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Introduction: Since early days it was noticed that 

boulders exposed to lunar surface environment are be-

ing destroyed with time (e.g., [1]), mainly due to mete-

orite impacts (e.g., [2]) and thermal fatigue (e.g., [3]). 

However, there has been no systematic study docu-

menting how the destruction affects details of their 

size-frequency distribution from those destructions. In 

this study, we continued the work of [4, 5] to perform 

boulder measurements and counting on the ejecta blan-

kets of 6 lunar impact craters with the larger numbers 

of boulders counted, to found the dependence between 

number density of boulders with crater age and crater 

size.  

Data and methodology: We counted the boulders 

larger than 3 m in any visual dimension using ArcGIS 

mapping tools in the LROC NAC images [6]. The cri-

teria for the image selection are: 1) Two images with 

opposite incidence angles to present the boulders com-

pletely. 2) Incidence angle 45° to ~ 55° that is good 

compromise for the boulders identification, as was 

learned from our observations. 3) Images with a spatial 

resolution of about 0.5 m/ pixel. Sometimes, the image 

set which we found from the LROC image archive can 

not satisfy all three conditions, so we had to make 

compromise.  

There are 12 lunar craters in the study of [4, 5] 

from which six craters: Surveyor, Elbow, unnamed 300 

m crater at Apollo 14 site, unnamed 180 m crater at 

Lunokhod 1 site, Borya and Spook, are not used in the 

present work since all the boulders counted there are 

under 3 m in any visual dimensions. The basic infor-

mation on the other 6 craters which are studied in pre-

sent work, is given in the following Table.  

 
Crater 

name 

Site Location 

(Lat. , 

Lon.) 

Crater 

size 

(m) 

Crater 

age 

(Ma) 

Age deter-

mination 

technique 

South 

Ray 

Apollo 

16, H 

-9.15, 

15.38 

680 ~ 2 Radiometric 

Unnamed 

A 

Luna 

24, M 

12.25, 

62.24 

200 5-10 Morphologic 

Unnamed 

B 

Apollo 

12, M 

3.61, 

336.51 

400 20-30 Morphologic 

Cone Apollo 

14, H 

3.63, 

342.57 

340 ~ 26 Radiometric 

North 

Ray 

Apollo 

16, H 

-8.80, 

15.49 

950 ~50 Radiometric 

Camelot Apollo 

17, M 

20.21, 

30.73 

650 ~100 Radiometric 

The counting area for every study crater was se-

lected to be inside a concentric annulus in the crater 

ejecta blanket within a crater radius away from the cor-

responding crater rim. For some craters, the counting 

areas are part of that concentric annulus in order to 

avoid subsequent ejecta pollution from surrounding 

large craters. 

Results and discussion: There are, respectively, 

327, 196, 333, 172, 288, 17 boulders > 3 m in any vis-

ual dimension counted for ejecta of the South Ray, 

Unnamed A, Unnamed B, Cone, North Ray and Came-

lot craters. The cumulative size-frequency distribution 

(CSFD) of boulders for these 6 study craters are pre-

sented in Fig. 1. 

 

 
Figure 1 (a) A comparison of the CSFD of boulders for 

6 study craters: South ray, Unnamed A, Unnamed B, 

Cone, North ray and Camelot, versus boulder diame-

ters. The data was binned with  factor. The error 

bars was estimated by the Guass error. (b) Boulder’s 

CFSD of study craters with all counted boulders.  
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It is seen in Figure 1 that CSFD of boulders for the 

6 study craters, decreases with the crater ages except 

craters Unnamed A and Unnamed B (both located in 

mare areas), for which anomalously high size frequen-

cies are observed. Maybe this is because of difference 

in surface properties of highland and mare, which is 

that mare terrain usually possess a thinner layer of reg-

olith than that for highland, thus less impact energy 

consumed by the regolith in mare and instead excavat-

ed more material from the basement. The discussed 

mare/highland differernce can be seen on the example 

of craters Unnamed B and Cone (Fig. 2), which are 

close in size (400 m and 340 m) and age (20-30 Ma 

and ~26 Ma), but the first is located in mare and the 

second in highland. Unnamed B has a much higher 

boulder spatial density than that for Cone as it is seen 

in Figure 2. Another possibility can be that craters Un-

named A and B are located not in typical mare, but in 

anomalously rocky mare terrains. 

 

 

 
Figure 2. Comparison of boulder spatial density be-

tween crater Unnamed B and Cone which are rather 

similar in size and age, but located in the terrain of 

mare and highland, respectively. 

 

We can see that the boulder’s CSFD for study cra-

ters, except for crater North Ray, have flection in the 

larger sizes as seen in Figure 1, but the plots’ slopes 

before flection are close to parallel. This means that 

destruction of rock boulders goes in the way that the 

density decreases but the density slope keeps to be ap-

proximately the same. We explain existence of flec-

tions in the CSFDs of the study craters as caused by 

fragmentation of the rocky under-regolith basement by 

regolith-forming impacts preceding the impact formed 

the considered crater. Due to this process some deficit 

of relatively large boulder appears and we see it in the 

form of CSFD flection. Absence of well-visible flec-

tion to the North Ray CSFD plot may be due to its 

larger size and thus deeper penetration of the forming 

crater in the subregolith basement [7]. This explanation 

seems to be supported by the results of [8] who studied 

very fresh and relatively large 3.8 km crater Censorinus 

and their Figure 15 shows no well-visible flection in 

the CSFD plot. 

Conclusions: 1) Our results based on measure-

ments of the larger (comparing to [4, 5]) numbers of 

boulders in the ejecta of craters ~0.3 to 1 km in diame-

ter and thus supported by more reliable statisctics, 

show that spatial density of ejected boulders indeed 

decreases with crater ages. 2) Anomalously high boul-

der density in the ejecta of craters unnamed A and Un-

named B located in mare areas, can be attributed to a 

thinner (comparing to highland) layer of regolith, but it 

may be that this phenomenon is due to anomalous 

rockyness of these two mare areas. 3) Flection is com-

mon in the CSFD of ejected boulders for craters < 1 

km.  Slopes of CFSD plots before the flection are close 

to parallel for most of our study craters which may 

imply that destruction of rocks goes in the way that the 

number of boulders decreases but the density slope 

keeps to be approximately the same. We hope that in 

future studies this may help to estimate the relative 

roles of catastrophic rupture by meteorite impacts and 

thermal fatigue in the boulder destruction. 4) Absence 

of flection in the CFSD of North Ray (and Censorinus) 

crater may be due to its larger size and thus to penetra-

tion to deeper and thus less fractured zones of the 

rocky basement.  
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