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Introduction:  Impact craters on the Moon are 

exposed to numerous impact cratering events. They 

originally have sharp morphologies such as clear rims 

and cavities but experience gradual degradation and 

eventual erasure by subsequent bombardment processes 

[e.g., 1-6]. Among them, topographic diffusion 

degrades an existing larger crater by emplacements of 

numerous smaller craters [3]. Complex craters exhibit 

mass movements at multiple scales on the walls, 

indicating the exposure to topographic diffusion. Here, 

we analyze the crater population on the walls of 16 

complex craters to analyze their morphologies and 

compute the relative wall strength of the complex 

craters. The results show that there is a distinctive 

depletion of craters larger than 600-800 m in diameter 

(D). We infer that this depletion results from landslides 

driven by large craters emplacements, while small 

craters emplacements fail to do so. The present work is 

complementary to recent geological study that analyzed 

the crater wall of an unnamed ~3.4 km diameter simple 

crater in the Schrödinger basin to show dry granular 

flows [7], but distinguished because we address the 

surface and impact conditions in complex craters. 

 Methodology: We use the crater counting 

approach and impact crater scaling relationships.  

 Crater counting: We used the ArcGIS CraterTools 

[8] to count craters on the walls of 16 complex craters 

located around the southern pole [9]. For this process, 

we only used the available digital elevation models 

(DEM) derived by Lunar Orbiter Laser Altimeter on 

board the Lunar Reconnaissance Orbiter (LOLA/LRO) 

with a resolution down to 20 m, and the height 

uncertainty less than 10 cm [10]. The use of slope 

overlays granted us visibility of the permanently 

shadowed regions, and permitted us to further 

investigate the crater morphology.  

 To reduce bias within our crater counting, we 

counted craters from 99 m to 9 km. By doing this, we 

inferred that craters within a sub-km range would be 

small enough to be placed but not at risk to be rejected 

based on size and morphology (Figure 1).  

 Impact-crater scaling relationship: To access the 

impact conditions, we used the 𝜋-scaling impact-crater 

scaling relationship [11]. The impact scaling 

relationships connects the parameters: energy, crater 

size, and material strength. By using it, we extrapolate 

conditions for much larger impacts and features. In this 

study, we used Richardson’s forms: 

𝑉 = K1 (
𝑚𝑖

𝜌𝑡
) [(

𝑔𝑎𝑖

𝑣𝑖
2 ) (

𝜌𝑡

𝜌𝑖
)

−
1
3

+ (
�̅�

𝜌𝑡𝑣𝑖
2)

2+ 𝜇
2

]

−
3𝜇

2+ 𝜇

 

where V represents the transient crater volume, 𝑚𝑖, 𝜌𝑖, 

and 𝑎𝑖  are the projectile’s mass, density, and radius, 

respectively, 𝜌𝑡 is the target density, 𝑔 is the gravity, vi 

is the impact speed, and 𝜇, 𝐾1 , and �̅� are experimentally 

derived properties of the target material. This 

relationship computes the crater diameter, given the 

impactor diameter, speed, and bulk density [2].  

 
Figure 1: Map illustrating the crater counts in the wall 

region of Faustini (84.8ºE, -87.23ºN) using ArcMap and 

CraterTools [9].  

 Results: Figure 2 shows the crater distribution in 

the wall regions of the 16 complex craters. There are 

two distinctive slope distributions. For craters at D < 

~600-800 m, the slope is steep (~-3); otherwise, it is 

extremely shallow (~-1). We conclude that this feature 

is not related to crater production because the Neukum-

based production model [6] is much steeper than the 

shallow slopes (D > ~600-800 m).  

 We also analyzed the crater size distributions with 

respect to the wall slope (Figure 3). We deducted the 

dominant crater size was 0-700 m, (7251 counts, in 

contrast to 362 counts for craters in diameter range 700-

1500 m, and 289 counts for those > 1500 m), and that 

these craters range in slope values from nearly 

horizontal (5º) to very steep (69º). 

 Our crater counting analyses show that the 

observed crater population consists of two modes, 

divided at D ~ 600-800 m. We consider that this contrast 

results from the depletion of craters at D > ~600-800 m 

by mass movement due to the walls’ structural failure 

during the impact processes. Smaller craters, on the 

other hand, do not adequately yield such mass 

movements. This implies that the complex crater walls 

may be weaker than the necessary strength to generate 

craters at D > 600-800 m, giving an upper bound of the 

crater wall strength.  

 Figure 3 illustrates the target strength as a function 

of the crater size/impactor size ratio, later known as the 

𝑓 ratio. The enclosed region indicates the strength 
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necessary to generate craters at D ~ 600-800 m. To 

derive this area, we assumed that the impactor speed 

was 15 km/sec [12], and the target density and the 

impactor density were identical. The 𝑓 ratio ranges up 

to 30~45 in the gravity regime. When 𝑓 equals 10, the 

strength may reach ~ 1 GPa. The red line describes the 

1 MPa line, which indicates the strength transition 

between the gravity regime and the strength regime. 

Thus, if the strength is less than 1 MPa, the crater 

formation is in the gravity regime; otherwise, it occurs 

in the strength regime.  

 Discussions: The depletion of craters at D > 600 – 

800 m implies that landslides would be large enough to 

erase their morphologies such as crater cavities.  

 Removing these craters from a sloping wall needs a 

landslide event with a thickness of ~ 180 m – 240 m (the 

transient crater diameters of the craters of D ~ 600 – 800 

m). The necessary (shear) strength that prevents such an 

event may be given as 𝜌𝑔ℎ sin 𝜃, where ℎ is the height, 

and 𝜃 is the slope angle, leading to 0.5 – 0.7 MPa for 

𝜌 = 3,000 kg/m3, ℎ = 180 − 240 m, and 𝜃 = 30∘. 

Because the slope should have existed before the craters 

were emplaced, the derived strength should be a lower 

bound. The occurrence of landslides also implies that it 

may also be an upper bound; otherwise, landslides 

would not happen. We interpret that the slope strength 

is ~0.5 – 0.7 MPa, which implies that the walls 

structurally weaken due to the emplacements of the 

hosting craters and post-dated smaller craters.  

 Based on this interpretation, we also give insights 

into the impactor condition. Based on Figure 4, we see 

that impact cratering processes on the complex crater 

walls would be dominated by gravity, rather than 

strength. If this is the case, craters in these regions are 

generated by smaller impactors, compared to those on 

intact basalt or unfragmented surface [7]. This gives a 

caution to examine the crater size distribution to 

characterize the impactor size distribution because of 

the surface material properties [13]. 

 We finally note that many extremely large craters 

(D ~ 10 km) exist on the wall. This feature implies that 

these craters are large enough that mass wasting 

processes over the surface cannot erase their 

morphologies such as the cavities adequately.  
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Figure 2: Crater Size Frequency Distribution plots 

(CSFDs) of craters on the walls of the 16 complex 

craters around the lunar southern pole. The black solid 

curve shows the Neukum-based production function. 

The vertical black dashed lines give the 600-800 m 

transition.  

 
Figure 3: Histogram showing the size distribution of 

craters on the walls of the 16 complex craters around 

the lunar southern pole. 

 
Figure 4: Strength plotted as a function of Impact 

diameter/Crater diameter to generate 600-800-m-

diameter craters.  
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