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Miocene near-trench magmatism in the Cape Muroto area, Shikoku, SW Japan
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Abstract

The Early Miocene Shijujiyama Formation in the Cape Muroto area
is presumed to have accumulated in a trench-slope basin formed on
the Hioki accretionary complex. The lower part of the formation is
dominated by mudstone intercalated with pillow lava, volcanic breccia,
and volcanic sandstone. A dolerite (Shijujiyama dolerite), inferred to
be a dyke, occurs in the mudstone, and a dyke (Maruyama dolerite)
intrudes the Hioki melange along the Maruyama coast. The pillow
basalt, volcanic breccia (basaltic andesite and dolerite clasts), and
dolerite dykes are geochemically sub-alkaline basalt/andesite. The
basaltic andesite breccia and pillow basalt (together referred to as the
Shiina volcanic rocks), and Shijujiyama dolerite have geochemical
affinities with island arc basalt, whereas the Maruyama dolerite and
dolerite breccia have affinities with MORB. The MORB magmas origi-
nated from the subducting, shallowly buried, active spreading center of
the Shikoku Basin. The genesis of the Shiina volcanic rocks, which
involved being extruded upon the floor of a trench-slope basin, can be
attributed to the assimilation of accreted mudstone by MORB magma
and fractional crystallization. In conclusion, the Maruyama and Shiju-
jiyama dolerites and the Shiina volcanic rocks of the Cape Muroto area
could be explained as products resulting from near-trench magmatism
related to ridge subduction at about 15 Ma.

Key words: Shimanto Belt, Miocene, Shijujiyama Formation, ridge subduc-
tion, forearc magmatism, geochemistry, Nd isotope, Kochi
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Fig. 1. Geologic divisions of Shikoku (A), simplified geologic map of the southern part of Muroto Peninsula. (B; modified from Taira et al., 1980)
and geologic map of the study area (C). 1: Shiina volcanic rocks, 2: Maruyama dolerite and 3: Shijujiyama dolerite.
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Fig. 2. Photomicrograph (crossed nicol) of volcanic sandstone
intercalated within mudstone of the Shijujiyama Formation. See
Fig. 1 for location. Pl plagioclase and Vol: volcanic rock fragment.
Scale bar = 0.3 mm.
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Fig. 3. Columnar section of a bed of volcanic breccia intercalated
within the Shijujiyama Formation. See Fig. 1 for location. F: fault.
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Fig. 4. Photomicrographs of granule-sized volcanic conglomerate from the uppermost part of volcanic breccia within the Shijujiyama Forma-
tion. See Fig. 3 for location. A: open nicol, B: crossed nicol. Pl: plagioclase, Vol: volcanic rock fragment and Chl: chlorite. Scale bar = 1 mm.
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Fig. 5. Photo of the contact between mudstone of the Hioki
melange and Maruyama dolerite, near the Maruyama coast. Note
the mudstone of Hioki melange varies in color from black to whitish
gray toward the contact with dolerite within 30 cm. See Fig. 1 for
location.
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Fig. 6. Photomicrographs of pillow basalt (A), and breccia of
basaltic andesite (B) and dolerite (C).Cpx: clinopyroxene and Pl:
plagioclase. All scale bars = 1 mm.
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Table 1. Major and trace element and Nd isotopic compositions of the Shiina volcanic rocks and the dolerites.

Unit Shiina volcanic rocks Dolerite breccia MD
Rock type Pillow basalt | Basaltic andesite breccia
Sp No. M-1 M-4 M-6 M-3 M-36 M-55 G-3 M-26 M-46 Z-26 M-23 M-35 M-48 Z-49
Major XRF (wt.%) .

SiO, 53.18 53.62 52.65 55.25 54.12 50.20 47.42 54.16 53.61 59.47 52.87 53.711 5188 46.29
TiO, 0.75 0.77 0.74 0.77 0.78 0.73 0.62 0.51 0.75 0.80 2.01 2.00 1.67 1.40
Al,Os 1535 16.26 15.42 16.79 15.02 15.49 16.43 13.45 14.82 13.10 14.12 13.29 13.26 16.42
Fe,0:* 10.21 1047 9.83 10.21 8.88 9.67 9.13 8.39 11.38 9.56 11.87 12.42 12.12 831
MnO 0.16 0.17 0.16 0.15 0.15 0.14 0.16 0.16 0.28 0.17 0.24 0.20 0.16 0.12
MgO 383 4.01 3.64 3.80 242 334 4.65 737 5.34 3.67 395 381 5.03 551
Ca0O 440 2.67 227 220 499 4.46 119 5.82 3.64 3.69 440 447 545 9.04
Na,0O 523 471 541 6.52 454 326 6.13 415 442 5.76 5.11 4.65 423 291
K;O 0.08 147 042 1.47 1.09 3.33 0.13 0.69 1.28 0.21 0.06 045 0.82 0.15
P,0Os 023 022 021 022 0.23 0.25 0.37 0.12 0.16 0.27 025 0.21 0.17 0.12
LOI 4.58 271 325 295 591 741 827 2.54 226 3.09 1.96 1.81 1.85 9.57
Total 98.00 97.08 94.00 100.33 98.13 9828 101.10 97.36 9794 99.80 96.84 97.02 96.64 99.84
Trace XRF (ppm)

v 351 317 327 299 270 322 259 189 357 180 408 399 405 261
Cr 34 34 35 34 10 42 75 397 5 5 5 9 13 252
Ni 22 15 17 21 9 27 57 70 33 17 10 21 37 96
Cu 281 216 262 260 352 350 359 179 46 22 249 44 51 89
Zn 74 72 86 97 63 44 76 80 51 54 115 128 98 87
Ga 18 15 16 14 16 15 14 13 14 14 17 15 15 19
Rb 15 30 11 32 31 64 16 13 24 14 4 10 13 9
Sr 290 457 326 349 279 199 252 174 160 321 219 202 216 277
Y 17 21 18 15 20 20 21 14 16 24 57 48 42 33
Zr 48 47 44 43 61 52 24 27 48 72 176 194 125 101
Pb 7 7 4 8 6 3 9 1 1 5 1 3 3 1
Trace ICP-MS (ppm)

Nb 2.6 2.7 2.5 4.3 49 39 2.1 0.5 1.3 4.1 48 48 42 31
Ba 65 676 17 535 300 650 57 71 402 728 58 50 262 187
La 713 818 6.76 8.07 11.1 9.11 10.0 2.58 372 9.14 8.01 6.42 5.02 525
Ce 18.6 20.0 17.0 20.3 249 209 26.5 6.97 10.1 228 2.7 189 144 153
Pr 249 2.63 231 247 297 2.61 3.06 1.15 147 295 330 2.73 212 222
Nd 11.2 11.8 10.5 109 12.6 11.5 14.1 5.89 7125 132 16.0 133 104 10.5
Sm 293 2.85 2.64 2.86 3.19 299 3.70 1.74 213 342 4.68 3.82 3.08 3.02
Eu 1.00 1.05 0.86 0.90 1.03 0.90 1.40 0.62 0.64 0.77 1.92 1.66 1.14 1.52
Gd 3.15 323 3.03 2.96 327 3.03 440 1.95 2.38 3.90 6.30 522 4.36 4.09
Tb 0.51 0.53 0.49 0.46 0.50 0.44 0.64 0.34 0.44 0.69 1.18 1.00 0.83 0.76
Dy 299 3.18 2.89 2.73 3.04 2.57 3.57 2.06 2.68 4.13 7.48 6.39 5.30 4.73
Ho 0.61 0.65 0.58 0.59 0.66 0.57 0.69 0.42 0.54 0.84 1.53 131 1.10 0.94
Er 1.84 197 1.74 1.85 2.01 1.68 191 1.26 1.64 2.54 459 3.9 331 2.80
Tm 0.28 0.31 0.27 0.28 0.29 0.24 027 0.20 0.25 0.40 0.69 0.61 0.50 043
Yb 1.89 1.99 1.78 1.73 1.87 1.46 1.66 1.29 1.66 2.59 445 4.00 324 2.78
Lu 0.29 0.28 0.27 0.26 0.29 0.22 0.26 0.20 025 0.39 0.66 0.60 0.49 041
Hf 1.50 1.50 1.40 1.60 1.90 1.50 1.00 0.80 120 2.00 3.70 390 2.70 2.50
Ta 021 0.21 0.19 0.21 025 0.19 0.09 0.04 0.10 037 0.39 042 033 024
Th 1.42 147 139 1.62 1.72 146 0.74 0.50 0.78 1.53 0.49 0.55 047 0.42
U 0.57 0.51 0.50 0.60 0.63 0.56 0.62 0.13 0.17 043 1.30 0.24 0.21 0.09
TIMS isotope ratios

WISm/"Nd  0.1582 0.1460 0.1520 0.1586 0.1531 0.1572 0.1586 0.1786 0.1776 0.1566 0.1769 0.1737 0.1791 0.1739
WNJGMNd 051292 0.51294 0.51293 0.51300 0.51299 0.51293 0.51271 0.51302 0.51298 0.51298 0.51312 051312 0.51311 0.51300
NdI (15Ma) 0.51290 0.51292 0.51292 0.51298 0.51297 0.51292 0.51269 0.51300 0.51296 0.51297 0.51311 051310 0.51309 0.51298

Fe,O;* is total Fe as Fe,0;. MD= Maruyama dolerite.
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Fig. 7. Zr/TiO-Nb/Y diagram (after Winchester and Floyd, 1977)
for the Shiina volcanic rocks, the dolerites and average of Shikoku
Basin basalt. Data of Shikoku Basin are from Wood et al. (1980),
Siena et al. (1993) and Hickey-Vargas (1998).

BERZH > THD, 25D LOI (oss on ignition) HZEWA.
BETHEROBREIMEEZD L, ZOLDIBEAIITIVAY
JeEEE O LIL jt# (large ion lithophile elements) D&
2579, ENOITRITBNTHHENR MR E > Th
IRNTTREMEDSE V. —5, Ti<®Zr, Y, Nb/2E® HFS ik
(high field-strength elements) (3, ZHiRFE TOBEIHND
<, BLBEHLEZELTHOZNSDEENZEAERLL
BNEZEZBNTWVWS (Cann, 1970; Pearce and Cann, 1973;
Winchester and Floyd, 1976; Ludden et al., 1982). £Z T
AR TIEBBIZINSOILEERANWTERT 2. Lirl, &
NSDOSE Y IZEBEERICHL THICRETH S SRS
WwWeEWwo e HH 3 (Bienvenu et al, 1990; Allan and
Gorton, 1992).

Fig. 7 @ Nb/Y-Zr/TiO: ) (Winchester and Floyd, 1977)
13, SRIOSHFEINT XTI N AV EROERAECRKL
BThHBIE2RLTWVWS, Fig. 8 D 2Nb-Zr/4-Y X
(Meschede, 1986) ETIZ, 1F&AEDHHTHRIED, VAB
(KUBLZEE) & N-MORB EMSRSMEEIC IOy hah
5. Mullen (1983) @ TiO--10MnO-10P:0s X (Fig. 9) I3,
Si0: EAY 45 ~ 54 % DREA ERREBERILFEITIHEIN
TWBDT, Si0: 4154 BLATDiEHE ZOXIZT Oy hL
7. Fig. 9 M ETIE, MEAALEEOL EETFLURL S
A4 NMEIY LY 1 hOfEEIZ, TDIENDRL I hD%
</ MORB DIz 7Oy b &5, Fig. 10 ® HE3-Th-Ta
B (Wood, 1980) LTI, MAKILEEEMTFILRLS
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Fig. 8. 2Nb-Zr/4-Y diagram (after Meschede, 1986) for the Shiina
volcanic rocks, the dolerites and average of Shikoku Basin basalt.
Data of Shikoku Basin are from Wood et al. (1980), Siena et al.
(1993) and Hickey-Vargas (1998) . WPA: within-plate alkali basalt,
WPT: within-plate tholeiite and VAB: volcanic-arc basalt.
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Ulz. oHi4eis, IEEE 15 kV, #EHER 18 nA, E—
LB5 pm THD, WIEFRITIT ZAF Ex2 AWz,

HEHEG OREMRSHTHERZ Table 2 1TRT. HANES
D Mg 1L, HRZEREN 70—88, LRAEHELIE-N
81—88, KL I MM 62—70THD, ML AIEEE R
LS54 MZBWTHEREVNDERD 5N 5. Fig. 1112 Ca-
Mg-Fe MZ/RT. HMAKLIEBOBERMEGIIT—2 v D
HFEMNS LT« 4 A NOFERIZ, RS MEOHSE
HEAEA—Y v A NOEBOKIHHT 5. £z, TNTH
MRSV RERLTNWS,

Fig. 12. A, B, CId, Leterrier et al. (1982) DHAER
DHFICED<HBIKTHS. Fig. 12.A D (Ca + Na)-Ti
MTIE, SHRBIOETHY LT A b~V VIV ZR,
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Fig. 9. Ti0:-10MnO-10P:0s diagram (after Mullen, 1983) for the
Shiina volcanic rocks, the dolerites and average of Shikoku Basin
basalt. Data of Shikoku Basin are from Wood et al. (1980) and Siena
et al. (1993). OIT: ocean-island tholeiite, OIA: ocean-island alkali
basalt, IAT: island-arc tholeiite and CAB: island-arc calc-alkaline
basalt.

ADfEEIC Oy hENB, Fig. 12.B @ Ca-(Ti + Cr) KT
13, MEAKILCEBEOBERMEA D KILITERAE OfEEIC, KL
T4 MEOHEFHER A MORB R#ESEY L7 1 b OfEERIC
Toy hEN5S. £z, HLKUEEOEMERY, AT
(Fig. 12.0) ETWREMY L 71 hOfEIc 7Oy bEh
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4 b @GR BEUHILRL SR QRED o2
IZBVT 5 Nd FIFKLLOBEIEZTT> /2. Nd O, WO
KEREHFHED 7 ) — 2 )— A TiTo /2. Nd FALKEED
BIEITIE, SERFREHE TR0 Finnigan MAT262 BV
BEoMEtEERL, BIEAEIEERE 1996) Kitokz. 0
FHEIT X B Nd FNLAERA OfF#EREL (La Jolla) SHIERZE
Fr (GSI) DOFEHERBIOBIERTIE, lizumi et al. 1995) 1Z
WEINTNYS, HEOHEHEFIC, Nd R AEERE
La Jolla DEEZ 1 EfFo7z. La Jolla @ “3Nd/ *Nd &
0.511854 TH oD T, HESNZT—FITDNTIIHESE
i (0.511848) ICXKVHEERITo /. BIEHF D Nd/ *Nd
fElE, “*Nd/“Nd = 0.7219 THEEIELL T3, HEIEHEE2
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Fig. 10. Hf/3-Th-Ta diagram (after Wood, 1980) for the Shiina vol-
canic rocks, the dolerites, average of Shikoku Basin basalt and aver-
age of Shimanto shale. Data of Shikoku Basin are from Hickey-Var-
gas (1998); data of Shimanto shale are from Sano (1999). VAB:
volcanic-arc basalt and WPA: alkaline within-plate basalt.

Table 1 IZ/R9.

FEHIL D KREFEDOHRERNBLE 15 Ma LHEES
N5 &5, 156 MallBiF 2 Nd Rk gIERE CLUT,
NdI f#) #kD7z. NdI i, HRERED DB 6 aEh
0.51290—0.51298 DEIFICH 575, 1 7tEHT 0.51269 &{K
W, e, TREBERIUEE RIS MEBXUILULERL
54 bDNAIfElX, TN ZH 0.51296—0.51300,
0.51309—0.51311 BX T 0.51298 TH 3. LfRANHEL X
RAEIVS RL I NOHDEN.

z =

1. BRAS 2 atmMt+FLEEDOBR

AR L72K D1, HFA S > 2 2 Lu+3FLE & DBEIRI,
MFILESHMA S > P a2 OERRFT VA NI X THS
ETBRM GEH, 198D =, HHAT > Va%HBETS
KOENVEROHE TH DulREME (EiZd, 1980) H7RIh
T&J/z. Hibbard and Karig (1990) < Hibbard et al.
(1992) &, BEEEOENNSMEFFLENHHIAT D
AXDDBRODENHEAERTHD EMELE 2L T, WEN
HEDEREGERICH O, BEIEENITHERML T\
SAREME e L7z, SEIOEIHEICB N T b OBl
BREBRT LI LI TERN S LhL, BifAS Y
2 DIEE AT IREBNTEEL, BiEERERHENIC
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Table 2. Electron-microprobe analyses of clinopyroxenes of the Shiina volcanic rocks and the dolerites.
Unit Shiina volcanic rocks 5 i
Rock type Pillow basalt [ Basaltic andesite breccia Dolerite breccia
Sp No. M-1 M-1 M-4 M-1 M4 M-26 M-26 M-26 M-26 M-35 M-35 M-35 M-35 M-35 M-23
Point: 1-4 1-8 2-5 2-6 2-7 12 2-7 1-8 29 3-1 1-3 5-1 2-2 33 1-2
SiO, wt% 5275 5223 51.04 5041 5063 5311 5271 5240 5197 5085 4872 50.88 4799 5043 50.16
TiO, 0.21 0.29 0.44 0.46 0.53 0.19 0.20 0.24 0.39 0.82 1.49 1.15 1.92 0.93 1.24
AlLOs 222 2.82 2.65 257 292 1.13 1.88 1.98 339 1.81 3.58 2.75 446 2.06 2.57
Cr,0; 0.19 0.03 0.06 0.07 0.04 0.26 0.39 0.36 0.36 0.00 0.01 0.00 0.00 0.02 0.11
FeO* 421 5.52 941 9.75 10.73 4.82 5.74 6.45 739 1127 1137 1210 1248 1363 1349
MnO 0.00 0.14 0.33 0.24 0.30 0.17 0.16 0.21 0.23 0.33 0.35 0.35 0.31 045 0.36
MgO 1750 16.70 1582 1550 1532 1807 1761 1794 1746 1523 1368 1425 1379 1469 1281
Ca0 2191 2185 1971 1986 1884 2120 2073 1940 1832 1877 1983 1899 1848 1784 1836
Na,0 0.11 0.13 023 022 022 0.11 0.13 0.14 0.14 0.25 036 0.32 038 0.36 031
K0 0.01 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.02 0.00 0.00 0.01 0.01 0.01
Total 99.11 9971 99.69 99.09 9953 99.06 9955 99.13 99.65 9935 9939 100.79 99.82 10042 9942
= 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

Si 1940 1922 1907 1901 1902 1958 1940 1937 1912 1920 1852 1900 1820 1902 1910
Ti 0006 0.008 0012 0013 0.015 0005 0.006 0007 0011 0.023 0043 0.032 0055 0.026 0.036
Al 0.096 0.122 0117 0.114 0.129 0049 0.081 0086 0.147 0.081 0160 0.121 0.199 0.092 0.115
Cr 0.006 0.001 0002 0002 0.001 0007 0011 0011 0011 0.000 0000 0.000 0000 0.001 0.003
Fe 0129 0.170 0294 0308 0337 0149 0.177 0199 0227 0356 0361 0378 0396 0430 0430
Mn 0.000 0004 0010 0008 0009 0005 0.005 0007 0.007 0010 0011 0.011 0010 0.014 0011
Mg 0960 0916 0881 0872 0858 0993 0966 0989 0958 0857 0776 0.794 0.780 0.826 0.727
Ca 0.863 0861 0789 0.802 0758 0837 0818 0768 0.722 0759 0.808 0.760 0.751 0.721 0.749
Na 0.008 0009 0017 0016 0016 0.008 0.009 0010 0010 0018 0027 0.023 0028 0.026 0.023
K 0.0001 0.000 0000 0.000 0000 0000 0.000 0000 0.000 0001 0000 0000 0001 0.000 0.000
Wo 4422 4424 4017 40.5 38.82 4231 41.71 3927 37.86 385 4154 3935 3897 3647 393
En 49.15 4704 4486 4399 4393 50.18 4928 5054 5022 4346 3988 41.09 4048 41.79 3815
Fs 6.63 872 1497 1552 1725 7.51 901 1018 1192 18.05 1858 19.57 2055 21.75 2254
mg# 88.1 844 75.0 739 71.8 87.0 84.5 83.2 80.8 70.7 68.2 67.7 66.3 65.8 629

FeO* is total Fe as FeO. mg#= 100Mg/(Mg+Fe).

EREINTHUBDIZH LT, mt+FLEOREICIIIhSN
FH 5NN, ZOHEEE, Hibbard and Karig (1990) 78
ST HEDIC, HMAS S VadbkTH D, mHHL
B30 EICRE Nz RN EHEZ OHRE TH 2 2 &
BRET S, 22T x—ARRITIUTFILEOBLICIEIER
CEXORENIMT DI EIE, dEDHEOTREESBBIIE
BFINTWSHEEE S H D Z EERT.
2. KRB LIRS L OBR

EHFIUE TROFRAER, b Uz KLEmES EhMk
LT 5 kILUAEEEHD. s OKIUBRERE, EHRE
BYTHD, WHFLBFHOHBIBETHERINZEEZDS
N5, EAOKUAREICEENDTRERSOKLARE T
ENBEEITFE LA EBIREBHSED NN &b,
N5 OKIUAESNEHFILUBHREE TR INEZ EER
Y5, WHFILEEAWAS Y2 & OERMTICHRT
SHRERA — KIUAEE D, NH<FIUEOHEE TEHL
ERIUTICHK TS EHEIND. FRERER, BiENd
FOEETRNIEND, HAEEFRWVBETEN L -ThE
EnHs5, ULhl, FLUKIUERENBAFICEHEIN
5T &%, BATIRDSDEREL ZKLUEEN SHREN5
BEPRD NS Z &1L, —EOKIEIHEREIREEDR: -
THEHL TWEZ EZRET B,

—%4, RLS1 FEROBADHERIN TS DIXH R

-
—

F2VaDHTHS. Lhl, BEIAOIRE &L OEBENARBER
ARG, E+FIUBFIZRL S MSEHRT 2 2813
mHFILEOIREICS RL I MIEAL TWa R 2R
W35, iz, HMABROKUARRERONRL S MR
EFEOT T, ABOERE RL 541 hOBABERRIZIEN
ZEETRET S EBRORL S FEETIRAR, B
30 cm BBEICOIZVALERBL TV, EHoERE, HE
RBRHCHELNT TRERTORL I b - TRAEERE
BEOBERPTHHEINTWS (Bl - 5T, 1992, 5 -
=T, 1999; Jilvm - B, 1999; B - KEF, 1999). READ
ZORRBEENI, KESALEEY LT EORMIZX
0, REMIMEETDEEDITHEZITTHERIN &
ABNTW5A, -, =% (1983) 13, EFEEIWLWEOOR
VERCEBALLRBEROGFEEIEH TS L LB, Z0FE
ENS, HENEAK - BRETBLENCT T OBARD > 72
EHEELRZ. ZhBiE, BAS PO, EEFEHE
BAEOHE WHFILEBORE, HAKLUEEOEE, R
51 FEROBAM BN ERRICET L L2 Y5>
TWnb,
3. BERIIAH LBEAGEKREE
KIIAEREEHRET 5 KREHE, XREBEZILEEER
L1 MBIZRGEND, HRERE EXREBRILAERED
5 5HAKIEE BIUHL - mHFLURLI1 MER
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Fig. 11. Ca-Mg-Fe diagram for clinopyroxene from the Shiina vol-
canic rocks and the dolerites. Di = diopside, En = clinoenstatite,
Hd = hedenbergite and Fs = clinoferrosilite.

o1 MG, FETIVAVERFICHEI NS, ZRIYRE
BERRETEHEIT WEINETRR I OERMEAHERE
AWZHFIRIZBNT, HAKLEEEMTFLURL 1
BEMEEAEIZ, WILKRLI1 MERL T MBI N-
MORB IZH[B X 415,

Hibbard and Karig (1990) *° Kimura et al. (2005) 13,
BELZ 30—15 Ma DHUEFRKDILK (Okino et al., 1994)
IZED TR & N TG B IR DL AA A T BEE U T = I
JE0 D MORB #lEERTEINLNER R L T4 MBREI N
I EEEMLTVWS, Figs. 7, 8, 9 DHBIFIZBNT
DSDP THHWENZNEWZLZRE (Wood et al., 1980;
Siena et al., 1993; Hickey-Vargas, 1998) &, AL KL F1
Fe RL I MEITGEWIEIZ 7Oy b33, Fig. 1312
IR RERE) OBEZIC RS MEGOMETHEKL
U7z REE NF—2%/RT. MHZKIUEEDZS < 2150
RL T4 M, EFTECRCH L TERTECRCEDE
EMODONEY—2%RT. ZHUTH U THILR LS4 h R
L o1 MERIAHAYIC RN Y — 2 2R, MEBR DX
HAE (Hickey-Vargas, 1998) &, fLUKL S k- RL S
A MESEP LY —22RTEEDIZ, BEBIFZERL
THd. Fiz, BEFEENVWEORBRAEBRL 1N GRE
F0, 1999) BIZIFVHHRNY =2 2R ZEMD, TTIK
Yajima et al. (1977) IZHEHINTWAELSIHULRL 51
K EFIED < 7 <ICHET SRFEROEREHES NS, L
IR ARF=HEHY, INETHERIN TS XD, HELE
DFEFMIC BN TR BAATZHEN 5 T NEREHR S
N, RLIA FOEDHRINEZIEEZTRBLTNVD, &
EIFYERE DILAAATHE S MHEL FE DO RIERIC B 5 MORB
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Fig. 12. (Ca + Na)-Ti (A), Ca-(Ti + Cr) (B) and total AI-Ti (C)
diagrams (after Leterrier et al., 1982) for clinopyroxenes from the
Shiina volcanic rocks and the dolerites.

DOEH - TEE, WHETHED N 7 4)L=7 (Johnson and
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B (F1) (Forsythe et al., 1986; Lagabrielle, et al., 1990)
BRETHHILEN TS,

—7, Hibbard and Karig (1990) V3, M&KIUEENE
MZEE SHRRNCERT 5 2 L 2HEHT5 L & biT, HE
KIFEEEIL R L T4 MORR ST T <Y —RITHKT
5EEZE. UL, MAKLIEEORKERIIAHTHS
&L T3, Ohkura (2000) 1%, HUEEhECEROMETH S
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Fig. 13. Chondrite-normalized rare earth element abundance pat-
terns. Data of Shikoku basin basalt are from Hickey-Vargas (1998):
data of chilled margin dolerite of the Murotomisaki gabbro are from

Akatsuka et al. (1999). Values of chondrite are taken from Anders
and Grevesse (1989).

FEOMEONFEITIIZT > ML oy OHEERT, hH
AT 1 VE AT L — NSRBI EEEEL TWS EL
T3, FHHICBNTHEFEEDOEEICE, > ML
Ty DOFEELRN S ERREENE V. O & D B
BOFTEMERE S HB SN B HELKIIEE MRS N -
FRR&EUT, WWHAAIEEN 5FHAEL - MORB IZAHN~7
U X LR 2HRENEL L FEelk S 25 Z &N T
&%, Fig. 10 ® H#/3-Th-Ta K3, FULRL 1 hERLS
4 MEEITIEWALEC Hickey-Vargas (1998) 1Z#jE S /=
EEREEN IOy hEh, MEMEEREAE SR (1999)
IS SN HEES & 2SR BT OIREICHEZ A
IEBEEMTFILURL I MMIET 52 E&RT. Fig. 14
@ NdI-*"Sm/'*Nd KIZiE, HEZAKILEESULRL 51
k- RL o1 MO E EDIZ, HE-)SLANSHEBRED
ZREDHE (Hickey-Vargas, 1991, 1998; Siena et al.,
1993) LA HHEAEDHAE (Terakado et al., 1988) %
Oy hU7Z& FUURL A b - RL T4 MEIUEER R
ADIELIT, HEAXKILEEOLIIE NS S 5IZ8N AL
Bic/Oy hand, F£, HAKUEEEAILRL S
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Fig. 14. NdI-*"Sm/**Nd diagram for the Shiina volcanic rocks and
the dolerites. Data of Shikoku and Parece Vela Basins are from
Hickey-Vargas (1991, 1998) and Siena et al. (1993); data of Shi-
manto shale are from Terakado et al. (1988). AFC = Assimilation
and fractional crystallization.
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HefKILEERER—ERD R L T4 S ORI T IHEREY D RUL
ENBFERIERMNELS B TWEZ EERLTWS, i
HDH T )27 DY 1 & AR BITBNT HiEE
YHAAITHET D MORB ¥ 7/~ DREIELS RIS EIER I &
S TEMIIR IR I NIZEINTNS (Kaeding et
al., 1990; Lagabrielle et al., 1990; Cole and Basu, 1995).
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Fig. 15. NdI-Nd diagram for the Shiina volcanic rocks and the
dolerites. SMX = calculated simple mixing trajectory between the
most primitive basalt from the Shikoku and Parece Vela Basins
(Hickey-Vargas, 1991, 1998; Siena et al., 1993) and the average of
Shimanto shales (Terakado et al., 1988) . Numbers on simple mixing
trajectory correspond to the weight percentage of average Shi-
manto shale. AFC = trajectories of fractional crystallization with
assimilation of the average Shimanto shale. r = ratio of assimilation
to crystallization rates.
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Fig. 16. Schematic diagram showing the relationship between the

Shijujiyama Formation and the Hioki melange, and origin of
emplacement of the Shiina volcanic rocks and Maruyama dolerite in

relation to subduction of active Shikoku Basin ridge at about 15 Ma.

Not to scale.

B EOBE A > TTEMBEZDICERT 5 & LT
W5, HEMEED O—ISEHICETEL, KREDHA
~ERMEEE & T DA KILER A DGR & 7R > 72 TRE
MNH D, FULDBERERICED TERE TN, HRE
NTHBDBWEERmHEEZICEH LU Fig. 16). LD
£, ZOHIRIZHHET D RLI1 b EMAKUEEE &
HICEF BN WA, MEMEEILAHEE O AR I B
U= K RIEE D —EDEN E L TEH A DT EMNT
x5,

k3 & B

EFEERERIOM A HEOMERE L Ebic, KL
BERBRT DAREESE R 51 MAROBGTFR - #HiBkL
R 21TV, PIT Ofsame
1. AR O P RERICIIIESE & R~ HRIBLRED &0 5 1

RENDIEHFILEA, FDIMINTIIWETREIRESH T

BT oNBEMAS Y adomT 5. mt+sFlE

1, HIMEZERT HIMA S Y 20 RICERE N

RUEHRERZ OHRBER L HEEINS.

2. WHFILEOREHBBICBNT, WREHEDOEH

KILEEER DAL, KILMERD A OHFED B > 7=
3. MRZRA, KLAREFORREEL LA - KL S

A4 b ULRLSA b, BEOEFFLRYIA M,

FETINAHVEROLRE~RIEICHHEINS., #HAK

WA MRERAE L XRAERILER SHSFLR

L1 b, BERUERL I MEEFULRL T M, M

BnE L HAERHERE W HBIN TENTNEIIE

HAEBLUMORB iI2HBIE N5, Nd @AfifkE Nd B2

RAWEETFTY 2T, HAKUEEEMHFILRL S

1 hEBRLET I, HEMERZFE L MORB ¥

TR E DA HHRE O RCER &4 Bk SER

(AFC) W& DAERLZ EHEZNS.

4, ZEFIRELO 15 Ma §igICBI 5577 =7 2, RD

ESBEIND ¢ 1) WEEZOILKEEIEERD S



MR 115 (1)

YAAL., WEEEE U <IZA T T 1 > Rh S Ak
Rl EREET S/~ MORB) MWEBALR, 2) N TZ
D= I & BIREHERED O FLIER & oMU DRI
WCER LR, 3) #EMESRORILLEN /= TN
MORB HREDIL RL F4 FEUTHWAST >V 2icE
AUTz, 4) #EEEEORMIRICHR S N R
A TRIEHFILEORAEDWENHERL, AFCIZE>T
ERLUER TP TE TS B ONEEREHERERECEH
L, HEFKIEEERSRL .

#

WAFEDOEIH=o T, ENLEFFPEHRORIC
BxEEEREN TRV, Fh, EEO—ATHEHE
OAMELHSCEERT 5 2 H o Tid, WNRFE T HHR
RHERBIEREOBLEIC JREWE L e b, F# -
BROFERITBMEEITEo /=, EPMA T hiz> T,
ORI EB IR O REE B ZHRENEEN
7o WEHIBER GEEAS) BLUHLEHBMEK GERRBER
%) KIBHEEZERL TWEEE, Z<OFRRIHE/#EZN
Fritniz, AHEIRREK GEESNRATAT IC3EERE
OHEFS TOEEL &b, BYRIEHEZWEWE
PLEDE 2 BLURBEIZEL BB L k5.

X ik

2

FREFES - /MEIER - BHEATS, 1999, BFIFN W AERDBIRHEE,
R 71 NEENWEBORRICDWT — & OERK - 477
HROTEERMET—. HUEHE 105, 771-788,

Allan, J. F. and Gorton, M. P., 1992, Geochemistry of igneous rocks from
Legs 127 and 128, Sea of Japan. Proc. Ocean Drill. Program Sct.
Results, 127/128, 905-928.

Anders, E. and Grevesse, N., 1989, Abundances of the elements: Mete-
oritic and solar. Geochim. Cosmochim. Acta, 53, 197-214.

Bienvenu, P., Bougault, H., Joron, J. L., Treuil, M. and Dmitriev, L., 1990,
MORB alteration: Rare-earth element/non-rare-earth hygro-
magmaphile element fractionation. Chem. Geol., 82, 1-14.

Cann, J. R., 1970, Rb, Sr, Y, Zr and Nb in some ocean floor basaltic rocks.
Earth Planet. Sci. Lett., 10, 7-11.

Cole, R. B. and Basu, A. R., 1995, Nd-Sr isotopic geochemistry and tec-
tonics of ridge subduction and middle Cenozoic volcanism in western
California. Bull. Geol. Soc. Amer., 107, 167-179.

Forsythe, R. D., Nelson, E. P., Carr, M. J., Kaeding, M. E., Herve, M.,
Mpodozis, C., Soffia, J. M. and Harambour, S., 1986, Pliocene near-
trench magmatism in southern Chile: A possible manifestation of
ridge collision. Geology, 14, 23-27.

AL - WA, 1987, BRI\ > LA BRI LE D XTRBES D Rb-
Sr fEin. URHERTR GtED), 15, 131-135.

Hibbard, J.P. and Karig, D.E., 1990, Structural and magmatic responses to
spreading ridge subduction: an example from Southwest Japan. Tec-
tornics, 9, 207-230.

Hibbard, J. P. and Karig, D.E. and Taira, A., 1992, Anomalous structural
evolution of the Shimanto accretionary prism at Murotomisaki,
Shikoku Island Japan. Island Arc, 1, 133-147.

Hickey-Vargas, R., 1991, Isotopic characteristics of submarine lavas from
the Philippine Sea: implications for the origin of arc and basin mag-
mas of the Philippine tectonic plate. Earth Planet. Sci. Lett., 107,
290-304.

Hickey-Vargas, R., 1998, Origin of Indian Ocean-type isotopic signature in
basalts from Philippine Sea plate spreading centers: An assessment of
local versus large-scale processes. Jour. Geophys. Res., 103, 20963-
20979.

SEFITHURIZ BV D FETHEOWREE K EIEE) 29

ANEFIRE - TS, 1081, RARES - WIRHIR ORGEEE) & KEE
. HUEHE 87, 629-639.

Bt - SRR - R - FHEES, 2003, RGHEEE, BIMAR

BEEOT v ar s Iy ZERBE. HER, 109, 139-
150.

R W, 1996, REBREBIERITAL, MAT262 IZ X D55 « MO
Sr, Nd RALAMRORLE. BARAMERE IR, no. 15, 163-
159.

Tizumi, S., Morris, P. A. and Sawada, Y., 1995, Nd isotope data for GSJ ref-
erence samples JB-1a, JB-3 and JG-1a and the La Jolla standard.
Mem. Fac. Sci. Shimane Urniv., 29, 73-76.

S EZET - BT, 1999, MR RIEVE L RERHERY & DA K
- HEE LS UREERICBT D —. HEERLE, no.
52, 125-137.

AINEA, 1982, BRIBEF LRI 5 HEmE B=%) @
HBR, KR LAERFRRFERERIS, no. 5, 399-407.

Johnson, C. M. and O’ Neil, J. R., 1984, Triple junction magmatism: a geo-
chemical study of Neogene volcanic rocks in western California.
Earth Planet. Sci. Lett., 71, 241-262.

Kaeding, M., Forsythe, R. D. and Nelson, E. P., 1990, Geochemistry of
the Taitao ophiolite and near-trench intrusions from the Chile Margin
Triple Junction. Jour. South Amer. Earth Sci., 3, 161-1717.

JISHET] - EWFOHE, 1999, BEXS O THAEETH OB ELE
H-ZREOEREBEERED AR —. HEERE, no. 52,
139-150.

BRI - BT, 1992, FIRTERMSTREREERE Cu) P
DR EE DR SRR, HUERE, 98, 391-400.

B - KEFER] 1999, B MU S NSNS A OB
HibEREEEEIC X DBV SN OB R A & LT
HEZEEREE, no. 52, 243-253.

Kimura, J., Stern, J. R. and Yoshida, T., 2005, Reinitiation of subduction
and magmatic responses in SW Japan during Neogene time. Bull.
Geol. Soc. Amer., 117, 969-986.

Lagabrielle, Y., Moigne, J. Le, Maury, R. C., Cotton, J. and Bourgois, J.,
1990, Volcanic record of the subduction of an active spreading ridge,
Taitao Peninsula (southern Chile). Geology, 22, 515-518.

Leterrier, J., Maury, R. C., Thonon, P., Girard, D. and Marchal, M., 1982,
Clinopyroxene composition as a method of identification of the mag-
matic affinities of paleo-volcanic series. Earth Planet. Sci. Lett., 59,
139-164.

Ludden, J. N., Gelinas, L. and Trudel, P., 1982, Archaean metavolcanics
from the Rouyn-Noranda district, Abitibi, Greenstone Belt, Quebec. 2.
Mobility of trace elements and petrogenetic constraints. Can. Jour.
Earth Sci., 19, 2276-2287.

=S, 1983, Il EBMANICHER I N EFIRRE L 1 H5&.
Magma, no. 69, 10-14.

Miyake, Y., 1985, MORB-like tholeiites formed within the Miocene forearc
basin, Southwest Japan. Lithos, 18, 23-34.

Meschede, M., 1986, A method of discriminating between different types
of mid-ocean ridge basalts and continental tholeiites with the Nb-Zr-
Y diagram. Chem. Geol., 56, 207-218.

Mullen, E. D., 1983, MnO/TiO«/P:0s: a minor element discriminant for
basaltic rocks of oceanic environments and its implications for pet-
rogenesis. Earth Planet. Sci. Lett., 62, 53-62.

Ohkura, T., 2000, Structure of the upper part of the Philippine Sea plate
estimated by later phases of upper mantle earthquakes in and around
Shikoku, Japan. Tectonophysics, 321, 17-36.

Okino, K., Shimakawa, Y. and Nagaoka, S., 1994, Evolution of the Shikoku
Basin. Jour. Geomag. Geoelectr., 46, 463-479.

Otofuii, Y., Matsuda, T. and Nohda, S., 1985, Opening mode of the Japan
Sea inferred from the paleomagnetism of the Japan arc. Nature, 317,
603-604.

Pearce, J. A. and Cann, J. R., 1973, Tectonic setting of basic volcanic rocks
determined using trace element analysis. Earth Planet. Sci. Lett., 19,
290-300.

Saito, T., 1980, The Lower Miocene planktonic foraminifera from Sakamo-
to, Muroto City, Kochi. In Taira, A. and Tashiro, M. eds., Geology
and Paleotology of the Shimanto Belt, Rinyakosaikai Press, Kochi,
227-234.



30 ®O Hih- Bk K- SH KE - et X

EFIEE, 1981, EFELERERHIEG THOF VA RZ bO—LERAT
Pz, JUNKER#R (GHE)), 14, 81-101.

B 5%, 1999, TEAASETE TOHRMB L REE T OMETLRD
2E). HWEFRE, no. 52, 195-204.

EIEARN - fFHEIE - SrAEH—, 2003, TR H AL O ¥EiEET 0 i B
B g A TR B — SN EE I AR E OBE —. B
FiHER, B4% no. 43, 31-38.

Siena, F., Coltorti, M., Saccani, E. and Vaccaro, C., 1993, Petrology of the
basaltic rocks of the Nankai Trough basement. Proc. Ocean Drill.
Program Sci. Results, 131, 197-207.

o OHE - ARIEZ - BN B - FERRER, 1980, BRI Ol
B zORIE M OME Y SR — PREREBEEREE
FoREm AR, 319-389.

EHBIERT, 1986, HAFIBILARIHD “Bil° </ <iEE). R, 56,
103-111.

Terakado, Y., Shimizu, H. and Masuda, A., 1988, Nd and Sr isotopic varia-
tions in acidic rocks formed under a peculiar tectonic environment in
Miocene Southwest Japan. Contrib. Mineral. Petrol., 99, 1-10.

MAHE - SHBE - 1L & - KFIEIEH, 2000, BE#A (A12)
B LA R OB X T IWORERSTE > & —#iE,
no. 8, 16-23.

Winchester, J. A. and Floyd, P. A., 1976, Geochemical magma type dis-

E B

2009—1

crimination; application to altered and metamorphosed basic igneous
rocks. Earth Planet. Sci. Lett., 28, 459-469.

Winchester, J. A. and Floyd, P. A, 1977, Geochemical discrimination of
different magma series and their differentiation products using immo-
bile elements. Chem. Geol., 20, 325-343.

Wood. D. A., 1980, The application of a Th-Hf-Ta diagram to problems of
tectonomagmatic classification and to establishing the nature of
crustal contamination of basaltic lavas of the British Tertiary volcanic
province. Earth Planet. Sci. Lett., 50, 11-30.

Wood. D. A., Joron, J.-L., Marsh, N. G., Tarney, J. and Treuil, M., 1980,
Major- and trace-element variations in basalts from the north Philipp-
ne Sea drilled during Deep Sea Drilling Project Leg 58: A comparative
study of back-arc basin basalts with lava series from Japan and mid-
ocean ridges. Init. Repts. DSDP, 58, 873-8%4.

Yajima, T., 1972a, Petrology of the Murotomisaki gabbroic complex. Jour.
Japan. Assoc. Min. Petr. Econ. Geol., 67,218-241.

Yajima, T, 1972b, Petrochemistry of the Murotomisaki gabbroic complex.
Jouyr. Japan. Assoc. Min. Petr. Econ. Geol., 67, 247-261.

Yajima, T., Kajima, M. and Naganuma, Y., 1977, On the role of the igneous
activities in the tectonic movement, with special reference to the
Muroto peninsula igneous zone. Jour. Geol. Soc. Japan, 83, 395-
409.

Soc. Japan, 115, 17—30.)

FBOFA - BHENE - SEHRE - 8H5E, 2009, ERIHHIKICEHIT 5P OETREKKR
EE). HEM, 115, 17—30. (Mizoguchi, S., Kiminami, K., Imaoka, T. and Kamei, A., 2009,
Miocene near-trench magmatism in the Cape Muroto area, Shikoku, SW Japan. Jour. Geol.

EF I ORI EFHIUFFILEE, BWAS Y20 RICHRL 2B A ALY
CHEEIND. WTHFLUETHORER, REBESKLAERS, KLUEDAEEREL,
WHFWLRL A F2ED. BHRAS O P23 ILRL 1 EEAT S, HRERE,
KUABEFOLREELLUARE - KL I M Sl - "+l RV 510 b3, 7V
H)EROLERA - RIACHEINS. BETHRMERE BAEGHERZ AW HRIRIC
BT, ALKV S1 FERL S FEIEMORB IZ, BRRZRACEREERILEE G
ZKIER), WHFLRL S MIBMZREICHRENS, ILHAAAZNEER DIEE)
RSN S AR T NEEREINTRL 1 o< BRI N~ #HELKLAE
HOWRRIZ, MORB ¥/ < ick WA TREDRILER &Rk RERICEHETS. R
SA b EMAKIIEEL, BEOLHAASMTEEL -HELEXRESOENTH 5.




