
LPS Xxvn 

T H E  ABUNDANCE O F  FINE-GRAINED IMPACT EJECTA ON VENUS; H. J. 
Melosh and C. J. Schaller, Lunar and Planetary Lab, University of Arizona, Tucson, AZ 85721. 

The highly successful Magellan mission to Venus returned radar images that demonstrated the 
presence of aeolian deposits, wind streaks and dune fields, on the Venusian surface [I]. 
Although present, such deposits are not abundant, suggesting that fine grained materials do not 
occur in large quantities on Venus. This is also consistent with the Venera lander images, which 
show broad areas of bare rock with only a thin mantle of coarse to fine clastic material. The 
source of even this small amount of loose material is unclear: Volcanic fire-fountaining may 
produce some fines, but how much of this activity is possible under Venus' elevated surface 
pressures is uncertain. Weathering in the terrestrial sense does not occur on Venus, so the release 
of resistant mineral grains by differential weathering is probably unimportant. In this abstract we 
estimate how much fine material is produced by impact craters, using data from craters with dark 
parabolic deposits. The final results show that the largest craters produce the largest volumes of 
fine material, and that the total volume thus produced is more than sufficient to account for all of 
the fine material observed. Thus, the dominant source of sand-sized fines on Venus may be 
ejecta from large impacts. 

In previous work [2] we reported the results of fitting a model of parabola formation about 
Venusian craters [3] to 19 observed halos. The final result of these fits was a relation for the 
mean size, d, of ejected particles as a function of range, r, from the crater center and the crater 
rim radius, rc. The resulting relations age given by 

2.65f 0.03 

d = dc (:) where log(dc) = (3.18 f 0.34) + (-1.56 f 0.26) log r In these expressions 

dc is the mean fragment size extrapolated back to the crater rim. d and dc are in m, r and are in 
km. Note that the fragment size has the interesting property that it decreases as the crater size 
increases, so that not only do larger craters produce more ejecta, they also produce finer ejecta 
than small craters. The largest craters will thus dominate in the production of fines. 

To convert these equations to the total volumes of ejecta of a given size on Venus, we first 
compute the volume of ejecta as a function of size for a single crater of radius rc. If we let 
v(d,&d; rc) be the volume of ejecta in the size range between d and &din a crater of radius 

rc, and suppose that the thickness of the ejecta blanket 6 is given by the equation of McGetchin et 
3 

al. for complex craters, 6 = 23 r, , then simple integration between the radii at which 

ejecta of size a d  dominates and size d dominates yields 
V(d,&d; r,) = 1.28 x r,3.33 

where V is in km3, rc in km, and d is in m. Thus, we estimate that a 30 km diarneter crater will 
produce 0.8 km3 of ejecta between 1 and 1.41 mm in diarneter. This material will be scattered 
beyond a range of 650 krn from the impact. 

We now multiply this volume for a single crater by the total number of craters on Venus, 
weighting it appropriately for the size of each crater. For the purposes of this calculation we 
approximate the crater distribution of Venus by supposing there are craters smaller than 15 
krn in radius (remember, the fines production is dominated by the large craters, so this crude 
approximation is adequate), and integrating up to the radius of the largest crater, approximately 

5 -2 180 km. The cumulative crater density [4] is then given approximately by N,, = 9.1 x 10- rc , 
for rc > 15 km, where r, is in km and Ncum in km-2. Then the total volume of ejecta in the size 
range between d and &d for all craters (per unit area) is 
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v(d,&d) = jr- -- dNm ~(d,Jid;  r.) dr, 
r,ia dr, 

-4 0.377 or, inserting numerical values, ~ ( d , $ d )  = 1.7 x 10 d , with V in km3 and d in m as before. 
This expression can be multiplied by 105 to give centimeters in thickness per unit area of Venus. 
For example, in the size range of 60 to 2 W p ,  the "sand size" range on Venus [I], we estimate a 
total of about 7 cm thickness over the entire planet. Figure 1 illustrates the abundances in the 
interval of d to &d for the planet, along with ranges in the uncertainty, which is about a factor 
of 2. Note that, unlike many terrestrial sources of fine sediment, coarser materials are more 
abundant than fine material: dust may thus be rare on the surface of Venus. 

The estimated volumes of ejecta can be compared to the volumes required by the observed 
aeolian features. The largest dune field on Venus, the Fortuna-Meshkenet field, has an area of 
about 17,000 km2. Assuming the average dune height is 200 m, the volume of sand-size material 
in the field is about 3.4 x 103 km3. The total volume of this size material produced on Venus, 
from the equations above, is 3.5 x 104 km3, about a factor of 10 larger. It is difficult to estimate 
how much material is in the form of wind streaks, but our study of parabolas suggests that a 1-cm 
thickness is sufficient to cause radar-darkening. This is smaller than the total thickness of sand- 
size material we estimate on the planet, so even if the wind streaks represent 10 cm to m thick 
local accumulations of sand-size material, they could still be composed of impact-generated 
fines. 

It thus appears that &l of the sand-sized loose material on the surface of Venus could have 
been derived from impact ejecta. Furthermore, the largest craters areAthe most important 
contributors to this material. This idea may be tested by examining the fragment size distribution 
in the Venera lander photos, which should show that coarse material is more abundant than fine 
material, as predicted in Figure 1. 
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