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R.J. Phillips, N.R. Izenberg, and J.S. Alexopoulos, Dept. of Earth and Planetary Sciences and McDon- 
nell Center for the Space Sciences, Washington University, St. Louis, MO 63130. 

Introduction. A large fraction of impact craters on Venus exhibit low-radar-backscattea halo-like 
deposits thought to be primary features formed by surface comminution associated with meteoroid 
shock waves [1,2] or by fallout of relatively fined-grained ejecta from impact events [3]. Because 
these deposits extend outward up to 10 crater radii, they provide a relatively widespread stratigraphic 
marker compared to craters and their continuous ejecta blankets [4]. Of a total population of 934, 
383 craters have complete halos, 253 have partial halos, and 298 exhibit no halos. The removal of 
halos is attributed to dispersal by winds, chemical alteration, and burial by volcanic deposits [4]. In 
this abstract, we reaffirm that the crater population as a whole cannot be distinguished from a spatially 
random population [5], and show that this is also the case for the crater subsets of halo, no halo, 
and volcanically embayed, but not for tectonized (faulted). Thus processes that remove halos and that 
embay craters are apparently themselves spatially random. However, embayed craters have a strong 
tendency to be devoid of halo deposits [4] and no-halo and embayed craters show significant spatial 
clustering. Here we propose that the preservation state of halos can be used as a guide to the spatial 
distribution of volcanism. 

Method, We performed Monte Carlo simulations and use "P-P and "Q-Q plots [5,6] and a test 
statistic to examine the spatial randomness (SR) of a single crater subset, or the randomness of one 
subset relative to another. The P-P plot displays the extremes, amongst m random simulations, of the 
fraction of crater-to-nearest crater distances less than some distance x versus the expected value of 
x. The Q-Q plot displays spatial relationships of minimum distances (degrees) between craters. Also 
shown on each plot are the corresponding measurements for the observed data set(s). A test statistic 

n - 1  n 
for the null hypothesis of random distribution on a sphere is given by An = n - (4/n7r) $J~,, 

i=1 j=i+1 
where n is the number of craters and $ i j  is the spherical angle between the i-th and j-th craters [7]. We 
calibrate the Q-Q and P-P plots by comparison to the corresponding test statistic for single data sets 
(e.g., no-halo craters, tectonized craters), and then use the plots by themselves to assess randomness 
when comparing one data set to another (e.g., halo vs. no halo, no halo vs. embayed). 

Results. The table below gives the confidence levels for rejecting the null hypothesis. The levels 
depend to some extent on the sizes of the data sets, but the results clearly show that rejection is 
reasonable only for tectonized craters. The tectonized crater subset is the only case in which the 

observed data are near the simulation extremes over a large fraction of both the P-P and Q-Q plots, 
and this is taken as a bound for rejecting the null hypothesis graphically. The Q-Q plot indicates that 
tectonized craters have a non-random clustering up to length scales of about 1200 km. 
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66% 

There are no halos at 52 of the 83 craters that are volcanically embayed. If the two sets were 
statistically independent, then 26 would be expected. We examined the spatial relationship between the 
remaining (non-coincident) craters in these two data sets. Figures 1 and 2 show that the null hypothesis 
is rejected and that there is a strong clustering of no-halo craters with embayed craters at all length 
scales (heavy dashed lines = simulation extremes, solid line = observed data). This result provides the 
following hypothesis: Regions of high concentration of no-halo craters are a guide to the space-time 
distribution of volcanism. If correct, this provides a more robust means to study volcanism than by 
studying embayed craters alone because no-halo craters make up a third of the total crater population. 
The thickness of halo deposits is probably a meter or less [2], so the volcanism implied need be only 
modest and certainly less than that required to remove the associated crater. Figure 3 is a contour plot 
of the ratio of the spatial density of the no-halo population to the total population where the darkest 
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shades of gray indicate the highest ratio. High ratio areas include Ovda and Thetis Regiones, a band 
extending in a northeasterly direction from Aino Planitia to Atla Regio to Hecate Chasma, the Lavinia 
Planitia-Lada Terra region, and Atalanta and Sedna Planitiae. 

Conclusions. This result should be viewed with some caution because of possible altitude- 
dependent and latitude-dependent (radar incidence angle) biases in the mapped population of no-halo 
craters. However, this hypothesis can be further explored by examining other ratio distributions (e.g., 
halos, partial halos, embayed) as well as the spatial density of the overall population. 
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