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Abstract

The ultramafic rocks in the Kamuikotan belt, Hokkaido,
northern Japan, have variations in petrography, modal composition
and mineral chemistry. This paper presents petrological data for
three complexes, Takadomari, Iwanai-dake and Nukabira, and
highlights the differences in genetical processes of peridotites,
especially of dunites in them.

The Takadomari and Iwanai-dake complexes consist of harzbur-
gite, dunite and small amounts of orthopyroxenite, and the Nuka-
bira complex, of lherzolite and harzburgite with dunites and
pyroxenites. Podiform chromitite deposits are sometimes accom-
panied with dunites in the latter two complexes. Primary hydrous
minerals are sometimes included in chromian spinel of the former
two complexes restrictedly.

Ranges of Cr# (Cr/(Cr+ Al) atomic ratio) of spinel and Fo
(forsterite) content of olivine in peridotite from the Takadomari
complex are extremely high (Cr#=0.64-0.92, Fo=91.9-94.0),
and are higher in dunite than in harzburgite on average. The Cri
and the Fo are also high (Cr#=0.43-0.87, Fo=90.8—93.5) in the
Iwanai-dake complex and have wider ranges (Cr#=0.18- 0.82,
Fo=89.0-93.2) in the Nukabira complex. The Cr# of spinel and
the Fo of olivine in dunite from the Iwanai-dake and Nukabira
complexes are, however, sometimes similar to or even lower than
the values in harzburgite. These mineral chemistries highly depend
on the size of dunite layer : thicker dunite layers tend to show
higher Cr# of spinel and Fo of olivine.

The harzburgite and dunite in the Takadomari complex are inter--
preted to be a series of refractory residue after extraction of high-
Mg andesite magma. Most of the harzburgite and lherzolite are
simple residue in the Iwanai-dake and Nukabira complexes but
dunites are the product of interaction between melts of deeper
mantle origin and wall peridotite. The wall peridotites in the
Iwanai-dake and Nukabira complexes may be harzburgite and
lherzolite, respectively. The differences in the petrological charac-
teristics of harzburgite between the Takadomari and Iwanai-dake
complexes are due to differences in the partial melting condition,
such as temperature, pressure and amount of water available.

Key words : Takadomari complex, Iwanai-dake complex, Nukabira complex,
residual dunite, melt-mantle interaction
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Fig. 1. Distribution of ultramafic rocks (black) in the
Kamuikotan belt, Hokkaido, northern Japan.
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Fig. 2. Occurrences of ultramafic rocks in the Kamuikotan belt, Hokkaido,
northern Japan.

(a) Harzburgite (greenish) with parallel dunite veins or layers (yellowish) in the.

Takadomari complex.

(b) Gradual boundary between harzburgite (Harz) and dunite (Dun) in the

Takadomari complex. Dark speckles in harzburgite are altered orthopyroxene.

(c) Orthopyroxenite (OPX) veinlet with dunite aureole (Dun) in harzburgite (Harz)

of the Takadomari complex.

(d) Alternated layers of harzburgite (H) and dunite (D) in the Iwanai- dake complex

Approximate-boundaries are highlighted by white paint.

(e) Thin dunite (Dun) layer in lherzolite (Lherz) in the Nukabira complex Note

the sharp contact.

(f) Thin layers of olivine- websterlte (PYX) and dunite (Dun) within lherzolite

(Lherz) in the Nukabira complex.
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Fig.3. Photomicrographs of the Kamuikotan ultramafic rocks.

(a) Chromian spinel with numerous inclusions of hydrous minerals (amphibole and phlogopite: hght colored spots) in dunite

from the Takadomari complex. Crossed-polarized light.

(b) Chromian spinel lamella in olivine (partly serpentinized) in dunite from the Takadomari complex Reflected light.
(c) Euhedral chromian spinel with numerous inclusions of hydrous minerals (amphibole and phlogopite : light spots) in -

dunite from the Iwanai-dake complex. Plane-polarized light.

(d) Symplectic aggregate of chromian spinel (sp), orthopyroxene (opx) and clinopyroxene (cpx) in lherzolite from the

Nukabira complex. Crossed-polarized light.

FA MBRELFETAHTESYFA P hS IR 2
Badbds. -4 MACRESE o BEOBROZF VY
N4z vFAL A LR, LIFLEFvvsftarvrg

b, FFA b, NNV A b SR B BIREEE R TR
T3 (Fig.2-c).

NVINR—=T %4 VEPALAR, SHER, AR,
BEOHMERLLLY, —RICT/E N T2 5 —HD
BR—-T 407 TAT 4 v 7 METRT. SR ME T
BEIBAT7Tmm IZETS. AVRAVEBER~ETH D
BETTRBE» SBABRYETS. NBEEX2mm T
05~ 15mm DdDOHFEL, LI LITHEELRERZRTIO
BhoND., EbDTENHENTED L LTaKEY
(ARAE, €Z8) PAEXNVHFEETS (Fig.3a). ¥
T4 VIPALAR, PEDAEANVI Y S, HEOHE
MAFRHENEZEbHB. AEAINVIAB~UET, &
TTREBE,SBFEBEYET S, AVIVONEIIEK S
mm T, 01~10mm DdDHE v, SHFELGIEAE RNV
T EDBN, NUVIN=Tx L VeFFL FPORBALA
BIEF 7Y FEEBEESA LR, FESEY DR
(Araiand Hirai, 1985 ; Hiraiand Arai, 1987) & EAE5 L U8

SHROZAYERNVT X5 (Arai, 1978) 2D SR B (Fig.3b).
ARV ATHBEERL, BL05mmUTOb0r—
BET, ¥4 RICEETH B,

2. BREEHE \ _

BREEERINAVYS-Tx 4 P EFF 4 FDERL,
OIFA b, M2 r2yF4 v Pyt aryi4 b
~PALARITNYI LTy F4 b)) R4S, BRESE
THBEL TV EAIBIEEL 2 EORNEREE - TS
LIMOTHETHY, WAL ELABBERBEHL T3
ToOEHERFHBICEHETE S, N\ YNR-=Ux S PO
EONEBLUREITHETHY, 574 P LOBFRMET
MARAPRI LB AEEEERTIEdd b, —RICE
AFEEERRT 2 501238 OS] X 2 TREE LS
THRELTCVDRW, FF A4 PENAVYS=T v 4 PRCH
cm 25 10 m DE S TERK, IRRICFEL (Fig 2d), 20
EMHERIZ RISV —TCH D, BRERPENEZ D OF
Y TCREZBER~ARELEZRTHEEGIH S, ¥4 PAIC
REIBmotrvtaz 4 oBERMFRED
BETIFEOLN, LiIZLIZFvvfasy+4 b, ¥FF



ALHEE, WEHEODA S ABORE 57

AT, AMIN=Dx 4 ML LBREEEERT S,
7z, WY F A4 FOERTREABRRICY T4 M oMBE (A
WKZLWHALY =T %A b)) 2fEblntvyfary
FA RPNV YN=T e 4 VRICED OIS, S5IZFFA
FRRBRACRNVOFPWBERBFRDOONIEADDS. &
DAY R NVDORERBIEY T4 MEOFLERTIED 5V ITEER
DB b 2 A ICEE 2RI L, BREIR
FATTH 5. | |

MWV INR—=T x4 PEPADAR, SR, RERN,
SEOEMELGILRY, —RIZST T =25
bR=T7407IAT 4 v 7HEERT. AR NVE—RIC
B~ ChH B, FCEYRRERT S OBEET
5. KEIX 05~ 15mm C, ETTHEI LFRBELEETS.
72, ACANVICRINRCARAREERL EORKEDH
AESNG. ARAREAEORRICE -3EEr—RER
LTHEETS I LdH 5. SIHERAIRMET, 05~5mm
BEOLDOPE, FHA4 MIFELTHLALAR, AR
Vo, PEOHFER, EREOEELILbHS.
R=TA4BTFAT 4 v 7B OSENREFELRT. AE
ANVBEBRE~(EET,HET CHRBE>LBEREEET 5.
AE RV OREIZ 0L~ L0mm DD DREWD, BERT
RERRICHNTER4mm 2B LR, "y 3—Vv 4 b
AR, A E R VISR EREAREREER L L EREWOE
HMHEET S (Fig.3¢). ChOEESOBBYFA b
R, ANVNRLTT T4 N OREBICHEETDAERIVICH
ZETHAE BRERIA R VRRHEAIZED 2 EHE N,
BREEEDNVIN—V e 4 N, ¥FL bODPALARIC
RF V7Y FRBEREEDRA LN, WAESEDOHRE
(Arai and Hirai, 1985 ; Hirai and Arai, 1987), AE RNV 5 A
7 (Araj, 1978), B OT VRIEWIKBIHFET L. »
ALABHRDAEANT A5 BETCHBYEL, 02mm
CUTObOR—BET, "I N=Vr L FIYHYTFA b
BTINHEETDHS. AEWIELPALAGIRARTE®R
EEL, BOTHNTHS (LIELIENESm B L R).

3. BEES
BPEHITERDBRVFAR R THMOWIERCELER 2 - T
WAD, ERMEORRETHRLZEEIE VY, Rak

LTRU=WYITL PENVY A=V f PRERL, 5T

£V BLBEETS. 2270384 b arzyd 4 b
B PASARIITATIA MRPALARZY )840
74N bEETS. LTORWT, HEEAORMIS
RERRREOEND R, NV SA=T g FEL—VY
54 FEAROBERRT. L=V 4 MIBEONES
LUTREPZ Y AET, BAOBREHKIIBROMALAL
ANYNRATT Y FA b~BALARYITATFIA ez
5. ESRNTHER ORI X ABWHREESRITICR S
Na, ¥F4 MEV—VVS5 4 PRIESH cm ~8+ cm
BEOBL L THEETL2ON—ENZD, ThICHEmERE
ORBEZDDIFEET S, BROYF 4 M OBREIZPHE
WibDEPY) CRRER~FEREETIZ LD S.

FHIC20DFF4 FOBREIRELTWARELHS. ¥
FAPEV=AVT I POBEEERR—RICI TR
»Evs (Fig. 2¢). BWFF AL beLb =WV T4 FDEMEK
Reil, BRACESRm BEOELICELE PALA
AYITAF54 b, BEHER ¥ -3 EAICEb L -V

VAN FLELERDONE. WEKEUBILAMOK

FIZOARZEDONE Z EHFEH L, MAOERBFIELRER
PREICEAT 2V y — T RE& LEARISHBNICELT
BEANHD. 7, LELIEYVFA PBLEGCELGRO
HE (FhZhE e BE) OEBRDHOLRE (Fig21).

V=WV I 4 MapALAR, STEGD, ERER, Y
ANH ok ) MEREEREWRIEEALBDLAR G, —
BACTO P G2 —HBPOR—T 10T FAT Ay
MEERT, AR VOBRIMME, S HIKRT, EFT
WRE~FBEEETS. AVIVIIEBAEEERIEST
BETHIERSL, HEY I mmBETHE. L-LVT

A MCRAER )V -RFEA - BREEOESR (Fig 3-d),

HLARAERN —RNHEAOEREN LIX LIDIF I3
bha, RFERZMET, NEGEKXTS5mm, BEHER
DMETAIVREICRDOONS. BEER XMW cRlE
BB TH Y, fSIFEERPAERVIZEDNS 2, P
ALATRBICEESTS. ¥+4 PRECHPALAR, XY
AV, WMEOHEPHEAP LA, —RIIF—T4 97T AT
1y 7 MBS ERIERERT. ACANVIER~MREBT
Y, BT THE~BRBEZETH. FF 4 FBORER
VL=V 54 VDD DI THN CHEBE V.
HYEREPALAROMBEFEL, BT, SLOEE
AERNVEME) . TOREZ 05 mm UTF LM THE. ¥
NIZAE RNV -BERBAEOESPRDOLNE. L—NVTF4
b, ¥4 4 bPHOPALARITIEF Y 750 FEERREREHR
Roha, ZEALVTAITEBAHOLNT, RETEYOR
BRdZ L.
E— N

NVINS—=TVx [ b L= VFL PORFIZOWTIE,
HEHOBREEZBRT LT, BRMEAOE— NIk 258
D DR % Arai (1984) OFEIHE). Tadbb, BiHE
A/ (BPHER + R HBA) AREA 0L LhEVbDRL
— VG4, QIUTO DENALVYSN=T A h T 5.
BinEE, BREEE, BPEGOEEOE— FEKE
Fig. 4 123, BH, SREEEERONVYN—-T x4 b2
ZIZFEBEOE— FERO@ENE b 5, HREARIRE—-FT
1%zl 2w, RCREEEO S OZEMEROE— FIL
BATH02%LBOTEY. 7L, BAABCIBVNTH

FHEAEPEANVY NV 2L b (B—FT6~24%) 25

FrA MIPTTERNICRIT A0/ L, BREEHRT
BANVIN=Tx [ F ORFTEARFE-—FNTI5E~33%
ThY, ¥Hr4A L OMICHBELZY y v 72% 5 (Fig. 62

R). BFEEOL -V IS4 b, "IN —V v 4L TR
HAMEARIZE— FT0~15%Thb, BiH, EREEHE
DLDIHRTENED Y, Bho@EERT. 7, B



58 OB B ME RW - RH EW

Nukabira
o  Nukabira
* Zone

cpx/(cpx+opx)=0.1

. Takadomari & Iwanai-dake —>opx

Fig. 4. Modal amounts of olivine, orthopyroxene (opx) and
clinopyroxene (cpx) of ultramafic rocks from the -

" Takadomari, Iwanai-dake and Nukabira complexes, The
range is shown for the former two because their modal
amounts of cpx are very low. “Nukabird’ denotes ordinary
peridotites, and “Zone’ denotes particular lithologies around
the margin of dunite layers in lherzolite or harzburgite in
the Nukabira complex. Broken line is the boundary
between harzburgite and lherzolite after Arai (1984).
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Table 1. Representative analyses of minerals in peridotites, from the Takadomari, Iwanai-dake and Nukabira
complexes. *total iron as FeO. Fe*"in spinel was calculated from spinel stoichiometry. Mg#=Mg/(Mg + Fe?*),
Cr#=Cr/(Cr+Al), Fe#=Fe** /(Cr + Al + Fe**).

Takadomari Iwanal-dake
Harzburgite (QUQ9-2) Dunite (OU17-2) Harzburgite IW731) Dunite ((W731-9)
- ol OpX CPX Sp ol sSp ol OpX CDX Sp ol CpX Sp
Si02 42,36 58.14 5424 0.16 41,71 0.52 41.67 57.23 54.89 0.29 41,81 5443 0.40
TiOz 005 0.07 001 0.08 002 0.18 005 0.00 0.04 0.p8 0.09 0.06 0.23
Alz03 030 124 098 1713 0.36 6.17 0.16 1.58 1.80 19.93 0.00 0.92 16.53
Cr203 004 027 0.55 55.23 0.00 65.23 009 074 1.15 50.06 0.10 0.66 51.50
FeO* 696 4.96 -1.57 1741 5.98 18,02 819 486 1.83 16.23 717 134 17.98
MnO 0.18 008 005 0.00 0.18  0.00 010 0.06 0.04 1.16 " 010 0.06 099
MgO 50.06 34.70 16.89 12.15 51,75 10.76 49.89 33,76 17.21 12.24 50.66 17.71 11.11
CaO 007 038 2514 0.25 0.05 0.26 0.03 1.86 23.80 0.19 0.10 2442 0.17
Na20 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
K20 000 0.08 000 0.11 0.00 0.01 0.04 002 0.00 0.03 0.00 0.00 0.05
NIO 000 0.08 0.00 0.00 044  0.00 029 0.06 0.00 0.05 043 0.00 0.05
Total 100.34 100.00 99.69 102.50 100.47 101.15 100.51 100.17 100.79 100.26 100.44 99.60 99.01
= 4 6 6 4 4 4 4 6 [ 4 4 6 4
Si 1.020 1.989 1.980 0.005 1.000 0.017 1.007 1961 1.971 0.069 1.008 1.978 0.013
Ti 0.001 0.002 0.000 0.001 0.000 0.004 0.001 0.000 0.001 0.002 0.002 0.002 0.006
Al 0.009 0.060 0.042 0.624 0.010 0.240 0.005 0.064 0.076 0.732 0.000 - 0.039 0.626
i Cr 0.001 0.007 0.016 1.350 0.000 1.700 0.002 0.020 0.033 1.233 - 0.000 0.019 1.309
Fe** 0.012 0.029 : 0.003 0.023
" Fe* 0.140 0.142 0.048 0.437 0.120 0.465 0:165 0.139 0.055 0.419 0.145 0.041 0.458
Mn 0.004 0.002 0.002 0.000 0.004 0.000 0.002 0.002 0.001 0.031 0.002 0.002 0.027
Mg ©1.798 1.770 0.919 0.560 1.850 0.529 1.797 1.723 0.921 0.568 1.820 0.958 0.532
Ca 0.002 0.014 0.983 0.008 0.001 0.009 0.001 0.022 0.916 0.006 0.003 0.950 0.006
Na 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
K 0.000 0.003 0.000 0.000 0.000 0.000 0.001 0.004 0.000 0.000 0.000 0.000 0.000
Ni 0.000 0.002 0.000 0.000 0.008 0.000 0.006__0.000_ 0.000 0.001 0.008 * 0.000 0.001
Total 2.974 3.982 8.991 2.998 2.994 2.994 2.987 3.935 3.974 3.005 2.988 3.989 3.001
Mg# 0.928 0.926 0.951 0.562 0.939 0.532 0.916 0.926 0.944 0.575 0.926 0.959 0.537
Cr# 0.127 0.272 0.684 0.876 0.238 0.299 0.628 0.328 0.676
Fe# 0.006 0.015 N 0.002 0.012
Nukabira
Lherzolite (NB2811) Harzburgite (NB2815) Dunite (NB2643) . Dunite (NB2612)
ol opx CDX Sp ol OpX __ CPX sp ol ODPX sp ol CDX Sp
Si02 4179 56.03 53.08 0.08 42,37 57.67 53.68 0.15 41.98 58.17 0.61 41.18 54.48 0.16
TiOz 002 004 0.5 0.0 0.00 0.01 017 0.18 000 0.14 013 0.09 018 024
Al203 035 3.83 3.84 40.33 019 183 2.60 27.70 035 057 11.11 0.14 192 33.96
Cr203 012 092 1.06 28.88 0.10 053 117 41.74 . 0.02 0.66 57.52 003 0.67 31.19
FeO* 9.11 5.52 2,21 14.43 763 539 176 1545 . 6.88 4.43 21.32 8.78 2.00 19.79
MnO 017 013 014 0.17 011 017 010 0.09 014 0.18 0.23 012 000 0.29
MgO 48.54 31.34 1645 15.96 50.73 34.47 ' 16.65 14.47 50.83 35.06 9.38 49,12 - 17.70  13.65
Ca0o 008 264 23.8 0.16 0.11 042 2381 0.19 0.04 0.57 0.15 0.07 2486 0.16
Naz0 0.00 000 0.00 0.21 0.00 0.05 0.12 0.00 0.00° 0.21 0.00 0.00° 0.01 0.00
KeO0° 006 0.00 000 0.03 0.03 0.00 0.03 0.05 0.00  0.00 0.04 0.01 0,01 0.05
NiO 0.29 0.06 0.02  0.08 043 0.00 0.04 0.00 040 015 0.00 0.29 0.00 0.04
Total - 100.54 100.51 100.80 100.34 101.70 100.62 100.13 100.02 100.64 100.57 100.50 99.81 101.82 99.52
= 4 6 6 4 4 6 6 4 4 6 4 4 6 4
Si 1.014 1.929 1.913 0.002 1.010 1967 1.945 0.004 1.008 1.982 0.020 1.006 1.944 0.005
T 0.000 0.001 0.004 0.000 0.000 0.000 0.005 0.004 0.000 0.004 0.003 0.002 0.005 0.005
Al 0.010 0.155 0.163 1.336 0.005 0.078 0.111 0.973 0.010 0.039 0.429 0.004 0.081 1.176
Cr 0.002 0.025 0.030 . 0.642 0.002 0.014 0.033 0.984 0.000 0.018 1.491 0.001 0.019 0.725
Fe** 0.011 0.025 0.046 0.076
Fe* 0.185 0.159 0.067 0.326 0.152 0.154 0.053 0.357 0.138 0.126 0.533 0.179 0.060 0.402
Mn 0.003 0.004 0.004 0.004 0.002 0.005 0.003 0.002 0.003 0.005 0.006 0.002 0.000 0.007
Mg 1,766 1.608 0.883 0.669 1.803 1.752 0.899 0.643 1.819 1.780 0.458 1.789 0.942 0.598
Ca 0.002 0.097 0.921 0.005 0.003 0.015 0.924 0.006 0.001 0.021 0.005 0.002 0.951 0.005
Na 0.000 0.000 0.000 0.011 0.000 0.003 0.008 0.000 0.000 0.014 0.000 0.000 0.001 0.000
K 0.002 0.000 0.000 0.000 0.001 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ni 0.006 0.002 0.000  0.002 0.008 0.000 0.001 0.000 0.008 0.004 0.000 0.006 0.000 0.001
Total  2.980 3.980 3.990 3.008 2.987 3.988 3.983 2999 2.987 3.993 2.993 . 2.990 4.002 3.001
Meg# 0.905 0.910 0.929 0.672 0.922 0.919 0.944 0.643 0.929 0.934 0.462 0.908 0.940 0.597
Cr# 0.139 0.155 0.324 0.152 0.229 0.503 : 0.316 0.776 0.190 0.381
Fe# 0.006 0.013 0.024 0.038
BETFEVDS, fIC01 BT EEFIEY. £/, AR YA M, I P TREMERICEBDCELL, A/ (>

VD TiO, B REITET 05wt BUT TH 5.

E— FHBRE AV RO Crit OBGY Figs.6-a, b IZ7R"T.
T— FHEERE ARV Cr#t OBICIZEIVHEDSED &N,
BE/ (PALAT+ER) EHL, BXUCESES, $1H
HH + BERHER) AR OBS TN, AR VD Critds
B AEMAD L. BIOEREK, BREEGEON A VYN

AS AT +IEA) BRIGIZRFERDE— FICIZIZ% L.
BIEEETIIEERIGERNICELL, ACILD CrHi,
NVINR=D x4 PEDLFFA P TRBVERICH S, BR
BEEBRDNVY N=T x4 P TREGROBIHEG, R
ANVD Cr D ERT B, WBOEBYF¥F4 L ORI
RBFEAEDOE—FLEM, vy 7Hd ) FERTH 2
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(Fig.6-a). —%, BEEEDL =TT 4 FEALYIS—
VA FVTIREARORS, BIUHEMEA SHHES+
BRI AREOBSITHEY, AVALVD Cri i ERT
% (Figs.6-a,b). 3DDHEEDONLVYIN=V x4 MIDNT
RUEARTHBLL-LE, BEATOALERLVD Crit il
REfE, ENERER, BEEGOMIZEL %% (Fig 6a).
FERCBVTHETEINALARL AY A NLD Fo fE,

Cr# ORT7 DOYRE Fig. 7 2R, ZOXRTIZHLT3 20

BIshx B & B4k, BMERMDT, TXTOSMA (Olivine-
Spinel Mantle Array ; Arai, 1987, 1994a) OFIRICINE 5.
OSMA i3 EEB~ ¥ MLICBIF B AR MDA L ARRER
BTOBITRIEDOI VY FERL, B Fofl, BCrini
RO b DIZEHEE (BHEHE) BV LERT. BN
BED Y F 4 M it OSMA DEBRAIZ BB THALY N—= Dy
A MEDLMB/LA, LYEFofl, & CriREBICINE

b. BRESECMTEEO YT 4 }id OSMA DEBAIC

BTN IN=D A I Y OMBLIERDS DT
2L, " N—=Ur AL b ERBED LI Fofl, &
Cr# DL Db HEET B,

3. HAER
&, BHERLTREERE= 2554 T, Mg

Fig. 6. Relationships between moda
compositions and Cr/(Cr+ Al) atomic ratic
of chromian spinel. No orthopyroxene ir
dunite from the Nukabira complex excep
for two samples. Abbreviations for the
complex are the same as Fig. 5. The
classification of peridotite in Fig. 6-b i
after Arai (1984).

12091 ~094 B\, NUVYNR—V v b~L—NVF
FRORFEA D ALO, ERF B IIMTEE S, SHESE,
HEAEDRIZBAT 5, FhFho ALO, SE B OB
BIBBEEDNVIN—=D v 4 PETIE 16~ 07 wt%, &
BEEEDNNIN—T v £ bRTIE 25~ 13wt %, BT
BEDOV—=NVIFL PENVIN—T ¥ f VHRTIFE0~
wt%Thb. ¥H4 FROMFEAD ALO, EHRIT,
EERDPBROBEALY A=V x4 L EARPERED b
Vo F e, WTROBASIBLTIL—VVF A4 ey
N=Tx A VORFELD ALO, EHEL AL RNV Cr
DRTICIFADHEEYEA LR, 2O LY FIZ 30054
BLTIHIZERNZ D022 2 (Fig. 8).

4. BEHER

HEHEA O Mg #i3, BHBEONV Y N—D %L T
095 ~ 096 IR T 5. BNEEETIE, Mg#idnvy
=V 4 FT093~095 ¥4 FT094~ 096 I4FIC
BT 5, BEEETIIL-—AVVSA NENALIYN—T x4
TO092~094 I8 L, ¥+ 4 bTiL 093 ~ 095 Iz
B, ANNWIN—T A b (BEEEOL—LVV54 b AT
HOBSEAR O ALO, B X U Cr0, DEERIZ, BiaEHk
BFENREN 06~ 13wt %, 03~ 07wt%, BEREBEET
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(a) Takadomari * (b) Iwanai-dake '(c) Nukabira
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Fig.7. Relationships between Fo content of olivine and Cr/(Cr+ Al) atomic ratio of chromian spinel in the Takadomari (a),
Iwanai-dake (b), and Nukabira complexes (c). OSMA, olivine-spinel mantle array, a spinel peridotite mantle restite trend of
Arai (1987, 1994a). Abyssal peridotite field from Arai (1994a). Forearc field from Bloomer and Hawkins (1983), Bloomer and
Fisher (1987), Ishii et al, (1992) and Parkinson and Pearce (1998).

10 ~27wt%, 0.7~13wt %, BMPEETIT 16~ 48wt
%, 08 ~19wt%Th%. 554 FHOEMEED ALO;
ERARBIUVCHLO, EFRIZ, RiABGEDLDTREFRER
06 ~ 13wt %, 03~07wt%, BREEEDDDTIZO03
~19wt%, 04~ 12wt%, BMEEEKDDDTIZ19 ~ 41
wt%, 07 ~19wt%THh5A. T/, TIO, EEREIIEMEK, &
HEMDT 03wt BUT LEL, BIBHEEON VYN —
Vx4 MIOlwt BT & &HO TR,

5. SK%H ‘
BiEEE, BEREEETIEEAR EDNO L VR
EREME LT, BRNALEERNRMEND, ARAOK
RIZERO LI YR & BT 5. BRI T
L7-ARABLUEAEO—REBR L CHEETAARAIR
RHERE, BREEERELICIVETA PRSI LES AT
WAV TLY FThh, ACINCAESRTHS AR
Fid, BIEEEDS DTIRAN Y 7L Y FHbIS—HH A4 b,
BREEKTRANV VT Y FThE. ACANIZAE S
AANA - RICBIAEED S OOHFHFERFEED S D &
DHSIICELL, Na+K CEE. £ZBIIBIAEHE, 2R
FEEOREANOBER L LTETS. £Z8B0 Meg#,
K/ (K +Na) BRFHIZENENE LA T 0.96 ~ 098,

- 003~ 093, EREEATIE 087~ 098, 010~ 100 TH 5.

it%@ﬁ@ﬁﬁ%dﬁ%%k%uﬁ<,mm%me
04wt %LLTF, BREEETIE 07wt BT TH 5.

FF4 FEREDHA S AE L DG
BREEEO—-ODEE (IW830) IZBWVT, NLw—

Vad YADYF A FBIERT 5 FECHEREY OILEE

BB LTHEAE ®FER) OT— FoEkrilleL? (Fig
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Cr/(Cr+Al) spinel

Fig. 8. Relationships between Cr/(Cr+ Al) atomic ratio of
chromian spinel and Al,O; content of orthopyroxene in the
Takadomari, Iwanai-dake and Nukabira complexes.
Abbreviations for the complexes are the same as Fig. 5.
Abyssal peridotite field from Bonatti and Michael (1989).
Forearc field from Bloomer and Hawkins (1983), Bloomer
and Fisher (1987), Ishii et al, (1992) and Parkinson and
Pearce (1998).
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Fig.9. Variations of pyroxene/(olivine + pyroxenes) volume
ratio, Fo content of olivine and Cr# (=Cr/(Cr+ Al) atomic
ratio) of chromian spinel across the dunite/harzburgite
contact in the Iwanai-dake complex (outcrop at TW830).

9. tO¥F4  OESEHAm THY, FH4 bodRk

BICHAFER R A A VOB VIBEBIAEETS. »
ABABDFoEBEITAERND Cr#ENNVYN—-Tx 4
M ST A L EC Do TEBC ERT B 0
L, "UOR=Yx A PHOMFEEDE— FIZFyF4 b
DEFIZHEITIZONTEI L, 74 VB TRECEST
A, ARk, BEREBEEEBS L CHBPEEIIBITESFA B
EEORBEDOPALAEDOHEBILFERBROEE R
(Fig. 10). BRFEERTIEFFAL FPBIRERANAVYN—T 5 4 b

FIZIEIET B0, ¥F4 FEFREVHE, BTNV Y—

Vx4 b RBFFA MCADP ST, DALARD Fo i &

PAERNVO Cri HEBICERL, 51 VN EHRETH

HEL D FofE9, Crit 08#E). ¥+ 4 MErHvig
G (EEsdFfem ~Ftcm) bV NR—T oA b BT
B, FFA PHOPALARD FolEB L UFAER LD Cr
HBABEONVY A=V r A PREOLDOLABDERID D
BEVEfICH S (Fo 91 ~ 92521, Cr#t 06 ~ 07 BE).

BEEBDOEC T4 MNBENAVY S—V o4 P LEL,

BAREEEE ARCRABOEED LA SATO Fo il X
URERNVD Cr#dyF4 MRICE D o TLAET 2ER»
EHONBH, BEOBEERY A Mo OERISKEL B
BENVYS=T XL ML=V T4 PNEERT B
(Fig. 10-b). ¥+ 4 Mg (Fig 10c) ZEAFEGDOS
CBLRERY, PASARD Foll, AR CriAHEE
BEWL—VY'FA4 b (FofE9], Cr# 04 72E) LT 3.
ZOB, FFAPEL—VVT4 b EOSREIGERRIC
BUE PADARTITRFI4 b, RAEEE 23N
BEICELLV—VYI4 b Figd) FRDLNEZ 2D
B, ZNLDFFA FBLUBEECECBOPAL AR,

AE RN OGYLERBIIEBO V-V V51 FOobD Ll
IZFABCH 5. -

Y4 MNROESEZDY T4 M ROFEHOILEEHBE OB
2% Fig. 11 ZRT. —RIZT I A PBOESLEDY I 4
MDD A B A D Fo 5 & UR ¥ 30 Cr#t ITIZE DR
EaAaoh, BuyFA METIE, 200A5AFD Fofl
BLURAEAND Cr# B, BEVHETRBEVENILE
5. %7, BEOBWIOTIE, BREEEDTF A Faa
AERND Crit BHFEED S DI TEHCENCSH S
BPEGRTRRABOESOY 4 MEICBWT, Cr#y
SRR o EMERT S DOFEET S (Fig. 11-b) 2
Cr#dEWFF A4 PBEINVY A=V x4 PEEL, &Y
bRV —NVVFA PEBELTVAS.

B METEEOLADAEDOREE

UED3EETERSIND LI, HEHERIIHFET A
PALABITREAENS L CEP O LERRICB VTS
BThb. LrLeds, HEHEFO»ALAEOER:
TR EOREBHRIED F Y ERENRTVL RV, I
(1994, 1995) (XM EEEFILEIME S 5 MBEERD
VEESICELLLEB LA LAEDRENERZ T
IHLRKOFEET TORMERICL DR L - LiERT
7oo F72, BITHBEHEROIA L ABBOMIRK R TYE
HiZ A S ABORSEREICBITAkOBIZERT 52
EREL:. 2T, BEORLL 3 0DPALAEEL
BB, ¥4 NORREBIEBRROZBED LRV S
MEHEFODLADAGOEREOREICOWTHRT 5.

1. Bass

BREERTENAVY RN=T [ b b 5T A P~ B5HEE
PEBEICRPTBEIE, PALAADFofEL AE V0
Cr# DEBIZBVTTFA FBNAVYN=V x4 L
OSMA BN OE Fo f, & Cr#flicruy F&hB T2

B, NMVYNS=T x4 YBLUY A IS B2

RICT 2 —EOBIRD A5 ABTH 2 TRMIE.

%m%%@zE%wuu@&%&%ﬁﬁ%o@ﬁ%ﬁﬁ%
Th. SRORRAERVEHBHCRAR W b3S L2
ERBRLTWAS, LT, BASEOHSERICIIAS
MELTW/o e ELOND.

BiREEoF NSt a s v F4 N, FF4 b, NV
=TI x A bHL%LBREEDOKEE, FoDi-Si0-H0 %+
THR (Fig. 12) #AWCHBANTETH S, SKEBE T
DMERBPALAEP (L=U'54 b)) OFHREIER
EEZTHS, BEOL-DICEABEHREI—I2LETS
&, BHOMBAP 2L H (WY =Y x4 1), Fi
D (F4+4 +) OB ECHMLAETSL, H D &FH
ZhHB AW MIFRFRX, X'"ThHDH. ZOXEi X0
MDAV P BDHEER LGSR SRS & 2V + MBI
LIYRAS T POWHERICALDT, WFhbr 252
A4 b BHER) Loatnvsiaryr4 FAER
h) 5. BIABEKDT FA4 b, "V INR—T v 4 b (0§}
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~ Fig. 10. Variations of Fo ‘content of olivine and Cr# (=Cr/(Cr+ Al) atomic ratio) of chromian spinel acress dunite layers
- within harzburgite or lherzolite in the Iwanai-dake (a) and Nukabira complexes (b, c).

BEITBOE) I ANV 4 u 234 b (BERERE)
WD X I L TEREN.

X'~X"D XA MgO-t Si0 2B, CaOiXZE
L, F=F A Ml oE Mg RUBHEED< < THA)

(B 2.1, Tatsumi, 1981, 1982 ; Umino and Kushiro, 1989).

JEE#EDE Mg RILES 7Y OPALARD Fo B LVRY
ANVOCr#ORBILL, BHEEOPALAENKR=F
A MEOE Mg RIVER T L E LD I 2 L 2RBRT 5
(B 213 Arai, 1994b).

BEBARBREES L UZORRERET 5 L Fig 13

DEIBEFVREZLOND., VY FRATHENL) 2BED
BEMERICZ LWL =V Y'I 4 POTHE»SARSENE 245
NooHAT S, BROV—VVIA MBI EOBRIC L
DHIE, BIUKOMHMIZLZ V) FADET DI HS
BT 5. BRENY/TEENEOE) NRVBEShS
- (Takahashi, 1992). #lh B3 ERS-ERUEESSRITHOICE
<Y, FF4 MMEREShE, Builishi<r<id s
~HY EBNBA, TO—BEBEEVERLL, ShE
KB TELINRL U2 Y4 MBBRENS., TV A
0z v 4 FORBICEA VYL a Y Y F A4 MIED o T
MBESHT LI LBIRVE, Tobbhrrynn—Yydg
b, ¥4 PPRENS. T2, BRENIEIFR=F
1 M EDOK Mg RILBETH o 72.

2. BREERS LIUHETFRE

EWNEER, BEEEOT T4 ML, BRZBETRI DA
LABEREZIZL W, RIZ, 54 PNy 3—=T x4
FEODE SRS BEROEFTLLBIIBIPALAETH
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formation of
orthopyroxenite

En SiO2

Fig. 12. A simplified H,O-saturated liquidus phase diagram
of the system Forsterite (Mg.SiO,) -Diopside (CaMgSi,O¢) -
Silica (Si0;) at 20kbar. (Kushiro, 1969). Harzburgite and
dunite from the Takadomari complex can be formed as a
series of mantle restite from a primitive peridotite (P).
The Takadomari orthopyroxenite is possibly a cumulate
from a melt between X' and X" in equilibrium with

WY - EE

%51, ¥+4 v PFOPALARD FoEBXUARAY RV
DCr#ERN/INVYN=T x4 bFOBO LN bEL iThiF
5k, LaLids, BRNEEEB LUHTFEGD YT
AME, MU= x4 XY D Fofl, CrEdEVLOD
W0 T, "NWINR=Vxr 4 bERBOEREETSD
D, EHITZ LY Foll, Cr# 0BVbODFEETS (Fig
. B2, FFAPEAVYN=T v [ L DOROH T
FAOE— FICBT2HBE 2 MR (Fig.6) &, ¥F4 MFN
MIN=T %A PE—BOBIRYVETHH I EILTEENT
»5 (B2, Presnall, 1969). UEoZ &hs, BRESE
&%, BPEEEDFF 4 MIBRESDOYFA M E3REo7
REEET LI EDELOND.
ERGEEEOBERORRCE L CEER, 5K, ¥
B OB LREDPS, ¥4 R IOE N BORRET
HHTLBFVbRTYA (1L - M, 1993). T— M
B, SMoitEERoEl (Figs 9, 10) 1%, AV bEZED
BYEEZSTHPALABEOHERE (AN MPHDKER
B+ A SABORPER FEXHILICLo THHAT
&%. 4, ®E WET) TBREShAZXVRETY PR
ERL, IVERB BET) O»rALABLETLIHER
25, BEFTERSAZANV M, BETTELALA

harzburgite () to Dunite (D) BERTHIE. RS, AL DRENORDIH

Takadomari lwanai-dake Nukabira
% ANVAYANNY
=T =———— Harzburpite
% Melt pendotite
mte\‘u\g\ﬂ
; P""’“""
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t 5
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2 High-Mg andesite | Modified melt | Modified melt
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Dunite Depleted Harzbmxlle

Fig. 13. A schematic illustration for the genesis of ultramafic rocks from the Takadomari, Iwanai-dake and Nukabira comlexes.
1. Upward-moving H;O cracked the hot lherzolite or cpx-bearing harzburgite at the Takadomari complex. The melt of deeper
origin intruded into harzburgite at the Iwanai-dake and into lherzolite at the Nukabira complexes and reacted with each of them.
2. At the Takadomari complex, hydrous melting occurred along the crack to make high-Mg andesite magma and dunite-
harzburgite residue. At the Iwanai-dake and Nukgbira complexes, interaction between melt and wall peridqtites produced dunites
and pyroxenites and modified the compositions of the melt. See text.
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Di

Fig. 14. Schematic illustration of the reaction process
between peridotite and melt in the system Forsterite
(Mg:SiO,)-Diopside (CaMgSi;05)-Silica (Si0,). The liquidus
phase boundaries at high and low pressure are after
Kushiro (1969). X :melt formed at high pressure. P : wall
peridotite at low pressure. Compositional path of wall
peridotite in the reaction process shown by bold line with
arrow. The solid lines with arrow indicate the melt path
in precipitation of olivine. See text.

(2Fh, UMV RERTEE), PASARICENL,
BRICAEMI 2 555 TH B (Kushiro, 1969). X b b A%
BETOPALARICET AL, AN MIPALARE R
¥, BEOPALAE (BER) EPMELBIERIES

(BIZ 4, Quick, 1981 ; Fisk, 1986 ; Kelemen, 1990 ; Arai-

etal,1994). ZhWwx, AN FOBBIZEIOLIBANVE
LhALABDRIEDEN THBBRED Y+ 4 b BRI,
Kelemen, 1990) R & 5.
BEEROBWY F4 FNERZILBVT, L—VVI4 b
o YA MR TE- FER, S9EEERNICES S
BOBENSHE 2 EASBD SN (Fig. 10b), ¥4 b
EBETENNVYN=T x4 VIV T4 N OSBRI
O BERESNEIESEIORS. —H, BuFF A PRIk
L—V54 b EEL, TROOEHEIMEEROEIE %
W (Fig. 10-¢). ¥4 Vho@gy{bEER T, BEvwy
4 METIHBYDDIZHS, PASLARD Fofl, A¥RIL
O Cr#PEAEMIZH S (Fig 11). T/, ¥H4 FEOE
SVHABETH-TH, BT 2PALABOHTERMOBED

HHVITL ) BRo B EFT (Fig 11b). Shbny

T4 MNBORESZ, BEL AN ERPALABEDORIBIZSE
Jaggshi AV OB EEHEPDHEZEZ LMD, T4

d

H20O-saturate:
(Iwanai-dake)

(Takadomari)

anhydrous

Fo ™ En —

Fig. 15. Liquidus phase diagram of the system Forsterite
(Mg:SiOy) -Diopside (CaMgSi,Os) -Silica (Si0;) showing three
sets of liquidus boundary lines at different conditions
(anhydrous, H;O-undersaturated and H,O-saturated).
Simplified from Kushiro (1969; 1972). The Takadomari
and Iwanai-dake peridotites were possibly formed as
restites at H,O-undersaturated and H.O-saturated condition
(Makita, 1997MS), respectively. See t ext.

b, BEuFF4 FBEAL MSKBIE IR EZAT
HY, A MREETHREOICHRL, BOEMETISEIL
72DTHAH, iz, HuFF4 MERA LV OEREYD
BWHET, FELTANVIOBERICBLPALARDS
HICE ) ¥ F4 PABRER, BEOBSBERIZIZEALE
IohholtELONRE, IRLDLPVETFA4 b
THMEEEBIC D LB ENTWEDTHAS. ANV NEDA
5ABOHEFISDRRED A S AER AV b O/, BE,
BIUANVD / DPADABRICE D RESNS GEH, 1992).
BN T4 FEBUEBEOPA S AE L RROSYILEEEE
HTBDIXANT /DALABRIEL, AV ORREE

BREZHEDNY T 7 —HRILE Y DAL AED S DITE

DD THAEZELLNS, LzdioT, HMEEETIR
L—WV54 1+ (Fofli 91, Cr#t 03~ 04 1B) 2BEAT
HolztFHRENG. ‘

LA L@ S 22T Fo-Di-Si0; RAR P8 B % v T2 M
IZ7R7 (Fig. 14). HEOLOEEERHEZ—DRLET 5.

RBETTERSNZAN P XPEETICHFETZPALA

BEEEP (L—NVUF5A ) LETHEELEZL. X OHf
BRVFDEVHEEPASATG (Fo) 2 RHSEAL LD
MBIZ, DTHICP OWMSBEHAN T OBEE 00
X~EEL, BHCTFHIETS. MY F4 NEOZIHY
KLIELIERD S W3 BAEICEDLE (Figs 24, 4) i, P
BB LA AL b XBBE~INS R, BAMEAS X OR
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FEAVPRNT AL TCHBTES, AN X OMHERR
ZVEE IS P ORSREAETT 5. P OBRNH (N
WIN—=Vxf b)) FTETTRHE, AVFXEHLFEH
HBANVEY OBBITEY (FRRBAICLY) A b
ZE%Y, SHITLALAARRREBETS. ZOXH AN
BRARATELTERMOEALZPA S AR LEEHIZENDIDT
HBEZENRLBFoEDPALAR, BCHDAERVEE
B2 THA). TOLEPHIET LAV ZWEH Fo i
DPALATR, BCr#DAYRVEREHIZH Y, AVFX
CHARSIOIEEbDEEL bR, BMg RILEE< Y~
DR S NS 5. .
BEREBEEROY A P ERIZELTY, ABOTUX AT
AV TRETH S, LrL, ERHEEGFTIREY T4 ME
Po+SIHNZEZATOL—V Y54 MEIEDLNT
(Fig. 10-a), BV¥F4 PBOAAYR—=V x4 P EHEL,
FF4 P FDOAERNVD Cr# PEEEEROBEICHABV
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bhb., iz, By r 4 FVBORTEMEEWEEL RV
FEROBERE (AN 8407V F4 ) FINAYN=Y
¥4 PHICBEDOLNBEDIE, AN EHEDPALABDRIIEE
BEX RS/ THAH. By HA MRFERO
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NVCIEARAREEREDERED PSS EENTBY, 2
Wb SBEERPMEWESTIE HO, K, NaZénsfvyay
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(Arai and Matsukage, 1996 ; Arai et al, 1997). L#*L #F
SK, BHBEEEROIZLAEOPASABRITEA Y8
FA4ATNVERICECSEY (Bl 21X, Kelemen, 1986 ; Arai
and Matsukage, 1996 ; Araietal, 1997) A Hhizv, B%

5, DALABBIURAL ML YA VST 4 TVTEIC

TLAZLL, HERROPHRZD > TLTHA v vy g
TVTEDFTHRB L kol ER NS,

U ERRIFRERIET S L Fig. 130X 9 2HEEFTV
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HCENANVIN=T x4 b e, BFEEETIEL-LVVIA L
ERIEL, 74 bPEREIRE. AV IORMDBEWE D
ATk, BRAOPALAGERAROERED DY T4 b (b
B Fo AL AR, BCr# AYRN) BBEEH, X
VEBRBIZEBR I N EZATREFOEE CHROBMIE
Zh, ESNEANVIELY A (BFofl, BCrit)
LB Mg RINVEED AV M PERENEELONB,

3. BARGLANFEEEORMIREHFD BV

MR L S ICBHERTIIRSBRICE )N VINRN-Ty
AN, ¥4 rBBEENEZELLRE, —F, EREE
FECRTFA P BRICES L2 A0 OB 5
NVIN—T ¥ f N Thotzb L bNEY, ZOgM L
MR EE NS DEER%Z -T2 (Figs.5, 7, 8).
ZREDNAVIIS—=T v L ORI MEITEREOLS
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RAFERE L S OISR & O BRI E RO A REE
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(1969, 1972) @ Fo-Di-Si0, =B RAFHR % A5 & E
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B, HEFHIZH D AU MERICAEAREE X, KB
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PRV ORKICTHENZHE T, BOBMREIMEV DK
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ANVOCr#AEy (Fig. 6a) OC, LROBREERTS
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TCEAERMATE S o 735 E T 5.

WY EAHE R THERFORE, Eh&EFRLETH
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EEZBNG. LPLEXES, EBICE, KOEFL2do
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FRZLV. BAEEOTHESEBEITENEEE LD
YHED LREETH o T HEND S, Lo T,
BHEFOPASABOSREMER, /Ml (1994, 1995) 2%4E
L7z &) WS BREFICBITAKOED BTN Y Tk
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4., METHEZEOHLASABOEEE

Rinadk, EREEEODPADLAEOHEWILERK IIHF
Y- NGRS TR, BRSBTS S
BonsdrAbAE BZIE, Bloomerand Hawkins, 1983
Bloomer and Fisher, 1987 ; Ishiietal, 1992) & FBtD4EE%
RL, —BEZIEBEREA DA (Bl21E, Dickand Bullen,
1984 ; Bonatti and Michael, 1989 ; Arai, 1994a) ®b D LY
DB LML E TS dO8EH/L TS (Figs.5, 7, 8).
—%, MPEHETIBEED,A L AS L FEROGYMLERR
PETAHLONPEET S (Figs.5, 7, 8) 25, AL ERA
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ZF A VR EOE Mg RIVEE < /<~ OEBICERICHKRL
TwaEZEzoh, EREHEOMNIEIr LD R=F1 M2
EOB Mg RIUABBELNTVAEI EHE, TRHOPAL
ABRBIT (GLAARE) 0L~y MUICHRT 20
ThHLFREND. BMPEEEROL VYT A MIIGFEED
V=54 b (B2, Dick and Bullen, 1984 ; Arai,
1994a ; Niu and Hekinian, 1997) IZHBILTEB Y, HEEE
THDOLNS T UL AFHRERDO~ ~ MR [Billv » b
fb) L CRERICHY T 2 MERENSH 5. HBIIREMA L
%mfuﬁﬁvyFW~ﬂ%#%mmtﬁmT%ﬁﬁﬁﬂﬁ
SRTVS (B 21, Kay and Kay, 1985). & Mg Z1IUAEH
T /T OEHIEESNDLOEELSbE L L, MEHER
O AL ABRIARFRCRERD SN2 TINEREET S
&) EEEBRO LR Y PVICHRT A0 THA .

¥ & 8

Bn, B, BPO3IEEOPALAEOEREZT LD
HEDTOEI . BHEEDNVIN=Vx (4 }, ¥
FAVIRZFA P2 OB Mg BIWEE~ /<2l L7
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BV N=D x4 b, BPEB TRV LY F4 P THo
elEi bbb, Eh, EHREYTA POREIEA N o
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B, Thbb, AbORKRENSHETIINS L26Y
LM (BIZIE, AER NV Cr#E>07) #d205F A bt
RSN, TRIZEVE Mg RILVEED AV M PEREN 5.
AV P OEBBERED L VIEE TS & FEOGW LR
EETAHYTFA MR EINE. 7, BHEEON VYN
—Vx A FEENHEEROBEETHINNVIN=TV x4 M
BAREMHT OWSBERMICL Y AR SN, BASEKOHH
IV ERELEIBESRG T ChHho L WEEMIEZ LN S,

I 3EROPALAEOREFFEEOHINRO P A S
ABOLDOLEPLTWwAZ EBIPZFDER T ERICE
WT, F=F A e Xog Mg RIVEE< 7w DERIZEL
MELTHWAI LN, MEHEHONPADABITEEEE
Mo b~y MUVICHET A EFEZONS.
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CICEAREICH D L T2z, BIURZEOK]H—8h
g (48) 37 PV 75— BLTwWizRw
BARERGE, 56, BANEAE, BITRLUEEL
BEEBR, LBEITFEOR, BVABLEEHROR, £
DEAPREBBTOH £ IZFEA ORICBWTREBHEHICR
ofe. BHELTOAAWED) TIPS EREERET

EBREwnEni, DEokc B R#TS.
X ik

Arai, S, 1978, Chromian spinel lamellae in olivine from the Iwanai-

dake peridotite mass, Hokkaido, Japan. Earth Planet. Sci. Lett, 39,
- 267-273.

Arai, S, 1984, Igneous mineral equilibria in some Alpine-type
Peridotites in Japan. In Sunagawa, L. ed., Materials Science of the
Earth'’s Interior. Terra Scientific Publishing Co, Tokyo, 445-460.

Arai, S, 1987, An estimation of the least depleted spinel peridotite on
the basis of olivine-spinel mantle array. Newues Jb. Miner. Mh., 8,
347-354. }

FEHEET], 1992, EER< Y PVRALABOBRE Vhiiwy

MOt R ERAREHP. B, 87, 351-363.

Araj, S, 1994a, Characterization of spinel peridotites by olivine-spinel
compositional relationships: Review and interpretation. Chem.
Geol, 113, 191-204.

Arai, S, 1994b, Compositional variation of olivine-chromian spinel in
Mg-rich magmas as a guide to their residual spinel peridotites.
Jour. Volcanol. Geotherm. Res., 59, 279-293.

Araj, S., Abe, N. and Ninomiya, A., 1994, Reaction of peridotite
xenoliths with host magmas as an analogue of mantle-melt
interaction: micrescopic characteristics. Sci. Rep. Kanazawa
Univ, 39, 65-99.

Arai, S. and Hirai, H, 1985, Relics of H,O fluid inclusions in mantle-
derived olivine. Nature, 318,276-277.

Araj, S. and Matsukage, K., 1996, Petrology of the gabbro-troctolite-
peridotite complex from Hess Deep, equatorial Pacific:
Implications for mantle-melt interaction within the oceanic
lithosphere. In Mevel, C, Gliss, K. M, Allan, J. F. and Mayer, P. S.
eds., Proc. ODP, Sci. Res., 147, 135-155.

Arai, S, Matsukage, K., Isobe, E. and Vysotskiy, S., 1997,
Concentration of incompatible elements in oceanic mantle: Effect
of melt/wall interaction in stagnant or failed melt conduits
within peridotite. Geochim. Cosmochim. Acta,61,671-675.

Asahina, T. and Komatsu, M, 1979, The Horokanai ophiolitic complex
in the Kamuikotan Tectonic Belt, Hokkaido, Japan. Jour. Geol. Soc.
Japan, 85,317-330.

BRIER, 1963, M7 7 AGKROREFGE. HEREFRE
200, 68p.

Bloomer, S. H. and Fisher, R. L, 1987, Petrology and geochemistry of
igneous rocks from the Tonga Trench -A non-accreting plate
boundary. Jour. Geol,, 95, 469-495.

Bloomer, S. H. and Hawkins, J. W., 1983, Gabbroic and ultramafic rocks
from the Mariana Trench: An island arc ophiolite. In Hayes, D.E. .
eds., The Tectonics and Geologic Evolution of Southeast Astan Seas
and Islands: Part II. Geophysical Monograph, American
Geophysical Union, 27, 294-317.

Bonatti, E. and Michael, P. ], 1989, Mantle peridotites from continental
rifts to ocean basins to subduction zones. Earth Planet. Sci. Lett,
91,297-311.

Dick, H.J. B. and Bullen, T,, 1984, Chromian spinel as a petrogenetic
indicator in abyssal and alpine-type peridotites and spatially
associated lavas. Contrib. Mineral. Petrol., 86, 54-76.

Fisk, M.A, 1986, Basalt magma interaction with harzburgite and the
formation of high magnesium andesites. Geophys. Res. Lett., 13,
467-470.

HILRY - FHEEE - mREE, 1996, METEFEOF 7 14

A4 VAT S A POKE. BREFE (A) | FAIMEER
BT RRBEORSE, MHERE, nol, 2334.

Hirai, H. and Arai, S., 1987, H,0-CO; fluids supplied in alpine-type
mantle peridotites: electron petrology of relic fluid inclusions in
olivines. Earth Planet. Sci. Lett, 85, 311-318. .

ME=5, 1953, SEﬁwlﬂﬂﬂ%Ftﬂﬂ%Jkivﬁﬁé
IEFERT, 32p.

Igarashi, T., Katoh, T. and Niida, K., 1985, The Takadomari
serpentinites in the Kamuikotan ophiolite belt, Hokkaido, Japan.
Jour. Fac. Sci., Hokkaido Univ, 21,305-319.



68 B BWEA - B R - fiH A

Ishii, T, Robiﬁson, P. T, Maekawa, H. and Fiske, R, 1992, Petrologi(;al
studies of peridotites from diapiric serpentinite seamounts in the

Izu-Ogasawara-Mariana forearc, LEG125. In Fryer, P. et al. eds,

Proc. ODP, Sci. Res., 125, 445-485.

AEHEH, 1980, dbigE, MBETEMEEICSATIEMAL Y
1454 COmE. wEH, 86, 119-134.

Ishizuka, H,, Imaizumi, M., Gouchi, N. and Banno, S., 1983, The
Kamuikotan zone in Hokkaido, Japan: Tectonic mixing of high-
pressure and low-pressure metamorphic rocks. Jour. Metam.
Geol,1,263-275.

IEEERE, 1978, MEHEFOWRIBEEREEKIONT. B
REL 4, 32, 273-279.

EEESE - )il A, 1986, MELEMEWEESKEEEOHE,
HEFER, no.31 duiEEOME & HEESE), 119-135.

InEEZEE - ) 7, 1993, WBHER - B HEZEREFOF
THRLEESLTWEVEESREE. ARG EHRCE,
119-131.

RS - P EEE - AR, 1979, MEGEEET, B
HRABOWEE X5 v V. #EM, 85, 279-285.

Kay, S. M. and Kay, R. W, 1985, Role of crystal cumulates and the
oceanic crust in the formation of the lower crust of the Aleutian
arc. Geology, 13,461464.

Kelemen, P. B, 1986, Assimilation of ultramafic rocks in subduction-
related magmatic arcs. Jour, Geol,, 94, 829-843.

Kelemen, P. B,, 1990, Reaction between ultramafic rock and
fractionating basaltic magma I. Phase relations, the origin of
calc-alkaline magma series, and the formation of discordant
dunite. Jour. Petrol, 31,51-98.

i B, 1994, WEHEWHBEBEEMSAOE RS,
HABEEZRE 101 ZMASHEESSE, LI, 346.

il B, 1995, FEL L ANV MRAT 7 — b L-BERMEE
HOEHRE H0 OME. Tl 7 EEZSELHAERH, X
®, Al7. :

Kushiro, I, 1969, The system forsterite-diopside-silica with an
without water at high pressures. Am. Jour. Sci, 267-A, 269-294.

Kushiro, I, 1972, Effect of water on the composition of magmas
formed at high pressures. Jour. Petrol, 13,311-334.

WHERE, 1997MS, BEBEIALABRORE. $IRASEELT

(® B

X, 75p.

BORREA - RHAFER], 1997, BHEBELALASDSRE HE
HEPASABENTTHRALAS. EBHFR (A) 0
BRBRICBITEREEORSE, WEKRE, no.2, 97-106.

Nakagawa, M. and Toda, H, 1987, Geology and petrology of Yubari-
dake serpentinite melange in Kamuikotan Tectonic Belt, central
Hokkaido, Japan. Jour. Geol. Soc. Japan, 93, 733-748.

FrHEEE, 1987, HEHE#EFONK. NIFYFRSHFX
#£. 203-214.

FEHEWEE - Mk, 1978, LEETBTFORTHHEEE. B
FABFES, no.21, 61-81. :

Niu, Y. and Hekinian, R., 1997, Spreading-rate dependence of the
extent of mantle melting beneath ocean ridges. Nature, 385, 326-
329.

Parkinson, 1. J. and Pearce, J. A, 1998, Peridotites from the Izu-Bonin-
Mariana forearc (ODP Leg 125): evidence for mantle melting and
melt-mantle interaction in a supra-subduction zone setting. Jour.
Petrol, 39,1577-1618.

Presnall, D. C, 1969, The geometrical analysis of partial fusion. Am.
Jour. Sci.,, 267,1178-1194.

Quick, J. E., 1981, The original and significance of large, tabular
dunite bodies in Trinity peridotite, northern California. Contrib.
Mineral. Petrol., 78,413422.

BT - &K SR, 1978, SHAAO 1 HEBEES L UHFHHE
Mam&l. BT RIRFART, 46p.

Takahashi, N, 1992, Evidence for melt segregation towards fractures
in the Horoman mantle peridotite complex. Nature, 359, 52-55.

Tatsumi, Y., 1981, Melting experiments on a high-magnesian
andesite. Earth Planet. Sci. Lett, 54, 357-365.

Tatsumi, Y, 1982, Origin of high-magnesian andesite in the Setouchi
volcanic belt, southwest Japan, II. Melting phase relations at high
pressures. Earth Planet. Sci. Lett, 60, 305-317.

Umino, S. and Kushiro, I, 1989, Experimental studies on boninite
petrogenesis. In Crawford, A.]. ed, Boninites and related rocks.
89-111.

WG REE - FHEFE, 1993, REHEFEAERS V5 v EE-
BMg Ay v ERORTTF v 2., BEBEEEE 100
FERSMAERSE, HH, 575.

BHERIIPER SN EREZLND.

HATEASA « HHERH - WHES], 1999, tHH, YETEFOLASABDERA, BEFRE,
% 525, 53-68. (Tamura, A, Makita, M. and Arai, S, 1999, Petrogenesis of ultramafic rocks in the
Kamuikotan belt, Hokkaido, northern Japan.. Mem. Geol. Soc. Japan, no. 52, 53-68.)

FCHE, WESET ISR REBECESEL L KRBOPASAEREL. BIR T FERK,
BIUGWLERRSEHTH S, JOHICOWT, A, BRE, BFEO 3 BELEY, (<
REDY T FOREET S & ITRE L. BEEAIZELIHBELLZSFA L, mMyun-Ty
A AL ED, BREEEDRPMEEBLENALYN—Ir A b, FI A PHERT L. TR K
B RICAEBENELS, V-S54 PAFEETS. BREGONAVY -T2}, FF4 b
3% Mg RINVERY 7 v 2B LAKOBIRVEL LTHASNL, —F, BAEEE, BT
EEROY A FPREMBZBETRYETIREL, LVEHYY PUEREO AV EZ0EBOMA
LARGBELOMERBICE 2ERYE LTHHATES, 2, CORBCBWTHE Mg £l




