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Are Asteroids t h e  Source of t h e  Period of Late  Heavy Bombardment in the  
Inner  Solar System?; R.G. Strom, Department of Planetary Sciences, University of 
Arizona, Tucson, Arizona 85721 

In the inner Solar System, the heavily cratered terrain on the Moon, Mercury, and 
Mars all have similar sizelfrequency distributions representing the period of late heavy 
bombardment. On Mercury and Mars, there is a paucity of craters less than about 40 
km diameter relative to the Moon. This paucity of craters is probably the result of crater 
obliteration by intercrater plains formation on Mercury and both intercrater plains and 
atmospheric erosion and deposition on Mars. 

A comparison of the cratering curves for the Moon, Mercury, and Mars shows that 
they are laterally displaced with respect to each other at diameters between about 40 km 
and 150 km, where the curves are probably unaffected by erosion and deposition and where 
the statistics are relatively good. They are displaced in such a manner that higher impact 
velocities are required at planets with smaller heliocentric distances, i.e., larger craters at 
Mercury and smaller craters on Mars compared to a given size crater on the Moon. This 
is consistent with a single family of objects in heliocentric orbits. The Martian curve is 
laterally displaced to smaller diameters by about one f i  diameter bin compared to the 
lunar curve, while the Mercurian curve appears to be displaced to larger diameters by 
about a half a & diameter bin compared to the Moon. 

In order to determine the orbital elements of the objects responsible for the period of 
late heavy bombardment, Monte Carlo computer simulations were devised to attempt to 
reproduce the observed displacements of the crater curves from impact velocities appropri- 
ate for objects with various semimajor axes and eccentricities. In these early simulations, 
a projectile sizelfrequency distribution was recovered from the lunar highlands cratering 
curve using a modified Holsapple-Schmidt crater scaling law and randomly selected impact 
velocities derived from objects with semimajor axes from 0.5 to 2.5 AU and eccentricities 
from 0.5 to 0.9. This projectile population was then used in another Monte Carlo simula- 
tion to generate crater sizelfrequency distributions on the Moon, Mercury, and Mars using 
randomly selected impact velocities derived from objects with various orbital elements. 

These early initial simulations indicated that only objects confined to the inner Solar 
System and with large eccentricities (> 0.5) could produce the observed lateral shift in the 
crater curves. However, these simulations did not take into account the impact probability 
of the objects. Some orbital elements have collisional lifetimes that are greater than the 
age of the Solar System, while others are very short. In order to account for the impact 
probabilities of objects, new Monte Carlo computer simulations where devised to take 
into account the lifetimes of the objects and therefore the impact frequency. In these 
simulations, the number of times an impact velocity was used in a simulation was derived 
from its lifetime by normalizing it to the age of the Solar System so that the shorter the 
lifetime the more frequently the impact velocity was used. Impact velocities for objects with 
lifetimes greater than the age of the Solar System were rejected. These new simulations 
more accurately portray the impact velocity distributions for various orbital elements. 

Currently four models are being tested. One model assumes that the population of 
impacting objects is collisionally evolved so that relatively large orbital inclinations are 
associated with large eccentricities, or i -- e/2 where e is in radians. A second model 
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is the opposite case where the population is not collisionally evolved and relatively large 
orbital inclinations are associated with small eccentricities, i.e, evolution along surfaces of 
constant Tisserand invarient in a, e, i space. The third model will consider an intermediate 
case of partial collisional evolution, while the fourth model derives impact velocities from 
the orbital elements of present day terrestrial planet-crossing asteroids and short- period 
comets. 

To date only two models have been tested. The first model where objects are colli- 
sionally evolved with semimajor axes from 0.5 to 1.5 AU and eccentricities from 0.1 to 0.9 
does not generate the impact velocity differences between the Moon, Mercury, and Mars 
required to produce the observed lateral displacement in the cratering curves. However, 
present-day terrestrial planet-crossing asteroids produce the observed shift in the crater 
curves when their impact probabilities are taken into account. Although the other cases 
have yet to be tested, it appears possible that objects on orbits similar to present-day ter- 
restrial planet-crossing asteroids could have been responsible for the period of late heavy 
bombardment in the inner Solar System. Perhaps such objects could have originated from 
a now depleted innermost part of the asteroid belts by Mars' perturbations early in Solar 
System history as suggested by Wetherill (personal communication). 
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