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Table1 Comparison of mineral composition between lunar highland regolith simulants and Apollo 16 regolith™

%

Apollo 16

Hor (64001/64002)  NULHT-IM - NU-LHT-2M  OB-1 JSC-1 JSC-1A  ISC-1AF FJS-1 MLS-1
B 31.10 — — 90.90 90.90 91.90 80.20 52.30
biE ] 8.90 22.40 7.20 52.60 — — — 0.50 36.60
MG Ees 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
KA (An%) 95.00 80.00 80.00 75.00 68.00 70.00 70 50.00 47.00
M — 2.90 9.50 — 5.60 5.60 4.10 1.10 —
RHEEAT 0.60 2.00 4.00 0.10 1.30 1.30 0.40 1.20 2.20
RITHER 3.20 4.40 0.20 — — — — — —
REBEH ) 0.03 0.05 0.01 0.19 — 0.04 0.02 0.05 0.03
BREALY) 0.01 — 0.04 — — — — — —
B £ 0.12 — 0.43 — — — — — —
R 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
it 100.00 100.00 100.00  100.00 100.00 100.00 100.00 100.00 100.00

IR T % AN AL 4 ) 3 0 UKL TE 3 A 6 B, A
] 2 BR e UL BN [ RE LA pollo 16K i 95 2% 4
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Table 2 Comparison of lunar regolith chemical composition
(in percentage) at different regions

%

&dres Apollo 16 H 1E* 2%l (30)
SiO, 45.00 443~458
TiO, 0.52 0.2~0.8
AL Os 27.60 24.4~30.8
FeO 485 2.6~7.1
MgO 5.46 3.4~76
Ca0 15.80 14.1~17.5

¥: *Apollo 1632 [7] 5 e 737

2) WA FERAREKA KA, A8t
IR AT ATIET0 ~ 80 vol%, MM A7+ A A 3% 7 It
H1E &/ 120 vol%.

3) RifR KA. AR, BASHILRS.

#3 MEAEEMIERIESERE
Table 3 Reference specification of lunar polar regolith
simulants

¥ i

WOk B LI/NTF 1 mmoAy X, SO o b BLAR A
30 pm~1 mmZ [7], FHIKiFE140 ~375 pm
LB 35% ~51%

#EE (0.5~1.5) x10° W-m "K' (<500 Pa)

AERS A B R H ] ~ 82 1],

A HL37FE0.001 ~ 222.17]
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950 x10°; FfAHiER: D/H= (149+3) x10°,
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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:

e 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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