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TOPOGRAPHIC EVOLUTION OF THE MOON BY IMPACTS DUR- 
ING HEAVY BOMBARDMENT; Seiji Sugita and Takafumi Matsui, Department of 
Earth and Planetary Physics, University of Tokyo, Japan 

Introduction Although the time scale of terrestrial accretion is estimated to be 
lo6  - 10' years, occurrence of a large number of impacts continued until about 3.9 Ga ago. 
This is so-called heavy bombardment. However, temporal variation of the impact flux is 
quite uncertain, especially before 4.0 Ga ago, as shown in Figure 1. Irrespective of such an 
uncertainty, it has been pointed out that these bombardments had significant influences 
on the early evolution of the terrestrial surface environment [I] [2] [3]. It is, therefore, very 
important to clarify the bombardment history especially during the early history of the 
Earth. For this purpose, we try to constrain the total number of impactors striking the 
Moon after the formation of the lunar lithosphere. 

The lunar topography is probably dominated by large craters. In fact, most of the 
lunar surface, as much as 83%, is covered by heavily cratered Highland [4]. Hence, we 
investigate the influence of impact cratering on the evolution of the lunar topography with 
a simple probabilistic model, taking into account the size distribution, obliteration and 
superposition of craters. Based on this model, we can estimate the number of craters 
necessary to reproduce the present lunar topography. This number is interpreted as the 
total number of craters formed after the formation of the lunar lithosphere. 

Model The size distribution of craters is usually given by an inverse power-law. The 
maximum diameter of craters is assumed to be a third of lunar diameter [5 ] .  Simple form 
of crater represented by a constant-depth floor and a constant-thickness ejecta blanket 
is used in the numerical simulation. The volumes of a cavity and an ejecta blanket are 
assumed to be equal, i.e. Schroter's Rule. The relation between depth and diameter of 
craters is given by an empirical power-law [6]. In addition, we assume that a preexisting 
crater is obliterated and thus its topographic effect is removed when the crater is covered 
by floors of larger craters. In contrast, when a crater is covered by floors of smaller craters 
or ejecta blankets, its topographic effect is assumed to survive although its circular figure 
may become indiscernible. Then the final topography is obtained by adding topographic 
changes due to survived craters. Details of the numerical procedures are described in our 
previous paper [7]. 

Results The numerical results indicate that the evolution of the Moon's hypsome tric 
curve is strongly influenced by the total number of craters and is less affected by the size 
distribution, as shown in Figure 2. It is suggested that the total number of craters necessary 
to explain the standard deviation of the present hypsometric curve is roughly equivalent 
to the number density of craters on the oldest lunar crust, corresponding to about 
lunar mass of impactors. This mass may represent the total mass of impactors strikng 
after solidification of the lunar crust, probably after about 4.4 to 4.5 Ga ago because the 
lunar lithosphere is thought to have thickened very rapidly after the formation of the lunar 
crust [8]. 

However, a large amount of mare basalt has erupted and filled the depressions like 
impact basins. This resulted in leveling-off of the lunar topography. This implies that a 
larger number of craters than that estimated above are necessary to explain the present 
lunar topography. In fact, the total volume of basalt which has erupted since 4.4 Ga ago is 
estimated at about 2 x l o7  krn3 [9]. Since this is almost comparable with the volume of the 
material excavated by the estimated number of impactors, the total number of impactors 
can not be larger than the estimate by an order of magnitude. 
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Fig. 1 Temporal variation of im- 
pact flux on the moon. The points 
with error bars represent the data o b  
tained by crater counting and dating 
of lunar rocks [9]. The total mass 
of impactors is calculated using the 
relation between impactors mass and 
crater diameter by [I] with the as- 
sumption that the inverse power-law 
index for cumulative size distribution 
of craters is 1.8, that the density of 
impactors is 2.5 x 103kg/m3, that the 
typical impact velocity is 13km/s and 
that the diameter of the largest crater 
is 1100km. 
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Fig. 2 Hypsometric curves for the Moon. The bold solid line represents the observations 
[4] based on Apollo laser altimetry and ground based radar observations. The fine lines 
are the results of the numerical calculations. No represents the number of craters with 
diameter larger than 4km per square kilometer. a is the inverse power-law index of the 
cumulative size distribution of craters. The ratio of surface area of ejecta blankets to that 
of crater floors is 24 for all the cases. 
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