. 

Finally, we note also that faulted craters appear to cluster statistically more so than would 
be expected under CSR. The geological implications of this are discussed in a companion 
abstract [lo]. 
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