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1. U & IC

KR ZBEARE O D ME—DHERAIRE TH %
ZITHRL, TRETROIL COBEEMT bR TE
S TH Do LAE (FFIC20004E LARE), KEFEA 2
L7 vayOBRFENREMETES O RBEERAIZ
EoT, KEICHT2H A2 0MBIEREM I L
720 KEFEAREZ AV TIE, FBREICBIT5
T 70 A A RR R - ARSI X D B O T H LA
THMATS BN 5 KA, KA TOREIROASIAR 2 A
AR DT S NAFRAHUE 1Y - HERILE IS B
GERETHLIKEEZ ENZIREL TV ENEVSH
HEWICES —TF, VE—MEY YU FICHL &S
EREVKERETE, BONLFFT— 2 I ) A
HHIZTTRLE, ERELZEL BLLRE - &bT
DI BN LN D Ly, AT —5 O P ITTER
BET 5. ARITIE, MM Z2o0ETFE (H
A% L OREREE) » oo om IS
X, KEBEARNKEMF - <> MV - a7 I 53
ROV TR R % (2~48), KEALFEY ¥
N— DR - LR OEREER L OIS %
BRI DOKREBIZOWTHERT S (5~65),

2. KEBEA

20114E7TH BUAE, 99O KR A AR I N TH
D, TOKRF (89H) XM K O N 7 #BE % vl
1219904 LIRRICSE R SN2 D TH A (Meteoritical
Bulletin Database) . ‘K2 A 1345 A 2= MBI X

T RYAMETEHRY a vV v FEE ¥ —, A
Bt v ¥ —

Mail code KR, 2101 Nasa Parkway, Houston, TX
77058,

(20114E5 81 H %4F, 20114E7H19H = #)

D, Y*—2v ¥4 b (Shergottite, LR 7FE KU
RO A YT v AERER), S22 94 b
(Nakhlite, H&PHEAHEMS) , ¥ v ¥+ 1 b (Chas-
signite, # ~ 7 ¥ fAiltE) O3%EF L, ALH 84001
FEAERS) oSNNS, WiEIEZOELT
ZHlAADET, SNCHEALIFIINTEZ, Ihb
KAELFEAT (SNC KUY ALH 84001) 139 RTKABAET
Hy, WEETREL T2 XEEOIIMEEINL TV
Vo KEBADEAF - B LFTEROFERNIC L
TIZLL T 22 (McSween, 1994; McSween and
Treiman, 1998) .

SNCHEADFEE LT, (1) HoBA (3 FF
4 ML) ICHRIEFEICHEVHEMEER (1L7~13
FEP) ZRT L, (2) BALWMREEETOXBAIER T
EREshizeErzohsb 2k, (3) MWHEED
(>20GPa) # %7 Cwb Ik, (4) KEMEAEY
ZFOBOKAEBRIERTCE R LEZ ONDLLHEE
Kz L 2 &, BTSN D (eg., McSween,
1994; Nyquist et al., 2001). O X9 REHF - 4
REEIFB L D, SNC A DB K & 2 BERAE,
DFNDAKEEZRFELELTVIOTEEZVRE W) IR
ENHRENTE7 (Jones, 1986; McSween et al.,
1979). SNC A O KERIFF AL S 2T AN SR
59570k, Yy —Tv %4 b (EETA

W1 EICREIREECTERL, —#IZT VI =T AICHE
La~vF74 MITHASH (3%),

CEREROY Yy =Ty ¥4 MIZBL, Sm-Nd, Lu-Hf %
J2US U-Pb, Rb-Sr %1235\ THRHABIZ T VR RALAEA
2H52T0w5—HT, Po-Pb 74 V27 u YERETIEH
4A5EL V) H W RRIMERADOERPIRESIN TS
(Bouvier et al., 2005, 2008, 2010), L% L, Z®45f&
EDOP-POT AV 70 VI LETHOERIZLS
IFTVUTIAVERBLTWALEDEZLNTWVD
(Gaffney et al., 2007) o
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79001) DAV FHIZH Uik &7z 7 AR AS
INA TV TR L o S KERARE & A
HA - EFE - RFICHL, FRICRVW—FERLEZ
L12X % (Becker and Pepin, 1984;Bogard and
Johnson, 1983), SNC PEf1 & K2 & DOBRIZDONWT
DOFANILL T o2 ZR S 72wy (Bogard et al.,
2001; McSween, 1994; Treiman et al., 2000)

—77, ALH 8400113 K &2 FE A7 v THE— vl Ak
ER (4UE4E) FERZRT (Lapen et al., 2010). F
7o, TR R ERLCIR R BRIE SR & Jei2, FHERIELAW
REMENZ T TICE DRI NG DD LEBTIIR

(BHIRMERE) ORESILAER SN (McKay et al.,
1996)c THSHIXKEEMORPTH 5 & FikT 50
RITN—T 057, MIKLETORED L VITEHE
MR 7a A2 KL TWh EDFED LR ENT
BY, RECHEFIHCTVWSE GBI T2 2B
72> : Thomas-Keprta et al., 2009)

3. KEWRERERADER

KA HGBAZAEAR - HK - HOBS2RIZIAE 7 0 %

FH, ) #RoEL VT7FT7 Y, ~3.7-45Ga)

(Hartmann and Neukum, 2001), ZREELEA

TEOLDNTWAHEPHROMI I (M OE 260

km) &, (2) HBEMERDIEL NAXRY TV, ~3

-3.7Ga), ZE L -ZREWERY“TEDLN TS

EEZEZ oK (BEoE S #30

km) 257515 (e.g., McSween et al., 2003) . Hi

BHORKIZOWTIE, SR BIEY AT

YA YRy MH) ROWEME BlEw s v

) OWMFBIRESI NS (GEHIE Geophysical Re-

search Letters 45 2 ZW S N7z, Watters and

McGovern, 2006) . ¥ 7z, FERHECTO =5 HbIC

Mz, EFHEB L ) ESICERDEL (T =T

¥, <~3Ga), KHBZTY 2 —2GFEIZ L > THE

ahzeEzonhonsb) v MKILWEEED

PEIRKII A5 72 % 5 Vo A (Mo S #>100

km) 7% EWHEET S,

W3 LRI e i KB E OfbAER I, Mars Global Sur-
veyor (Z¥EH & N7z #4565 (TES) 047 — %
Al 4 OREREGEW 56T — 7 # VWS EE TS 2 L2k
DG oNTze AT 2 EEESY OMA G DRI LD ALE
K OHRFEW I ZINEREEZ R T E VW) FHRIFONT
W5 7% (Bandfield et al., 2000; Hamilton et al., 2001),
BHLRAEMETH D L DRI BIEL ZTF AL TY
% (Wyatt et al., 2001; Wyatt and McSween, 2002) o

O

KB, DR (B 21X Mars Odyssey)
PHENYE—+kY Yy FZF—% (GRS: Gamma-
Ray Spectrometer X TES: Thermal Emission Spec-
trometer) K U7 FER% (81 21X, MER: Mars Explora-
tion Rover) TOZDOWHH7— 4 (APXS: Alpha
Particle X-Ray Spectrometer %> Mini-TES) % 2k(C
HESH, VT4 MAZRAHEILETHS L
#z 56N Twb (Fig. la) (McSween et al., 2009)
F72, BRENTIEZD L7 IVH ) KIERHEZ KK
G ELMEIN TS (Christensen et al., 2005;
McSween et al., 2006a; Usui et al., 2008a) . 19904F
. F coXKBIER (B2, Mars Pathfinder % Mars
Global Surveyor ® TES 7—%) T, FHEAES
CEOCRIGEZOFTE D R I N2, BETIX
ZD X9 % Si0.R ALOICE & & 9 RALFHMB I, &
R % ) AL IR - ZEEHOREIZL 5
LOTHEEEZLNTWS (Hurowitz et al., 2006;
Wyatt and McSween, 2002), 245 RITEH DK
ML 7 — & ~O B ORNTIZIE, MER 2k S
NTWBHITER (RAT: Rock Abrasion Tool) VK X
i % R7- L7z (Squyres et al., 2004) o

HEEOKBERICL T, KEBAIZKEHZRE
RELTLRVWEVWISHPPL N LR o7 (eg,
McSween et al., 2009), Bz 1L, HIEIK) 72 K %
BYLTA MEAXREMEE AT 2D L, —#KkiC
KEBAHZT VI =YL HELTBY) axF 71 b
Wik z2a3 5 (Fig.1b) (2721, W& & b HER
DYLTA L, axFT7A4 MIHRTHRIZED).
7z, KEBEOGZBHE L2 EZ 5N HEKRT SR
ENTWwZA v (Hamilton et al., 2003; Lang et al.,
2009), Tz i, KEMA (SNC) D LR

(<1.3Ga) »KEHHD 7 L —5 —4 (>3 Ga)
FDLFELLBVEW) Z L LAMNTH S, FIV Y
A F L) 7 AKILD & 9 BFE KL AR
HREBAMER S NN D 555, b o
BUZE WS 2 MBI EDN TS, Thzlk
FFBE9%7—% BIZIZBFRNART FF L) X
BENTOURWONPBIRTDH S (e.g., McSween et al.,
2003). DLk, KEFBEADD 55K EERICH
FLTWwB LW FHEE, [KEBEAGEBE»LHEON
TR & KB OFREIR - #ALORER IS T 5 BRIZIE
BPBETHL] LWIHIFHERL TS,
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Fig.1 (a) Total alkalis versus silica diagram used for classification of volcanic rocks. Gusev RAT-
ground and RAT-brushed compositions for the same rocks are connected by tie-lines.
Analyses of Gusev rocks and soils, Martian meteorites, and global GRS data (calculated
on a volatile-free basis) indicate a crust dominated by basalts. TES-derived data and possi-
bly the Mars Pathfinder rock composition may reflect alteration. (b) Mg/Si versus Al/Si
diagram previously thought to discriminate between Mars and Earth rocks, as Martian
meteorites are depleted in Al relative to terrestrial rocks. Gusev and GRS data do not
show the Al depletion seen in the Martian meteorites. Modified after McSween et al.

(2009).
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4. KRBV NIV AT DOHE

KRES Y PVIEERZEETFICL T anika
X, BB - EET— 8 2RISR Y VR O
¥e® %477 > CT&7z (Lodders and Fegley, 1997;
Sanloup et al., 1999; Winke and Dreibus, 1988), &
Mam T, BUIEIR M & 1 T v % Winke &
Dreibus 512X 5 EF NV ERBA L7z (L, DWE
7)) (Dreibus and Winke, 1985, 1987; Winke and
Dreibus, 1988, 1994) .

Winke and Dreibus (1988) Ti%, SNC [Bfi DT

FEABEEREHCCRES Y MV - aTHROHE*
Tholze DWETFNIZE D L, KET Y FIVIZHER
X YMVITHAR, BREMEITE BRIEF MY YA K
UBlghon®E BRIEY V7 AT YY) ICEA, BtE
(B 2135) 1B 2 L W) IBEASRDOND, =
D X9 RIELFAIIEIE, WIKRETERRE (R -
TR (B B ERBEDSRALA TR e S oS
I EATWEZLERIBET L EEZLNT VS
(FE4Z, Halliday et al., 2001) o LA>L %45, DW
EFWVIZRS T, TRTOETFNVIGHAAETIIREHH
ERELTOVRWVEZEZ SN TV A KERA OB
IR (MERMAARZLR L) ZFFNCHAT 5L
BEINTVEILITEETILENH L (3F),

F72, DWETNVIZL B &, KEERDRN22%7)
aAa7ELTHETHEEZON, BEE— XV ML
DHERWIEL T — & BB R CBHH I TS, Ly
L, 374 3@ AL B Ie AR m KA
L, KELRAMENE (E£1,300~1,700km) % b -
THEEINTWS (Stevevenson, 2001), = D,
ARV —FRAPAE R VEBBEROES (23
GPa) 12N L, KEIZBIF LT~ Y MV
EBELHRKES 258, 3794 AOEMRRFEDL Y
WEINS,

5. RELFEVUHY/N—

5.1 REERDS DK

KEORER - 588 MbF ) oy — AL
13, FITKEEAZ W FEHBER bR ICE D &
HEm SN T & 7. SNC BRI 57 v T DA% A It

OFAREYE (Nd 2=W) o o5 (Fig. 2a),
CHIEKEDOERMER (~45Ga) I[ZH® -~ b
Ve AT OGP T RN TH 22 EZRIEBLTWS
(e.g., Borg et al., 1997; Debaille et al., 2007; Halli-

Fig.2 Correlation between Nd, W, and Os isotopic
anomalies in Martian meteorites. ’Nd and
"W are the decay products of short-lived ra-
dionuclides that partition into the crust and
core, respectively. Initial *’Os/*Os ratios,
expressed as yOs (percent deviation from
chondrites at a time of crystallization), in-
crease by the slow decay of *'Re, which
should also reflect core differentiation.
These correlations indicate early differentia-
tion and chemical isolation of crust, mantle,
and core, with minimal subsequent mixing
of these reservoirs. Modified after McSween
(2007).

day et al., 2001; Kleine et al., 2002), %z 1F, "Hf
W YV ATRT A 7 AR HOAERBEICL Y, KB
FIE K (CALE ik 4 8 [4567 Mal) 2 & #20 Myr
YNICKEI 7P EINZZ EFREBEINTW S
(Klein et al., 2009), F 7z, “Nd K O™W ORIk
BEIZRe-Y0s MK 2 F<F 4 7 A L BHI
BT ENS, a7 O HEE WEITE I IZF IR
WZiihbn/zeEZ 5N T3 (Brandon et al.,
2000) (Fig. 2b)o “*Sm-"*Nd } O""Sm-'*Nd % % H



AR D KEBRARZE -

W, Yx—Tvy A M)FEN—DBRAER L L T4.53
GaM5- 2 65N Twb (Borg et al., 1997; Debaille et
al., 2007), Z0 &9 % KETHA O KB 555
B~x7~F =% Y OFEEXFT A O—D L %
AbNTWwh,
KEBOZHBOFENAL AT <T 427 X (Re-
Os, Sm-Nd, Lu-Hf, Rb-Sr% % &) @M 35 2
ET, KREIZEREZODILHE) FN—D L, €
NOXKERENY (~4.5Ga) CEEEINLZ &
oo Twb (Borg et al., 1997; Brandon et
al., 2000; Debaille et al., 2007; Lapen et al., 2010), 1
DEFF I IFIA MR FA MDY —RELR DLW
N— (NCVHN—, ¢eNd™"=~+20) THH, %D
D2DFE T XY =Ty ¥4 bDYV—RAT, ZRENHIER
LA 2 2 RS 0D ) FN—= bR D
(Enriched shergottite: ES; Depleted shergottite:
DS)o %7z, ALH 84001i% ES V% /3—L[AkkD Y —
ANHRLEINTOTRELZVWIALEEZLNTYS
(Lapen et al., 2010) .
Yx—Tv &4 MIKEBAOH T HBEDS
AT - WL NS REICEATW S 2T TR

Fig. 3
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, EWATHDF 794 b ¥ 54 - ALH
84001 & I3V 7V MK & IR CRFFL Tw
LikBDAEET S (e.g., McSween, 1994; McSween,
2006; Treiman, 2005), £ D%y, ¥ ¥ —ITv ¥4 MY
Foi— (ES KU DS) DN & H12, KE D -
XY MVOIR) - IRKIZES 5% K DA s ST
&7: (e.g.,Barrat et al., 2002; Blinova and Herd,
2009; Borg and Draper, 2003; Debaille et al., 2008;
Lapen et al., 2010; Sarbadhikaria et al., 2009; Symes
et al., 2008; Treiman, 2003; Usui et al., 2010;
Wadhwa, 2001) .

ES ) N — AR L TR ICE A, HERILFARIC
Iy vF BlZiLeNd=~-10) L7-fERT

(Fig. 3a)o —77, DS V) ¥\ — 1 ZHERALFRYIC T 1
7 — b LK EZRT (eNd=~+50), ES KU
DS 3V —AR 7 TOMRFEST & D IFHICE VW
Bz b5, ESIETDSICHARL DEBRLWZRETTO
KBTERIC L D IER SN LE2 5N 5 (Fig. 3b)s
Yy —Tv ¥4 MITRTOMBILERNTEE Bz
(¥ Nd, Hf FfCAHLR, AHRECERE) [ZB L ES
& DS OH bR 2 F> 7 Vv —7 (inter-

(a) Initial *Sr/**Sr-&"“Nd and (b) (Des/Dea)ae-£“°Nd plots of shergottites illustrating three

distinct geochemical source regions; depleted, intermediate, and enriched. (Dz/Dca)augie 1S a
ratio of distribution coefficients of Eu and Gd between melt and augite, which reflects the
oxygen fugacity of the magmas. Modified after Symes et al. (2008) and Wadhwa (2001) for

(a) and (b), respectively.

4 1 ¢Nd = [ ("Nd/"Nd) sampte/ “*Nd/““Nd ) ceor — 1] X
10% Z Z T CHUR & Chondrite Uniform Reservoir T
by, TA VIR FEICL )L N RBEARICS
7% CHUR 7° b D78 %/RT,
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mediate shergottite: IS) HfFEL, TNHITES &
DS VHN—DRAETHIA SN T2, BHRBEITLE
WCHIE L7 DS V—AlE=x 7t — ¥ ¥ Y OBRIIEK
ENFHERMERFEETLEEZONTVS, —H,
ES vV —2i% (1) WHXKEMZREZRFEE T4 (eg.,
Herd et al., 2002; Sarbadhikaria et al., 2009;
Wadhwa, 2001) &, (2) ¥ <+ —3T v YOO,
LR Z ke & 3 %7 (e.g., Borg and Draper, 2003;
Debaille et al., 2008; Symes et al., 2008) ®, 220
M BREAHREEINTE Y, REZCER RSN
TWwb, FlziE, AiEIZESVBMILMTHbZ L2l
BWRCHWTEL -, BHEE Yy —Tv ¥4 b

(ES RU'DS) ®a» F7 4 M Os FALAMK %
XA HHTE B,

5.2 REREHDSOHEK

SETIIKEBANKEZREREL T EWnI L

N

BRL72, AETIE, VE—MEY I VY IZOFRIT
FHK T — 7 2212, KEBRA L3R 5 KA
V=AY HFEN—ZONWTHRT Do
KEBEAOR S HE RO —2ITVI=ZT 20D
WB\BTHY, Ba> N7 4 Ml% CaO/ALO:L & LT
FHIND PIZIE, WHEFETHE AL MK Z
BREILEEZORATWVWE Y Yy —T v ¥4 b
(Yamato 980459) @ CaO/ALOsfti3 2~ F5 4 b
(~0.8, Anders and Grevesse, 1989) kIt L, W
S2ITHEWME (1.3) 7”9 (Fig.4) (Mikouchi et al.,
2004; Shirai and Ebihara, 2004;Usui et al.,
2008b)» CaO/ALOMLIZKIETHO~Y Y MV A VT V5
DFERR LA~ 7~ O SSLER B2 30
I /ADGR) TIEELLREQIIEIEL WD,
RIRYV = ADERICHONTE 7, FlzIE, v
FS A4 F7% CaO/ALO:L % Fio kK E (DW) <~ b

14—
Low-P (15 kbar) A
Low-degree melt
12—
A
Gusev basalt A
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o
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Fig. 4 ALO; versus CaO/Al:O; (wt.%) diagram showing compositions of Mars mantle liquid com-
positions with various degrees of partial melting at 15 (&) and 50 (@) kbar. The 15 kbar
and 50 kbar data are from Bertka and Holloway (1994) and Agee and Draper (2004), re-
spectively. Shown also are the compositions of the most primitive olivine-phyric shergot-
tite Yamato (Y) 980459 (Shirai and Ebihara, 2004) and Gusev basalt (McSween et al., 2006
b). The DW-mantle value is from Wanke and Dreibus (1988). The chondritic value is
shown as yellow (Anders and Grevesse, 1989). Modified after Agee and Draper (2004).



AR D K ERARZE -

VOMRIE (15 kbar) TORMEEIEZT Y FI 4 MY Z%
fliz/RLTWwb, —F, CaO/ALOMIZT VI F A7
BEHTHZ2 -2 +HE2VIEA—TV ¥ T4 POR
EHBICBIT 2~ PVBRIC X > TRECELTS
ZEBHMLNTWS (Walter, 1998), Agee and
Draper (2004) 12 >~ F 5 4 Y CaO/ALO,M % F§
DRMKE~ Y PUVOBEIE (50 kbar) T LR A
B3 FI 4 MH% CaO/ALOL ZFiD Z &R L,
Yy —Tv I A IV —APREET WIS
RF—Tx vy 7utR) CEEINWEREEEZRL
725

Yy —TvF A bEITHRNIZ, VLT A MUK
Bw AT HKEMBIET Y 54 MY CaO/ALOsLL %
HI 5, PlziX, 7t7 (Gusev) 7L —%—X D
HEINTZmBIBETH D 4 AV MK & B
ML TWBEEZONTWDA A VS VAXRAEITT VY
F S 4 b & [k D CaO/ALOsIL (~0.8) % ¥ D
(Fig. 4) (McSween et al., 2006b;Monders et al.,
2007), TO#RIF, KEBEADO)HFNN— (@a v F
5 4 MY CaO/ALOs) & IZW S M IZ R A 5L ¥
N— (2 ¥ F5 4 MY CaO/ALOs) WK E~< > b
WAZHEARID A L T2 2 R_IE L T 5,
Elkins-Tanton (2003;2005) %5/ i @l I 5k 12
OV HEFHEICL D, 2D L9 % CaO/ALO:ICH
LTAYES Y MV — AN r<t—Yy 7ot
AL > TR EINE LR AR L2 VLT A b
W LR AEMBPKEICBWTERNTHL I L2
Z5L (McSween et al., 2009), KA & I3H%
%32 Y FI4 M CaO/ALOJL % Fio b)) Hx—H3
KEX Y MVEREL TS UREEITRE SN S,
—7, ¥Y¥x—Tv ¥4 MNIEDLNLZBI L FI4
I CaO/ALOLE I, #— % v FDEEHB T >~ b
VEMARIT L) ZRERTY) 2 - 20HFfFEICE - T
LAHATRETH 5 (Agee and Draper, 2004), Z D
A, 3 ¥ FI4 MY CaO/ALOs % Fi0 g k451t
V=AY MVOBBMIZIOBI Y FIA MY
CaO/ALOsltZFO v ¥ =Ty ¥4 v~ %2R T
LI EDVUEETH L. ZDA, LELOKKIC CaO/ALO;
W LAYWEZ< Y VY — R ERARET 5 L EH
% ho EBE, Lu-Hf X 0" Sm-Nd ik 2 57 <
TA 7 AERGIERICED, Yy—Tv s L Y-
AR Y MVIEA =% v b OREHEIK (~25-47
kbar) THEBZHEL TV A REIREB I TWY
% (Debaille et al., 2008). Z O A )V b FEHEE ) 504
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WP B R E L7z~ v MVRHRET VI L -
TRESNTVWEENLERMMWTD %5 (Kiefer,
2003; Kiefer and Li, 2009; Li and Kiefer, 2007), #H
A A ERLFERRC X o THEE SN IR S v —
Ty ¥4 bOBEMENFMAE (F12kbar) & IEW] 52
2872 % (Musselwhite et al., 2006) o

6. REASPEL ERBIRE L OHEEER :
ERMERS D 5 OHIKY

FAEOKEHEE (MER, MGS % &) 2&b, 2>
TRERBITEBARPHFE L2 PRS2 E L 572
(e.g., Baker, 2006; Malin and Edgett, 2003). A&
KOFAENZ LY, KERFBUEDZ L 134 e B bk
M RRBERECTH 722 EHARBENTVED, |
& L CTORBKROEN - FAAEBEL - ISR LTI
—EDRFEIHREON TV DL bIFTIE RV, REKDT
E R BEFEMITTHR I EICKEERIEL L2 OROK
BIGENC X B A %8 U CREARMICHE SNz
DTHBEEZLNT WS, —F, TNLIFEMEES
DR % K BB ICEZE LB ICECER
R/NKEITK D 5 Late veneer IR HIEBEN T 5
(e.g., Chyba, 1987), LA L, Late veneer IR Tl
KEBAIZRD b5 % < OfbEmes GaBigki®k
W - FAAHK R &) ZIRFIICET 5 2 &9
WThbHI LHRAMFITREINTWVS (e.g.,, Drake,
2005) o A TIZKEFMBEDOLE R 44y DS
R ARD ) R ORI AT 2 A
L, KEWNEHEAL & LRGEREE & OMEAERICB L T
mLTws

6.1 KEY>RNIL-TJVTHDK—1:Wet uvs.

Dry Mars

K (H:0) 13md EELZERERSTH ) REKD
EWSTOH D, KEIY MV - v 7 HOKDEAE
JER O Z DR A@\EICE LT, KEBEAZHWZ
WFFEIC X D HEE SN TE2DS, ZOHZEMICKE %M
0D b, BIZIE, H VT VA ROKA R OE K
WasY ARG - BERLRY) po#EELET<
H O EIKEX100 ppm BED H2 wt%™ L, ZOHEE
1210065 L E DBl & 2% % (Filiberto and Treiman,

W5 1% %Mz 5 ANAOEKEIE, EPMAICE > THOR
ERSITCEME R EICA L F 4 X M) —FE,P K
Db DTHbo “KAFVHEABFICEI S, H (bbw
12 OH) DBEHMEIZ X o TRD 57z HoO TR K
TH0.7wt% (%< 13<0.2wt%) TH 5,
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2009a; McCubbin et al., 2010; McSween and Harvey,
1993; Mysen et al., 1998; Watson et al., 1994), Z®
BN G FEOBNZFIZE 0TI AL, —#KkiW
WSS LR 2 50 < 2T 72 KRR 20 B E ke 2
ETHEDOAEEICL 25D THL, ZDEI B
T EREICHT AAREENEICL Y, v bvho®
KEBHBIZLIVEHELDDER-TEBY, FOHEM
B~ 7~ EkE L 1002822 RO L
% (1-250 ppm, McCubbin et al., 2010; Mysen et
al., 1998; Winke and Dreibus, 1994), —7, Sm-Nd
FNAERS AT~ T 4 7 A% &84  OMILF TS
XD, Yy —Tv ¥4 bODSV—AT Y ML (5.1
) BREIED EOAV I AT Vv a vk
BLTWBZEAVRIEINTWS (eg., Borg et al.,
1997; Debaille ez al., 2007, 2008), 2 F ), FAEAEIC
FTHHAFEIIDS Yy —Ty ¥4 bV —AII3HE
LTBY, Y*—TIv ¥ {4 +2E&EL SNCHEAY — A
<V MVIIHERE “FIA47 THRHREEZ LN,

—7F, RIS HEMICS KEZEREL T
HWSNCRADY —A< ¥ bV (3% - 5.28) A5 F
T4 THHILF, BTFLLKREYY PVAKYEFT
A THHILEZER LRV, £, 7710 —%—
TidZ L okilis v Y AZRE - TV A )KL
) B E R L EEZ OND RO S
5727 T% < (McSween et al., 2006a, b), JEIEN
RIEBIC X > THEE L2 BEbh s AL LT
WA SRS S HHRE SN TWS (Squyres
et al., 2007), ZNODPHT ABRBKESRZHED D
D, MO 2D DONITELTIE RV
B, 7T EREDYES T HBL EOMHRER S %
BAELTW I LIEMENZVTHS ),

6.2 KBV M7 T vHhDK—2: Primor-

dial D/H

PAA AN X o TREIZH 726 Sz KERO—ERIX
Ko RBOEKREWE L TERBIIRIFEND D, KE
DYEE DL FFEHEMANEHHR L TV, RAD
BOR ISR TTEORMAG 2T ERI L, ZO%)
RiImDRE oM EEZEZRHOEAKE KEL O
M) IZHFICHN S, KR, BEOKE R ITHER
DR5~6EDO DML EHFT HI2ES (Karlsson et
al., 1992; Owen et al., 1988) (Fig.5). Z DKEKRE
POk B RO E RIS, KEOWAEDHLZIE
FEIZRD B NEDH B A3, LT TRT L9 IEEED
BWEPEON T RVOPBIRTH 5,

O

KEBAPOEKEY BIZITWIKA) RH T A%
—MRICEARFICE A (OD:—150% 2* 5 +4,600%) ,
ZOFMAMB L V3 HIROM (—480% 55 +
130%) =& 2 LD < (Fig. 5) (Boctor et al., 2003;
Eiler et al., 2002; Greenwood et al., 2008; Hoef, 2004;
Leshin, 2000; Leshin et al., 1996; Watson et al.,
1994), 2D &) R EHRAKFRFEMAKLNY T— 3
&, EARFRIE O &AM LR o2 A
DFERE LTHRE NS, BiEZ KRR L —HBH
KIS LTWwBWREHEO D sk riElie L

(<4,600%, Greenwood et al., 2008), H&E 1T KA
<Y MV (D F ) ¥4 DM ISR E, B 212900
+250%, Leshin, 2000) #i&jit325LEZHNT
Wh, BREDI Y MVITHER L 2BV EfR I 2 FEo
Hip o D/H I3 KB LT (~4,000%) & HEK
i (~*0%) EOHHMYREEZRT, ZD%, HIK
EToHR G770 bED) OREYERIIC
g5 Z EAHEETH D (Boctor et al., 2008;
Greenwood et al., 2008), K&~ ¥ MUK O IEE
BPSEIZIEERE > TR,

6.3 EE{EHX :CO,

TR FEIRDRNY RIEBLTADIDOTH
D, KEEEIERINBAEKEREEL D 5281213,
HEEREO ALK FEDEPLETH D L EZ bR
Tw5% (Jakosky and Phillips, 2001) ™, Z Oftiid3
HEDKED ALK FESIE (Poo:=6 mbar) DFJ500
~1,00085 1243 5, RFEFEAMAKL (PCPC) 05
Mo TFPHENZFTHEMADO ZBILKRERRKD
HOR1EZ L D0 RE L R O T2 729

(Jakosky and Phillips, 2001), &KL L2
fLIRFERAD —FIE KR LTI R R E D &
LTHET A LRI N TE L, INFET, BFE
DAL FICE AR VKRG 2 E B ICHH L) 5
BEDOFENRFEF) FN—IERIN T h o7z

(e.g., Bandfield, 2002; Barabash et al., 2007),
20104F, EaD 5 WIZERER r— IV ToORRIE S
PHER S —HBE LT LR THRATHRE S, £
D XD BIRFY) FN=DHTIHFE L T AR
RIEENTWS (Michalski and Niles, 2010; Morris
etal., 2010),

DR ESED D H L Bl B L AL bk
FOENTED N, “HBILRFZOHATHRFKERFETE
HIFEORBALRREZELL Z EHPHBETH L E VI
bAIITHS (eg., Kasting, 1991),

6
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Fig. 5 Hydrogen isotopic compositions of terrestrial water (Hoef, 2004) and Martian water reser-
voirs (Boctor et al., 2003; Gillet et al., 2002; Greenwood et al., 2008; Leshin, 2000; Leshin et
al., 1996; Sugiura and Hoshino, 2000; Watson et al., 1994). The 6 D composition of the
Martian mantle (rectangle with broken lines, 900 +250%) is taken from Leshin (2000)
that performed in situ ion microprobe analyses of apatite grains in the geochemically de-
pleted basaltic shergottite QUE 94201 -note that the depleted shergottites can have sam-
pled only one mantle source (see section 5.1). D shows the per-mil deviation from SMOW

(Standard Mean Ocean Water).

PRAFE Phoenix 12 & % jk F [FALAERHr OF5 R I &
&, KRINNGENC X 5 bR FORMII TR %
THhwTwizetEZ 5N TWwW5 (Niles et al.,
2010) . Hirschmann and Withers (2008) ®#LJj%#
BRI DE, Vy—Tv ¥4 M OHEINSKE
<~V M VEEESE (LoglfO.] =~IW H» 5 IW+1,
Z Z TIW i Iron (Fe) — wiistite (FeO) buffer) 13 &
LT E, ToR2RENHREZEONLIFIEDOFbK
FrRKEEIHC I DB TEL VW EATRIBINTWY
%o —7F, Usui et al. (20082) &, 7727 1L —%
DT VA ) KIEDFNFEREZITIZ, KES Y MV
RERIE AV M ESAL 9 AREEICEILE (LoglfO.]
=~IW+3HE) TH5HZ LaxML 7,

6.4 BMALUFZX AT - BRE

KEOL I AZIN Ty VR RmEE s/ i—t >~ b
F—F—TRELTBY, BUBEREELRT (eg,
Ming et al., 2006), DX ) RITHEDREIZY VB
HWa BIZEAY 74+ (merrillite)) R bkl
W Blzi¥¥ua—% 4 & (pyrrhotite)) % &%V —
ZELTKEBEBAKIEENIIEAD LN S

(McSween and Treiman 1998). /147 ¥ LR
HEZ DIRWRIEREIC X ) a0 Jafb e K E L E e
PRESIELHE T RI-T, 72, TEOEAFERIC
X0, ENOTEPIKEEACORELEEL5 25
NS E o7 (Filiberto and Treiman,
2009b; Hurowitz et al., 2005; Righter et al., 2009) .
Righter et al. (2009) X, ¥*—Tv ¥ b AL}
WL ITY ZIBEE L TV ARITREZ T3 T& %
I EBWIREERE (>4,000 ppm) ZHEDOZ & %2R
L7zo ¥72, Filiberto and Treiman (2009b) i H.O
WM ARV EE LRSS E LT 7 ZRED
e E RIFL TV A RESEZ /R Lz NEr v
TEOKBAEMAICE 2 BB LT, IRsN
TV B HKEBEADLASIZED S b 3 S NI
Tw% (Filiberto and Treiman, 2009a; McCubbin
and Nekvasil, 2008; McCubbin et al., 2010) o

7. b VI

WERFE L COMmIBRVERERF T, FERIC
BYNAT & BIEE - 0 - BHREERITT R I LD TE
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LEREFEEORITHEDPIEFIIREV, FnFLid
KEBABRE X D KRIZHT 2 EREOR A EHRE 5
T&7, L»L, Zh6BEA»SHLNIFRITLT
LLKEZRELTORVEW) ZEIE, ARTRL

Sl ) TH B, SHOLFTLWKERA DR oH
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5?@5502ﬁ,&yfw07~>%éﬁkéﬁﬁ
13 A DOKBIZET A4 E - 2IHIREEMICHR
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B
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%) e b NI E O S NRHERSE ORERS) »
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Recent Mars exploration missions have revealed that Martian meteorites do not represent
typical Noachian/Hesperian (>3 Ga) basaltic crusts. Martian meteorites (young igneous rocks,
typically <1.3 Ga except for ALH 84001) are distinctly depleted in aluminum relative to the old
Martian crust. Numbers of petrologic and geochemical studies suggest that the Martian meteor-
ites should have sampled geochemical source reservoirs formed by deep Martian magma ocean
processes in the earliest history of Mars (~4.5 Ga). These meteorite source reservoirs probably
would not represent geochemical source reservoir(s) of the typical old Martian basaltic crusts.

Mars exploration missions have also revealed that Mars was once warm enough to main-
tain persistent liquid water on its surface. Such a warm and wet environment implies an effec-
tive greenhouse gas (CO; and/or other volatiles) that was dominantly supplied by early Martian
magmatism. Recent findings of carbonate outcrops and bedrocks buried in the Martian crust
may account for the early, thick CO.-rich atmosphere. Furthermore, the enrichment of some
volatile elements (e.g., halogens and sulfur), which would have dissolved in surface water, could
have influenced water chemistry (e.g., acidity) and, thus likely played a significant role in
weathering and aqueous alteration processes on the surface of early Mars.

Key words: Martian meteorite, Mars exploration mission, Geochemical source reservoir, Mar-
tian differentiation, Martian climate, Volatile element
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