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K 2T & B 90.25~2 wt%. KleinhenZE 44 5
457 H AT BRIME S5 I BT AU, B H 1K
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PRI H AR o PR HERfG 1 i F S8 0 A B 1 ol 6 R
TE BRI T B S AR S R R 2R 43 M LA SGRa IK/E o
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%5 23 ~ 20, KEF )17~ 55kPa, Sk 5 HEEKH
BRI M . AR DR P B A R I K 2 I T
mHES, RZHBERNIEIIE0.44 ~ 0.62 kPaZ
B, PEEERM41° ~ 43°2 85 30 ~ 60 cmib i3 735
162.4 ~ 3.8 kPafl152° ~ 55°2 [,

2) MR
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8. EETWET, MAYRMH/TE (WA
LEA A T RGN R R . TR H LR
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7E0.1 torr LA N VPSR AR AT N, 2 JEHA
FE 3G R K™ X HERHA & 'R S, MR
KARSRWEAREE AN, S8 Apollo 16 H 1,
HEM B E100 ~ 400 KA WX HHEHG R
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FHEBL. HRYF R B SRR 2 H RIEEERS, ©E%
H R HFE S R . K PHEE S Al KK s H R YR
e, il H R 7R K FH R B 2R AT ORI H
i s. WML R, B H R0 1 B
FRMA R 10 ohm/mE| A A 17107 ohm/mANEE; 24
RBAYGRESI, 38 ] S o 2 204 10° ohm/m
DA b 3 ™

A B R E ) O OR R HLA (R BE S RR ) (R
AR AL D o XFF X oK A AR, H
S~ SRR 3 i e s G PR 28 0 52 A F o )
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6], A HEHFE0.001 ~ 22 18], h1A] B T4 7284 /N
SR/ Apollol6 H ERFE & Y &2 A B8 He
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HARFETE0.001 ~ 222 [0, EANHUE R E 5V T
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Table 1 Comparison of mineral composition between lunar highland regolith simulants and Apollo 16 regolith™

%

v 6 4‘2%‘11/12 410602) NU-LHT-IM NU-LHT-2M  OB-1 JSC-1 ISC-IA ISC-IAF  FIS-1 MLS-1
HARE 31.10 — — 90.90 90.90 91.90 80.20 52.30
PeE 8.90 22.40 7.20 52.60 — — — 0.50 36.60
biiNeE 2o 32.50 29.00 23.50 — — — — — —
FHCE 23.30 38.80 54.90 43.90 1.50 1.50 3.40 14.10 2.60
BEA (An%) 95.00 80.00 80.00 75.00 68.00 70.00 70 50.00 47.00
R A — 2.90 9.50 — 5.60 5.60 4.10 1.10 —
RHEA 0.60 2.00 4.00 0.10 1.30 1.30 0.40 1.20 2.20
RETHERT 3.20 4.40 0.20 — — — — — —
KA 0.03 0.05 0.01 0.19 — 0.04 0.02 0.05 0.03
BREAL) 0.01 — 0.04 — — — — — —
TR L 0.12 — 0.43 — — — — — —
ERERAT 0.10 0.30 0.20 — — 0.10 — 0.10 1.10
He 0.01 0.20 0.10 3.10 — 0.50 0.10 2.6 5.20
st 100.00 100.00 100.00  100.00 100.00 100.00 100.00 100.00 100.00

I X 5 AL SR B AR ) AR B, 2
i % A 2R i AR SR I [FI A LA pollo 164 i 9 5 25 %t
R, HHZER: OEREGYIEIN & Z5 A 0K

A, RKAE. BEKA (An%) AR EEICERS
B QW BHER, & EEREIER A, EHR
oA



130 WA R Ch3E30)

20224F

43 REXBIRENIH ZRRE

AR DX ABEAL T S ] 5 0 R A 0 T 300 AR G A R
HEL, TR B RO SR RAAE R B A
AR WAL RRATRLAR ) A X 3 AT T AE AU A
S 2 OB A o

D WU SERXLPMSGEEHE . RH
JitH FEA AT Apollo 16 3 M4 R, 25l 7 (X
B H S5

*2 TEHXAREFER (BSEE) Wit

Table2 Comparison of lunar regolith chemical composition
(in percentage) at different regions

%

[l&=3r %> Apollo 16 J11E* 2% (30)
SiO, 45.00 44.3~45.8
TiO, 0.52 0.2~0.8
ALO; 27.60 24.4~30.8
FeO 4.85 2.6~7.1
MgO 5.46 3.4~76
CaO 15.80 14.1~17.5

E: *Apollo 163& 5] H #1273

2) WA EEAREKA BKA) , At
FIRHEATTIAETO ~ 80 vol%, MiMiA . WA MBI H
8 /N 120 vol%.

3) Rife Koy AGBPER, RASHILES.

®3 REXABEMIERIESERE
Table 3 Reference specification of lunar polar regolith

simulants

TR B L/NT 1 mmoA s, Ao b B T
30 pm~1 mmZ i, TFIPHRifE140 ~375 pm

LB 35% ~ 51%
MEFE (0.5~1.5) x10° W-m"K" (<500 Pa)

XA H R ~ 820,
A HL17560.001 ~ 22 1A

LD TN

VIR e

5 REXBERKIKFEME R ZNE

HERB X AT B AR mUORE R Xz —, —
T3 10 A % XA R AL AR DL, AFEAR 2 R AN
WA 55— Jr i RO X A (BRR AKX &
BHHE Ry (BRI X0 FT H BRE 2 FIIREH 2 oo
RANHARA EEE R S BAL, PRI IX K
ABIFEIX, A 1 gz X 7K UK AE A S 1 2y
AL S IRAFIRAS LR & B, X TE K AR IX AR 7K

VKRIFAFALA L B A BB RANE.

K LSRR 2 e LAFE FRIRIR . NeedhamAl
Kring"™"TH& H F BR AT REAE3SAC AT 2 4 7k b KA AE
SRR, M2 H 4107 g R T
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Horh—#B M v ReT RS B K ABA R X . R, E
REREERF TR IX CRLFE K ABARZIX) (¥ H HEn] LL 4y
M H BR PN o AL RSORT [ 2 BAFAE . AR K PH R B
B AR AR A, FE A6 DK BH I 9T AR HLIR] A7 2R A8 #e -
HDO+H,2H,0+HD. [MEZJi s, bEE LS mE
%, D/HZ#ia T, shoh, KBIXGEE R T A
*, BUH, 5EFe R RS KK 4 e
KFHRJR FH B 5 H 5P rERR 3 % sBROH- 1 1 % iR
H,0", K, D/HAER F KR ERK 7> 7RI, B J5
KBAHGEZE: D/H= (20+5) x10°; # B /KAk)%E:
D/H= ( 137~600) x10°; EFRAVKBRAEEE: D/H >
950 x10°; #E{AHER: D/H= (149+3) x10°

XFF AR, H Bk DX 7K TG 58 2 fe 7 2 A %
PR o 3 IR 7k ABA 82 XA 7K UK RT3 3R IOK B R
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Abstract: Water can be trapped at permanently shadowed regions (PSRs) of the Moon for billions of years due to the
extremely low temperatures. Polar exploration targeting water ice can help us understand water evolution and future resource
utilization. This study reviews lunar explorations and theoretical studies about the Moon’s pole in past decades. Firstly, we
introduce the geological features, illuminating conditions and thermal environment on the poles of the Moon. Secondly, we present
the geological evolution of ice-bearing regolith and possible forms of water ice. Thirdly, we summarize all the methods of water
detection and water distribution on the Moon. Lastly, we propose a basic standard for producing lunar regolith simulants based on
measurements of Apollo samples. This study aims to present a general knowledge of lunar polar geology and provide a reference for

future lunar polar exploration.

Keywords: lunar polar exploration; icy regolith; water ice occurrence; evolutionary mechanism; target feature
Highlights:

o Geological evolution and thermal environments of lunar polar region are reviewed in detail.

e Evolution mechanism and occurrence of water ice at the Moon’s pole are reviewed.

e Lunar polar water explorations are systematically summarized and compared.

e Physical properties including mechanical, thermal and electrical of lunar regolith are summarized.

® A basic standard for producing lunar polar regolith simulants is proposed.
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