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CRATER SATURATION EQUILIBRIUM IN THE SOLAR SYSTEM: NEW 
EVIDENCE 
W. K. Hartmann, Planetary Science Institute. Tucson AZ 85719 

At the 15th LPSC in 1984, (and Icarus, 60:56-74, 1984) the writer 
suggested that many planet and satellite surfaces in the solar system 
have reached a state of crater saturation equilibrium. At this crater 
density, further impacts make new craters, but old craters are 
obliterated, especially by giant basins and their ejecta blankets. 
Ejecta may drop the total crater density below the mean saturation level 
in parts of the area, at diameters corresponding to depths shallower than 
the new ejecta. Thus, once saturation equilibrium occurs in the absence 
of endogenic resurfacing, the crater diameter distribution evolves 
D-dependent structure, as well as oscillating around the mean saturation 
equilibrium value with time. 

Attempts to model these effects by numerical simulation have led to 
controversies about the crater density level corresponding to saturation 
equilibrium curve in nature. The Voyager team, for example, in 
interpretations of outer solar system satellite surfaces, denies 
saturation equilibrium and assumes that all craters ever formed can be 
counted. Thus they translate structure in diameter distributions 
directly into structure in impactor populations. This conclusion appears 
internally inconsistent with their simultaneous conclusion that some of 
the same satellites have been hit so many times that they have been 
fragmented and reassembled. How can a satellite such as Mimas be 
fragmented and reassembled from impactors without attaining a 
crater-saturated surface, in the absence of any apparent endogenic 
resurfacing events? 

The Icarus paper showed empirically that bodies such as Mimas, Rhea, 
Callisto, the moon, Phobos, and Deimos all have crater diameter 
distributions that reach maximum densities within a factor two or three 
of the curve 

log NHC = -1.83 log Dkm - 1.33 (1 

where NHC = incremental no. craters/lun2 in log diameter bins and 

D = crater diameter (km). It was noted that crater counts on lunar maria 
permit a test of these ideas. They show three well-known segments, 
illustrated with data from Mare Cognitum in Figure 1. Segment A at D 2 4 
km is attributed to primary impact. Segment B, 250 m S D 4 km, is 
more steeply sloped and is generally attributed to dominance of secondary 
ejecta. The important segment in this discussion is segment C, at 
D i 250m. which rolls over to shallower slope. Segment D is the crater 
density in heavily cratered areas, i.e. equation (1). The important 
point is that segment C appears to flatten near the level of equation (1) 
consistent with the hypothesis that crater densities in nature do not 
exceed (1) because saturation sets in at that point. At the time of the 
1984 work, I had mare crater counts only down to D - 62 m, not small 
enough to test whether the flattening really persisted to small D near 
equation (1). I proposed that a test of the saturation equilibrium 
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hypothesis would be to see if the flattening (segment C) persists to 
small sizes, and in particular to see if it falls near equation ( I ) ,  the 
putative empirical saturation equilibrium level. 3, . , . , , . , , , , . , I . , . 

Although some other counts of small 
lunar craters have been published, it is 
important in these tests to use a 
homogeneous data set by one author, since 
different authors and different techniques 
(such as stereo viewing by some authors) may 
lead to different detection limits in 
heavily cratered terrain where rolling 
depressions may be seen as craters by some 
authors but not others (see Lissauer. 
Squyres, and Hartmann, these abstracts). 
For these reasons I have begun some new 
counts of small craters on lunar high 
resolution photos; these are added to my 
older counts obtained by the same methods Fig. 1. Diameter distri- 

during the last 22 years. bution of craters in Mare 
Cognitum down to 1 m 

The small craters relate to the diameter. 

question of saturation equilibrium through 
the pioneering work of Shoemaker (1966 
Ranger VIII and IX reports, JPL Tech. Rep. 32-800; 1968 Surveyor Final 
Report. JPL Tech. Rep. 32-1265) and Gault (1970, Radio Science 
5:273-291). They pointed out clearly that the formation of the mare 
regolith to depths of the order of tens of meters implied saturation 
cratering up to diameters sufficient to pulverize lavas to that depth. 
Indeed, Gault (Fig. 4) drew not only empirical but theoretical curves 
showing the rollover from segments B to C due to the saturation effect. 
In other words, they showed that segment C must fall along a saturation 
equilibrium line. 

Figure 1 includes my new results on the position of segment C. 
Crater diameter distribtuions have been extended down to D = 1 m by 
combining lunar Orbiter photos with ~lder Ranger impactor photos. Two 
important conclusions are drawn. (1) The craters at small D do not 
continue upward along the steep segment B slope, but flatten to a 
shallower slope along segment C. (2) Segment C falls roughly along the 
extension of segment D, i.e. near equation (I), which I previously 
identified as a hypothetical saturation equilibrium level. These results 
confirm Gault's. His results deserve further attention in the context of 
studies of heavily cratered surfaces, such as outer planet satellites. 

I conclude that this supports the hypothesis that equation (1) lies 
close to an empirical saturation equilibrium level. 

Further investigations of the behavior of curves in intensely 
cratered areas thus appear warranted, in view of their effect on Voyager 
and other interpretations, though present study has been retarded due to 
funding cutbacks. This work is supported through the NASA Planetary 
Geology and Geophysics Program. 
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