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Several problems of current interest in planetary impact cratering 
depend on quantitative crater scaling relationships to obtain meaningful 
results, including: the determination of the impactor size 
distribution(s1 for craters in the inner and outer solar system (11, 
calculation of the terrestrial crater production rate from comets and 
Earth-crossing asteriods (21, cratering calculations concerning the 
possible origin of SNC meteorites from Mars (31, and possible o r i ~ i n s  of 
unusual crater morphologies on the icy satellites ( 4 ) .  The best crater 
scaling theory and measurements available are those of Holsapple and 
Schmidt ( 5 ) .  Their scaling relations are directly concerned only with 
simple craters in which the final rim diameter (Dr) varies only slightly 
from the gravity scaled transient crater diameter (Dg). Most of the 
craters under consideration for the problems noted above, however, are 
complex craters for which Dr>> Dg because of extensive failure and 
collapse of the transient crater rim. Thus it is important to determine 
the relation between Dg and Dr for complex craters. 

Most previous studies have simply assumed some constant average 
enlargement, i.e [a] Dg = f Dr where f is a constant typically on the 
order of 0.7. However, the prominence and radial extent of collapse 
structures (terraces, etc..) increase from nil in craters at the 
simple-complex transition diameter (DQ) to significant fractions of Dr 
in large craters, suggesting that f in eq. [a1 is a decreasing function 
of Dr. The simplest generalization of [a1 is a power law. A power law 
relation is also suggested by consideration of scaling theory: on a 
given planet, impact conditions such as surface gravity, target 
composition, mean impact velocity, etc., are constant to first order, and 
the scaling relations for strength and gravity scaled craters may be 
written, respectively, [ ~ I D ~ = K ~ E ~ / ~  and [c lDg=K2 Elia where Dg 
is the diameter of the strength crater, K1 and K2 are constants, a 
is the gravity scaling exponent (7), and E is the impact energy. Thus it 
is not unreasonable as a working hypothesis to assume a "modificationw 
scaling relation of the form [dl Dr = Kg E ~ / & ,  where Kg is a 
constant and c is the modification scaling exponent, to apply to 
complex craters. Combining equations [cl and [dl and recognizing that at 
DQ, Dg=Dr, a power law version of eq[al emerges: 
[el Dg=DQ l-e/Q ~ r & / ~ .  Equation [el may be rewritten: 
[fl D ~ / D ~ = ( D ~ / D ~ ) € / ~ - ~  indicating the utility of the ratios Dg/Dr 
and Dr/DQ as normalization parameters for comparing different data sets 
for craters on a single planet and data sets for craters on different 
planets. 

The following data sets have been used to constrain the exponent 
c /a : 1)Slump-Terrace widths: Terraces in complex craters are 
formed by slumping of the transient crater rim. By measuring the 
cumulative widths of terraces along several radii, an upper limit on the 
diameter of the transient crater can be set. The crater diameters 
obtained by restoring the visible terraces must be considered upper 
limits on Dg because the innermost terraces may easily have been 
disassembled beyond recognition during the rim's collapse. Indeed, in 
fresh lunar craters, terrace structures typically become less coherent 
closer to the crater center, frequently grading into isolated hummocks 
and debris fans next to the crater floor. Measurement of terrace widths 
on several lunar craters and a few terrestrial craters provide an upper 
bound of c/a 50.83-0.86 for Dr/Dg 5 20. 2)Central Uplift/Peak Ring 
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diameters: Central uplifts in terrestrial impact structures and central 
peaks and peak rings in lunar craters are apparently formed of material 
that rebounded or flowed up within the walls of the transient crater 
(7). Thus the diameters of such structures place lower bounds on Dg. 
Measurements of central uplifts in five terrestrial impacts and about 30 
lunar craters place a lower bound of c/a 2 0.81-0.84 for Dr/Dg 2 10. 
3)Continuous Ejecta Blankets (CEB) : According to scaling theory (8). the 
diameter of the CEB scales linearly as Dg. Diameters of CEB's for lunar 
craters were gathered from three independent sets of measurements 
(9,10,11) and used to derive least-squares fits to equations of the form 
of [el. For 2 L Dr/DQ L 100 (30 laa & Dr L 1000km), the calculated 
values of c/a range from 0.84 to 0.90. 4)A crater collapse model 
(12) constrained by measured apparent crater volumes, ejecta volumes, rim 
heights, apparent depths, and crater floor diameters of lunar craters 
found c/a -- 0.87k0.02. The fundamental assumption of the collapse 
model, that transient craters exhibit proportional growth (an assumption 
since substantiated through lunar basin dimensions: 13,141, was found 
numerically to yield a power-law relation between Dg and Dr, a further 
support for the form of eq [el. 

Both the three data sets. and the crater collapse model imply the 
correctness of eq [el and indicate c/a- 0.8520.03. Assuming aa3.6 
(5), then c=3, or complex craters scale roughly as the strength 
crater. This result is consistent with the observed diameter vs. gravity 
anomaly data (15) for fresh lunar craters (gravity anomalies are 
proportional to the volume of conuninuted material which in turn is 
related to the strength crater). It is also consistent with the idea 
that collapse in impact structures would extend out to a zone of given 
mechanical properties dependent on shock cominution and particle 
velocity, both of which scale as the strength crater (7). The primary 
result of this study is the determination of a continuous power-law 
relation between the final observed crater and the transient crater on 
any planet for which the simple-complex transition diameter can be 
estimated. 
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