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The terrestrial planets, the earth's moon, Mars, Venus, and Mercury show similarities in their 
production crater size-frequency distribution characteristics. The recent results from the Galileo 
mission flybys of the main belt asteroids Gaspra and Ida [ I ,  21 yield information on the crater size- 
frequency distribution in the source region of the bodies largely responsible for crateling the inner 
solar system planets. The purpose of this paper is to review the wealth of cratering data which 
have been gathered for the moon and for the terrestrial planets in combination with the latest results 
for Gaspra and Ida. This is  done with a new model, taking into account major parameters 
controlling the cratering process: gravity and strength of a target body as well as the average 
velocity of impacting projectiles. 

1. Production crater size-freauencv distributions of the telrestsial planets: 

The basis for the inter-planetary comparisons, as the best determined and most reliable data set, 
is the lunar production crater size-frequency distribution function teilned standard or calibration 
distribution [3, 4, 51. The standard distribution is a complex function with values of the 
distribution index, i.e. the exponent a in a power law for the cummulative crater size-frequency 
N=Da, where a varies between - 1 and -4. Our modelling exercise shows that the complex form of 
the standard distribution curve may only partially be connected with intrinsic effects of the 
cratering processes. Mostly the curve reflects the complex distribution of projectile sizes. 

Using the lunar curve and scaling it to the other terrestrial-planet impact conditions 
demonstrates the close similarity of the distributions measured on the other terrestrial planets [6, 
71. The new data from Galileo's images of Gaspra confirm the steep slope of the standard 
distribution for crater diameters below 1 km. The Gaspra crater size-frequency distribution is an 
argument against the point of view, that secondary craters make a major contribution to obsel-ved 
small-crater size-frequency distributions (cf. [8]). 

2. Influence of cratering mechanics on the size-frequency distributions: 

In order to compare crater size-fi-equency distributions and crateling rates on different planets in 
a rigorous way we take into account (i) the projectile flux variations in space and possibly in time 
and (ii) a number of parameters controlling the impact cratering process such as gravity, 
atmospheric conditions, crustal strength, density and structure, as well as projectile density and 
impact velocity. 

For simplification we use a constant ratio of targetlprojectile densities. In order to avoid 
calculating the impact velocity distributions for each planet (still poorly defined) we use "average" 
or "typical" values of impact velocity for each planet. These values correspond to averaged impact 
parameters of planet-crossing asteroids derived from the main belt with eccentricities of e=0.6 [9]. 
The same procedure is used to compare gravity enhancement of cross-seclions of different planets. 

The scaling laws derived for the cratering processes take into account a smooth transition from 
strength to gravity regimes (like in LlO]), and Croft's model [I 1] of crater gravity collapse for 
complex craters. The "coupling parameter" concept [12] is used to compare cratering efficiencies at 
different impact velocities. 

The output of the model is a set of theoretical size-frequency distributions for Mercury, Venus, 
Earth, Mars, Gaspra and Ida, recalculated 1'1.on1 the lunar standasd cusve. These theoretical 
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distributions are in good accordance with the terrestrial data (old cratons) for craters above 10 km 
diameter. A simple power law with a distribution index a=-2 as has commonly been used so far 
[13] fits the same data in a much cruder way only above 20 km crater diameter. For Venus, the 
model fits the Magellan data well above 20 to 30 krn crater diameter where the atmospheric 
influence is not as large as for smaller craters. 

Recalculation of the lunar standard distribution for Gaspra has been done provided that the 
observed craters are strength controlled. The fitted Gaspra crater distribution may be extrapolated 
to the range of hypothetical projectiles larger than 50 km in diameter, which allows direct 
comparison with the intrinsic probability of collision for the asteroid belt [14]. 

The observed crater distribution for Ida is well approximated with a recalculated lunar curve for 
craters larger than 2 km diameter. Craters smaller than 1 km on Ida have a shallower distribution 
(a=-2) than the recalculated standard distribution, indicating an equilibrium state for the small 
craters. The surface of Ida seems to be at least 10 times older than that of Gaspra. 

Conclusions: 

The overall complex shape of the lunar production crater size-frequency distribution curve 
cannot be made compatible with simple power-law distributions for the underlying impactor size 
distributions taking into account the known scaling laws for impact crateiing. The lunar calibration 
distribution is a useful tool for approximating the size-frequency distributions on other terrestrial 
planets provided the appropriate scaling col~ections are made. This leads to the conclusion that one 
and the same family of impactors is responsible for crateiing the inner-solar system planets from 
very early times (post-accretion bombardment) until the present, that the size distribution 
characteristics of this impactor family have been rather constant through time, and that this 
impactor family is largely delived directly from the main asteroid belt. 
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