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In previous work we argued that the abundance of doublet craters on Earth, made by the near- 
simultaneous impact of two well-separated projectiles, implies that a substantial fraction (about 
15%) of Earth-crossing asteroids are well-separated pairs [I]. A search for doublet craters on 
Venus showed that, when proper account is taken of the Venusian atmosphere's screening 
potential, a similar.proportion of doublet craters is found there [2]. Although an excess of 
doublet craters has been reported for Mars [3], the authors of that work chose to seek doublets in 
the heavily cratered terrain, and serious questions of the statistical validity of their work have 
been raised [4]. In our work we chose to examine the most lightly cratered plains units on Mars 
so that chance associahons of crater pairs are unlikely. So far, we have examined about 2 million 
km2 of terrain in Vastitas Borealis. Out of 133 craters greater than 5 km in diameter, only 3 are 
good candidates for true doublets. This implies that the proportion of doublet craters on Mars is 
about 2.3*1.3%, considerably smaller than that observed on Earth or Venus. This lower 
abundance of doublet craters on Mars does, in fact, agree well with the predictions of a model for 
double asteroid formation [5]. 

We searched for double craters on the lightly cratered plains of Vastitas Borealis (Npm to 
Aps in the Scott and Carr [6] classification) using the 1:2,000,000 Viking photomosaics MC- 1 C, 
D, E, G, and H (all north of latitude 65" and from 45" to 270" in longitude). We limited our 
search to craters larger than 5 krn in diameter to avoid problems with resolution, and we avoided 
regions that were obviously mantled with polar deposits. We considered all craters separated by 
less than 100 km as potential pairs, and tabulated the number of such "pairs" for each mosaic. In 
addition, we used what geologic information we could to judge whether the ejecta blankets 
overlapped one another or showed signs of simultaneous impact. Each potential pair was then 
classified as a "likely" doublet if positive evidence for simultaneous impact existed, "unlikely" if 
negative evidence existed (such as two craters with obviously different degradation ages, 
evidence for ejecta blanket overlap, or different angles of entry), and "possible" if no evidence 
for or against simultaneous impact could be found. Most potential pairs fell into this latter 
category. Of the 133 craters we have examined thus far, only 3 fall into the "likely" category. 
They are listed in Table 1. 

Table 1. Best Candidates for Doublet Craters on Mars 

Quadrant Latitude Longitude Diameter, krn Separation, km 
MC-1 C 71.2N 10.3W 10 

We used a Monte Carlo model to randomly distribute 133 points over an area equal to that 
searched for pairs. We then measured the distances between all of these points and computed the 
number of pairs that fell within a given distance bin by chance alone. We generated five such 
random distributions and averaged them to give the curve labeled "random" in Figure 1. This 
curve can then be compared to the number of observed craters (regardless of category) that fell 
within the same distance bins. See Figure 1. It is easy to see that most of the crater separations 
are not distinguishable from a random crater population. Only three craters with separations less 
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than 10 krn show a slight excess over a purely random population. These three also happen to be 
the three "likely" candidates in Table 1. Thus, besides the geologic reasons for a real 
association, there seems to be a statistical one as well. 

If these three craters are really doublets, reflecting double asteroids among the bombarding 
population, then the fraction of double craters seems to be significantly smaller than the 15% 
observed on Earth or Venus. The fraction of doublet craters on Mars, from the terrain currently 
mapped, is 3 out of 133 or 2.3+1.3%. If some of these three are distant secondaries to some large 
basin, then the proportion may be even lower, although there is no evidence that any of these 
three pairs are secondary. 

Although this small proportion of doublet craters on Mars may at first appear discrepant, it 
actually agrees well with a model for double asteroid formation during close approaches to one 
of the terrestrial planets [s]. The observed crater density thus supports this model, and makes it 
unlikely that many main-belt asteroids with well-separated satellites remain bound long enough 
(through numerous planetary close approaches) to contribute significantly to the doublet crater 
population. Between now and the time of the LPSC conference we plan to examine more terrain 
to the south of the region already studied and thus hope to present data with better statistics. 

Figure 1. The 
Mars.doublets observed number of 

5 0 I , I a , t l l l  craters (dots) 
separated by 

(I) distances within 
8 + 4 0 -  logarithmically 
E u increasing bins is 
c) compared to the 

number expected for 
a random 
distribution (line). 
No statistical excess 
of observed pairings 

i 1 0 -  over random is seen 
except for three 
craters separated by 

0 1 1  - less than 8 km. 
1 0  

Separation, km 

References 
[I] Melosh, H.J. & Stansberry, J.A. (199l)Icarus 94, 171. [2] Cook, C.M., Melosh, H.J. & 
Bottke, W.F. (1995)LPSC XXVI, 275. [3] Oberbeck, V.R. & Aoyagi, M. (1972)J. Geophys. 
Res. 77, 2419. [4] Woronow, A. (1978)Icarus 34, 324. [5] Bottke, W.F. & Melosh, H.J. 
(1996)LPSC XXVZZ [6] Scott, D.H. & Can, M.H. Geologic Map of Mars, 1-1083 (U. S. Geol. 
Survey, 1978). 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 


