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Background:  The impact cratering record on the 

surface of Venus is widely believed to demonstrate 
that the planet underwent a rapid global magmatic re-
surfacing event about half a billion years ago, that this 
event terminated abruptly, and that since that time the 
level of surface magmatic activity on Venus has been 
low [1,2,3].  This in turn has been used to derive mod-
els for mantle convection and heat transport that in-
volve periodic, catastrophic or bimodal processes [e.g. 
4,5].  The two observations that have driven these de-
velopments have been that the crater distribution on 
Venus is close to completely spatially random, and that 
only a small number of craters have been partially de-
stroyed by magmatism. 

Statistical modeling:  We have re-examined and 
re-modeled this evidence, seeking to reproduce statis-
tically the crater record on Venus by generating spa-
tially-random craters and spatially-random, elliptical, 
magmatic events.  We track the history of craters gen-
erated and partially destroyed in the models, and seek 
magmatic histories that reproduce the total number of 
preserved impact craters, the number of partially de-
stroyed craters, and the mean nearest-neighbor dis-
tance between craters.  The latter provides a robust test 
of spatial randomness.   

One hundred actualizations of each candidate 
model were run to build robust statistics.  We accept 
any model that matches Venus to within one standard 
deviation.  

Results:  Much to our surprise, and contrary to re-
ceived opinion, we have shown that successful models 
do not require rapid resurfacing events that terminate 
abruptly, nor do they require a subsequent long period 
of relative magmatic quiescence.  The crucial differ-
ences between our modeling and that of previous in-
vestigators, are that we allow temporal changes in the 
size of magmatic events and not just their frequency, 
and we allow the rates of these changes to vary 
through time.  With this more general parameteriza-
tion, the abrupt resurfacing model is revealed to be no 
more than an outlier produced by modeling the crater-
ing history using models with overly simplified pa-
rameters. 

We are able to fit both the random crater popula-
tion and the small number of partially destroyed cra-
ters using a sigmoidal decay in magmatic activity with 
time.  At one extreme, this sigmoidal model corre-
sponds to the accepted model of global resurfacing and 
abrupt termination. At the other extreme, these models 
fit Venus well if magmatic activity decays from a 

moderately high level to its present lower level over a 
period of one to two billion years; this is decay over an 
appreciable fraction of the planet’s existence. 

Slowly decreasing magmatism:  Figure 1 shows a 
magmatic history for one such long-lived model that 
matches the cratering record.  In this model, the mag-
matic resurfacing rate at 2.5 Ga is around 7 km2/year, 
about twice that produced today by sea-floor spreading 
on the Earth.  The present-day resurfacing rate on Ve-
nus in this model is around 0.3 km2/year, about five 
times the rate of terrestrial resurfacing resulting from 
hot spot activity and about 10% of that resulting from 
sea-floor spreading.  Over the two-and-a-half-billion 
year lifetime of the model, the resurfacing rate de-
creases steadily and smoothly with no rapid or discon-
tinuous decline.   

 

 
Figure 1  Magmatic history that matches 
the impact crater record on Venus 
 
Individual magmatic events in this model are circu-

lar.  During the lifetime of the model, these events 
shrink in size, having initial diameters of around 1400 
km and final diameters around 500 km.  The latter is 
comparable to direct observations of individual young 
flows on Venus which have dimensions of several 
hundred kilometers [6].   

The reduction in the size of magmatic events with 
time is critical in maintaining both spatial randomness 
in the crater population and low numbers of partially 
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destroyed craters.  If the flow size is too small early in 
the model, too many partially destroyed craters are 
retained; if the flow size is too large late in the model, 
spatial randomness is not maintained.  This character-
istic behavior cannot be reproduced in models that 
assume fixed-sized magmatic events, and it appears to 
be this assumption that drives those models only to 
allow an abrupt end to magmatic resurfacing.   

Ages:  Figure 2 shows surface ages on Venus pro-
duced by the magmatic history from figure 1.  The 
darker shades are younger material, white is material 
older than 700 Ma.  The figure shows clearly the re-
duction in flow size towards the present.   

In this model, about 4% of the surface of Venus is 
older than 1 Ga, 22% is older than 700 Ma, and 16% is 
younger than 200 Ma.  The mean surface age in the 
model is 488 Ma. 

Our absolute timescale assumes that one crater is 
produced on Venus every 0.5 Ma.  Since the absolute 
cratering rate is not know accurately for Venus, our 
ages should be scaled linearly to match whatever is the 
true impact rate.   

No need for rapid global resurfacing:  Figures 1 
& 2 show only one possible model.  There are very 
many functional forms, and very many sets of parame-
ters that are able to reproduce the impact history on 
Venus satisfactorily.  Of these, only a small subset 
approximate to the accepted model of rapid global 

resurfacing and subsequent relative quiescence.  
This work has show that there is no necessity for, 

and indeed no strong suggestion of, a rapid global re-
surfacing event on Venus in the sense that has been 
implied in previous work.  As a consequence, there is 
no need to explain an apparent sudden change in 
global tectonics and internal processes on Venus, nor 
any requirement to hypothesize cyclic, catastrophic or 
bimodal processes.   

Instead, Venusian convection, tectonics and heat 
flow can in principle, at least on the basis of the impact 
cratering record, equally well be explained by a slow 
decay with time of magmatism, presumably itself the 
result of global cooling and/or permanent loss of vola-
tiles and less-refractory components from the mantle.  
The rates of magmatic resurfacing required by these 
models are characteristic of those active on the earth 
today though the mechanisms may be very different. 

 
 
References:  

[1] Schaber G.G. et al. (1992)  JGR, 97, 13257-13301. 
[2] Phillips R.J. et al (1992) JGR, 97, 15932-15948. 
[3] Strom R.G. et al (1994) JGR, 99, 10899-10926.  
[4] Turcotte D. L. (1993) JGR, 98, 17061-17068. 
[5] Herrick R.R & Parmentier E.M. (1994) JGR, 99, 

2053-2062.    
[6] Lancaster M.G. et al (1995) Icarus, 118, 69-86.

 

 
 
Figure 2  Surface ages on Venus produced by the magmatic history in Figure 1.  Dark areas are 
young, light areas are old, white is older than 700 Ma.  Note the reduction in the size of individual 
magmatic events as they get younger.  This model, combined with random impact events, repro-
duces closely the important characteristics of the impact-crater record observed on Venus.  
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