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Introduction:  Young lunar craters have been rec-

ognized by many characteristics [1-4], such as bright 

rays of low optical maturity, sharpness of rims, obvious 

impact melt deposits, high rock abundance on continu-

ous ejecta, etc. The ray pattern is so conspicuous that it 

presence has been suggested as a stratigraphic horizon 

between Copernican and Eratosthenian periods, though 

this approach had been criticized due to existence of 

compositional rays [2,4]. The impact melt has been 

brought into focus after numerous high resolution im-

ages had been obtained by Lunar Reconnaissance Or-

biter (LRO) mission. Studies  acquired new information 

about the mobility of impact melt [5]. It was also found 

that crater statistics for dating based on impact melt 

pools is less affected by self-secondaries than on contin-

uous ejecta [6]. The features on the impact melt sheet, 

including cooling fractures or cracks, melt fronts, 

smooth pond and flows, have been described by many 

researchers [7-8], but there have been no systematic 

studies on the impact melt features like it had been done 

for the rays. Small-scale features such as the melt sheet 

cracks will likewise degrade and not survive beyond the 

Copernican age [9]. In this study, we focus on the young 

craters with cooling cracks located in the crater floor’s 

impact melt sheet. After identifying all the young craters, 

we will use spherical harmonic expansion to analyze 

their spatial distribution and compare crack retention 

against ray retention. 

Method:  We use the most complete lunar crater da-

tabase [10], which contains over 2 million craters, to en-

sure completeness of our search. We only focus on cra-

ters larger than 20 km, because the small simple craters 

less than 20 km usually do not form smooth impact melt 

sheet in the floor due to the relatively small volumes of 

melt created. We have quantitatively characterized sub-

units of craters known stratigraphic age with topo-

graphic roughness, rock abundance and night-time soil 

temperature, and concluded that the young craters pos-

sess higher values [11]. Therefore, we use topographic 

roughness and rock abundance of crater walls to select 

all candidates for young craters. To figure out the extent 

of the walls, we apply an automated procedure to map 

rings with the inner diameter of Df and the outer diame-

ter of D. The inner diameter, equal to the floor diameter, 

is obtained by the power function of crater diameter D: 
𝐷𝑓 = 0.267 × 𝐷1.183,    𝐷 > 20 km 

The calculation of topographic roughness and rock 

abundance were described in [12] and [13], respectively. 

The initial selected candidates are shown in Figure 1 in 

the roughness – rockiness domain. The selection thresh-

olds are set to 0.01 for rock abundance and 1.5 km-1 for 

topographic roughness. Among the initially selected 

candidates, there are some craters that do not possess 

small-scale morphologies characteristic of young cra-

ters and therefore are not actually young. For example, 

an old, degraded crater overlapped by a young, fresh im-

pact may be included in the candidate list. Then we use 

high-resolution images obtained by LROC Narrow An-

gle Camera (NAC) to verify, if the candidates preserve 

the cooling cracks and other characteristic small-scale 

morphologies. Practically, we use the convenient inter-

face at https://quickmap.lroc.asu.edu/. 

 
Figure 1. The scatter plot of rock abundance and 

roughness at 115 m baseline for crater wall. Gray lines 

show the threshold values. 

Young Lunar Craters with Cooling Cracks:  

When confirming the morphologically young craters, 

we document the distribution and morphology of cracks 

formed in cooling of impact melt. The morphology, size 

and distribution pattern of those fractures are controlled 

by the topography of underlying terrain (the thickness 

of the impact melt), solid debris entrained in impact 

melt, and subsidence during cooling [14]. With time, the 

fractures are filled with regolith and their edges soften. 

We assess and document the cracks preservation state. 

One complication to be considered is that the age at 

which the crack is filled with the regolith depends on its 

width: narrow cracks fill quicker. We only consider the 

“interior fractures”, and not “marginal fractures” [13], 

to minimize the variations of the width. For each candi-

date crater, we check, whether the cracks preserve or not 

on the surface of smooth debris-free inner parts of the 

impact melt sheet. We recognized 47 craters larger than 

20 km that  preserve the cooling cracks (Figure 2). 
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Figure 2. The distribution of 47 young lunar craters 

with cracks on the impact melt. The size of green dots 

is proportional to crater diameter. 

Cracks Evolution:  Three different preservation 

states of cooling cracks are shown in Figure 3. Giordano 

Bruno is a 22 km impact crater formed at around 4 mil-

lion years ago [15]. The spectacular impact melt flows 

and very fresh surface cooling fractures (Figure 3a) 

widespread everywhere on the crater floor. If we look at 

crater Aristarchus, which also geologically young, ap-

proximately 450 million years [16], but older than 

Giordano Bruno, there are also ubiquitous cooling frac-

tures on its floor. Its crack morphology, however, is dif-

ferent in comparison with Giordano Bruno (Figure. 3b). 

They are wilder due to a larger volume of impact melt 

formed, but show softened edges; some small, narrow 

cracks have been filled completely by regolith due to 

impacts, mass wasting, and topographic diffusion. For 

the much older crater Copernicus formed, probably, 800 

million years ago [17], only the large wide crakes are 

retained on the surface of smooth deposits. Those re-

tained cracks are significantly degraded (Figure 3c). In 

craters that are much older than Copernican, all cracks 

are filled with regolith and superposed by numerous 

hectometer-size impact craters. 

Conclusion:  The cooling cracks located in the im-

pact melt deposits could be another defining character-

istic of young craters belonging to the Copernican pe-

riod. Crack degradation in comparison to immature rays 

could give new insight into the regolith formation and 

migration. The distribution of cracked-crater will also 

implicate the impact rate in the latest 1 billion years. 
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Figure 3. Difference in preservation states of cooling cracks in impact melt deposit. Cooling cracks shown by yellow 

arrows. The images shown in a, b, and c panes are taken from craters Giordano Bruno, Aristarchus, and Copernicus, 

respectively. 
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