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Petrologic characteristics of the upper mantle beneath island arcs
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Abstract

The mantle wedge is an important locus for material recycling,
magma generation, and fluid transportation from the slab, and
should therefore be thoroughly examined to better understand these
processes. Peridotite xenoliths transported to the surface by arc
magmas, or by other magmas, may be representative of the upper
part (lithosphere) of the mantle wedge. Fore-arc peridotites exposed
on the seafloor also represent the uppermost part of the mantle
wedge. We summarize their modal composition, mineral chemistry,
equilibrium temperature, and redox state, and discuss the implica-
tions for mantle-wedge processes. The arc peridotites are thought to
derive mainly from the spinel to plagioclase—peridotite stability
fields. They are varied in character, depending on their history as
well as the tectonic setting (e.g., fore-arc, volcanic front, and back-
arc) of their source regions. Some arc peridotites, especially those
from the fore-arc to the volcanic front, are harzburgites and contain
high-Mg olivine and high-Cr spinel, with high degrees of partial
melting. They also show metasomatism, silica enrichment (i.e., for-
mation of secondary orthopyroxene at the expense of olivine), and
hydration (i.e., precipitation of Ca-amphiboles and/or phlogopites).
The presence of tremolite, which is indicative of low temperatures
and/or depleted (Al-poor) chemistry, is characteristic of sub-arc
mantle peridotites. The equilibrium temperature is relatively low
(<1100°C) with the exception of the Noyamadake peridotites, SW Ja-
pan arc, which are characterized by high temperatures (~1200°C).
Some peridotites from the Western Pacific show high oxygen fugaci-
ties relative to abyssal peridotite (although a few peridotites show
relatively low oxygen fugacities or contain secondary veins composed
of highly reduced minerals such as metals and alloys). This indicates
the importance of local reducing agents in the mantle wedge.

Keywords: mantle wedge, xenolith, forearc peridotite, mineral chemistry,
metasomatism
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EINEHIER L ORRASEFT TH O, <7 <iGd, HEE
A TH D, TNSOMIFITIE, ML -Dzy P e
WX 2 Bl & 2 5 7 GEARADHEE T L — ) ORICH
LWE QMR RTH D, A b AERERITIY 7 <IC
KOHMRITHZEINDEY Y MIUETH D, HERGETYE
BT D EHAS RS L TR CTHETH . hAbBA
FWEEDZ DT L — MNERITRREY 7 MY T~ (F
ELTTINAVLERE ICHAEINSHDTHD, BT
TP OMNAS A AR E 1T 5 (Nixon,
1987). =D7=®, BAMICENY > MLV (X2 RL-T
D) OEFEWERIIRNZ L <, BFEEERL 51T
BN > N VIE” OFEEHRMET, EITEER O L6k E K
L CTTRREICHR RS KD ICHEMETH 5. HRAR G > b
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B R B~ > MVEE < 7~ hofifEs & L TAT
g T ®H 5 (#] Z1F, Takahashi, 1986; Arai et al., 2004;
Ishimaru et al., 2007). X > ML - T v PORIEIHDT
> MV HE ORI EH L TB DR 0 AFI
AEETHD. ATTELED, §bBEI M- TzyIF
RO E I RE~BREOERE > T Ly 7 AR A
5AEBCER) ELTHIRICEZ53INDTH A D Bl
Mizukami and Wallis, 2005). Z# SRS EARAER
&Z1FTH 0 (B A1E, Mizukami and Wallis, 2005; Arai
et al., 2012), ZRamsEENRS > ML - T2y 2D
FEER Y S VIMEDE U < B2 D 2O/ Tl .

T ZTIEAMIC R 2 58 5 BB TR WEIED Bl T
DX > MVIBEZEFNHRTT 5. $abs, 2ELUTEIR
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I L 72~ 7 < P RS B X OBl O EICHE %
MG VEERFRSRET S, 710371 Mhub AR
ZTOBEG T a =BA - EBEIYTY I a i
R FENEH) S BN R~ > MV afREEssEm s L
Nizngy, EFICE U Tk (B 213, Dilek and Furnes,
2011) TAREE, AR BE <, KX CldBatoxdg e
(= B2A3Y

TARIAG AR, Arai et al. (2007) THERSFEF i

O EESA%EL Y 2—L, Arai and Ishimaru
(2008) TlE & D IRILWHIRO Bl R < > N IVRE S %% i
U7, BAFIEGON S AETE ST Ishiwatari et al.
Q016 ICXDFEDHENTNS. FEIEDONALS ABIZD
WTIZAHENQO0D) IZXKB L Ea—0dH 5. A
Arai and Ishimaru (2008) \Z#7 7= 72 1% ¥ & N A BT L 72
H5DTHD. L7y L2 AEUTHEEN S A (G
MAB AF) (Dick and Bullen, 1984; Dick et al., 1984
mE) WS,

X T 1w 7 EDEARICDWTIE, AR HERHR
FLELTHWSN TV DAL - Ak (1975) THEDON TV S
HOEMHATS. FlsE T3 > =AM N TN
LZOTHEBENLETH S, BIZIE, W - AWo/Sror >
> MU TlAE (), BRETHE. £/, L=V
FANENVIN=TA N ONVIN=T %A B) DXEFNTD
WTCIIFRBREENRETH D, —BRIZIEINASAEDD
BEEGRENY 10% DA LT, HRHEGA 5% ITO B D%\ IV
WN=HA B, 5% DA (E A B EA]5% LR 0%
DZEL—=IVI1 RNERLTWS, /272, ZORMIRDIC
BN TH D EAPEEDCD RGNS H D0 A Ak
Kk I AETH % (BA1E, Kushiro, 1969). &l
TR S 7 AR N REVL Y LN 202 © Tljia Ofl
%, BT S, UV RT 2T EBRT H0o0m AT
S AEFTCIREANES / Sl A L SN, T7ab b,
YT 1y 7 EFEDE— R EERE & & BITBbd 2
DTH%. AL AEKREGRD LTI, VUYAKHETFTO
HAOOAEENEE THLDT, BHSNZEOEDE—R
EYTYVITZODDICETHEND D, KX TIE
Arai (1984) 1T & 0 Bifbii A / A tk=0.1 2\ Y )N —
AR, L=V oA FOBERET S, FEkZ, L—ILJ5
Abh =T 1 FEHOERLRADBETHS D
(Kushiro, 1969 #Z:H#).

Tz, DAL AEEIRIZEE T/ OLRAERINEEGH, X
<AHAAERL. REAZEOIY Y NMIMALABRIZHEOS
DINH 4 TH D (Bl 21, Takahashi, 1986). AR THK O &
AlFEE UTERREE RO 0 &725 (Fig. 1.
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R > MR EARINDHDIZIT 2 FilEd 5.
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RITITEBVHOOEIN LICHEEL THD, To<
71w Z s (F5i2 7 )V — 7 1; Frey and Prinz, 1978)13
SRR R L TW=bDTHAS. L, ZORED
WA HICIE 2V — 7 1 (Frey and Prinz, 1978) &IEiEN
BHIRA NEEFRIEO T IV KA N S OFEWERE (5
AN, D= IA N NrarirA MNERE) NEEH
% (Arai et al., 2000, 2001). —hHZN—T1DONALS A
FFA N, NVYN=HA K, L= F1 NIZERAN
HEZERL, BT~ MVERETLZHEGTHS S (Arai
et al., 2000). B THESND T I —T 11 DHEAIT, &
IEAHINE N EWEIREME S A0, 7IVAIV KRR
AT DL IR IBFT TR S NEIER OWE S35 A 7%
Wz ARG TR,

Sl 7 DpAS AEIEEE, FHEHAI, R
H ¥ k1l (Kuno, 1967; Takahashi, 1986; Aoki, 1987) 3
FOEEREKIL (& -5k, 1992), ALF vV Hilo
7 N F ¥ (Avacha) ‘K Li(Arai et al., 2003a; Ishimaru et
al., 2007), > N\ )L F(Shiveluch) :X I (Bryant et al.,
2007) B & /N O N ¥ Ak B (Valovayam Volcanic
Field; VVF) (Kapezhinskas et al., 1995), 7«1 UE >,
)I/‘/ >AlD A Z v (Iraya) k1L (Vidal et al., 1989; Arai et

., 2004) B X TE F V1R (Pinatubo) k 1Ll (Kawamoto et

al 2013; Yoshikawa et al., 2016) TH B IZHE SN D
(Fig. . @F»2id, MEREE NI 7=2a—F=70
EXARINN B DOY N—=)-U k=)~ H-T =
(Tabar-Lihir-Tanga-Feni; TLTF) Il # i 1L (McInnes et
al., 2001; Franz et al., 2002; McAlpine, 2015), FEE X
<OV & — (Ritter) 1L (Tollan, 2014; McAlpine,
2015), NX7Y(Za— - ~NTUFZAM) DAL I\
(Merelava) *k 11 (Barsdell and Smith, 1989) 73 & % (Fig.
D. /N7 >F—=IVildZ LF ¥ (Grenada) ‘K Ll (Parkinson
et al., 2003), AF T TDITI)LX= 3 > (El Pefion) X1l
(Blatter and Carmichael, 1996) ® Hilll:TH O, HA b
NETEEDESNS Fig. ). ZhHsD561EEKRE, H
BAILZER<S SIZFTNTHKILGTHR Ricd 5 (Fig. 1.

Sl > VIS = SO IR < 7~ @ S E 3 R
HAMDOH AR IV 71U Xl E T dH A 5 (Takahashi,
1978a, b; Aok1 1987; Arai et al., 2000, 2001) (Fig. D).
Bk, I, FeL, %ME,MT B, =R, e
REDEL OIS AVETHBEEDYH 5 (Fig. 1). %77,
NFF~AFL AOREFERFENDP DT AU A - d))
TALIT, AAT—REEFDOI> ML -1y PD(F
i MOTRU MUz PSR EEETIVAIUR
HRARDOY 7 HHH % L T3 (Canil and Scarfe, 1989;
Heinrich and Besch, 1992; Brandon and Draper, 1996;
Harder and Russel, 2006) (Fig. 1). 7 AHDRX=/NY
(Nunivak) (Francis, 1976), /NN AU 7+ )V =7 O
>« 714 >F 1 >(San Quintin) (Cabanes and Mercier,
1988) A TH 5 (Fig. 1). 7 AU HDOXT R— (Bear-
paw) 107 EHHi(Colorado Plateau) D Hpk X ILIFHIZ 2
oy MEOTIAVICEDEARDRD, DAL AVETES
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ELET D, hAbaifiBaEIsERo7y 0> - 7
L — N DMAIEAABFEDY > Nl - Ty PERELTY
% (Smith and Riter, 1997; Smith et al., 1999; Facer et
al., 2009). FRARYITIEROYL Y T 1 > T I3HEMTH S
M, Ty o002 TL—hDFTHvF AL MBERLTED
I 5 9 M AT R B = N S (Facer et al., 2009; Roy et al.,
2009; Levander et al., 2011).

il < > MUVIEBEE S L TR N TH5. JER
WL (7 BEF A, 2007 O “PrEsgil [FR] ") (Fig. 1D Tl
TV LREFORES & U THARRE FO~ > MIWE
MMESNS (Z/ EiEZ, 2007). EXNNY I=TET7 > T A
PMOEIEITAHY L T2, DAL AETIESN T IV
ZRAITEAEINTWS B AIE, Laurora et al., 2001; Ri-
valenti et al., 2004a, b; Bjerg et al., 2005; Faccini et al.,

160° 180°

Fig. 1. Locations of the peridotites examined in this
study. (a) Map showing peridotite occurrences world-
wide, as xenoliths in arc and alkali magmas, or as
dredged or drilled samples. (b) The Western Pacific area,
which is the focus of the present study (marked by black
rectangle in panel (a)). Abbreviations are as follows:
IBM, Izu—Bonin—Mariana; TLTF, Tabar—Lihir-Tanga—
Feni; VVF, Valovayam Volcanic Field; OY, On-yama;
AR, Arato-yama; ND, Noyamadake; KS, Kawashimo;
KR, Kurose; TK, Takashima.

2013) (Fig. D).

-0y /XONHY—, F—=ZMV7, I—ZTITE
TemBFIVIN—h=)8) =7 N>/ Z7) Hulg (F ) - (Fig.
DIZENTIE RS DD, MO TEHIMMEREICH > 7= EE
PEAYE (Szabd et al., 1992). KDEWT VAU KEHED
MG ETIIERS 22 BICEUA L TW5 (il 21, Szabd and
Taylor, 1994; Vaselli et al., 1995; Szabo et al., 2004).
ARA >, DT INH IO Y > T (Tallante) (Fig. 1)
HEAREDIRI 2 L (Platzman, 1992; Turner et al., 1999),
B~ > MVinA S AEHES DS 5N 5 (Arai et al.,
2003b; Shimizu et al., 2004).

PLETHRARZZNVYN=TTA BRI —IVT F1 MEY
FA RN O T A MEELTYZTZXTIAN, 7
U Ay A8 &EEDS (BAE, Arai et al., 2000,
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Fig. 2. Ternary plots showing the modal amounts of olivine (Ol), orthopyroxene (Opx), and clinopyroxene (Cpx) in perido-
tites and related xenoliths from arcs and arc-related settings. Data sources: Ishimaru (2004), Bryant et al. (2007), Ishimaru
et al. (2007), and Ionov (2010) for Kamchatka; Kida (1988) and Arai et al. (2004) for the Philippines; Abe (1997), Abe et
al. (1992), Arai et al. (2000, 2001), and Hirai (1986) for Japan; Barsdell and Smith (1989), Franz et al. (2002), and McInnes
et al. (2001) for the SW Pacific; Brandon and Draper (1996), Francis (1987), Harder and Russell (2006), and Peslier et al.
(2002) for Alaska and Canada; Downes et al. (2004), Smith and Riter (1997), and Smith et al. (1999) for the USA; Blatter
and Carmichael (1998) and Luhr and Aranda-Gomez (1997) for Mexico; Parkinson et al. (2003) for the Lesser Antilles;
Faccini et al. (2013), Rivalenti et al. (2004a, b), and Schilling et al. (2005) for Patagonia; Beccaluva et al. (2004) for Tallan-
te; Bali et al. (2002), Downes et al. (1992), Downes et al. (1995), Nédli et al. (2015), Szabo and Taylor (1994), Szabo¢ et al.

(1995), and Vaselli et al. (1995) for the Pannonian Basin.

2001; siHiEA, 2005 (BAX, vamHAEL ; Fig. 1). %
T IR LIEUIEZ O AR ERIUMEEL 7 OI 51
Z %9 % (Arai and Abe, 1994; Miura and Arai, 2014).
2. FElDASAS

k> AR T F OUFEE ORI A S AED RS
% DVE i < 7 54540 TWw S (Fisher and Engel, 1969;
Bloomer, 1983; Bloomer and Hawkins, 1983) (Fig. 1).
F7z, e NEE-< U Y IBM) & (Fig. 1) Tld, L
WX USRI ke oa 1L &I 2 [SERR O lg ks (—56
FERCEAL U 7zin i AE) IR (RTE D ER 10~30 km; bos 1
~2 km) MEW/ZE N5 (Ishii, 1985; Ishii et al., 1992; &
FHiF», 2000; Okamura et al., 2006). FEAFEIE, BH >
R 1 v F (South Sandwich) 3l (Fig. 1) T®, WgikedlR}
[ B RSB TS EDR R Ly P3N T D
(Pearce et al., 2000). T Tl IBM ¥ O REHIFHE
S5 NS VEFEORZENHEA T2 (Michibayashi
et al., 2009; Morishita et al., 2011; Sato and Ishii, 2011).
L, Znso565< U7 FillEHfoFig. D bdo
(Michibayashi et al., 2009; Sato and Ishii, 201 D&, #F
MiEE (XY 7 b T ) PEKICBIE U 72158 0 8% 321 T
% (Ribeiro et al., 2013) FIREVEDN D DIEEAWAE TH 2.

HEEREHIATL, FNEanASAER A 70, L0 BT
BEABREEICEE L RL I N, kilE (&ERE, A2
A b, B, 714918, YRS X D725 (Fisher and

Engel, 1969; Bloomer, 1983; Bloomer and Hawkins,
1983; Bloomer and Fisher, 1987; Sato and Ishii, 2011;
Morishita et al., 2011). ¥EHCEHINZEE L THALAE
(80~90% % 5 %) K DMk, BRIEMEZITZ<
Ty rEGETO, RLIA N, ZRE) Q0~10% &5
%) &S (FEHED, 2000). £z, EELARAEDRHIN
% (Maekawa et al., 1993).
3. HillgRAbasAE

HilERI XSGR DWRETH 273, ZDX > MVOEH
FMEEIE D TS N TR, IR I EER KN
W2 E DN ® U (Tamaki and Honza, 1991), <>
NV OEIZ KIS 5720 Th 5. TOHT, IXUT
FIROEIIALET B/ A+ X T #E%: (Parece Vela Ba-
sin) DI T+ AH LY F > (Godzilla Megamullion) &I
BNBEKRBMEETT - 2> 7L 7 A(Ohara et al.,
200D) BE LKt A > FTIE, DASARRBRENR
Ly DA T THSNFZENHE A T 5 (Ohara et al.,
1996, 2003; Sanfilippo et al., 2013; Loocke et al.,
2013). %£/=, U7 F bZF 7 (Mariana Trough) THhA
5 AEDME5 TS (Ohara et al., 2002).

AR D & D IR T~ > MV K ILA T O s
ELTHRH/ELEN TS,
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Etaz=y ok ot St

MALAERES
EALDOMNA S ABED ANV IN=TA h~L =)L Z
A METEMITED Fig. 2). MG 26 9 2
PR~ > ML EH LT, EMRBRES TREIN 2B~
RN, AHBEEETHSD. E— REICIZEM A S A
AL WERS > RS AE KD X)L ks (A 5ER:
ICHAHEA) ICED L —ILY T4 b5, HEHEAICZL W
INVYIN—=TTA B ETEEETH S (Fig. 2).

HLF %Y R NF v kDT UES, LY 2l
(1 Zkil, EF iRkl 72 E DK LRTHR EDOKILTIE,
BORHEA IO T2 L SEFAICEONILYIN—=T1 F3
BATHD, ¥ batEd (Fig. 2). L=/ I MIkE
HTENTHD, EFVRT IR IN TN D (HEARE
AEHER 6% DATHD. ZNS5DRANEDT /I
YRAETIERL, ZlE~rasatA hThbd bk

1.

IIETRRAHE D R N2 N5 AEDIADOR# & LT
MG R B EIZ D T RINIRE G OERRS 5. Ik
REZIIAR Y BITHAUS A ZEIRT S, BRI
BTHOD, TUNTEDHRK/ X TINBNAS A ERIGL
THEHAFEAZERL 2 &5 TN 5 (Arai et al.,
2003a, 2004; Ishimaru et al., 2007; Bryant et al., 2007).
Z O RMIE A I O Bk L (ZRAE~T A A
R RS RE KL (ZILE) F DN A S AEITERD 573
U (Takahashi, 1986; F[ERIEA, 1992, 1995; — /& E. m
1992). 7=72L, Eﬁﬁ%ﬁéhhit{ﬁﬁ?*EIZIS{EOD&MHEIJJ
DIk S EEEIZIE N A S Add 2 BT HTE G DR
» 545 (Ichiyama et al., 2013, 2016). BEH#EAIZ UK
USSR E AR 2 29 % (Arai et al., 2004; Ishimaru et
al., 2007). Z ORI, BeECEEN A S S BERCE N
ik L7z D ; 2, Arail1975]) O RIE S A O
T &L L T W % (Arai and Kida, 2000).
al.(2006) i3,

Arai et
ING &3 HEEZE © D URAVE
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Tonov (2013), Bryant et al. (2007), Tonov (2010), Ishimaru (2004), Ishimaru et al. (2007), and Kepezhinskas et al. (1995)
[VVE, Valovayam Volcanic Field] for Kamchatka; Arai and Kida (2000) and Arai et al. (2004) for the Philippines; Abe
(1997), Abe et al. (1992, 1995, 1998, 2003), Ninomiya and Arai (1992), and Takahashi (1978a) for the NE Japan arc; Taka-
hashi (1978a), Hirai (1986), Goto and Arai (1987), Arai et al. (2000), and Ninomiya et al. (2007) for the SW Japan arc;
Franz and Wirth (2000), Mclnnes et al. (2001), Franz et al. (2002), Tollan (2014), and McAlpine (2015) for the SW Pacific;
Francis (1976), Canil and Scarfe (1989), Brandon and Draper (1996), Ducea and Saleeby (1998), Shi et al. (1998), Peslier
et al. (2002), and Harder and Russell (2006) for Alaska and Canada; Draper (1992), Ertan and Leeman (1996), Downes et
al. (2004), Riter and Smith (1996), Smith and Ritter (1997), Smith et al. (1999), and Facer et al. (2009) for the USA; Ca-
banes and Mercier (1988), Blatter and Carmichael (1998), Heinrich and Besch (1992), and Luhr and Aranda-Gémez (1997)
for Mexico; Parkinson et al. (2003) for the Lesser Antilles; Rivalenti et al. (2004a, b), Laurora et al. (2001), Kilian and
Stern (2002), Bjerg et al. (2005), Schilling et al. (2005), Wang et al. (2007), and Faccini et al. (2013) for Patagonia; Arai et
al. (2003b), Beccaluva et al. (2004), Shimizu et al. (2004, 2008), Rampone et al. (2010) for Tallante; and Szab6 and Taylor
(1994), Downes et al. (1995), Konecny et al. (1995), Szabd et al. (1995), Vaselli et al. (1995), Dobosi et al. (1999), Embey-
Isztin et al. (2001), Downes et al. (1992), and Nédli et al. (2015) for the Pannonian Basin.

GEHE L. TNL, Y- haRESDAIL Y 1oy
A MEEEB RS A M OB F~F I
NAO7>FA MMRZEREL T (Arai et al., 2006).
£z, ARABEITT7OINA M, KRR (Arai et
al., 2004; Ishimaru et al., 2007; Yoshikawa et al., 2016)
~ % 9l {1l (Takahashi, 1986; Arai, 1986; Abe and Arai,
1993) £TOY > MV TIRASERENTWD., s Ok
NI EREO RIE A & LIZUIERED (Ishimaru et al.,

2007).

Fe4ld, 1 TV kili(Arai et al., 1996; Arai and Kida,
2000) BE VT NF v kil (Arai et al., 2003a; Ishimaru et
al., 2007) DIEE DN A S i DRIENELICE A TN D
TEEREL, NS AEEHEE SO (C-type) &Ik
H D (F-type) 123 $E L 7=, F-type A B AT C-type i
AWSERTOY 7 ELTERL, F-type MAHAEIEY
> RVROMEHATHC LD Cotype Db DM SR E M T
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&R LTS, F-type DA S AEITIEEKIY© —K
ME AR D EEMICER S N TS (Arai et al.,
2004; Ishimaru and Arai, 2011). Takeuchi and Arai
Q01913 HIBEXLO—DOBBNS I I IAT 1 v I8
MBS VR ZRILL, <2 MLNTOMNAS AEDNfE
PERSED RTRENE &2 HER U Tz

Fig. 25 bbnd k51, £<0EIEREFEY > MLh
B AEE, B MR BIRERD A S AE ERERWIEE
2R BZAE, ARSI, )N =7 &, ¥ > 7). =720,
WHEETIRRE SN TWARWY, ([ FIFHAHEG 2 /R < (HEphE
ARG NVYN—=H1 s BIZE, BLF ¥V h
i, VY i) OERNIENRFAE THS. T x—IV T M
R Tl £ (Arai and Takemoto, 2007) TH 570, &
INTIEM D THBICHES & LTS 5 (Fig. 2; Bl A,
Arai et al., 2000; Muroi and Arai, 2014).
2. FEADASAE

WA UEIREELTNIVYN=H1 N ThO, LEDY
T MEMED (Fig. 3a). —MicL —)LY T4 Mgy
ENTH 5 (Bloomer and Fisher, 1987; Ishii et al., 1992;
AIER, 200007, BY > R4 v FIRTIRL =LY T4
N B G MNERT S (Pearce et al., 2000). £/, <U7Y

FHFEREHSTIEI L =Y T4 MR B I N TS (Mich-
ibayashi et al., 2009). ~U 7 FlFEHMOMNAS A O\
YN=HA MR UIFLITHREANE £ % (Bloomer
and Hawkins, 1983; Michibayashi et al., 2009; Sato and
Ishii, 2011). A S AEFEIIER<IERCEEL TWDHH DA
20 (Bl 213, Ishii et al., 1992). MEHCE O R ERERILYNE
JUVEZA)N | VTF—=FAL NThDD, MehoaiElLTldibe
MEKICEONAS AR ETFEIZH 2T > FTT71 B RS
1% (Murata et al., 2009a, b). F7=, AKNA(RLETA
"~ TR FABRNTL 2 R)NRLIELITERINTNS
(51 21X, Ohara and Ishii, 1998; Okamura et al., 2006).
3. FBRLALAE

R (H A ORI NS NWHONLE—RD
HEEZR#ETH D0, L—ILJ T MRS DNE-T D
(ZBED, 2007). INLAXRTHRDNS AEIZNILY
N=HA N, L=ILI1 MBRETHO, REAHLIILIX
#E4% (Ohara et al., 1996, 2003; Loocke et al., 2013).
Y4 b bhos k74 hHED 54 (Ohara et al., 2003;
Sanfilippo et al., 2013), 2RI HRIGEE TH SN
% ®DIZHEIY % (Sanfilippo et al., 2013). YUY+ 5
TOHDIFFENIVIYN=HA FBREAERL)THS
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(Ohara et al., 2002).
SR

RIS VEROINAS AED Fo il (=100 Mg/
[Mg+Fe? 15 Tk) &7 0 A A E )LD Cr# (=Cr/[Cr+
AllEFI) OBEfRIE, E— Rk E EWAHBIRI R H 5
(Arai, 1994a). 7 NF v (AL F vV A0, Uwy—0N
TV« Za—F=7) (McAlpine, 2015) DA 5 Al
Cr#(>0.5) DAER &SR, WHNIVY IN—TT1
Th5Fig. 4). 17V 0L 20D TENVYIN=HA ks
B3 TH B (Figs. 2, 4). W< D7 0pEH (7R H AL D
FILER E) THNIVYN=H 1 BRI NS (Fig. 2).
E— RUERAICHPEIE D A S v EHERIL T/ (Fig. 2) <
> RV AS AVERER, IS A (Fo fili) — AER)L (Cri)
B TR 2R T BIAITHEILAAMDO B D) (Fig. 4).

in Fig. 4.

%7z, Fig. 4 ThASLAAE—AERILI > MILFI(OSMA)
MHRE K FoEMNCIZTND DD WBIAKL, Bl ATEE
ALk Fig. HD1E, 20 TW 7 < & O R
KO RIRZEZ T =D Th5 (Arai et al., 2000).

7O LAERIL D Mgh(=Mg/[Mg+Fe’ 1T ; AE
FIV D Fe*', Fe'' B3k M2 e L CEH) & Cr#
12, FEETOY IV TIRIFAOMBEZRL, EEENA
5AEDEEIZT DR Cr, MghlEE Lic/oy b &
% (Fig. 5). K Mg# iz T3 H0 BT, mEk
FHEDOBD) (Fig. 53, ®lrA D AED K D IERW T
% (Okamura et al., 2006) 23 EERH T3z <, ZRIEH
LEBbDEEZLNS (Fig. 4 B8, & Mg# flllicTnT
W5 EO B ZIEFER A AN, $FILE (Fig. 513, @R
EZEBHDTHD #Hib).

%< OY > TNOraLAE FIE Fe*/(Cr+Al+Fe*)
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Fig. 7. Relationships between the
Cr/(Cr + Al) atomic ratio of chro-
mian spinel and the Na,O content
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HAI, LY i, ALF vV D IKNELDOD, Hi}
A2 Na ICED DO BRD 5N S (Fig. 7). A HAINT
1%, HILEREDOEEON S A (ER) OHANEG 7 Na
ICEDMEAND D, Na,0O B &N 2% &Z#A 5K D7 AR}
A1 A €2 07 (kosmochlor; NaCrSiOg) ICE 2 &
1% < (Rivalenti et al., 2004a, b; Laurora et al., 2001),

H—RFZ A MR TRICL D ZRIEHOERNTH A S

(Ikehata and Arai, 2004). /X% T=7 T3, H#EEHIC
H—RF 51 SARIEH &R TR TR GLitil &,

MEITTHEKFE) 2558 5 1 (Laurora et al., 2001; Rivalenti
etal, 2004a, b), HEMGOWHE SBEAENTH 2.
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liths is from Arai and Ishimaru (2008). Coexisting miner-
als are tied. Data sources: Ishimaru (2004), Ishimaru et al.
(2007), Bryant et al. (2007), Ishimaru and Arai (2008a),
Ionov (2010), and Bénard and Ionov (2013) for Kamchat-
ka; Kida (1998), Kawamoto et al. (2013), and Yoshikawa
et al. (2016) for the Philippines; Arai (1986), Abe et al.
(1992, 1995), and Abe (1997) for the NE Japan arc; Mc-
Innes et al. (2001) and Franz et al. (2002) for Papua New
Guinea (PNG); Francis (1976), Canil and Scarfe (1989),
and Peslier et al. (2002) for Alaska and Canada; Smith
(1979), Draper (1992), Ertan and Leeman (1996), Blatter
and Carmichael (1998), Smith et al. (1999), Downes et al.
(2004), and Facer et al. (2009) for the USA; Luhr and
Aranda-Gomez (1997) for Mexico; Gorring and Kay
(2000), Laurora et al. (2001), Rivalenti et al. (2004a, b),
and Bjerg et al. (2005) for Patagonia; Beccaluva et al.
(2004) and Shimizu et al. (2004, 2008) for Tallante; Szabd
and Taylor (1994), Szab¢ et al. (1995), Vaselli et al.
(1995), and Zanetti et al. (1995) for the Pannonian Basin.
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AR NERD THTESEAN S S BIAE, Ny T
BRI =7 &M ; Fig. 8).

ARABMRAICEATNS (Fig. 9). BBENTE-S
T, Mg# & Si &R RETIEOHMENSH 5 (Fig. 9). il
FEOMAS VEDAPIEIZIE N LE T RIANTEET 2 DMK
TR THD. Lnd, TOEENHLF YA, EF
VROV ), TLTEROSTY « Za—F=7)imEDK
ILATRR FEIEO N A S AR S NS (Fig. 9) OILBLEGE
2%

P HAIIO BRI, BRA 7R sl CReEL o i i E
T2 (EF, 1978; Goto and Arai, 1987). —Ki7a 4K
G, 708 hEBITTiICEA (Goto and Arai, 1987),
MO EMMNAD AFEDDD LR THIZZ L W) I35
(Fig. 8).

B A5 A OZZRAIER THE U e R E A1
FIAERMRDBDITHARTAL Ca, CrdZLWEWD R
&% (Figs. 10, 11; Arai and Kida, 2000; McInnes et al.,
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Fig. 10. Relationship between the CaO and Al,Os contents of orthopyroxenes in peridotites xenoliths. Abbreviations are as
follows: Opx1, primary orthopyroxene; Opx2, secondary orthopyroxene; WP opx1, primary orthopyroxene associated with
Opx2 (WP opx2) from Western Pacific peridotite xenoliths: Av, Avacha; Sv, Shiverluch; IR, Iraya; PIN, Pinatubo; TLTF,
Tabar—Lihir—Tanga—Feni arc (PNG); and TL, Tallante. The field for secondary orthopyroxene (or orthopyroxenite) from Ta-
kashima, SW Japan arc, is shown for comparison (Arai et al., 2006). Data sources are as in Fig. 4.
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Fig. 11. Relationships between Cr,O; and Al,O; contents of orthopyroxenes in peridotite xenoliths. Abbreviations are as fol-
lows: Opx1, primary orthopyroxene; Opx2, secondary orthopyroxene; WP opx1, primary orthopyroxene associated with
Opx2 (WP opx2) from Western Pacific peridotite xenoliths; Av, Avacha; Sv, Shiverluch; IR, Iraya; PIN, Pinatubo; TLTF,
Tabar—Lihir—Tanga-Feni arc (PNG); TL, Tallante. The field for secondary orthopyroxene (or orthopyroxenite) from Ta-
kashima (Arai et al., 2006), SW Japan arc, is shown for comparison. Data sources are as in Fig. 4.
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2001; Franz et al., 2002; Arai et al., 2003a; Ishimaru et
al., 2007). Arai et al. (2006) 23iC#E U 7= & 55 (T g H A5
DRIEAIEGE, Al CallE&HCriczL <, Lito
bo L3 e BasikERY 5 (Figs. 10, 1D. v > 7
(T IIINE AN DI AS EH O RIJE G EATRHEA
A% & FE T 2 (Arai et al., 2003b; Shimizu et al.,
2004). F7z, k& 2 FORME G A O R RHRRR 2
BL, —B@AERE S A OEE & H2 % (Figs. 10,
1D.

AT DL S1HF 5N D0 A 5 As DIRYM LR E
ZFig. 31CE &0 5. Z<EMBLZ/NVYN—=FHA KT
HY, IPFRFEMEE I KILFTHE T O~ > MVIE (B 2
&, TFTL 9D & O)IZHEBIL TS (Figs. 2, 4-11). 7272
L, MY > R7gw FilOFiIlNAS A (Pearce et al.,

2000012, FARIBMIIOH O LD DL —)LY
14 MYTH 2 BIAIE, Figs. 2, 4-7). wilna s Ak (b
SHBELIBM) & KILRTHRN S Al & DIIR 2 W<
DNRDHBENS. 7OLAERILD Mg# Z[F U Cr# T
N5 E, WHBEOHIRNEMD D S (Okamura et al., 2006
ZHD) (Figs. 3, 5). 7B, BEKFESMOFHINAS A
FDOAERIVD Mg 13, kD& 512 Fe ZRIEH OfE
RTH5. F/z, BHEALGDAL Ca, CraFEOEND
DOMFED 5B (Fig. 3h, 1). TN SIIMEFEMBKAIIC K
IRE ARG EFE%ETH S (Figs. 10, 1D. s OMHEEIZ—
FRANTAR N EHR P 2 R8T 5.

&
FKOWHEESFHNRNWD T

%

G
. TR L CldE BRIRCHEDS
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N | 1 1 N1OF ratane Fig. 13. Histograms of calculated
g § 1 i oxygen fugacities for peridotites
& : » 5 from various regions relative to
L H RENE H i the fayalite-magnetite-quartz buf-
oy e oo, ] fer. Oxygen barometry is after
80 20 10 0 10 20 30 020 40 0 10 20 30 Ballhaus et al. (1991), assuming a
Aog (fOz)rma e eE f : : ' pressure of 1.5 GPa. Data sources
Alog (fO2)rma are as in Fig. 4.

RA[RETHS. LinL, BIOMNASVERHEEIZIZE<A
RO 5T (WL - FidE, 2001 Z2H), ZOEFIFAE
FIVINAS VEREFEBENE TH S 5. MBEMENL —)L
V74 b (Figs. 2, HIFHBE)RZE RIS AE DI
HAaabEERd. BIRTIEL =Y 1 MT—HAE R -
Wi > TV 514 MELERIRAENE EH, READPAS
AETR S A EFIVIN D A DR 3R 531 % (Taka-
hashi, 1986). 7/N\F v ®, ZZHIEMICE o TSNy
U/ A 87 A bz Ca lZED RIFHEADIBRLS
nNTHL, PRODAUS VEREBROY > MLEREE X
511% (Ishimaru and Arai, 2011). 2N 5i3HE5<, &
KBNS AEHITIBRENZEEA SN, —HhAbA
HOBERRZRIZY 5.

I E (Wells, 1977) & Z{LICE D (Fig. 12). HAS

5 Cld, Takahashi(1978a, b) 2MEH L7z 0, PhrdHAIN
DInA S ha DTTHRALAAILD B D & 0 &l 27 (Fig.
12). FrCEHRIREIEON A S A (Hirai, 1986; Arai et
al., 200013, MHAFOEMMSHESINTNDINAUS A
FCHRbEIRERT (Fig. 12). £ < O#ET 1,000°C BIF
O RN EEHRED G R I NS, W AF vyl # b
HAIMGZE A EDBEXILEER), TLTFlmE X7 -
Za—FZ7) DAL AFETHTE IR NEE 2R T
(Fig. 12). #EHE 0w, EF Rkl oLy >0 o
NS A BIRIRZERT. RUEKIEMEL TR LETH
GEATINAS VEE LT Y I, EF VR, /8
TV« Za—F=7) (Fig. 9133 Ui THEBINKIR %~
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9 (Fig. 12). milhAbAEE DTN TIED S0, Wik
FIREETRZGEEEEIC X 5 IR (800—900°C) #7R
9 (Fig. 3)).

R bR TCIRREZ D AU D AE—E G- O LA E RV O
X7 ZMH L Tt L 7% (Ballhaus et al., 1990, 1991)
(Fig. 13). B % 7 7> 7 1 — 1 Alog (fO,) g [FMQ N
77 —n5DFN]TET. Brandon and Draper(1996)
Parkinson and Arculus(1999) MEfi L7z &k 512, &<
> BV S AVEIZHHERN A S i K D R brie s
DWNd 2 BIAX, HLF v A0 VY Vilob D) (Fig.
13). F7z, XY IZT7)N ) ZT7 @B EDMAS LA,
FEFWEENAUSAEEREOBEI NS T1—26T 5
(Fig. 13). F/, V27T IIVE D DM S G
(Arai et al., 2003b; Shimizu et al., 2004 1335 L 72X TK
OOWFETH T — 22T 5 [Fig. 13). ZFUImEEH
D) FTEO KAV NR IS ~E G E) 1> TF
774 MDPETLIEEBENTHS. £/, Ishimaru
et al. Q009 137 NF v KIL DS (0B L) 2> 550
BRICHMRAE 2 RIR T 5 B JE a4 & B D RIVHIIR 2 W
LT3,

Al ABAETRE N A, YRy FOBHOD
(Pearce et al., 2000013, HEENAS G ERIENDOE
ODOMBFET T 1 —%RTD, IBMILDOHDIIIEFITIE
5D ENKEWEFiE 3k). 725 TH, Ohara and Ishii
(199) IFTmE~ U 7 F NS fid TIRWER 7 H S T 1 —
(Alog (fOY) ppo=—4~—10) Z ;R T A 5 A 5 (A-type
harzburgite) 2 L Th 5.

Pl EoilE GE R E B &1, Blo< > MUED
HEZELL FICiEmd 2. E<HSN/z6DICB L Td s
L, Z2TCRVHDIET I THUO THREET 5 (Arai et al.,
2007; Arai and Ishimaru, 2008; Ishiwatari et al., 2016 %
ZH).

1. B RIFRE

Bl > BV ORISR ERIENE W E XS EDNS.
U U ZRUT—BAITIERR D SE2 7R, 2N A 5 DI
TEDKIRHR~ATE D > MIVITIFIEL TWA NS A
HCTHD. Z<OFEMNENMNAS VAR =K, DAb
A (Fo ) A Ex)V (Cri) Bk, AEFIVIs EDIMIbY:
FHEED b5 & BIFEERN A S Al SR O R E 2R
ZEITHEEHTRETH S (Figs. 2,4-7). L, 20L&
75 PLER IR RS (R E RV D Cri#t<0.6) Z R MAb e
BT, MOEERE Z RTINS G (RAERILD
Cr#> 0.6) I D T B DILEIN Y > MIVEJE O
RO T H 5 BIZE, EEHA, AF> )8 =
7 &M Figs. 2, 4-7). Sl 7 < ORENTFRO DA S G
FDOAERIVD Cri# ITIEN D D 2 E13, EHEN S bHEE
TN TN5 (Arai, 1994b).

KILATFR F DX > BV A S A O TREE S E N D
13, TINEMTRbY I IOEENNENEND BAIS

Bl L~ > ML OE RIS - f2EA D ? 565

N7 (Sugimura et al., 1963; Kuno, 1966; Tatsumi et
al., 1983; Tatsumi, 1986) LS THD. TOLIE
WBEED S AalERTIE 5 KILRTHRE THEIEL Thd Z
&EllTin5.

2. XER

RIS E RV BRI W AR A S A R ERLL TH
0, SUHNOMINIHENTH S, ZOBETALRFTFRE F<
> MVEIZIEIERIN < FBD 5N D, R NEM RS
HIZEDRINAE TH D I &ML, ITTBOTORIN
BRI IS AR D RISERY TH 2 2 &h5eb
N5, —HT, INEONAEAEEEIRIV TV
A RRBRILTL VR - HTOOR (A ZHEIED)
TN SIRET DMk E ST (Arai et al., 1996; Ishimaru
et al., 2007). FERNEAT, TNEIEIIIBO TORME
WChsr5., RNEHEGOSMIFIN S TL T e
BIZ DA OIR EIZEBIRTH D, KVEHTORD X
TV DFEWTH D EE Z 505 (Ishimaru et al., 2007).
Z DU ARIWER GUER 1T~ > MLi#FE &5 2 CRlE
s, 72720, ZRME A UVIXUVIZERIC (G
T—NMOMNAUBAAEBEBRL THBD, HENRIEEE 2R
9. L7zhio T BGULAERRERIE, 2hs 0 RINE S
MO EEONAS AVEEEZERICEH =5 LT T IGH
IZRRATT 2 > MV TORERRE (R T TH 6 Ok
BROZNCZE DU ATEO T YDA OEYTH S
5. Thbb, FANEORITIOZTDKINKEREL =<
IREBE—HEDHDTH-> L EFEA LGNS, ZDLDRN
WEPEm AN 7 )L ) ZEETEBI O ZN SFLIL T 2.
Pirg AT, pidok Siz, 7 —T11 LRfHahs
LENERETIEE D, <> MU As BT E O g »
BATIIV—TD & EBITHET S AIE, Arai et al.,
2000). ZI—T 1 OEAEIET L AH 7 U R NEED)
1, R NEEBET 55792 7 )V RUE OEEENETH
XD b7z b INERE~METH 2 (Irving, 1974;
Arai et al., 2000).

B TDIMAS AETTO RIE A LTF vV
75 & DERRSEFHUIS O KRR T O O EAL AR I35
725 (ALIZRRED) (Figs. 10, 1. AUERICEE L7z
AV MIGEEPFEAE TH D (Arai et al., 2003b; Shimizu
et al., 2004), AlIITEATWEZDTHAD. IV >T0D
BIERHFANERNTINVAVERETHD T E, BEHNNIVY
IN=TA R TR L= T4 hThdZ & (Figs. 2, 4
AUKILETRR FO A & Hins.

FRoLSiZ, Zhe0T U hfmEZd =5 E
3, BUEIRAIZIEKILEHR T O~ > MU 5N 5.
DB & BT — REHBEG OB BHHER S 1T 5 (shi-
maru et al., 2007). 7=72L, ZONA5 AED R EZ
5 &7 — MBI EL TLES THAS. &
SITIREN END &K AL Ca, Cr OfL2EME S A
BB HREE E . LA BAE D > T Ly 7 ZAZEIRY Y
277 OWHF EEDLNEZYFA MR ENEGEENTHD
(Hattori et al., 2010), IEAAAITEED TEH~ > MILEES
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IZH263N5THAS (Kelemen et al., 1998; Neumann
and Simon, 2009).

INS SRR T2 RIRO KE S EG DD S, fEEET
BEOT IV LZRAEDY T MEEE (Z L —7 D Hicid
NS AEEBIRT S, 8 Al CalllbiEsh, Cric
ZLWHEABEAGNHH S5 (Arai et al., 2006). DK
IEAMEAY, EREOKILEHE T OB O Sl b ERITEE A R
20, 2 RIVNTI U ISR T IV I LA T
M5 b U 7z (straddle-type D 73k b L > K ; Miyashiro
[1978D) > U MBI 7 AV LA T EMAUB A
GADOIEHTH S (Arai et al., 2006). L7=n> TEIM< T
REHEIIMBARTH . Ny IZT7 0N Z 7 @I H 0
&M ERT 25D H 0 (Figs. 10, 11, [FHERE
JEOIFH SN2 (Faccini et al., 2013).

KILRETHRE T~ > BV O RIE A E KLY &
BICARES 2 DT, > U IAUERIZFERHTIKRIED B 725
9. Ertan and Leeman (1996) 28aC#k U 7z JbK 7 X — R
MO7OI)NA MEFDFI A O7 F1 - (EHEA
) OEEL, TNF oA 7Y, EFVRAKLONAS
AEITR SN D ZRE GG QRS 3736 kA
IO FA hhdb L., ARGL 70N k
DOfEL, BEHE ZRIERICBEE Uik / < 7 < OfRIC
KB5THAD. N5 ORI (Arai, 1986; Arai and
Takahashi, 1989) &5 % % &, FHIEFIZ, KICEDHS,
JO0d)NA h—>7 08 M+HANE, £72 Na liCEDHE
ARA-ARA+ T OONA FEas, ETiaaA R
ALK 9 % (Arai and Takahashi, 1989). %< DA,
ZIMERAZ S5 LIZFA /7RI NallBA Tz &
NPHEIN5S (Figs. 3f, 8). N FOfiiAEDHEIZKIT
BATWEEDNS [Fig. 8). 2715 Na lZE £ (Na/K
EMEmW iR/ v 7 <id, B> MLo X ETo T
038 MEHICKOMEL D TH D AlEENH 2
(Arai, 1986 ). ARAGELTHLESRNADERKIZ—
EINTIIMGR 2 7R 9% (Bvans, 197743, &6 O EEA
m <, AlICZ L WIEEIEER T ® Bk E 115 (shimaru
and Arai, 2008a).

FE (P H AL O RIS KIEME Ti I8E & (Goto
and Arai, 1987), WA b - XZRIIHETTBEEDO T —
AR T RICEDMRIEADORRETH D EHEABND. T4
bbb, TI—T N WRENTH 5.

3. TR

—EDMAS A, FRTETE R KLETER R, BiE G
HAHD) @ H D, 13 800°C BA T~ D KR O -1 i & % /R 3
(Figs. 3j, 12). UL, %< OB A S AEEMOE v
TA T DAERIVINAS i ONT A, 900-1040°C, Sen
et al., 2005; 71 7 =), 760-1200°C, Witt—Eikschen et
al., 2003; 7 =7, 750-1100°C, Kaeser et al., 2006; 1 T
A >, 880-1130°C; Ali and Arai, 2007) & ZIFFEETH 5.
2L, BIEOMNA S AGETITEEE 1200°C Fitk O #5t
PN B DR E 279 (Fig. 12). Z3Ud, 71 7 )V (R
A1) OERM A S s (Eitt-Eikschen et al., 2003) O -4

2018—8

BEICHS L, SHOTINAHIZREFTOS < AENAS A
A QR E WA, =7, 950-1065°C, Henjes-
Kunst and Altherr, 1992; /N /1)L - U 7 |, 980-1150°C,
Ionov et al.,, 1993) LA%H LK IBLVEREZRETD. BE
5<, AERIMAS AVEREBDEEESS (~1.5 GPa;
Gasparik, 1987) KO HRLZZDTH A S.

B~ > MVEEER T 7« —MiiE W EEZ 51
T W % (Wood et al., 1990; Brandon and Draper, 1996;
Parkinson and Arculus, 1999) (Figs. 3k, 13). 7z7Z L,
—IDMAS A BIZIE, 7> F, Shimizu et al., 2004;
JNZ =7, Wang et al., 2007) lZ R WEEE 7 H >
F 1 — (Alog (fO,) 5.1 £C) 257 (Fig. 13). 512,
Ishimaru et al. Q009) 1%, 7 /N\F ¥ (I LF vV i) D
WHIRELEI 722 A B A ETES (Fig. 13) 70 5% % Ni, Fe
BEU Fe-Si G2 DO KW EAHOF (G L7222
TERRIRAN 7= Uie 7 5o ) it Uiz, ZHUd, B ki
RIS AED NHITEITRR > NVIEET 5 & &k
<7RM9 % (Ishimaru et al., 2009). EITHEREZ b5 L
FEROBEIZE L WA, 2 ML - 71y D TFEEBORERL
A & 23ETTHTA (shimaru et al., 2009) & & 7 Hisk
DIRTEHIA (Wang et al., 2007) & 2 5015, WU
LTH, INSHPWAENEIS 7 Z2]ET 2B~ >
RV« @z 2 (Tatsumi et al., 1983) & @i 9 2 DA R]
HE72 DT, MR OMHROR (= KILFTHRTO Y 7 < iGE)
ORIEH) 12 ER U 72 iTEEMED S W (Ishimaru et al., 2009).

7z, TNF v TEIZRIEHA THAEMNTETHD, X5
Tinb As HKIIATHEEF Y > ML - Doy DI tn
% (Ishimaru and Arai, 2008b). & 5IZKILRTHR T Cldk:
RS S % SiITEDEAINRAN NI 72 EE2BENEE, Nilc
BUOMAS Az ik S % (Ishimaru and Arai, 2008¢).
4. WEER

0O S F-type O RIKLO) h A S Aals,  C-type
D CHRIR) MAS VEDERRSNTELZ EERET S
(Ishimaru and Arai, 2008a, 2011 PZHE) (Arai et al.,
2006; Arai and Ishimaru, 2008). Z O##IBEE L
DTHAIM? WY 27 LFERFEE) HUIF I3 2 E o JbH-
MO LTI E R NFEET 2 (B A1, Xu et al.,
1989; Lee, 1999). RO AAAIIEEITHE Z 205, FN
WFEZ S DI HAFT & EEORT NG~ S D
(Fitch, 1972). ZO LR > ML - Dz w D) NORETH
%5 Doy Bl —E ORES U IE 2 564 = 5 (B A1, Fitch,
1972; Aurelio, 2000). HADFREEERS 7+ U E D
T4V EEEDENS OFlE TN TWS (Fitch, 1972;
Aurelio, 2000). Z15 OWrEIXE58E, EiIUA LR Tldk
W, AR TWESINS (Fitch, 1972). KILFGHRT
KWL, B EHHITNBENECSLT WG TH A
5. ZRUTKILATERAIL (B L F v B8, VY A0 O
FIZ F-type A b At (BRI R 2B i sind 2
LEESHTH .

Takeuchi and Arai (2015 13 H#EX W CGEIEA AL L0
HNE D TAT 1w T IREBIZ K ORI N A S AETE
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V.F.

BAB

FEFEALEZ REAL—IIVIA MDEETHO, il
PA ZOARFEATE D~ > VLY OBREIRESKRERT 5.
POHICEOEMMEG O Oy RBEENTED, EEROH
CREOHBINNES ZRBT 5. RA N - T OERBEITHE
RINMZW. ITITKDERGEP, FRITBIFEIE AR
RENZEND Kb H DD, BETHhDI T ORENR
NWEWDPERZFHIATERRWV. 2 MNUFTERINZHD
ThdIEB3MEWRWERDNS. ¥ NI ThiEx
BIEPEEDZEEZRTHDTHS. I HEHMTORITN
WiERDHEBAERTHDTHS.

E b U

FRoLIIZ, BIMTO R MUIEHETHD. 20D
JHRO—DI M OFE B TOLEMMICH 2 & Bbh 5.
R EANEHEEE ) Y A 7 =7 O BICEIN~ 7 <& 34
U, #EU Y 27 2 VIR DN (B 97 5. KRetk
Bz 51 EREERDESIMET 5. FRCIZAATIBDO X D1y
IR S NUKEEN S S NG, 7 2T AOEEI
HINTI T IGENE Z 57, HilERIIERI N Tnix
VW E7z, F-EITH, 5l KILEE, Sty >
MVBFHCENH D, <> MVOMEYBRIEETHAD.
KsLTHo 7z, EEL TR YHhOY > MVHES 21
U7z~ > MVEBEERIIE~ > NV 2 B R TICH S T
FARENDENHEFMDHLHHDD, HERBERNH S, <
TRDZESNMED, <2 NS DFEERDIE S 1T
HZ&THhD. HlzE FHILHAILTIEY > MUES O
HFIFEAENRBZHRLELZARBHROHDTHD, &
THEMEhEZRETESRW. —F, HAF vV HITlak
[LRTHRTE T OIS OGS 2. Z08a, KL
MEOY > MWIALF vV s ENnS, HildE@ir< O
<2 MNIEROHIEENS5GT, BT > MUgEES Z
Licin .

I L TRSNZDOM Fig. 14 ThHa. 1 ZITARFNEEE
SHICEWT WS, UV R T 1T « <> MUTKILFTHR~ FTT
Hp L IR AN > THYBENE T TH A S, £,
KILFTHMHEZIZ U0 & U TH LI EIET 5 Th 5

Bl L~ > ML OE RIS - f2EA D ? 567

Serpentinite

Lithosphere

oxidizing fluid
(H20 and/or CO)
reducing fluid
(CH4+ and/or H)
K/Na ratio

melting degree
SiO, enrichment
continental mantle
remnant

Fig. 14. Petrologic model of the
mantle wedge showing fluid
transport directions and various
processes. See text for further de-
tails.

. HilMEE~ > BVHIZIIREES > MVORFHHIET 5
THAD. U AR KILRTHRHE TEAIZTTRDN
%. K/Na lboZd, NvkiEROBO 7o d)8 h(K 12
B, ARG NalZED) O&H (EnEn, ko K/Na
HEETF, LRI ICEDZME LR/ <7< D0n1k
I2& % (Arai, 1986 ). HIROEHE~ > ML (Tatsumi et
al., 1983) 3BT o <HHBRT 2 I LdH D, TORHIY
MR EFICHIEIND HTHAD. 5 TRV TIE
[ 5EE, AT TREOWRE /< 7 <IEN e LT
K0 ERICEET 5.

Bt RIRIFREEICH 7272~ > BV S O RE AT L &
N7z GeiEn, 2016). Z OFEHIIATR ITIIEDIAENT
WRWDY, T DK D T T T i HE L D FE AV AT B
TTHY, Fig. 14 DEIBRETINOGEDKEITDIEND
THA9.

#t 33

ARG IFTH LB DAL EZWD ETEHLDNEED
HRIFE D RENELIC > TWD, BT, SEHHER, R
DIL, HWNEMR, B. D. Payot, — /&%, AL, 1
KEESE, HYNG, ERBBA, R NEIR, ST V.M.
Okrugin OFRICITE AL, EANFIEFEIC DOV THHEE
2785 . EMSUEKITIEIAR L 2 FER T DR Z 0220
7. EEE-RBIXUBELOEREZEOHIIIEREIAS N
EWEEWE DLEOHLITHT 5.
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