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Introduction:  The density of impact craters is 

widely used in planetary science to study relative and 
absolute surface ages and the nature of resurfacing on 
planets. On Venus, the applicability of such methods is 
very limited due to the small total number of impact 
craters (about a thousand) [1-3], which is caused both 
by shielding with a thick atmosphere and active vol-
canic/tectonic resurfacing and renewal processes. The 
general spatial distribution of craters is only margin-
ally distinguishable from purely random [4], which 
makes attempts at interpreting local crater density only 
marginally meaningful. The situation is significantly 
better, however, if we involve additional a-priori in-
formation in the crater density analysis. For example, 
if we outline some geological units on the basis of 
their morphology (not involving information about 
craters), crater populations on such units may provide 
important additional information [4,5]. Analysis of the 
Venus crater population has often used stochastic 
models of resurfacing. In this work we do not pursue 
this approach; we consider the deterministic geology 
and stochastic cratering. We take advantage of the 
recent global geological map of Venus by M. A. 
Ivanov [6].  

Source data: The map [6] contains the following 
geomorphologic units (from locally older to younger): 
t, tessera; pdl, densely lineated plains dissected by 
numerous subparallel narrow and short lineaments; pr, 
ridged plains comprising elongated belts of ridges; mt, 
mountain belts around Lakshmi Planum; gb, plain ma-
terial contemporaneous or predating regional plains 
and deformed by groove belts; psh, shield plains hav-
ing numerous small volcanic edifices and locally pre-
dating regional plains; rp, regional plains deformed by 
wrinkle ridges; sc, shield clusters, morphologically 
similar to psh but occurring as small patches that post-
date regional plains; ps, smooth plains of uniformly 
low radar brightness occurring near impact craters and 
at distinct volcanic centers; pl, lobate plains, fields of 
lava flows that typically are not deformed by tectonic 
structures and are associated with major volcanic cen-
ters; rz, rift zones. 

For each crater from the USGS crater database [3], 
M. I. registered unit(s) superposed by the crater and its 
continuous ejecta (that is units that predate the crater) 
and unit(s) that embay the crater (postdate it). This has 
been done with the Magellan radar mosaics (rather 
than with the map).  

Buffered crater density:  Application of craters to 
geological timing is based on assumption that the im-
pacts are well represented by a mathematical model of 
a Poisson process in space and time. Under this as-
sumption, the crater density gives an estimate for the 
mean crater retention age of a unit. Craters on Venus 
are large and they often overlap several different units; 
typical patches of units are often comparable in size to 
craters. In this case, each crater has its own target area 
that depends on the crater size [e.g., 7]; the crater den-
sity Nu for unit u should be calculated as:  
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where Au(Di) is the target ("buffer") area of unit u with 
respect to crater of diameter Di, and Mu is the total 
number of craters superposed over the unit u. Area 
Au(D) is an increasing function of D; it can be calcu-
lated by spatial convolution of the map of unit u with a 
D-dependent kernel. The kernel should correctly rep-
resent the "sensitivity" area of a crater. The choice of 
the kernel is not arbitrary; it is constrained by the fol-
lowing self-consistency condition: If we have two 
units, a and b, we can calculate the buffered crater 
density for a combined unit a∪b in two ways:  
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These two ways should give the same result within the 
confidence interval allowed for random fluctuations. 
Since the total number of combinations of units is 
large, this is a rather strong constraint. Of course, units 
with a very small number of craters do not give good 
constraints because the confidence intervals are wide. 

We chose the kernel as a ring with inner and outer 
diameters proportional to D: 1.5 D and 2.1 D. Varia-
tions of the inner diameter have little effect on A(D). 
The outer diameter was chosen to provide the best fit 
to the self-consistency condition (2). In [2] it was 
noted that the maximal extension of the continuous 
ejecta of craters is not a simple proportionality to the 
diameter. We tried to use trends from [2] instead of 
simple proportionality and obtained worse self-
consistency. 

The use of buffered areas has a significant effect 
on the crater densities. For example, the ratio 
Apdl(50km)/Apdl(0) = 7.0, while Apr(50km)/Apr(0) = 2.0. 
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Size-frequency distributions (SFDs):  To inter-
pret the buffered crater density as a measure of the 
mean surface age, we need to first check one necessary 
condition: the SFD for all units should be the same 
within variations allowed by random fluctuations. The 
"buffered" cumulative SFD Fu(D) is calculated as 
Nu(D)/Nu(0), where Nu(D) is calculated by Eq. (1) with 
craters larger than D only. If the number of craters in a 
unit is small, the stochastic variations of the SFD are 
large, and the statistical tests are not sensitive. To as-
sess the significance of the observed SFD differences, 
we formally applied the Kolmogorov-Smirnov (K-S) 
test to the "buffered" SFDs. Although the use of the K-
S test for the "buffered" SFDs is not strictly mathe-
matically grounded, it can be shown that the formally 
applied test would tend to overestimate the signifi-
cance of SFD differences; thus, this provides a valid 
conservative approach.  

There are noticeable differences in the SFDs for 
different units. t and rz are characterized by some defi-
cit of small craters in comparison to the plain units (at 
the edge of statistical significance). For t this has been 
noted earlier [8]. The explanation appears to be that 
some small craters are lost amid the radar-bright tec-
tonic fabric of these units. Surprising is the much 
greater and more statistically significant (despite the 
total small number of craters) deficit of small craters 
on pr, which does not have as dense a tectonic fabric 
as the tessera. This interesting phenomenon deserves 
further analysis. 

Mean ages:  The figure shows 90% confidence in-
tervals for the mean crater retention ages of the units 
mapped by [6]. The second, younger bar for rz shows 
ages inferred from non-tectonized craters only. For t 
and pr only craters with D ≥ 20 km were used, to 
eliminate the problem of the small craters deficit. Ages 
are given in terms of T, the mean crater retention age 
of the whole observed population. T is poorly known, 
but it is on the order of half a billion years [9]. Strictly 
speaking, absolute values of T for all craters and for 
craters with D ≥ 20 km can be slightly different, but 
we ignore this. 

We would like to emphasize two points. (1) This 
plot gives the mean crater retention age, and caution is 
needed when interpreting it as the mean age of some 
material or event. (2) This plot gives the mean age; the 
crater density tells nothing about age range; the latter 
can be rather large and is not related to the bar width in 
the plot.  

Interpretation:  (1) It is seen that there is a group 
of older units (t, pdl, pr, mt, gb, psh, rp) and a group 
of significantly younger units (sc, pl, rz), ps occupy-
ing an intermediate position. The observed global 

mean-age differences are consistent with the docu-
mented local stratigraphic relationships between these 
units [10,11]. The observed mean ages are consistent 
with the general change of the resurfacing style of Ve-
nus, which may have occurred about T ago [e.g., 11]. 
The mean ages themselves, however, cannot prove this 
change.  

(2) The similarity of crater SFD for rp and pl, de-
spite the factor of 2.5 difference in age, show that he 
population of projectiles reaching the surface of Venus 
did not change over this time. This, in turn, indicates 
that there was no major systematic change of atmos-
pheric mass during T. Further study should quantify 
this conclusion. 

 
Prospects: The crater population and the geologic 

map [6] potentially contain more information about the 
timing of the geological events. For example, the buff-
ered density of craters on the rp/pl boundary, super-
posed over rp and embayed by pl, indicates that the 
mean local duration between rp and pl emplacement is 
consistent with the difference in the global mean ages 
of these units.  
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