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Masumi UJiE MIRKOSHIBA (1999) Chemical characteristics of basic metamorphic rocks from the Main
Zone of the Hidaka metamorphic belt, Hokkaido: an affinity to mid-ocean ridge basalts. Bull. Geol. Surv.
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Abstract: High-grade basic, pelitic and psammitic metamorphic rocks are exposed in the western part of
the Main Zone of the Hidaka metamorphic belt. Major and trace element concentrations of the basic meta-
morphic rocks were determined. The samples analyzed were classified into two rock types, i.e., amphibo-
lite that is widely-exposed throughout the study area, and basic granulite which occurs exclusively along
the margin of a gabbroic body in the northern part. Both show similarities in chemistry to normal mid-oce-
an ridge basalts (N-type MORB) . Most of the amphibolites have variable and higher concentrations of Rb,
Ba, K20 and Cs than typical N-type MORB, probably due to enrichment in those elements through meta-
morphic or alteration processes. On the other hand, the basic granulites are poorer in Rb and Th, that may
have been lost during high-grade metamorphism associated with deformation. The basic metamorphic
rocks originated from basalts or gabbros, of which parental magmas were derived from a mantle source
depleted in light rare earth elements. Possibly, the basic magmas may have solidified at sea floor where ter-

rigenous sediments deposited.
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Fig. 1 Simplified geologic map of the Hidaka metamorphic belt (modified from Osanai et al., 1992; Miyashita and Yoshi-
da, 1988; Nakagawa et al., 1996; Miyashita et al., 1997). Localities of the samples for chemical analysis are also shown. R:

river, H.M.T.: Hidaka main thrust.
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Table 1 Description of samples for whole-rock chemical analysis from the Hidaka metamorphic belt.

Sample No.  Area Distance Thickness  Rock Name Color of Notes

fromHM.T. oflayer amphibole

(estimated) (estimated)

(km) (m)

Amphibolite
92100512 Uenzaru River 1.3 <400 Bi bg. amphibolite Brown Same outcrop with gneiss
90082201 Uenzaru River 1.4 <400 Amphibolite Brown Weakly-zoned hb
92100510 Uenzaru River 1.7 <400 Bi bg. amphiboiite Brown Weakly weathered, with sulfides
91091610-1  Koibokushushibichari R(B.) >0.1 800 Amphibolite Green Abundant in felsic layer and vein, granoblastic
91091104 Shuomanai River 0.6 <80 Act amphibolite Brown,colorless  Strongly altered, felsic layer
90082708 Shuomanai River 1.7 600 Amphibolite Green Granoblastic, weakly weathered, felsic layer
91091305 Sogabetsu River >0.6 <1 Amphibolite Green Alternating with gneiss, weakly weathered
90082507 Menashunbetsu River 1.2 <80 Amphibolite Brown Same outcrop with gneiss, felsic layer
90082504 Menashunbetsu River 1.8 300 Amphibolite Brown Weakly-zoned hb, granoblastic
90082503 Menashunbetsu River 2 300 Amphibolite Brown Weakly-zoned hb, granoblastic
90082502 Menashunbetsu River 3.9 >150 Amphibolite Brownish green  Weathered, felsic layer
93092608A  Horoman River 3.5-7 100-200 Bi amphibolite Brown Abundant in felsic layer and vein, zoned hb and pl
Basic granulite
89083102C  Pankenushi River (B.) <1.2 ? Qpx-cpx-hb granulite Brown Granoblastic
92100504-2  Pankenushi River (B.) <1.2 ? Cpx-opx-hb granulite Brown Granoblastic
92100307 Chiroro River (B.) >0.3 >380 Cpx-opx-hb granulite Brown Felsic layer with large crystals of pxs
92100308A  Chiroro River (B.) >0.4 >380 Cpx-opx-hb granulite Brown Granoblastic
Quartz diorite
90082501 Menashunbetsu River 3 Hb-bi quartz diorite Green Fine-grained

Leucocratic layer and vein
91091610-2  Koibokushushibichari R.(B.) >0.1

Hb-cum quartz diorite
Bi-hb quartz diotite

Green,colorless
Brown,colorless

Heterogeneous, medium-grained
Heterogeneous

930926088  Horoman River 3.5-7
Gabbronorite

90082208 Pankenushi River 1.4
92100308-3B Chiroro River 0.2

Bi bg. cpx-opx gabbronorite
Hb-bi-cpx-opx gabbronorite Brown

Western margin of Pankenushi gabbroic body
Intruding into gneiss, weakly weathered

Abbreviations: H.M.T. = Hidaka Main Thrust, bi = biotite, hb = hornblende, bg. = bearing, R. = River, B. = boulder, act = actinolite, opx = orthopyroxene,

cpx = clinopyroxene, cum = cummingtonite, px = pyroxene.
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Fig. 2 Representative photomicrographs of the bas-
ic metamorphic rocks from the Hidaka metamorphic
belt. Taken under plain polarized light. hb: hor-
nblende, pl: plagioclase, apt: apatite, opx: or-
thopyroxene. (A) Brown-hb amphibolite (Sample No.
90082507). (B) Cpx-opx-hb granulite (Sample No.
92100308).
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Table 2 Major and trace element concentrations of the rocks from the Hidaka metamorphic belt.

Amphibolite
SampleNo. 92100512 90082201 92100510 91091610-1 91091104 90082708 91091305
(Wt.%)
Sio, 49.09 49.86 49.44 49.47 49.85 49.85 48.57
Tio, 1.57 1.10 2.04 1.25 1.26 0.89 1.07
ALO, 15.73 15.39 14.48 15.77 14.89 15711 16.72
FeO* 9.34 9.12 10.67 9.69 8.51 8.26 8.43
MnO 0.14 0.14 0.18 0.23 0.16 0.15 0.14
MgO 791 8.54 6.91 8.05 10.85 9.00 7.69
CaO 11.58 11.67 10.15 12.27 7.31 12.13 12.74
Na,O 2.50 2.51 3.11 1.12 2.31 2.29 2.39
K,0 0.38 0.05 0.44 0.06 0.34 0.03 0.14
P,0; 0.14 0.09 0.20 0.09 0.05 0.06 0.17
(ppm)
Li 42 2.4 10.9 0.8 115 1.6 3.1
Be 0.69 0.29 0.83 0.44 0.32 0.29 0.29
Sc 34.6 39.7 36.6 36.2 30.5 32.7 329
\% 262 264 318 264 180 214 229
Cr 327 461 281 340 378 502 273
Co 44 49 43 47 38 49 46
Ni 106 103 80 104 152 167 78
Cu 23 11 56 262 5 28 59
Zn 70 45 96 178 87 78 55
Ga 17.4 150 17.3 17.8 13.8 15.1 15.8
Rb 3.16 0.87 3.90 0.92 8.96 1.68 454
Sr 179 149 174 133 129 123 173
Y 374 28.5 47.8 33.6 31.6 22.0 27.5
Zr 114 71.1 148 76.3 69.2 56.5 65.8
Nb 3.23 1.60 3.32 1.84 2.23 1.19 1.49
Sn 0.97 0.77 1.78 2.04 0.35 0.54 0.79
Cs 0.10 0.023 0.18 0.047 0.43 0.022 0.16
Ba 41.6 225 29.6 142 78.8 9.7 235
La 4.10 2.09 5.40 3.56 2.39 1.57 1.84
Ce 129 6.69 16.0 10.6 8.04 5.07 6.27
Pr 2.16 1.29 2.69 1.82 1.58 0.97 1.17
Nd 11.7 7.68 13.2 9.85 9.35 5.57 7.05
Sm 3.46 2.83 434 331 3.50 222 2.57
Eu 1.31 091 143 1.03 1.03 0.70 0.92
Dy 5.69 4.50 7.12 5.02 6.06 3.57 4.09
Ho 1.19 1.10 1.59 1.31 1.29 0.83 1.02
Er 3.25 2.78 4.18 4.09 3.83 2.61 2.85
Yb 291 3.18 3.95 4.11 4.08 2.37 2.75
Lu 0.44 0.40 0.56 0.68 0.54 0.34 042
Ta 035 0.21 0.35 0.25 0.29 0.23 022
Th 0.14 0.10 0.56 0.31 0.11 0.09 0.08
U 0.13 <0.07 0.49 0.09 <0.07 <0.07 <0.07
FeO*/MgO 1.18 1.07 1.54 1.20 0.78 0.92 1.10
K/Rb 997 478 938 544 315 148 256
Th/Nb 0.042 0.063 0.169 0.170 0.049 0.077 0.053
Th/U 1.1 1.2 34
Zr/Nb 35 44 45 42 31 47 44

FeO*: Total iron repesented as FeO.
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Table 2 (continued)

Amphibolite Basic granulite

Sample No. 90082507 90082504 90082503 90082502 93092608A 89083102C 92100504-2

(wt. %)

Sio, 50.16 50.20 48.71 49.15 50.13 47.19 46.87
TiO, 0.98 1.19 1.14 1.25 1.37 1.10 1.38
ALO, 15.68 15.10 15.37 15.79 15.23 17.01 17.09
FeO* 8.35 9.02 9.78 8.69 9.42 8.88 9.86
MnO 0.19 0.13 0.14 0.14 0.16 0.15 0.16
MgO 8.99 8.58 9.11 8.44 8.90 9.75 8.97
CaO 10.63 11.78 12.16 10.54 10.59 12.10 12.28
Na,O 2.87 2.50 1.84 2.80 2.03 2.23 2.45
K,O 0.14 0.15 0.30 0.35 0.50 0.06 0.09
P,O; 0.08 0.07 0.07 0.12 0.10 - 0.06 0.10
(ppm)

Li 5.1 1.8 6.8 6.1 10.2 1.8 2.7
Be 0.51 0.45 0.27 0.36 0.59 0.26 0.40
Sc 33.5 38.2 39.5 34.0 37.2 31.6 37.7
\'% 210 250 234 254 287 223 256

Cr 447 275 424 399 344 408 394
Co 44 47 50 44 45 49 48

Ni 123 95 111 118 117 156 128
Cu i1 26 17 99 96 50 75
Zn 112 34 44 73 88 66 72
Ga 16.9 15.2 15.7 15.5 15.0 15.6 16.3
Rb 1.72 1.59 2.83 6.23 11.1 0.32 0.19
Sr 147 125 169 135 121 149 163

Y 27.2 31.1 30.2 31.5 38.3 24.9 29.8
Zr 63.6 62.7 68.7 82.7 64.2 50.4 58.3
Nb 1.75 1.45 2.13 2.17 2.56 2.45 2.18
Sn 0.75 0.83 0.60 1.56 1.32 0.76 0.33
Cs 0.10 0.088 0.13 0.26 0.78 <0.003 <0.003
Ba 39.7 24.2 37.4 42.8 91.8 4.7 11.1
La 2.50 2.53 1.89 2.60 5.48 2.27 1.94
Ce 7.72 8.09 6.61 8.42 15.3 7.59 7.68
Pr 1.38 1.39 1.25 1.46 2.29 1.39 1.39
Nd 7.07 7.80 7.54 8.36 11.8 8.37 8.66
Sm 2.50 2.53 2.62 2.82 3.57 2.50 2.58
Eu 0.90 0.97 0.92 1.02 1.01 0.95 1.10
Dy 4.15 5.04 4.79 481 5.74 4.10 4.50
Ho 0.98 1.04 0.99 1.04 1.04 0.97 0.94
Er 2.52 2.92 3.00 3.15 3.39 2.91 2.73
Yb 2.51 2.88 3.19 2.97 4.57 2.90 3.01
Lu 0.37 0.41 0.51 0.45 0.53 0.38 0.39
Ta 0.23 0.23 0.36 0.35 0.23 0.23 0.35
Th 0.14 0.78 <0.07 0.21 1.11 <0.07 <0.07
u 0.07 0.32 <0.07 0.19 0.46 <0.07 <0.07
FeO*MgO 0.93 1.05 1.07 1.03 1.06 0.91 1.10
K/Rb 677 783 881 466 373 1571 3912
Th/Nb 0.082 0.541 0.098 0.435

Th/U 2.1 2.4 1.1 2.4

Zt/Nb 36 43 32 38 25 21 27
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F2k (Bex)
Table 2 (continued)

Basic granulite Leucocratic layer and vein  Quartz diorite  Gabbronorite

Sample No. 92100307  92100308A 91091610-2 930926088 90082501 90082206 92100306-3B

(WL.%)

Sio, 47.15 47.62 53.05 57.39 57.28 52.07 50.38
TiO, 1.10 1.36 1.04 1.00 1.45 1.14 1.41
AL O, 17.00 17.82 17.19 14.80 17.22 15.89 15.42
FeO* 8.97 9.03 8.54 6.96 6.78 8.79 9.22
MnO 0.18 0.15 0.22 0.12 0.13 0.16 0.16
MgO 9.96 7.66 6.76 6.07 2.90 7.18 7.21
Ca0 12.67 12.47 7.37 8.46 6.01 9.68 10.78
Na,O 2.16 3.05 3.31 3.15 4.63 3.03 2.84
K,0 0.11 0.10 0.06 0.33 1.60 0.23 0.44
P,O; 0.07 0.11 0.21 0.20 0.34 0.15 0.13
(ppm) ,

Li 3.1 2.4 2.6 6.4 20.0 5.8
Be 0.38 0.49 0.58 0.83 1.87 0.55
Sc 29.0 33.2 25.5 25.0 12.5 32.7
A% 196 240 206 198 142 2022 248
Cr 451 384 246 247 11 298 335

Co 53 44 31 31 19 42

Ni 205 86 79 86 5 44 90
Cu 29 32 558 58 20 26 70
Zn 126 66 141 68 81 88 77
Ga 14.8 16.9 17.6 15.9 22.1 15.7
Rb 0.14 0.12 1.47 6.42 27.9 <22 6.95
Sr 182 199 157 136 338 268 168

Y 24.1 29.6 20.7 30.1 26.2 26.4 35.2
Zr 54.9 66.0 50.9 78.8 198 29.5 96.7
Nb 2.05 2.94 2.39 3.63 17.4 3.6 3.15
Sn 0.34 0.44 0.66 1.69 1.85 1.48
Cs <0.003 <0.003 0.070 0.64 1.67 0.35
Ba 4.7 3.4 37.6 104 196 1532 205
La 1.95 2.52 6.87 10.5 22.4 5.00
Ce 7.02 8.61 15.8 26.5 45.3 14.4
Pr 1.27 1.58 2.02 3.35 5.13 2.14
Nd 7.11 8.51 8.82 14.9 21.2 11.1
Sm 2.35 2.59 2.22 3.84 4.45 3.29
Eu 1.00 1.21 0.81 0.88 1.38 1.23
Dy 3.85 4.70 3.54 5.08 4.46 5.80
Ho 0.75 1.00 0.75 0.97 0.89 1.13
Er 1.82 2.50 2.72 3.13 2.42 2.94
Yb 2.33 2.69 2.31 3.31 2.12 3.54
Lu 0.33 0.44 0.38 0.42 0.34 0.48
Ta 0.30 0.36 0.20 0.32 1.44 0.45
Th <0.07 <0.07 0.76 2.23 5.29 1.03
U <0.07 <0.07 0.27 1.21 1.57 0.50
FeO*/MgO 0.90 1.18 1.26 1.15 2.34 1.22 1.28
K/Rb 6342 7219 338 427 477 525
Th/Nb 0.320 0.613 0.305 0.326
Th/U 2.8 1.8 3.4 2.0
Zx/Nb 27 22 21 22 11 8 31
aXRF analysis.
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Fig. 3 Major element variation diagrams for the whole-rock samples from the Hidaka metamorphic belt. The fields of
the lower gabbro-diorite in the northern area of the metamorphic belt (Hashimoto, 1975; Miyashita and Maeda, 1978; and
unpublished data) are also shown by the areas of olivine gabbro and pyroxene gabbro.
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Fig. 5 REE abundances normalized to CI chondrite (Evensen ef al., 1978) for the rocks from the Hidaka metamorphic
belt. The field of N-type MORB after Kay ef al. (1970) and Sun et al. (1979) is also shown by shadows. R.: river.
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Fig. 6 Concentrations of lithophile elements normalized to the primitive-mantle (Sun and McDonough, 1989) for the
rocks from the Hidaka metamorphic belt. The field of N-type MORB after Kay ef al. (1970) and Sun et al. (1979) are

shown by shadows. R.: river.
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MORB : #p&EZRAE Kay ef al., 1970; Sun et al.,
1979; Melson, 1976; Schilling, 1983; Perfit et al.,
1980), IAB: BMKRE (W7 T IAVERES
FUOTIWAVEREZE L, B.V.S.P, 1981 ; AT
7>, 1989; Perfit ef al., 1980).

Fig. 7 The TiO, versus FeO*/MgO diagram for the
basic rocks from the Hidaka metamorphic belt and the
Shimokawa complex. MORB: mid-ocean ridge basalt,
IAB: island-arc basalt (except for calc-alkaline basalt
and alkali basalt) . Data for MORB are from Kay et al.
(1970), Sun et al. (1979), Melson (1976), Schilling
(1983), and Perfit et al. (1980). Data for IAB are from

B.V.S.P. (1981), Kushiro et al. (1989) and Perfit et
al. (1980).
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Fig. 8 The Cr-Y diagram of the basic metamorphic
rocks from the Hidaka metamorphic belt. Fields of the
rocks of Shimokawa complex are after Miyashita and
Yoshida (1994). Field of the Oman ophiolite is after
Smewing (1981) and Vetter and Stakes (1990). The
fields of MORB and VAB (volcanic arc basalt) are
from Pearce (1982).
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Fig. 9 The V-Ti diagram of the basic rocks from the Hidaka metamorphic belt. The fields of MORB and ARC (island
arc basalt from New Hebrides) and the chondritic ratio are after Dupuy et al. (1982) and Ikeda and Yuasa (1989).
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5.2 T - THIC & 2EEDOBED T

B ORRIC, WEMEREOLEEBIL, KBTI
4 L OTLERICOWT N-type MORB OEFICELT 5.
—77, H#MICRTAR% L, ARADK, Rb, Ba, Cs B
43I N-type MORB L D 3 HWBABE L, KRBT E
ME/-3BBOXREOREREICIEHR TS (6K,
B2FE, FIRK). T, BEBIS— 254 M, F
¥)H) 7% N-type MORBIZH#: L Rb 5 XU ThizZ LW
(6K, H3K). —MIC, BRETIE, BEAOER
BICERBIUOEEIC LV TELBE T 5 REERD
B. Lictho THR 7 <OENEBEEZHET B0
i, DTS A VvEROREVHATLR (LIL TR)
BIUT VAN BROBBOFEEIC OWTEERT
5.
Tagiri et al. (1995) ZEBHEEMOBEBEMEREIT S

BTSRRI OO THRE LTS, BERERED
FCEHBEORP VA Y —BEHBEL TV ARFIEE
BHEEEO 5> bO—FICR o, Mo L DL
B D XBE BB ORI —BRIIC A LD O,
LicH - C, SEGH L-BBHc o> »WTid, —#BEa
Rl LTh, TR B A <L L
TRWEWwWEEZ b 5.

RN, AREICOWTHE T 5. ARETHE, K.
O,Rb,Ba & MgO * OICHELZHEEBII RO W
(BF3X, H£4N). EHIEFE6NTIE, FARHIER
D Rb, Ba, KT WTAHBMENRNE—VERL, £TD
BEOELBEBSERUOLTRLIDKXEN. INHIE, Rb,
Ba, K BAEREBRICEM LI A TRR T 5. 2/, B
6 ICIEERR LIad o e, 44 VEEDKEWTh,
U, BXUTWVAVTLHRTH S Cs, Li DIREFE< YV PV
HIFELEBHIKE V. ARETE, Rb, K Li, Cs ks
FUBa BEWICIEDMHEI%ZRF. Cs/Rb Hid—#ic
N-type MORB k0 &85\ . —77, NagO 5.k 0 Li i
DFEHE T N-type MORB & £ 570\ (B3, #3
£, .
BEROERICH VT, ER - FHIC XY LIL TH
T EBBET AEIEHE S Rvizdn, BREHEOER
IZ & 5Rb,Ba, K7z ¥ O & (Sheraton, 1984/85;
Weaver and Tarney, 1981; Sills and Tarney, 1984), #
AE—R B EHOBERIC L 5 K, Sr 7z EOBE (Mor-
rison, 1978), BRI KB HEOBAIL X S
LIL Tt DOfin (Floyd and Winchester, 1983) 7 ¥ 28
BEINTVAS. IDIC, XREPEBETEKEELL
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HEEBR L OBEEEERE OB LA (TR (RK)

F3FE HBELERHFEEEEREDFEHROFHME S Ntype MORB, $HEHIBROLEERKOFHE, BEEOEREME
B OERBTE & O HE.

Table 3 Average chemical compositions of the basic metamorphic rocks from the Hidaka metamorphic belt, in compari-
son with those of N-type MORB, oceanic crust, and basic rocks from the Hidaka belt.

Amphibolite Basic N-type N-type  Oceanic crust ~ Shimokawa  Poroshiri Poroshiri
granulite MORB MORB complex ophiolite ophiolite
Gabbroic ~ Blastopor. MD1
dolerite amphibolite (metadolerite)
This study This study Sun and Saunders and Taylor and Miyashita Miyashita Miyashita
(N=12) WN=A4) McDonough Tarney McLennan and Yoshida (1983) (1983)
(1989) (1984) (1985) (1994) ‘
(wt.%)
Sio, 49.54 47.21 49.5 49.15 49.8 47.5
TiO, 1.26 1.24 1.27 1.40 1.5 1.39 1.33 1.31
ALO, 15.49 17.23 16.0 16.52 15.5 16.4
FeO* 9.11 9.19 10.5 8.86 9.02 9.06
MnO 0.16 0.16 0.15 0.16 0.14
MgO 8.58 9.09 7.7 7.46 7.38 9.56
CaO 11.13 12.38 11.3 11.04 11.3 11.3
Na,O 2.36 247 2.8 2.14 3.03 2.96
K,O 0.24 0.09 0.07 0.10 0.15 0.08 0.1 0.16
P,0; 0.10 0.09 0.12 0.13 0.13 0.23 0.11
(ppm)
Li 5.4 2.5 43 10
Be 0.44 0.38 0.5
Sc 35.5 329
\% 247 229 250
Cr 371 409 290 270 349
Co 45 48 47
Ni 113 144 138 135 126
Cu 58 46 86 53
Zn 80 82 85 77
Ga 15.9 15.9 17
Rb 3.96 0.19 0.56 1 2.2 4.4
Sr 147 173 90 136 130 151
Y 322 27.1 28 35 32 36.8
It 78.5 57.4 74 88 80 106
Nb 2.08 2.41 2.33 2.5 2.2 1.6
Sn 1.03 0.47 1.1 1.40
Cs 0.19 <0.003 0.01 0.003
Ba 38.0 5.99 6.30 12 25 22.3
La 2.99 2.17 2.50 3 3.7
Ce 9.30 7.72 7.50 10 11.5
Pr 1.62 1.41 1.32 1.8
Nd 8.91 8.16 7.30 8 10.0
Sm 3.02 2.50 2.63 3.3
Eu 1.01 1.06 1.02 1.2 1.3
Dy 5.05 4.29 4.55 5.7
Ho 1.12 0.92 1.01 1.3
Er 3.21 2.49 2.97 3.7
Yb 3.29 2.73 3.05 3.5 5.10.
Lu 0.47 0.39 0.455 0.56
Ta 0.27 0.31 0.132 0.17 0.30
Th 0.31 <0.07 0.120 0.2 0.22
U 0.16 <0.07 0.047 0.10
FeO*/MgO 1.06 1.01 ' 1.36 1.19 1.22 0.95
K/Rb 503 3897 1038 830 566 151
Th/Nb 0.148 0.052 0.080 0.100
Th/U 2.0 2.6 2.2
Z1/Nb 38 24 32 35 36 66
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1T, Cs, Rb, K DNk LU Ba OBEIBRD N
% (Hart, 1969; Philpotts ef al., 1969).

AEERFREFICE T, ARESDREERE &
BELTETHI RS, BREERAE» O EELOT
ROBE) LR A DS, o 2E, vad<F A
@D 18891091104 1x, Cs, Rb, Ba, KIZE 35— 5 Th,
Uiczlwd (E2XR), fido L5775/ Ban
SEICAELTEY, BEERIZED Cs, Rb, Ba, KIZE
B L7=FREEA K E V. ARE T, ThicE4 Th/
Nb k45 N-type MORB £ 9 &7 D KREWH OB 4R
BZEF N 55, fitdFE K D Th/Nb i N-type
MORB ¢ RIBETHDVHIC ThiCEA TV (B2
#). 4ffiofif%z &% Thidfho LIL TE X 0 & £E]
BHOERB FOEBIC L AEEN PNV ETBHH
(Weaver and Tarney, 1981 7z ¥) 234 <, fARED>
L ThEE N N-type MORB L ) b HEICE VAR A2

O3 GTDOIRBELADINT & EERNNTES. —H,
BE -FRICE->THER S WITEDIFT LA EHBN-
type MORB i {3 5% Rd. DD &hb,
ARBCBCTE, R, TLRBECSTIBEBICL
9, Cs, Rb, Ba, KABBI L, % <idflhnL7-wag:»
KEW.

Wi, BEKTTZ 254 MICOWTRERICKRR
5. BEETSZ 254 OB D, £ < OTLRIC
DWW, N-type MORBIZ L <EE{l+5. LaL, Rb
i< N-type MORB O FHEICHNBALMICZ LS, %
7oBa d/PIWVEE L HLOBE (F2E, FO6X).
EHIT, Cs, Th, U bBHRAUT TH S (F2HK).
BEMTSSZ 254 PAINLOLIL TRICZ LW
i3, BRELRLAIEERBMTHS. —F, EEMS
S5 254 FOFH KO EBEL, N-type MORB O
BELREEVHSTY (FI3XR). BEERBCBY
T, 759225 MHOERICED RbBK kD 138
L3 5RL3I LITLITFHREIN TRD (Stephen-
son, 1980; Smalley et al., 1983 7t &), ZO#EHR, K/Rb
HREEEVLE B E3N5. FHH I Ntype
MORB @ K/Rb it 1000 BETH 5B, oW LE
HEMT75 2254 PO K/Rb i3 9T 1000 kLD k&
<, Rb @t Li-waex Ry (BF2%, F£3H).
Sheraton (1984/85) ix, REBOER FL 54 FERE
DEHEMETS5Z 254 P>V, Rb (B XU Th,
Ba) LZ Lo T AR EHRE L, BICEFKOK
WEATRb OBHEBB I DRFTWEHEE L. SES
B L7cBESS =254 ML, EEESHETHIE
WaEH->TnbHEELLN, 521254 FMEOER -
AR LD LIL THRO—H (Rb, Th 7z &) B4 Lic
TREEAREW. BEREZT 50 LIL TREEX
THTHHD, HEETS= 254 PRARBIKEA,
BB BT 5 Z &0 6, AREELOR

REEE ORISR E V.

5.3 HEZERFTEFTOTEHEANWE SEEMTR
BOLE
HEAERFHEFOIH L LUBEHICE WL, Rl
BA LR ANCE—BIREES, THERS LR LT
ST AH (BIR). FICERHFIHTIL, EESRER
AR LUHET SEANCEREOERE, BTl %
IO ICHEMTEWICRAWBIE YB3 A EESD D,
WEOLFHEBROEERTH O PICTH T ERERMIC
BHETHA. BiH - (1997) &, HSREHEBEHE
DOEFICHL T 2O PO CTHEMELEREZEL, BF
BZTTOBIDET T 254 MEERSE & DRI
PRETH A Z EBEVEBRNTNS.
ERHEFICBC, BRICSMAT AI3ANWERED
—&#id, 5= 254 MAKHET YA B4 MEEA
I TCw5 (MR, 1986; Toyoshima ef al., 1994 7x
). =, SERGE LIEEESSZ 254 ME,
BRI D/ NV r AV EANCEROFERIZE > T8
mTs IR, BARE» (1961) 1%, 5FFD 1R
REREICISWT, TEBNCEBHTAEESR /5 -4
F4 +e FRIANNE” L LUTGERL, “FRRIE
ANVE" (ZORICKL BT B3V VA
AR O “FRBERME" & L. %/, Toyoshima
(1991) FFEBBINB VOB UE A % mylonitized Fro—
gabbroic to dioritic rocks &EEHR L TW5. —F, BF
-BIE (1978) X, NV XVEKBROIZANVE
PERSNEEARAANEICBLL TS &F 2 7.
B I3IFOFERSEEERICIE, NV XvEhkE
FUIFOTRHMITANVEOHRRER [Hashimoto
(1975) i~ & % Axial Zone @ gneissose gabbro, ‘=T -
BE (1978) KX ANV XVIIANCESGKRE LTS
BOSHHE] %, PADARRZANVWEEERIZANY
BT TR LU, PABARITANCER, Zo8ERE
B LIRS R e~ T 230 (BT -8
M, 1978; Maeda and Kagami, 1994), £ 3 iz T
LIEVEBERZRT. DA DARIZANWEDKIRS
i3 TiO, EA 1 % RIGTH D, |EMERAEICHE LT
TiOs IZZ L. X 5 FeO*, MnO, P;05 122 L < Al
O BTG DDOLRE L, BESEEREOERSMEK &1
HRICRZS. i, BREZAhVER, SESH LK
BEETS =254 FEE LT, SiO;, K0 IZE A
Ca0lzZz L. ERFANWED S Si0 I HEHZ
LWEAROERSHEBTERE DM L BT 55, A
PIE LD S SI0 ICEA MO IZZ LWER LS. L
Ltk o, BESSS - 254 P RIUARE
OERGEBIIEONTEY, TETHEFERER
FTTFEITANCEDERIC & D4 U7-mTEetkid/hE v,
EEUERAEOMEBRPRON TS Z &, AN
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A S AR EH OEEMERUE OB (BT (BR)

DEE L TR WEHED 5 WIEITEAL TH - 727
BRI,

5.4 BASwOREESIERMTREDHE

AUPNES (1989) 13, BRERFER OEEEL
BE DL B S ar—atiMIic o 3 ARk EE R
FUHBERFE AT OEENEO—RICELT A %
B L2, BETEe 1997) ki, BEWICHH
T 5 g A 513 N-type MORB DL E#H »ED. &
&5 L 7o g 2t 48 B 1 N-type MORB 128813 %
RURICERTH EEZLNHDT, HEFHREE LI
BOMHFHIREZETLH L VLS.

BEmREAEEDS L, ROAKHEELZTIIEE F
1K) OERARICOWT, Miyashita and Yoshida
(1994) IT kX D xE - WERSHEEAEEHRESNLTVS
DT, DT, SE5H Lo EEMTRE DMK & 7
TR EFTS .

TIEA (F1X) 13, BEEYBEICHY, B
BEHWREEAE (BEE - /MUA, 1955) & LCE#RS
niz. BH 977 X, FIIBEPRENECELES
RIS —BRBRBEGECTEA LY VT A FOE
PR DOE A4 ¥ &7z L. Miyashita and Watanabe
(1988) 13 X U Miyashita and Yoshida (1994) = X hiZ,
ZOTHIEN FUSA MER GHEEEOTRE, FHid
FVS4 b -85 BDRESOEGHER, LRIWEEES
FRITBEVWIRBEORB L OBHRINS. Ak,
N-type MORBE LD R OB R T X LT 5
(Miyashita and Yoshida, 1994). ESEORIC, WREES
DIEEMAICHES HIZB W, BRERH FREOEA
DER LELT 5.

TINEHED FU 54 FPROEKRSA (Miyashita and
Yoshida, 1994) X, EHEMEREICHE L MgO IcZ
LK<, &Ti0:, & FeO*/MgO %3 8FHA% 8,
& MO OB HOERIIEEMERE LA N5y
7L, ZMEOEL XD LD EMRTESL BTR). T
NEBEIZ LD G LB R B WMER 2% 5. Miyashi-
ta and Yoshida (1994) iZ XA FHIBEEDOERRSD >
1, lower unit ¢ gabbroic dolerites D ¥ - MEF S
BROFHER, AR EHOANEOFEERICE
REUT5 F3FHE). #L45%E, KOiczLK,
Ba, Nb iz Z L<, Zr, Y ICRRBETE#E &> (8
3%, F8X).

IBIE, FEEHBOT SCEMUICHMT 5, ERAE

HORBVI AT 4 A 54 M, EREREESTEE
HRBFZRTEVWD SR CEFHEREMBEREELRTS
B, RTIIDFA TIHEZIRETH S (Miyashita
and Yoshida, 1988). MTFicRBYYF 74454 D
BHBEOTFHERSHER (BT, 1983) & OHE%
fTotz. RV U7 4454 OS> bRFRARMGA

P74 (blastoporphyritic amphibolite) ¥R KRS
Eo LcAREOFPHERICR LELT S (3
F). FLABE, EFDVKOIZ L Nag0 B XU
P:Os icBL (BE3FK). %/, R UL 740454 b
D FVZA T MD1 OFSERAS, BENESFZ 254
FOFHERICELIT S B3FR).

JLEEIC T RT3  OREEDTM/T 5.
HEHFORAOEM—TVE (F1N) BT A244
BRCIIZEOREEPROLNDEH, T0DD HLEMAY
ICTFBOSOEEEREY VT A+, EFOLORET VA
VXEREN OIS (RRERIES, 1986). %72, HEHED
KHEOERSE FIR) KMETILCEHEBHOSOS
i, BTV AVXRES I <ICHERT S HWEIE,
1986). ZThicx L, AEmOKESE L LUERFOE
EMERAEIZ VTN b Ntype MORB IZEEEL L, Hi
KAZE—F L/-#EEN T, 3l Lom B e
BT 5.

5.5 AEZERHETEEMERAEDRAEDHKRE

DLED k>, BEERHEEROEERTREDR S
i%, N-type MORB [ZE L9 b3 %E L\ /ol
HEY UTA P ThHolzbiiEEINS. L LIEERE
BrA (BCARE) IRERE L% 2 Oh D BIREERE &
HE#E L, MEOHRBPEECHS. HEMERED
FEORE & LT, FICHIEES & OBIEIZBE W TIRD
E5bOBEZONS.

1) BEEHBORERBOBICEWT, BHEELEE
BEAEELTEB LKL (MRIE», 1982;
1986).

2) EHIC BT LEREAOBMIAE, PADAAE
ANVEDOE AR, BERFE L THRESICEA
L7z (Hashimoto, 1975).

3) WBEMMEE LTERLEDL, #EY EEA
L CARINMEZTEREL L7z (/MB, 1985 7% &).

LDEDEZFEEENPICE ST, EEMTREDORS
OB K & S HEZT 5.

OB LT, — i, fAnfke:IhTsE
FHICRMMEE R Y UCET HEEMED, BanEEr
HOBADTRy 7 L LTETHI ENEL, LK
BEICHRTAERREENS 5. BE, BEEY LT
A Michz, BI-EESEEOT VAU ZXRERED
NBHEZEBRELBAS. TOFIE LT, MEMNG I
OHBERO—EE TR, FAICY VT VB, Eic7iv
AVXBRABOREEVLRON, EOF7 by 7
c ASVUVERRERT A (Suzuki and Hada, 1979). #h
XL, SESH LIcEERERE DRSS F M L
73 EEERECEU L FEE—OMRE CRE L
LALT T EDTRETH L. T, EEEESDIRES
NS T AT —IWTHRB T 6, I o0k
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woB A & O A # (1994 HE50% H10E)

TERHC & 0 TN/t O K S IR BikiE & b Rix
. LT3 E0d, DERIDZ2)ORERE 2R
.

XBHIE, WEARERENZIRA T/ <ICHEWLFEHER
RO L, FREBRERICOMAT HIEANCED R
ICARAICZ Lok UIBERERE O X R EHRE
FHHBARATHAL T &id, RANVWEEID AEITT
DOEB B LU L0 KICEIRETOERDOFREKE 2R
5.

LB oT, BEDOE A, BEMEEREOREEX
1) OBBIC X OB LI-miEEARORE V. (FEK
e LT, BlEIAREGEHEOBEICIS T, g
L7V BVOETY 7 MEREL, BEWESHERY
% » [F#iC N-type MORB [ 8l ¢ A{LEER T /D
TREBSREE LS REEINSTHAD.

ABEREICoHT A3 ANWERE LUBEENE
HO—H ST, BB LICEEWBEICHERTS2E20
NABREIFEINTWS (Maeda and Kagami, 1994,
1996 72 &). L7=HoC, & LEEMEREDREVE
RBICAZSBH LTV EThE, FEOHER»
SIEANVEDOEARIIC /- T, HEMWROTICHEE
BETRICHE Llo<y MUBHEE L CWTEEN S
5.
XHIT, HEFORES L, ER - RS EL
L, MELMFTERLEICHE I 20, GRS EED
BREZHEO LEZLZOBRLERTHAD. /MNIREL
(1989) 1%, HERERFHER FHMBOREL LT, 5A
BB L OO &, F—IL#B E & O
HE (BEE) LEREOEBFEIMEETES,P L LN
e L, SEOMRIIZOZEZ#ZHTS. AR
HREEDS L, TIEAOBRRIILFI» @RS T
B0, BRERTER LIcOLMAMGEE LTORYAENI L
3 53 (Miyake, 1988) & @ % %%, Mariko (1984) I%
B E OYER OB CHREE IR 3T L < R T AR
i ni s L, ¥7-, Miyashita and Yoshida (1988)
3 & U Miyashita and Watanabe (1988) & 6 & iEHM:
KERBEBAFIFRFICRE I -/ eEB 2. ChbDE R
3, EEMEREOEFROBREAH D B L TS,

6. £ & &

(1) HEERHIHOBREREOEEMERER, V
V7 A PEOZRE< /<ICELU L bE8R xR 7
5. BRSO AN WERICE LU (oM A EEE
752054 M, fHIRICIA < 5T A APIEIC
L, Rb,Ba,Cs, ThizE L <Z LK, K0,Si0,, Uiz
Z LK, 2 ALO; IZETs.

(2) BEMERED, KO ZDOZ ERSTLHE, &
TETLE, Zr, Y B XU BB ERBILHEEE L Ntype

MORB B3 5. ARSI FHIZ Ntype MORB
ICH#E L Rb, Ba, K;0, Cs KETHE B L. HHEMET
5= 254 Mk, FHE % N-type MORB i lhig L
Rb, ThizZ L.

(3) HEEMEREORED, BFLICHE LV
WVIZEER T 5, BRETCIBBEIREDOEE»EIR, B
HVEEBARO< 7 ORARICELN LciTANWE & #E
EIN5.

(4) BEUEREOERSHBRIIRONTEY, H#
T 5 RN TR T TBIZANDNEDERC L V&L
JoATEEEIE A X

(5) BEMEREONMERRIC OWTUTD LS 2#
RPRLFELEEZ LN, ThbbREDEBRII
N-type MORB IZE WL L & - TWi=BHED, ARE
DOBEE S IEED 5 WEERIERIC L D Rb, Ba, K0,
CsicgitL, —HEEM 752254 FOBER, &
&> SR OERIERIC X 0 ERFD Rb, Th O—&
B Uic. AR, BEWEOHRE T ABEICKT 5
HEFEME KRBRENC X D R S N TREED B 5 .

(6) WEMEREOCHENFEHIT, BEHOREER
(PR E) LHEBENEL, INOEREMNT A
O A %R TER LR D 5.

it dumETRroOPIFRERCE, BicswWTIR
7 - CHEmIEE, SHIEERTYHA THW:. JuEEX
FOMBEC—FEL, EEH—BSLICEREERRIC oW
T, #RLEROSHERL, EEETFBECIIES
HicoWT, ThZNnTEREW:. AEOEIC, HE
P BT OKERE S L UWAREE, MEREN
ALERESTFT O 4 IZ B HERIC /- 7. TTEILKRZEDOARME]

 BELICR ORI BT - CHREG . TR

BROMMIERK, EBEFRK, ANBE, RRRER
OB MEMKICITEF A ER L THEW . HWBTOEE
EBRLICRERCOVWTERERCERZHC . BEE
THLCRERICH 2> TRE K OFRZ CHEBETEY
7o FOENELDF AT - THEBEW L. B
Bt LEF 5. ok, APFRO—Iik, TEEMBAE
Biwge Bl 510 5 HILROZEENCEY 3 5 Hiskil.
FHIBFSE ] O—B & L TiTbhi.
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