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Analysis of detritus from mantle-derived rocks

I3

e

oy

Shoji Arai*

2017 4 6 A 20 H=AF.

2017 410 A 18 H=ZH.

Y RIRKFEBEREE GS BHE R
Department of GS Education, Institute of
Liberal Arts and Science, Kanazawa Univer-
sity, Kakuma, Kanazawa 920-1192, Japan

Corresponding author: S. Arai,
ultrasa@staff.kanazawa-u.ac.jp

F L & I

Abstract

Detrital materials supplied from mantle-derived rocks have pecu-
liar mechanical and chemical characteristics that make them excel-
lent sedimentological and tectonic markers. Chromian spinels are
well known and favored petrogenetic indicators because they contain
several important cations, including Mg™, Fe*", Cr**, AI”, and Fe*,
as their main components. The Mg/(Mg + Fe*) ratio (= Mg#), Cr/(Cr
+ Al) ratio (= Cr#), and Ti concentration are important parameters
that are commonly analyzed to petrologically characterize chromian
spinels. The main hosts in the chromian spinels of mantle peridotites
(harzburgite and lherzolite) and their serpentinized equivalents are
Mg# and Cr#, which are controlled by the equilibrium temperature
(degree of subsolidus cooling) and degree of melt extraction, respec-
tively. The chromian spinels in detritus materials are chemically sta-
ble during sedimentation processes, and can thus serve as powerful
indicators of the tectonic and geologic history of the hinterland. The
derivation of detrital chromian spinels, peridotites (serpentinites),
chromitites, or volcanics can be partially identified by analyzing
their Mg#, Cr#, and Ti concentrations in combination with their tex-
tures. The petrologic character of highly sheared serpentinite, such
as the matrix of a serpentinite mélange complex, sometimes yields an
inconclusive geodynamic history, but this can potentially be inferred
from detrital chromian spinels in nearby sediments. Detrital chromi-
an spinels from modern sediments are also useful for obtaining a
general view of large peridotite bodies, such as the mantle section of
the Oman ophiolite. When we compare the detrital spinels with those
from in situ rocks, we should note that the host rocks containing the
detritus material have already been eroded. If we analyze the ser-
pentinite sandstones together with their closely associated peridotite
bodies, we can possibly obtain information on the petrologic hetero-
geneity of the upper mantle. Our petrographic investigation of the
Circum-Izu Massif Serpentinite Belt, central Japan, provides a good
example of such a combined analysis of these peridotite-serpentinite
sandstone pairs.

Keywords: sedimentary petrology, heavy mineral, mantle, peridotite,
serpentinite, chromian spinel

T & % (5idh, 1992; il 1997; Okuzawa and Hisada,
2008). ¥ MVEEWE (EE L THAS AEB L R

HERE OB ERIENTIE, BEHOME - 77 F2U X,
WRER OFER EOHMICHEE TH D, TNET, K35
A, Z7ALAERIL (ER) 7z E DR OB H
DEAFIIRFER T L O O DA I NTER
(1 Z21%, Morton and Hallsworth, 1994, 1999; von Eynat-
ten and Gaupp, 1999; Takeuchi et al., 2008). ~> k)b
WE (Fig. la, 1b) ® L5 - BA - BHIIHER S X7 L DK
ERHBEETH D, ~ > MVEFEEAICHNRT 7B OfiE
Mg, FNSOEA - BHE WD KFHEORRD 2D H H
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FNIMEENB L OISR R Th 0, HhRICHEHL
BRI g Y & 1559 % (ijima, 1964a, b). &AL
FER7OLZRER)), BEBEAR TR ENRENRD O
Th 5 (Fig. lc-1D. TS DR BAIRFEY OfENTICE D
R NVED LR - EHe EITBET ARk A TR RS S
EMATRETH B G, 1992). /=771, FhUTid~ > MLt
VB DML ER IR B TR B oy IR B DSWAE T %.
FlZIE, ZOAAERIEREDT > NVEIES DI EL
WIRS TH DM, TRRBRNTERNT ENEN. g
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P70 A A E IV &5 Ul 28 U 7278382 Wb (il 2
1%, Cookenboo et al., 1997) 23, {EAHN/RNWFEEIIEASE
GFENSHTARTRBERTHD I EMLN. LITFA,
MPIHRHTH O, <> MUEEEEHR S TWDEAFE
BRI T L 7= Bl B M T30 EHEIE A, 1983; Pir-
nia et al., 2013). F£/=, HEFEOHMKICE > TTENS
< > MVEEWE OFHTIIEBOT ERANH L. Lo
T, 2O HOMTIIHEA BN TEOERERD TN
5. KX TR, ZOBEREMHTNLS, <2 MVEICH
KT LR EHOEELTDOEFZEN Y NVEAFELEER
OHEENS, HE OISR E IR LIRS 5.

BBEFRDT >V MVERMEDEIRX

RNV E U TiR® EERN S AATHIEROSMET
IIAE - Bk L Tiesa iAo 9 W (Bowen and Tut-
tle, 1949; Evans, 1977) (Fig. 1b). ZHUFENHAS A
FIMERCE 725, WEAIIHEMIICE WIS T, Rz
FrOTHERESE T TR FE L TR HND Z &3, B
BEA (RHEG) B, — RIS A5 AAIZ DWW TIERAIEL
T NZDITHER T & L TED 5T < W (Fig. 1d-10.
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Fig. 1. Plane-polarized photomi-
crograph images of chromian spi-
nels. Cpx: clinopyroxene (chromi-
an diopside). Opx: orthopyroxene.
Srp: serpentine. Or: orthoclase.
Ms: muscovite. B: bastite (serpen-
tine after orthopyroxene). Spl:
chromian spinel. (a) Light-brown-
ish Al-rich chromian spinel (cen-
ter) in lherzolite from the Penke-
nushi complex, Hokkaido, Japan.
(b) Anhedral reddish-brown spinel
(center) in partially serpentinized
harzburgite from the Mineoka
Belt, central Japan. Note that the
olivine is severely altered to ser-
pentine (Srp). (c) Detrital chromi-
an spinel (center) from a quartzo-
fesdspathic sandstone block in
sheared serpentinite from the
Mineoka Belt, central Japan. (d)
Detrital chromian spinel grains
forming a seam, highlighted by
the arrow, in a serpentine sand-
stone block in sheared serpentinite
from the Mineoka Belt, central Ja-
pan. Note the color differences of
the spinel, which indicate a wide
range of chemical compositions.
(e) Serpentine grains with bastite
texture accompanied by a chromi-
an diopside grain in the serpentine
sandstone shown in (d). (f) Two
detrital chromian spinel grains in
serpentine-rich sandstone associ-
ated with serpentinite bodies from
Aobane, the Setogawa Belt, cen-
tral Japan.

—4, VOLAER)V EHFMEAIIARN - AEITH, HERE
BERICEEME L OHEICE £N S (Fig. 1d, 1e).

< NIV TR OWE Y DS I7R B DI E e
% (detrital serpentinite) 23 %. REERKITANE & A EIBHL
HNS 125 A 7R BRI E S Tdh 55, Okada(1964) 1T
FOAEEN SR THO THES N, TDE, FEEOM:
AN T < SN TV S, HEREAHT DL
BWTIE, WhWiEEaY - 2> 7Ly 7 Z2(0CC) &L
THERCEAL L 72 A AE MR L T2 (Bonatti, 1976;
Tucholke and Lin, 1994; Cann et al., 1997) 2%, Tf% Ch
B PERESCE VR TN TV % (Bonatti et al., 1973). Fit
(1981), e H 1E£(1978, 1983), Ogawa(1983), f H
(198113, Wb 2B HIBlEACE H (i) Gtk - &
M, 1987; Fidt:, 1994) icimikteics (Fig. 1d-10 2 Rz
U7z, WemtEiesCald [EsUE ] OIEEIc oA RNnZ3I N5
OHRETH S, Fric, ROTEGHIBEACEED X O 1ICHik
N MERCH A B A RIS BRI N BE 2 GRIFED,
1983 ). #r g e BCE X IERUE R E A D22 - FREH]
MIERBERDOTH 5. FFEIFN (1975 13RO E s ECs
HD 1 DTH 2 =il ERENTE DG S N IERCE & HE
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Fig. 2. Simplified chemical variations of chromian spinels in mantle-derived rocks. (a) Mg#-Cr# relationship. Note that the
Mg#-Cr# trend in the mantle peridotite changes with equilibrium temperature. The chromian spinels show a similar Mg#—
Cr# relationship between the peridotites and chromitites at high temperatures, whereas the Mg# of the chromitite spinels
descreases if the chromitite is poor in olivine during cooling. (b) Cr—Al-Fe’" relationship. Alteration and metamorphism
chan the primary mantle spinels to magnetite via ferritchromite, with possible compositional breaks. See the text for a de-
tailed description. Mg#: Mg/(Mg + Fe*) atomic ratio. Cr#: Cr/(Cr + Al) atomic ratio.

fEETHD E LT

1970 12 Lockwood DfFE T — 12 EEEL 724 U X
R RO—=LFDF ) Z MU R EL TORRCEDFEHDH S
(Lockwood, 1971a, b, 1972). Lockwood(1971a) 2 X%
EWERCE M AS AR IREIFIIN TS HDDDR & H—
TV ELME /R IR AR R OB AR D 5. T EN
(1978) VU= 1 E e DY HITIERUE DD FETE % 3%
[RIERER O [ERCER] EMHIN TS B ONERETH S nHE
PRIZE R L.

e X N7 ERUA TR & HEREMEESUR O K BV TTRmi TR
HTHD. BEUREAMNAS BRI E, E2 K
BEEHATHRBOIMIIEEINDTH A D, FHAD/KEITZE
U756, ImITERNTEEECE £ 0 722 HEREM S R Rk S
N5THAS. Z0HE, HY & A ERAR OB SRR
THhDHIENTFRINS. BIHIBWTHRES NzEiean
HRETH 2 DB ICHEIC/R5DIF I DD TH S
FEFIEDN, 1975; SiHbiEay, 1978, 1983 ). F/z, ek
HRRENBEZIEHRL TE5T, A7 OAZER)L
BREDHEHMEL TOHBDEND T EBDH D GiHiEn,
1990; Hisada et al., 2004).

58, BEMEY 0L ZE I ULE U UERDSLRE &
T %, TSI OLSRR SN < S B
iz (B, 8K, 1942; H)IED, 1995).

BEERDT >V bIVERMEOER
RO > MVEEWE OWIFEIAR L mHNZ 5 T

frofn Tz, bo EHELMITITRHON TS DI HET D
s OLAZERIVEIGTL, HRZEEZTHIORES S
HIXETRTH2HDTHD. £z, NS UERD ARG
MWHZHSNTT 2720 OB & L THEIE O AZER)Y
PHEHEOFIHTE 2. X561, HEEBIOMNEET 20
S VEER O > NVEEmE L, <2 NIV OME
BLUOBAZRULDZEDHEETHD. L, HEEER
WA 2 F7E L 723D T, sdhiEan (1983, 1990)
ST DI O LT 1« F TV R ASAAERE (Fig.
le) #fF L <#FtL7z. £7z, Okuzawa and Hisada (2008),
Lenaz (2008) 12K LA O fE 1 B 2 U 7.
ZITHREERIE RSNV &I, Z7O0LAREXRILEY
T4 I~BI T4 v IR ETCEMBERAIEENDZET
5 G, 1992 Z8). &b EERF R MIEEeE (A b
AR OIS A bWl MVEEE (Fig. 1a, 1b)
THhd0, KIUAFITERTIER N (Arai, 1992). LKA,
ZIE, R F A MR EITHR~ B E IS A S AR
REAHE O 2E8AYE L TUXLIFRENS. £
T, MGBHTRET BN 7 ¢ v ZRERERES T T 0 (3AaNn
W), 7 /=P b@ESRICbEEND BRI,
Emeleus and Troll, 2014). HAWEGIL S SICEEEA
CEEND. < MO ST O RS Mgh (=
Mg/[Mg+Fe’ 1EF ) i< (BXZ>0.9), Crzas
(Cr,0;> BEZF 0.5 wWt%) 7O LT 14 A THA1 REMEIND
HOTHY, HEHIASITHIITES. ZL, MRkOAH
HTOLT A FTHA RBEEND T ENH D BIZIT,
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Fig. 3. Compositional ranges of chromian spinels in abyssal and forearc peridotites. (a) Mg#—Cr# relationship. (b) Cr—Al-
Fe’" relationship. Note the differences between the two spinel groups, especially in the Mg#Cr# trend of (a), which is due
to the difference in equilibrium temperature (Okamura et al., 2006). The Franciscan peridotites from the USA are equiva-
lent to a low-temperature abyssal peridotite suite (Hirauchi et al., 2008), and their spinels overlap the Mg#-Cr# signature of
the forearc spinels, which have lower equilibrium temperatures than the abyssal ones (Okamura et al., 2006). Modified

from Arai and Ishimaru (in press).

Portnyagin et al., 2005) T EANETH 5.
1. JOLRERINVOLZHEE

7B AAERILOLFEREEIZ DWW TIRY Titmt
(1992) THEITE RSN TNDA, FDHBOVIEDIEREZ
EAMBICMHT D, 7 0L ZAERIE Mg, Fe*') (Cr,
Al Fe*"),0, DILFER TR EN DM ZH OB T
BB, ZHOGA T > 2B DITE AR FI RS
THhs5HEEFHDNTWBArvine, 1965, 1967; Arai, 1992;
Arai et al., 2011). BB O XS ITHILD E L TRHEE
DIETi ThbB. FDEFD, EE BEHEDIOLAEX
JWIZIEMn, Co, Zn, NiZFEDOILENNRODEEND Z &
Md 5 (B 21, Gahlan and Arai, 2007; Arai and Ishima-
ru, 2011). ZOAZREXIVIZ 2 i, 3D Fe =& &, H
IS, BAEAERTET LG ARREHET
T 1 —DIEFE & 755 (Ballhaus et al., 1990, 1991; Wood et
al., 1990).

AKX T Cr 28V AEFINIKRDOIM A< [ 7 B LA
%)l (chromian spinels) | LR, 7 OAZERID Cr—-
Al-Fe’ @ HIT & % Ay 75 Stevens (1944) D43 ¥EI13 7 %
THDN, HROITHEBINTH D AH /=00 b,
B, RBROI7OAZER) T EBENZ SO 2T
X RMIVINAS AVEFR DD D) IS Stevens (1944) D alumin-
ian chromite & chromian spinel D5t (FELd Cr#=0.5)
B0 OMEEERT. —HOZ OLZERI RS HIHE
IEWHLRAHE THAFTNED S DIZWMNZHRNMETH A 5.
(MH#HITMgtE, CriticoWWT Z7OAZAEXIOHLE
HIREL L TR<HEHINZ DI Mg# & Cr# (=Cr/[Cr

+ANFF) TH S (Fig. 2a). <> MUERATH D7 O L
AZE RV TIE Fe G BI3EW (Fe*/ [Cr+ Al+Fe* 1+
FA50.1 UF) (Fig. 2b) 72012, Mgh & Crét THLpk % &
SEHTEDZMETHD. —RITY > M ABAETIE
Mg# & Crit lZA D ZRL G, 1992), (X Cr# @ (Al
B 7 O AR EFIUEE Mgh 7180 (Fig. 22). <>~
WINABAETIEZOLZERILD Cr# 13 0.1 55705 0.9
T2/ £ TZ( 9 % (Dick and Bullen, 1984; Arai, 1994a)
(Fig. 2a) 7%, T OZBITEHOELE X <R T 2. Cr#
L= T4 FTIRELS, NVWYN=HA FTELRRD,
0.5 AiTfe THAMES / A O 0.1 FRE T H % (Arai,
1994a). Lind, EFTOZOLZAERILOMAIE Crt ik
o1t pEEBfa~Ba~Ret~BasAl, Zn
T2V DHLEA I AT RE72 D TdH 5 (Fig. l1a, 1b). <> ML
NS A DERERNC K D WIE< 703k U SR, o
AEN BRI HI2ONENFFRDIZL—IL T4 s Ny
IN—=HA4 FE5IZIEF¥F 1 MiZ7z% (Jaques and Green,
1980). X2 P ASAEFRDIZ OLAERIILD Critid,
MAS BRI OEN DERNSERE £78%. DAL A
KODEEL7=WIER <IN RIS 27 0 AZAERILVOD Crit
BT ERIF O VERIE & K9 % (Arai, 1994b). A&
BAEH 220756007 OLAAERIVELTO Cr# i1
KOREFEIIHML, WO RE LIRS ZENRFsN T
% (Ozawa, 1989).

MAUBAERIOIYA MEWS =Y > MUVERAIZEE
LTOASAAETOLRAERINDESYTHD, DABA
AEZOLARAERIVD MghiE< 7 < BIRMEN 5 W #H D
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Mg-Fe? " /llic & D HABRE T, T/hbbE, hAbh
AT ERL, 7OAZEFRIIVTIIE T % (Evans and
Frost, 1975) (Fig. 2a). 7=, (KR THHICH D EAIFE
MADS AR O LAERILD Mgh 13~ 7 <RI EDN 5K
E<ZL 5% (Fig. 2a). L7zi>7T, Mg Fe DRREN
YBITVVTZTCREET S E, FERENR U5 ha
SABRDES RV OALAAERIDE— RENMENWEAHIZEY
OLAERILD Mgh IME< 72% (Arai, 1980). —F, 70
S RDOESITBAAERNTEDEATIE, Mgh i
MABAA T IRELDELZD, Z7OLXERIL
TIEE D ZEA/NE W (Arai, 1980). LN->T, &4/
DEBY TV T A THPEIEL TWDY > MRS D
JOLAEFRI O Mgh lZIEBRS OO BEND 2
(Arai, 1980; Okamura et al., 2006). —fPICIZFE CREE
DCHDOIVOLAAERNE]RRDEIOIZA FHOHD
DHDD B EF DB DL D Mgh 75 (Fig. 22). =
OEEzMS &, BEOMEEs OLAAERINS 70348
A MNEEOSDEFHHNTE, 70I5A MEEISHATES
nfetEH d 5 (Harada and Arai, 1997).

WHIZHEWD S A, 7 O0LRER)VRIT T Mg
Fe P LA 2 0 Mg# IZBI L CRIFIZI > TR & 73
5. ZOREEMRIBHEEIKEL, WARERTERD S
% (Ozawa, 1984).

NS AT O OLZE RO E R D BRI
Mg#-Cr#t )R LIX LI E NS (Fig. 2a). <581
F=E21, NS ABEDZOAAER)E T Oy b
5& Cri, 0.1~0.6 TENW ML > REEKRT 2 B AU,
Dick and Bullen, 1984) (Fig. 3a). £7z, mils DM+
N SESNDNAG E (LIEUIERIRD A S s &SR
NHOr O LZERLD Cri, 0.2~0.812JE>T1 DD
N> KRBT B (B Z0E, Tshii et al., 1992; %3 - 7L,
FIIH)  (Fig. 3). &2AM2 DD L > RIFBENK DK
Mg# iR TN TH O ELICITER S0 (Fig. 3a). Z
AUTHETID A S AEFED T INGEDN A S Aa K D BIRIRT
SEHHITEL T A5 L8NS (Okamura et al., 2006).
ZITHERTRER, Mnéhfmém@ﬁﬂhbhﬁmb
& A EMTEBINZSIERITI TR I N2 H D TH S (AT,
Tucholke and Lin, 1994; Arai and Matsukage, 1996) Z
ETHD. WET L — MIEED SEEN S ITHE W HIT 20
T, EE< > MDA AEBREITHRAL, 7OLZER
VD Mgh I AS A ED Mg-Fe* BBl L TIK T
T2I3XTTHD. B, RERNSIEEN ST DX
SWAT=DAS VEITZBRITHD > THRNWDTH 5. L
IIABAFNI D A E N RIIEDN A DB AED T O LA E R
7%, Cr-Al-Fe’ I3 A8 3 Mg# nME< 725 Z &3 iy
&N (Hirauchi et al., 2008) (Fig. 3a).

7 OLAERIIEGOAEADREARAHEEL EOZ R
A MR EE D) 2235 &, FRBATE ENTERR S N4
757 0L X ExR)NSMkE 4 2 % Gk, 1978a; Barnes,
2000; Arai et al., 2006b; Mellini et al., 2005; Merlini et
al., 2009; Khedr and Arai, 2010). ZDifET, #EHY

X > NIVERIEREE Y O gt 157

OALAERILD Mgh 23 8230 Crit 28 179 % (Arai et al.,
2006b; Khedr and Arai, 2010) (Fig. 2a). & 512 Fe’'Ic
FOEDITRD, F'CrFe’ O, T Wl Z2E T 55D
(LIZUIZ ferritchromit & 7213 ferritchromite FEIEI %) &>
5 1% 8k 9 (Fe*'Fe*,0,) £ TZ£ 1k ¥ % (Khedr and Arai,
2010) (Fig. 2b). WEEKBLRLST DEANINEID A S A D 53R
(FERCAAE) 1T K DRk S N7 8k L D A E Rk 9 2
(Barnes, 2000). 600°CHEDOERKILETIE, Cr-Al AE
FIV & Cr-Fe' " X E )V ORICIZIRIE WHELF v v Thd
5%, Cr—Fe'" 2 ¥ )VRIEHLRRAIZ H#5 T d 5 (Loferski
and Lipin, 1983). S 5ICIR TR CriTEDAERIL &
Fe' ICED A E RV D 2 #2589 5 (Sack and Ghiorso,
1991).

JOLAERIVD Crit ik, FRTh A Ada DR
IR THDELTEETHD. DALAEFTDH
Mg# ERRD, MANCE>THIFES LN EZIND
(Arai, 1994a) (Fig. 3b). BIEDUHFED B~ > ML &
REL TWDHEMEENAS AETIRZ OAAERILD Cr#

IZIF 0.6 LI F &0 S5 H#H1% % (Dick and Bullen, 1984;
Arai, 1994a). L7225 T, ZOJZOLAEXIVOD Cr#=
0.6 IFEERBEFHEE 2> TWD., —F, Bl > ML
SAETIEZOLAZAEXRIVD Cr#iZ 0.1 L5 09 £T
bR E W (Arai and Ishimaru, 2008; Arai et al., 2011).
EOHFTHIHIED < > MVIERITHBEE (3 7 < 3 kT HiZz
FEEW) DEWD, MO TIREES > ML eI Lz 5
W70 (Arai and Ishimaru, 2008). 9732056, [Z7OA
AERIVD Cri# 73 0.6 LT TH 20 5HEY > NVERFET
HB]EVNSTEmMIIRD THY, [JOLAERILOD Cr#
0.6 LT Th 2 DIFMHEIR < > BVERJRTH 2 720 Dias
EEMITRE/RD. BIRAIT, HERyY B ARy FROov >
b»@h%h%@bn@xtzw@C#%OJu?#b08
PlEFETEAMMNKEW(Arai et al., 2011). FL <IZ
Arai et al. 2Q011) 2L TEL .

@TIEBEICDNT UYMW/ OLAERIHO T &
AR~ T EROY (hivigs, Bil, 7L — hA) OfFR
# & 752 % (Arai, 1992; Kamenetsky et al., 2001; Arai et
al., 2011) (Fig. 4). <7< O (I HFS LHD 1 D
ThHHTIFAER ZERINDET I Moy 7 ABITLDE
WIBHLMETHD. TL T, XTIHD Ti 20EWIT
HEIN2 7042V O Ti BOEWICKEINSI1ZT T
&% (Arai, 1992; Arai et al., 2011). L7&n>7T, Z7OAh
ZERIIVHOD Ti EA EE ARG U~ 7 < 4k
DTV N AGHHEETE 5139 TH 5 (Arai, 1992)
(Fig. 4). 7z7ZL, @FEthidnsirnield TiEll
TIHARRE (1 > 32T 1 TN TLHEDOSDEVNEL, <
TROMEEEBICTIBN ERTHIETHS. Lizho
T, FAFOMEREDY 7 RIZDWTIHET 5 TRAWET
H5. Arai(199) 1T KILEF O/ OLZAERILD Ti &I
X0, XUOHREBELC TT Y~ A (g, i, 7
L— M) ZHEE L 7=, Arai et al. Q01D 1L, kA ARD
T N0 A0 EA ST, BRI EESBRICHEH L7
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Fig. 4. Relationship between Cr# and the TiO, concentration of chromian spinels in peridotites and related rocks from three
tectonic settings (mid-ocean ridge, arc, and oceanic hotspot). Note that the TiO, concentration of spinel in plutonic rocks
increases from the arc setting to the oceanic hotspot to the mid-ocean ridge setting. Modified from Arai et al. (2011).

FRE IR OB R H DDA TH 5 (Arai et al., 2011).
—RIZIZ 7 O LAZERILO Ti &I, RO 7 TIEE
ERAEIC R THEE DIFE D 3R < 725 (Arai, 1992; Arai et
al., 2011). 772U, #EHFICBWTHIANL LT TR v
Mo T RGER O K TIEMEN T T A, TiCET 7 0L
AEFRIPEREIND Z ENH % (Arai and Matsukage,
1996; Arai et al., 1997b). ¥ MDA SAEFRO 7 O
AEXRNDOTi BTV =7 ZAGITK 0 EDNH 5 (Arai et
al, 2011 (Fig. 4).

Tz, BENAUSAETO OLAE RV DGEITIZER
MLETH D, A b AETHORERZ G AZERAER Ty
fRTHIETTINZOLAZERIVHIZAD, TIICE
(Ti0,, ~3 Wt%) & 91272% (Khedr and Arai, 2010).

2. BEBEMHI/OARERI DEHEM: 4512 Power et
al. (2000) D

Pk 7 O L 2 ERIVTEESEN 5 S N7 12ITKICED
ISR L, HEER2Z0EED—Eks. 7aL
ZERINZE EIRD & S I8 @ W BRI D & 2 a1k
BADRKENT ENTEIN, Bl - HEOMETHRIEN
5Z2EHHBHTHAD (ijima, 1964a, b ZH).

BBt O AZERINT EOREACHIHTZ 52D TH
A5 ? Power et al. 2000) 13, FAD7s0 (HE—0D ?) fE
P O L ZE R OFEEICEERGHLTH DIERITMET
5. 155lE, A3y IR, 54 Rum £/21E Rhum) &
MOHFEYTT ORBIE 7 O AR E RV ZREL, BiSHTH
% 7 LEIRE AEK (Emeleus and Troll, 2014) @7 O A

EXNDENEDCRRBR L Z et L. 2 LT, HEtt
7 O LA ERIVOENEIEERE 2 T T 5 &5 I RE O
XERFE LU (Power et al., 2000). T LBREAEERDE
HAEAMAB A, 7O N, A7 IIZ70LRE
FIVEZOM, TIUTIZHER 2 DO NL > RAL b
L > R&Fe b R)AIRWEE NS (Henderson, 1975 :
Henderson and Wood, 1981). Al b L > RIZ=MD5G1
7 2T CrysAlgsFeg, FHEMN S ALICE O AMICE(LT S
HDT, Fe N> RIZFS ICEOHANCEIT HHDTH
5. FIFICIRICZ 041 bOEE(ES 2mm LA H) &
BT 2B DMNEENS (Power et al., 2000; O'Driscoll et
al., 2009, 2010). Power et al. (2000) DfE Y O LA E
FINIFHFED B DRI LA ERYZEBNDTH D, Zh
IZDWT Power et al. (2000) I3 MM (Al IZE 7 O
LAERIVIRIDOBFANHERD DEMT, T LEIREAER
IZBF2 703541 MEROEIMD THanWZ Lickd &
L7z 251, L0 0LAEFRIOMES, Cooken-
boo et al.(1997) ® 7 O A ZE )V ORAIZ & 5 [Tk ] #%
B TIREABR] 25N 55 b oy hanb 2 &
Mo, BEE7 O AZERIVICE BB O RE S LTI
FRANESNDELZDTHS. Cookenboo et al.(1997)
12, 7O0LAZAE RO XS TREEB SO IV T AR
Wb gl [TBREABRK]BLUTT 7 2 BB D%
B ZIER LT, IF%, DT 1 L IHDY 1 FR~HIl
OB O AR RV O ZHEm L. [7 5 A Hh
AR (FEVL RIS EERCE DA —IITIE A 2 v —
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ISHBEIRTIIZR WA, TN EBRRIT AN DI FHA s
WAL TWEMETH 5. 7272, INH6D3IDOKRN4%
1377 =7 285 B SIS HEREfR] TH D, Power et
al. 2000) D SUTIIAHRE /2 SN0, T AEIRTIIRR A
IR =TI RELDRE, Y7~ &ML 2hE
fEE DG, <7< DMEANEE TH Y (Henderson, 1975;
Henderson and Wood, 1981; O'Driscoll et al., 2009,
2010) ZHE/SHARED 7 O LA E RV EFL S 5. JIREA
BERELUTHARE > TV 7BROBD(Ty a7 )b
N, AT 4N %x5—, TL— A7) LREkR< T
MG L, RSREREMNEE TVWS SRS RN, E/z,
Power et al. Q000137 LERD Al L > RERT 7 OL
ZExIVE, Cookenboo et al.(1997) D[ FEIEB KT
T ZBIINAE VAT DH D ERIEOHLE TH 5 &b X T
0, BELR TiICEAHFEFDN S /LD EmF IS
ERND D, £z, T4 T MO MIEEZDT IV
TZEINNS VARSI UIZUISER DT 7 N =7 25215
LTHO WIAIE, Arai et al., 2006a), H—FFE DIEREREE
I3 Lisn. F 7 4 451 b ORESB X O E1ZE
ThdIEFgFgeL<A5NTNY S (I Z1F, Dilek and
Furnes, 2011). T ALEKREBRE LT OMEEZHISIZ
1, EiRD CrosAlysFe’ o, T DR H KRB O LAY
IV DR E Arai et al. 2011) OFEBIFKICY TIIH 2 & &
2%

FEEmE LT, Z7OARERIVIEEREGENERE CH
D, TOHMKIZT T OB DERGDOEHRE 25
9. LA T, EtE7 D AR ERI HHFRIEOEGICD
WCTOEERERERLZITHLSTIENTES. /2L
7 O LA ERIV ORI - 7ok 2 T8I B, A E
BOGEMEL, FRFEHTDORM0HKIBRRIT S
THO, HHITY 2> TIEENBETH 5 (Arai, 1992;
Arai et al., 2011 Zi). Power et al. (2000) D35, Ak
ER O Z BT 5 2D ITHE S 1172 Cookenboo et
al.(1997) DK%, <7 <HROYE#EHNT 5 72 DI B
ICHW=Z EICHENH D, kLU THREE OLZAERILD
HRMEEZGEL QInin, mfb, fEg HAEEROL S 7
KIROBE TIZ Y O LA ER) NI WA 2 1FIE 20
WZ ENHRFE 315 (Cookenboo et al., 1997 7”‘}?!@). 77z
L, ETDOCrREDSEd TN AR ENE <
(Arai and Akizawa, 2014 28, HiEHEE TOI OLAE
FIV DAL FAEREEICBI LTI > &0 LA fbiks.

3. HEMIOLRERIVOFE : HEBITADERE
et r O LA ER)L LA BT 2 58I 1970 4R
g1 707 O0—TOF K & EBITEAITRDINS
£z > 7= BIALE, 55, 1978b; Utter, 1978; 5H:iEn,
1983; Arai and Okada, 1991). 53 AZTNLIEINS A
T AT T4 NOMERCE [ A B ARTLIR OREE Y 2 & O HERE
A7 OLZERIOFEIIASBD SIUEH I TWE
B ZE, 85, 1959; HiR, 1963; Tijima, 1964a, b; Dietri-
ch and Franz, 1976; Hiscott, 1978; Nelson and Casey,
1979). HETNEIIWE RO —HO LRI TH 2 (i-

X > NIVERIEREE Y O gt 159

jima, 1964a, b). Tijima(1964a, b)13, JLiFHEDHE =%
~BOHEREY T OFEGEY) (2 & U TRESKIE, 1)V AT |,
JOALAEFR)VHFOZOLAERIEFHLLRFL, TD
EE SHEFGIR (il DIERCE R 2» © OFEREE ORI E H
HU, tEcEsw O E L HEFER DA EZH U/ lijima
(1964a, D1, ZOHEGEMH O O LA E R OEIGIZR:
[ERITDEMRER TELEDSRNHDEEZ, YUskd DD
ICEARIREE X Vs > e 2B O Cr & & (B 21, His-
cott, 1984) DR L L =D Tdh 5. lijima(1964a, b) DHL
D> 7227 O L ZEFRIVITRIT Z & DR D IEHAYINA
AUTE SITH LW @B 0L 2 E )L OILFEHRIC X
D05 SN2 Th A D.

NH - 55 (1986) DB I D 111 7 [ R & DEERLE
BEOHAZZTT, wIF - AHA99D) ITXK D AHE D
B OLAZERIIFHL RGNz 2Nz LU0
1990 AR E THEE M7 O L X E RV DOIFENA <
TTONFERDIR LY ENERIND XD >7 KT, AHOD
T IW— I AARNIOHERE D STPEMEZ O L2 E )V ZE R
WEL, TORFESHBREIERO TV N2y VisBEEREN
M9 12 f U 7z (Hisada and Arai, 1993, 1994; A - Fiit,
1995; Hisada et al., 1997a, b, 1999, 2004, 2008; AMHIZ
7n, 2000; Chutakositkanon et al., 2001; B85 - /A, 2004;
Okuzawa and Hisada, 2008). LIS DEZEHK LD
K51z, JtifmE O e~ t 8 = ORI O ETE S 1 L
AERINEDHIL, EOHIGER (DA S AEBIOKILE) D
P B KOS AR DR AZs £ %5 U7z (Nanayama et al.,
1993; tiliiE7», 1994; tili - #Jil, 1995; tili, 1997). fr
N (1994) 3 & O Takeuchi et al. 2008) 1%, =N Em ik
JbEHP 2 TR, HElHAEFEMIS )L LRO I O LA E SR
Wiz EQEGMERH L, BEBOMTBI 0T h2U X
Zam Uz, FHHIED (1995) &l L S VLR 0wk
TOLAERIVERITL, <2 MVInAS VERDFEH DR
Mz Uiz, #1997, 1999), Asiedu et al. (1998, 2000)
1, ENENZERCMERED X OERER, HdRELE
HNo0 7 OAAER)V EMit LS E#E L. oD
W L7270 A RAERINTIE, Cr#0.5 RifE Ok WL H
DOEFMZ FEITED AR A S AR & Bbins b0
HEEND. BHH - GIE Q015 IV LR P DR
HNOMRCEZERWEL, 7 OLARERIV O D, S
TORFEEERNTA 7 1+ A4 54 b TIIR<, KLU+ 7«4
T4 THBHEL.

P2 O LA E IV O TR DRIER, Zh 24t
LA GEORETH D, 272 LIEBCE-EFh O 7 O A A EF
NG CERR - A1, 201913z TES. JiUudk
T2 N9 2 BICIFICRA & 75 5. il CIReEcE (0
A5 E) BIED B D & KILERIED © D 2T % 2 L
LOHATRETH 2 G - AH, 1991 ZH). Kilisw
JERIFHICFET 200 I AUAEWMERT 2HD (HlA
1Z, Lenaz et al., 2000; Zhu et al., 2005) 13 fl#EV 72 < k(L
AR TH D EHT DI ENTEDN, #HEES T\
BHH5H. TIICHEHNEDSDELZRITKIIERRE TN
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TiO2 wt%
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0.0

BT EMZAD, DASAVEFOIOLAERILS TiIZE
2 ENBH Y (Khedr and Arai, 2010; Arai et al., 2011 {E

BN ETH 5.
4. DASAEERREDORBEIOLARERIORENR : <>
NMVERZEH O BD

EIRICDWTIIEEN DR W EIED~ > MVIEEYIE & %
FHCER) OB DO EDMENS, Y2 MVEGAFHICELTHHL
WHIRZ 7257, FRTEROE AE NS 2 IR T 2
DI 2 HET S, ZDHIZ N DIEMNTT 5.
MFT—> - FT74F54 b Arai et al. 2006a) 1ZALES
FX—2 T4 F T MIBNT, ¥ MUROBAF
B 2T 2 DI OHERE P O 7 O A ZERIVE
Ml EBA~—> - F 744710 v TEE 71+ 4 T1 b
OEAHBE R EILIFIERE IO ER TRRRICHEA L T,
WD~ > RV FE RN 040 U L WLk Z R L CTH
0, U7di> TGN 213~ > MVERIZIRZFE LR L T
W5, Lit>T, BEREBHMNLOY D OHMYIIIZIET
NTY > MURERE S A 5. Arai et al. 2006a) 132 DHE
BEms 70 LA ARV e, Sl BeEtEr oL
AERIN DR OFSGS Crit 23 < (>0.6), TiO, =M
&< (0.5 wt%), EIMOGFEEE DR (Arai et al., 2011)
BT (Fig. 5). THUTED, JtfA~—> 471451
ro< > MVENS, HEEREROAEADIENIC, SIS
TS NGB ININROEETS D T EMH#EE SN/ (Fig.
5). Tz BEORNIECH 7 OLAERII EZEOME L
TENVYN—FA bEEICRHEINAZ. & Cr#f VUL
ERIVIIEEIETIE,  FEliHE U WBRLE =9 IR Y 5
b GEEIENIVY IN=H A MITEBIL 72X > BIVInAS A
DAL 2 Y] > THRIRICHET 2) ITHR D ERICET I NS
ZEBMmo 7z (Arai et al., 2006a). Bl D S EE N
VY IN—=HA b D4 H%IC Kanke and Takazawa (2014)
ICROEND SN, 26N S, FX—2 - FT14F 51

&
H*

i

v
\
L) mid-ocean ridgT

] 2018—3
% Fig. 5. Chemical characteristics
island arc of detrital chromian spinels from
the northern Oman ophiolite. (a)

Mg#-Cr# relationship. (b) Cr—
Al-Fe*' relationship. (¢) Cr#—
TiO, relationship. The different
symbols denote different locali-
ties (wadis). The spinels possibly
record three different processes,
two magmatic processes (perido-
tite-melt reaction and crystal ac-
cumulation at mid-ocean ridge

and island-arc conditions) and
one alteration. The presented data
are from Kadoshima (2002).

MR TRR I N, BRICEIRBEICBNTHREINLD
DThBI ENGIN5 (Arai et al., 2006a). T~ —>TlZ
ATE=T w7 )=V (F T+ F 71 MEBICKD Tk
WAL T2 D) D EARUETIZ OB IE DA E R
VDT R 11CTH O (Oberhinsli et al., 1999) D57 k
SV REBEEMEEIND. TOZOLAERILO Cr#t i
04~0.6 THO, T T4 F 71 bDOX > MILEOR® & iE
2 bDEFETH 2.

(2)Z0fth Kadoshima and Arai Q00D 13 FU X, a—
U= DUYF—RhAS EER (ERIZF T 1 F T4 )
DOAEGHFINEE 7 O LA E RV O 28 L CTHEEL L 7=
Green (1964) OIFECTH AR Y P— REKRIZI—> 7 4 —
JVPESROWFHFIC L < BHL TWB0, AHOZLHEM TZ
HHML <, BEOEATEHEKREZHSNIT ZDIIES
T2, ARELOHEEDONIZIZ T O L ERIVHNENS L
RARICIREEL THD, FREIHHETH . BEEIOLR
EX) DT OFER, EHOZMNAEETHD, FEETIE
L=V T4 &, HEBTIE/ NIV N—F A RavekL, HiEf
TIEHMTH D ZENGMhoT Fiz, FEBEFETIEMN
WS NE—RTIRIBDEETIOY b I MYRELD
FRHEE SNz, ZHUIR S N/-BEE CTORBIRE —HK L7z
(Kadoshima and Arai, 2001).

Kadoshima and Arai(1999) 13 & &G #RI7RIFHNRIT T
WAILIUUNZERH OREEE, AR O & E RS TR S /INME
BUERDOE R 2012, BIEOW MR 0RO
LAAER)VZMf Uz, Mg#13 0.6 ELF, Cr#13.0.7~0.9,
& Ti0,(<0.4 wt%) TH D, EEOMHETbHEDLE D E£<
BEIROY A b~ 0I5 4 MNEREEZSNS. 272
L, MnO BQ wt% £T) Fe’ @<, ZlfEmick
DR DKL DORREMENH D, FEEmIITAEE I 25 5.
Arai et al. (1997213, 7« UE>, LV > Eltimcd 2
AUARIINT - F T4 F T4 SSiRFT %IV 7 )



WEME 124(3)

(a)

(b) or ()

= 53\4
Sp\P:g\é?\d°\“e

mélange
matrix?

X > NIVERIEREE Y O gt 161

Fig. 6. Chemical characteristics
of detrital chromian spinels from
the Nain ophiotilitc mélange. (a)

Er View of the so-called color mé-

lange, which is composed of
highly sheared serpentinite and
blocks. (b) Cr—Al-Fe’* relation-
ship of the detrital spinels. The
open symbols denote relatively
high-TiO, (> 0.3 wt%) spinels
identified in (d), and the large
symbols denote altered spinels.
(c) Cr-Al-Fe’" relationship of
spinels from blocks or in situ
rocks. Chr: chromitite. Troc: troc-
tolite. Du: dunite. Hz: harzburgi-
te. Plg-Lz: plagioclase lherzolite.

Fe3+ Lz: lherzolite. Sh-d: sheeted dike.
P-1: pillow basalt. (d) Cr#-TiO,

-----
.............

relationship of detrital chromian
spinels. (e) Cr#-TiO, relationship
of chromian spinels in blocks and
in situ rocks. The majority of the
S — detrital chromian spinels (encir-

matrix? cled by the dotted lines in (c) and
(e)) are not represented by blocks

e

FROBEEZ OLZE RN BL UM A S AEEEERE L
oo ZJOLZERIVD Cr#l204~08 THO, FA 714
TA NMIF =72 E LAEDILIA R E R L 7247 « A
FA WD YWBRTT - TF I aiy1H)EL, H
FT4F T4 SOHEEICYD TE KL
5. BEENEDALAEEROREN  BBMEIOLRXERI

DEEREE

FT4FTA N, BZEOhALER > MVERL L
WU B I N A 5 > 2 2 28K T 5 (Fig. 6a). ZZ
TIEUTUIRIERCE N EE 2R L, R aanatis
2L T3 (Fig. 6a). ZOX S EKROHEAFIEE O
RIIENTH S, WEITARDLTVEH > TY 2T LRT0)
AR TRESEZZENEETHD, HEOMEEZHFHSZ
LIRARDBNTHAS. FHEFHEILELHRENDTH
A3 FITHBIEZ OLAERIEENTH A D EHE A

or in situ rocks but possibly by
the mélange matrix. Modified
from Pirnia et al. (2013).

5. FHEFIEN (1975) 5 H:iF0 (1983) THIRRSEN TN D
KDIT, WS N7 MERUE IR RN - 22RO e
AIIBITLOTVWTHAS. LEN-T, BEAT P a
ITEEDHEREW ) HITIE A T > 2 2 OB kOB HME:
FICADIADTHAD. Liznio T, ORI O E %
JOLAERIVEAT > 1 OIBEEFKRL T D EHZR
TR D 2.

Pirnia et al. Q013) 131 Z > HEHDF A1 > - AT 1A T4
N OWEEE Yy D AR ERE Lz (Fig. 6). 1 >+ F
T4 F T4 ML, HERORATT A ABOUV AT 27D
Wik & X% (Ghazi et al., 2011). D= > MLEBIEH# <
W&, Tcolored mélange| EMHFNDIEHIE AT > 2
NAT 4474 bOEEID EMEL TS, <2 MLER
1%, BEUTHEIROMAS BRI N, REAL—IV
S R ENWE SN TWS (Pirnia et al., 2010). Pir-
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Fig. 7. Geology of the Circum-Izu Massif Serpentinite
Belt. (a) Location of the Circum-Izu Massif Serpentinite
Belt (CIMSB). The main serpentinite exposures are indi-
cated by the arrows. Mn: Mineoka belt. Fd: Fudoiwa Mas-
sif. Hy: Hayama Belt. Kb: Kobotoke Belt. St: Setogawa
Belt. Modified from Arai (1994). (b) Outcrop of sheared
serpentinite from the Mineoka Belt (a). The light-colored
(actually light brownish) and dark-colored (actually gray-
ish) parts are dunite (D) and harzburgite (H), respectively.

nia et al. Q013)13, AT > 228D HMHERME LT
BT 5 R HHEE D ST E MY O L X ERIVEED T
Uiz, ZDfER, Cr#t 71 0.4~0.8 DNV IN—HA b
EEDNZHONEWT D EEHSMLE (Fig. 6). Z
NOEDEMHIAT P 20EHE L TUIERZ DD TR
<, FELUTHEDFEETH A (Pirnia et al., 2013). /\
IV IN—=F A RRFF A MIHKRN Mg IZED A5 Af
&% < VDI, BRICIESCE L S NESERICHE S 1
AT aDEHEBRDPT, AMMICEN22</k>T
Wiz WIERNF T 4 F T4 hOFEE L TEREBB I~ KT
X2 MVEREL TW2F FA b~NLYN=F1 FEA S
DTV ADHEERSTEER L2 &ITRS. —/TL—)b
VT4 ME, ROy I MIEECE L E I e TS
D<A EFRL, AT 222 TIEEHMIZEN.D Thz
(Pirnia et al., 2013) (Fig. 6). DL EORRIZ, MEHCGEA T >
P 2 OFTICIIRETEZ OAZ RIS T TH D &
FA5.

a

2018—3

6. [RFZTHIRICHE T | ORE : BBEEIOLRERID
A RIEIRE

(1) IRFPITHIRIEBCE T (CIMSB) B ;» S § R IR I
T T BRI HBIIERCE T (Circum-Izu Massif Serpenti-
nite Belt, LA~ CIMSB &089) ] GrH - =H, 1987; i,
1994) &N 2 /NEE R KOS R D72 0 2V % (Fig.
7a). TRUI, FEAe EERM L G, 1976; Uchida and
Arai, 1978) 7n 5 M aUA I GHE S N /- [(REra a1k Tt
F0, 1990), =i B A FF 5134, 1975; Uchida
and Arai, 1978), LIFURTETFHIS (77, 1987; 7 - AH,
1987) % #% T &¢I (Takasawa, 1976; #11 - I, 1990;
#il - FAH, 2014) £T, FEHBZRDES LD
% (Fig. 7a). Th 5 O/NMEFCERZR# DT 5 DIFREA
EEDNIVYN—FA N TdHh 5 (Takasawa, 1976; Uchida
and Arai, 1978; 7t - EifE, 1988; Arai, 1991). #HEAN
IWIN=HA M, A MEACKBSEEEZT =~ M
M Aura (melt-impregnated peridotite) & U THIFED i
FEIE (B A1, Dick, 1989) %4 7 1+ 451 b (il Z21Z, Dijks-
tra et al., 200D ITEEICHET 5. F/z, H 7 O0MRA,
YA ERMES. JEPIEMER, SEILER AENE R
UpD OMAMEREE SN, P IJEROHRE (& LT
HEE=R) TH S (IR, 2012; EfEEN, 2012 1), 1EF
eV, TNENONMT 2 M 2w, B, MA
O SRR 20 CIMSB OF 7 k=7 X Df#ti
2137 O A Z ER)V BREG BRI 0 © OIERAERNT
& B G, 1983; Arai and Okada, 1991).

IR EDT 7 1+ F T4 MIBRESEERDORRESTZ -
ZIZAIZELTE, NS O—EHOMFE THEL<mL 6T
W % (Ogawa, 1983; Ogawa et al., 1985a, b; Hirano et
al., 2003; Ogawa and Takahashi, 2004).

CIMSB DA b Ava DE A FRIEIC DWW 5 - 4
H(1987), FHIFEA(1990), Arai(1991), FH:(1994) T
WRENTND., DABAEIRIEEL TNV N=HA KT
b0, FFAE, LIV I REMES. IRsidmE®R<
eI N TS (Fig. 7b). HERAIBLIRDER THIS T2 &,
FFA NNV IN=TTA IR~ > — MRO/IVESEE
LTEST 2. NVYN—FA MIaTR O XS I LIFUITRE
GEEY. FKIEY ARG, 7od)81 DB LIXLIEE £
N5, SHERMICE S TEND S, BB IIMA
WOHDIE, Z7OLAAERIHOEAEYE L THREET DL
ShEKINCZ Lwv. —7, i, )OS DIFEK
SN R E ATHB D, AErEEE GOLE) TR T
H 5 GiHiFn, 1990). BKIEMICEDDBDIZE/OLAE
IO Fe GHRBAEm <, MHGIREFNC L FlRE A
RNERNC S B Gt - A, 1987). NLYIN—F1 MIL
FEUIER S NS EWEKIEM O EHR&ERRS EHEENA S
hoa EFELLL TS Gk - /=, 1987; 7, 1994). 7O
LAERIIVD Cr#l3Z<h10.3~0.7 Th 5. FF1 MIFA
FDNVYN=TT1 F KO BPAS VAIZ FolZ&H, 71
LAEFIVZ Cr#t AiEi < (Fig. 8¢), il F T/ N—T]
A N OFHAERNC & > TERS Nz nl e TE .
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(a) (b)

Detrital chromian spinels

1.0r Mineoka

crit | =

i g En _, Di
J high-Ca

Mineoka
“Paleo-Mineoka” 0485

Kobotoke g 473

Hayama

Setogawa 0.480
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Chrome diopsides

0.472

“Fudoiwa” .

0.469 Fig. 8. Chemical characteristics
of chromian spinels and chromian
diopsides in serpentinites and as-
sociated sediments. (a) Mg#—Cr#
relationship between chromian
spinels and serpentine sandstones
(dots) and peridotites (dashed el-
lipsoids) from the Mineoka Belt,
0.484 modified from Arai et al. (1983).
(b) Histograms of the Ca/(Ca +
Mg + total Fe) ratio of chromian
diopside in rocks from the Cir-
cum-Izu Massif Serpentinite Belt.
The “Paleo-Mineoka Belt” is a

Xenoliths
Noyamadake (1200 °C)

0 05 10 0397
Mg# 0.35 0.40

Ca ratio (Ca/[Ca+Mg+Fe])

PeEIED (1999) B L U Sato and Ogawa (2000) HEELH
KOG DDA S B DEAFIEEZMEL T15. i
SIRFITHIEITIER LTV S, 0% IIRRIEH O
REKGED LRI SN THB D, TORESHES &2
VARLEE DR /RE & 2idiam FFREIRDY 5 RO L 727200,
@ekratE i (1981, FiHiEa (1983) 135 D
B S N7 ERCA I 5 2 A UIE USRI L 2 IR B~
Tk OHRiEOERE R L 72 (Fig. 1c-1e). Wb
H (AIR~ED) 2 20% U EEDT v 7T, KRABROH DR
a8, BACEAS, ULXUIRESGERBXU7 0L X ER)Y
K72 &8 (Fig. 10). HRREOWETIEECE 1T E ek
HWEEIERDHDTH % (Fig. 1d, le). A D—6
WBNAL A R (B R R) 279 (Fig. 1d, le). ¥
BOET A ORI T OMBEIZHEETH D, MhUEDiEn
IR T a0 v rkiles, fiEE, BEEG, Z70LZExR)L
KiF2ae. BRMEAR T3 OLAT 4 THA R F—
DrA MY =1 D ETERHRTHD. 7O0LTAFT
YA RIEBCERIETH D, F—2 v A MIT 1 v 7Kk
HEFETHS. 7 OLZERIVRIFZUIR USRS
L, #@tansBEETHE FTORNPEETH D 2k
Rk AT 5 (Fig. 1d).

7O LAER) ORI Mght-Cr# HT1 DO ML 2R
ZRl, Cr#1d0.17~0.82 £ &N R =W (Fig. 8a). 2
I =V T4 I SRS THE L 72NV IN—T 1 I
5 DB E AT D GEIE, 1992; Arai, 1994a). 7 OATF 1
F 7841 RD Ca/(Ca+Mg+Fe™) b (LA Ca L) Vit 5k
T B G EME TEERNIRES &85 (A,
Lindsley and Dixon, 1976). #@t&27 O L7 A 781 R
D Ca ki 0.482 B8 Kiv D) &, ks ONVYIN—T]

, hypothetical area in the Miocene,
deduced from serpentine sand-
Kurose (<1000°C) stones (Arai et al., 1990). High-
0469 temperature peridotite xenolith
data (temperatures parenthesized)
from the SW Japan arc are shown
for comparison. Modified from
Arai et al. (1990).

0.45 0.50

1K) DFN0.470; 28 Ki T D) K 0 @& G iEn,
1983) (Fig. 8b). MERCER EHITIXE A HARLED /NS
A R0 EEN, HREOEAT/ OLT 14 7P R
WWEAMEAEETFEL Tz &b (Fig. 1le). U,
BB OEANHEZ R L TWahASAEEDH 100°C
FEEROVEEEREZ A L TWeZ & 2RBT 5 Githign,
1990; Arai and Okada, 1991).

TERCAT A DERIIAATH 203, BT 2K AGID AT
&G AT o O I 2 I SR HER (B & L
THIHEH O E SBEL Tns. ZHud Ogawa (1983) @
BRESH T 5. Lo T, BHCETDE S PR
TEDQFEMTHAHTICER U W zigtE E A SR L DR SN
7= WIREMEDYD B GrHiEAy, 1983). B - A (2004) 1338
e PSR D T C do 2 S FE i/ U T T8 b K MR ERE &
DWEETEY O LAV ZmE Uiz, WECEHE DS TH
DIERCE (DA B A IFBHEDFRERM G DB D &8z > b h
FHHEZER L TWZEEBEZ5NSDIZ, 73N (1990)
1N [ SIEATE. B DN A S A O ERIT
GEEN LY N—TT 1 MIZEERIL T (Dick and Bullen,
1984; i, 1994; Arai, 1994a; Arai et al., 2011). /N>
N—=HA F&d)55F 41 MILIELIE Mg ITED (hAB A
D Foe, £7T ; Arai and Uchida, 1978). Z7OALZEXR)L
D Cr# 13 0.7 ITKkAR. TiO, mIFE < (<0.2 wt%), HEili
JHZRE Y 5 (Arai et al., 2011). —F, TGO NAS
AEE 7 O L ZE RV DIEIR W Cr#, K0 TiO, A & (<
0.2 wt%) TR 505 Gidk, 1994). ZHUFEl~ >
RIVDMAS AE DR T ® % (Arai et al., 2011) (Fig.
4). Fie, FHERREIIEEMTONADS AEDH RN &
HEIND., BE - AHQ004) OB OLAERIVIT
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Fig. 9. Cartoon illustrating the successive protrusion of an
inhomogeneous mantle slice and the subsequent supply of
detrital materials.

W Cr# 2 0.6 A 2HONNR0EEN, LM
HOMALUVED I OLAERIEETH D, Thbb,
T L VAT O B 45 O JEI30) Tk e e A 7 o B U I
DIpS EERIEYE LT L T, RRERRRE
DU IR 28 M OIERCE R S M ANTIT B L (5
T&En, 2008), FEHTIHICIXEIE D FET DIEHCE L%
LTz,

[FREE Z SR HAZ BN THRALL TW5, HlF) 1[4
DNAS EEAO CIMSB @6 O & FEMEEE L TNILY
N=HARTHD, 7OLAEFID Critld 0.4~0.6 F2E
DOHDNELN G - A, 1987). —F, haib Ao
HAEE T D7 O LAEFR)L (Fig. 10D121E Cr#t 23 0.6 A
5HDONNR0EEND G, 1994; Okuzawa and Hisa-
da, 2008).

(3)CIMSB hASAEDEER it & mmOmnA S
WADHEDENT BB~ > MV OB HIRDOAE S 2%
LCWaalfetkEn. 372bsb, HlimEiEoEEn» A
S E, TNEESKIROEIMEDNAS AELDIRD T
CEIIVIMAATL %, ZHUIY Y MDER DT N =7 X
BRI E2E%T 5. 351, BMEEYDET
% CIMSB O A b AT E KM OESEREICEL TAY
BT, GKRENSVWFEREZRTZENS, HARIEEIC
WHIZEED K ZEZTTW5 Gl - al, 1987; withiEn,
1990; 5, 1994). ZHUuT EEE~ > BIVDIKE LT DAY
BHIZRL TWBHAEEEDNH B, 5 (1994) T, FEIN
(&0 A3 U il GRVEIR) DB S N 5iEfE T, i<
NS HDEIMED< > MV IO > MV SN
& Uiz PHEIIETRENEAL, OBICHEENE
AT %ECIMSB O b EB L UOZNHEDORIEH D
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PEIR LA ZFATE 5. CIMSB 2Ab AGITHRET 2
Pk koA A1 ST E 2 7R3 & 15 (Ichiyama et
al., 2017).

DMK BAIFETH 5. Ogawa et al. (1985a, b) 5135
OB IAMNLOFELN S, HEEEOWE IR AT
7L — %M 7L — ] (Ogawa et al., 19850725 b
725 EN7z & L7z, Okuzawa and Hisada (2008) & )11
HBXUOEIOMB LML VAHEEEZSNS 7 0L
AERNRBRTIAMNIGERE Lz, UL, 20TV
IZHED L4 DIEBCERYE D K S IR PERIZERE L 3720,

KLHLIER

1. <> MVYERIE OB R IRLEE T O AEE LI
BCEWER ERBR L, faizldans &I
ENBHTHAD(Fig. 9. Lo T, MEhoatbaidss
MY - REREIRICIERCE (DA S VB RO E A - 2O
N ETR5 GRFEiED, 1983; Ogawa, 1983).

2. 7 OALAERIVIHER S CIIER R EH TH D afk-
RE - R - R ER O TOMBAIZE ZIT< <,
FaOMRZFFTDOEER> TS, FAELLTIE
BENASAE 703516 KIUEPNZEAETH
HEEbNS. BiEMEERT Ha NSRS N
DHNENDH D, MhAbhasrsnIs A NTIRIFL Cr#
THARGE, AiEDODDODHN Mght ME< 725, JE
ERRODKIE TE Mgh ldmnZ &N, hAus i
RI/UIFYA DI OLRERIEKIEFOZ O L
XN DORBNIEFHR DA TIE LI LIEKEETH 5.
RITIDRGHMERET2ERIED DO, I AEE
MEHRTDHDIIBEENDD, —BINTIZIERE DA
BTH5.

3. ZOLAERIV ORI E# S 72 IR (77 h =
DRSS - BRORER E) WEIET 505, D
HRICH 72> IR IR D B 2 EMELND TR %
DIF2HENDD. HlZAIE, Arai(1992) O XKILIED Y
OAREFRILO TiO&-Fe’ fhafli> 72~ 7 < OfED
AT L <HEHETNSD, Cr#ED03~0.6DHD%E
FHEWDHFINANTN S, LIEUIEZ DfilK 2 84
LTHHASINDDIZERETHS. £z, WEENMAS A
7D Mg#-Cr# X (Dick and Bullen, 1984) 67 A5 A
EOERSGEERTABICLIIULIEEN IS, 5% T
BHENTNDGEEEN S VBT T T RIS (L
NS < DMEEILKE OHDTH O, ik s Etn7z
WHE NTZEIR (B 2L, HARZIEIOKEEE) DA
SAEEHDFICL TR, Z7OLAAEXRILD MgH
WERHNEVME T 92139 ThH 5 (Figs. 2 and 3). L7z
Mo T, WHALHE CRIEEMEEEBITHALEZAT
T HFRDEERIEN S AE EBEHIDEEEIEN U S A %
7 O LAEFILVD Mght-Cr# THM R U CELIVE 2 5
THHFITERN,

4. WM O LR ER)V & FGIR O FTREMED & 2% oD
MBS AEDSD &R L 2R, ZRNEBNWE I N
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BEIEBAEZLINDOTHAS5M? kORI L O
LAAEFRIZE, HELTLE-> S0 F R ERE T
5, BEHICEIELEET 2EEROHIRHEINTL £
PRI E T HMIKERMETHS. BHEDOELS
IEEROHITIEBCE W E D TFET 25813 # O lRetk
NEZ6N5 (Fig. 9). EB5DOAFENEZERICHE
T BTN E 72 5.

5. PEEMEY O A ZREFRIVEINA S LERTS EDEGFIR
FRICTHTITRITIED. KR, < niznAish
A (EHCE) DA GENIEE ORI T 2 #iET 5
(Pirnia et al., 2013). 5%, AHFEEZZOIL WS
OHEFIZEZ T E 7 O LA ZE R RIZIED T &
ERETS.

#t [33

AHfE—BR, MmiEFz, OHEAAE, BfEEe, & N,
A B, WHEEA, 8- 8 ROMBREYD LT 54D
FIHE TS 2@ L CTBHEECR o 2. Z ORI
—BR, MIN ak, EHHEELOMEKOI XS Mok bES N
7o, fakfnz, fAiUEF, Tahmineh Pirnia @ & K —
OO NN £, hiE 8%, HHZFEL
O RICIIARFEOMREE L Tz /Z Wz
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