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Introduction:  Impact craters are the most com-

mon geological structural units on the moon, and can 

be divided into primary and secondary impact craters.  

Primary impact craters are annular craters formed 

by alien celestial bodies hitting the lunar surface. Dif-

ferences in impact conditions and target material can 

result in craters that cannot be shaped. Based on the 

formation mechanism of the impact crater and the 

magnitude of the impact energy, the impact crater is 

classified according to its morphological characteristics. 

They can are divided into five categories, including 

bowl craters, smooth floor craters, hummocky craters, 

terrance craters, and central peak craters (Figure 1). 

 

Figure. 1 Morphology characteristics of lunar impact 

craters. (a)Bowl crater; (b) Smooth floor crater; (c) 

Hummocky crater; (d) Terrance crater; (e) Central peak 

crater; and (f) The diagram of crater material classifica-

tion and distribution (ccp: crater central peak; cf: crater 

floor; cw: crater wall; cce: crater continuous ejecta; cde: 

crater discontinuous ejecta). 

The secondary crater is formed in the excavation 

stage of the impact crater. Due to the action of the 

sparse wave, the material in the target area is sputtered 

outward, and a large amount of material in the target 

area is ejected, and the ejected material re-impacts the 

surface of the moon under the gravity of the moon. Due 

to the differences in the projectile velocity, projectile 

angle, size and weight of the projectile fragments, the 

secondary craters formed also have different sizes and 

morphological characteristics, generally appearing as 

long and narrow, irregular, with a central mound. [1-2], 

shallower depths compared to primary craters of the 

same size, with secondary crater chains (such as her-

ringbone-shaped secondary crater chains [3-4] and 

secondary crater clusters[5-6] (Figure 2). 

 

Figure. 2 Different morphology characteristics of lunar 

secondary craters. (a)Long and narrow secondary 

crater; (b) Irregularly shaped secondary crater; (c) 

Morphologically shallow secondary craters; (d) Clus-

tered secondary craters; (e) Chained secondary craters; 

and (f) Secondary crater with central mound. 

Among them, secondary craters with significant 

morphology (secondary crater chains and secondary 

crater clusters) are better identified, but it is more diffi-

cult to identify isolated secondary craters. 

 

Data and Method:  In this study, multi-resolution 

digital terrain models were used for multi-scale quanti-

tative analysis, and digital terrain data of different reso-

lutions were used to study geological characteristics, 

including the Lunar Reconnaissance Orbiter Camera 

Global Data with a resolution of 100m, Lunar Orbiter 

Wide Angle Camera (LROC WAC Empirical 7-Band 

Mosaic) and digital terrain data (LOLA DEM 29 pix-

els/degree). Among them, in order to more clearly 

identify the distribution range of secondary craters, the 

wide-view camera data of the lunar orbiter is used, 

which contains 7 bands (321nm, 415nm, 566nm, 

604nm, 643nm, 689nm). The images of 3 different 

wavelengths were arbitrarily selected to be fused in 

Envi, and it was decided to synthesize false color at 

566 nm (R), 411 nm (G), and 31 nm (31 nm) for this 

study. 

By studying the morphological characteristics of 

the primary crater and the secondary crater, it can be 
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known that the morphological differences between the 

two are mainly reflected in the depth, the shape of the 

crater edge and the height of the crater edge. In this 

paper, by studying the morphological characteristic 

parameters of the two, the identification index parame-

ters are finally determined as irregularity, ellipticity, 

crater depth-diameter ratio, crater rim height and diam-

eter ratio (table 1). Irregularity, that is, the ratio of the 

perimeter to the area of the impact crater is used to 

analyze the irregularity of the shape of the impact 

crater. When the Γ value is 1, the impact crater is a 

standard circle; the larger the Γ, the greater the irregu-

larity of the impact crater. The ellipticity indicates how 

stretched the polygon is. When ei equal 1, it means a 

circle, and the larger the value of ei, the more complex 

the shape. The crater depth to diameter ratio is a pa-

rameter index used to analyze the depth of the impact 

crater by using the ratio of the depth from the edge of 

the crater to the floor of the crater and the diameter of 

the edge of the impact crater. The rim depth to diame-

ter ratio represents the impact crater uplift height. 

Table 1 Impact crater morphological index parameters 

 

Note: P is secondary crater rim perimeter; A is sec-

ondary crater rim crest area; L is secondary crater max 

axis length; H is the depth of secondary rim crest to 

bottom; D is secondary crater rim crest diameter (the 

diameter of equal area circle as secondary crater diam-

eter); h is rim crest height. 

 

Result and Discussion:  Calculate the different 

quantitative index parameters of the primary craters 

and the secondary craters, carry out repeated experi-

ments to verify the range of each index parameter, and 

finally obtain the characteristic value of craters identi-

fication index parameter used in this study. For sec-

ondary craters, The irregularity is greater than 1.02, the 

ellipticity is greater than 1.2, the crater depth to diame-

ter ratio is between 0.07 and 0.2, and the crater rim 

height to diameter ratio is between 0.02 and 0.04 (table 

2). 

 

Conclusion:  Lunar craters form different craters 

(primary and secondary) due to different reasons for 

their formation. The secondary craters are formed due 

to the secondary impact of the ejecta material on the 

lunar surface when the primary craters are formed, so 

they are different in shape, resulting in different magni-

tudes in quantitative analysis.  

Table 2 The eigenvalues of the index parameters for 

the shape recognition of the secondary craters 
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