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Introduction:  This paper is a continuation of our 

attempts to revise results of [1] on estimations of abso-
lute ages of small (<1-2 km in diameter) lunar craters 
from the values of the crater diameter and the crater 
morphologic prominence. That work used qualitative 
morphologic analysis of several craters of known abso-
lute age at the Apollo landing sites, and analysis of 
numerous intersections of craters of various sizes and 
morphologic prominence from other localities of the 
Moon. Ages of considered craters of the Apollo sites 
were deduced from the exposure ages of samples taken 
within the ejecta of these craters. In a recent work [2], 
we also considered craters of known absolute age, but 
instead of qualitative characteristics of crater morphol-
ogies we used the depth/diameter ratios and values of 
maximum inner slopes measured from the appropriate 
DTMs that are now available thanks to LROC NAC 
mapping of the Moon [3]. Here we continue this ap-
proach, studying morphometry of group of craters 
~350 to 950 m in diameter (Figure 1), which are be-
lieved to be secondaries of the 93-km crater Coperni-
cus [4]. Based on analysis of Apollo-12 sample 12033 
[5] considered to be Copernicus ejecta material, the 
absolute age of this crater is ~800 Ma [e.g., 6]; there-
fore, all its secondaries are of this age. We study, how 
their relative depth d/D and maximum angle of inner 
slope depend on the crater diameter D. 

 
Figure 1. Left is mosaic of parts of LROC NAC images 
M104662862LC and RC, right – the same with studied 
craters outlined. Upper left insert shows location of this 
area. Upper right insert shows a 5 mm long piece of 
ropy glass, a part of sample 12033 [5]. 

Measurements: For our study, we selected 21 cra-
ters within the relatively light ray of Copernicus in the 
vicinity of Apollo 12 landing site (Figure 1). Our selec-
tion agrees with the results of regional studies [4]. Of 
course, some craters of this group may be misclassi-
fied, and we show below that characteristics of two 
craters (#20 and #21) indeed suggest that they are not 
Copernicus secondaries.  

For measurements of relative depth and maximum 
angle of the crater inner slope we used the «Apollo 12 
Landing Site DTM» with 2 m/pix sampling and, be-
cause it covered not all studied craters, we produced 
our DTM with 3 m/pix sampling based on available 
LROC NAC images. Using these DTMs we extracted 4 
topographic profiles for each crater, corrected the pro-
files for local terrain tilt, and measure crater diameter 
D, relative depth d/D, and maximum slope (Figure 2). 

 
Figure 2. Scheme of rotation of the crater profile to 
correct its position for local tilt of the terrain. 

Results: Figure 3 shows correlation of maximum 
angle of inner slope and relative depth of the studied 
craters. The correlation looks prominent, which is typi-
cal for small lunar craters [e.g., 7]. The deepest and 
most steep-sloped are craters #20 and #21. 

 
Figure 3. Maximum angle of the crater inner slope v.s. 
relative depth of the studied craters. 

Below we consider plots of relative depth d/D and 
maximum angle of the crater inner slope of the studied 
craters v.s. crater diameters (Figures 4 and 5). 
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Figure 4. Relative depth of the studied craters v.s. 
crater diameters. 

 
Figure 5. Maximum angle of the crater inner slope v.s. 
crater diameters. 

It is seen in Figures 4 and 5 that symbols of majori-
ty of considered craters form elongated clusters 
demonstrating a dependence of crater relative depth 
and maximum angle of the inner slope on crater diame-
ter. Symbols of craters #20 and #21 are obviously out-
side of this cluster and, if craters #1 to #19 are the Co-
pernicus secondaries, craters #20 and #21 seem not to 
belong to this subpopulation.  

These two craters look more morphologically 
prominent in Figure 1 and their freshness and obvious 
youth are demonstrated in Figure 6. It is seen that cra-
ters #10 and #5 representing the cluster-forming major-
ity look subdued and have no boulders outside their 
rimcrests, while craters #20 and #21 look more sharp 
and prominent and have numerous associated boulders 
outside their rims. Crater #20 has 40-50 and crater #21 
has 20-30 such boulders per 0.01 km2. Comparing the-
se observations with estimates of the boulder density in 
the ejecta of craters of known absolute age [8], we 
conclude that craters #10 and #5 are older than 300-
400 Ma, crater #20 is 50-100 Ma old, and crater # 21 is 
120-150 Ma old. 

 
Figure 6. a) crater #10, D=940 m; b) crater #5, D=725 
m; c) crater #20, D=565 m; d) crater #21, D=580 m. 

Discussion and conclusions: It is seen in the above 
consideration that 19 craters (#1 through #19) probably 
are secondaries of crater Copernicus, therefore, they all 
are of the same age (~800 Ma). The prominent positive 
correlations of their relative depth and maximum angle 
of the crater inner slope on the crater diameter (Figures 
4 and 5) suggest that the rate of morphologic evolution 
of small lunar craters from relatively deep and steep-
sloped to shallow and subdued noticeably depends on 
the crater diameter. Larger craters evolve slower than 
the smaller ones. We do not know the initial relative 
depth and the steepest slope of the considered Coperni-
cus secondaries, but if they were close to those of 
crater #20 (~0.15 and 30o), then comparing them with 
what is seen in Figures 4 and 5 (for craters with D = 1 
km, 700, 500, and 350 m they are 0.11 and 25°, 0.08 
and 20°, 0.05 and 15° and 0.03 and 10°), we can use 
these numbers for further analysis of dependence of the 
lunar crater evolution rate on crater size. 
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