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Introduction  

It is important for us to understand the rock size-

frequency distribution (RSFD) on lunar surfaces. Rock 

distributions on planetary surfaces can supply funda-

mental information related to the planet's origin and 

geological evolution, and the timing of key impact 

events. In addition, large rocks within a landing site 

represent potential hazards to landers as well as naviga-

tional threat to rovers. The better the rock number and 

fractional area distributions are understood, the better 

the potential threats to landers and rovers can be 

known and quantified. Therefore, before selecting a 

landing site, determining the RSFDs on planetary sur-

faces are necessary and critical. 

Here, we used the high resolution Lunar Reconnais-

sance Orbiter (LRO) Narrow-angle Camera (NAC) 

images covering the seven lunar landing sites (includ-

ing CE-3, Apollo and Surveyor series) to: (1) identify 

the rocks at the landing sites and measure diameter of 

each identified rock; (2) generate RSFDs on log-log 

plots at each landing site. 

Methods  

      We used the high-resolution LRO NAC images to 

identify rocks at the lunar landing sites. In NAC images, 

rocks have bright sunlit sides and shadows that taper in 

the direction of sunlight. Shadows or dark pixels at the 

resolution limit of LROC indicating the presence of 

raised features on the lunar surface are interpreted as 

rocks (Figure 1). Smaller craters can also show dark or 

bright pixels contrasting their rims and floors (Figure 

1), but it is possible to distinguish rocks from craters 

because the relationship of shadows to sunlit sides are 

opposite. The rocks in Figure 1 show shadows on the 

left side and sunlit on the right side, while the shadow 

of a crater is on the right and sunlit is on the left due to 

the higher topography of the crater rim. Moreover, in 

Figure 1, there are several bright and rough patches 

around the craters that are frequently resolved to be 

clusters of sub-meter rocks or smaller particles. These 

small rocks in clusters are dense and superimposed 

over one another. The resolution limitation of the NAC 

images does not support identification of individual 

rocks in such instances.  

    After selecting NAC images covering the study areas 

and identifying the resolvable rocks, the diameter was 

determined. Rocks are fairly easy to identify as pairs of 

light and dark pixels (bright and shaded sides) on the 

NAC images. The diameter of a recognized rock can be 

determined simply by the number of pixels across 

measured perpendicular to the sun azimuth angle, 

scaled by the image resolution. Generally speaking, the 

measured rock diameter is probably within ±1 pixel
[1]

. 

 
Figure.1 Rocks visible in the Surveyor VII landing site as seen 

in an LROC image (M175355093LC) with a resolution of ~43 cm 

per pixel. 

Results and Discussions  

    In order to analyze the RSFD at each landing site, we 

determined the cumulative number of rocks per square 

meter as a function of diameter on a log-log plot (Fig-

ure 2). There are several observations that are apparent 

in Figure 2: 
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Figure.2 The cumulative number of rocks per square me-

ter versus diameter at each lunar landing site.   

    (1) Although the impact processes and geologic his-

tory at these landing site surfaces appear to be different, 

the RSFDs on Figure 2 show the same shallow slopes 

at smaller diameters followed by steeper slopes at larg-

er diameters. Excluding the points at the smaller di-

ameters, which show an obvious drop off, the remain-

ing points in Figure 2 can be approximated reasonably 

well by a straight line at every landing site, which is 

similar to a power law behavior.  

     (2) By excluding rocks with smaller diameters, a 

power function can be used to fit the data from every 

landing site to represent the general form of the rock-

size distribution:  

                                     N=kD
r
,                                 (1) 

where N is the cumulative number of rocks with diame-

ter equal to or larger than D per m
2
, D is the diameter 

of rock, k and r are constants determined by using a 

least-square fit. The resulting values are presented in 

Table 1. It can be seen that all the correlation coeffi-

cients (R
2
) are more than 0.94 in each case. 

 
    Table.1 Coefficients for the observed RSFDs at the lunar 

landing sites resulting from a least-squares fit. 

Landing site K r R2 

CE-3 0.00528 -2.62 0.982 

Apollo11 0.00249 -3.81 0.941 

Apollo16 stations 4, 

5 and 6 

0.00019 -3.73 0.982 

Surveyor I 0.0015 -2.73 0.97 

Surveyor III 0.00082 -3.51 0.962 

Surveyor VI 0.00027 -3.68 0.961 

Surveyor VII 0.00324 -2.44 0.973 

    (3) The RSFD at every lunar landing site can be ex-

plained by the comminution law governing the rock 

fracture and fragmentation processes. A number of 

empirical and experiment observations have suggested 

that the size distribution of materials expected from 

fracture and fragmentation would follow a fractal rule 
[2-4]

. Fragmentation, the process of a single rock break-

ing apart into fragments, is caused by the propagation 

of multiple fractures at different length scales. Such 

fractures can be caused by dynamic crack growth dur-

ing compressive/ tensile loading or by stress waves 

during impact events
[5]

.  

 

Acknowledgements: This work was supported by the 

National Natural Science Foundation of China (41373068, 

U1231103), the national science and technology infrastruc-

ture work projects (2015FY210500), the Natural Science 

Foundation of Shandong Province (ZR2015DQ001, 

JQ201511), Qilu(TANG) Scholar and Young Scholars Pro-

gram of Shandong University, Weihai (2015WHWLJH14), 

and the Fundamental Research Funds for the Central Univer-

sities (2015ZQXM014), the CAS Key Laboratory of Lunar 

and Deep Space Exploration through grant (16080273). 

 

 

 

 

 

 

References: [1] Golombek et al., 2003, JGR, 

108(E12), 237-237. [2] Mandelbrot, B.B., 1967, 

Science, 156, 468. [3] Perfect, 1997. Engineering Ge-

ology, 48(48), 185-198. [4] Xie, 1993.Fractals in rock 

mechanics, Baliema, Rotterdam. [5] Grady and Kipp, 

1985. Journal of Applied Physics, 58(3), 1210-1222.  

1800.pdfLunar and Planetary Science XLVIII (2017)


