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1. (3LHIC—7> FbATLAHRADL K—

WER LTI T V— 727 =27 AKX D F 7= iiE
TU— MHREETERE SN —HT, TL— 5
ROV ONTIE, HELZTL—-FD) DR
B, IV RUANELARRATY S, HEHEDN SIEARA
EZTVL—=0N, $§%bbATT2WETE~Y PUVDA
bAn (RF7<r M) L, o Lol
Wik, HicxoeE - FAES~ Y MV E 3R L
BTEENE, IO~ Y MLl Eh s
L, BARBELRIZTT., 205 biRbFTA DERFIC
BROFEND DS, WEDA L BIR~ 7~ DEE T
Hbo AT TITEHETNDEKIEWAEA AL B R
i - BWIEC X W BIKGHRT 52 LT, AT T ORHER
R L, AT THNHEBEOREIZOLHNS (Bl x
X, WEER, 2009; AT A, 2012), FoHEh
ok, YNV Iy VA5 THODFENEE
PAEEL LT, TL— MERAMEDOIREICDE
FEhkErR-LTws (BlZIE, Seno, 2009; E4
JED, 2012) =¥ PV EREEKT S0 A S AH DR
B, AKAMb D EBIMICTA S (Kushiro et al.,
1968; Tatsumi et al., 1983)c TD7/2DAX T T HIK
HEnik@®mboiz~y My y UClE, ER5E
FRICE D ANV PPEERT S, KOBHIZBBELAAS
TOERBIMIETHDT, TOXANVMPSAETTKIL
FHHEICR-oTaiL, Kil7ey b2EKT 5
(Tatsumi et al., 1983; Tatsumi, 1989; Stolper and
Newman; 1994; §¢, 1995; Ulmer, 2001) o

<Y P VANDOKDOINZ & B BN~ 7~ 54T TV
PRES N B0, 2T THOHREY E £ L1
* PR R E BB A R TR R MR M7 b SE Bt 35

T113-0033 ARSI X AHRT-3-1

(20124E7 H20H %A+, 20124-8 H3H )

PEHER R D E RS HS, KOBOTE L THOERLE
ERIZLTWSLEEZ SNTW: (Tatsumi, 1989;
Peacock, 1990; Bebout, 1996), Z i EilKIIAE®D
W ERAL B, HERR R L 7o st o % 5
AHBRICBN T2 Th 5 (4 BIRIEIKOHEREY
%, RS OR FEE MR T A oL Rey 2k
bbb, L LEENDEWRICTAME - FHA AL
% EOMIACAIRFEARE SRR LD T, KFETIX
MEO SO E LTS ). RENRBIE LTI,
KA THE LW ICEENS, FWI150/5ED
W Be (Morris et al., 1990) %, 727 h=v Z
Ly T a4 v LS AN L EITTHEHE R S TN Nd,
Sr, Pb 7 EGEERMAD R AR (Nohda and
Wasserburg, 1981; 1986; Hawkesworth and Thorpe,
1982; Pearce and Thorpe, 1982; White and Patchett,
1984; White and Dupré, 1986; Tatsumi, 1989;
Stolper and Newman; 1994; 5%, 1995; Taylor and
Nesbitt, 1998) »ZF 515,

LA LEETIE, A7 MVHOPASARD
KE BB LTS 2 AR L7z, ECAILL 72 A S
Aed, KOBEELZEPFLEZOLNTWDE, A7
XY MVATEIZ A7 7HMERIE, £ 2 ICRCEDS
FIELBEALTWEZ L AZRIEBL TS (Seno and
Yamanaka, 1996; Peacock, 2001; Yamasaki and
Seno, 2003). MERCAIZIHEEEIZ BT 2 MR 7%
TukAQEY L LT, PSR O YLK b < W e
W, NI UATr—AsWETHEINS (Kerrick,
2002) . & HITILARGEHNHEE T L — N AVl
5T EICEDWIREAAL, ZhEE L CTRIHRE20
km BBEO~ Y PVEGFETRAL, JAHPHICIACS
LA 5T 5B T LS, MEREEREL &) HR
ENTw5 (Seno and Yamanaka, 1996; Peacock,
2001; Ranero et al., 2003), LAAAIZA T T LHO
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WP HBRIE~ v PV Ty VRO 5N THR D
W28, X777 MO LREERGIEIEMAA
AN OWEZ R > 72F £, 150~200 km OHEE £
Tik&AAte (Peacock and Wang, 1999; Riipke et al.,
2004; Syracuse et al., 2010), ZD7=DLAATL A T
TV PVITBWT, BB DR S & i 72 9 I
13200 km FEEEDRIE~ >~ PV E TR A, S 5ITHER
RO EDERIEN LD LD, 12~13wt% b
DK% E&HD 5B (Ohtani, 2005) o ZNEDT L5
WEAREIL L7z A T 7=V VATV v DIVER~KZ )
HICEATVWEEEZS5NTWS (Ulmer and
Trommsdorff, 1995; Iwamori, 1998; Schmidt and
Poli, 1998; Kerrick and Connolly, 1998; Riipke et al.,
2004; Hacker, 2008; van Keken et al., 2011) .

TV IMVICEERDKIE, HETHoTH Y MV
WEOWEERESEZ, ¥ ¥ MVRRIC X 2 W ETE
BROBER, ANV NOEREGRMEEZ LA TS (van
Keken et al., 2003; Bolfan-Casanova, 2005), 5t
T, LOREOROANED L) B2 R T, HhE
PHY Y MUANERBATN TV S0, ﬂﬁﬂ%m
WEELT—<Thb, FMRICEER, KEIGHIC
D HERPIES 2 S STV A KROEIZDWTI, ﬁ
HALTELK (85 U?7VﬁlﬁLtAME%
KA R) 35kE L TR S 728, FEMIZHE
CRED D IMEATYS (Tto et al., 1983; Jambon
and Zimmermann, 1990; Le Cloarec and Marty,
1991; Sano and Williams, 1996; Hilton et al., 2002;
Fischer, 2008), —7/ TKRDILAAAIZOVTIE, H
BZoOT7a 2% L7238 B2 FICANS 2 &5l
L<, BRICHBNRD &9 ICBMERHEE TV AEIT LT
LBNH B, AMTIE, FIKEZOMOHEEIREMITHR
DILHARIZONT, EICWER AW EOREET
HEAVHEA T2 BT 5, T LTHA A LR
FrikbL—%—t L7, KOWLHAALRZEEOHIIZ
FHT B RED—HOMRIZOV TR L7z,

2. ERMTEOHLAAAE “Subduction

barrier”

W2 EImC

ARG AT TICEINLEMBETLE PALA
HOWSRREICIBNT, ANVMIIVEIARTVE
F) ofThH, WREMICE (ZZTKRE #F W
W, Nary, WmAR) A, SKEBOBAKIZE Y A
U7z, KEEBSETHHMRICHTE S N0, %

BWrFRo—Hizimks L1, AIMETTORIT 7L

s

XYMV Ly YOBRICH ) AR, WECE YA
TELVELTHIUR TEENR S, 728 D) EHT
i, Bl 7~ ORBICHLS T H0ME & HITEE)
L, m#EWICIE< 7 IfEbN TR~ S, #R
ELTARTITHBI3H L REOROIENITEI LD
NB0, XIHVEEO< Y PVAOIFEEEITCED LA
AHIIHIR S5, Staudacher and Allegre (1988)
I 2N % Subduction barrier & FEA 72, fiH A Li

K& - W, R HERE Y 7 & D8 D1

< ¥ NVITAAAE S % BRIEII B 53 C AL ARA R 2 j(% <
£, 2ok bIEFEEE HRAEICHE S P

(Ozima and Podosek, 2002; Porcelli et al., 2002) o

NS DWW 2, FICBIFEREE TEohTY

WA AL, =¥ MVICiEA AL KO BIER b
L—H%—12% 5% & Hiff XN %, Staudacher and
Allegre (1988) IZIRIGIKDOZEE L 7= Hhk & 3k
W, BVKILAT A, =¥ PVENZENDOR N ADIT
F MR Z L, EAREHATZADORED I
L, Bilv 7~ &L bIZRFENER LD EDOEG )98
%YL THDEIEERR LI, SO ENBESIE, A
H ZIZ2WC Subduction barrier (31T IT5E 4 IIHEBE
LTHD, ¥ MVOmFARMAKRLE, LHAHD
WEEZ T v e T,

Subduction barrier 7% & DFEERAE L TV 5 203,
FERIE AR ATV BRI TR O &, ThAARN
TORBIFIZ & BN EDIEA S EFHETE %,
K, CO, JRFEIZHRV~ Y FIVOBRLEITIRETIZ,
REEYE CO2™ & L TR mARIE TN, KILT A
TIXCOELTHIHBENEDT, TZTIEFEDT
CO.L EiLT 5), &%, W, WK, AFT Ao
T, LARAAGTORME L, WED» SIEARA T
é%@&@ﬁiﬁ%TwM1:??o:®mﬁu%ﬁ

2 TWAY4A1Z Subduction barrier 7% X < #5E
kb OO~ P VIEFDITLEIC %LT%&L
WEEZ T R WIS E . 2L~ vy

ly/T®XWF¢&akwfu A7 T HK DGR
WZEFN TR ICR IS A, MOEE L2, A

BABICARRETFN TR CE T LOTAN
MIBET 2. (6o TRARAZU Lomdit s
HTELHNHEAZLITERE SNV, LT, T2

NOFFPETLRIZOWT, EArTemfE L PEE AT
l“<b _j—Z)O
2.1 X

G OTIE - EIIRT 2 HEEMGE, ATFT
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Table 1 Ratios of output (via arc magmatism) to input (via trench) at subduction zones for

volatiles.

. Output/Input*
Literature 0 o, S0, al He Ar
[to et al. (1983) 0.08-0.59 0.73
Peacock (1990) 0.16 0.03
Bebout (1996) 0.05-0.15 0.10-0.44 0.01-0.59
Hilton et al. (2002) 9.1%* 0.42 0.44 0.077 6.2 66
Jarrard (2003) 0.72 ~1
Straub and Layne (2003) 0.11-0.18 0.8-1.3
Wallace (2005) o) 0.5 0.15-0.30 1.3

*: Contributions from serpentinized slab mantle are not included in the input estimates. **: Meteoritic water

might be included in the output estimate.

DIEREEN S, LAAL AT T TR LRI
R ED X ITHE R ZTES R, EORED
WA T TN SN, BEFTEETVICLD
HITZ 2% (Schmidt and Poli, 1998; Iwamori, 1998;
2007; Kerrick and Connolly, 1998;2001a; 2001b;
Riipke et al., 2004; Hacker, 2008; van Keken et al.,
2011) o & KILM D LS, R R FEER T X
D, [ZLALEDHEWIZTOWTHNCHS 2R > TW
% (1 z21¥, Bolfan-Casanova, 2005; Ohtani, 2005) .
S HITEKIEY TR WKLY (nominally anhy-
drous minerals) IZ2W T3, MEILEE LTOEK
OkF) 2rkoohTw s 2, Bolfan-
Casanova, 2005; Ohtani, 2005; Hirschmann et al.,
2005)0 AT 7 OIIEMEDE T IV (Peacock and
Wang, 1999; Riipke et al., 2004; Syracuse et al.,
2010) 1, AT 7THNHBE D5 ICHED { HKEY D
Bk #EI% (Yamasaki and Seno, 2003; Brudzinski et
al., 2007) %, EIVKIIEED HO/Ce toz &5 5 ¥E5E
Ehizkiizay METOA TS 7 LHOE (Plank
et al., 2009; Cooper et al., 2012) # X L HHLTW
5o
ZEALDETIVTIE, HRYRLH L
HOKDKLDS, WIBIZH 5 FTICA T 768D
NBLEZEZONTWD, —HTHERIEL, WA
T THORDRKTEEBRED, AFT<Y PVET
RIS XD, WL DR O~ Y PNEFHA
INLEFHEINTWVS (Schmidt and Poli, 2003;
Riipke et al., 2004; Hacker, 2008; van Keken et al.,
2011), £72X Y PVT Ty VORT THEEOHGT
X, AT THhOMRINIKICEY, BRPALAE
WHELTWEEENTWS (Bostock et al, 2002;
Hyndman and Peacock, 2003; Katayama et al.,

2009)s TOEKRDPADAEIZ, AT TIZHIETOHN
THEENL ARG BWET, FICRED LR L &I
2 DGR DRI X ) FREERELRD DS, BB
MR ELIET, KESLICHEHRO~ v b~k
BERELEZZSHLNTWwWA (Hyndman and Peacock,
2003; Iwamori, 2007), Zh 5 % &bE CTHMEFEE
TP HIE, HYBEOKIEIEL D b S 5RO
TV IMAANEELRATRTVWLEEINRTWS, 22k
& Table LIZZEIF 7213 LA LDORKEDL VT, k&AL
KOBH, BIBENLZKOELY HRKENT & LT
MTHb, 7272L Table 1LOWThOFIH, 25T~
Y MIVICE BIKDEAAREIEBIZAN TRV, F
72 OPOBITIEMIZ, BUEDO A AR X
DREVD, MHBIZY 7 <IZIRALLRKKE &,
HWARFEAM LT B REEAH 5 (Hilton et al.,
2002) -

2.2 =%

BFE (CO,) dERIZ, EREITTHSH, HEW
R U2 5 R S O 28 Sttt
M, LHABIHED BEHDETIVERIC K D HEE S
N Tw 5 (Kerrick and Connolly, 1998;2001a;
2001b), ZDFEFIE, AT TN THREI NI
W EZIFESH, FEAEETORENI VIERD
<Y MIUANELARRALZEERBEL TS, 7272L 2
NTREBRICEAAATTHHEIN TS CO.NOE
(Bebout, 1996; Hilton et al., 2002) %#FHTE W
728, Kerrick and Connolly (2001b) AT 7TH 5
B ENBKICETIAL Z & T, CODHH AL X
NHWEELEZIEML TV 5, 2BILAAARN Tl S
N5BCOIIE, =V MUYy Ty JIZAEETRTY
72b &, RAAALZ RV LHERIEZEO D 0
WEEN) D, LHLECHC I E COLHelb % b &



152 1y W

WZENZENORFICHKT 5 CO.0RE %KD (Sano
and Marty, 1995), AT 7o s g/ %
FLLREMKEDSLZEHNTES (Sano and Williams,
1996; Hilton et al., 2002)

ARG RIBIES OHFTDH, AT A FR< 7%
T A bOEmEMIE, TEH~ Y PVORIZIEETY %5
- BETRETH LI ENEBRNIIRENTWS
(Isshiki et al., 2004)s fE->TH LATTH < bv
I FETEIUE, FENBHEED Y MUREHNE
kARt L E 2 55, Honda et al. (2004) 135 A
YE Y FIZ, KIS ARA SR O R TAHER L
TR N ANEEINTNE I L EHRELT
Wb, i, THE~ Y FIVITIEA A A 72
WCHRT A7 A BIBEUEWD. ¥4 Y E Y FRICEL
ENTWwW5b (Walter et al., 2011) ZNSEDF 4 ¥ E
v FIE, HEREMREE LRI E TN RE L
EWCC/*C R FS I S, TH~ Y MV E T
ARAALERFZEMFE LTRBK LT REEED S
(Honda et al., 2004; Walter et al., 2011), S 5I2<
¥ DOV ERER TR R 8L A3 53 L CTAE U 72 COLB®
AV MEEERIERIL, v MVRER2S AT
BA—IN—=TNV— LR, ZOMFPEMTELLF >
WN=F A M TIRh—KRF &4 M= Tr<OREE %
LZUHEME D M I LT\ 5% (Isshiki et al., 2004), 7
V— NGB O S ZL RS (ocean island basalt:
OIB) |ZHFBUINZRA AN, FoN—=F4 MIEEN
TWAZ ELEHEEN TS (Sumino et al., 2006) .
ThAIAATIRED, =~ PIVIREBOIRIRINT F A % &
LESIb Y, FUN—=FL VEOT V=20 E LT
LEHALTEZDO0D LN,

2.3 BFR

BHROLAABIOWTIE, RZEWSHITHR>TW
TWZ L%V, Table 1TIREFIE, bAARALED
Bl oM EsE% EH - Twb (Bebout,
1996; Hilton et al., 2002) . L LiLAATEHEIE
WCEINLHREY, <~V bV, ZLTOIBZENREN
DUN/MN I & NoJ/He A 51%, mislIsIz B0 5 B
PEBLTEY, EINKBIGEE) & 4 b+ T Subduc-
tion barrier L KL TWwWE LI TWnS
(Fischer et al., 2002; Fischer, 2008; Mitchell et al.,
2010)0 £72ZD—HT, BEarbHEINL AT
TOELERMARLEPOIBOZFNERSAS 2 Eh
5, ¥V FPVIRHE TERVILAAATVDL LT EE
# (Halamaet al., 2010) b & 5,

o

SR ATEE 2720, KRRE, %
IR EERL Y, ERSE LTELHEIHB AT
THICHIE L e HERICE K S En s A EHEL
G AL DI L TELLT Y EZ T A
A4 (NH) &, LARAABETTIz T A b
RKAIBT VA N REDEN) T AW, HEHHE
FICHRTO2WtRIZEDEEN) AT LAIREINT
% (Busigny et al., 2003; Watenphul et al., 2009;
2010)o L2 LA T 7OBALETCIKE L HEEICL - T
i, TVEZ T AL T UG RLTCEZST No)
BRI N L E%2H % (Watenphul et al,
2010)0 SNHEDT LD, AT TOAARINED
FOEBGOIFEEZEEL < LT b,

2.4 WiE|

ATGTHR Y MV oy VIHEEZMHR L TV DL
e U<, B~ 7 <hhiEE L RS (mid-ocean
ridge basalt: MORB) X ) SWiisEiRELZ DI &
&, BIRKINA 2R KIlE, FiEE O X E % &8
MORB L #7422, #AKIEWSAS Ik ZzH>Z &0
ZHEMPE#E S TWw b (Canfield, 2004; Wallace,
2005) o (LAAR 2 I S NEHEDORIZDO VT
i, KA 2 SOMEENSDORFED Y (Hilton
et al., 2002) OABIZ, SIVKILAEBERTBO AV NEAH
W SHEE LW 7 ORREIEEE &, ThAa AR
TOXITIIEFEENLORFED D (Wallace, 2005)
BHDLY, MEEBBLRABRENTH L, HELED
REM 2 W3 A7 (CaSO. - 2H0) & ¥ 8k $i
(FeS,) T&H 5 A%, BLIED 5 EE I HERE W (2 3% 885
NENTEEFEN% v (Canfield, 2004), ft-> Til
RRARFE DT 72D, HHEHRITEWHUSAS i, ki
KO EE Lo (Alt, 1995) 7w LEERUAAL
L7z Y PV AL ASE (Altet al, 2012) DikAA
AH, MEE <Y PVIHBRAATHWSZ L E2REL
TV, ZEL-HEBBZICEEINLME O R
(Hilton et al., 2002; Alt et al., 2012) 1%, LHAM
W E N5 (Hilton et al., 2002; Halmer et al.,
2002; Wallace, 2005) DA~THERETH L, X5 7
< ¥ MV OREIIIERCA OB KIS I BV TERIT
Edbhtundy, BE LTI I b — R
Vv (Alt et al., 2012) 2 EH 5, BREDLARAR
WZBWTIIEE L7 s R F B 2 # 2 R LT
WhHZ D,

AT THREBITEFDO= ¥ FIVNEARATERIZ, i
BERENRLFEI PIT LT oTniwn, LHLY
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A YTy FHORAWEEYO*S/ S lh b, ZHEL
7o e & HERE W IS HISR 3 2 DS, #@Eo< v b
WIEFBICIE A RA TO W EENAREA TV S
(Eldridge et al., 1991), & & IZHEHE A AR OFEEK
LLT, RATTOMEL ELhk4 2 bfE (SO,
S0s;, H.S, T7 1YV IVIZHFE L7z HARDOHH 2 &)
DB A 7 VIR X B0 53 5
L, MS/S L¥S/S DRI IR B m AR R A A4
RRNRZ S EPABNTWS (Farquhar et al.,
2000), Z OIEH KA &k 2 L 72MS/°S-1S/S
R AR DS A4 Y Y FOBALWEAE WA S Bl &
N, ZOEBEI2564ELL Ll o E RO %
EERBETH 722 Lid, KRBTV Vg K
CERAVRLE D R 2> o T2 IR I HERE L 72 b
(HBHL) %, =¥ PVEIBIZILARA TV 2T L %
R LTCTWwWA (Farquhar et al., 2002)

2.5 nasrr

nar vtk (7v %k, WE, BE FvE TA
FFV) DL, TAYFVIEY T v ORI THE
U5 EHEG MR L»RRIHEIE L 2z, HEL
FTIRIIFEAETEDN W GEEIR, 1997). HEiEH
WA X D EET AR, 7y REERITFICH
PRI ATFhEEEZLNTWE (TIto et al,
1983; Straub and Layne, 2003), #iFiZDoWTid,
LA ABG TR SN L EE, BH L s i
HWICE TN TRARADGEORDIBBLRIBETH
Y, Subduction barrier & {BEREL TV 5 Z & &R
LT (Table 1) L7 LMESA 25H K TO.2~
0.5wt%bDIEHE%ZEH 9 % (Sharp and Barnes,
2004; Bonifacie et al., 2008) Z & » 5, MeRUA{LL
AT TRV MVETEETH L, SHICETO~ Y
P VAN FEATEARA TOL MDD 5o John et
al. (2010) &, OIB ®*CI/Cl lt#* MORB & #2721,
F 2k AABWE O H G OIREED D TH 5% Sr/*Sr
WEHBLTWBZ 0D, WROLAARITT IV —
ARDHHHEHM~ Y PVETRATHRS EFRLTW
%o

BRI EI TR Eh 5 7 v ZE0RIZILARLE
D4~6%*F2)¥ (Straub and Layne, 2003) >Z Lk
T (Wysoczanski et al., 2006) & WD bhTBY,
ATTHDT v EDIFEALETHEI Y PIVANERS
TWAIERRBLTVD, 7 v FITKEEHICE W
THFERRFELBZHH R4S (Schilling et al., 1980;
WEE, 1997), SN 7 v EFEHTEO ]

THPHICHARL DD AV PRI NPTV
(Villemant and Boudon, 1999; Bureau et al., 2000)
CEERBLLTWE 2 Ltk v,

A4 VEFEOREHREFL I T RIEKEWIZIZ L
AEALR, G9RIEITIVI Y, NXITYT,
B EOAPIIIY AF T, BAEWE (bio-
philic) & W) Fif 2 o720, TS ATk LY
L 72 R HERR s, HiERR g o &R = O THE DL
L2395 E 15 (Kennedy and Elderfield, 1987a; 1987
b; Muramatsu and Wedepohl, 1998), 53% b [alkkiC
HHREOBAEYEEZ RS, L0 AW OE Y
WL EENAEEZHNT WS (Martin et al.,
1993)c TNHDTHRVBEDREDEILAAHR, LD
TR DRI A AR BT B KEIHENC X 0 e &
NTWDEH, I GhoTniw, 72721, Kl
B AT B IR I15707 SE O™ %, Fi IS O ik
7K (Muramatsu et al., 2001) i TFK (Hurwitz et
al., 2005; Tomaru et al., 2007), X 52Xkl 7w >~
b EOIRRRLKILA A2 E (Snyder et al, 2002;
Snyder and Fehn, 2002; Hurwitz et al., 2005; Fehn,
2012) TRIEEINTED, ZRLZNO™I b 5
EEINDEMRIEZ, KAAGHRWSZORICHLET
WZh25HEBEA—FLTwb, INITMA
T, INHORFONT T OILHILDHEREY O [
AR EFEBICT TRICEATWLZ NS, Pilk
b7 a >y b TREAAAZZHERWEE D T 7 3%
DBE->TVWBEEZLNTWA,

2.6 FHX

NI L AF Y, TVITY, YTy, Fe)
YIS BAHATLE (T F IR EFMGARIALEL
Rnlzd, ZZTREDRV) &, kAR
RO TR O E o IR &) 1A/
AZDWTIE, LARAWEE < Y PV & ORILDE
WV, JEED S OTEAE & EIVKBIEEIC X 5 &
OB (Table 1) @M %5, Subduction barrier
NIEEFEEICERELTVWEEEZEZONTE L

(Staudacher and Allegre, 1988;Hilton et al.,
2002) .

LA L~ Y PVICHAET 556051 He (Craig et al.,
1975; Lupton and Craig, 1975) KA % 4 ~
FALAHK (Ozima and Zashu, 1988; Honda et al.,
1991) % BT 572010, RIEICHERE L 725215 1S
GENDHIERIRFEOANY) 7 A L A4 ¥ (Ozima et
al., 1984) Mk A A A T % 1§ %2 Anderson
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(1993) 13¥{# L7z Tkt L C Hiyagon (1994)
& Schwarz et al. (2005) (¥R #EHER Y OB B N9z
B, TRE30km X TORAAR & RERR L 7228 0k
TRE DA A A FEMARAE A 5, LA RBBFEDOH]IZ
BT, HRWICE T BERIEEWE RO~ Y
K AFIFRDNDE I EEIRLT

X 72k A AT HERR Y &l HEZIE, UR Th 25
ORGEEAR He b £ =12 N5 (Matsuda and
Nagao, 1986; Staudacher and Allegre, 1988) %%, %
DA AADEG-HEINK LD He/ He HICHII S
7260, $%bH < bVdHe/He It (8Ra, Ra T KA
®*He/'He It =1.4%107% Ozima and Podosek, 2002)
L0 H{KHe/'He lbAs, A9 7iRIELZEZ BN
r—2RA%wv, FhiE~ < ~oMixko FELEH
R, FHEOEAD O REHEE R He & M4 L7230
KA 7Mbb - 2E R E, EANCBT 2 s
Zeli'He ORA L KB L 72 TH % (Hilton
et al., 1993), F 7-HEREh ORUIEZE)T ‘He b iy
ERAVERIEANY 7 L & Ak Y EEE, ThA AT AR THLEL
WCE0Ebhs L RED SN Tw5 (Hilton et al,
1992; Sumino et al., 2004) . 7272614k & LT, KEEHh
WRE VR % EANEARAA TV BIGEIL, RARA
7EHE N TH S IE O 7 U A i He O %525, &
i~ 7 < Ok ’He/'He tt & UCHEIHE S 7= F613 =
HoHEE SN T 5 (Hilton et al., 1992; Marty et
al., 1994; Sumino et al., 2004) .

BRI, K2 54T 2 TSR FEAr @
ERICX D, HERW R i O Ar/PAr FIZAER &
LHICELS kB ETHEING, L2 LERICETT S
WRICE BDEED20, Tt O Ar/Ar O FHME
&, KA (296) L HARTZRIZEEH VDI TIX
72\ (Matsuda and Nagao, 1986; Staudacher and
Allegre, 1988). —77, ~ ¥ MIVO“Ar/Ar Ibid, I
TRIEL S CTH A Ar (TR, BRI Z28E U CHRE L
T BRI Ar 8 5 % 723, B 21X MORB i
~ >~ b Vid32000LL . (Moreira et al., 1998; Trieloff
etal., 2003) , S — A< > FILiZ~8000 (Trieloff
et al., 2000;2003) EHEE SN TS, fE-> TikAir
AET VT YOS5, BFEO~ Y MVIZHR TR
WOAr AT L E LTBII S N D RS b, SERRIC
kAR AR D KILNA A (Nagao et al., 1981; Tedesco
and Nagao, 1996; Shimizu et al., 2005) <K=
i (BWA T A%BRE, Kilaoa ikl 2B 2
L, K& KPS DRI ADRAZL Y b EOMA

o

AR % o> TV D DT, <7 < TR
WL, 2ORMA AL WA S AARELD
BESHZ AW 5) (Marty et al., 1994; Patterson
et al., 1994; Yamamoto et al., 2009), €L T~ ¥ b
VA (Nagao and Takahashi, 1993; Patterson et
al., 1994; Yamamoto et al., 2004; Kim et al., 2005;
Hopp and Ionov, 2011; Martelli et al., 2011) 2B
T, REHMBITIE WA Ar e ST &7z, L
WLT VI I ¥ PVIZHARRE - KA Y
WZELKEENL72D, REA R ICHED L -2
UBIZIRAT 2000 & OWMERSBEARTE Zh oz
(Patterson et al., 1990; Ballentine and Barfod,
2000)c ZNHD L) BREHD2DIT, I ¥ PO
i A FNAR L ORI H#EARIE, BEARIZ= ¥ P
AR FGITEH L CTEFMEENTE 7 (Alle-
gre et al., 1986/87; Porcelli and Wasserburg, 1995;
Kamijo et al., 1998) o

2.7 BEMTRUNOBEHERETR

Z TR LR TR WIHERE ISR IOV T
DL TE &2, TNOOITRITHBITREL T
W20, RARRIZE D < Y PV OLFARIRIZ K E
BAEEED 5T, 2 F Tl & ) icHEg M
FIZOoWTIE, FELTHEARAARIZE B ATy & KIEAE
B Xk B IR T 5D, EOFOHEY DR ESM
EATTOMERE R ZEE LT VAR » L EE) %
WETAHIET, LYPERFBO~ Y PANEARAL LT
PHHER SN TV B0%, RO BAAHRETRICS
WTRFEIETRZ L, ¥ PVREISDO TV —
LA#EJEE > OIB », Nd, Sr, Pb, Hf %2 ¥ O[H
REAHLEE, KIS AR A TEWE ST IV — B
FNTVLILEARLTBY, ¥ MVEHNINS
DWAHIRE TR ARATVDIAER E STV D
(Hofmann and White, 1982; Hofmann, 1997;
Jackson et al., 2007)o ZDXH 7%, WbWBY P A
7 WIIE OFE R R EALAHLSE, FERETECRICH
WTId OIB THBRIZIRR T & v ETEIF- %%
2HFZEOPF (Halama et al., 2010; John et al., 2010)
ZBWTH, W OPDREE BV ETOHw
o TWh, ZHUE, HEMITRIIBTRTLIHLHD
T, EFRICATEE R A% &, LA AAR BRI
BIBEMEGHPIRE L, EDX) R EL - T
LT, RICIHRARALZR S L e LT hvriEings
BHENBLIZDTHS I,
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3. ¥ MO [BKER] OFHR

WA A (1) K&K, Wi, HEWRE
DERBOWEE, =¥ FVTKE R BRMAK
TEE D, 2 LHWICAEETH L0, I
FHRFEMARLOZLOER E LTI, RESPILEL,
B A IR RAAR DA N 7 & O W BB AR O A% F
B dv, ) hARALWEICHRT Y MLV
BIFBHELEEIVNE Y, Lvs Mz Lo, itoT
FRETORNBRACEDPELXTENR, <
¥ MIVICIE AR ARG D5 TR % N L —
H—L LTHHTEL, SI0bIEFmFTAE, E5IC
ZIUHRIMN 2 EH#ZE 52 587 i2onT, iTE
O o TEIY ¥ PIVITIEARIRAA T s, &
NS0 HH 7213 S NI2KDOIEAAZMFEIZ BT 5 il
FNZDOWTHA L2,

LARAATE [REW ] T ARG &, £ETRA
L7205 1&, o7 7 A R ek o ALk & OB A &
B35 2 N TE 5, Sarda et al. (1999) %, Pb
FARARE»SATYF AL 72 VWEOFESEIRKE WV
MORB it FHE &, KW Ar/fAr b2 # 5, 22D K1l
HEBORHEPH—-O ML Y FTHRIHTE L Z L %R
L7zo LTI Lnb, JL#iPio MORB i~
PIVHIZARETIES 2 BABEIZ, LARATZRAE
BT NITYPFEELTWS EEE L.

% 72 Matsumoto et al. (2001) 1%, dbifiE DN
AL ABROREEDN S, ¥ MIVEJTSH %5°He &
—EDIE D o> TRAEFEOSAr 25 s h /-2 & h
5, ZORFEFECAr ASTEAARIZ LY < ¥ PVIZH
HAFENR G EREwRO T 72. HRORFELEEZ SR
HREEBE Ar 3+ — 2 M5 7R, BE - FHHED
PASAETHEE T ARH SN TWwS (Matsumoto et
al., 2002; fA¥FI3H, 2005), 7272 L Zh S oREH
LHAABHO< Y PVIETH Y, KRAEE Ar 13
Subduction barrier {2 & ) HIFEIZE SN L B8P T~ v
VY 2y Vo7 DTH L RMENRDH 5. 1o
TI D& RRARESAr 25, S SHICHEBO~ Y v
WHIEL TV AR E S DEIAHATH - 72,

¥ 5|2 Holland and Ballentine (2006) (&, 7 A
VA =2 — XA F T aMo COTAHIZET N
7N ADEMNAME Z ERHBECTNEL, RETERA
L 72 KR M TR R DK DG % 5241w 72,
<V MVIEGDOER N ATCHE - AR 1. Z
LTENED &I, BB THIRLTWwE< Y

W D IEETERZSAEIGAT AT A DS, TLAGR A TEHEARAZ LR
BROLER L, OB T—F L, FNICHET
Lk LTICRRi L iR 5,

9, WoidCOHTAD A F VMK, T4b
H2®Ne/*Ne It & *Ne/*Ne Lk O BREREZ KL, H
SLOIRELTW (RA+HE) ne, <
YEPVEGORGIZEIVFPTE LI EICHEHLL
(Fig. 1) ZOBEME, 3 TIZMORBDEAK A T A
AETRI SN Tz REAE < v MV OBRERR,
Wb MORB 7 1 ~ (Sarda et al., 1988) DZ
ELT, HHIE~ Y MV RF v FEAKE % Ne/*Ne
=12.49+0.04, *Ne/”Ne=0.0578+0.0003% % L
72 TNETY Y MVOWESHAMORB 714 >0 &
CICHFETEHE, IS hoTnhhoalz, I
BRI, KRRESPELEEN T RN LR
FEENZZRED, WERTHOLNZWZOTH b,
Honda et al. (1991) X, <~V FVOL EDFRF VH
PR (=¥ PVIZBWTIE, bR d D%
WA Ne 128 L, U ThiCHKT % o b T
BT X B0 (a, n) *Ne £*Mg (n, «)
“Ne 12 & D A U 72 8% BOIS 2 I Ne 341 b L, *Ne/
"Ne UM I D b 2o T D) 25KBALK
LELL, *NeNe L3188 FE L Tnwiz, T
\ZxF L Trieloff et al. (2000;2003) 1%, K&EK5D
BACHIE R IRETH 2 Ar/ Ar It ENIT & <
%oTh (PEYVRRETOEFGHENITENESAL
% - Td), MORB % OIB it £} »*Ne/*Ne It #12.5
BECTHEHITHICRAZEND, ¥V MUICHEINT
WhHAF VIR EOE ETIERL, HLFEDME
AR AORBIHFHIICA SN S, Ne-B LIEN S
BV & F LT\ 72, Holland and Ballentine
(2006) OPE L7z~ v VORI, BB 2 LFF
LTW5, BBIORGOFEEKL, FARWEDERIC
THRATINKERAT Y THY, RMEIT LTS
AENHEEDVEL D (Grimberg et al., 2006), =
SICHMOBRERIHFICE Y kb s 2 & T, 4
& L TRBEHE & ) *Ne/*Ne LML rozdb D &
#%z b Twb (Raquin and Moreira, 2009), Hol-
land and Ballentine (2006) &, ZMIZ5:173 % Bal-
lentine et al. (2005) IFZD L HIZL T Y MLV DA
F v ENARRLEE & YL L7228, MORB & CO.H A 12
EIENLT Y MVEGHCTND, EHIRBEL T
LTwWbY Y MVICHETZ LIREL TS Z &I
EEPLETH B, BIZIZOIBDDH & DT IV — L
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Fig.1 Three-isotope plot for neon in CO, well gases obtained from New Mexico, USA
(open circles, Holland and Ballentine, 2006) and popping rock, anomalously gas
-rich MORB glass obtained from the North Atlantic (solid squares, Moreira et
al., 1998; Kunz, 1999). The MORB-correlation line was obtained from the work
of Sarda et al. (1988). The mixing between the groundwater and the magmatic
fluid produces a unique mixing line when the magmatic CO. makes contact
with the groundwater, which contains dissolved atmospheric neon (Air) and ac-
cumulated crustal *Ne (Crust). The intersection of this mixing line with the
MORRB line provides an unambiguous resolution to the convecting mantle neon
isotope composition, which is labeled as “Mantle.” The resolved *’Ne/**Ne value
of the convecting mantle (12.5) significantly differs from that of solar neon
(13.8), as proposed by Honda et al. (1991), and is instead close to that of the so-
lar wind-implanted (SWI) neon found in gas-rich meteorites and lunar soil as

pointed out by Trieloff et al. (2000).

FohEMV L7, BENZ AL VICESLZ EICLD
BB IE"Ne DG G- WIZ/hE WV, $4bb
*Ne/*Ne A MORB i~ > PV X DKV A4+ ¥ &5
LB~ ~ M)V (Honda et al., 1991; Trieloff et al.,
2000; 2003; Mukhopadhyay, 2012) &%z 5 Tw
%o

& 512 Holland and Ballentine (2006) %, CO.%
A D*Nel*Ne It &£ *Ne/*Ne LI, FEO—D2DOHH
AR EPNe D& N2 72 =2 O FMAKTER
LTy bafEY, ABOTFT—F B —D O IR
LT LERLI, WP ERGORETHHTE 22
S5, SRPLEO=Z2SDFAMARL TEZRITMIZT
oy MLBE, BBOSA XL T — 2 DN E K
To SITOEWFEITKRA - W - v~ PIVESGT
HHOT, TOFME, KIRDI Y PVOLRF ¥
FN AR DZZE S, < ¥ MVIES D7 A FAAR L
BFRETE D, 29) LTHEONE, < MVoIEREE
HWEREA T A ORI, KRR KR L D 13

KITEL, ESIZHAD» S OHETOT VRO
W& mzZ NEHH T % % (Fig. 2a). Holland and
Ballentine (2006) &2 6 O %, W h o
RIS HLER S 258 T~ o M IVICIE A A AT T X
ToREHL & RO 72

LA»L—FHT, COLTADHEBOILK ML, Z
NP LTI T AV PV ST A2 S L
72T TIE, AAREDIES V. ED720H] 213,
MORB i~ > bV 3R MO KET~ >~ b
DA A, COMN AW HIEIZE] 2 £ TITILHEDH L
ToAER, T2 E - FMWAKITEV LRI % o 72T RE I
HETE RV, ZZ T Holland and Ballentine (2006)
i, HRMETEEREICELI L2 5KkDH MORB i
< ¥ N IVOMBLE R LT b popping rock DT —
% (Moreira et al., 1998) 1Zxf LT CO,» R & [F] Uf#
HEAT, < ¥ PV OIEREGTEE IR 77 A DI
DS, COFTATHOLNI b DE XM, HKIZ
VA RO LR LA, Thad &6,



R ITTEDOLARARIEIT Y PVDEZ T TRATVSE D) ? 157

R D4 B b COH A & popping rock T EEZITHPEHENER LTS, SHIHESIE, 2
B4 BB OREE, &5 5 b KT OR A AW ILTHEOLNI Y PVERGOILERE, COFAD
TR EBRRT LIk E 25 501, & JERHEERES £ v (PXe, *Xe, *Xe, “Xe)

BB TR T2~ VOB EEREKI LTV DFEMNARELZ S 212, < MV OISR T

(A ]
0.004 [ (A) v N
0.003 | A ]
&_ I
3 i Vv Aa A A
$ 0.002 - " i ]
2 i v A :
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Fig.2 Ratios of non-radiogenic noble gas isotopes, including *"Xe/*Ar and *Kr/*Ar.
The mantle composition (gray star) determined from the CO. well gases and
MORB popping rock by Holland and Ballentine (2006) can be explained by the
mixing between the seawater (Allegre et al., 1986/87) and the ocean sediment
(Matsuda and Nagao, 1986; Staudacher and Allegre, 1988) (solid triangles).
Open triangles represent altered oceanic crust obtained from the work of
Staudacher and Allegre (1988). Solar and air compositions are from Wieler
(2002) and Ozima and Podosek (2002), respectively. (A) Crush-released subduc-
tion fluids (gray circles) from serpentine micro-inclusions in the Higashi-
akaishi peridotite (Sumino et al., 2010) plot close to the seawater composition
but are clearly distinct from potential atmospheric contamination. The small
deviation of the subduction fluids from seawater can be best explained by the
contributions of ocean sediments and/or slight atmospheric contamination. (B)
Serpentinites (open diamonds) scatter around seawater composition, whereas
their breakdown fluids preserved in fluid inclusions in olivine-pyroxene veins
in serpentinites (first fluids: gray squares, final fluids: solid circles) form a
trend from seawater (+minor air) towards enrichment in heavier noble gases
(Kendrick et al., 2011).
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NI EZ) TR DIFIFET, FLTHEHFE VD
84k, HEREW T ORMBEKDILARARIZE Y BT
LHELTW5,

4. TOBRIVIIT YO HDASGABDEHARE
NnNasric@Esns, BEEKBRERDKD
TAIA A T-EERL

Z® X 9512 Holland and Ballentine (2006) i,
TN Iy T4 VLB EL RS
PeifFE LA & COA AT, il L 723K 22 4
BERHBL, <> MUIIZERIZ, thARAAZZRBRK
IEDORH ARG ENTOWBWREMZR L. L2 L
Matsumoto (2006) 23fg#H L Cw5 X 912, HEEW
HORMBKICEENTO /AT AN, LD L9 Rl
ZRETY Y PVHRICEE A TN IZH S 722l 5
PICT B EDH 5, Matsumoto et al. (2001) AR
L7k 9%, kA HREZEZLNERAT VTV
EHEODLAARGTOS Y PVPABAGETIE, &Fh
BEN AL RN, MERLEBRETRALR
K& DEY (Ballentine and Barfod, 2000) 7254
TR E V. MATIRARARGTDOR Y VDAL A
ETS B BBRAGRIEO R A A DEFGIL, COH AR
popping rock IZX T HEHH L HRTREVWE PR
NB7z, 2 reFXt /) v ORMAERLIZE ) KED
HISE VIR V. ED0ZI 053 Y PV
SRR L, Y O FERUFHELS A A A O RIAAR
WRTTHILERDL Z LIIHEETH S, S 5IikAA
ATEAR T THh S S NIGRARDS AV MEK & #ETC,
<YMV Iy VR EERICHY, <Y FURAL AR
WIS ETIC, HATAOTLREI G L T2
uHEED 5 (Patterson et al., 1994; Yamamoto et
al., 2009) .

% Z°C Sumino et al. (2010) &, (EARAZRT
THETYY MV y JVICRA LA EHREL 72
EEZLNTWS, WE - ZWENERFORFADA
LABRIZHER L7z 2OPALAEKE, ZITHAS
AFDHRDPLREEEINSE T FA I KD, ZO4E
FIESCA LA TS, BEADEEE LTIE, &
RO SRR H Z2 EACA I & DI S 7z miiA
ThHT VT4 T4 &, DASAHDBLIZHE N
WHRIIEE SN TS, RAKRTEEL )YV —F 1
b, ZLTCEICHE2ASAAFIZT V=41 F 24
IMHUAIE LTEENEZ Y VI AV, O=FEH
B Do WEIEEEE - I & 223D A

Y

JBREDENT A5, il - K E (2004), Mizukami et
al. (2004), Mizukami and Wallis (2005) 5%, ¥
FAPALAERE, bbb LEEOkm REDOT
YNNIy DVIZH ol MALAED, EARL AT
T ETONTHELS100km FJE F THARAAL
%, A7 7050%A OK) ORI X ) FHE AN
" (TryT4IT74 ) KL, AREROLEIVIE
R o2 TCHENEBRBTLEA LI EZHLNICL
2o ZUVFAN—TN—H 1 FOMMEAEwE, &
ROSTRED S EHACHR U A EH, %3100 km #£5 T
PALAAIRAL, SHME LTHEINZKICE
VAR, ERO FRABIHHOPA S AHE S L
TERESNEEZ2 5N TS (Mizukami et al.,
2004), fto>TCZOHMAIZIE, <Y Py Yy YNT
OLABRIZBT 2B 22T 5O, AT TELT
W SNTREN AT THRFAROHEAE SN T
Wp EHIfEE NS,
ZOWHIEEWIREEESN TV S, X T THARDOTR
HADWMEWHS T 5 ETHELLRLDN, Z0
D RER AT DHFEIETH 5o BIZIE10um DK E XD
W EAY (Mizukami et ol., 2004) D3 & DOFHAA
A3, AR K & R @, 6X10 "mol g-'®
®Ar (Allegre et al., 1986/87) & A TWIZHA, &
HWUR & TN 55Ar 3, OO &KE %13
wt%, B %25gem™PL§ 5 &, H1X10*mol &
%bo A AIMMOILHE X D I1Z 52 MEmTH T
BETH LD, TNTH¥Ar OB THRIZ2~5x107*
mol f2¥ (Sumino et al., 2008; Nagao et al., 2011)
THbo o TCL—F—EHVT—2o0MMLA
W2 & A A A & fl U CIRMARRER 2 kD 5 Z &1,
B CRATRETH 5 F 72 FHCII Rk~ BRI D
AL AARKER AL EZ > TEENL
B, RE2HEE LRI, $EoRoMMas
MarEOhALALRET 2T AL LV, £
Z C Sumino et al. (2010) TiXiE 25 O 7 A
Mz THRTHZET, MMUAEWD ORI H A
R L7z £ 9B 2 B2 T800°C FEE £ TE R
BIZEL, 7574354 bV =54 &K
SRS, HmHAAERML - ST 5. ZOB, MW
FY S BARIIES H5%, MEITRVAA S AAIZNG
ENTVE 70, WEREHWIRE S 7217 T2 ok
(EHmAR) &, ARSI w, 2L THZE
PO S e nE F, BRI 52 &
T, DASAADSORH AR E, Bl KA
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DOE|RAZIZ-FE, dEIMNTEDTH - 72k
SEW D ST A % BRI HE L7z,
29 LTl onilutimony o A—T NI
FMARHERE, &5 LOERALTWIZRA - ke
BEHEARER SIS, < MVESBHTnb 72
LCHWPETESL (Fig.3)o ¥V MVEGSEPADA
TIAREEIN T EEZLNEDT, HHUAEY
DI E & BT, KA (K & RBHELRRE R O
BELZHBHTAPPMY) AEFN-Z LR D, F722
D, ¥ PVEGERL CHOREGLIIEDORETY
BRI ehb, KRBTV HA LHEGTEEN
I BRI X B2 EEREREICBIT2RAILLZHD
EIRFE 2T Vo F BRI S, HRATH
RIEE L7, MMEEYNOY Iy, M) TA,
AVTEAPBELZDDEDEZIT Vv X5 I
WEMOEBIIHEEIOOkm O~ ¥ ML EZ Hh
% (Mizukami et al., 2004) DT, HEIHEIZE -
7etR1, M R O RGBS RIR R & KR & &
TR ENPSHTANNMb o/ EZHT LB
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L, SNHDOZ LA 5 Sumino et al. (2010) 13,
BB IR 3 T AR A 72 A 5 7R O HER W) % b
BICER LT boLE 2, MUY O T AIFH
PRI, AT 7TICEEFNRTW, KEEWV LK
R OFH ADY, X100 km EDO~ >~ MV T Tk
BAATERI, AT TREREKE EHITT Y Py
Iy INBE LR RO .

XS WERNELREFEOEVR T ADILELL
(Fig.2a) 251k, N T A ET VT OFRMAKL
TIERFNT & Zed o 72 KRGS & KB 55 S IR 12 3
ATE, BHEAICE TN TR RDA
HATHY, ) HEERWEROMN AR &L ORAETH
HaENsZ LIRENT, ThbbAN AFRMAKLE
JCRLD S, HREHREW AR 5 TREGARF OF A
ADWPTH 5D Z ENHHSL -7
Z LT EBITHARNIEAAA T T T & ZZHIH 2N
2 %X<, Sumino et al. (2010) TIHHNELEWD
WO RIB R RD Tz, BT & RN R T
WS 5L, PRHTFHERSICEY, ~Nar vk

3x10°
s . 2x10%
5 2
T <
2 (0]
oL 1x10%
| %
. 0.0 %
Air/Seawater \808§81 A
0 0.000
0.0 2 04 06 038 1.0
; ; “Hel/*Ar
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Fig. 3 (A) Correlations of *He/*Ar and “He/*Ar with *Ar/*Ar obtained via the crushing (open cir-
cles) and pre-crushing heating (solid circles) of the Higashi-akaishi peridotite, as shown in
the plane of best fit to the data. (B) Rotated graph to view the plane edge-on (after Sumino
et al., 2010). Error bars are 1 sigma uncertainties for ‘He/*’Ar ratios. The good fit to a plane
indicates that the elemental and isotopic compositions can be explained by the same three
end-member components (air/seawater, mantle, and radiogenic designated in the figure)
for all samples. The slab-derived fluid composition yielded from the linear trend formed
based on the crushing data is a mixture of air/seawater and radiogenic components, both

of which had subducted to the mantle at
they were released to the mantle wedge

a depth of 100 km and were mixed well before
to be incorporated into the serpentine micro-

inclusions in the Higashi-akaishi peridotite.
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Table 2 Isotopes determinable with the noble gas method, nuclear
reactions, and noble gas isotope products.

Reactant Process Product
61 (n, ) **C1 (B) BAr
YK (n. p) PAr*
“ca (n, o) TAr*
gy (,7) 0y ) 80K
!Br (n,7) *Br (B) 2Ky
820 8g, ) 8pr ®) By
1271 (n.7) 128] ) 12850
1398, (n.7) *'Ba (EC) "'Cs (EC) Blxe
1307 [EE ) 131] ) Bly,
235 (n, fission) PKr, "Kr, *Kr

131 132 134 136
Xe, "Xe, " Xe, " Xe

* Radioactive.

R ZOMORFEDITLHED, TNENIIET 27 7 A 4]
MARIZEHR S NS (Table2)o T DFELZ A H A AL
5L T, ABPOINSDOITHEREZERTE
%o ZDOTP: (Kendrick (2012) i3 noble gas method
EIFATEDS, T TIEMP AL LIER) ORI,
ERWEZEE LTHLABHW LN T WS Ar-"Ar %
RIXe LR L TH D, TNELILEDFBEGHIC
Wik 5L, DTOZHO X512, osirFETid
4R A% %5 (Turner, 1965; 1988; Bohlke and
Irwin, 1992a; Johnson et al., 2000; Sumino et al.,
2010; Kendrick, 2012). (1) A A EEHHIIET
~FTT R R BE O Ay A A T O i v & BE A A )RR
(Sumino et al., 2001; 2008; Nagao et al., 2011) 7
720, b LDOILED O A AFEMARNDOLEHSE (107°
~10°RE) 22 LIIWThH, HMOSHFEITHT
THIMLEEWRETHRIBETE 5, (2) ARHHPTRH T
P4 MCEEN TS, Table 2T 72 t% %,
I AFARGHT DA TRIFEICERE TE b, (3) BFE
MELRHE R, L—W =il & vwol, ZRENITIEE
ELOomAAMLE R WA Z LT, AEPhoBEED
PA MRS TV, BEORRLZHATA L T
7R FREMICENTE, 2oRREREICHRAE LR
A (avs3itx—=rary) dBRLIENTE S,
i ZeE L, BBEMEE I 2 A G b
TROVZWFRADPA S AGOWMEER DO N7 VIt
R, WREANRS & Ty REEIHXTIED T
B, EWTOMBAKICEHZLDTH - 72
(Fig. 4) . MBAKDEW I/CL X, HFimhoa v &K
AW OHREC X D L, b h/iza

TRPEBRANERBELLEFHRLEEZONTVS
(Kennedy and Elderfield, 1987a; 1987b; Martin et
al., 1993; Fehn et al., 2006; Muramatsu et al.,
2007) . HAHRADA L AGEHOMMEAWIE, ThX
D HHETEVICL ZFOH, WRFETRS L
HEECHERE @ T/CL It (Chavrit et al., person. com-
mun.) EESICHNI ERNS, HFTAFKICETO
HREWERBEOR S EMA S Z & T, Zoar KK
B CHHTE B,

DEhoZ trs, BFRADPADLAGICHE LN MM
WAEWIE, EE100km O Y MLy zy YTH T O
AT T b SN R RERE L, b &3giEkE
B ORBKICE TN T /T AL Ty V2
FHLTWBLZEDPHLN ol TN T, HHA
DLAARITERE LT EZR EABEETH - 72
%%, Sumino et al. (2010) &, WA AZFThH LN
Oy RS LTEATAILICEY, Zoikss
HEFEW P ORBKTH 5 2 & ZBHBRIR L 2R OB
EEZR 5,

5. HARENOT 2 DIRHAHICHERAD
RETRE

Z 9 LT Holland and Ballentine (2006) #%/x L
7oV MO, AR O AR, BB
HEIHTH o 72 etk DTE F o720 LA LIKRERE LTI
B0, Wl LTHERYTh OMBIKE< > PLy
Iy DICHBERAL2TH S IRITHEREY < i H% 1
EENDEREWENLT, BBKIHIEL TV
HAENTF Ry PIVICHEBAENZET 5L,
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Fig.4 1/Cl against Br/Cl for the subduction fluids trapped in serpentine micro-

inclusions in the Higashi-akaishi peridotite (open circles) was obtained from
the work of Sumino et al. (2010), and the serpentinites (open diamonds) and
their breakdown fluids (first fluids: open squares, final fluids: solid circles)
were obtained from the work of Kendrick et al. (2011). The “mantle” and “fuma-
roles” boxes represent the ranges of the halogen ratios of mantle-derived mate-
rials (MORB and diamonds, Johnson et al., 2000) and of volcanic fumaroles
(Bohlke and Irwin, 1992b). The Higashi-akaishi peridotites exhibited high I/Cl
compared to the seawater (designated star), mantle, and arc volcanic gases.
Similarly high I/Cl values have been reported for pore fluids (Kastner et al.,
1990; Matrin et al., 1993; Fehn et al., 2006; Muramatsu et al., 2007) (solid
squares). One of the two data for marine sediment solid phase from northwest-
ern Pacific (Chavrit et al., person. commun.) (solid triangles) exhibited a high I/
Cl similar to the case of the Higashi-akaishi peridotite.

161

ENOHNAT TREHAL L DITHRAPA D AR
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NETF IOV THERE R 72 % £, KOBE)HE
ZHRITNIER SR,
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BT T 4EE26N% (van Keken et al,
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RN ETRAAATE, HBKERO NG T > 2D H
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Kendrick et al. (2011) 1, MEHEICETNL MY
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Kendrick et al., 2011) @ X 9 ([ZH W 2SHHK) 2 5
2252800, HERNIBOKOEDHIKICEE 2
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Subduction of volatiles into the Earth’s mantle
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7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan

Subduction volcanism generally forms a “subduction barrier” that efficiently recycles water
and other volatiles (carbon, nitrogen, sulfur, halogens, and noble gases) contained in subducted
slabs back to the Earth’s surface. In this contribution, current knowledge of volatile budgets in
subduction zones is reviewed. Although most of the bound water in hydrous minerals in sub-
ducting altered oceanic crust and sediments is recycled back to the surfaces of subduction zones,
the serpentinized slab mantle carries a significant portion of such water into a depth beyond
arcs. Carbon and sulfur seem to be subducting to the deep mantle effectively, whereas nitrogen
behavior is enigmatic. Recent findings on seawater-like heavy noble gases in the convecting
mantle, as well as on the noble gases and halogens of sedimentary pore water origin in exhumed
mantle wedge peridotites and slab mantle serpentinites, suggest that surface noble gases and
halogens are readily incorporated into hydrous minerals in oceanic lithospheric mantle and that
their incomplete removal via subduction zone metamorphism results in further subduction of
the volatiles to a great depth into the mantle. Further investigations on volatiles in deep-mantle
derived samples and the experimental constraints on the behaviors of trace volatiles during the
metamorphism of the subducting slab are necessary to reveal the global volatile budgets in the
Earth’s interior.
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