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Abstract After nearly half a century of exploration, the researches of Martian water have made im-
portant achievements, which provides essential information for understanding the historical information
of Martian water and the evolution of the Martian environment, especially arousing the enthusiasm of
human beings to search for life on Mars. The study of the occurrence and host minerals of Martian wa-
ter is of great significance for understanding the composition of Martian surface materials, the evolution

of Martian environment and climate, and the livability of life. Infrared spectroscopy is an important
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method to identify the occurrence of water on the Martian surface and the host minerals. At present, wa-

ter vapor, water ice and various aqueous substances such as sulfates, clay minerals, hydroxides and hy-

drated silica have been identified on the Martian surface, indicating that there were several periods of

aqueous activities in different water environments in Martian history. In this paper, the occurrence of

Martian water and the information of Martian historical environment are summarized, and the infrared

spectral characteristics of different water-bearing minerals and the main influencing factors including the

type of host minerals, temperature, grain size and mixture are synthetic analyzed. Finally, the changes of

infrared spectral absorption characteristics of groups such as HyO and OH are generalized. With the help

of China's ongoing exploration of Tianwen-1 and future Tianwen-3 missions, breakthroughs can be made

in understanding the origin and evolution of Martian water and the habitability of Mars.
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Fig. 1

Hy0 density distribution with altitude and latitude for 12 solar longitude bins averaged over the

MY27~MY34 time frame. The data set for the Global Dust Storm (GDS) of MY28 and MY34 were excluded



FREE 0 KEK EZERARE A IR iE 4 e

N 90
60 1.000 £
= |12
0.100 &
g0 | =
'g 30} 0.010 -%
3 | $
-60 0.001 8
_90 1 1 1 1 1
180 120 60 0 300 240 180E

Longitude / (°)
Bl 2 JKFESN 10 pr pm RAHFE W EERK)Z
IREZHLIE (=72 0 km Ab)
Fig. 2 Global maps of depth of the ice-table for a case
of 10 pr pm atmospheric column abundance of water

vapor (at 0 km elevation)

KRR SE T A T g Ab 2k 45° — 60°3 Fi phy 2522559236,

Wit & LB A AN 2R AR ) KR R ERIIK UK AR
e A AR A, JEAR K A 25 P T S R AR Bl K
BABRIKIEIR, As kB AR K PR S & B[R] A
LM T A ZE B Rk vk iR PR, Y J R
e AR B AR, A IR E BE 7K ok ok A= FHE I BB
DU TR AL PIR KR . A L — KRS ROk, k2
Wik vk 36 © 4 A T 25 87000 km® 197K vk, #1245 T
60 cm L4 ERTE 5 2B R P4 R kR B A i
TR ILT r A PIR K SE AR o FUZAR DT 2544
ST 25, WFE IR IE 5% T K BEAS [R] S DT
TRFIE R AR DT s, S oK A oKaR S5 < A8 fh FR 1t
T iE'TE[M’W’gS].
1.3 &KTHY

X AKTF 6/7 %5 (Mariner 6/7)., K2 HREF

@ Phyllosilicates @Silica

[ Chlorides

1089

KR EIBE RS F o3 i B A LLAMD GBI (Observa-
toire pour la Minéralogie, 1'Eau, les Glaces et 1'Ac-
tivite, OMEGA F1 CRISM), k2 aEREh I H 352
B 4K G161 4L (Thermal Emission Spectrometer,
TES). K2 BAEZE 5 H0E 835 3 AR I iUR R 58
(Thermal Emission Imaging System, THEMIS) L
Bk BRI Bl g ALK 25 55 <45 (Spirit) AL
i# 5 (Opportunity) b4 09 2 i 48 /K 35 4L (The
Mossbauer Spectrometer, MB), 4f 77 %5 [ # 2 19
b2 55 )% 4 B f (Chemistry and Mineralogy,
CheMin) 458 4s 19 73 Mr R W K BRI 200 £
RV SRy, EEA R R
LRUBDAIBY e gt gl o 55-61) (LI 3[62]). B,
TER ) — A 55 WA Bl s S IR A R o, i
B T KA TR Sk ™.

KL YE 40 (Noachian) Bf 2 )iz
O, 3K AR TE R Py S L, A A A BRI L Y -
BB K AR R R R R A E A T R X
B0 R 1A e LY K SR R R 43 A B K AR
PREL N ZKERIRER, ZIE T B PY 7240 (Hesperi-
an) I, X ZEURE TR RT3 LI, A7 7E Jm IR 1
g PR R B K 48 s 2 R IR IR 3
K 2R E R PR IR A = KR D s B A2
VOKTE B TR, 22 W] K ALK BREE 2 M R Bk
5] L AN @ W L el L O RE DY
HoAtb b J5t B TT Y ¢ R AL SR B KR LI A i i e 3
Y 1) R BE 0T R MO BIE S AR TR KA ) R A
W HIE AEACRE A, PR OR T s BN

@ Carbonates 4 Sulfates

K3 KR EESRE YR 2Bk A

Fig. 3

Global distribution of the major classes of aqueous minerals on Mars
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Conversion cycles of water (blue) and CO, (orange) under current Martian atmospheric condition
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Kaolinite Fe-Smectite/Nontronite Al-Smectite/Montmorillonite

——Mg-Smectite/Saponite
35—

3.0

2.5

2.0

15

1.0

Reflectance / offset for clarity

0.5

Wavelength / pum
K8 S/KRERRER A S50 % R

Laboratory reflectance spectra of hydrated silicates

Fig. 8



FREE 0 KEK EZERARE A IR iE 4 e

Sifa . A =W AR ATE 2.6~2.8 pm
(I B N IR AEAE OH A B sl i WOCRAAE ; A A7 AE
WK, 76 2.9~3.0 pm B2 B i >, i
ATE 2.7~2.8 pm fFAEFRA 1) OH Mgadik shik iy (W
1 9P0)) | G 4 TR R i 25 04 7 205 4 ) AR T 1 2
b, HARRI N Bl A 45 0 B TR, 2.71 pm 29I
Wl 55, 2.73 pwm A AYUEEE AR WU |, I TR e
SR TR e,
3.1.2 TEREE T 5IKE RHILLIMLITSFE

FRRRERATAE Z K AIRES, S SN EERE
BHREZ. AT 2 2.1 pm AT CHT 2 DU B K B R
R R bR, A K I HR S A R AE I 23 Bl AN
[ 18 B 12T = A A S, T 22 /K A5 B R 0 2 3
2 1.9 A1 2.4 pm A B WRHETTSE 2 . KA TS
WA /IR A2 i B K B R R RN 22 K B R R Y 7E
2.4 pm R GE 2,

— B, 1.4 A1 1.9 wm Ab B W2 U4y S R
OH 1l HyO FYRFAE, {HEAIK AR IR L Hoa SE MR 25
22 BA B -5 ma i e K & h, B OH/H,0 1)
FEAE I IAE 1.4~1.6 pm A1 1.9~2.1 pm™. 407k
B (MgSO,H,0) 7£ 2 1.47, 1.52, 1.98, 2.06 um
M 213 pm AAFTEZ A5 OH A HyO M5 55 Ho 5%
RIS, FKERBL (FeSO,-Ha0) 57K AR A ME SCRAIE A,
7E 1.4, 2.1 F1 3 pm BHE IS8R 8E 2.1 um Bt
A WISCRAAE AT DA X 3 7K EE AR BRAR,, B ZK BRI
TEAE 2.06 F1 2.13 pm AMAFAE— S XU SC s, 1T 7K 42k
BLEREALAE 2.09 pm Abg — g™,

Z KB R L OH/H,O 762 1.4 f1 1.9 pm DA

0.5

—— Kaolinite

04t 2.71 2,74
0.3}

021

Reflectance

0.1r

0F

70.1 1 1
2.6 2.7 2.8 2.9

Wavelength / pm
B9 EAETE2.7~2.8 pm At OH B4Rz
ERIE e P i

Laboratory reflectance spectra of OH

Fig. 9
stretching vibration of kaolinite at 2.7~2.8 pm

1095

Je (SO)° 152 2.4 pm (ICHRAE EA AR XEFRIE 1,
AHF (CaSO4-2H,0) MILIAMNETETE 1.4~1.5 pm i [H
DA B R AR U R 1 = EE W, o A T
1.45, 1.49 F1 1.53 pm; 7€ 1.75 A1 3 pum hy BT 20
1 1.9, 2.2 fl 2.8 um Fff T 2 2 B HO 19 8K i
m%[105,123,127,128]. /;\7]({5%][; (MgSO4-6HQO) E‘JZ:XULWH&
W E TR TEZY 1.42, 1.92 F1 2.4 um, AME 2.5 1
3 pm BRI X UL 7R HaO R AR ™™, R[]
IKEIRE TR EL (Aly(SOy)5nHL0) BILLAMNGIE
T W A5 T WSCTR B 7 TR AF FE A 25 7. AR 29 1.9
3 pm AL IAEAE R K I AR 73 7K A B R SR A E
25 1.4 pm AbFI ISR, SRBRERER i HLO fif
AR B 7 A 0 W I e 5 A B K B R ER (19 T R
Bk BRRREE) AHLL, HERAEE AR Y B, BVERGR AR R 1Y)
FRAEAL T 2.85~4.35 pm, HAbE /KB R ER ) H 20 7E
2.77~3.34 pm™"*.

B 145 oK, SRR s A fE S f K, ok &
2L OH WIE A RAE, WA (KAL[SO45(OH)g)
I (KFe3[SO4)5(OH)g) &5, IR EL T2
WRPEAE 1.4~1.5, 1.75~1.85, 2.1~2.6 um A1 3 um &b
1 OH a4 shF15]. £ 1.4~1.5 pm JEEIAN, BIEL
AR AU, A5 AT 2y 1.425 A
1.467 pm (1475 58 DA R 9 4> 55 06, 2 A 2 L ) 1 R XL
WG 5 1.75~1.85 wm JL P, B A i i g
L T2 1.76 pm, BEFPERAL A WS 0d I L 7E TR 4 I
B 1.85 pm Ab; 78 3 wm FfFIT, BHBRAT A S 2Ly
ﬁ T{ g /I\ w LI& m% [984107,123,125,130,131]. [;/% T J: i7E ‘/ﬁ E% ,
2.1~2.6 pm A IR SCRAAEt 38 5 76 K R rf X
Gy ANTRI Y 4 )8 PH S -, 40 ALLOH S8 il A T
2.17 pm FfHE H B B ER AL Fe-OH PR SN
I PR AE 2 2.21 F1 2.27 pm, WAMEA — £ 5] OH
Eﬁ S—O Ej'iﬁl?l’:] T—E’H?@ E@ %ﬁLI&[1[%[55’98’107’123’125’130’131](J[—LIJ
10°%.

3.1.3 HAIENW T 5kEERDIMNILIFE

KR SR REA LA 32, AT
b an e 110 proR, HAE 2.42 pm F1 2.5 pm B
AT 1 55 W AT RAE 2 Y Fe-OH {45 F25 iR sh Y 415
S AR 1 2.87~2.88 wm (WL ISCHE 1T B T4k
%%EE’JWWﬂ(”M 3.1~3.3 pm MY S WCE OH By ff
AR SRR P A 5.6~6.2 pm (DK KRN
L2 3] 1) 18R 0 P A SRR AT 2 7K £ T PR R T 471



1096

25 R s A Y s 2 11.4 R 12.6 pm AT
B W WA J& Fe-OH-Fe 1 T P 1T 4025 it 4% 5h
FEA g L AL Fe-OH 19725 R 38 51 e T 24
10 pm ZbAEEE MR AE ),
3.14 KEZEWEREKEXMIINEIESFE
KA AR AR B DA W SRR AR AL T
1.4,1.9 1 2.2~2.3 pm (WL 12, e 1R A6 5%
R, KE R ARE UK VKAEL) 1.4 A1 1.9 pm FFAE
R AT 7 JEig e A B, OT RISk C K
FA, 7E 2.2 wm # A MR 58 ROCRIE, J&H Si-OH
B AP, o 1.4 1 1.9 m MR S SR R /N
B RALE, DL 2 2.2 F1 1.9 pm WEUSCIR BE 1 He A AT
ﬁﬁﬂ:[éﬁ}' A ’ﬂ%lﬂﬁﬂl CT ﬁ!%E[E[SS’HG‘BG’B&BQ]_
KAE TEACEEE 1.4 pm BT AW OH [
PR3N, WRIA 1.41 F1 1.46 pm W5 NSIRSCERE
i 5 Si-OH 1%, 15 3 10 B TR A ik o0 71,

—— Alunite — Jarosite — Gypsum
— Polyhydrated sulfate — Kieserite

4.5
40
35+

142160 1920 1 |
P LT 1240

Reflectance / offset for clarity

10 15 20 25 30 35
Wavelength / um
K10 JUMOAS[RIBRRRER Y 5250 % RO 1
Fig. 10  Laboratory reflectance spectra of
different sulfates
0.6 2.42'
.50
051} 3.17 5.60 - 1ok
04} ' '

11.6812.83:

Goethite

Reflectance
o
w

2 3 4 5 6 7 8 9 10 11 12 13
Wavelength / um
I R KRN UM e 8 1B

Fig. 11  Laboratory reflectance spectra of goethite

Chin. J. Space Sci. =RAF IR 2024, 44(6)

29 1.9 pm AT T 43 T s R h 4 2P
Si-OH M Si-O-Si IR U A T3 T 2 2.2 pm b1
KU SCERAE, P 7 T 2.21 o (49 W0 DR A )
Si-O-Si, 1M 2.26 wm Ab B I U U3 PR 32 0552 I
E/‘J Si_O_Si[137 139].

3.2 BEEFIRIZRXT & KE LI I LIt SR AE B B2

b TR AR AL S 56 A 9% KR S K M 4T A G Y
HEFREZ—, A LA KRS KT YT
HOTEDE TSI L, A TRl S BRI AN W R R Xt
(RS2 5 N 28 DA B2 R4S S5 B — 70 0 ) 5
T W AR AT K LR T U B R AR A R R A
IR LT AP SRR AL [F] 52 ).

SRR W, R [E S K 52 2R B AR ALY
WS, HOCIERRE R A TSRV BE A A . Me-
Cord 25" 7 100~375 K 153 0 Bl PR AE T EL25 3
B RIS AIES L PSR K G IR N LA, BoY
AR STt IR 2 PR R TR A I, sk iy 3=
BN AT KA AR, PR AR AR IR IR Y S5 1
T BT EORS AR 45 R R, B 1.5 pum BROIT 4 B0
BT AS Sl W . Dalton 251 BF5% T 25K IS 48
fE 0.5~2.5 pm 3 Bl P 09 21 A1 ' 3% B v 5 AR Ak 1Y
FRAE, B 5 IR 300 K AR 3] 150 K, 1.5 pm Al
2 pm FYIGERE 23 KT T A (LI 1304, s
Wb 2> 3 H 5 McCord %5 A S 4% 52 1Y 3K
i [ENEET 0

PE— 2B R T I FUREAR X5 K W 21 A8 G Y
S2MRAG BT T 4 b S T KR SR OGS RRAE. De
Angelis 25 M5 D) 25k 15 £y (MgSO,-6H,0). 15 il
£k (MgSO,-7TH,0) FIT:fl (NaySO4-10H,0) A FE *t
g, A Xt = AORERAR R A EER T AT T IR AR

0.76
2
a\é 141 146
5]
g
% Quartz 221126
Opal-C/Qtz
= OpaCr 191 196
0.48 Opal-A
1.0 15 2.0 25
Wavelength / pm
Bl12 R ARG 22 08 FLA R R I LLADGE
Fig. 12 NIR spectra for opal samples from

New Zealand
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Fig. 14  Reflectance spectra of hydrated minerals and their mixtures. The volume fraction of MGS-1 increases from
top to bottom. (a) Nontronite. The vertical dashed lines indicate the absorption positions at 1.41, 1.9, 2.29, 2.39, and
2.5 pm, respectively. (b) Montmorillonite. The vertical dashed lines indicate the absorption positions at 1.4, 1.9, 2.2,
and 2.44 pm, respectively. (c) Kaolinite. The vertical dashed lines indicate the absorption positions at 1.4, 1.9, 2.2,
and 2.44 pm, respectively. (d) Gypsum. The vertical dashed lines indicate the absorption positions at 1.197, 1.447,
1.495, 1.543, 1.755, 1.947, 2.217, 2.265, and 2.457 pm. (e) Calcite. The vertical dashed lines indicate
the absorption positions at 1.88, 2, 2.159, 2.34, 2.53 pm, respectively
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Fig. 15 Map of the global distribution of
phyllosilicate (a) and hydrous mineral (b) on Mars.
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landing site; the yellow box in Panel (b) is marked
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