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Modes of magma channeling recorded in the Horoman peridotites :
Replacive peridotites formed by melt extraction and addition

Abstract
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Mafic layers in orogenic lherzolite have been generally explained as
traces of magma channeling in the upper mantle peridotites. Inter-
actions commonly occur between channeling magma and peridotite walls.
The Horoman peridotite complex in Hokkaido, Japan, contains a large
number of olivine gabbro and pyroxenite dykes and sills. The contrast-
ing processes of melt extraction and addition can be detected as follows :

Case 1 (melt extraction) : Gabbroic-type GBI sills in plagio-
clase lherzolite

A gradational compositional layering of plagioclase lherzolite—spinel
Therzolite—spinel harzburgite, 350cm thick, is observed in the wall perido-
tite around the gabbroic sill. The modal variation and the chemical
composition variation of bulk rocks and minerals suggest that the amount
of melts extracted increases towards the gabbroic magma channels.
Temperature of the channeling magma was estimated from the 10-15kb
experiments on Hawaiian pyrolite to have been approximately 80°C higher
than the solidus temperature of the plagioclase lherzolite wall.

Case 2 (melt addition) : Websterite dykes in spinel dunite

Replacive harzburgite is observed as a narrow band, 5-7cm wide,
between the websterite dyke and the spinel dunite wall. Since the dunite
wall has a simple assemblage of primary olivine+spinel, it is obvious
that the replacement occurred by crystallization (modal addition) of
orthopyroxene, clinopyroxene and pargasite. The replacive phases
crystallized as interstitial grains among the residual phases from the infil-
trated melts. The mineralogical variations across the channel further
support this conclusion. No melt extractions have been detected in this
channel. One way process of melt addition seems to be best explana-
tion for the modification of high-Mg# spinel dunite wall, of which solidus
was higher than the temperature of the channeling magma.
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ERw bV A L ABIIERAE~ S~ ORBEHE TH
3 LRz, R~y M TELEY S ~OBETLHS.
BB ETEY S RBRTE E, PALABRFIZIES
FEREHAOLONB, I T, v /BB ERTHES
BRERREDEBREBRHEL TS F v RV LIRS,

PLUBABERE 7R BRTIHEREKREITEE, 20
DERHIFERPAMONTND, 120F, EREE~ S <wNE
EEFEEL TEBT 528K (dyking) T, ZhbidkliE
o EE~ MVEEOPABAEY /U A W2, Irving,
1980) A7 4 54 NEPA D A Wl 21E, Boudier and

© The Geological Society of Japan 1997

Nicolas, 1985 ; Nicolas, 1989 ) TYBAICEZ Sh, Elh
BOYA X2 L o THA 7 (dyke) A > (vein) L3iE
BENRTERZ, b5 120, PALABORKESREOZRE
WEMEICE e~ 7 < 2883 583X (percolation ) T, £
<V MV B AEERIEBRIICRETEAZ ST 4 X AD
B 1-bshTEike (HlxiE, Bodinier et al., 1990 ;
Menzies and Dupuy, 1991 ; Harte et al,, 1993). %7z,
BES< MAOFTFA MR eI A MEKR TS, B
TFORBHA LA LBR< Y/ ~OHEERABERINATH
% ( Nicolas, 1989 ; Kelemen et al., 1992, 1995 ; Arai and
Yurimoto, 1994 ).
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Fig. 1. Lithological section of the Horoman peridotites
around the gabbroic sill (Type GBI), at the northern ridge
of Mt. Apoi-dake, showing across-channel variations for
modal composition (modal %) and major elements composi-
tion (oxide wt % in bulk rock). Samples (Nos. 1-9) labeled
on the lithological section are analyzed for estimations of
melting degree in Fig. 3. plL.L, plagioclase lherzolite ; sp.
L, spinel lherzolite ; sp. H, spinel harzburgite ; GBI, gab-
broic type GBL. ol, olivine ; opx, orthopyroxene ; cpx, clino-
pyroxene ; sp, spinel ; pl, plagioclase ; parg, Ti-pargasite.

FERIOBBBRLEZIZDOLD (AN ME) 2REKT
DEGEET, 2 O0DIIBE~ S~ ORRRERMEN SR 5
HE~BEREF = — AL A FTHD, Zhbn%<ig, —
BIZTA 7 RVNDEERT. 30DE~ 7 vDEARE
SRR AN P OBIC L BB SN P D ABEEERET
b5, FlZE, PALABBEEDRENRF ¥ RVEEBR LK
< /wDREIVELIBNEE, v/ <iZ2BETHA
bABRTIZEEIND B4 7404854 VEPABAE
POEHKE T A 77 © Hopson et al.,, 1981 ; Nicolas and
Prinzhofer, 1983 ). —f%IZBEE DEE MR NES, F ¥ RV
WWIEBEEAERPEL, < /bt Lok neEsmic
&+ 3 B z2iE, Bloomer et al., 1989). 7z, @i~/
< DRERDA DAEBEEDY V FRBEIVENES, Fv
FRIVERDDEER ISR L 5 5 (Bl 2iE, Dick, 1977 ; Quick,

1981 ; Lago et al., 1982 ; Nicolas, 1986 ; Takahashi, 1992 ).

B~ S OBENESOY ) ZRBEIVELSTYH, =7
T DEABRHEL YV BENWEE, <7 ~vO—HIXBEERICEA
L, BEElext LT« 25 %5 % 27 (Bodinier et al.,
1990 ; Kelemen, 1990).
HESERERE LA b ABKRITIE, Dieh bhESRES (¥
A7 GBL I, HIRBEWCIV : EBA - FHE, KiskE) L&
A4 ME*=—2LA b (SDW ; Takahashi, 1991 ) »3fEd
nad, InbiE, PALARFO BB E T TEERE
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Fig. 2. Across-channel compositional variations of olivine,
clinopyroxene (cpx), and spinel with the lithological change
around the gabbroic sill (GBI). Increase of Mg# (100Mg/
(Mg+Fe)) and decrease of TiO:z contents toward the GBI
indicate a melt extraction caused by magma channeling
in the plagioclase lherzolite. Enrichment in melt compo-
nents can be detected in spinel harzburgite around the
GBI with label “enriched” at the base of spinel harzbur-
gite in contact with the GBI

WHTHY, BREILA D ASEDRIRESORRGROT TIER
RERPITR PN TS (Takazawa et al., 1992 ; Taka-
hashi, 1992). & <1iz Takahashi (1992) %, HAETEROE
KA L AEOREREEE~ 7~ O@BBIZ L 5T RHET
AL, BEK100mA4— & —0 [KHEEF ¥ X V] EFVERSE
Liz. 22Tk, BADNWAEDEREESBEREF = —
AL A DBEEHBT DRHE A S ABER LB ( Niida, 1974,
1984) ITEE L, DPALABRTICEGESN v SvF ¥ RV
VIBROBNERLD,. FORR, v FyRVICEL
7o AV MRS DIEE & AN X D BER DA D A DEH (re-
placement ) MEVMNZOWTHRENS,

g&h

FypRYUTHR (1)

HMEELLYSA FPDEHEE SR 1 7 GBI
1. ERBLUESTEH
B PA DABRE EMIBLICRAEG LN T4 v BR
b5, THNIAERNL VLS FA b~V NR—=T A b, D
BEODACRNVEFA N, V=T ATF4 b, Iy fua%
T4 b, BIVRANWNEEOESFEENEDND, B
EHOBERLLYS T4 MR, EROEGREE (847
GBI) B@E»bh, HEHE - HHE FRE) KXoT, 20
RN L F A JROBEIREER & B A FHMEE ORE 1T
RohTWa, fERLVLVY T4 NOESGEEORRICIL,
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ACINVLIS S L A~ I A= % A FDBMEDN D EE
LHEDRRWEAERH Y, Fig. 1 13D EIEEOEFTH
3. ZOBEMS GIRHRERR) 17 RAEP SR LE900
mib 7 OBREITALE T 5. WP A D ABEERTIE, &
DX S REEPASAEEEIERP LT LIEEEINDD
T, BEERTEEN RS F vy XNV BERTHDL LRRE
ha.

EGHEEFA 7 GBLIL, BbErALAR  FEABLOV
TiOZ B HEER L2 Y, VEORFER - AL AR
TOFH o= HY A NVEAREEEL. 20O GBIOE XX
#13emC, HREARERE 2 S - TEBED A RN N—
Vx A MIBELTWD., AEO»ALABDEREIEET
JERAFIT IR o TEY, AT OLEF AP > TAE RNV
YR—=T A b (BEZH0m) — ARV TA N ()
135em) —fHEH LV TA b (175mlh k) ~EE{bT 3.

Fig. 1 O#ME— FHREEILTRERD X 51T, HFEFELIL
VT4 MEREZFI0%UTORER ST, 22 Tid, IUGS
DFEPEE 548 ( Streckeisen, 1973) 1Z9¢ > T, ®— N
FRIET5 %LU EOBEMER # 8L A bAREE ARV LIV
VT4 REL EEHER RS LT DA RNV =T %
A R ERBILTZ, A B ARBEDE— FEREIZ, &
FLNVSA Mb GBLIZHEDP- T, BALARDHEME B
FHER - REE  ATRVOBS CHESITONRE, ZL,
REELNVSTA FEREINLAY TA FORICHEERD
HRIZES B— FEERF v v 7RB D, £, BEEMADA
EXEERRT IR~ A A T T =2 TR~ R —
T4 VT TRAT 4y o EREETRL, KREOBERKE (WEE
W) ER—=T74ur 7R MRIZEL. ZhbizixFr sy
RREF T A TRELTWED, EREHEEO X 5 2iREIC
B - Bfd LIERRBE R IR0, FIENPABAFRR
SFER L, BiE1.5~5.0m, HA7.0mT, 0.1~1.0mD%
PREE R E TS, GBIERTEW A Y A=Y A b
B3A 2475227 —BEBERVWLTe N T =2 T
(Mercier and Nicolas, 1975) % R L, §HERCREENE
BRI A D AFRIEZED TN D,

2. FyRILEHARAOLFHEREL

EHEE I AT GBLOEBE DA L ABEEETTHESN
BREROEMEL (Fig. 1) oW T, ¥Dk 5 R bR
FAERF v RAVERFAICE LTV A D EHEPD HTZDIT,
4 L FERREY OISR AL 2 it U7z (Figs. 1 and
2). &FEOERMMEFEMERD ST T AL HRE KR
DEEXBIWE (74U v 72 PW 14048 #HW, &
Tz, B DI S I IZE K0 EPMA (HAEF
JCMA-733 8) v, WIEFHEIZIE ZAF 2fEH L.
R AL

GBI 258 X 2350 e pfLEDOEELG LV Y T4 NI,
WA b A B ED —RRFBER VLY 54 POSELE
HMEEL > T3, Fig. 1 DLBHAECKTHL 2 L5
Z, BEFEVLY T4 85 GBI & OERME T, PALA
BRI IR ER D TROREAZEREATED OIS,

88
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8 B SP H
E [ D1D9
& 901
g [
> Tinaquillo |
655 o1 - Iherzolite |
e -
93 llII{lIlI;IIII]LIII!
0 1 2 3 4
Al203 wt%

Fig. 3. 100Mg/(Mg+Fe) vs. Al20s (wt %) correlations in bulk
rocks, showing degree of melting (%) (lines with dot), esti-
mated from the 10kb and 15kb melting experiments on
the Hawaiian pyrolite and the Tinaquillo lherzolite Jaques
and Green, 1980). Numbers labeled with the plots are
sample Nos. 1-9 shown in Fig. 1 (No. 1=930429-13, No. 2=
930429-12, No. 3=930429-10, No. 4=930429-9, No. 5=930429-8,
No. 6=930429-7, No. 7=930429-5, No. 8=930429-4, No. 9=
930429-3 : after Shiotani and Niida (in this volume)).

LRI, AL AEDRBEDORE L LT MgO DML Al
O3+ Ca0 - Naz20 « TiO: D IciEBE Lz, fER LV Y Z
A b5 GBLIZHAZD > T MgO &8 #1339.49 wt %5>546.53
wt % E THFICEM L, Al.Os 123,57 wt %0250.54 wt % %
T, Ca0133.19 wt %5>50.60 wt % F T, Na20 130.31 wt %
2250.00 wt % E TRERATH. HICIZT 2 v b STWRNA,
TiO: EEEH0.14 wt %2 50.00 wt % ETHEADTH. 22T
BERINIERDCEHBREC, BEAPA b AROEY T —
R LB TH B (Fig. 1).
RERLSE DAV R AR AL

F o FOVIEIT T IR B 2 RERR SR DL R AL %
et L7z (Fig. 2). BEEDA G ASDOEEHE Y O MgH
fi (Mg#=100Mg/(Mg+Fe)) i, A bAEDEDBEED
FEECRAR AV N OFHIBEDIEE L 0D, DAL ARBEE
P OEGEG O Mg #HEX, SERLLVY T4 b GBLIZ
B2 o CHBIZHEMT S, fERELVLY A4 NOBABAR
D Mg#{E1390. 3 (EHME) T, GBI 4 530ecmBfE iz Ly /—
Y r A POZIEPLERTIE Mg#=92.1TH 3. GBI & DHfk
WL TI391.0T, FeltBde. £HERO Mg b EHME
T90.402592.1F T, AR $I1.302593.8F THML,
WA B AR EREOEERT, 72721, BAHER O Mg g
A AR - BFERICEARTRRE L, & IR N—
TxA N THT YU FRAREDORENE,

HAEARLA X NAD TiO: FF &I, — &I A b ART
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THANVIERSELTESDES. HERLVILYTA MO
YA O Ti0 X TO. 76 wt % EEND B, NV =Ty
A FTi30.02wt %A FETHEEBT S, AFAD TiO:2 b,
FREICHHBR B PV REBRL, ZOHPBEAERLLILY
54 NTEDERD, GBI L DERITIFN ALY R—=T ¥ A
N TCiE, GBLICERET 3 7 ~200m&iH ¢ Mg#E DD (Fe
DOEEM) &AM EFHER - A R0 TiOEH 2O
B E5.

3. BEMBABDAIL MNEBE

WA & A DERSY BRITAE 5 BB DA & Asa D MgO DN
% Al20s + Ca0 + Naz0 * TiO: DAL, —f&ic L <fmbih
T3 (] 21%, Mysen and Kushiro, 1977 ; Hanson and
Langmuir, 1978 ; Jaques and Green, 1980). = Z T, EE
BPALABRBEORENSMRL, EOREAN MNRSD
BN Lk RMB e 0Ic, 248 0ERAMLEMR %
WTh A b AR DEBE /i Lk (Fig. 3). Mo— 8k
1%, 10kb & 15kb iR B2 0A 6 AEDOEAEREE (Jaques
and Green, 1980) »5E b ZEOBBEORE (%) T
%. 100Mg/ (Mg+Fe) vs. Al:Os (wt %) Z(HD kic
Fu vy S GBI B OBEEDN AL b ABDREBEX, B
Bl DHEATIZAE 5 Hawaiian pyrolite & Tinaquillo lherzo-
lite DREI LUEARIMBORELSREL LTRED
LRTED,

GBIl o R bBENT-BREFALVY T4 b (Sample Nos.
1 and 9) & HEVY Mg#EZ b H (Mg#=89.5~89.6),
AlOs IZETe (3.34~3.57Twt %). ZIODERIL, IBIKA
Eige v b DREE UTIRE SNTFENPA D ASS R
(Hawaiian pyrolite : Green, 1973) &iEB L7z ki~
ML DR E UTIRE SNTFENPA G B (Tina-
quillo lherzolite : Jaques and Green, 1980 ) IZ#& ¥ CTiE<,
FHEDIFIEPETHD. AL AEBEEDOEBEL GBI IZH
Mo TKRELARY, ALRNAL LAY 54 b (Sample Nos. 3
and 4) T15~25%, "Y' X—Y % A4 + (Sample No. 5)
T20~30%ICEL T2, REA LIV FA F(Sample Nos.
2 and 8) DOWEBEL, FRTHI0%ITEL TRV, GBI
CHEETZERERLO NV A=Y % A b (Sample Nos.
6and 7T)IZZNEDOEB LY KA TELL Fell g
Te

4. BEETIL (1) AL FHEE#ESTITIF 2RI
FERLNVS A NHOEGEES A7 GBlLDEE, L
DBRFEERB I UEEY T — PR - &80 - FEHRR
PR DT v RNV T E OB DR B, T A v b
RS~ F~F RV 7] BFAREZOND (Fig.
4).
FANWEEESRESE A 7 GBL 2oL ole~w 7= i3glER
AUV TA VEOBALABBERTE UV ARICER LT,
B~ 7/ <id, NMORB # 4 7OLZREE~ I/~ Thol b
HESND (A - FHE, XRE). BED GBI DESIZH
1BemTH B8, ZHd~ 7 < @D AV NEBOEE Th -

Primary
wall peridotite

pl. L

melt extraction

melt addition
4 NI

MAGMA ==

)
X melt addition

melt extraction

pl. L

Fig. 4. A schematic model for the Case 1 magma channel-
ing, characterized by a melt extraction from the wall
peridotite. Gabbroic magma penetration is assumed to
have been accompanied by a localized partial melting in
the wall peridotite (pl. L). The compositional gradients
observed in the depleted spinel lherzolite (sp. L) and harz-
burgite (sp. H) next to the gabbroic sill (GBI) suggest that
the amount of melts extracted from the wall peridotite gra-
dually increases toward the channeling magma. The spinel
harzburgite enriched in melt components was formed
within the narrow bands in contact to the GBI

R ESPIIAHTHS. BT 5L, @i~/ <Dl
EREBEOMLBARER BERAVAYIAR) OYIHF
ZXVEhoTelodiT, </ <IBBRICIA S ABEEITR
FREGICER SRR LTz, Z DB, A DABDEDEENEL
Je®EBEVE, BEA BT GBLICA D ) MR AR N EABR IR
#FAE LT GBIOBAENLRBL£3.5mTHD, LrL, B
DEEOEE TR AN NMTBEE L OB - i E TS
DT, MBGEFHITEMRLZIZTTHD. Lo T, AL
MERER TA LTS R ORHIL, @i~ /<~ OB AR
B3.5mPUETH-oT L FHEND, £z, WORMEFELZNL
Z D%, BEPADABNE TEREMRESEZ o ATaeiER
HY,3.5m VS HAEDERAEHRIITRINIR/METH D.
e — PRS2 LR - EEEREYLERR
b, GBLIZFD > THIHE iz 2V FERREMICKE L
RoTWBERLEIND., BEEL LB LT AV MbHET
GBI B D VY N—T % A N THEKAK LY, 100Mg/(Mg+
Fe) vs. Al:Os 28X (Fig. 3) 2520~30%Th -7z ¢ R
BoN3, BEPADAEP LB IR ANV NILXRAE
THY, BERITEER ANV PES L LT Si0z, FeO*, Al:Os,
Ca0, Na:0, BIU TiO: ici@¥B L7z, —F, GBLIZE#ET
DAY N—=T % A FiX, ZOIMUDTEB LT VY R—V %
4 MZEAT Si02, FeO*, Alz0s, Na20, TiOz 72 & D 2 v
FRIZE e (Figs. 2—4 @ enriched sp. H). E85RlAg A
v b O CTRE ST LN EF ¥ RVRNET, AV FERSD
AMBBATRDZ IEUTELTWEE RigEN3.
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Fig. 5. Websterite dyke (WEB), 2-3cm thick, crosscutting
spinel dunite (sp. D). The spinel dunite wall is com-
posed mostly of olivine (ol) and spinel (sp). Replace-
ment bands of harzburgite (H), containing interstitial
orthopyroxene (opx), clinopyroxene (cpx), and pargasitic
amphibole (parg), are observed both sides of the webste-
rite dyke. Hydration front, made up of aggregations of
clinopyroxene and pargasitic amphibole, marks the border
surface of the replacive harzburgite. Sample No. RS 908-1.

FrrYoTHR 2
RERLEFA FROY T TRTSA FELY

1. ERBIUVEREH

wiZ, b5 120Bbd~r<vFvR ) v IERERT.
Fig. 5i%, ARV EF A "VEEL V=T AT T4 N EA
DEITHD. ZOEBHL, BE»A D ABSEDIZIEFREIC
MBS HABDOR TERENZERTH D, BEOLALA
EEEEY, BHICE— R T4.8~98.0% DA bAFA
L0.8~3. 7% DAERND 6725 4 F 4 T, Takahashi (1991)
@ SDW RFNCHED THEEIL, BREY OILEMROREEH
bblblIa—hlA hThollARENS, DPEOH
SUEE (F— NHALHKL.0~1.3%) L —% 1 NEARAE
0.1~0.2%) BIURFHER (0.1~0.2%) 28, &FH
REIOBREMENEE ETICMBETAZ E b LT, 2
OF ¥ 2V V7 biRfak LR TR s ZELZ LIS,
Fig. 50Xk oz, HpPREIZERIZ2~3mD &1 7
ROV 2 T2TF754 MBHY, ZOEEFICIES ~ 7 md
NIV NR—=T e f NEBEHBEAY FRERISATHWDE, U7
AT T4 M, BLIRBFER - BEHER» LY, ARE
EhABARERERNVEDEET, FIHER L BERMER L,
HpieR—7 4 v 7 5 R hE LTE— N TENFN60.9%
BLU25.9%EEND, ¥ A 7 FICRER0. 2am 2L T OHIRL 72 B
RERIMER P LR D ESREE BEA+hAL L AR+ ER
WA +AFER+ A CRA+FF =Y A NEARA)

Fig. 6. Photomicrograph of replacive harzburgite (Sample
No. RS 908-1d), showing textural features of interstitial
orthopyroxene (opx), clinopyroxene (cpx), and pargasitic
amphibole (pa), among equigranular, polygonal olivines.
No porphyroclastic textures are observed in the repla-
cive harzburgite. Crossed polarized light.

EOBRMES. BEAVIFE, AV —TEELEEEDRAEXR
NEFA N EHBRICRERBEEL, MHFEACELLE

b (BAT20.1%) . BEAL ROV =T ZXF 54 M (iE

1~2cm) LEAEFNVEZFA M (lB4~5em) TREHE
FEARBICEVWRS Y, TNEN9.9~15.9% £19.9~20.1%
DR FER % &t 2 HITIE, 3.2% L. FOMAER L1.2%
UFDRAEZRN, 0.9%AFOFZ o _—H4 A NEAF,
BIUBDTHED Ni-Fe B tbbn g, E# v
RONMUBEREGE < ICHEHEG +F 2 o _—F 94 VEAR
EOREFNEDHND (Fig. 5). Zhid, ¥4 FeEgEh
EEBLE S RERRRE LB AU RBER T, &
B VY N=D e f N BAELEREDOHBE LT TIAT v
v+ (hydration front) & LTHEHINS. ¥k, BHEAX
VORI, MR TR D A v (Bi£%0.5~3. Omm)
LBOTNIDEF~FEF A R (BR0.05~0.3mm) &
BEFTD.

Fig. 6 1%, BHMEAAY RV v 4 NOBEMEEETH S,
BNV Y N—T v £ N OBEER, b I~k
DPMHAE - BIEEBEPLRDA 74 75 == F—Hfk
WL7a b= 7l TRE ST bh, R—71u2
TAT 4 v 7 BB RIS 2V, RIFERIL, BRMENB X
#2.0mn T, BRERRF ¥ o —HH A NEARE L L b,
H1120.2~1.8mmDERLR A S AT DRI 2D CTRHEL T
W3, ZOX 5 RERHRKE, IREPADAEETEC—iR
BRI DAERPREEEDR—7 402 53R Neaten)
Y NR—=T v A NEOREPA B B OEGRERE( Niida, 1975)
LELLERY, BRBTHBEBRENANY A=V % A FOKE
BR GEMoT—Fniafm) 2SI Tns.

2, FoR)HERAROLLFEEREL

F ¥ RNVEWTH RN FR O b D R DL L &
E L (Fig. 7). BEX A FOPRALAFEIT O Mg#
fl1390.8~92.0CTH D4, V=7 AT T A MZRID > THRH
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o Spinel Dunite Wall || —— infiwation mett ———— MAGMA |~ inttrasion melr B>
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Fig. 7. Across-channel chemical variations of Mg# (100Mg/
(Mg+Fe)) for olivine and orthopyroxene cores from the
Case 2 magma channel. Horizontal axis is distance (mm)
perpendicular to the channel. Solid vertical lines show the
borders of websterite dyke (WEB) in contact with harz-
burgitic replacement band (H). Dotted double vertical lines
are the outer border of replacement band (H) marked by
clinopyroxene-pargasite rich layer in contact with spinel
dunite wall (sp. D).

BN T35, BERT T4 b L OBREMEOBERE N VY
N=T % 4 NHRODPALAFE Mg#=90.8~91.7TH Y, &
N RRET 2T AT T4 Moo TER L, O
BT Mg#=90.6~91.4+723, U =T AT T4 NFA 7 DN
oI, FLETHAA AR D Mg# EIZAR L, Mg#=89.7~
90.6TH B. A BAAD NIO &F EIZAR B EMN 2R
vy (Ni0=0.29~0.41 wt %). BH/SY RO S—
Vx A MRORFERD Mg EIZHDE LWAESED LN,
Y =T AT 54 Miedr o T Mg#=91.0~91.8%> & BEffERAt
T Mg#=90.7~91.2 ¥ CHAHT 5. V= 7XF 54 hhD
BFEABERITE A, POETMgH=90.3~91.0TH 5.
DABAEROBSPIERD Na® Tild AL D EREL,
PAGABIREE L AN MOEBERRL 5 5. Fig 81T
REND LW, BEAFOHFERITL L b LEF LI Naltg
A, TikZ L (100Na=6.39~9.09, 100Ti=0.25~0.43).
—H, VT AT TA hOBFER I NalcZ L, FLL Ti
B ATNS (100Na=1.92~4.71, 100Ti=0.59~1.07),
BN RO BEEWER I XA ERAE 2D b, Na
BEE AT A NPB T 2T AT T4 MR T (100Na=
7.73—5.28), Ti X (100Ti=0.34—1.13) %23, E#H#N
v RO A—FH A NMEANG b EANER & L Lzl
BRAE %7 (Na20=3.90—2.86wt%, Ti02=0.78—2.49
wt%). B AL RPFOAELRINLO Mg#EIZY = T RAF 54
MZED > TROREA T3, Lirl, BEF T oL EDL
LOALEINEFaATAT, Tz T AFF5L4 FOAERL
LRI LV CrifE (Cr#=35~55) & TiO: 4% (Ti0=
0.12~0.34wt%) %&b -olzdiz, BN FCHBERMERS
BlERE 720,

3. BEMDLABDER

< /<@ (dyking ) i > TA RN ZF A NEDEEE
FIZAAY R—=V % NEDOBEAN Y FBES bR 2T,
FTTIIRATZF v X NVOERPSHAL 2 THS (Fig. 5). 2
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Fig. 8. Plots of 100 Ti vs. 100Na (atomic proportions for O=
6) for clinopyroxenes from the spinel dunite wall (sp. D),
harzburgitic replacement band (H), and websterite dyke
(WEB), showing clinopyroxene crystallization in the repla-
cive harzburgite accompanied by reactions between the
spinel dunite wall and the melts infiltrated from the
channeling magma.-

DB, BEEIT, PADAFRE ARV OEMASHEEY
DHRBAERNVEFA NTHY, "INV x A NVED
BN R EOEHE— FEROENIZIHBR TS, 20k
Wiz, BEEAFA MOBWIZ X o TE—F VIS L 72858
PEEIND BATHRTORLEETORYEI L, BRIZE -
THEUREMIPADAFR - RFESR - BAER - =0
4 MEAREB LUV EOA LRV - Ni-Fe BBILH8Y TH
HEHBREIND.

LirL, BERMEDLALABOWE CHMERW LA U 728k
s, SRR R EOSMCBEROEV 2R
é&%%é,—%K%—¥W&&%%%ET6®H%LW
ZOBHNY FRIZEENIDPALAREE, bbb LB
FA MZEENRTWIEREPADAR EFTICHEH Ltﬁ?ﬁ&
MDA HLALRPGRD, —EICHIAERRERBEPA D AT
BERINDI LSOO, MR~ PROIEEHF TIIFmE OHA
ZREETH D, KEBBDOPALLAGITERROESATEPA S
ABDESHBETRL, mHEOEHER (FRD) THEND

BREb LW, E, BEY A MRICITACRVBHEKR
37%EENTNA R, BV FRiEBDTHE (1.2%
PAF) LBEENTWARY, ZOEHEAY FRIZE—ER iz
BEORB A CXNVBEE L, BEICIHGRD CTNIO B~
BEACRAVBHLICEHELTWS, LEB-T, Z0F %
FNDOEFTIE, ERLEZACIVOSERIHEEIND D
D, R (DDBEEPA LAETHREINIZE SR AV MRS
DOEBITHRH E e

BN RiX, RKTE— FHEERE20% ORFER B LT
2~ 3%DHEFEABMIMEINTRY, KED Si0: OFIT
BT bhD, ke, SR - BEHEROMME &b
DEONN=YA NEANE (B FHERLETBLZ1%)
HLAELTHWBDOT, Ca0, TiOz Na20, K:0 8L H0 %
L, BEERMAkShizt B &3, ZOX 5 RBEES
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HOROMAN MAGMA CHANNEL

Residual Wall Rock Repl t Band Cumulate Repl t Band

Replacement Band Replacement Band
(——- .4—-)

replacive replacive
ol+opx+cpx+parg ol+opx+cpx+parg
+sp+Ni-Fe-oxides +sp+Ni-Fe-oxides
crystallized crystallized
melt  m———t— R —t——3 et
infiltration infiltration
Wall Rock Wall Rock

fracturing
Fig. 9. A schematic model for generation of the replacive
harzburgite, showing a modal enrichment of orthopyro-
xene, clinopyroxene and pargasite crystallized from infil-
tration melt as a major process of the Case 2 magma
channeling. sp. D : spinel dunite, H : harzburgite, WEB :
websterite.

TA FOBEERZ LIERF (=—Y =2 ) & LTI,
SiO CELHERE AN FREATHE. FHiE, FrERL0
ERIPD, VT AT 54 A %0 o EREE <Y
TPOEETFICBALEAN M TCholebEL BNS.
ZONNVIN=Y v A NEBBAY ROBRKIZIZ, BEEY
T4 DB SR OBEEPIBA LI AL N ORITHE
HER (AN —BEERR) BSboltlEibhbd, 20
N b —BERFISEFEDPD BTz, HANER D{vS4 R %1
AL7 (Fig. 8). Bl NhOBAWER D Ti & Na &4
B, BEAFTA N T =T RF TG NEA 7 DBEERD
BEPEOZHEETHD. THROLRBEHAY RORTF ¥ %
NEWT AR AR 2R 2 &3 Tloii_k, Lizsio
T, BEETRIZE—Z VT Uz BAER OfEE/ER T A 0V
F—BEEMORICROF CHRITLEZ L E X BN D, [k,
BHANY FHOPA L ABLRFER O Mg#iz b, Fi L7z
£ 5 BRRFORMERAEPHEIN TR, AV h—BER
IEBRRBENS (Fig 7).

4, BEETIL Q) A MENEESTHTTF v RIL
AERNVEFA VRIZBALL Y 2T XF54 REAL 7D
BE, U LOBBER L ICHYTE— N - TEEREY
(LR DT v XK 1B DL OREA B, T AL N Mdhn
O F R S BEFARELLNS (Fig. 9).
7, Ev U MzholeFa—b LA NEALIALLY
TAMCENEREL, KREE~ S~ BB L. B~
7= b & LSRR L BANER IBRIR~ 7~ 5 BB
L, BEROBEIZABELTIE2~3mDOY =T A5 54 h&A
ZEDL ofe, TOBBI=E, T2TATFIA NEA Y
DIRERH A 6 AT D MgHdsd BRIz s - TERT 5 ( Fig.
7)Zenh, B LTWE, ol E~v el EE L

A7 DR (v~ FBES N AN NEBORE) 1, BE
TITTOREPBRELTWRNVDTOILR., BB LEE
REB~I <, V=T RA554 MeEEN38 5L - &
FHEL - A DAFEB XA OILFER OB 5, 12
ANWEEEGEE Y47 GBl O~ 7~ (A - HiHm, &
W) WHELLTWELHESRS,

BE S POBEET A MRIZALVIBEBAL, 20X
NV ERBALFERICERE EFIGLTHPABARIZBEFIL, L
D Mg#EDEWPA BAT &M L7 (Kelemen, 1990).
Z DR, RAEL - BANER - N—H¥ 1 MEANEB LY
BHTHEDAEF)V « Ni-FeBibx Gl L, 2ok x
R LR IEE - BANER - S— YA NEAEIL, B
A B AR DREERIE 2 ED, </ < EE5 2R SRR 55
BIRERDRIR R o< 72, Z DX 5 REEENPA S ABDK
B, FEZEHOET-ZARMIMZE > THBEEINS, &
RLELTHA 7 OBRMIRITIE, BEEFFA Meb e 2%
NTWEBREPABAR EFRICREU LEPABAE - &5
YA - BANES - S—F P NEARE L BNRETDE ALY
N=Tx A NEDEBANL FRCE T, BESFF 4 ROk
BRI, N—TY1 MEARE O L L CHEEI
RIS, ZNEFA 7 DEAE?D 5~ 7 mDBHIEAL
YN=TU XA NOFREEEE —B L TWA. Bt LY S —
Vx A bOBEOBIZBEE S F A MZBALRZ AL ML, 8
Ye— NEREZRE L, 8K & LT HIZ Si02, TiO:,
FeO*, Ca0, Na:0, K:0 3 XU H0 2L 7z,

BRI FYRYUITIIDEEE

BEANMNMBABDY YL REE
WA HAEE EHCHESNEF v X ) v 78R3,
BEEDA D ABEP LSRR AN P Sh, BEEIZ AL
MRS DEBEECF v 2 U L IBR (DL, BRI A
EHOMBEHDLTIT, B~/ <2 b—FHIC AL MRS
MILIeF ¥y RV 78R @QChH5B. 2hb 2 o0RE B4
N, BUIZF YR U S DBRELBEEIA S AED

VYV FRABEOBWNCH > TWEZLEEZ LIS,
FrRV I T~ DREEHETBEDIC, BESTO
WERERHEANT, F v 20 ONEORFES — HaEs
a7 DREREY 21772 o7, # DR, Wood and Banno
(1973) DEEFTI30~1,100C, Wells (1979) TR L #
840~1,040CTH o 7r. BEEPALAEDREDLEKIPA D
AEDYT Y Y FRABEERL, "AYA—T v FCIEA
BREVAY T4 bEDKISO~100CEWEENBLEY bhir,
BELI <~ DOEBORER D » LEHET, BESHhTH
Y7V Y FAREOREEREU EThH-72IIPTH5. Fr
FV QINERORITIES ~HAHER = 7 ORE R BED 7
BT, FvR) v~ ~DBELRERN., 22T, B
BERTHEONTCEADPADABDY Y FRABELBEIZL
T, FrARABRBEEL, Fryir (DBIV Q0N S
SBEEOPAERBRSENRNZ 226, Y2 FEI0~
15kb DEE ThHole b E %2 5. Jaques and Green (1980)
DEEKIPN D ABOBIEERITE S &, Pyrolite DA
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DABDZ OBREIZRITS YV X AEEIZ1220~1290°CTH
v, Tinaquillo lherzolite fHEZD Y Y # 2{EEEIF1240~1,300°C
Thd. Fryxn VOBRE, ERCIEEORRELLY T
A4 MNZHDEDONA=HH A NEAREREENDDT, BEED
VU FRBEZZN LD bORED o T FTREME SRR X h,
EBI, FYRY VT~ wh bEEEPICERMER S BEBA
LTEBEEDY ) FAREMET L TWEARERE LS. Fr
I VDHE, BEENA D AR DREREIZ N VY S—D Y
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bIDEBRAY RPEL 2D, —F, Fy il QOBEE, B
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B THEL (1,450°CLLE : #i 21X Takahashi, 1986), F ¥
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5.
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