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Scaling of Crater Ejecta Blocks 

Kevln R Housen, M S  3H-29, Boeing Aerospace Co., Seattle WA, 98124 

Crater formation in rocky materials is thought to be governed by two basic mechanisms. 
depending on the size of the event. At small scales, crater size is determined prharily by the strength 
properties of the rock, whereas at much larger scales gravity plays a more dominant role than strength. 
The transition between these strength and gravity regimes is often suggested to occur at a critical value 
of Y/pgD where Y is an appropriate measure of the material strength, p is the density, g is the gravity 
field strength and D is the crater diameter (e.g. 1-4). Because of the dfflculty in estimating Y for 
planetary or satellite surfaces, it is hard to decide to which regime a given set of craters belongs based 
solely on the Y/pgD criterion. It is useful therefore to search for other criteria. For example, one can 
show that the ejecta blankets of gravity-dominated craters should be gameMcally stmllar (3). Hence a 
strength-gravity transition can be identifled if observations of ejecta deposits indicate geometric 
similarity only above a critical diameter. This can provide useful information regarding the 
competence of the surface material. 

The purpose of this study is to investigate block-size distributions as another possible indicator of 
a strength-gravity transition. Observations of block fields have been reported for a wide range of 
craters formed on the Earth, the Moon, Phobos and Delmos (5-9). Proper interpretation of these results 
can only be done with the appropriate scaling laws for the strength and gravity regimes. This abstract 
summarizes some preliminary scaling results which are relevant to the study of ejecta block 
distributions. In particular, the size of the largest block in the ejecta field is considered here, because 
this is the most widely reported observation. 

The scaling laws presented here include a very general description of the target. In particular, the 
target is characterized by its density p, a strength measure Y, which has units of stress, and a s h n g t h  
measure Z, which has units of stress (length)* (timelB. where A and B are constants. Hence, I; is a 
material property which may depend on size scale or shin-rate. For example. if A=O and B+O. then a 
strain-rate dependent strength is obtained. Additionally, we include a set, P, of any number of 
mechanical properties which can be rate or size dependent. 

The impactor is described by its radius a, velocity U. and density 6. Furthermore. a point-source 
coupling parameter, C, is used for the impactor (3, 10). As such, the impactor properties a. U and 6 are 
represented completely by C. The valtdity of the point-source approximation has been demonstrated 
through many experiments and scaling studies (see ref. 10 and references therein). 

The fragment size distribution produced during the impact should be independent of gravity, a t  
least for surface spalls which are small enough that lithostatic stress is not important. For example, 
assuming a spall strength of say 108- 109 c.g.s. for lunar material, lithostatic stress should not be 
significant for fragments less than a kilometer or so in size. As such, the size, s,, of the largest 
ejected fragment is written as 

The diameter of the crater produced in the fmpact is 

The coupling parameter can be eliminated by combining eqs. (1) and (2), so that 

Equation (3) can be expressed in nondimensional form as 

where n is the set P of mechanical properties which have been nondlmensionalized by appropriate 
combinations of p. Y and S. For any fixed type of target material all variables in this set will be 
constant. From this point on the target material is assumed to be constant so that n can be omitted. 

Now consider cratering events which are at a small enough scale that the lithostatic stresses 
involved are small compared to the target strength so that the gravity term in eq. (4) is small. In this 
strength reglme the gravity term can be neglected. Equation (5) gives 
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where, again, the material type is assumed to be constant. Hence, if there are no strain-rate or 
size-dependent material properties Ck B=O) then the ratio of the size of the largest block to the size of 
the crater should be constant. On the other hand, if there are rate or size effects then the ratio of block 
size to crater size should depend on D. 

Now consider events large enough that the crater size is controlled by gravity. In the gravity 
regime, the size of the largest block is given directly by equation (4). 

for a fixed material type. If there are no rate or size dependent material properties then s,,/D is a 
function of gD. 

Figure 1 shows s-/D as a function of D using the observations reported in refs. 5 and 6. The 
data for craters smaller than a few tens of meters represent terrestrial craters formed in rock Events 
at this size are probably domonated by strength effects (e.g. ref. 3,4). The downward trend in these data 
imply the presence of either rate or size effects, according to eq. (5). The lunar craters with D less than 
100m-lkna are probably also strength domtnated and show a trend similar to the terrestrial 
observations. The indication in Figure 1 of a straln-rate or size dependent strengh is not surprising in 
light of the many laboratory studies which have shown that the dynamic fracture strength of rock can 
greatly exceed the static strength (e.g. 11. 12). 

While the behavior of maximum block size is consistent with the idea of a rate-dependent 
strength, the trend of the large-crater data is more puzzling. For example, lunar craters with D> 1 km or 
so are commonly believed to be gravity dominated. Although the specific functional dependences have 
not been determined, equations (5) and (6) suggest that there should be a change in the dependence of 
s-/D on D between the strength and gravity regimes. The data in Figure 1 near D=lkm show little 
evidence of such a change. Furthermore, there is no significant difference between the observations of 
kilometer-size terresrial craters and lunar craters even though one is expected based on the gravity 
term in equation (6). This suggests that maximum block size is not useful as an indicator of the 
strength and gravity regimes. 
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