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Impact craters on Venus are unique in the Solar System because they 
have (1) dominantly pristine morphologies, (2) remarkably uniform size- 
density distributions across the planet, (3) unusually low densities for 
craters larger than 35 km across, and (4) densities that decrease rapidly 
with decreasing diameter below 35 km (1). A total of 840 craters--ranging 
in diameter from 2 to 280 km--have been observed on 89% of Venus through 
Magellan orbit 2578 (Fig. 1). Of all cratere observed to date, 62% have 
pristine morphologies, 26% are slightly fractured, 7.5% are heavily 
fractured, and 4.5% are embayed by outside lavas. Recent resurfacing 
events, localized in small areas, have not altered significantly the 
present crater population. The overall crater density and the estimated 
collision rate of Venus-crossing asteroids [2] are used to derive an 
"average" surface age of 0.5 f0.3 Ga. 

Several hypotheses have recently been proposed to account for the 
observed population of impact craters [e. g., 1-51 . The hypothesis that we 
propose, based on the uniform density of impact craters and the regional 
concentrations of scarce lava-ernbayed impact craters, consists of the 
following: (1) a pervasive resurfacing event (or events) removed all 
impact craters older than 0.5 to 1.0 Ga, (2) this resurfacing came to a 
geologically abrupt end as a result of a significantly reduced rate of 
volcanism (and tectonism?), and (3) the observed crater population (which 
remains largely intact) accumulated subsequently. The size-density 
distribution of impact craters on Venus based on Magellan observations may 
provide physical evidence in support of a model of the thermal evolution 
of Venus that predicts a rapid decline of heat flux to the Venusian 
surface about 0.5 Ga ago (61. A collaborative re-examination of this 
model is presented separately [7]. 

Venusian craters have been classified by morphology and style and 
degree of modification, which are unlike those on other planets. 
Fracturing and tectonism are the chief crater modification processes on 
Venus; these processes are comparatively rare to nonexistent on the Moon, 
Mercury, and Mars. The dominance of pristine morphologiee and the global 
uniformity of crater size-density distribution attest to the general lack 
of widespread resurfacing and erosion on Venus in the recent past. 

Modified craters, indicating recent tectonic activity, are concentrated 
on the broad and complex uplands associated with the Equatorial Highlands 
(e.g., Aphrodite Terra and Atla and Beta Regiones). Magellan data show an 
average density of severely fractured craters in these highlands that is 
twice the planetary average. The densities of less severely fractured 
craters and lava embayed craters on these broad uplands are, respectively, 
1.25 and 1.4 times the planetary average for such craters. Aligned 
approximately along the summits of these uplands are three extensive zones 
of extreme tectonic disruption, the Aphrodite-Beta, Themis-Atla, and 
Phoebe-Beta "disruption zones" [8] . These zones have average densities of 
severely fractured craters that are, on average, 3 times the planetary 
average for such craters. 

Atla and Beta Regiones were recognized from analyses of Pioneer Venus 
data as the loci of major tectonic junctions (81, large shields, major 
positive gravity anomalies, and possible dynamic support from below [9]. 
Magellan data show that impact craters embayed by outside lavas have a 15 
times enhanced density (than the planetary average) immediately 
surrounding Sapas, Maat, and Ozza Montes in Atla Regio (lat 5' 5.-20° N., 
long 185°-2000 E.). The above results correlate especially well with the 
large concentration of volcanic edifices in Atla Regio [lo]. Lava-embayed 
craters have a density 4 times greater than the planetary average in the 
rifted uplands connecting Beta Regio and Phoebe Regio (lat -20' S.-30° N., 
long 270°-305O E.). The nature and distribution of modified craters, 
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especially those within the Equatorial Highlands suggest that moderate 
extensional tectonism and local volcanism have probably continued over the 
past 0.5 Ga. Overall, however, the planet has been geologically more 
quiescent during this time than in earlier periods (see [6,7]). 
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Fia. 1 - Sinusoidal Equal-Area Map showing location of impact craters 
observed on Venus. Heavy lines outline 11% of planet not mapped through 
orbit 2578. Thin lines outline tectonic zones in Equatorial Highlands, 
simplified from [a]. Hachured upland areas (left to right) are Ovda, 
Thetis, Atla, and Beta Regiones. Sizes of crater symbols indicate crater 
diameters (smallest to largest): 1.4-11.3 km, 11.4-32.9 km, 33.0-64.9 krn, 
65.0-128.9 h ,  129.0-362 h. 
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