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Introduction: The cratering record on Venus lies 

at the heart of the resurfacing debate and informs our 
understanding of its geodynamic evolution.  What pro-
cesses resurfaced Venus at what rate (VEXAG II.A.1)?  
The sparse crater population frustrates our ability to 
precisely answer this question.  The heated debate on 
this topic points to both the importance of the question 
and the need for better data to address it.  Although 
there are some craters that have been unambiguously 
modified, for most craters it is not possible to deter-
mine this unequivocally. Modification of the extended 
ejecta is even more difficult to identify. High resolu-
tion altimetry and imaging form an orbital platform is 
needed to better determine if craters have been modi-
fied, and if so, by what processes. 

Background: The observations that 1) the distribu-
tion of craters on Venus can’t be distinguished from a 
random one, and 2) few craters are modified by geo-
logic processes [1] have produced a 20 year long de-
bate on whether or not Venus was resurfaced rapidly, 
followed by little subsequent volcanism, or resurfaced 
at a more gradual rate. This ‘catastrophic’ resurfacing 
scenario implies a major geodynamic event to rapidly 
bury [2] or remove the prior surface such as through 
lithospheric foundering or subduction [3,4].  Others 
have suggested a transition between mobile lid tecton-
ics and stagnant lid tectonics could explain the resur-
facing [e.g. 5]. A more gradual rate of resurfacing is 
consistent with a less dramatic, more Earth-like evolu-
tion [e.g. 6]. Thus the resurfacing rate has profound 
implications for the evolution of Venus.   

Numerous studies of craters and the geologic rec-
ord have been carried out to try to assess the profile of 
geologic activity with time [7, plus 8 gives a compre-
hensive overview]. These studies have largely favored 
a resurfacing scenario that is intermediate between 
end-member models.  Clearly the best-fit model de-
pends on the identification of modified craters.  Cur-
rent data does not allow for unambiguous determina-
tion for the majority of craters.   

Crater Floor Reflectivity and Volcanism:  In an 
early study and classification of craters on Venus [9] 
categorized the radar reflectivity of crater floors as 
bright, intermediate, and dark.  Bright-floored craters 
are interpreted as being unmodified, rough surfaces.  
How do bright-floored craters darken?  They could be 
affected by 1) impact-induced melting and/or volcan-
ism, 2) volcanism unrelated to the impact, or 3) weath-
ering processes.  

This question has been explored extensively [e.g. 9, 
10, 11].  [9] examines topography derived from stereo 
Magellan images for those craters > 9.5 km covered by 
multiple Magellan cycles and thus radar look angles. 
They found 51 dark- and 40 bright-floored craters, 
with intermediate floored craters grouped with dark-
floored ones. They found evidence that the rim to sur-
rounding elevation heights and rim to floor heights are 
smaller in dark floored craters than in bright floored 
craters, which they interpret as indicating external vol-
canic embayment and filling of crater floors.  [10] 
showed that dark floored craters tend to be larger in 
size, larger in floor size, and lower in elevation than 
bright floored craters, characteristics that are consistent 
with volcanic flooding of craters. 

Relative Age and Degradation of Extended Ejec-
ta and. Many studies focus on the modification of the 
impact craters and their rocky ejecta blankets.  In addi-
tion, Venusian craters have very distinctive extended 
ejecta blankets, with wind blown parabolas of fine 
grained material up to a 1000 km in length, and halos 
up to several crater diameters in size that consist of 
larger airborne fragments. The degradation state of 
parabolas and halos provides information about not 
only the relative age of the crater but also about the 
processes responsible for degrading the deposits [7, 
12]. A high density of craters without halos indicates 
removal of extended ejecta via either erosion or vol-
canism/tectonism.  [12] use the statistically significant 
variations in the ratio of craters without halos to the 
total crater density is to distinguish between the rela-
tive contribution of these processes globally.  For those 
regions that have lower fractions of craters with halos 
and low overall crater density, [12] infer that craters 
have been buried by volcanism and thus the surface 
age is relatively young.  Conversely, if there are few 
craters with halos and the overall crater density is high, 
they infer that the extended ejecta has been removed 
from via weathering, the region has experience little 
volcanism, and thus is relatively old.   

New Work. We have updated [12], including a 
more complete set of impact craters, including those 
from the high southern latitudes [13]. Using this ap-
proach, we divide the surface into relatively young, 
intermediate, and old regions and compare other poten-
tial indicators of surface age. We have also examined 
the randomness of distributions of dark floored, inter-
mediate, and bright floored craters, as well as how 
their distributions compare to areas of differing relative 
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age (Figure 1).  We find that bright-floored craters are 
only slightly more common in relatively young areas, 
and only slightly less common in intermediate and 
older areas. If bright-floored craters are the youngest 
craters, it makes sense that they are roughly evenly 
distributed amongst terrains of differing relative age.  
Dark floored craters are more common in relatively 
intermediate and old regions than in young regions. 
However, there is not a clear increase in the number of 
dark-floored craters relative to intermediate floored 
craters in going from intermediate to older regions.  
This distribution is generally consistent with craters 
floors darkening over time. The next step is to assess 
the statistical significance of these results.  

We also use a nearest neighbor test to examine the 
randomness or clustering of all impact crater character-
istics: halo, parabola, bright-, intermediate- or dark-
floored, embayed or tectonized.  We find that the dis-
tribution of craters with a given characteristic is 
strongly random, except for craters with dark floors. 
These craters are strongly clustered.  The fact that in-
termediate and dark-floored craters have different 
types of distributions suggests that there is not a se-
quence of evolution from bright- to intermediate- to 
dark-floored craters.  Instead they likely represent two 
different processes.  The clustering of dark-floored 
craters is consistent with volcanism, which can be ex-
pected to occur in localized regions.  We hypothesize 
that intermediate-floored craters are darkened by pro-
cesses that are uniformly distributed, such as aeolian 
weathering or deposition or chemical weathering.   

Discussion: Needed Observations for VEXAG 
II.A.1: Despite progress, numerous questions remain.  
High-resolution altimetry would allow all craters to be 
examined for flooding, rather than <20% seen in Ma-
gellan stereo.  In addition to being very limited in ex-
tent, stereo altimetry is susceptible to issues such as 
poor matching in featureless regions and variable sen-
sitivity to topography as a function of look angle. New 
data would allow testing of the range of approaches 
that have been applied to assess relative and absolute 
age [e.g. 7, 8, 12 and many more]. 

The following specific questions would be ad-
dressed globally: What processes modify the total im-
pact crater polulation? For those modified, is the pro-
cess volcanism, tectonism, sedimentation, and/or 
weathering (chemical, aeolian)? Is the process regional 
or global in occurrence? Is there evidence for a change 
in the type of modification with time? Is there evidence 
for modification of extended ejecta?  Is there a differ-
ence between the processes modifying intermediate 
and dark craters? How does crater modification com-
pare with extended eject modification? Are there new 
splotches formed by bodies too small to form impacts? 

Targets:  All known impact craters for high-
resolution altimetry to determine if they have been 
modified/embayed or not.  Look for previously unde-
tected craters in tesserae and other deformed regions. 
Targeted high-resolution images of craters with am-
biguous modification.  High-resolution images of pos-
sible extended ejecta modification [7]. 

Resolution: altimetry with a height resolution better 
than 15 m and horizontal resolution better than 500 m 
to determine definitely if volcanism has modified cra-
ters. Imaging resolution of 20 m or better to examine 
the sources of any modification and to determine stra-
tigraphy between the ejecta, extended ejecta and other 
geologic units. 
 

 
Figure 1. Percentage of craters with differing floor reflectiv-
ity in regions with different relative surface age. 
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