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The volcanic and tectonic features observed in Dali Vinculum, Parga Vinculum and Irndr Regio 
[I] are concentrated at long, narrow, curvilinear zones, with relatively minor volcanism and 
tectonism between these zones. These zones, whilst more diffuse than terrestrial plate boundaries, 
nevertheless define the margins of tectonic plates. In contrast to Earth, however, it appears that 
venusian plates are neither created nor destroyed by lateral motion. Rather, plates are thinned and 
intruded at vincula plate boundaries, vertically accreted by small-scale intra-plate (planitia) 
volcanism and perhaps destroyed by delamination of thickened crust in tesserae and montane 
regions such as Thetis Regio and Ishtar Terra. The diversity in age both between and within these 
three areas together with the evidence for infrequent, small scale resurfacing in the planitiae are 
difficult to reconcile with a non-uniformitarian geological process. 

One alternative to a rapid global resurfacing event is that there was a rapid cratering event, as has 
been suggested by astronomers and a few geologists to explain the mass extinction that occurred on 
Earth 65 Ma years ago. It is tempting to link the venusian cratering evidence with the terrestrial K-T 
mass extinction. The stratigraphic relationship between the tectonism and cratering indicates that the 
cratering event occurred between the onset of thermal subsidence in Parga Vinculum and the initial 
rifting in Dali Vinculum. If the timescale of these processes is similar to those of terrestrial rifts, the 
global cratering event may have occurred about 100 f 50 Ma ago, which is compatible with the date 
of the K-T boundary. 

Comet swarms are predicted to be the result of a disruption of the a r t  Cloud during an 
encounter with another star at much less than half the normal stellar separation [2]. Such an 
encounter would send tens of thousands of comets into the inner solar system during a 10 Ma 
period or less. Close encounters are expected to occur at intervals of 100 to 500 Ma [3], even 
without the influence of the Nemesis Star proposed by some astronomers (see 41). The cratering 
event would have delivered between 70 and 90% of the present crater population of Venus, or 
between 650 and 850 craters; the cratering rate between comet swarms would be correspondingly 
reduced. 

There are difficulties with this hypothesis, primarily because such an event could not have 
affected Venus alone but would have affected all the terrestrial planets. Given the uncertainty in 
dating methods, it is easy to miss a few hundred craters of the same age on the Moon, Mars and 
Mercury. However, on Earth we would expect a population of perhaps 300 to 500 craters larger 
than 1 krn in diameter to remain, after accounting for those removed by tectonic and volcanic 
processes. Between 50 and 80 of those craters should be located on the continents in regions that 
are of pre-Cenozoic age. A survey of the 120 or so known impact craters reveals about 15 potential 
craters dating to an event within 10 Ma of the K-T boundary, leaving 35 to 65 lost craters. If a 
rapid cratering event did occur 65 Ma ago, most of the terrestrial evidence has either not yet been 
recognised in the geological record or has been removed by erosion, leaving only the circumstantial 
evidence of the K-T mass extinction. 

Even accepting a temporally uniform distribution of craters, there are reasons to discount the 
rapid resurfacing hypothesis. The first is the very low density of impact craters on Venus, 
approximately 100 times less than the mean crater density on the lunar maria. This low density 
means that even quite large regional variations in density (up to a factor of 2) are difficult to 
distinguish from stochastic variation. It is therefore difficult to resolve relatively small differences 
in age (< -1 Ga) between large areas (>I013 m2) or large age differences (2 -1 Ga) between s w l  
areas (<I012 m2). 

Price [5] has attempted to circumvent this problem by correlating crater density variations with 
geological features. Whilst counting all volcanoes or all coronae as being of one age is dubious, the 
technique may work on the planitiae. She has correlated four geologically inferred age groups of 
planitiae with crater density and has derived.the absolute age of each group. A~~ord ing  to her 
results, Imdr Regio is probably 240 f 40 Ma old, similar to the minimum age of 156 to 200 Ma I 
derive from comparing its state of thermal relaxation with those of terrestrial basins. 
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Given-that subduction, the principle driving mechanism for plate motion, is either absent or 
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unimportant on Venus, large scale horizontal movement of venusian plates probably does not 
occur. Rather, I envisage plates locally jostling around for position but remaining relatively 
stationary. Thus craters are able to collect on the interiors of these plates and remain relatively 
unmodified for several hundred million years until a new plate boundary (such as a vincula) passes 
through the area. The plate boundary processes completely destroy the previous surface, including 
any craters, and effectively reset the crater-count clock. It may be inferred from the mean age of 
about 300 Ma that each intra-plate area of Venus experiences a plate boundary process at about 300 
Ma intervals. 

The jostling around of plates on Venus may explain the nature of large volcanoes on Venus: for 
example, 11 large volcanoes [6] are located in Atla Regio, including Ozza and Maat Montes, the 
largest on Venus. The total volume of Atla Regio, measured above the 2 krn contour, is 1 a5 x 1 015 
m31 I estimate that the component of this volume resulting from extrusive volcanism is 7-5 f 2.5 x 
1014 m3. From impact crater density, Price et al. [7] estimate that the age of Atla Regio is 60 f 18 
Ma (corrected for the revised crater retention age of 288 Ma). The average volume production rate 
derived from this is 1.25 (+1.13, -0.61) x 107 m3 a-1. 

For comparison, the total volume of the Hawaii-Emperor chain is about 1 x 1015 m3, produced 
over a 70 Ma period, corresponding to a volume production rate of 1.3 x lo7 m3. However, there 
are 107 volcanoes in the Hawaii-Emperor chain, ten times the number in Atla Regio. The 
implication is that the rate of plate motion on Venus is lower than it is on Earth and that 
consequently Venusian volcanoes are larger. The mean rate of plate motion of the Hawaii-Emperor 
chain is 86 f 2 mm a-1, with each volcano spaced at an average distance of 190 + 30 km from the 
next. 

If the. area of Atla Regio is divided equally between the 11 volcanoes, the average spacing of 
each volcano is 380 km, twice that of the Hawaii-Emperor chain. If the plate has moved from 
volcano to volcano in sequence, the total amount of plate motion has been 3800 km in 60 Ma, 
corresponding to a mean rate of plate motion of 63 + 19 rnm a-1, similar to the terrestrial rate. Thus 
a single deep mantle plume results in a large volcanic rise that is active for 100 Ma or more, on 
which are located a dozen or so volcanoes, intermediate in size between terrestrial shields such as 
Hawaii and the large martian shields such as Olympus Mons. 

With detailed mapping of the whole venusian surface it ought to be possible to establish the size 
and locations of plates on Venus and perhaps determine the history of plate motion. This may help 
establish the timing and nature of rifting on Venus and so provide insight into this process on 
Earth, which is as yet poorly understood. 
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