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EFFECT OF MODIFICATION OF IMPACT CRATERS ON THE SIZE-FREQUENCY DISTRIBUTION AND 
SCALING LAW; B.A. Ivanov, O.Yu. Schmidt Institute of the Earth Physics, USSR Academy of Sciences. 
Moscow. 

It is well known that for all planetary bodies a critical crater diameter, D,, marks the transltlon 
from craters with simple, bowl-shaped profiles with diameters D,< D, from complex craters wlth 
Dc> D,. On the Moon D,= 15 km. The model for simple crater formation (1) glves the approximate 
relation between the diameter of transient cavity Dt (Fig. 1) and the final diameter of a simple crater 
D, ID, 1.3. In the present paper we discuss the hypothetical relationship between the diameters of 
a complex crater and a transient cavity. 

It is first assumed that the height of the outer rim varies with radial distance r from the point of 
impact as 

h - r-b (1 

If modification leading to complex craters decreases the crater depth and Increases the crater 
diameter (provided the outer rim profile does not change), then It Is possible to estimate the 
diameter of a hypothetical transient simple crater prior to modification (1). Let the rim height of a 
complex crater be given as 

and the rim height of a simple crater, as 

hs = ks D 
P 
s 

If the rim profile is the same, then 

Combining (2) ,  (3) and ( 4 )  gives the final relation between the hypothetical simple crater diameter 
and the final complex crater diameter 

1 C i + b  

1.014 
It is possible to give the numerical example for the lunar craters where hS = .036 Ds and hc = 

.399 
.236 D 

C 
( 3 ) :  

provided that b = 3 (2) .  If we adopt the terrestrial value D, ID, = 1.3 then the final relationship 
between Ds and D t on the Moon would be 

0.847 
D, = 1.2 Dc for Dc > D* 

The crater with Dc = 100 km, for example, forms from the transient cavity of D, = 61 km 

Implication 1. The data for simple craters from (4) for 2 km < Ds< 16 km can be approximated 
as NIS = 0.5  where NIS is the number of craters i n E  increment of crater diameters per 1 
km2 area. The hypothetical distribution, recalculated using Equation 6 would be NIS = 0.5 0il-5 
Figure 2 shows the fit of these relations to lunar data given by Hartmann (4)  and Arvidson et a / .  (5). 
The NIS values are denoted on right scale for (5). One can see that crater modification does not 
change the numerical value of N/S far from D,. 
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Implication 2. To date, scaling laws were constructed primarily for simple craters. We have 
investigated the experimental and calculated data (6, 7, 8, 9, 10) for gravity craters and generalized 
these data as 

D, (km) = .9 (gE /g) 
114.4 . KE1 13.88 V-.067 (8) 

where g and g~ are the gravitational accelerations for a given planet and the earth, respectively; the 
kinetic energy is in Mt TNT; and v, the projectile velocity in kmls for a target density of 3 g/cm3. If D, 
varies as g-l on terrestrial planetary bodies (1 1, 12), then the model for crater modification permlts 
rewriting equation 8 in the form 

D, (km) = -94 (gE /g) 
.268 KE1 13.288 ,,-. 102 

(9) 

Figure 2. The effect of crater modification on crater statistics from data given in (4) .  
curve A, and (5), curve B. Black circles with crosses indicate simple craters, whereas 
open circles and crosses indicate complex craters. 

Note that while the KE exponent in Equation 8 is not far from "gravity" value 114, the final value 113.3 
resembles the well-known "explosion" value 113.4 due to transient cavity modification. 

Equation 9 has been checked for terrestrial craters with known estimates of impact melt 
volumes using (13). The comparison shows that Equation 9 may be used to approximate crater 
diameter for given projectile parameters and vice versa. 
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modification where D is the diameter of the 
apparent crater; Ds , the rim-rim diameter of a 
corresponding simple crater, and D,, the rim- - 6  - 
rim diameter of a complex crater resulting 
from modification of a simple transient crater. 
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