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Abstract

The Shiokawa peridotite mass in the Mikabu greenstone belt,
central Japan, is composed of massive dunite, troctolite and
alternated part of dunite, wehrlite, troctolite and gabbros. The
rocks except clinopyroxene gabbro are olivine cumulates enriched
with olivine (>40 vol. %). Olivine varies from Fos; to Fog for the
massive dunite and from Fogs to Fogs for the alternated rocks.
Chromian spinel highly changes the composition depending on the
modal composition (lithology). The Cr, Al and Fe®' cationic
fractions over (Cr+ Al+Fe®*) vary from 0.57 to 0.31, 0.62 to 0.26
and 0.36 to 0.04, respectively. The Cr ratio is relatively high in the
massive dunite, and the Al and Fe* ratios are relatively high in
troctolite and olivine gabbro, respectively. TiO, content (6 to 0.5
wit%) is positively correlated with the Fe® ratio in spinel. The TiO.
content of spinel is positively correlated with the Cr# for the
alternated rocks and is almost constant (around 1 wt%) for the
massive dunite. In the massive dunite the Cr/(Cr+ Al) atomic ratio
(=Cr#) of spinel slightly decreases from 0.6 to 0.5 with the
decrease of Fo content of olivine. The Shiokawa mass is similar to
ultramafic zones of some layered intrusions in dimension (ca. 1 km
in thickness) and in spinel compositional variation. The Shiokawa
mass is possibly a dismembered ultramafic portion of a layered
intrusion. The spinel chemistry indicates that the involved magma
was intraplate tholeiite. Relic chromian spinels in surrounding
meta-volcanics also indicate the intraplate tholeiitic magma
parentage. The Mikabu greenstones and peridotites as a whole are
possibly a remnant of oceanic intraplate magmatic bodies,
including seamount chains and oceanic plateaus.
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KR, WL, BH, RHOEEABLIUENE FRHA,
Bk, HEF) HR (Fig. 1) OdDIOWTIE, HEWEF
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BRLBEORRIZDOWT Tazaki (1966) ik, L~
F VOB ERORRE Ll A DAT HEEEAV I OY
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NRATETFA4 VEERE, ANVIEMELTHTTurERL
febZx7. 20k, HIF - HEHE (1974), Inomata and
Tazaki (1974) &, 7x— I 4 D TIKEL 7O I8
A, N—FARAOEENL, BE<<ELT, 5%
DT NVANVEREBEE~ <% 2. KAREEKIZDWT
lizumi (1968), & (1972) &, BAEFEHEHE, Rb, Sr g
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b Bxr<hrboRARBYCcCHL L L. MESEKIID
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Fig. 1. Location of the Shiokawa peridotite mass in the Mikabu greenstone b.—elt Modified from Ozawa et al. (1997).

WIS (1955), MR (1978) kb, #HE, SR
MBREBIh, BRRERCREEL SR BWESFTEALL
LEn., BRENNE, FIZ2Vw T Inomata and
Tazaki (1974) <X Y #%&, #BHSh, BRI/ <IER
WEEE RIS, 72—V F4 PO Ti KEL 7T I/54
b, N—FRAREDHEEPLHIEOT NI ) ZREE< S
T LEL O BREMAKITOVTHE Nakamura (1971) 12
I hEREh. BFEY/vELTEY 74 PRREEYY
< v %%, BENEKOARACELEIRE, BEGELRE
RELER, 73BT 05EB LA N EEDBES
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HARA, FVA—FRA, TIKREL70T/54 bAtRH
LTwaZl, AVARVETICELI LMD, PALAE
HoEFE< /<L LT, BO L TIKBART VAT
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ZEhn, BESERSEAL VEALZER, L IRER
DEMETTRERSNL L. 72, BEOKUSL ORIR
BYBEEIC DWW T h R L7z

Agata (1989, 1994) LIAhiZ, fHhnfke v EHEY) A
NOENBZFOMETHY, BROEBO 7O LRIZDOWTiE
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REBHVTAPSFORBRICOWTORS, BICHELA—
N—T— kb EDOREIZOVWTOHERE R IR TS, NE
3 (1997) iXADREOKREDERSTHE, METE,
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LT MORBIZEHB LAY — XM SER L -@ILFTHE L
# %, Tatsumietal. (1998) &AM EHDKEED HFS T
FE, A—N—FV—LBREOERD HFS TE L LB,
ADPFEDREE L A== TV — ARBFDOERIEARDOE
BPUR5H$, MORBOEREEM LMK ERT BN
7z,

TERIFMIZIZOWTIAIED (1953) 12 & 1 b EAREA
MExh, 0%, 0 (1970), Watanabe (1974, 1977)
Xy, TEFHBOHES L UCERERICOWTORM L
LEHL SNz, THEBEROPALABRIZOWTE, B
B (1956) I X VAEAREMERS L Sh, €0k, HIPA
LABRKIZOWTIHEAR (1978) kb, SHICFHELWIIR
PRENRTW2, R (1978) EGOME, #E, Al
B b NCEE, PALAR, MAHEROLBEMEBEIZDOWT
#$E L, HIIEROLENEE, BRICOWTROLIICE
kD
1) BIIHASABEOEROESE, PALAA, BRER
DLEBRIEZADPEFRICER L T2 orALAEKE
KR, Mg ZEATEY, ZEIFSe -0 DT,
2) PALAR-BESHEARO Fe-Mg 25, EI»A
LAEGOFEHEEI 0 CUETHILEELZLNS.

3) BIHPA S ABKIZRNERERRE 2213, R
SWINERF I CEEEA L.
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Fig.2. Geological sketch around the
Shiokawa peridotite mass, central
Japan. P1 to P5 are sampling
localities of greenstones examined
in this article. Simplified from
Chubu Civil Engineering Associa-
tion (1984).
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1. HHABARBELOME
BNPASAEEEERT 2 REFETHAIRE KRN ELH
BT, BEAEEENCTER B A — R R L B O IRECEA*
Abhd (HA&, 1978) (Fig. 2). (FZEALHMICHREE
MATESTHY, PREERORMCSEINE, 2o 5H
(BRI TRZFENT EAPEFEFTCERIRT 5), BF
A, BEHICRERESSHA LTS, FHEREM» S T
JEI AT — AP S-S BNIFTH L. UTICEBERD
HBER, BRERICOWTHERSE U, & (1978) i
INEE) .

(1) R

B IRE - BEE, Fy— b, EREXUE - ARES,
RIRE»SL5. EiR - RHEFILLORMMEF Yy TEEZDL
NTHY, BRERRV2SRLEZLATYS BIF- A
i, 1991).

(2) Ah KT

APRFIFECHRESE, Yu—TJLyFr, NMT7OTT
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Fig. 3. Lithological map of the Shiokawa peridotite mass. Mostly after Makimoto (1978). S,
Shiokawa river. I, Iriyamazawa creek. N, Nakazawa creek.

A5 4 MEREOREERE, SR, BIPASARES X
CHDOERED/NEREES . ERERIZOELEE - Fx
RT3 (BRI - fub, 1991).

(3) =N

SHRINFEEICESRERE, DENSE, AERE2PETS
REFE»LRY, WHE, ANGSE, ARGIEALVE,
BRI IZANRVEDNEEEES . BRERIZOVWTIRIZ
SENLREINTVRVWAFHERLZIOATHS (38
IF - AL, 1991). Watanabe (1974) 2 X R, Rigo=
B IENG R AR T 5. '

2. B{lilh4 5 ABBOHEEE

BlPA LA EBRIEFRTHEIRBAENS 2 HKEICHLS
Bk, ARFEHT ZEN 1km, EEH4km D
NNE-SSW HEIZMH U7z L v SREETH Y (Fig.2), HEHH
DZFNREREE TDLAMAIICH ZEBMO AN LW ORI
BoTEELTYS (Fig 3). RBEKDILEIX NW-SE K1
DWiE, MOWIZIZIZTRBFROKBICL Y ESINE, 7o,
EROLEF, BNOXHEALRBVICAILRARE~ZA
NOWEEEEHN LTS (A, 1978).
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» ol-gabbro
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CpX

. Fig. 4. Modal amounts of olivine, clinopyroxene and
plagioclase in rocks of the Shiokawa peridotite mass.
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Fig.5. Simplified lithological relations observed along the Nakazawa creek of the Shiokawa peridotite mass (Fig.3).

54+, PALARSBUTOLOEBEWEE ST 0, A
LAH, HEHER, SIEAEETNETRSBULEL D Z)
ALARF Tk L7 (Figd4). Zhig, B4 (1978) TH
WHNTZLDEEHRLZ ST WA,

REFZRONLBRETFAN, tas b4, Hi
MEATE, BXUOYFAb- bR bIA L -PHEREY =
—VIA b -BALART 7O -EHERTTUNER (2
NEYPT “F+HA4 M~FTOER” LIER) THbH (Fig
4), BEORBMETFA M FFA b~F SO EETHRK
KhThBy, AEMRITEICHRYEL, BREEL LT
(Fig.3). ¥F+4 b, ¥+4 b~HT7UEROHMFHIC, b
7RS4, BAHEE N T U0 bbb TERERER
7B, BUBRBEERTLAZLNTES., 400X
YR—OBEBRIZRIRV— F THETE, RrTTEH»L
FFA b =-1rusb34b=-FFA b~FTUER - ERHE
BA70XY s, AEHNCEARZERIRSAR.
T4 Mo bay b I4 bANETFA PRICRECHER
FH A B LY HBHIZE{LT S (Figs. 5 and 6¢, d).
ray boA RS F A b~ EREA T T 0 BN ERHR
A, ESHRAARECHENL, WBRICEILTS. FF M1 b
~HTOEEH S BAPEE S 7 U~OEHEIRIEoE Y L
Sy |

Irvine (1982) @ﬁ'ﬁb:f}é’) &, ¥Fr4 r~H7uBEH
DYFArO—EERE, ¥4 it adcumulate (post-
cumulus mineral X0 ~7%), taZ b54 FBLTFFA
b~ 70 EBHOEAIZIEIT mesocumulate (postcumulus

mineral ;7 ~25%), ¥+ 4 b~FT7uERBROEHD—
#0795 orthocumulate (postcumulus mineral 25 25 ~ 50 %) &
5.

RREEF
DAL ABKDERICOWTE, B (1978) 12X,
MR ERAR IR TWS., ST, HE (1978) DRl

FLE, SHORBICL o THZCHLPIC R 1 BER
mEL, B/IPALABBOERIIDWTRRT S.

1. 874k ,

MBI ES  FE R T TR, BLECHRARYET
3. 10 ~% 10cm OFRBEAFEL T 5. —HICEA
MESAEANOBENRONEY, KEFEPALAR,

CAEANVOATHR S, 3IZHE, BRTHL (Fig 6a).

AEANVRETCREEYREL, BETIALABREICE
B, $ErALARCEESRTN A, PALABIIRF
YRV ERRLNS (Fig.7a). hOZ b54 P EOHR
MHETHAS AR B BAEE &M T 2 (Fig.6a). %
7o, BETRSEHVYFA MVROBEEH Icm Dz I &4

rOERBERBLE. 7u3IFA FPHROACRNVERIEDE

TTHRBBETHY, TEWIREERV.

2. pETEFSAH .
WSS LOBEIR ST LT THEY, —RIZFFA LY
BV, HELECRKE, BLETREEXETS. HRT
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Fig. 6. Rocks constituting the

BOSHBRAOH AR HZATE 5 (Fig.6b). EAHEREW
PALAR, BEAO, ACAVBIUVLSBOEMEETH S
B, B FRICAHETH ), {EAROBISAEL, B
FHEREZRLBADDH B (Fig. 4). W em ~ 10cm T
FAMEERELTHENDY, ZOHE, U4k
YFA MERIZERDE, )40 s Y F4 NIFE
BbLidhos b4 b OMEICRMK LS FELTR
bihd, ERFTOIIZ P4 MNRBOESMIEHE Y B
T,
BEAEYV—Y254 MULTEY, MESHOBREHEL
ZoTWwh. AEAVEEEBTHIALARICEAESATY
B, b LA EPADABORMICHMETHET S (Fig. 7).
AELD AL RGO A R VZERICA VA F 4 b2
HBND,

3. 714 v~HTOHEB
EEMEDBMELREOEEAFH LY. L2 LAER
(BEE) OMRs» 5, ERELORT2HRTHRATE 5.
— AT BAER T u Ny FaRLE L, TREANKREI
HEA, EAEAPRD, lem ~Em OETYF 4 MK
WEIHANZIELTWL (Fig.6e,d). A7asy FokEid
lem~1mTHh, [ FEAXOESFRIESIPRALEISS
HIZIZA—HmicHEL, EHEESRY. —F, ERETE
CEREOBVWESMER 7oy F—HOBBEICEL N

Shiokawa peridotite mass. (a)
Massive dunite with thin clinopy-
roxene-rich seams from Nakazawa
creek. (b) Troctolife with a plagio-
clase-rich band from Nakazawa
creek. (c) Alternation of clinopy-
roxene gabbro and dunite from
Iriyamazawa creek. Note the
gradual boundary. (d) Sawed sur-
face of gabbroic band in dunite
from alternated part of the mass.
Note the gradual boundary. A
block from Shiokawa river. (e) A
relatively irregular band of
clinopyroxene gabbro in dunite
from the alternated part. Iriyama-
zawa creek. (f) A patch clinopy-
roxene gabbro in dunite from the
alternated part. Nakazawa creek.

% (Fig.6e). 7=, ANV XZr v FLBbhD, EEOE
FHEE, RERP LR BRTTIAL MF T UDREHD /S
¥ (5~30cm) (Fig.6f) %, bOZ FF4 Mofkebh
2HDLABOARERL LLENY FROZ ) I 5418y
FA M BFbTHICBRBShA. :

FF A4+ CERMEHOBEER AT A S ARORBEICEH L
TWa. PALARE, HA L ITERGEIEA TN D, R
YAVIZAETDH 5. ‘

MaZ S A MIRIB LD DL ABREHEETS.

BEAY=—N54 b (Fig.7c) FOPALARDIEZL A
AL, SMEAREEIIY -V 254 MELTW A,
HEMARIETCHERAEEZEL, AhBBoTA VA
FAMPELTWA I ERD D, ¥ 1058 s—aRE L
LTwadDddhs. fIER, EMEREI»ALAADER
THREL, BAEARIMEN (W 1mm) THbH. ARV
PALARICEEISNTVADDIIEEETHY, PALA
A, SRAONEICEHELTWS DN METH A,

PALARATE (Fig7d) TEAREY -5 4 b &
DESHEA, SRAOENHEL, JHHERNTHL. PALA
ARBIERAY 2 — V54 FhEh S S IBRELAEATY
5. '

HRUER Y70 (Fig 7e) TIREEBTRAEL TW5 B
BAONKEZ V- 254 MELZSERFED TN 5,
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4. BSERHIO
FTAT4Fy 7R ET A, RHRA, BRMERORL,
REOESKE L, 24 LTRYETHS. BEREY
—vag4 MELTHEY, BSHERIPRREERBTHS. 1
wAREA, A VAF4 PRRLRA., )

5. £— FEKEL

HINEBROBREZALSHEOEL OB T 497~ 74,

v 7 EHAK, BB R OPEETHE, ¥4 bhb
PASARY TU~OEHELD P LY FEROAS (Fig.
4). COBMETE, BREARICKS, MEAROEL
HREV, T, SOPLY FEREMNTESFA MCESE
BA7OeVRMABT LI OBRENDLICORL
5. —F, {EFIEINT, BAEGOAMML TV Y
FA MBI =T 4 PADEHEERDO LY FHRLR
B, ¥F4 P ~BEHEA T 70 ERBHMOBSHER F 71 k&
T EEE E O BAHIR A T 0 E— FRRICBIT A2’
RONT, 1ZIZRHEHR 50 ~ 60 %IRRT 5.

6. RBER

| A S AEEOFERIC RS LG EEEISH LT
5, Zhe%® 58K (PL~P5 ; Fig2) THY Y7L
28A (P1, P5) P LIEEARICI BAAER VARV
Eh7m. BTFIZPL, P5, P2 ~P4 K4 DHADKEBEID
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Fig. 7. Photomicrographs of the
rocks from the Shiokawa peridotite
mass. All by crossed-polarized light.
ol, sp, cpx, pl and ser;olivine,
chromian spinel, clinopyroxene,
plagioclase and serpentine, respecti-
vely. Scale bar is 2 mm. All samples
from Nakazawa creek. All plagio-
clase is altered into saussurite
(saussuritized). (a) Massive dunite.
(b) Troctolite. (c) Plagioclase-
bearing wehrlite. (d) Olivine
gabbro. All olivine is serpentinized.
(e) Clinopyroxene gabbro.

WCERT 5.
(1) P
FeFERENRON, A (05mm ~ 3 cm) BEFT

TWADLNIBTHETE 5. KEBIIRRBAE, R T7x—>

77F ) RBEEECEREL TS, AT AHBNE A
NAT7arFA54 MREEBbhb, BEHYTEMEE
&U7nA4€$W?%&.iﬂﬁEdEﬁﬁﬁWE%Li
BY, HREEPCEELTWVS, 70AAERVIRIZZE
BThHy, FERIEELTVEY, MEPICEESITY
5305 %\v. MRIERROEMER L AR, BIUR
BH, BELGOHBGECEERDo TS, BREWIITY
ENDALARDIRE, [REHSBEINDLD, DNERRE
Bidiz-o& D L.
(2) P5 ‘

REFETHL. ARTEELHFEMEIZOONL. F
BEEIREEE, &iBA, R7x—v, ANA, A%, Al
AN, REEETHY, BHRA, KBE, A7 =Yk E0f

CBBHEERE LTV ROPBREINS. A0 LB

B (W02mm) THrAT7r—V, BRRBRENSVWEIL
AT7z—v, BBRAWEFIEAERONZVWHNE (~0
mm) SR EBHIHMP{EBL TS, 70AX]
ANEING 20DEHD S BRBEICR SN, RRBAICE
ENTVWBIENEV., ZORBAASEEPALATD]
BThHh» . BBZTRAELBEbh5b.
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(3) P2~P4

AFHT7UB L THNHEROBRBESIH TS, A5FT
DIZEHFVREBESAONL L DD S, HEHEARUA
VA4 L OMEARE, &RA, A7 -, BER, &
BEk, ERALREOEREGW L VR EhD. HHBER Y
BETHELTE), —HENAGEBEEb TV, Ml
RROBBE I EEE TSN RVA, TR
OFFFEAE (~2mm) PFPREFEZ KL T3 OHFHIRTH
BINS, ET TIMANOBTTANG, MEAR, X7z
v, BE, R&EILLDH, TRICKRA, SvRY)-F,
AEORMAS. 72, BRTHRE S OREER I,
B, RIRE, R, ATANT) AL— VAo TV
DPBRESNSD.

A LA

{LEMR % &IRA%¥ D SEM (Akashi alpha 304) -EDAX

VAT A (TAVE-FEH) 2HVTHRELE,
AERN, DALAR, BEMEAERUREBED 2 »Frofka
BHROAERVESH LI, AYRLOFe, Fe*idA b4
FAA M) —RRELTEHEIC LY RDE. 2B CHE
HE, BFHOFF4 % “WRYFA L, ¥4 b ~F
TUERBBOITF A4 b & “BRYF A" LR,

1. PASATRD FofEE AERILD Crit DRAR

WS F 4 b EFFA b ~F T UEBH T TOEHEEL
e by, PABARD Foflid 922 ~ 846 O TE{L
L, A¥RANDCr#t (=Cr/(Cr+Al) EFH) i 059 ~
037 DHEATEILT S (Fig. 8). #CFF 4 + TOMBEAL
DIEAIE L, FofHix 922 ~ 862 ¥ CEILT 2. ZDHb,
BLEWFoEERT2ARBRY T4 +OF A TH
D, Fofi884 2R T ¥+ 4 bixbros b5 4 MEFHICED
EWHIRT 4 FBEPSOYF I NTHLE. RS FA
TREMES IS P4 MTETIC2N, #ASLAR Fo
i, AKXV Cr# L b BRIVBERDPHH LIRS, B
BoERTIE, BHLEWLEERR PALATD Fofé,
AERNVDCrH) OHEMEPALARBOBRLVWEREDL®
bdHY, THTHS.

2. AERIOBEEZEIL

TiO, B & Cr# DBk (Fig.9) 2R3 &, Cr#t & TiO, »¢
EOMMZRTIOZ b4 FBLUEBROBAD ML~
F&, TiO, %1 %R & I12IZ—E T Cr# 45049 ~ 060 £ T
AT MR FA PO LY PO 20X B LNhE. %
BBRYF A4 PHDOAE R VBN Cri a5 (043 ~
051) LiEZLIZ TIO, icEs.

Fe'*/(Fe’ + Al+Cr) BT H (LT Fe'th) &, TiO, B
edl LTEDHBERT (Fig. 10). %7z, KRS+ 4
Febus bo4 PBLUEBHOERICIIHRRENSRS
NB, FEALDOHKRYF 4 Mid Fe =005 81271
vy hEA, PEZ IS4 PEEICELEVIIRS A EHE
POHOYF YT NVOHR R H=012[FICT Ty FER5B,
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Fig. 8. Relations between the Fo content of olivine and
Cr/(Cr+ Al) atomic ratio (=Cr#) of chromian spinel in
the rocks from the Shiokawa peridotite mass. OSMA

denotes the olivine-spinel mantle array, a spinel peridotite
restite trend, by Arai (1987, 1994a).

Fe' b =012 B\ED ¥ F 4 M TRTBRY +4 +THY
BEAYDOMEZ P T4 M BLUERROER MRS 4
FED BB P OERIC ST Y F END.

Fe' —Al-Cr ORIt (Fig.11) 2R3 &, 3LALOH
W& F4 Mk Fe =004 ~ 008, Cr/(Cr+Al+Fe) &
FH (UM Crit) 047 MEOWEE L®, bay b4 b
BRICRLECRRY F4 P EFEFLOF Y TVDEH, 20O
MR L DI Cr i, B P HEIC/ Ty FEAL, KT S
4 PMIREMES PO F I 4 MSESICORT Cr iR
HL, Fe WAMMT BEAAESNS (I Cr bLY
FEIER), PO FS54 FBICERBHOSA TR, B
LHEROBRIETHRTH DA%, &L LT, Figlliks
WT Cr 1031, Al/(Cr+Al+Fe) EFH (M Al k)
062 f352* 5, Cr Ik 038, Fe* 036 {183 TCORRE%R
DOMLY FERT. ZOBRYIO ML Y FOY L, HRY
FAPDIL Y FEDRAMEL Y Al AT 5 &9
BT AR % “Al PL ¥ FT, FelAMEmy % &) K&k
b3 585 % “Fe* P LY F” EFER.

BENPASABTRODONS Cr FLY F+Fe" LY K
XY %3 RAERVORBREIIZ S F 5D Muskox BRER
THEDLNS (Roachetal,1998) (7272 L, Fig. 12 T
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Fig. 9. Relations between the TiO, content and Cr# of
chromian spinel in the rocks from the Shiokawa peridotite
mass. Compositional ranges for other peridotite masses of
the Mikabu zone are shown for comparison. Data source:
Tazaki and Inomata (1974) for Kanto Mountains, Takeda
(1980) for Higashi Shikoku, Agata (1994) for Asama and
Murayama (1997MS) for Mikkabi.

B%). % 7=, Muskox, Bushveld, Stillwater, Great Dyke ®
70354 M EEOHRERY, 50X IKREVENLIE
MNOCr hL Y F+ Fe* L FERBETHS (Roach et al
1998 @ Fig. 20). Rhum (Henderson, 1975 ; Henderson and
Wood, 1981 ; Bevan, 1982), Mull (Henderson and Wood,
1981), Skye (Bevan, 1982), Jimberlana (Roeder and
Campbell, 1985) % EOBABEHKOAEARANVIECr PL Y F
FIRIZREDDDAI PLYF+Fe* PL Y FRREDLNS
(Fig. 12). %2, Rhum & i3HERE{LORABFBDL T2
(Henderson, 1975 ; Henderson and Wood, 1981 ; Bevan,
1982) (Figs.11and12).

Mg/ (Mg+Fet') BRFH (LM Mg#) 1302555 068
3 CEATS (Fig.13). 74 FHOBDDE L A2055 L
LPEEL, Mg, ZIZPALARDORLIEOCHBENDS.
SREF TV ) FRABYHERTONA L AK LD Mg-
F*HMOERTHS ) WAL, Arai 1980). Z TARE
FVOMBOERIC &L B REHREGRWIES R0 72,
Thbb, PALARICEEENTVEDEPALARD
R H 2D DOTHRDEIR W,

AL AVERELOREEFDAER VTR, CrEOR
{LlEiE P1 A% 048 ~ 066, P54%048 ~ 071 & F ) EA %
v, PlA505~ 06, P52%06 ~ 07 1C8F 35 (Fig 14).
TiO, B IZE L T P1 28043 ~ 1.00 wt %O, P5 i3 0.62
wt %, 087 wt%® 2 HZEH{ L 161 ~ 321 wt %DHEEIC
7oy bEh, MECHRRENAONS, Mg# TRWE
WCRkERENSDD, PLEBLE 06~ 07 O, P50
IZOLUTTHB, F'HIZPLOLDOTIRBLEOITHS
#, PSDLDOTIX01~02 &R b0/,

3. HfEn _

BOUER O Cr,0, B & TIO,BEOBEBRERS L, BRAY
I—VI4 F~BHEAEYTo0ERE/ICE bWV,
Cr;0. B13 158 ~ 011 wt %DEALIE % ~T 5%, TiO,BEIZK
XREBER SRV (Fig. 15). Cr0; B =055 wt %D H
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Fig. 10. Relations between the Fe®* /(Cr+ Al +Fe*) atomic
ratio and TiO, content of chromian spinel in the rocks
from the Shiokawa mass.

BHEREETAHYFA M IOZ F 94 FERCRL VR
RIFA4 FPERPOLOY VY TINVTHY, FOEPRBRY T
L bPFOLDOTH S,
i =

1. 8lllPASARBEOEIER

BNPALABEEZT A Y2EETH2REEMETHS.
F74454 NOEFEBREL Y HA P EEHRERL T
5%, FOESE250m (F2X500m) LTEELITH
D (B £, Boudier and Nicolas, 1995 ; Kelemenetal, 1997),
Fhro3Isf bELELIENEY. $4, EREBFOYTS
4 MY PUVRASAE VY=V b~L—V
54N EXTTORSERYTHS LBREIATEY B
Z4¥, Arai and Matsukage, 1996 ; Dick and Natland, 1996 ;
Allan and Dick, 1996 ; Matsukage and Arai, 1997 ; Araiet
al, 1997), B DPENLYS—V x4 r LNV T4 b
DTV MHASAMEEBECEoTWE. EREBH O
BE (F¥F4 L, rurzb34 b, 2uIFAL ) OrOL
AR LD TIO, EHREDENPALAELVEL, 2%E
T (&L iX1%LT) TH5H (Matsukage and Arai, 1997).
FROUMEZAET 5 EFEBTIIBERICDFELTVA L
#z 5N Twb (Arai and Matsukage, 1996 ; Arai et al,
1997). f£oT, BIIPALAEFEEOWREE (BH) &
REFEZI W,

¥, 714354 VOBRS 7RO T A MiZMm
DFoRAy—NTH7atERL, »oeflaPhToy
4 Xe— FORILBE, FELWI)XIv s - L=TYV T
PHEET R LR ET, BlrALAEKRE OHERIART
»5 (Blzid, Pallister and Hopson, 1981).

BhASABBOTIERRETHB 5+ MEBITRY
EThHNBLRV. JOLAAEIVOCr# (05~06)
(Fig.8) 1, BBV BELLTOYFA bFORAERNVICH
#Ha&hsCr#t (08B L) (Jaques and Green, 1980 ; Arai,
1994b ; HFNEA, L) & h SHARICE.

R, BPASABBIEXRZBREGD—K (Wb
274 v 78) THHUEMEIE . Great Dyke,
Muskox, Stillwater 2 ¥ OFREBEEROPALARERER
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Fig. 11. Cr-Al-Fe®" atomic ratios of chromian spinel in the rocks of the Shiokawa mass. Compositional ranges for other
peridotite masses of the Mikabu zone are shown for comparison. Data source: Tazaki and Inomata (1974) for Kanto
Mountains, Takeda (1980) for Higashi Shikoku, Agata (1994) for Asama and Murayama (1997MS) for Mikkabi.
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Fig. 12. Cr-AlFe** atomiclratios of chromian spinel in ultramafic rocks from layered intrusions. Data source:Bichan (1969) and
Wilson (1982) for Great Dyke, Cameron and Emerson (1959) and Cameron (1977, 1978) for Bushveld, Roach et al (1998) for
Muskox, Bevan (1982) for Skye, Henderson and Wood (1981) for Mull and Rhum, and Roeder and Campbell (1985) for Jimberlana.
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Fig. 13. Relations between the Mg/(Mg + Fe**) atomic ratio
(=Mg#) and Cr# of chromian spinel in the rocks from the
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Fig. 14. Relations between the Cr# and TiO, content of
chromian spinel in greenstones around the Shiokawa
peridotite mass. For the location see Fig.2.

FETHHSDOESIE 1km BI%TH Y (Wager and Brown,
1967 ; Irvine and Smith, 1967), I A 5 AEELFERKD
BHETHE. BBRLAE I OARE A VOMBRELDLE
REAEKRLARCTHLI LD IOELEXRET S, BR
BABGROY T4 MESCREER ) TTF4 v - L—T
Ny ZBLIELITRD 515 (Irvine and Smith, 1967). 3
NBEOWIKY 4 FTEPASAROHRICET 22177
FA4 9T =T NV TRIRIZRERTDH), FOETOM
FHSHOBETH S, BIPASABEOEGS, ¥54
b~dADART T OIZERPA S AR + BBV FOFEE
WThA). FFAb2bus b54 bELEFT-NVTA
PR ALATHZEOIRICK K AV~ OFIE T, Bt
BRF T DRAMELE AN b5 OHEfRE (BAHEE - 1R
HERE) ThHhArH. 1277L, Tazaki (1966) H¥h7z X
32, HINBEREEIPALAR+ANIDIY)AZN - <
9 VaDERMTHLTEED H 5. ZOHE, HAMEH
TOIIREA NV FESTHERL-DOTHY, DPALAAT
TEAN OBy VadPBERH LD TH
B3, ZOIVRIN Ty Y aRBITRYPALAR + 2
WETEEL, BRALAALAA+TANVITHS). wihic
LTh, ¥F4 b~2AbARN 7 0idHE s OBEGOEED
ALAR+RBEA NV MEEEROERBYTHSS.

BHIDA S AEERICHASND &) 2 X ERVOEREL
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Fig. 15. Relations between the Cr;O, content and TiO,
content in clinopyroxene in the rocks from the Shiokawa
peridotite mass.

DPLYF (Fig 1) OBREICOWTREL OHEHRFREN
Twv5% (Henderson, 1975 ; Henderson and Wood, 1981 ;
Bevan, 1982 ; Roeder and Campbell, 1985 ; Roach et al,,
1998). Fe' bL ¥ Fix, AR VL ZOREOHEHOH D
TN ARG, ACRVERMTEAN M EORS, X
VANV EEZEOHEY ENMEAEA N PORBIZL Db DLZE
ZbBRTwA, —K Al b L ¥ Fix Rhum, Skye, Mull {23
Roh (Fig 12), 7R ER), ERPALAR, fR
A BLLENEARSICEL ANV L) ORE (Henderson,
1975), b LCIERAEAND ALICEE AN b2 b 0&H
(Bevan, 1982) 2L % &# 2 5N TWw5AS, FEREEL AN
Zv. REL, BBOCr L ¥ F (Fig 11) 22w T,

CrtDEBETREBIPFS HOLRIIHALATD Fo HOET

Ao THBY (Figs.8and 11) HHEMEDOFERTHS . Al
FL Y FIZIEFe R Ti ORI MPR 5N % (Henderson,
1975 ; Henderson and Wood, 1981). Al b L ¥ Fid&&5 1t
R CRBEBERTERTHS. Al PV Y FOREE LT,
ALIZBAZ AV OB ED TRENEVEEbNS.
BN TO—BRN2ENRBNEFEPAL AR (+ A
V) ~ESER-MRETHEH, ACRNVIZAL LY
BEHDLNE FIZ P54 PIBVTDA, PALAE (+
AERNV) EHRWTHREADREBLTWA (Figs 4 and 7b).
CHIBDTRFH L ANV MROFRYEEL RRL T
5. Thbb, AICELA NV OMMIH o FOA LD
b4 POBERESRE., 2O ALKCEL AN ORKFIZR
HEOLIARHATH S, PALARCETEBLZ DA
AERANVIECr FLY F2ELTED, adcumulate HTITIT
RIEENTz. —JF mesocumulate ~ orthocumulate F"CiAL
AN PPODORMBLITEE I D AZAEAVORIBIZEY

“Fe* ML PR E NI,

T/, HHE (Agata, 1089, 1994) RHEHE= 7 BD/D
EAEEE (BHL, 1997MS) T3 Fe' b L ¥V FOADRRD LN
5. 72, EOETIEENO AL PL Y FICHEYT 2HEKRO
ZUARAERNVOADPHRE SN T 5 (Takeda, 1980).

2. v A S ABGOREEIRE
Bb Mg CBUPALARA (Fop) KEBEEINEITALR
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Fig. 16. Estimation of the magma types for the Shiokawa
peridotite and the surrounding greenstones in terms of the
spinel composition. Discrimination lines are after Arai
(1992).

PRV Cr#id 06 TH Y, BEEREOER (PALAS,
MORB) :R%TH% (Fig.16). LA L TiO BiF 1 wt %
METhy, BEREDY A b (Arai and Matsukage,
1996 ; Dick and Natland, 1996 ; Arai et al, 1997) % MORB
BORAEANVOME (B X 1wt %UT) LH&EL, TL—
R OS5 % RET 5 (Arai, 1992) (Fig. 16), HH
DR ERERE) POBRBI/ O LAAEANVTIE, Cr
HMBO6FBRZBLDOFLRYBY (FICP5) (Fig. 14 and
16), MORB Z Y 0B EDEARE T2 (Dick and
Bullen, 1984 ; Arai, 1992). TiO, &A% b LEWE L, *id
Ptk LT L— MY IRENRRBSNS (Arai,
1992) (Fig. 16). $abb, HEPALAES L TEBEORK
BEIEEL LTIV — MNAR S OEBIC L YRS
MERMEDSE . —F, FTIEOBREL LToBEIIEESB X
CEROGEEOERIERERBRRERBR LTS, TN
5k, WIPADLAEERIBLREAREDTL— AT
FHEOHEEDERERTHLLELS. HIEEK A
HOBEELDAVANVO CrEHBHEL @EIIPAL
AETIED- LD MgRELEAHTODID), wFhd 7L

—FAVLTA P ICHET A TMRENEY (Arai,

1992).

R LHONTVE LD, AREHO,LADLAEORH
BEWIE TIEATEY (fl2E, Tazaki, 1966 ;
Inomata and Tazaki, 1974 ; Takeda, 1980), AP HFHOH A
LAERDIILALEDLDHENIPA L AR L REROERTDH
BWEEAEY (B 21E, Agata, 1994). AP EFOREE
i MORB ¥ 7 3B O FvRBIED D OFERL TS L
LW (BlziE, /MZiE4, 1997 ; Tatsumi et al, 1998). &
|, #H)EE0FAORKEEHIEMORBH T L — AT
FYRETHLILNEEINI-ZEILLY, PALAES

OEBEDOAIEMORBHT I/ IREEODDFERLTVLHT
bbb, '
&t Fd

AMEZEDBIIHIY, FEO—AN (LU) IREET,
ZEE (4, SRAFEARENER I oMiEE
ELTwiPwi-, €iIRAFEOAHE Wi, BLEEY
i, ENFEELICRBRL CWLEWE 4, &RK
ZHAMEMER OABAZEKEZHO LT EMRIBRRL
B % LTwiw, BERRRKERBEEEZR BIUK
HEMBOEE, q“?&fﬁiﬁfﬁiﬁ%ﬁﬁ@ﬁ]ﬁﬂﬁﬂ&b:liﬁﬂﬁ
EOE, KEBWE -7, HBEREEL (BAAHEELR)
DaA v MIERREOBRELE TH o, UEDF 41T
EL LR L LT 5.
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RERLPEW, EIPASABBEIBROTFA L, b2 54 VBLUORBRE LT EE
W(FFAL, PaZbIA4r, Yx—NF4 L, H7ul) Lhhs, BEEEYTORRL
BRHBDPALAR (>40%) BRETHS. PALABIERARY 71 }CFopw EBHT
Foy-s THb. AEIINIE Mg, Fe**, Cr, Al, Fe', Ti TRTHFEMIIBULTAE BT 5.
Fe"* FHIE 005 GRIRY F4 F)~ 036 (BASAFEH 7)), TiO, 1t Fe* bk EOHMEERL,
05~ 6 HEEB%EET S, Cr# BHRYF+4 F TRPASAF® Fo LIEDOHBZRL, 06~
05 ALY 5. WHEFZZDH A X, (BEEIFIZ1km), ACANVOMBLE ERLTL— N
VU7 A4 MEBROBRENEROB< 71 v 7B THALEDbNE, AEOKREESFAKRO< Y
YRRETHLI LN, &L LTHILG, BE0LS v/ vESEICHRT2 LEEBbNS.




