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Abstract

Weathering processes on Martian surface are among the essential issues for both under-
standing landform evolution and exploring water availability on Martian surface. Studies are
reviewed on various weathering processes on Martian surface based on images, data collected by
rovers, and laboratory approaches. Recent explorations by the Mars Exploration Rovers reveal
that chemical weathering occurs on the surface of basaltic regolith. Dissolution of olivine and
oxidation of Fe produces weathering rinds on basaltic surface regolith. Rock interiors also show
vugs and veins filled with light-toned efflorescence indicative of chemical weathering. In partic-
ular, in high-latitude areas the two Viking landers and the Mars Pathfinder observed honeycomb
weathering, angular rock fragments, and polygonal cracks in bedrock. Most of these features are
also observed in the Antarctica and other cold deserts on Earth, and are generally attributed to
physical weathering such as salt crystallization, thermal weathering, and/or frost weathering.
Some studies successfully estimate periods and rates of weathering on the Martian surface,
which promote a further understanding of environmental changes and landform evolution.
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Viking 1 %5, 2% (LL'F, Viking) & 0 #5
SNZEGEP S, FARKEORIRORRLY 7+ =
KoM, TEPICEITNL AL EKE DR
LA 25172 S L (Mutch et al., 1976a, b),
KEERZBT B HADEALINEE S5 L1
ol KEERBOBEATO A %MD Z LI,
BUEO KR RMORE - W7 a2 259 2
THEETH S, JAALIZ X 0 HRAL L 72588 25,

JBALAHE Z 2 720121, £ OYh, ko
KASLYEL 72 5, Mars Reconnaissance Orbiter
IZ#5 3% & 72 High Resolution Imaging Science
Experiment (LL'F, HiRISE) %° Phoenix IZX 1
P SN2 WR R 6, BIEOKEREITK,
A7 EdIK (HoO ice) DAFAET 5 EHURIT
MEFEHR SN TS (Bl 212, Smith et al., 2009;
Martinez and Renno, 2013; Ojha et al., 2014),
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Table 1 Mars exploration rovers and instruments for rock weathering studies.

Mission Location Mission duration Scientific instruments References
Viking 1 & 2 22.47+0.15°N, 48.0 £ 0.5°W  1976-1982 Stereo Color Cameras, X-ray Soffen and Young (1972), Clark
(Viking 1) Fluorescence Spectrometer et al. (1977)
47.89°N, 225.86°W
(Viking 2)
Mars Pathfinder 19.33°N, 33.55°W 1997 Imager for Mars Pathfinder IMP), ~ Foley et al. (2003b), Shirley and

Mars Exploration Rovers
(Two Rovers: Opportunity
& Spirit) (MERs)

Phoenix

Mars Science Laboratory
(Curiosity Rover) (MSL)

1.94°S, 354.47°E
(Opportunity)

14.57°S, 175.58°E
(Spirit)

68.22°N, 234.25°E

4.59°S, 137.43°E

2003-current

2008

2012-current

Alpha Proton X-Ray Spectrometer
(APXS)

Panoramic Camera (Pancam),
Miniature Thermal Emission
Spectrometer (Mini-TES), Alpha
Particle X-ray Spectrometer
(APXS), Mossbauer Spectrom-
eter (MB), Microscopic Imager
(MI), Rock Abrasion Tool (RAT)

Robotic Arm (RA), Robotic Arm
Camera (RAC), Surface Stereo
Imager (SSI), Microscopy, Electro-
chemistry, and Conductivity An-
alyzer (MECA), Thermal and
Evolved Gas Analyzer (TEGA)

Alpha-Particle X-ray Spectro-
meter (APXS), Laser-Induced
Remote Sensing for Chemistry
and Micro-Imaging (ChemCam),
Chemistry and Mineralogy (Che
Min), Dynamic Albedo of Neu-
trons (DAN), Mars Hand Lens
Imager (MAHLI), Mast Camera
(Mastcam)

Matijevic (1995), Golombek et
al. (1997)

Bell et al. (2003), Christensen
et al. (2003), Gorevan et al.
(2003), Herkenhoff et al, (2003),
Klingelhofer et al. (2003), Rieder
et al. (2003), Squyres et al. (2003,
2004a, 2004b)

Kounaves et al. (2003, 2009),
Guinn et al. (2008), Hoffman et
al. (2008), Keller et al. (2008)
Lemmon et al. (2008), Smith et
al. (2008)

Edgett et al. (2009), Gellert et
al. (2009), Blake et al. (2012),
Golombek et al. (2012), Maurice
et al. (2012), Mitrofanov et al.
(2012), Wiens et al. (2012)

T/, BEOKERMITHALEID SRELD
W 22 BRBEAAEAE L 72 W BRI AT IR I S T B
(Carr, 1982; Jakosky and Phillips, 2001), &t
A DTGB AE R AL IR, AR A 2 &
X, BEOKBERBOREE (LOREOKI;E
TELTWzod) ZiBiET 59 2 TEEL T4
20 &b, BlziE, Mars Exploration Rovers
(Spirit, Opportunity & I-Fr S 1L 5 2 5 O,
LU Tld MERs L RS %) 12X D, Meridiani
Planum 2B W T, FHE SN2V vyaH 4 bR
=54 M EOHWIE, TEEGERICE W THRE
DKPLEEL ENTWDS (Bl 21F, Squyres et al.,
2004a, 2006; Clark et al., 2005; McLennan et
al., 2005) .

Viking %° Mars Pathfinder (LN, Pathfinder)

e EOMOBRAERE, AaRERLAL B 3 H
MELTHBY (£, GARTORLICET 24
FUTERICHEER WIS L 2B L Twiz
(1 2.1, Mutch et al., 19764, b; Jones et al., 1979;
Guinness et al., 1982; Arvidson et al., 1983;
Golombek et al., 1997), 2004 4:LIKE, MERs (2
X0, WERmMICEN LS 0OERITREILRLEY
B O FEM 22 AT, FHADOEALICET 5
ERN BT =P RoNb L) ko7 (B2,
Bell et al., 2003; Gellert et al., 2004; Arvidson et
al., 2006; Ashley et al., 2011; Fleischer et al.,
2011), %7z, MERs IZ# S W7z AR E
(Gorevan et al., 2003) 2 &V, FHAZRIHE & HED
DORBEIIKT L LA REE 2 0, KA K
TOEADALICHT 2% < DMAN»E S 7z
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# 2 KEERM &I (FH, Dry Valleys) O, MBS & oflis LT, Viking 2 7575 Bl 5 )H 0 5
X Ui, Dry Valleys (X Marchant and Head (2007), Mars Science Laboratory (Curiosity) #5 [t i
13 NASA (2013), HiERAMAIZETZ RKLEH (2008) & 227z,

Table 2 Temperature and moisture data for Martian surface and Earth surface (Dry valleys, Antarctica). Data
sources Marchant and Head (2007) for the Viking 2 landing site and Dry Valleys, Antarctica; NASA
(2013) for the Mars Science Laboratory (Curiocity) landing site; National Astronomical Observatory

(2008) for global mean, respectively.

Earth

Mars

Location Global

Dry Valleys, Antarctica

Curiosity landing site
(4.59°S, 137.43°E)

Viking 2 landing site
(47.89°N, 225.86°W)

Mean annual temperature 15 (=170 ~ 55)

(Annual range) (C)
Atmospheric pressure (hPa) 1013

Moisture in air 1.0 ~ 2.8% in atmospheric

composition

—-30~-10
(=30~0)

40 ~ 70% RH

—40 ~—30 —90 ~ —80

(=80~0) (=110 ~ —20)
6

0.03% in atmosphere composition

(Arvidson et al., 2004; Gellert et al., 2004; Mc-
Sween et al., 2004, 2006; Haskin et al., 2005)
O XU, EAE, KERIEIIBT L a00E L
BT BRI EEICHER LODH D,

AT, TNETOFRTHSNIZKETD
HADBRALICET 2 AN A T, B
e IR LT & T OWME L 2 BRIE
(£2) #RBIATDONIEALFIEE I L &
N, KERMTOREILIZO W TR T 5, —#%
WEARLE, LM EAE & B R L, R RAE D
3OIRBIEND (IR, 1994, 2008) L1
LIZE R AR ERE DB LY, 5AD
PEPZT 2B TH Y, WHYEIIZEREZ
L3 - KOG X D, S spaE - Mg s
LHLTH D, EWEAGIZAEYIGE) 2 12t - T
EADWEDPEALT 2BIRTH 505, ARHER
FIZBWT, KERMTOEWIET ORI TERL
ENTVWRWNZ ERs, RETIHLFHEIL L Y
HWEILE &) BT 5,

II. {bZr9EAE

b2 JAAbIE K R 225 & DAL BOBIZ X D,
FBADALFNEE D EALT 2 HEORKTH %,
— R LB R, R, RAE, KR, ok
SR EEENL, HER E TR S oAb
BEUTHLWHOLE (%) OEKR, A
JREDERIZE DA VA FHIBOTEIZB VT,

ALF AL DS EE R #H 2 Rz L Twb, s,
WEEIYOBERRGOmRIC LY, KFoJE S
Bomm ~% em IZJBALE AR E 1D (B 212,
Oguchi, 2001; Dixon et al., 2002; Mahaney et
al., 2012) ¢ JAALRZ 50D I H i3 JEAL IR ] % S5
5LEZOLNTEY, [H—HIHNTOBRDEALR
RDOEZ A6, B Lok ¥R oA R % 3
BT rRADITbN TS (Flz21E, Ricker et al.,
1993; ZE LT A, 2006) o

1) REXEmOFELOFEK

KERMPFLTHLZ LZH L ASMENT
By, HERDSBUNL 2RI AR VDA
Mo, VEFA M EOFRRALEAAAAET A HEME
DRI E N T/ (Sharonov, 1961; Moroz, 1964;
Draper et al., 1964), %7z, Viking %*> Pathfinder
AL L2 HRA 6, KRNI AR 0 13 L i
WCEDLNTWD Z EPEHER SN (Mutch et
al., 1976a, b; Golombek et al., 1997; Moore et al.,
1999),

Viking I2 X Wil SN2 EmucRKEn»r s, &
Rt TR L ORI R LR B O R A TH B
EHErEN, THEEFe® S, ClLIZEG I L2VR
SNz (F£3), 72, Pathfinder 75 Fe #5531
DO1HED, Fe, Mg #ZmICHEA TS Z LAVR
ENTW5 (%£4), Pathfinder # B 5 JH 0 0
AR RELZWLZREEZISETH Y, L
OTHEL NSO EADEILERY TH S L E 2
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# 3 Viking I X Y e s N7z, HIEOEREICHEIL (Clarket al., 1982 % — 8L %).

Table 3 Chemical compositions of the Viking lander soil samples, measured with
XRFS (adapted from Clark et al., 1982).

Sample Type MgO ALO; SiO;  SOs Cl KO CaO TiO; Fe,Os
Viking 1

C-1 fines 6 7.5 (43) 7 0.7 0 6 0.65 17.6
C-2 crust - - (42) 9 0.7 0 5.5 0.57 173
C-5 crust 7 6.9 42 9.5 0.9 0 5.6 0.60 174
C-6 deep fines 6 7.3 44 6.7 0.8 0.04 6.0 0.61 173
C-7 fines 5 7.4 44 6.8 0.6 0 6.0 0.63  19.0
C-8 fines 6 7.1 43 5.9 0.65 0 5.8 0.71 18.8
C-9 bulk 5 7.5 45 7.2 0.8 0 6.0 0.71 189
C-11 deep fines 6 7.2 - - - 0 5.4 0.64 17.7
C-13 crust 7 7.0 (43) 9 0.9 0 5.4 0.59 182
Viking 2

U-1 fines 42 8.4 0.3 0.03 5.8 0.60 18.9
U-2 under rock 43 8.1 0.6 0.02 5.8 0.63 176
U-3 fines 44 7.6 - 0 595 064 183
U-4 under rock 44 7.9 045 O 5.7 0.52  16.9
U-5 bulk 43 8.3 0.6 0 5.3 044 16.3
U-6 deep fines 42 7.9 0.3 0 5.5 048 17.1
U-7 deep fines 42 7.6 0.4 0 5.5 0.51 175
U-8 bulk 41  (85) - 0 56 047 -

# 4 Mars Pathfinder (2 X Dl SN/, 1L S OEREITTHEIL (Brickner et al., 2003 % — B Z).

Table 4 Chemical compositions of the Mars Pathfinder rock/soil samples, measured with APXS (adapted
from Briickner et al., 2003).

Na,O MgO Al,05 SiO. P05 S0s Cl K20 CaO TiO, Cr:03 MnO Fe 05

Sample Soils

A-2 32%0.7 87%+2.0 104+0.8 40.9+0.8 09+0.2 6.0+1.2 07.£0.2 0.50+0.04 6.1+04 0.7£0.2 03*0.1 05+0.1 21.2+09
A4 32*0.7 80*1.9 106*0.8 41.0+09 1.2+02 69+14 08=+0.2 0.50+0.07 56+04 1.0£03 04*0.1 04+01 20408
A-5 32*0.6 7.1+1.7 104*0.8 40.7+09 0.6+0.1 5711 08+0.2 0.50+0.05 6.1+0.4 06+0.1 05*0.1 0.20+0.06 23.7+1.0
A9 26*24 6416 102+0.9 41.7+09 0.8+0.2 66+14 1.2+0.3 0.70+0.09 64+05 08+0.2 02*0.1 0.1+01 222+1.0
A-10 1.8+0.7 75+1.7 98+0.7 41.3£0.9 06+0.1 64*13 0.8+0.2 040+0.04 6.0£04 08*0.2 0.3+01 04£0.1 240%1.0
A-15 27%0.8 6716 99+08 432+10 06+0.1 52+11 08+0.2 0.70+0.07 55+04 08+02 03*0.1 03+01 23.2%+1.0

Indurated Soil
A-8 31*0.8 64*+15 105+0.8 45.0+1.0 05+0.1 55+1.1 09+0.2 0.80+0.06 7.0+0.5 0.7£0.2 0.1£0.1 03+0.1 19.1+0.8
Rocks

A-3 32*05 21%+05 128*0.9 541+1.1 0.7+0.1 20£04 05+0.1 1.1£0.07 57+04 06+0.1 0.10£0.04 0.3+0.1 16.7+0.7
A-7 49+0.8 52+1.2 11.2+0.9 474+1.1 05+0.1 44+0.9 0.8=+0.2 0.70+0.06 6.6+0.5 0.7£0.2 0.10+0.1 04+0.1 17.1+0.7
A-16 49+0.9 41%+1.0 11.5+0.8 48.0+1.1 0.6+0.1 3.0£0.6 0.6+t0.1 0.80+0.07 6.9+0.5 0.7£0.2 0.00£0.04 0.3+0.1 18.6+0.8
A-17 36*0.8 39%+1.0 10.7£0.8 53.9+12 05+0.1 1.7£04 05*0.1 0.80+0.09 7.7+0.6 05+0.2 0.10+0.1 04+0.1 158+0.7
A-18 40+0.7 34%+0.8 12.3%£0.9 50.0+1.1 0.6+0.1 3.0£0.6 0.7£0.2 1.0+0.08 6.0+0.5 0.7£0.2 0.10+0.1 04+0.1 17.9+0.7
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5N Tw% (Briickner et al., 2003; Foley et al.,
2003a), Viking % Pathfinder (2 & V) € X 7z
THEOERICHRILZ I AP TnD, 72, Tl
CEZBDOFe NEHEENLI NS, KEKRTO T
AR R T B A, BLEkThrLHE
AbND LI o7z,

i i T a1 DALERAL AT L v bR o) 2
H - HAGTHIRICIE, 7774 b EIFIEN SR
BOFEPILL AL TS, T7 54 MIAA
TORAOCHA R ENERLBROEREDTH
N, BHIZTr—14 b~~~ 4 b, VEFA L
% EOMALSRR S THE 2 B (Tardy
and Nahon, 1985; Valix et al., 2001), —7J7, ‘K
ERMMOEFAHICE, Na® CaZ EHBLLSLT
WILHED D L RERE L THY (K4), HEHD
T4 PIED X HIZ, BIFRTWVILHEDOEBN
XD KERMOMRG 2T SNz & 13 21
<

MERs [Z## & 1172 Mossbauer spectrometer
(MB) (Klingelhofer et al., 2003) 12& 1, Colum-
bia Hill (Arvidson et al., 2006; Morris et al.,
2006) % Meridiani Planum (Herkenhoffet al.,
2004; Squyres et al., 2006) [ZBVT, THERPSH
ARSI A MR =5 A e EOBALERAE E S
Nize AXF AL MRTF =54 ML, DALARA
RNKINA T A, WL EOMALIZ X ) IEK S
NHZEDPHLNMIENTEY (Schwertmann,
1985; Posey-Dowty et al., 1986; Chevrier et al.,
2004), WHITHRR2Z &9 R REDORILIZ X
D, KEEROFROLLIWEINIEEZOND
X 9 127% 572 (Chevrier and Mathé, 2007) .

2L, AN I A MIKILEOBOKTEE) & &I
FOEEEINDLZELHY (Baker et al., 2000;
Morris et al., 2005), TXTHOANTZ £ FHJEAL
ERWTH B EITRS %2 v, & {2 Meridiani
Planum [ZA LN AKIKOANT F f Mg, #HTFK
MOEELIZEEZ 5N TW5 (Chan et al., 2004;
Herkenhoff et al., 2004) .

2) Gusev 7 L—4—FEOXHREDLEHELL

MERs (& Microscopic Imager (MI) (Herken-
hoffet al., 2003) & Panoramatic Camera (Pan-

cam) (Bell et al., 2003) 2 X V) SRR O W
BIZE AU HE T & % 137>, Alpha Particle X-ray
Spectrometer (APXS) (Rieder et al., 2003) &
MB I & 2 Hm IRl e O EA T HET
Hro TNOHOEEIZLZH5HOMRE, Spirit 23
AL 72 Gusev 7 L — 7 —JHDOMFTICEL L
AEADZ I Mg CEOCXR A TH S LHIB S
N7z (B 21E, Gellert et al., 2004; McSween et
al., 2004), HFML72EADE XTI
HRLTBY, AR Lih EREL 2TV
GERBRE, AARMIFe CEL YA MIEDLI
Twb (Bl ziE, Arvidson et al., 2004; Bell et al.,
2004; Greeley et al., 2004, 2006) .

Gusev 7 L — 4% —IZR I L7-ZREDH b,
“Adirondack”, “Humphrey’, “Mazatzal" &
£ o7z 320X RE (1) %RGICHEM
%A 34T b L7z MERs (285 # £ 1172 Rock
Abrasion Tool (LL'F, RAT) ®7 7 ¥ TLERA
KMOF A ML Lz 25, AARMIEIE
2 mm FEDONMAIZIRD IZADBEL A ST
72 (W2a)e INEDLIZARIE, AL AADHE
L7 THBEEZLNTWAS (McSween et
al., 2004, 2006) —77, RAT |2 & ) Wi L 72
ORMIBOEZRL, NHBOMA L ALITAREL
DEFTHo7 (M2a), HAEKIEEWIERD:
ANSORRITGHILETRI-L 25, AAKMT
13 Mg, Ca BSWNEBIZHRTHA T 5 —, Na, K,
ALZbFHICHMT 2 @A %Z R L7z (Gellert et
al., 2004; McSween et al., 2004, 2006), ¥ 7z,
FAEMTIX Fe 2RI 5D % Fe? T 0#le (Febt/
Fewwa) 22> 72 (Morris et al., 2004, 2006)

Mg?* DA% Fe? * [Feqa DM & o 72{b5:
HE DOZEAIL, PASAFADER - BILIZED
FHEN S (Morris et al., 2006; Hausrath et al.,
2008a), MEKETIE, 225 I OLREDY
G, DALARERINT T A O EREE R
BETHhY, AN— VN LVHEBEOLREDYE,
MASLAKF LY S KRINAT T ADERHEDKE W
(Hausrath et al., 2008a, b)o L 2L, KEFKIA
THOLNZKD pHIFFEF I L, AR
IR EEIFRE L2 LARENT WS (Tosca et
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1 GusevZ L—%—0OZikAE. KHON—DFE X3 10cm. (McSween et al., 2006 & 1 #i#¥) (a) Adirondak,
(b) Humphrey, (c) Mazatzal.

Fig. 1 Basaltic rocks in Gusev Crater (adapted from McSween et al., 2006). The scale bars are 10-cm long.

(a) Adirondak, (b) Humphrey, (¢) Mazatzal.

al., 2004; King and McSween, 2005; Hurowitz
et al., 2006), Hausrath et al. (2008a) &, X
2o pH, RERICBIT 5 & 15 S O R
ARG L, KIUF T AR, hALA
FDOERHESKREL 5B T EERLT
KEFKE TSN %KD pH 28I IR R
FELT, AAREIHELHMEOKE K
MDA AZEFTND SO, DFISIZE DAL S
H,S0,| (Clark and Baird, 1979; Banin et al.,
1997; Tosca et al., 2004), [TIERAAPICEE
NaEHEOWM] (Clark et al., 1982; Burans and
Fisher, 1990; Morris et al., 2000, 2006) 7z &8
HIF SN TS, Golden et al. (2005) (LA
REZBMBEROE LICHRE L2RETE RS
K% 145CITHR DL, MULERZ T o720 T DR
B, ZTRETODA L AARBL SN, MgS0,
% Fey (S04);, CaSO, (KW EL) HED
MEBESER S N7 NI ETHRRS L H1Z, K
SO LRI B, LR S oK
HICEINTBY, IhH0ifHILREDL
FREALICE VIR ST EZ 6N, T,
INODOWBENKIERT S L, TREDER
AT % K129, Hausrath and Brantley
(2010) 1, CaCly & NaCl OiRE M % H T

BIRERR TV, EESZ A PICE TN 5808
MOBERBE I BEE5 222 L 2B L T
%o

“Humphrey” @ #1fii % RAT {2 £ D # 2 mm
R L7200 21, DA D AL DR H S
WEALRZEE &, BB A O AR O/ E ) K
LD G2 iERTE % (X 2a) (McSween et al.,
2004, 2006; Hausrath et al., 2008a), Hausrath
etal. (2008a) 1%, ok L7zhA 5 AL O
EH 5, “Humphrey 24 515 ELEIEDIE
BHIRIE 22 ky. LETH 2 Lk RTnD, —,
“Mazatzal” O¥5¢5, K%K 4 mm BHE L7256
SRR & ) w2 R RIS ) (K
2b), TNLDFEMIIZACOWE THREI NS
T v 7 RRBDEE S L7z (Arvidson et al., 2004;
Haskin et al., 2005), Z®OZ &1 “Mazatzal” 12
BWT, AN E THAOKIEEL, 1LFN
JAALDERZ 5722 L ZR LT 5 (McSween et
al., 2004, 2006). ¥ 7z, Opportunity (2 £ O i
A NBA ORI S UL AR S 7z
(Ashley et al., 2011; Fleischer et al., 2011),
Yen et al. (2005) 1 KAEKKDOBELEIIZLD,
TARBIIT A EOKPWAE L, WAhEKIZED
L= AL 25 2 2 TRk & e L7, L7
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casts?”

=¥

2 RATICXDWIE SN/ GusevZ L—F —DX
RAOMIE & HhdN—DESIZ1em. (a)
Humphrey (McSween et al., 2004 % — L %),
(b) Mazatzal (Arvidson et al., 2004 % — ¥R %) .

Fig. 2 Composite MI images of an oblique RAT grind
into basaltic rock. The scale bars are 1-cm long.
(a) Humphrey (adapted from McSween et al.,
2004), (b) Mazatzal (adapted from Arvidson et
al., 2004).

Mo T, JBULEBED A7 { & & —HIEBUE DR
LB T TR SNZEEZOND, —H,
“Mazatzal” O X 5 IZEANE T TIRF R EAL 23
I H701TIE, BUEL Y 8L L DKGHPLEL
% %o McSween et al. (2004) 1%, “Mazatzal” @
TEHGEARIZOWT, 8O B O WA
PY LR VERE T TR IS N z0IZx L, SN
DHFEY R 7 v 7 FBUEL 3R R WKICED
BT TR ENZOTIE R0 EBRTWDS,

IIL. #ErEt

WA IR EEZA LM - OKOEIBIC X D &
FDHE - MBALT 28R TH Y, HEEAL, ol
REWER (BRS L), Buver (BJadL - B9 E1ER),
BRI (AL—F7) ZEICHIS SN S,

Viking % Pathfinder (2 X 0 & Frbh 7z
AL, AACEORIRDORR Y 7+
=IROHIE (Mutch et al., 1976a, b; Rodriguez-
Navarro, 1998), “Puzzle rocks” & IFiEi 5 7
F v 7 o 72A5A (Jagoutz, 2006; Levy et al.,
2009) % EA LN, YEYEALIE S TWD
CEDRIRENT WA (XM3). MERs I & D #£
BEDAT DN TAR~ IS TS, WAL
LD SN & b 5 A2t L
IZERIZEEN TS (Smith et al., 1997; Bell
et al., 2004; Squyres et al., 2004b, ¢), Hh & Z
DB O TIFEOALFAR LRI T X K BTH
) (Gellert et al,, 2004; McSween et al., 2004,
2006), hiEHIC i%ﬂ%@#h%kE%ﬁE#
B8 LCw7: (Morris et al., 2004, 2006), L
o T, TEO—FITWHEEALIZ X D IBH S 71’L
7zt Z 5N Tw5b (Morris et al., 2004) o

INFE TOXEEEIL, FERMRLKOE ML 5
B0, AR TIEOLAN I TR DS E
PNTHY, KEOEHDOWITEE R Z DZAL
ZOWTRIFEAEH LN G s TW R, LA
L, ESLESWEE OB Z EDS, KETO
YIRS O W T O L {fThbhTwb
(Bl 2.1Z, Rodriguez-Navarro, 1998; Marchant and
Head, 2007; Laity and Bridges, 2009; Head et al.,
2011),

1) BEEAL

Bk 1 Tid, BRI IS BT B
ke LT, WERLICES 2 F9E 058 < AT
bIT& 7z, WIS (Goudie and Day, 1980;
Viles and Goudie, 2007) R/ 82 (Mot-
tershead, 1989), FHHIKIZBIT 5 A O 4
WD IEERALS S LTwd (M3, £/,
FRALICX DR S NA ML LT, F7+=%
7 v F® & 9 7 cavernous weathering (#1213,
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&

3 KELHIKICBIZ2YWHNEALZ Z T2 AA O (a) Spirit 12 &V g SN2 018 (Jagoutz, 2006),
(b) HEAALIC X Y B L 728 (Jagoutz, 2006), (c) Viking 2 5 % e 51 3L DA A ICH SN 5 M 7 Bk oK,
(@ % BRORDPD Wiz L®KE (B, Dry Valleys). (Marchant and Head, 2007), (e) Spirit i & 1) #%
AN ME, ) oIy 7 XM L L 728 (R, Dry Valleys) (Marchant and Head, 2007).

Fig. 3 Physicall weathering on Mars and Earth. (a) Rock fragments photographed by the Spirit Lander. (adapted from
Jagoutz, 2006), (b) A salt damaged rock in Gran Salar, Argentina (adapted from Jagoutz, 2006), (c¢) Pitted rocks
near the Viking 2 landing site. Pits are 1-2 cm in diameter, (d) Pitted fine-grained dolerite rocks in Dry Valleys,
Antarctica (adapted from Marchant and Head, 2007), (e) Splitted rock photographed by the Spirit Lander, (f) In
situ splitted rocks in Dry Valleys, Antarctica (adapted from Marchant and Head, 2007).
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Fig. 5 Phase diagram for water in pressure-temperature
space. Shaded area represents the range of
pressures and temperatures on Mars where
liquid water can exist (Head et al., 2011).

3) EIER:

BRI, FADOIMEN2IIIELT A%
BT DIRNTEY, BAPHIET 2HL 2RI,
HER Tl B M 2 KT IS 2 A S L6 A
KiOHRH A\ E Ly Ty 7, AEOK
BEN (B 21X, Goudie, 1989; Hall, 1998; Chan
et al., 2008; Moores et al., 2008), LI'KZHP#bIZ
A BENDLAEADHEIEER (Dorn, 2003; Shakesby
and Doerr, 2006) & LT, E@#rdbiFoh<
Wb o ALFEY LR SR AT DI v
VAN L7 BB T T, MEmICEE LB TH B
EEZLNTWD, L L, BNERTITEmM
WX AW R Y 5y 7 DFREIMERINTEDS
T, Wil s Ty I BBEINTHNLDORTH S
(Bahr et al., 1986). ZfiiC & 25 A DOHMAAL
RAOIIE T RMEICOWTIE, FEHEROSH
VHEENT W5,

Rodriguez-Navarro (1998) 1% 7+ =, Levy
et al. (2009) XELHD 7 T v 7 KB TIEK
ENBERE LT, BiEHIF T 5, Hall
and André (2001) IERMICEB WV THA DK
R Ty 7 NOWMEELZIEL, BB ED
79y 2B ENT R ZIRHR L Twb, F

— 143 —



7z, Hall (1998) < Hall et al. (2008a,b) W
BIZBWT, SAEBOESH mm ¥ TORE
ZALZ U L7z ZORER, AKX TIE 1T/
min DL FOZWBIREEMIFELTBY, &

EH mm RO LAY /N & 7 Y A B R LS &
DERESNS 52 LEE\HLTCS, LaL,
SN20em BEOKRKE LY 7+ =Tld, ¥ 7+
ZHNEEX D LAERO T SIREELII R & L, B
WA TRESHT10em 2R 5 L) K&
Y74 O EHNAT L LIIHETH B
(Hall and André, 2006) .

Yong and Wang (1980) 3 JMALIZEE % 17 v,
B 120C T OB L 2R, WmEE L (0.4 ~
12.5C/min) (2t o TEAD SBEH 2 F 03 F LT
HIEEHE L, COFTRAEAMNEY T
I OFEAE LB OBETH L LI ND, MEE
LB ST, HSORAEEIRIRE L, B
WAL DIGFICHR E D 2 L 2R LTz KEDK
o A3 50 ~ 90T & IEH 1K & < (Kieffer,
1976; Martin et al., 2003; Martin-Torres et al.,
2015), HBRIZHA, BBEEA X DIERISEE T
WABTHEMA D B0 L7zAto T, BECTHINE 2
Ty IWIET D LI B, BEARREE(LIAKE
KATEETVWIWRBEIEIHEETE R\, Ly
L, Viles et al. (2010) ¥ XRAZ AT, H
BRE KEOBEEF A 7V ERE2HE L CRfbE
BR&AT o 72285, WEORELEEEIZITE A LV
o Tze KO MBI Bl ds & OFf
ERGLTWE L n) lilonT, 254550
RHBLETH 5,

IvVv. £ &8

AT, BALDZ 4 7T EITKEIZBIT S
AGAERY DR, HERE KEOEILT 2 2D
B, BXOBESLICEEE T 2 BNEBROM R Z /M0
L7zo BAEOKRERMTEID S 2B REIE
LT, OPEOKICE BLEHEIIC X 5 B
PEDIERE, @¥EFEALIC X 5 54 i O H e
T4 O, EEED T Ty 7 IE, @B
X279y 7 DELABOTBED 3O0DH
Fohsd (K6), T/, BEOIRE - Wi

Products

»  Soil production
Wethering rind

Effects on dissolution processes

Processes

- Chemical weathering -

Dissolution

Oxidation

g
g

Salt precipitation

— Physical weathering —

Salt weathering
;{ Granular disintegration ]

Thermal cracking

Frost weathering

I

»| Crack propagation
Angular clast

6 KERIZBUIZaODRALT Tt AL EALERY.

Fig. 6 General diagram of rock weathering processes
and products on Martian surface.
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