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 Abstract
The Mare is an important topographical unit while the impact crater is an important annular structure on the surface of the moon. The purpose 
of this paper is to study the temporal and spatial distribution characteristics of impact craters in the mare area and lay a good foundation 
for further determination of impact events in the lunar mare area. The LU106016 database is selected to classify the mare chronologically, 
which is divided into five periods, namely Aitkenian, Nectarian, Late Imbrian, Early Eratothenian and Late Eratothenian. The relationship 
between the periods of the impact craters and the number of geological units, the number of impact craters and the impact areas are analyzed 
statistically. According to the results of statistical analysis, Late Imbrian is an era in which impact events occured frequently in the lunar 
mare area, and the number of geological units, the number of impact craters and the impact areas are much larger than those in the other four 
periods, from Aitkenian to Late Eratothenian, the impact strength shows a trend of first increasing and then decreasing. At last, combining 
the Kernel Density Estimation and latitude-longitude distribution, the spatial distribution characteristics of impact craters in each period 
are analyzed in details. The Aitkenian impact craters are mainly distributed in the Mare Orientale, Mare Humorum, Mare Serenitatis and 
Mare Marginis areas, with a relatively balanced distribution in latitude and longitude. The Nectarian craters are mainly distributed in the 
Mare Spumans and Mare Australe area, and is extremely uneven in latitude and longitude distribution, the number of craters in the western 
hemisphere is significantly larger than that in the eastern hemisphere, and in latitude, the number of craters in the southern hemisphere is 
significantly larger than that in the northern hemisphere. The number and concentration of late Imbrian craters in the northern hemisphere 
are higher than those in the southern hemisphere, while the number and concentration in the eastern hemisphere are higher than those in the 
western hemisphere. The impact craters of the early Eratothenian are evenly distributed in the Mare Imbrium area, with relatively scattered 
distribution and uneven latitude and longitude distribution, mainly in the western and northern hemispheres. The number of impact craters in 
Late Eratothenian is very small, but the distribution is very regular, they are mainly distributed in the Mare Imbrium and Mare Anguis area, 
with 20o longitude and 35o latitude as axisymmetric distribution respectively.
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Introduction
The successful launch of Chang ‘e - 4 set up another milestone 
in China’s lunar exploration project, and the mysterious veil of 
the moon will be gradually revealed. The internal energy of the 
moon basically consumed 3 billion years ago, and the surface 
of the moon has not been affected by life activities, water 
bodies, plate movement, and atmosphere and so on. Therefore, 
the moon completely retains its history of being impacted by 
small celestial bodies, providing an example for us to explore 
the evolution of the moon, other planets and even solar system 
[1]. Based on the different driving forces, the evolution of 
the moon can be divided into three periods: the first period is 
dominated by internal dynamic geological processes, beginning 
with the formation of the moon and ending with the evolution 
of magma ocean [2- 4]; The second period is dominated by 
both internal and external dynamic geological processes, when 
two major events took place, namely the impact event and the 
flood of mare basalt [5- 8]; The third period is dominated by 
external dynamic geological processes. During this period, 
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internal dynamic geological processes basically stopped, there 
were mainly small-scale impact events, and the moon entered 
a relatively calm period [9-10]. Impact is considered to be the 
most important surface effect on the moon. The study on the 
classification and tectonic evolution of the lunar impact crater 
has become the key to understanding the lunar impact events.

The mare is an important topographic unit on the surface of 
the moon. There are 22 mares on the moon, of which 19 are 
located on lunar nearside and 3 are located on the farside [11]. 
The mare area has not only experienced large-scale basalt 
eruptions, but also contains many traces of impact events. The 
study of mare impact events will be helpful for further study of 
full-month impact events.
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Method and Data
Method

Crater Size-Frequency Distribution

The method to determine the absolute age used in this paper 
is the Crater Size-Frequency Distribution (CSFD) method, 
which is the most commonly, used method to obtain the unit 
age of the surface of planets hit by impact. The CSFD method 
can establish a functional relationship between the number 
of impact craters and the age by combining SFD data with 
isotope dating results. The method is based on two basic 
assumptions: impact craters are randomly distributed; and the 
rate of disappearance of impact craters is much slower than the 
rate of generation of impact craters [12- 13].

1. Production Function (PF). PF refers to the functional 
relationship between the diameter of the impact craters and the 
number of impact craters in per unit area (i.e. the frequency 
of impact craters). Hartmann initially established the impact 
crater production function [14], which was later applied and 
improved by Hartmann and other scholars.

Hartmann Production Function (HPF)

Hartmann (2005) used a three-part piecewise function to 
represent the impact crater size-frequency distribution [15] 
according to the different diameter ranges of the impact craters.

log 2.616 3.82logH LN D= − −  0.3Km<DL<1.41Km

log 2.920 1.80logH LN D= − −  1.41Km<DL<64Km

log 2.198 2.20logH LN D= − −  DL>64Km

In the formula, DL and DR respectively represent the left and 
right boundaries of the unit (the standard unit width DR/ DL=

2 ). HPF can only be used in areas where the lunar surface 
has not yet reached a saturated equilibrium state [16].

Neukum Production Function (NPF)

Neukum et al. (1994) believed that the shape of the crater 
production function curves of different geological units on the 
moon in different lunar historical periods is approximately the 
same in all the diameter ranges available for measuring the crater 
size-frequency distribution, which means the crater production 
function is independent in time. Neukum then used a curve to fit 
the lunar crater size-frequency distribution statistics [17] obtained 
from the lunar mare area with an age of 1Ga.
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2. Age Function. After obtaining the relationship between 
the diameter and frequency of the impact craters in the geological 
units, it is also necessary to establish a functional relationship 
between the obtained SFD data and the isotope dating results of 
Apollo samples. According to the difference in the diameter of the 
impact craters, there are usually three methods.

Melosh and Vickery method (4Km <D<100Km)

Melosh and Vickery established a functional relationship 
between the cumulative density of impact craters and the 

isotopic ages of Apollo samples in 1989.
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This method is suitable for impact craters with diameters 
between 4Km and 100Km, where N(4) represents the 
cumulative density of impact craters with diameters greater 
than 4Km, and T represents the geological age [18].

Neukum method (D>1Km)

At present, the most commonly used method is the algorithm 
proposed by Nuekum in 1983, and then Neukum improved 
the production function in 2001 [19] and calculated the age 
of each unit [20] with the improved algorithm. The improved 
expression is as follows:
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This method is suitable for impact craters with a diameter 
greater than 1Km, where N (1) represents the cumulative 
density of impact craters with a diameter greater than 1Km, 
and T represents the geological age.

Li Kun et al method (D<1Km)

Kun Li et al. (2012) obtained the relationship between the 
cumulative density of the impact craters and the isotopic age of 
Apollo samples when the diameter of the impact craters is less 
than 1Km based on the production function proposed by Neukum.
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Represents the average of the cumulative density of impact 
craters and the sampling values of production functions, 
respectively [21]. The diameter of the impact craters selected in 
this study is more than 500m, and the production function and 
age function of the impact craters are proposed and modified 
by Neukum in 1994 and 2001 respectively.

Kernel Density Estimation

Kernel Density Estimation (KDE) is a nonparametric estimation 
method used to estimate the density function of an unknown 
distribution. It can effectively obtain the spatial distribution of 
a data set without training samples [22]. It is based on the idea 
that the occurrence of events in space has some randomness, but 
this randomness will be affected by certain spatial processes. 
Therefore, the probability of occurrence at different locations 
is different [23-26]. It considers that any location in the region 
has a measurable event density (also called intensity), and the 
event density at that location can be estimated by the number 
of event points per unit area around it [27- 28].

Let X1,…XN be an independent identically distributed sample 
extracted from a population with a distribution density function 
of f, and estimate the value f(x) of f at a certain point x, usually 
there will be Rosenblatt-Parzen [29-31] kernel estimate: 
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from point i to point j; (x -Xi) indicates the distance from the 
valuation point to event Xi. The method centers on the position 
of a specific feature point, distributes the attributes of the 
point within a specified threshold range (circle with radius h), 
density at the center is highest, and decays with distance until 
0 [32-33] at the limit distance.

Data

In this study, Clementine multispectral images of 415nm, 
750nm and 950nm were used for ratio calculation, in which 415 
/ 750 jointly reflects the changes of lunar surface maturity and 
Ti content, while 750 / 950 ratio reflects Fe content, and then 
false color images were synthesized according to the above 
ratios [34-35]. Different colors in the false color image reflect 
different compositions and albedo, on the premise that the 
same geological body has the same material composition [16], 
different geological units can be relatively accurately divided 
according to the color change of the image, and then the crater 
size - frequency distribution can be fixed by combining Chang 
‘e- 1 DEM data (with resolution of 500m) [36] and LROC data 

(with resolution of 100m) [37].

This study selected LU106016 crater database, which has a 
crater diameter greater than 500m [38] and it, contains the 
largest number, most complete type and most systematic shape 
index [39] so far.

Temporal Distribution of Mare Impact Craters

There are 5175 craters that we can use in the mare area from 
LU106016 crater database (figure 2.1). Based on Clementine 
UV/VIS image data, the mare area is divided into 78 
geological units (figure 2.2), and each geological unit is dated 
by combining Chang ‘e 1 DEM and LROC data. The area 
of each geological unit, the number of craters and the dating 
results are shown in (table 2.1).

Referring to the geochronology scheme proposed by Guo Dijun 
(2014) and Ouyang Ziyuan (2014) [40-41], the 78 geological 
units are chronologically classified into five categories (Table 
2.2) which are Aitkenian, Nectarian, Late Imbrian, Early 
Eratothenian and Late Eratothenian, and the Period of impact 
craters and number of geological units, number of impact 
craters and impact area are statistically analyzed respectively 
(Figure 2.3). According to the results of statistical analysis, 
the Late Imbrian is a time full of frequent impact events, and 

 
Figure 2.1: Data distribution of lunar mare impact craters in database LU106016 (base image is LROC data)

 
Figure 2.2: Division of mare units (base image is LROC data)
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Mare Name Geological Unit Name Age (Ga) Area (103km2) Number of craters

Anguis

A1 2 1.89 3
A2 3.8 1.79 9
A3 3.9 0.193 6
A4 3.9 0.185 3

Australe

A1 3.7 115 753
A2 3.9 0.547 2
A3 3.9 6.71 42
A4 3.8 1.98 18
A6 3.9 1.11 4

Cognitum
Co1 3.7 15.8 37
Co2 3.8 1.7 8
Co3 3.9 1.16 7

Crisium

Cr1 3.5 32 131
Cr2 3.7 7.52 48
Cr3 3.8 2.35 10
Cr4 3.7 2.16 14
Cr5 3.8 6.28 39

Fecunditatis
Fe1 3.7 39.8 100
Fe2 3.8 28.9 27
Fe3 3.8 9.64 33

Frigoris Fr1 3.3 155 185
Fr2 3.5 61.3 177

Humboldtianum Hu1 3.5 1.71 6
Hu2 3.2 27.8 183

Humorum

Hu1 3.8 8.77 90
Hu2 3.8 4.71 11
Hu3 3.7 14.7 71
Hu4 3.9 1.66 9
Hu5 3.8 0.955 12
Hu6 4.1 2.22 24

Imbrium

I1 3.5 35.4 130
I2 2.8 1.92 5
I3 3.4 79.9 267
I4 3.8 1.46 4
I6 3.7 9.32 23
I7 3.6 20.7 69
I8 3.6 36.4 81
I9 3 73.2 64

I10 3.6 48.7 141
I11 3.3 197 232
I12 3.4 38.8 20
I13 3.3 86.3 197
I14 2.9 217 441
I15 3.2 2.08 4
I16 3.7 0.807 4
I17 3.6 3.48 16
I18 3.2 8 8
I19 3.6 3.35 2
I20 3.8 1.82 3
I21 3.7 0.896 2
I24 3.7 0.530 2
I25 3.9 0.999 1

Ingenii In1 3.7 11.8 43

Marginis M1 3.8 10.5 12
M2 4 6.57 28
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Moscoviense Mo1 3.7 3.32 23
Mo2 3.8 4.1 52

Nectaris
Ne1 3.9 6.71 13
Ne2 3.9 4.98 5
Ne3 3.8 6.23 22

Nubium Nu1 3.8 49.9 97

Orientale

O1 3.8 6.99 10
O2 3.8 2.4 9
O3 3.9 2.51 2
O4 4 0.426 2

Orientale- south Os1 3.5 1.38 3

Serenitatis
S1 4 1.21 3
S2 3.6 40.9 202
S3 3.5 56.6 343

Smythii S 3.7 10.4 45
Spumans Sp 3.9 4.08 62
Temporis Te 3.8 0.0888 2

Tranquillitatis
Tr1 3.8 11.6 58
Tr2 3.8 16.4 38
Tr3 3.7 74.1 220

Undarum Un 3.8 6.07 73

Vaporum Va1 3.6 10.5 10
Va2 3.8 6.68 20
Table 2.1: Dating results of lunar mare geological unit

Period Geological unit name Age(Ga) Area(103km2) Number of craters Amount of craters

Aitkenian

Hu6 4.1 2.22 24
M2 4 6.57 28 57
O4 4 0.426 2
S1 4 1.21 3

Nectarian

A3 3.9 0.193 6
A4 3.9 0.185 3
A2 3.9 0.547 2
A3 3.9 6.71 42
A6 3.9 1.11 4

Co3 3.9 1.16 7 156
Hu4 3.9 1.66 9
I25 3.9 0.0999 1
Ne1 3.9 6.71 13
Ne2 3.9 4.98 5
O3 3.9 2.51 2
Sp 3.9 4.08 62

Late Imbrian

A2 3.8 1.79 9
A1 3.7 115 753
A4 3.8 1.98 18

Co1 3.7 15.8 37
Co2 3.8 1.7 8
Cr1 3.5 32 131
Cr2 3.7 7.52 48
Cr3 3.8 2.35 10
Cr4 3.7 2.16 14
Cr5 3.8 6.28 39
Fe1 3.7 39.8 100
Fe2 3.8 28.9 27
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Fe3 3.8 9.64 33
Fr1 3.3 155 185
Fr2 3.5 61.3 177
Hu1 3.5 1.71 6
Hu2 3.2 27.8 183
Hu1 3.8 8.77 90
Hu2 3.8 4.71 11
Hu3 3.7 14.7 71
Hu5 3.8 0.955 12
I1 3.5 35.4 130
I3 3.4 79.9 267
I4 3.8 1.46 4
I6 3.7 9.32 23
I7 3.6 20.7 69
I8 3.6 36.4 81

I10 3.6 48.7 141
I11 3.3 197 232
I12 3.4 38.8 20
I13 3.3 86.3 197 4449
I15 3.2 2.08 4
I16 3.7 0.807 4
I17 3.6 3.48 16
I18 3.2 8 8
I19 3.6 3.35 2
I20 3.8 1.82 3
I21 3.7 0.896 2
I24 3.7 0.530 2
In1 3.7 11.8 43
M1 3.8 10.5 12

Mo1 3.7 3.32 23
Mo2 3.8 4.1 52
Ne3 3.8 6.23 22
Nu1 3.8 49.9 97
O1 3.8 6.99 10
O2 3.8 2.4 9
Os1 3.5 1.38 3
S2 3.6 40.9 202
S3 3.5 56.6 343
S 3.7 10.4 45
Te 3.8 0.0888 2
Tr1 3.8 11.6 58
Tr2 3.8 16.4 38
Tr3 3.7 74.1 220
Un 3.8 6.07 73
Va1 3.6 10.5 10
Va2 3.8 6.68 20

Early Eratothenian
I9 3 73.2 64 505

I14 2.9 217 441

Late Eratothenian
A1 2 1.89 3 8
I2 2.8 1.92 5

Table 2.3: Time division results of geological units in the lunar mare
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its number of geological units, number of craters and impact 
area are much larger than those in the other four periods. From 
Aitkenian to Late Eratothenian, the strength of impact shows a 
trend of increasing first and then decreasing.

Spatial Distribution of Mare Impact Craters

Kernel Density Estimation

In the space-time domain of geography, an impact crater exists 
only at one spatial point at one time point, and the formation 
of the impact craters on the lunar surface satisfies the basic 
assumption of isotropy, but the distribution characteristics 
of the impact craters are different in different regions and 
different spatial scales. Based on the above principles, the 
space analysis of the point pattern is carried out by regarding 
the lunar impact craters as the points [8].The method of kernel 
density estimation is used to analyze the spatial distribution 
characteristics of lunar mare impact craters in different 
periods. In the kernel density estimation, the bandwidths of 
100Km, 200Km, 300Km, 400Km and 500Km were selected 
for comparison. The smaller the bandwidth is, the larger 
the density value within the bandwidth and the more abrupt 
the density curve is. The larger the bandwidth selection is, 
the smaller the density value within the bandwidth and the 
smoother the density value curve are [42]. After comparison 
and analysis, the bandwidth of 300Km was finally selected, 
which can clearly show the density center of the impact craters 
and density difference?

The total number of Aitkenian impact craters is 60, and the total 
number used to determine the age is 57. The analysis of the 
nuclear density map shows that the Aitkenian impact craters 
are concentrated in four regions, located in Mare Orientale, 
Mare Humorum, Mare Serenitatis and Mare Marginis areas 
respectively, with a total of two nuclear sites (Table 3.1.1) 
located in Mare Humorum and Mare Marginis respectively 
(the red part in the figure), and the nuclear area of the Mare 
Marginis is larger than that of the Mare Humorum, indicating 
that the Aitkenian impact craters are clustered on a large scale 

in the Mare Marginis, with the same high concentration in the 
Mare Humorum, but relatively small scale.

The total number of impact craters in Nectarian is 185, and the 
number used to date is 156. On the whole, the Nectarian impact 
craters are mainly located in the southern hemisphere and form 
two cores in the Mare Spumans and Mare Australe area (table 
3.1.2). According to (figure 3.1.2), Nectarian impact craters are 
clustered on a large scale in the Mare Spumans area and on a 
small scale Mare Australe area. In Mare Nectaris and Mare 
Nubium regions, some impact craters are clustered, but the degree 
of aggregation is relatively scattered with respect to the nuclear 
locations. There are a few scattered Nectarian impact craters in 
the Mare Orientale, Mare Cognitum and other regions.

The total number of impact craters in the Late Imbrian is 4994, 
and the number of impact craters used to date is 4449. On the 
whole, they are distributed in nearly the whole mare regions, 
mainly with four cores (Table 3.1.3), of which the largest one is 

 
Figure 2.3: Relationship between the age of the impact craters and the number of geological units, the number of impact 
craters and the impact areas, respectively

Mare Location Area (Km2) 
Mare Humorum 46.35 W  25.18 S 65022.03
Mare Marginis 83.85 E  12.87 N 112938

Table 3.1.1: Cores of KDE of Aitkenian craters

Mare Location Area (Km2) 
Mare Spumans 65.28 E  1.55 N 114333.6
Mare Australe 79.72 E  40.65 S 76427.02

Table 3.1.2: Cores of KDE of Nectarian craters

Mare Location Area (Km2) 
Mare Imbrium 17.3 W  35.9 N 144840.9

Mare Serenitatis 22.2 E  27.47 N 267026.8
Mare Crisium 62.2 E  16.07 N 19116.33
Mare Australe 88.43 E  45.82 S 104671.7

Table 3.1.3: Cores of KDE of Late Imbrian craters
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Figure 3.1.1: The map of KDE of Aitkenian craters (base image is Chang’ e - 1 DEM data, the bandwidth is 300 km)

 

Figure 3.1.2: The map of KDE of Nectarian craters (base image is Chang’ e - 1 DEM data, the bandwidth is 300 km)

 

Figure 3.1.3: The map of KDE of Late Imbrian craters (base image is Chang’ e - 1 DEM data, the bandwidth is 300 km)
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Figure 3.1.4: The map of KDE of Early Eratothenian craters (base image is Chang’ e - 1 DEM data, the bandwidth is 300 km)

 

Figure 3.1.5: The map of KDE of Late Eratothenian craters (base image is Chang’ e - 1 DEM data, the bandwidth is 300 km)

 
Figure 3.2.1: Statistical Chart of Latitude and Latitude Distribution of Aitkenian craters
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Figure 3.2.2: Statistical Chart of Latitude and Latitude Distribution of Nectarian craters

 

Figure 3.2.3: Statistical Chart of Latitude and Latitude Distribution of Late Imbrian craters

 

Figure 3.2.4: Statistical Chart of Latitude and Latitude Distribution of Early Eratothenian craters
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located in Mare Serenitatis area and the other three are located 
in the Mare Imbrium, Mare Crisium and the Mare Australe. 
Among the four nuclear sites, the one in Mare Crisium is the 
smallest. The total area of the three small cores is not as large 
as that in Mare Serenitatis. It can be seen from this that a large 
number of impact craters in the Late Imbrian are clustered in 
Mare Serenitatis area, and there are also impact craters in the 
areas of Mare Imbrium, Mare Crisium and the Mare Australe, 
but the cluster area is much smaller than Mare Serenitatis area. 

Early Eratothenian contains 552 impact craters, of which 505 
are used for dating. According to the kernel density distribution 
map, there is only one core (Table 3.1.4), which is located in 
Mare Imbrium area, and all of the 552 craters are distributed in 
Mare Imbrium area with relatively scattered distribution and 
low kernel density.

The total number of impact craters included in Late 
Eratothenian is 12, and the total number of impact craters 
used to determine the age is 8. The number is small, but the 
distribution is regular. From the kernel density map, we can 
see that there are two cores (Table 3.1.5) located in Mare 
Imbrium and Mare Anguis regions respectively. The two cores 
are close in area and symmetrical in distribution.

Distribution in Latitude and Longitude

Using the latitude and longitude coordinate information of 
impact craters contained in LU106016 database, the impact 
craters of different periods in mare area were statistically 
classified, and the distribution characteristics of impact craters 
in latitude and longitude in each period were obtained.

Aitkenian impact craters are distributed evenly in longitude, 
mainly concentrated in four sections, corresponding to the four 
distribution areas in the kernel density map, with the largest 
number of impact craters in the range of - 60o to - 30o and 60o 
to 105o, especially in the range of 75o to 90o, accounting for 
about one-third of the total number of Aitkenian impact craters. 
In latitude, the northern hemisphere contains slightly more 
craters than the southern hemisphere, and the distribution is 
relatively balanced, mainly concentrated in the range of three 
segments, with the largest number of impact craters distributed 
in the range of - 30o to - 20o, accounting for about one third of 
the total number of Aitkenian impact craters.

The Nectarian impact craters are distributed in the four 
regions in longitude, corresponding to the four regions 
distributed in the kernel density map, in both the eastern 
and western hemispheres, but the number of impact craters 
in the western hemisphere is significantly larger than that in 
the eastern hemisphere, especially in the range of 60o to 80o, 
and the number of impact craters is about half of the total 
number of Nectarian impact craters. In latitude, the craters 
are continuously and unevenly distributed in the range of -60o 

to 10o, and are distributed in both the northern and southern 
hemispheres, but unevenly distributed, and the number of 
impact craters in the southern hemisphere is significantly 
larger than that in the northern hemisphere.

The Late Imbrian impact craters are distributed continuously 
in longitude, mainly between - 40o and 100o. On the whole, 
the impact craters are mostly distributed in the eastern 
hemisphere, and the number of impact craters increases first 
and then decreases gradually from the western hemisphere 
to the eastern hemisphere, with the highest concentration at 
the boundary between the eastern and western hemispheres, 
especially between -20o to 0o. In latitude, the craters are 
distributed between -70o to 70o, but the number in the northern 
hemisphere is significantly larger than that in the southern 
hemisphere. With the equator as the center, the number of 
craters first increases and then decreases from the southern 
hemisphere to the northern hemisphere, then increases again 

 
Figure 3.2.4: Statistical Chart of Latitude and Latitude Distribution of Late Eratothenian craters

Mare Location Area (Km2) 
Mare Imbrium 22.57 W  34.63 N 21801.45

Table 3.1.4: Cores of KDE of Early Eratothenian craters

Mare Location Area (Km2) 
Mare Imbrium 21.05 W  42.98 N 19072.54
Mare Anguis 65.52 E  26.32 N 22046.01

Table 3.1.5: Cores of KDE of Late Eratothenian craters
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at the equator, then decreases gradually further north, and 
become smaller when it is closer to the poles.

The early Eratothenian impact craters are distributed 
continuously from -40o to 10o in longitude, mostly in the 
western hemisphere, especially in the range of -30o to -15o, 
there are more than two-thirds of the total number of early 
Eratothenian impact craters. In latitude, the impact craters are 
all distributed in the northern hemisphere, continuously and 
intensively distributed between 18o to 48o, especially in the 
range of 30o to 36o, the number of impact craters distributed 
in this range is more than half of the total number of early 
Eratothenian impact craters.

The late Eratothenian impact craters are concentrated in 
two areas in latitude and longitude, showing a symmetrical 
distribution trend. Longitudinally, the craters are symmetrically 
distributed around the 20o meridian, respectively in the range 
of -40o to -20o and 60o to 80o, with the total number of impact 
craters in both ranges being 6. In terms of latitude, the impact 
craters are distributed in the northern hemisphere, mainly 
symmetrically distributed in the latitude coordinates of 35o 
latitude, in the range of 20o to 25o and 45o to 50o respectively, 
and the total number of impact craters in both ranges is 6.

Conclusion
Based on the LU106016 impact crater database, this paper 
analyzes the spatial distribution characteristics of impact craters 
in different periods, and draws the following conclusions:

1. The geological units of lunar mare area can be divided 
into five periods, namely Aitkenian, Nectarian, Late 
Imbrian, Early Eratothenian and Late Eratothenian, 
in which Late Imbrian contains the largest number of 
impact craters, the largest impact area and the widest 
distribution.

2. Aiken impact craters are mainly distributed in the Mare 
Orientale, Mare Humorum, Mare Serenitatis and Mare 
Marginis, among which there are a large number of 
concentrated distributions in the Mare Humorum and 
Mare Marginis areas, and the latitude and longitude 
distribution is relatively balanced.

3. The impact craters in Nectarian Period are clustered 
at the height of the Mare Spumans and Mare Australe, 
while some impact craters are clustered in the region 
of Mare Nectaris and Mare Nubium, but the degree of 
aggregation is more dispersed than that in the Mare 
Spumans and Mare Australe area. In terms of latitude 
and longitude distribution, the distribution of impact 
craters is extremely uneven, the number of impact 
craters in the western hemisphere is significantly larger 
than that in the eastern hemisphere, and in latitude, the 
number of impact craters in the southern hemisphere is 
significantly larger than that in the northern hemisphere.

4. The Late Imbrium impact crates are distributed in the 
whole lunar mare area, especially in Mare Serenitatis, 
Mare Imbrium, Mare Crisium and the Mare Australe. 

Overall, the spatial distribution is uneven. The number 
and concentration of Late Imbrium impact crates in the 
northern hemisphere is higher than that in the southern 
hemisphere, and the number and concentration in the 
eastern hemisphere is higher than that in the western 
hemisphere.

5. The impact craters of the early Eratothenian are 
evenly distributed in Mare Imbrium area, and they are 
relatively scattered mainly in the western and northern 
hemispheres.

6. The number of impact craters in Eratothenian is very 
small, but the distribution isvery regular, they are 
mainly distributed in the Mare Imbrium and Mare 
Anguis area, with 20o longitude and 35o latitude as 
axisymmetric distribution respectively.
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