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Knowledge of the relations between the sizes of craters and the impactor that caused them 
are now to where reasonable estimates can now be given for lunar, terrestrial and other craters, 
over the entirety of observed sizes and simple and complex morphologies. Here complete di- 
mensionless and dimensional forms are presented for these relations in a concise form. 

The results are a consequence of a variety of assumptions and analyses, most importantly: 
1. The final size of terrestrial craters smaller than a few tens of meters diameter is deter- 

mined by the strength of the surface ("strength" regime), while the size of substantially larger 
craters is determined by the surface gravity ("gravity" regime). The crater diameter for the 
transition between these regimes scales as the inverse of the surface gravity for rocky bodies. 
Thus, all kilometer-sized lunar craters are in the gravity regime. 

2. Craters smaller than about 3 krn diameter (terrestrial) or about 15 km (lunar)- have the 
classical "bowl-shapes" of laboratory and explosion field craters ("simple craters"). Larger 
craters first form as a bowl-shaped transient crater, undergo some elastic rebound to pass through 
an equivalent simple shape, then undergo some poorly understood later-stage process (probably 
involving massive rim-wall slump) to the final shapes seen for the larger "complex" craters. This 
simple to complex transition size also varies as the inverse of the surface gravity. 

3. The transformation from the equivalent simple morphology to the final complex 
morphology is volume conserving. 

4. Simple craters have a scaling consistent with the point-source assumption of energy and 
momentum deposition (Holsapple and Schmidt [I]), and according to that determined for labora- 
tory and field impact and explosive craters (e.g. Schmidt et al. [2]). A consequence is that all in 
a given geology are geometrically similar. 

5. The morphometry for the simple and complex lunar craters is as given by Pike [3]. 
An analysis of the relations between an - 

earlier simple crater and a final complex 
crater was given by Holsapple [4]. It was 
shown that the complex lunar crater meas- 
urements given by Pike are sufficient to 
derive the complete profile of the outer rim 
and ejecta blanket of an earlier simple 
crater, and other geometric relations. The 
analysis constructs a prior simple crater in 
very good agreement with the measured 
laboratory simple craters. Figure 1 shows a 
typical simple and the resulting complex 
crater and some of the notation. 

Many additional analyses of the rela- 
tions between simple and complex craters 
have been made with the purpose of ascer- 
taining the stability of the results to small 
changes in the inputs. Based on a number of 

I 

Figure 1. Simple and complex crater shapes and calculations, a final form was derived. It 
notation. The complex crater forms as a constant gave a radius R* =6.5 km for the 
volume redistribution of material to the radius R ,  The to and other 
a point on the profile of the simple crater. craters has been made, based on invariant 

dimensionless forms. The simple to com- 
plex transformation for lunar, terrestrial and general crater rim radius R, larger than about two 
times the complex transition radius R,, satisfies R,/r, = I.OZI(&/R)~~". Using the existing 
scaling for simple craters for a non-porous body [5], and assuming a rocky impactor (but there is 
little effect of the impactor composition) gives the results in following tables. 
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Table 1. Dimensionless forms for crater sizes and shapes in the gravity regime for simvle craters. Dimensional 
forms use units of km, see, kg. 

Quantity 

Crater volume V, 

below the 
original surface 

Crater volume V, 

below the rim top 

Rim radius r, 

Radius rc at 
ground surface 

Depth h of crater 
floor below rim 

Height 6 of rim 
above original 
surface 

Table 2. Results in the gravity regime for complex craters with diameters greater than two times the transition 
radius R,. Dimensional forms use units of krn, sec, kg. It Uses R,=1.5 for the Earth, R,=6.5 for the Moon. 

General dimensionless form, 
rim radius r, l R , 

-- pvc - 0.13 [;2 - (;r3]"" - 
rn 

3 = 1 . 6 8  
v, 

k= 1.59 
vc3 

'c = 0.81 
rr 

h 
- = 0.40 
rr 

6 - = 0.07 
rr 

Quantity 

Rr 

Radius at original 
surface, R, 

Crater volume Vc 
below the 
original surface 
Crater volume Vr 
below the rim top 

Depth of crater 
below rim, H 

Height of rim 
above original 
surface, A 
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Terrestrial Craters, 
1 3  km diameter 

v, = 4.4 10-1° m0.78~1.3 

vr = 7.4 m0.78u'.3 

rr=1.21 m0.26u0.43 

r, = 9.8 lo4 m0.26u0.43 

h = 4.8 i04 m0.26U0.43 

6 = 8.5 10-5 m0.26U0.43 

General dimensionless form, 
rim radius R,. 1 2  R ,  

1.08- , -4.2 

= 0.8g [$] 
g ( 1: R p.R, u2 P 

0.056 
"=0.78 (2) 
Rr 

- '5 = 0.23 (:r7 - 
Rr 

V' = 0.45 (:)"." - 
R," 

H 
-0.70 

- = 0.35 (2) 
Rr 

A 
-0.60 

- = 0.10 (2) 
Rr 

Lunar Craters, 
I 15 km diameter 

v, = 1.4 lo-9 m0.78~1.3 

vr = 2.4 m0.78u1.3 

rr = 1.81 m0.26u0.43 

r, = 1.47 10-3 m0.26u0.43 

h = 7.2 10-4 m0.26U0.43 

6 = 1.27 1 0 4  m0.26U0.43 

Terrestrial Craters, 
2 6 km diameter 

Rr = 6.95 lo4 m0.28~0.47 

R, = 0.76 R,'.0S6 

V, = 0.28 ~ , 2 . ~ ~  

Vr = 0.55 ~ , 2 . ~ ~  

H = 0.47 RF3' 

A= 0.13 

Lunar Craters, 
2 30 km diameter 

R, = 9.5 lo4 m0.28u0.47 

R, = 0.70 R,'.0J6 

V, = 0.55 R , ? . ~ ~  

Vr = 1.12 ~ , 2 . ~ '  

H=1.3 RF30 

A = 0.31 R , ~ . ~ O  


