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Figure 1 SEM secondary electron image of the morphological features of micro-impact craters on the surface of Chang’E-5 lunar soil particles. (a)
Morphology of particles with dense micro-impact craters; (b) morphological features of dense micro-impact craters: 1# irregularly shaped micro-
impact craters, 2# micro-impact craters with impact residues, 3# micro-impact craters with impact direction information; (c) particles with shallow
impact depth micro-impact craters: 4#, 5# shallow impact depth micro-impact craters; (d) particles with spatter trend micro-impact craters morphology,

6#, T# micro-impact craters and their spatter.
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Figure 2 (Color online) SEM secondary electron images of the surface cleavage features of the Chang’E-5 lunar soil particles. (a) Morphological
characteristics of lunar soil particles in three cleavage directions; (b) morphological characteristics of lunar soil particles in single-double mixed
cleavage directions dominated by double cleavage directions; (c) lunar soil particles in single cleavage direction; (d) morphological characteristics of
lunar soil grains with single-double mixed cleavage directions dominated by single cleavage directions.
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Figure 3 SEM secondary electron images of the morphological characteristics of gasification deposition on the surface of Chang’E-5 lunar soil
particles. (a) Gasification deposition particles on the surface of glass; (b) gasification deposition particles on the surface of cementitious substances; (c)
gasification deposition particles on the surface of crystalline minerals; (d) semi-wetted gasification deposited particles on the surface of crystalline

minerals.

239603-5



FIREE. PERBEE MBELE Y R 2023 4 53 % A3

[F I 4 ) P RE 5 B RE RO AR A A B A B TR Bs A o 4
dr g fE. AR, TEIR R BRI BRI 2 BN [
KL, B PRH da A 5 I TER, R B — E HIR IR
AR AR RS RG S5 T o 5 B AR T ) IR
W7 o B (8 AT e ph i ol S A LA
TSt 78 25 i, B R T e B

P4 () h 2 BOK H SERORL I SR B 227K, W]
DL BB 38 o 2 i P PR P e T ARAOR. B i
i (AL 2 BAT LR LSO R B IR 31028, e S ik
TSR 7 100 TS 0 B i 1) 353 55 ™ W R 2 1
EHRIEEY, SEBOREBRIR, T B Wk
SYIRIZR T TR ) 5 R AU, I E4() FI(c) i, HTkL
1 3930 o B 7 R R RLAIR, HLA R B2, T LUK I BB 3
BN BB R, SRRz, BRI
BB RN E I HART ), RWIHAE AR R P34
BALR B, AR Fli X LA T o> AR, O 2k
5 R B 3 2Ok B /T EEE TR
Guit O . MXRE AR e 1 AR A BRI
g BEA(d)H B RORE £ 2 ST (R SRR R A, T
LI ZRIER MR, NREERE, 204

PRI BN PR B B T 7 15, A A PR AR i Sk Ty
BN E ZE BRI, DA SR W B & 3k 7 M) i 3l 1k
LIQ SRiOE S E

DRI, 280 5 v B 3 R 8 B P AT N B BT
R, BEHIEE SIS K R It Wi
TS SRR AR R I B
B2 IR, WESHTR. BSH 1) A SR 3 5 5
DX [] S W 1 AN [R) AL 3 72 B 1) ) 438 35 1 I 5 1R B T 5%
. R IX$1920-1090 K, H 8 3 5 FF 4 R Bl H
AR Y, IR A3 1410-1580 KIitf, HIEIT44 B
BIRBNME, X2 H 860 78 53 1) BRI

b HE®, fEREG AR N EE, BT
1400 KFJRESE A RS ZAFAE, H HYIRS 9&
A2 7o MaE ) sus. Kk, PMaEdieA
HTE S AL FRER AL T RER I R BRI, RO HE
BT SRR () AU T SRR 1

4 g

ARSI Ak TS A H SR T AR AL, AT

4 (PERRSURE V1) 0k 5 ) SRR, 34 T 33808 Jo 7 1 P2 SRR AIE 1 PR 7 SR BUBE — O T IR, (@) TG o 1) 7 5 O
LIRS Pk 1 PR e L7 T ); (b) 3808 AR B R AR R (I 0ok B A 7 181); () 3BTRS SEE SRR 5 FRO UL (IR 41K
H K2 R I71a); (d) 22 390035 5 78 o W ok (IS 0ok B IEIE BT 2 R T54%)

Figure 4 (Color online) SEM secondary electron images of the morphology of vitreous coverage on the surface of Chang’E-5 lunar soil particles. (a)
Semi-wetted glass particles (sputters from the upper left of the figure); (b) low-wetted glass particles (sputters from the upper right direction of the
figure); (c) particles of vitreous adhering fine-grained debris (sputters from the lower left direction of the figure); (d) particles of multiple vitreous

cover sputtering (sputters from the top, bottom left, etc., of the figure).
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Study on surface characteristics of Chang’E-5 fine grained
lunar soil
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Chang’E-5 lunar soil is the youngest lunar soil sample returned by human beings so far, and the shovel samples record
the space weathering history of the lunar surface in sampling area. This study found that on the surface of the fine-
grained lunar soil particles of Chang’E-5 are widely distributed typical morphological features, such as microcraters,
mineral cleavage surfaces, gasification deposition, and covered glass, which reflect that in the space dominated by
meteorites and micrometeorites bombardment, the effects of impact fragmentation, melting sputtering, gasification
deposition, etc., have transformed the morphology and characteristics of lunar soil particles during weathering
transfomation. The results reveal the transformation mechanism of the extreme environment of the lunar surface on the
mineral morphology, thus helping scholars better understand the weathering process in space.

Chang’E-5, lunar soil, space weathering, micro-meteorite impact, mineral morphology
PACS: 96.20.-n, 68.37.-d, 96.12.-a
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