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Introduction:  The Moon is the only body in space 

for which we have samples with known locations. The 

samples provide ground-truth references for our 

knowledge of lunar origin and evolution [1]. The 

China’s Chang'e-5 (CE-5) mission, which is the first 

lunar sample return mission since Luna 24 in 1976 [2], 

launched on 23 November last year. The lander 

successfully touched down near the Rümker region in 

northern Oceanus Procellarum (51.8°W, 43.1°N), and 

the return capsule brought back 1.731 kg samples from 

the landing region.  

Lunar samples collected from the near-surface 

consist of various components due to long-term impact 

mixing and volcanic effusion [3]. Without the 

knowledge of the source of different components, the 

samples interpretations are difficult. In this study, a 

spatially-resolved numerical model that considers both 

impact mixing and multiple volcanic episodes is 

applied to trace the evolving distribution of different 

components and to estimate the abundance of different 

components in the CE-5 samples and their plausible 

origin. 

Geologic features of the landing region (39–46°N, 

48–70°W): Qian et al. [4] proposed the chronology and 

sequence of volcanic activities: the earliest detectable 

volcanism in the area erupted around 3.72 Ga ago, and 

volcanism was active until 3.51 Ga ago, forming units 

Ir1 (3.71 Ga), Ir2 (3.58 Ga), and Ir3 (3.51 Ga) in Mons 

Rümker. During the Late Imbrian Period, three major 

phases of volcanism occurred followed by four major 

phases of Eratosthenian volcanism. Two of the 

Imbrian-aged (Im1, 3.42 Ga; Im2, 3.39 Ga) and three 

of Eraotosthenian-aged (Em1, 2.30 Ga; Em3, 1.51 Ga; 

Em4, 1.21 Ga) mare deposits are located within the 

landing region. The Eratosthenian mare units are 

estimated to be ~100 m in thickness, which are thinner 

than the older Imbrian units (~700 m). 

Impact craters inside the landing region are all 

smaller than 2 km in diameter [4]. Larger craters occur 

outside the region. The distal ejecta of these craters 

may transport components from afar to the landing 

surface. Using a ballistic model, Xie et al. [5] 

estimated the contribution of distal ejecta of craters 

that are younger than the landing region all over the 

Moon and proposed a list of craters that may have 

transported a non-negligible volume of their ejecta to 

the landing area. 

Model:  Cumulative impact mixing is simulated 

using our developed spatially-resolved numerical 

model where the diffusion of different components 

through long-term impact mixing over the global 

surface can be traced [6]. Specific impact craters 

whose ejecta were proposed to affect the landing 

surface are added individually into the model. The 

occurrence time, location and size of these specific 

craters are adopted from Xie’s estimates [5]. With the 

determined crater density over the provenance surface, 

the dating of basin-sourced melt contained in samples 

can provide pinpoint references for creating a 

chronology system [e.g., 8-10]. To predict the 

abundance of basin melt that could be found in the CE-

5 samples and its plausible composition, in this study, 

we adopt the composition of the lunar surface prior to 

the emplacement of mare materials from the estimates 

of [6]. 

Mare filling process is simulated by embedding the 

volcanic effusion process into the model of [6]. The 

model starts slightly earlier than the earliest detectable 

volcanism over Oceanus Procellarum (3.72 Ga). The 

whole Oceanus Procellarum region is filled with the 

mare material with a thickness of 500 m [10]. Only 

inside the landing region are the younger mare effusion 

events considered. The thickness, occurrence time, and 

coverage of late events are all adopted from [4]. Once t 

is equal to the age of any mare units of the landing 

region, the unit surface with this age will be filled with 

mare components with a proposed thickness (Ir-aged 

and Imbrian-aged units are 700 m; Eratosthenian units 

are 100 m).  

Results and discussions: Non-mare material in the 

landing region (Fig. 1): The whole landing region 

should contain some non-mare components with a 

fraction ranging from 0.2 to 0.5. Older surfaces tend to 

contain more non-mare material, for example, the 

oldest unit Ir1 could be composed of ~ 47% of non-

mare material in the upper one meter. Due to being 

closer to the highlands, the average non-mare fraction 

of the Im2 surface (~ 50%) is higher than the oldest Ir1 

unit. In the Em4 unit, the northeastern part that is 

nearer to the highlands, possesses a distinctly higher 

non-mare mixture than the remainder. It leads to the 

average non-mare abundance of the youngest Em4 

being higher than the older Eratosthenian mare units 

(Em1, Em3). 
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Material composition of the landing site (Fig. 2): In 

the top meter, there is ~ 70% of the mare component 

that dominates the composition of the landing site and 

~30% of non-mare components. As expected, the local 

Em4 mare component is predominant among all the 

mare materials. But the non-local mare components are 

only ~ 1%. Due to the late mare filling of the Em4 unit, 

all the early-transported non-local mare components 

should be buried. Impacts occurring after the Em4 

emplacement may have transported some non-local 

mare material to the landing site. However, as the late-

forming craters over the landing region are smaller 

than 2 km [4], the non-mare component fraction 

excavated from beneath the mare layer and deposited 

at the landing site is small.  

For differently-aged impact melt, it is difficult to 

distinguish whether it is derived from large basins or 

smaller craters, which yields the uncertainty of lunar 

geochronology system [e.g., 1, 7]. Our models (Fig. 3) 

show that the South Pole–Aitken (SPA), Serenitatis, 

and Imbrium basin are the major basins that produced 

melt at the landing site, and the Serenitatis and 

Imbrium melt accounts for ~ 35% among all the 

impact melt. Although other basin-sourced melts could 

be found at the landing site as well, their 

concentrations are small and can be neglected. 

Secondary crater clusters, the evidence of distal 

ejecta of large craters, are present in the landing region 

[4]. They indicate the non-negligible influence of their 

source impacts on the material composition at the 

landing site. Given the formation sequence of the 

specific impact events [5], the abundance of their 

emplaced ejecta that could still remain on the landing 

surface after the subsequent impact mixing and mare 

filling, is calculated. We predict that crater Sharp B, 

Harding, Copernicus, Aristarchus are the major 

contributors. These craters are formed after the filling 

of Em4 unit and their ejecta can be well-preserved. 

The majority of the ejecta from the craters formed 

earlier than the Em4 emplacement are buried. With the 

subsequent impact gardening some of the buried 

components could be re-excavated, but our results 

show that their volume is small. 

Conclusions: In order to investigate the mare/non-

mare composition of the CE-5 samples, we applied a 

spatially-resolved model to trace the diffusion of 

different components at the landing region. We found 

that, if the late mare filling is about 100 m thick, 

except for the predominant local mare deposit (~ 70%), 

a significant amount of non-mare material should be 

present in the samples. The SPA, Serenitatis, and 

Imbrium melt could account for ~ 70% among all the 

non-mare components, and the Serenitatis and 

Imbrium melt accounts for ~ 35% among all the 

impact melt. Despite having a large volume, the older 

SPA melt is likely difficult to identify because of its 

small particle size caused by the extensive 

comminution. Among the mare components, very few 

non-local mare components can be found. The ejecta 

of the Sharp B, Harding, Copernicus, Aristarchus 

crater may have significantly altered the material 

composition at the landing site. 
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Fig. 1 The distribution of non-mare component in the top meter 

over the CE-5 landing region over the landing region. 

Fig. 3 Impact melt composition among all the predicted melt 

materials (within 10 km of the landing site in the top meter). The 

black and grey bars indicate the basin-sourced and non-basin-sourced 

melt, respectively.  

Fig. 2 Average material composition within 10 km of the landing 

site in the top meter. 
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