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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#, 7# micro-impact craters and their spatter.

KA OG5 SE 4 R AF TR W 1R, 8
VR T 5 SR A WO T, (H R BN ORLAE 25 00
BT 5 HABBURL I RO A, B 1(b) s 1%
ISR ONSEE SIPIZ TES VIR G R €L S iR e
IIED PRI A ISP 4 77 170 7T RS
Wir, 3L 1 ol T 1% R A TN (8] P9 ) % AR 4 o T A
(P K2 B i A A N PSSR E: R
O AT MR X DY BTk S R B D
INIOE B g7/ N TN 7 /R PN 2 (i E L S TP i
[E R (U034, T e R e i/
S5 R R AN )t 2 s D B BT T A R (1),
i SR AR R 2 B A DLERAE. DL, 15 DA
U ORAF ) J88 T A B 40— RO B PRI B2 110 i ok (2
2#). 24U R ATIAT AR B/ B R e T, Xk
T S 2 . A UKL I T AT B
SRR TA A, B B A IR R W R

A AL DTRR R T 32840, 55 LY ) ol ot B
AERRXHCHHLE5ET). i ERETTS IR
G GRS, PR IR Gt o o 5 R S A 11, T
g T T R AR (— <5 k)7,

1(c)RI(d) IR Gt o Ukt Ml 6 A2 A/ 1 v T
RO, T 0T i ok B 2 T D) 96 S S v e LA
FE T BRI IR T (4%, S#). T A 58 4 e 1 i
AR JURL 2 18T U 2 H 3022 VBRI B0 S TR (2
61 5 7#06F E) P TR e o TR D e o 5 D S
Yo, AT UL 7 32 5 0 K g R A e o R B K
BNIE I
P

max pimpactorv

impactcimpactor’ (1)

Hot, P (Pa) it i B H B RENE T, pimpactor
(kg/m*) R B T AR B BE, v oo (/)i
Compacor P S T TP PR M S K,

239603-3



FIREE. PERBEE MBELE Y R 2023 4 53 % A3

JI I 308 TR FEE T R A IR A — I o i R (Y A
o, AHGRIEER B T T A S 2 R IR . A
Uk, FERRIE TP 5T S8 B bR I e s S R 7
. A T TR AR BT FU AT AT ) b o AR B
AL Dol ey T AR 8 PR o A R DA B % 17 <5
R FREA

3.2 FRIBRME

JEY M EE RO KA. Ml RERYTSE
MU, TR U AR R 1 T DAE R LA R
BN Bt R Ay, B T SR Y R AR R R,
W€ 45 77 TR 0T OGP 1. FEARSERS , K
YU A ROR S H ELAT SR PR f ARSI

2R e ) S B U S B2 R, ok
K e B B 1) R B B - XU AR A AR, D
S PIBRL R I = AR E. B2 FR, =R
BRRURLE A BEHEIE00°, M2 stk i A o, I
LTI A 0 T PR AR P 22 5, B AR LR T 2

iR R L D s, XY Le ]l R E, BIERki R A
T2 IAIRIEST . RATTRREER. E2(b)~(d) T2
T 2 R R SRR, BB R R, B
FA R (1) 2R TH SE A, XTa) A L ) R B A TR
Iz AT R B RO AR L, A T 3
FEAE A A R A o,

AR R T AR AR A BRI L2, el Rk
BUNIIH BTE TR EXHUR AR A8 10 22 4 B A B
Folb. A0 ) B A B TR S5 XA 3R T B A AN [ ) 3 8 )
HLOHTER R AR T S A R R DD S R, A%
B R R TR . DRI, A T A
THT 5 R A 2 Tt 47 06 HE 20 B R DB 4 S 58 R H L%
W SGERFE, B4 A BH RS R K 1 & & DL )
F) 2% ) 47 5 ) ),

3.3 SRR

e A A T (> 10 k) AR AT 2 A2 48 5 b R R e i Y
ST AR, RS TR e 1 e R A

B2 (LSRR PG ik T 5 ) SRR 2 Tt BT SR O 43 0 P S B — O 1 IR () = A BLT7 ) SR (T 30
sk (b) U ER T i) 3 B0 S-SR gt T 1) H SERURL I T3S ks () SR ERTT ) 3 SEORE TSR 35 (d) SR BT ) o

FK) B OUIEE £ A EE 7 170 ) SRR (K T 0

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.
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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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Figure 5 (Color online) Variation curve of viscosity of Chang’E-5
lunar soil glass with temperature [23,38,39].
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Study on surface characteristics of Chang’E-5 fine grained
lunar soil

LI Chen'?, LI Yang”, WEI KuiXian”", GUO Zhuang’, YU Han', CHEN XiuMin'",
LI XiongYaoz, MA WenHui"” & LIU J ianZhongz*

! Faculty of Metallurgical and Energy Engineering, Kunming University of Science and Technology, Kunming 650093, China;
* Center for Lunar and Planetary Sciences, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550081, China;
* National Engineering Research Center of Vacuum Metallurgy, Kunming University of Science and Technology, Kunming 650093, China

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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