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Crater statistics have provided fundamental but relatively general infor- 
mation on the lunar crater flux history and surface processes [I]. However, 
wide variations in the crater-size distributions are clearly evident in lunar 
photography [2,3] and in the resulting crater statistics [2,4,5,6]. Some of 
these variations were interpreted as different degradation rates on different 
surfaces [3,5,6], different scaling laws in different targets [5] ,  and a popu- 
lation of endogenic craters [2,3]. These possibilities are re-examined for 
published [4] and unpublished crater statistics from Greeley and Gault as well 
as new data for 25 different regions. In contrast to other studies, crater 
diameters as small as 5 m were reliably measured from enlarged Lunar Orbiter 
photography. 

Three broad classes of crater-size distributions are recognized and 
representative examples are shown in Figs. 1 and 2. All three classes exhibit 
essentially the same crater-size distributions for craters smaller than approx- 
imately 20 my thus providing a means to compare statistics from different 
regions. This common distribution follows a -2 slope (incremental distribution 
as plotted here as well as the cumulative distribution) that expresses a 
balance between crater production and destruction [I]. The close match of this 
equilibrium level occurs for surfaces under different illuminations, and crater 
distributions for identical regions under illuminations between 14' and 30' 
show no significant displacements. Type I distributions exhibit a significant 
crater excess relative to the equilibrium level (2% saturation) of small craters, 
but this excess commonly reaches a higher equilibrium level (4% saturation) 
before falling off to a -3.5 production slope. Type I1 distributions exhibit 
essentially the identical -2 slope from craters less than 20 m in diameter to 
the production slope. Type 111 distributions exhibit a crater deficit for 
craters larger than 20 m that parallels the -2 slope but returns to the same or 
greater equilibrium level at even larger diameters prior to falling off to the 
production slope. Relatively recent mare plains most commonly display Type I 
or Type I1 distributions. Type I1 distributions are more common for craters on 
highland units and ejecta blankets. Type 111 distributions occur in older mare 
regions as well as some highland plains. 

The crater excess exhibited by certain mare surfaces is illustrated in 
Fig. 3 and is referred to the equilibrium level displayed by small craters in 
the Hadley Rille area. The diameter at which the crater excess begins to occur 
typically corresponds to 10 times the estimated regolith depth. If a significant 
dependency between crater size and substrate strength were operative, a crater 
deficit - rather than excess - should occur. Consequently, part of the 
crater excess is interpreted as a change in the equilibrium level for craters 
formed entirely in regolith and craters formed entirely in bedrock. The 
deficit of craters in older mare regions (Type 111, e.g., Mare Tranquilitatis) 
may reflect a catastrophic destruction of craters within the regolith followed 
by a new equilibrium-production curve at small scales. Alternatively, craters 
within a deep regolith equilibrate at saturation levels lower than the regolith 
level owing to mass movement (creep), which is less effective for small craters. 

0 Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



LUNAR CRATER STATISTICS 

Schultz, P. H. et al. 

The transition from this lower equilibrium to a higher level (equal to or above 
the regolith equilibrium level) also appears to correlate with depth to bed- 
rock estimated from independent techniques [7]. More generally, the transition 
diameter for the maria correlates with the relative surface ages indicated by 
the transition from crater equilibrium to production. The extended low equi- 
librium level of highland plains, low-albedo shelf regions, and ejecta 
blankets is consistent with the interpretation that craters formed in deep 
incompetent materials equilibrate at a saturation level (1%) lower than that 
for small craters and hard rock surfaces. Type I1 mare surfaces are interpreted 
as regions with relatively thin (10 m) lava flows or extensively interbedded 
flows. 

Thus in agreement with Young [5], a transition effect is observed for 
craters as they penetrate the regolith. Moreover, some of the variations in 
crater statistics and crater morphology may be accountable by degradational 
processes more efficient in the regolith than in bedrock owing to seismic 
shaking [5,81. In disagreement with [5], however, the transition does not 
occur in the diameter range of 100-300 my but in the diameter range of 20 m - 
45 m for young mare surfaces (3.2 b.y. - 3.5 b.y.). The former diameter range 
suggests a regolith depth of 10 to 30 m y  whereas the latter range suggests 2 to 
4.5 m in keeping with other estimates of regolith thickness [7]. Also, in 
disagreement with [5], scaling-strength effects are not observed. 

The crater excess ratio is not exactly the same for all regions (ranging 
from 1.5 to 4.5). In addition, the production slope beyond the hump in the 
distribution data commonly decreases to -4 before merging with a -3.5 slope, 
which suggests that the crater excess spills over to the production curve. 
These two observations indicate that part of the crater excess may require 
either an endogenic population (including buried craters) or secondary craters. 
The first alternative is consistent with the interpretation by Chapman, et al., 
[2] and with the preservation of extremely small (25 m - 60 m) flow-related 
features [91. The second alternative may not account for the absence of 
crater excesses in certain mare regions of different ages where secondary 
cratering clearly has occurred. 
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Fig. 1. Type I (A) and Type 111 (B) Fig. 2. Type I1 crater-frequency 
crater-frequency histograms correspond- histograms illustrated by region 
ing to the Hadley Rille region and southwest of Maestlin R (A) and 
southwest Mare Tranquilitatis, respec- Aristarchus ejecta (B). Solid line 
tively. Solid line = 2% saturation = 2% saturation level. 
level. 
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