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Petrology of Oligocene volcanic rocks from the middle part of the Monzen Formation,

Oga Peninsula, northeastern Japan
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Abstract

Oligocene volcanic rocks from the middle part of the Monzen
Formation in the Oga Peninsula, northeastern Japan consist of
lava flows and pyroclastic rocks. These volcanics are composed
of basalts and andesites which can be divided into four groups
based on differences in their TiO: contents and petrographic
characteristics ; high TiO. basalt group (HTG), low TiO; basalt
and andesite group (LTG), quartz bearing medium TiO; andesite
group (MTG) and porphyritic andesite group (PTG).

Olivine basalts of the HTG have geochemical character-
istiecs similar to those of basaltic rocks from continental rift
zone, whereas other basalts of the HTG and LTG have
characteristics of both continental rift zone basalts and of
island arc basalts. These compositional differences of basaltic
rocks can be attributed mainly to differences in the geochemical
characteristics of their source mantle. The variations in HFS
(high field strength) element contents among olivine basalts in
the HTG may have resulted from either differences in degree of
partial melting of source mantle or differences in degree of
fractional crystallization mainly of clinopyroxene from the
primary basaltic magma.

Andesitic rocks from the study area are characterized by the
wide variations in Zr/Nb ratio and initial ¥ Nd/* Nd ratio (Nd
I value), suggesting that the production of these andesitic rocks
were affected by assimilation of crustal materials with low Zr/
Nb ratio and low **Nd/"“/Nd ratio. The accidental materials
such as granitic fragments, quartz crystals having corroded
form and phenocrystic plagioclases having core part with very
low An% are contained in the MTG and LTG andesites. These
features indicate that granitic rocks probably constituting wall
rocks around the magma chamber are the candidate for the
assimilants.

Key words : Oligocene, Oga Peninsula, Monzen Formation, basall,
andesite, high field strength element, ** Nd/™ Nd ratio, farctional
crystallization, crustal contamination
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Fig. 1. Location of the study area and distribution of
Oligocene to Early Miocene volcanic rocks in
northeastern dJapan and the surrounding area
(modified from Yamamoto et al, 1991). A, Akita city ;
T, Tsuruoka city;N, Niigata city;and Q.V.F,
Quaternary Volcanic Front.
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Fig. 3. Stratigraphy of the study area. Radiometric
age data:*1, fission track age (Suzuki, 1980);*2,
fission track age (Tamanyu, 1978):%*3, K-Ar age
(Ohguchi etal, 1995);and *4, fission track age
(Ganzawa, 1987). Kamo and Kuguriiwa Lava Member
coresponds to Kamo Lava Member and Kuguriiwa
Lava Member of Ohguchi et al. (1995).
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Fig. 4. Columnar sections of the Kuguriiwa Lava
Member (a) and the Kamo ILava Member (b).
Abbreviations a and b, and location numbers (D to @)
are the same as in Fig. 2.
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Table 1. Modal compositions for the volcanic rocks from the middle part of the Monzen Formation.
Sample No. 125 KHO7 KH21 84 KH14 KH16 127 112 KHO3 KHO8 VV09 ABO7 83 ABO5 175 183 65 158 159 186

ol 52 60 538 - 03 0.7 038 - - - - - - - - 0 0 0 0
Cpx - - - - 02 18 11 1.2 02 01 - 05 03 0.9 - - 35 1.0 20 34
Opx - - - - - - - - - 0.1 - - - - - 41 3.8 3.9 42

Fe-Ti oxide tr tr tr tr r tr - - tr - tr - - - - 28 0.7 08 1.1

Pl 16.9 21.0 148 57 1.0 11.5 170 84 1.7 2.0 07 0. 8 1.1 03 07 5.0 343 452 240 224

Pl(dusty) - - - - 3.5 - - - 0.8 35 40 44 40 43 - - - 0.1 N

Qz - - - - - - - - - - - 0.1 07 0.7 0.7 - - - - -
gm 77.9 73.0 79.4 943 95.0 86.0 81.1 90.4 97.7 97.1 95.6 94.6 93.5 94.1 94.3 95.0 55.3 49.3 69.2 689
type 1 1 1 2 3 3 3 4 4 4 5 6 6 6 7 8 9 9 9 9

group HTG LTG MTG LTG PAG

Ql, olivine; Cpx, clinopyroxene; Opx, orthopyroxene; Pl, plagioclase; Pl(dusty), plagioclase with dusty zone; Qz, quartz; gm, groundmass; tr, trace. "type”

represents type of phenocryst assemblage.

AVSVREEE (47D HMEREh v v AEBX
CRIEAD 55D, D3 Fe-Ti B0 S (0.1 mm
PIT) B3bohs. Avs v RERERDE— FHRRIEZ
NEN, 52~60% & 148~21.0% TH 5 (Table 1), hv S
YEE02~05mm OREEET, BEASHTRF A b
DR HIOMI B S N TV 5. —ERORENIREN
WRHESh ALY v o v AR, BB -T1
Fa4 v TYA PREL TV A BNEEEERETRY. #
EAREE 7 v 31 b BIEOFET B5AT 2mm IZED
BEEROLONELEALET, FNEHEFDANLLLE
WEbHoNE, REEEE) LHDAREEAEE AL
W, FERBRER, BANER, Fe-TiMby, fhterw, v
BB L CDEDBIKAM L3 D, PRk y -5
=27 —fBEET S S VAERREDFo% (100 .
Mg/ (Mg+Fe), BTFH) B 705i#TH 3. HEAKS
7%@ﬁﬂﬁAmwm@ﬁ&%&Vﬁ&%h%¢?é(Eg
5).

EHEEIRE (P1472) HREREBLIALHEELDOLD
570, E=FT57%&%N13 (Table 1). H I Fe-Ti
A D 6N B, COEAOEHEE MO E RN
B TRV, SEAEEOZ < 13 05 mm PIT 0fEE &
REE~FEEERTH S, £hic, EE6mm kKA

DiEEN A LTS, BAEERESG, HEERLD M58,
Fe-TiBpbioin 5720, HRISA Y5 -7 5 =25 %
Y. B ORERHED 2 7 E DMK Anss-e ATLONE
BOZNI Anss~e TH 5 (Fig: 5).

MABESHE - AVSUE - BERBAEIRE~RIUE (¥
473 MBEICAESL HMEAQ, Y5 v ARLR
D, bFrIC Fe-Ti BILYOMIME (0.05mm BIT) 25389
5N, ENRHMEGHEENE. E— FERIIZhER
115~170% B4EA), 1.1~1.8% (E4EMER), 0.7~08% (#
¥5vfA) Ths (Table 1), #EAMSEE 05mm H S5HEK
T 2mm OER~EEFERTH 5. Bhoisq MR
MmERA SN, BHEIZ05mm BEO/NMIOHERIME-T
A5 3. lmm P OB IBBEEFEESTEICAONS,
HEREARGRIE 03~15mm BE T, #ERO U AhENS#
LTHAEET B 60PHHIRObOBEEALTHSZ (B
AZEH IV KHIE), RICHEHOERE LTET A, $h
i, ¥EFORERE & b ICERREATERKT 2 bOMd 5.
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Fig. 5. Frequency distribution diagrams for An (mole
%) of plagioclases. The hollow and filled columns
show the composition of phenocryst-cores and
groundmass plagioclases, respectively. Arrows
indicate the existence of small column. The sample
number and phenocryst assemblage type are the same
as those in Table 1.
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Fig. 6. A step scanning profile across a plagioclase
phenocryst from type 6 andesite (sample 83), in which
An, Ab and Or components are shown.
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TH5 (Table ). Z/, —HoER (¥ 761 ITA
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BOBEENEEALTHEPERELHEET 5. fREAICE
WIRHEELZ O LEBREEC ONA LN, MHIKBL

TREEBEPLSHZET S PIARICY v 7089 & 1121
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THLN, BEEENICREL, 7 7HRRELICERS
NTVWBE T ENEN., BEEIZ Imm BEOERTARERESE
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TR RO H 5 ABEL TV B, AIFEAHE R
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BERORET ARERICZ, 1D EEBRY A8ERLVE
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a7 E OBERIGFEBTh O RIAELIEENEZ V. ofl
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LTET 52, NI LRTGEMN T olksh
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ERE VBB (P )T 1= b)) BEDEEM LB
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Fig. 7. Schematic illustrations of three types of xenocrystic quartz grains in type 6 andesite. 1, quartz; 2,
clinopyroxene ; 3, silica mineral ; 4, dusty part composed of silica mineral, fine-grained clinopyroxene and
numerous unidentified fine-grained opaque particles ; 5, felsic glass ; and 6, groundmass.

R AR L BEHE A A U, & S ic® OFMA AR s B
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Table 2. Major and trace element compositions for the volcanic rocks from the middle part of the Monzen

Formation.
no.1 no.2 no.3 no.4 no.5 no.6 no.7 no.8 no.9 no.10  no.11 no.12 no.13  no.14  no.15
Sample no. KH-07 125 KH21 SP16 SGO1 84 KH14 KH-16 127 KH-15 KH-08 KH-09 89 VV-08 VV-05
Si0,(wt.%) 51.69 51.19 5t.89 52.16 51.36 50.19 53.12 52.13 51.44 54.03 53.26 54.68 54.47 52.95 53.77
TiO, 1.53 1.70 1.5 1.52 1.52 1.46 1.52 1.19 1.21 1.02 1.01 0.99 1.25 1.23 0.95
ALO, 17.87 1841 1752 17.61 17.59 17.84 17.56 17.32 18.98 17.54 17.94 17.84 18.50 17.72 17.71
FeO* 8.50 7.59 8.49 8.06 8.02 8.90 7.90 7.77 7.56 7.00 6.99 6.87 6.93 7.34 6.99
MnO 0.12 017 0.14 0.13 0.1 0.14 0.24 0.17 0.15 0.09 0.06 0.09 0.12 0.12 0.14
MgO 747 5.34 5.50 5.07 5.00 6.52 5.30 7.15 5.35 6.30 5.75 5.72 5.61 5.32 5.31
Ca0 7.93 8.54 7.82 8.17 8.17 8.09 7.05 9.51 9.00 7.84 7.89 779 7.95 8.38 7.93
Na,0 4.32 3.65 487 4.29 3.97 3.25 3.51 2.81 4.28 3.19 3.28 3.37 3.90 3.52 3.22
KO 1.03 117 1.09 1.03 1.06 1.26 0.94 0.82 1.09 1.30 1.43 1.35 1.34 0.89 1.32
P.Os 0.37 043 0.37 0.37 0.37 0.37 0.43 0.26 0.22 0.29 0.28 0.27 0.27 0.27 0.27
L.O.1. 1.06 2.01 0.72 1.14 2.09 1.64 1.66 0.96 0.86 1.63 2.20 1.17 0.72 1.91 1.99
total 101.88  100.19 99.95 99.55 99.25 99.66 9924 100.09  100.14 10024  100.08 100.15  101.07 99.65 93.60
FeO*/MgO 1.14 142 1.54 1.59 1.61 1.37 1.51 1.09 1.41 1.11 1.22 1.20 1.23 1.38 1.32
Nb(ppm) 104 12.8 12 11 1 7.4 14 7 4.6 10.3 88 8.7 73 7.8 8.7
Ni 116 120 105 114 109 93 90 79 ! 106 112 99 97 109 102
Rb 7 3 9 8 7 8 6 6 5 12 18 16 9 4 18
Sr 566 591 567 577 582 687 608 696 702 613 618 596 626 640 609
Y 25 34 25 25 26 27 27 21 22 19 20 17 21 18 19
Zr 182 234 180 184 184 170 210 130 118 167 160 161 156 148 154
Cr 183 204 166 212 195 89 134 147 83 133 167 97 84 91 117
\ 216 257 160 161 165 202 138 190 187 142 148 147 172 180 148
e | 1 [ 2 7 3 [ 4 ]
roup | HTG LTG |
no.16 no.17 no.18  no.19 no.20 no.21 no.22 no.23 no.24 no.25 no.26 no.27 . no.28 no29 no.30 -
Sample no. VV-07 VV-06 KH-02 KH-04 KH-03 112 KH-01 61 VV-09 183 174 111 123 83 173
Si0, (wt.%) 54,10 53.61 55.55 53.68 54.59 54.22 53.99 5710 5394 55.13 55.10 55.19 54.95 53.95 55.07
TiO, 0.95 0.97 1.01 0.99 1.01 1.02 1.03 0.89 0.93 091 1.24 1.33 1.97 1.23 1.23
ALO, 17.77 17.62 17.33 17.98 17.49 17.68 1759 18.51 17.51 18.71 17.89 17.16 17.28 17.82 17.96
FeO* 6.93 6.89 6.74 7.00 713 6.82 6.79 5.95 6.76 6.63 7.48 7.61 7.76 7.37 7.33
MnO 0.11 0.13 0.11 0.12 0.10 0.16 0.09 0.12 0.14 0.11 0.14 Q.15 0.15 0.13 0.14
MgO 5.30 5.20 4.97 4.80 475 4.59 4.56 3.12 5.20 3.94 4.59 4.42 4.34 4.33 4.23
CaO 7.94 7.96 8.08 7.73 7.81 7.95 7.83 7.46 7.92 7.72 7.66 6.71 6.84 7.35 7.21
Na.0 3.34 3.12 3.27 3.24 3.28 3.38 3.59 3.54 3.18 3.49 4.01 3.63 3.51 3.97 417
K0 1.27 1.25 1.21 1.68 1.51 1.55 1.54 1.32 1.18 1.59 1.45 1.71 1.66 1.72 1.61
PO 0.27 0.26 0.30 0.28 0.31 0.24 0.30 0.24 0.26 0.23 0.24 0.27 0.27 0.23 0.24
LOI 1.75 1.83 1.19 2.28 1.72 1.24 1.62 0.82 1.71 1.40 0.43 0.81 1.39 1.23 0.91
total 99.73 98.85 99.75 99.72 99.70 98.85 98.92 99.07 98.73 99.87  100.23 99.00 99.51 99.33  100.09
FeO*/MgO 1.31 1.33 1.36 1.46 1.50 1.49 1.49 1.80 1.30 1.68 1.63 1.72 1.79 1.70 1.73
Nb(ppm) 8 8.2 8.6 8.4 9.3 5.7 9.6 3.4 7.1 4.7 6 8.3 7.7 5.2 6.4
Ni 104 104 91 98 92 75 103 25 101 61 37 77 80 38 37
Rb 14 16 10 38 21 18 25 10 11 15 18 21 19 22 21
sr 614 613 619 610 601 686 607 1071 614 761 594 529 528 585 575
Y 20 20 21 19 19 22 18 16 19 18 27 25 25 27 26
zr 155 154 164 163 168 155 163 133 151 139 186 163 168 185 185
Cr 110 112 117 105 115 89 157 26 110 24 60 84 89 172 61
Vv 143 158 158 154 147 149 161 123 142 137 189 180 185 174 179
I_Mae I 4 [ 5 T 8 ] 6 |
group | LTG | MTG |
no.31 no.32 no.33 no.34 no35 no36 no37 no.38 no.33 nod0 no.4t no.42 no.43 no.44  no4S
Sample no. VV-04 ABO5 AB-07 175 161 158 65 187 135 160 159 BUOS 8G02 186 KH18 -
Si0O, (wt.%) 55.85 55.19 55.72 54.36 54.24 55.70 55.61 58.89 58.28 58.18 58.14 54.?9 56.47 58.88 58.86
TiO, 117 1.30 1.15 1.22 1.18 0.82 0.83 0.96 1.01 1.13 112 0.99 0.97 0.90 0.97
Al,O, 17.43 17.00 17.22 17.68 17.77 18.71 18.84 17.21 17.23 17.58 17.56 17.48 17.21 16.84 17.41
FeO* 7.24 6.92 6.65 7.37 7.28 6.26 6.31 6.42 6.20 6.09 6.52 7.27 6.43 5.97 5.70
MnO 0.16 0.11 a.11 0.15 0.13 0.12 0.13 0.13 0.10 0.13 0.12 0.15 0.12 0.11 0.15
MgO 3.49 4.49 4.04 3.92 4.27 4.15 3.96 3.39 3.22 2.64 2.59 4.63 4.30 3.15 2.90
CaO 7.23 6.50 6.64 7.15 7.55 7.74 7.86 5.81 5.85 5.52 5.54 8.09 6.69 5.58 5.90
Na,0 3.84 3.80 3.96 4,04 4.05 3.41 3.82 3.86 3.94 4.65 4.17 3.76 3.66 4.05 4.16
K0 1.31 1.41 1.44 1.61 1.64 1.43 1.40 2.12 2.09 214 2.08 1.05 1.60 1.81 1.86
P.Os 0.24 0.27 0.22 0.23 0.24 0.26 0.25 0.25 0.27 0.30 0.30 0.24 0.25 0.25 0.27
LO.L 1.14 2.09 2.63 1.39 1.40 1.03 1.13 1.34 1.06 1.31 1.35 1.63 1.98 1.39 0.72
total 99.10 99.08 99.79 99.12 99.76 99.63  100.15  100.38 99.23 99.67 99.49 9948 99.69 98.94 98.90
FeO*/MgO 207 1.54 1.65 1.88 1.70 1.51 1.59 1.89 1.92 2.31 2.52 1.57 1.49 1.90 1.97
Nb(ppm) 84 105 8 6.6 95 4.1 56 3.2 9.6 9 9.1 na na na na
Ni .37 79 81 49 18 29 28 28 26 7 7 na na na na
Rb 18 20 21 19 33 11 10 32 32 33 33 na na na na
Sr 581 542 559 628 414 786 723 546 547 524 518 na na na na
Y 25 22 19 19 20 18 17 27 25 25 25 na na na na
zr 175 162 144 189 209 135 142 231 222 214 215 na na na na
Cr 60 82 65 85 1" 14 13 40 40 0 0 na na na na
\ 179 176 163 161 97 122 125 135 141 164 166 na na na na
e | 6 7 9 ]
rou MTG PAG |
FeO*; total Fe as FeO. L.O.l. represents loss on ignition. See Table 1 about “type". See text about "group”. na; not analysed.
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Fig. 8. Si0,-TiO, variation diagram for the volcanic
rocks from the middle part of the Monzen Formation.
HTG, high TiQ, basalt group ; LTG, low TiO; basalt
and andesite group ; MTG, quartz bearing medium
TiO, andesite group ;and PAG, porphyritic andesite
group.
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Fig. 9. FeO*/MgQ-SiO, diagram for the volcanic rocks
from the middle part of the Monzen Formation. A
solid line represents the boundary between the fields
of tholeiitic series (TH) and calk-alkaline series (CA)
(Miyashiro, 1974). Symbols are the same as in Fig. 8.
FeO* total iron as FeO.

2. HTG, LTG, MTG & & U PAG ODFETHEMBE LU
METHRMERDIEE

PRI A LEEE L RE» S BILa D HERER I »
5. EE o3, FRIETHALSEEXDEHEAFNRHRE
TiO; DEEEDEVWIESE4OOHERI NV - T ITXKA L
fo. THbHL, TIO,KECIRREESHD 7 Vv—F (high
TiO, basalt group ; HTG), TiO, iIcZ L WEEES~ZIIED
7 w—7 (low TiO; basalt and andesite group ; LTG), A
Fash HTG & LTG ORI TiO. 2 b D& ILUFED J
W—7 (quartz bearing medium TiO, andesite group ;
MTG), MEE*ZBicsUFSD 7 v—7 (porphyritic
andesite group ; PAG) @ 4 7)v—7TH 5 (Fig. 8). B
A S HhELORASENILI A4 TDSE, 7471, 2
EFA 7305 bDEBREESFIEFEEHIGI, ¥473
HRCEUCEREESA), 4 5, 8 LTGKET 3. 1,
4476 L TEMTGIKEL, #4792 PAGIKEY 5.

Fig. 9 iz FeO*/Mg0-8i0; M ZRd. HTG DLERER
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Fig. 10. SiOs-major element variation diagrams for
the volcanic rocks from the middle part of the Monzen
Formation. Symbols are the same as in Fig. 8.
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Fig. 11. SiOs-trace element variation diagrams for the
volcanic rocks from the middle part of the Monzen
Formation. Symbols are the same as in Fig. 8. The
high Nb- and low Nb-andesites in the LTG are
enclosed by broken and solid lines, respectively.
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Table 3. Sr and Nd isotopic compositions, and Nd and Sm contents for the volcanic rocks from the middle part

of the Monzen Formation.

“Sr/*Sr(+20) Srl

Sample no. "*Nd/"“Nd(£20) Nd(ppm) Sm(ppm) “’Sm/*‘Nd Nd |

KHO7 ... 0.512818 20 4.6 0.1385 0.512788 0.704255 + 11  0.704239
*1 0.512808 + 14 - - - - - - -
*2 0.512826 + 30 - - - - - - -
*-3 0.512819 = 14 - - - - - - -
125, 0.512832 - 23 5.3 0.1370  0.512802 0.704210 * 14  0.704203
*-1 0512842 + 13 - - - - - - -
*2 0.512815 = 14 - - - - - - -
*-3 0.512837 = 17 - - - - - - -
84, 0.512755 - 25 5.2 1.2668  0.512728 0.704554 + 10  0.704539
*1 0.512745 *+ 14 - - - - - - -
*-2 0.512747 + 13 - - - - - - -
*-3 0.512772 = 13 - - - - - - -
KH14 0.512737 + 13 na na - - na - -
KH16,,. 0.512734 - 19 41 0.1325 0512706 0.704938 + 14  0.704926
*1 0.512723 + 20 - - - - - - -
*2 0512737 + 12 - - - - - - -
*3 0.512741 + 21 - - - - - - -
127 e, 0.512700 - 14 3.4 0.1411 0.512670 0.705010 * 14  0.705000
*-1 0.512692 + 20 - - - - - - -
*2 0.512709 = 14 - - - - - - -
*-3 0.512698 *+ 14 - - - - - - -
KHO1 0.512663 + 14 20 4.3 0.1285  0.512635 0.704738 * 14 = 0.704683
VV09 0.512678 + 15 42 9.1 0.1299  0.512650 0.704638 = 7 0.704614
vVo5 0.512685 + 17 21 4.5 0.1278  0.512658 na
83 0.512804 *+ 14 19 S 4.2 0.1327  0.512776 na
ABO7 0.512696 + 11 17 3.7 0.1329  0.512667 0.705033 * 14  0.704982
ABO5 0.512734 + 14 18 4.1 0.1337  0.512705 0.704875 + 14  0.704825
175 0.512673 + 14 20 4.1 0.1231 0.512647 0.705058 += 13  0.705017
173 0.512771 = 12 19 4.2 0.1338  0.512742 0.704577 *+ 14  0.704528
135 0.512666 + 14 23 4.9 0.1260 0.512639 0.705113 *+ 14 0.705034
159 0.512673 = 12 22 4.6 0.1264  0.512646 0.705010 =12  0.704924
187 0.512665 + 10 20 4.2 0.1277 0.512638 0.705163 * 15 0.705084
158 0.512707 = 11 10 2.2 0.1292  0.512679 0.704609 £ 13  0.704590
161 0.512683 + 14 na na - - na - -

“Nd/"“Nd ratios of three separately decomposed samples of specimens KH07, 125, 84, KH16 and 127 are listed with average
values. Nd I (initial “*Nd/**Nd) and Sr | (initial *’Sr/*Sr) are values at 32.8Ma. na; not analysed.

A5,

WIT Si0- FETHZOEK (Figs. 8, 10) KB EE S
V— T DA AT H 5. LTG D TiO, FeO* MgO, CaO &
—EOFR ARV T, SIO,DEKRE LSBT E LYK
AR L TW5. HTG & MTG i3, LTG It~ T Si0, &6
BOMHIES NS V. FU Si0BTHTG & LTG % s
3 LRIEIBE AT TIO, & P,Os THL, FeO* T—H
OFREAEKRES L, MgO & CaO T—EOEE% B KWV E
FAERT. F£i, MTGIZLTG EHIELL T TiO; & FeO* T
E<, CaO TEWERART. PAG i3ftho 7 v —7 & Hig
LT SiO it EATWA, F1, SiOp-Al 05 SiOp-Na, O, SiO,-
K:0 OEZE(H ETld, —HOBREZBRVWTE I/ V-7 &b
oD EBRENVWTEIIRENS.

Fig. 1112 Si0.- ETLROE(LXER7. HTG id LTG
LEIL SO, ETHET AL, Nb, Y, ZrisE o HFS 05k
(high field strength elements) IZEA TV, HTG OX
BEOFIEY & Zr o8FElEH L TEVORED S
N3 HIGOEREWRLTIGDZNLD & Cr ENIIKEA

TW3. LTG D Y I Si0, DKz & & 75 » CEBHI D
T5bML Y FERHLDINL, Nb & Zr it Si0, 2B & 55%
T, 5D ENT 2 b Ly FEHEL MTGO
Nb iF Si0, D¥ERIT E > TEMTE b V&, Zr&
YRELDTSE LY FERYT. PAGOF — 4 (3 Si0- %
HFS TR OBt B WAL T ny X 3B, 1,
PAGIECr & NilicEbHTZ LW, SiO-Rb OZE{LKicH
WTLTG EMTGDF -7 i3I oD EMAKEL, HIG &
MTG @ Rb & SiO, DRI L TE LD v &0 S5
DA SNG. Si0-V, SiO-Sr OZ/LF ETIE HTG O—&
DLURE & LTG O—#ORIEERVWT, &I/ V-—FLb
V& SroEFEOEMNITZ LT RSN B,

Sr, Nd EfRC AR

1. HIEAE

Sr & Nd OffiH 3 FriBAFEET OMEE T/T> 72, 100
mg A% OBRFR %27 7 0 VEIAENICE VT, 40% HF
(5ml), 70% HCIO, (0.1ml), 30% HCl (0.5ml) &BEETHE
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Fig. 12. SiOy-NdI and Srl diagrams for the volcanic
rocks from the middle part of the Monzen Formation.
Symbols are the same as in Fig. 8 Nd [ (initial **Nd/
Y4Nd) and Sr I (initial ¥ Sr/® St} are values at 32.8 Ma.

L, InNAc3EIEH (1982) & Kagamiet al. (1987) DHET
I U7, Sr, Nd [ERLALLOEIE 1, FrEAFEIEEAEICEE
INTWBEBSITE MAT 262 %\ CiT- 7. Nd, Sm
DEEE, **Sm & Nd OREE X1 7 2 [ENER
RiEIC LT 7. ERo26EE GEG#E~E) <07
5> 7 (3T Sm A% 0.028ng, Nd 21 0.389ng TH - 7z. #l
EH I, Miyazakiand Shuto (1998) 1CHE » 7. ¥ Sr/% Sr
& Nd/™NdH @, #hEh, ®Sr/%Sr=83752,
USNd /" Nd=0.7219 [T L 7z, BROAERETEDS
B NBS 987 @ 8 Sr/% Sr & JNdi @ “3Nd/"Nd i,
i3, #hF 0, 0710243 +0000014 (N=4) & 0512112 +
0.000015 (N=4)T& 5. Sr & Nd ® |7 {4 )4 il (7 Sr/
BSr @I AEME, Sr 1B ; NA/“Nd¥EM Nd 1 3,
York (1966) ®F#EEIC X 0, ¥Rb ORREEE % 142%107'Y/
yr, Sm ® %% 654X 10712 (Steiger and Jiger, 1977),
FIRTBE K I oM HFENA % 32.8Ma CREO@E D, 1995)
ELTCHELL, MEERBLU S I{E - Nd 1{E% Table
SITRY. B, TREDH L 5 >OEL (7 v KHOT,
125, 84, KH16, 127) ic2W\WTid, FNENOEATHILIC
DR - Lo 3B (B OBIERR L o EEAR
LTh 3. REAFMEoEEEBRT 35 00RKOET
W, COHILOEHEERVELDOLET B,

2. HTG, LTG, MTG & LU PAG @D Nd, Sr ik
BX

Fig. 12 ic Si0, A &I 4 32 Nd IfEB X ¢ Sr [ fEDOZE

tRERT. CORIRRENELIE, EFNV—TAHBL
F7v—7H7T, PIFO& 578 Nd [{EE Sr 1EOREAR

WoN5E, THRHE, HTG OLEE G A HRIRIESA %
< (Nd1fB, 051273~0.51280; SrIf&, 0.70424~0.70454),
LTG » L& (Nd I{E 051267 ~051271 ; Sr I{§

0.70498~0.70500) & H S\ N I{EEEVSI 1{EE2 - T
W3, LTCOEEEDNd [fE& Sr 1B LTG O& L%
(Nd I, 051264~0.51266 ; Sr I, 0.70461~0.70468) &£ &

FREE, SRIIUERE O K EEOELE 291

Table 4. Bulk distribution coefficients (Dy, Dm, Dz,
D) for the .fractionating assemblages (phenocryst
modal value-of four basalt samples, KH 16, KH07, 125
and 84 in Tablel). The partition coefficients were
takeq fromPearce and Norry (1979).

group LTG HTG
type 3 1 | 2
Sample no. KH16 KHO7 125 84
Dy 0.14 0.03 0.03 0.03
Dr 0.09 004 004 004
Dz 005 004 004 005

Due 0.01  .0.01 0.01 0.01"

bOFHICE. MTG OZEFMD 7 v —7 & &
WAHIARIEZ R L (Nd [fE, 051265~051278 ; Sr 118,
0.70453~0.70502), 1&K (547 7O v 175) 3
¥, SO, MR- T Nd LEMEDL, SrlfEivstks
BrLYREBLTWVE, PAG@erJJEcisloz CZ LW
APEONd EEEV ST IEER2DE, SIOICEGEAN L
DEVNAIEEE VST [ EE S >TV 3.

FIRIE PERKILERORE

1. fEESREORNZDNT

—f%iz, Rb® K74 & LIL &% (large ion lithophile
elements) &, BUKZBEFRAZICXZ - TEHER TV &5
S5 TWA (FlZIE, Rollinson, 1993). EERICAFEIZ L 5
PR K LEEHO AT ED R T, FHCRILED Rb, K0,
Sr, Na,O i3t tRICNTEAR ETOR 5> &k E
W (Figs. 10, 1. SGEHEHDETE LS, 50D
KUEEHO—MOELITIRBLPT R A M S DR
MIDER SN TWEDT, Rb, K:0, Sr, Na,0 75 EDILED
o> EDERERIIKIEEDOEHLIEDBUKEET &
HBEEZOND, LEd->T, RRXOEEDKREDKRE
l2BWV T, Rb,K;0,Sr, Na,0 DEHFEED, Rb O&EHFEIC
& o THIHEEMNKRE CENT 2 St EELZEVIENT &
ET B, L, TEED RD, K0, St 0d 5o % i}, Blg
kkﬁéghb®m+g®iBO%KﬁNT%L<¢§“@

ZTEERICLZERETDO NS DTEROEEII/NE

ﬁok%®&%%éhé.%C?,iﬁ%®%ﬁk$%@ﬁ
KBWTH, ChoDoxnRbFERTHI LI

2. ZTREOHE

PRI KILEE D 2 b RRE (SI0: EFEM 51~
53%) &, HTG & LTG ic&Eh 5. mfbtiah,Hﬂ}
& LTG OZERAE TR TiO,, Y, Zr, Nb 72 & D HFS Jt% D
ﬁ%ﬁ&ﬁNdHﬁm%mﬁ%b%ﬂé.C®%E®%ﬁw
SOTYUTIHRET 2. 58, FidoLIEZRE (547
I, 2, 8 id, ZilEdicd on s L BTRE L GHEPH
EEFPEL STV &5, KREOEEAREICEL
TRHBHEORILIEEOR %mamot§®&%méh
%.

A HEFERER
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Fig.13. Ti/Y-Nb/Y diagram for the basaltic rocks
(Si0,<53%) from the middle part of the Monzen
Formation.” A thick arrow represents the theoretical
compositional variation vector for partial melting of a
mantle source (S). Compositions are calculated for
liquids formed by 1, 10 and 20% melting leaving a
harzburgite residue (olivine orthopyroxene
clinopyroxene=0.7 : 0.25 : 0.05), using the batch partial
melting equation (eq. 4 in Arth, 1976). The dotted lines,
subscribed SL and GL, represent slope of the
theoretical compositional variation expected by partial
melting processes leaving spinel lherzolite residue and
garnet lherzolite residue, respectively. The straight
lines represent schematic slopes of the compositional
variation vectors for partial melting of mantle sources.
A broken line represents the theoretical compositional
variation vector for liquids formed by fractional
crystallization of clinopyroxene. Composition
calculated using the Rayleigh fractionation equation
(eq. 8 in Arth, 1976) for a liquid formed by 50%
fractional crystallization of clinopyroxene from the
melt formed by 10% melting of a mantle source (S) is
at the arrow top. Crystal-liquid partition coefficients
for caluculation ; Pearce and Norry (1979), Green et al.
(1989), and Pearce and Parkinson (1993).

HiRD L S, HIGOXKREWR 220547 (4471
&5 472, LIGOLRERZ 1 DDI147 (1473 Db
D515 (Table ). Th5OERED D B FeO*/MgO
Ho/hsw3sRE HIGO Y4 7104~ 7 VKH 07
HIGD 4 A 7204 > 7 N84, BLFLTCOH » 7
KHI6) BLUY & Zr icBELLEBHTGD 1 KK (47
1O Y7 125) K2\ T, HEE— Nk (Table 1) I
EoV RIS ABMIICKT 5 Y, Ti, Zr, Nb O2&50E
BEAEREG - 72 (Table 4). 4XREDODFMEO S D
TTROEESEFREI 014 Lo/ NS VEFE TR 54, Nb
PUADTERICBWTLTG ODXREVDTPIRKEVEE S
D. Arth (1976) OAFFERIEMADOR GE8) wLnid,
TR DAEENEREN 1 & 0 +3uhE S ORRS
Blic & 250t~ 7 <P ORERE E, 25RO/

2000—4

Lo TRARESENLBOI EMREENE., DT &I,
D FeO*/MgO A B (RIBEEIALLTW3), »D
Y, Ti, Zr, Nb 72 & HFS RO SHREZRIZ$ % HTG &
LTG Om%ZEE (Figs. 8, 11) 28, F—HEOMELREE
v IwhoDh v s VA, HRMER, REAOSIERIEM
WL > TRERSNERVWIEERELTV S,

LTG OZRAITIE, HTG OLREICIIE £ his LBRNE
aMENEEND. TREE~/ wdcBi) 3 Y, Ti OHE

CHEANOSEE, BEAYS VS AR Z D

(Rollinson, 1993). L8~ T, E—HROVMELREE <
rRIEBVT, —HAPERELGDAE, MENA 5 AE
HEREZMNLIES, TiBLTY OEERBICEVDS B
SMb= o=, $HbE, HTG & LTG il BRENE UE
5. L LEds, Aok 5ic KH16 ICE T 1 2 BANES
) AEEHMRELTWB S DNEL, ZDHUEED Mg {ED
PHEHE 85 TH B, CDEIREE & EEILEN AR BHANE
LD Mg E=64 (Fe;0s/FeO=0.1 RELTHELK) «©
HARELLEVDOT, IO o OHEANEL I KH16 2R L 12
T SehbEERE L2 O TIRIEL, £ FeO*/MgO th
DBV 7w SRS NI b DM, i KH16 OXREE
2 SRICIR0AE N bOTH BEFEEDH 5. LIEDS
ZEBIANS L, HTG &£ LTC OERED Y, Ti0&EE
DEVE, CHHOKREE< 7/ vOItE~ v M VERTO
FokR, EREAGERICE-THELLODEEZ SN
5. Ft, HIG OLEREMICBITZ Y, Zr OSHEDOHEL
b, bRoREEERCITAEHERY (1 v 5 VEERE
B OHDBOEREDEVICE > THEEAES N0 T &HRE
sha.

B. MoAREESERMEDOEN

Fig. 131C HTG & LTG O LR A D Ti/Y-Nb/Y K%
T, COFIBOTIRBRBZ< Y b vh v s vE (Ko S)
DNy FIERL EOERMERED 1%, 10%, 20% D& %)
K& - TERS N HIHOMEE, BLBYDONT b (E
BOKHD) Fic7ay bEh5E, O bVIZERATERIC
KBBEEE N VY N=D oA (Y5 Uh, 0% /15
¥EA, 25% ; BRWER, 5%) & LT, Arth (1976) O (&
43) k- TEHBELLODTH B, Fig 13D 4 KOG L
B QEME, Ti/YH& Nb/Y HERICT 3w bavd v
5 VRO v FIEBINC & - TERS W 2RO LE
ERHcR L bOTH B, BB, BEEEZYFIu/LLY
4 (Bvsvh, 65%; #AHED, 20% ; BAWER, 10% ;
o of, 5%) EIERVLVSGA N (VT VA, 60%
RIGMER, 25% ; BANER, 10%; 2 ER N, 5%) & LTH
FRICETE L B8 b, BEHEEA A VY N=V e L b &L
BEHNTR7 PVOFEBRIZIEEALEDL LV (FF
DEFGL, ¥7of/LIY 54+ ; A SL, REXLLIL
VA ), KPOBBROREE, <> bvh v s vE (K
DS) M10% EEl L TERS NoEE ELREE~ 7
7)) I» S BEHER D 50% ARl S N BE D < 7 < OMRE
b2 bvTH B, TDOR7 Fvid Arth (1976) DL — 1 —
SRFEREHORX (B8:) ZAHVWTHELALbDT, 45l
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ENEZ U (DBIBEITTIE) N7 P roRESRE
1B, BB, hv5vh RELG BEAELONENICL-
Tir= 7 <HD Ti/Y & Nb/Y gl & A B LW,
P EoEFAstBEo#R, B—HEEo< M vh >y vEmD
AR L o TH L B <7 =hd Ti/Y & Nb/Y Hld,
BABEREEN NS VI ERERES LY. £k, BRIER
OABBETTNE, MLz r=hochnsolkilhs
WEDDPOLREVEDNEET B ENRBEIN S,

HTG D351 71 OXEE (I v 5 YAEERE) &, T5%
Bl BAEMEA O S BIIC £ 2N ERICEE TS v
FENnBE. —F, HIGD 34 72 DLEHE & LTG DZERE
(#1473) B, HTGD %4 71 DLEEDIET b LY Fic
AT AL FOERIC Ty bEnE, JDIEMD, HTG
DA T I DLEREBICHLNS Ti/Y & Nb/Y tho&
Wi, Y Pvh y 7 Y EOESGERIEE &V, AR
HE< v o OHEELRET S LA RERIEAORED
E, br R IhomEOMAGLEICIZEVERML
TOWABEREH D H 5. HTG D514 772 OLES E LTG O
BRERHIGOD /A 7 L OXHERER LT v bvh v 35
VEEHBEL T TI/Y Bas&E <, Nb/Y lofEn< v ks
VS VEPOERENI EEZ LGNS,

Fig. 1412 Ti/Nb-Nd [ %4, Fig. 13 hoEA3
EiR L BREL OB~ b v, Bk < bvh v
I VEONEREE OB WO BEENER A F & Lo BiE
TEROBEIC L > Tid, <27 <o Ti/Nb i EAEE
LUV EERLTVWE, Lih-T, TEHFE~ S <
O Ti/Nb LOBWE< Y VA Y5 Y EDZDHOE NS
KM 2b0EEZLN5. Fig 141, HIGOSA 1D
TEAEN, HIGD 44 72 DEREB L LTG ORRSE &
W NA @& Ti/Nb HofiZicsnwe, Bus<w v bvhy
5 VEM LIRS N AR S B C L AR LTWA, &
7z, Fig. 4 THTG D44 7 20ZRE (8L & LTGD¥
47 3OERE (KH16) DEVIBHBETHKLDT, Inb%E
R LKA E~ 7 <id, NAIfEE Ti/Nb oL T
Po<vbvh vs vEPGERSNIZ D EASNLS:

P Eotgstn» 5, PIRIErERK a0 ZEE O REKlIiC >
WTRO & S ifggasns. 1) Tho0EREE< 7 <,
HFS st & NAFENFHR O R TEREOH = ~ v
h v vENSERS N 2) HTGD ¥ 4 7 1 DXEATH
LB B HFS tRboZEVR, F—MEo~y rvn v s
VEOHDEMEEOEY, HIVIEYELREE S <h
SOBEMBELOSRIREOREVERM L TOAAHEEN S
3,

3. RIEOSHEMLHBMEORILEROBE

Si02-Ti0s, Si0x-Y, Si0s-Zr, SiOx-Nb 75 & DE[VK (Figs.
8, 1) LB % HTG, LTG, MTG OKIL#E (Si0:>54 wt.
%) D7 Ty FOEOVE, h5OELEHE—OREERE
TEERSNAZSDTREVIEERLTVS, ThoDF
BDSL, LTG 0ZE (5174, 5, 8) &, Nb&HED
BEOHLESIC 20D/ V—7icndens. §4b5E, Nb
SHEIEL (T~10ppm) —8 (#4174 & 5 OEIET,
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Fig. 14. Ti/Nb-NdI diagram for the volcanic rocks
from the middle part of the Monzen Formation. The
basalts (large symbols) and the andesites (small
symbols) are enclosed by solid and broken lines,
respectively.

CCTRINGEE ND BIUEEEMES) & NbEEEISL
W (3~6ppm) —Ef (¥4 7 4 & 8 OEIIE TE Nb s
EIES) ©H B (Fig. 1D, ENb RSB T 301, 158

LE-RIBERMEE R 7112, BAMELH&E&E/RL &
v7L 183, AEA (R HEEbThicgt+ v 76l
D3HEKITHD, NS, LTG OELEDKREAZE LY B
747 40RINE (FELLREAMREEZE0) Lidids
AR > TV, £, PAG ORISR0 7 v—7
DZE (HTG, LTG, MTG) LI L T, ZEOMEIM
EE&ATWS (Table 1).

Fig. 15 i PRI K ILIEFHO Nb-Zr/Nb K& RY., <
DORic BT, HTG OKIE (44 7°3) WHTGD 147
| DZREDHREROGEENC 0y F&Nn 3, LTG DX
ED S5, ENbZILER LD SI0 It ELE Nb Z1liE
(Fig. 15) IcHxT, BLMITEN Zr/Nb A b > TV 5.
F 7z, B NbZLEd Nb OB fEY, Zr/Nb Hbsb 3
KEADT 2EREZRYT. MTG I Nb BN - T,
Zr/Nb FEASEERC R 2 7 %R Y. PAG & Zr/Nb kb
OEALHKREL, Fig IIICBVWTEELTTay FEh3,

—iT, CREE < /2 OSBEREAOBET, /=
i® Zr/Nb i3 id & A EE kL, ERRIC, Arth (1976)
OSAERIEAOE S AR VT, TREET I =h o v
5 VA, #EAO, BAMELONSRERIERICE - TEL 34
IbLi= 7 <o Zr/Nb Ak 2 &, ThiRTREE~<
72® Zr/Nb & iF EAEBOBL LN WY, LREE
< U SRR OS], BB VERIEE < < o ik
i BB HEROSRNCE - T, </ <o Zr/Nb Hid
DEPIEEINT 5 (Zr, Nb © ZH 5 QM-I O 43 c(%



294 R e - B OEE 2000—4
100 Nd |
— Zr/Nb A HTG andesite 0.5128 -
B + O LTG andesite
& MTG
— + PAG
low Nb andesite of the LTG
o 0.5127 |
_. /H‘I'(%E‘{Eg)alt
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1 0 , . , \ , , . Fig. 16. Zr/Nb-NdI diagram for the volcanic rocks
from the middle part of the Monzen Formation.
0 2 4 6 8 10 12 14 16 Symbols are the same as in Fig.8. The shaded area

Nb (ppm)

Fig.15. Nb-Zr/Nb diagram for the volcanic rocks
from the middle part of the Monzen Formation.
Symbols are the same as in Fig. 8. The shaded areas
show compositional range of basaltic rocks.

#i3 Pearce and Norry (1979) icE-5<)., chool &h
5, UREE< 7=, #vsvha, REAR BEFELT0H
BIERIER 2 - 2B, £l h s <7 v o/ElIE
Fig. 1518V T, Zr/Nb AsIZIF—ED & £ Nb 5804
B MLy FEEEL, ChSOHYNCHEE-CRIFED 25
BEEMICIND - 19B& I d, <~ 7~ DRI EEND D F L
VREEHC SO LIS NS. L2k~ T, Fig 15iRa N
BRIN—TORINED T Ty F ORHIE, L0 ESES <
=0 OMBIY ZRELZECETNE) OS5k
RIEROAICE -TR, ThooFlE HTG o#lE%:
) OERITHMTERL VW EERELTV S,

Fig. 151X/R&N 5 LTG DENbZIIED 7 5 v b i3,
HTG D447 1 DEREMR DO~ /< &, &0 SI0icEL
<7< (BlAid, LTG O Nb ZIEHE O~ 7<) L0k
BIX > TERESNIREENEL S d, Lk,
BENDZLUFEICRHATG D4 1 7 1 OXREICEThEH v
5 vEBENEL A 5N (Table 1), 72, & NbZl
HOREDEEDRE (5474 OREEHROIT
WD An fHERIE, 2= - S VREENHERYT (Fig. 5).
INGOEFEE, Fig 150 LTG OENb =D T oy b
5, TOLIB I <BEICL > TERS M BIEEHE /N &
WCEERRBL TS, £/, MTG O (&t Fig. 156 T
THOO Ly FEBOTOVED, ThooZRLEDS B,
KO Z/Nb HOKREVWHDHES SiO icZ L, EKR N L
Y FOBETAED - TRED Si0 IZELERICH 2 DT,
INSDOREINELD BEV Zr/Nb IbE D HTG D4 14 7 1
DLEREMHREERE ~ 7 v HIOMES & T 5 < 7 <REAIT
LTI, MTG oZIIERERShE S it

shows compositional range of basaltic rocks.

wic, ThoDRIEEZIED Zr/Nb & Nd 1{EDES
%% Fig. 16 1T/R9. LTG OF Nb ZE1d LTG OZERE
OHFEIF O L TRI~N7T oy bEN5. —F, MTG 0%l
BREVERIEEZ 5, BV Zr/Nb lhEE VNI E% &>
bDE, TNOLOHEMEDENSDENB S, £, PAGD
ZE 13 Nd TIEOZEIc T, Zr/Nb HhoZ btk E
TETHEOUONS, R0 L i, KDESHKBERERE
B= <ol b ORREPRLSICE T AHMETY D
SERERERICE - TR, =/ <hD Zr/Nb i3 & AL
ZlLBWbDEEL LG, F/, </ vhHONIIED
ARERIER L > TREB LTV MRS TVWS. Li
BoT, Fig. 16 1A 515 LTG OXRE L RIEIcBIT 2
Zr/Nb th& Nd IfEDZE, BLU MTG ORISR S
NBINSDEBEDEVE, ThsoRUECERERIC
BWC, Zr/Nb k& Nd IEOEWHEINE OB LIER DR
BH -t EERBLTWS,

O ERUTIIRNB LS5, BlEicd 5h3Hs
BHEREED» S /IR B, MTG OZ LS LA ERS
LEBI DR LHEESS TN S (Table 1. BEIIFEE
A TEED GEBEE ) LHOFHH AnHEICE LN
WiEs bt (Fig 6), BEZ I 7HO An K, GEbO
BEADZNLD & X S IEVES TS (Fig. 5).

FERAICBY 2 An RO FRHEEOETRERE L
T, D w7 <RE, 2) 7 < oYERto &Rl W
A, kD=7 < OEHOERY < 7 < hOAKEOEA
BE), 8) An At Z LWRIEADOR Y AL (AR &
FlEm v /b o ORIERRENT SN G, HEL-
REGHEL2ESLY v 78 ORI, </ <BEETR
TEOBREERHBRECEDOSNBLOT, TORER
DR EEEN </ VBT L - TR S o gk /b
WEEZOND, Fi, U AEO An B2 THOZF NI
HRTELLBOI &0 D, OMBEEEN< S <oy
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Fig. 17. SiO;-(NaxO+K,0) variation diagram for the
volcanic rocks from the middle part of the Monzen
Formation. The fields of AB (alkali basalt), HT (high
alkali tholeiite) and LT (low alkali tholeiite) are from
Kuno (1968). Symbols are the same as in Fig. 8.

HEEOEEICL > TR SN T LN 0 THS .

COREANROBERL 3 THE, BROKEELD, »o
MERZELIcZ LW (Fig. 6). BiRO & 51z, MTG OZlLE
i, FNICIEREEOARER PR SN E. Tho0FE
FEix, MTG OZ BT OEEHE b O8ELBERD T 7
B, U <EE 0 FAOES B L W idlREES A
HRTA2RIELTH AHEEM A RE L TW 3, AnFKE
LiEBRB LU 48, BESICHET 5 Anpicz Ly
HELPESE L < /< RIcl A R, s nk
bOTHAS.

MTG OZEICEEN 5 AR IIMETZEZEL, £0
BRI I EANEL © v U A8 5 13 B RUESTERL S
TWw3 (Fig. 7). TOX5 BRI, EREEORESICH
kT AAEN T I ERIGE LTRSS D EEL O
3.

LTG oZIETIc b, AIFEFERO 20 5% D HESH

EENSH, hbbIEREEThACHETE6DLEERLS
na,
D0k, PRTBCEHALEEOZILER, HTG O
b0 (HTG 0LEREE L Zr/Nb A b)) %S, 20
FeRERIC 8 T Nd BRI & Zr/Nb o & W HIFEIE
(TEEEEAR) OREREZTbDEEA LN,

ZTHESERY Y MU OHER{EFHEE

Fig. 17 i Si0y- (NayO+K:.0) DZAtE%Rd. HTG &
LTG QLR A3 (1968) OF 7NV FLEE ET v
HYYLTA R ~TUAVEREOHEEL YTy PN
5. 7oy bRIIS5OEE, FIKNa,ODWELDEKLELED
DTH5 (Fig 10). Na,0 SHEOE 5> XL, ZTREMD
bEHEDN, OBHEDEVI, BAKEERLEKLLD
Na;0 2F RO IR BEEFBEOSMKS N EILES b0

EEZOND, L LSS, —ficTvh ) KECERE

BHEEE, TSR K RO EY 205

ETIO IS EATED, TR YIKZLOVERER TiO, i
bZLuvcEnmonTnsd (FIAE, d)ilids, 1988 ;
Table 2). Fig. 17 icRan b &5 i, PIRIBTHORRED
35 TiO;, KEL HTG 0 KR E R, T iKZ LWLTG @
TEEL D 7 uh )V EFREECEMICH DT, N5
DEEEDT IV )V EFER, B~/ Db 20ENLEE
FEARBLTWEbDEEZ LN,

Z I THTG & LTG OLEREDEHMAELNIT 5720
2, ChEOEREDA va v 7 4 TV TEOSEERIE
BHwv b vOENTHEM LR 1 ¥ —R% Fig. 18-a T
K9, Fig. 18b D21 F =iz ld, HTG & LTG OEEA

EROT vh ) EEEE S ORILEAOEINAICES 3

HIMEORRE, BLUWL 2D DORL 25 ET X
BELLEOF—s%2 7oy b LTHA. Fig 18a, b Dl
DA v vRF 4 TUTRR, < v b UDDRAETL B
DRHBEEDRE VS DD S/NE VS DAL SFICif~
T# 5 (Rollinson, 1993 ; Fig. 4.23). TD 5% Rb, K, Sr, i
ARD & 2 I BEIC & > THOTICEE LT B A REMA & -
BB, R F—FDrey — v AKICEEENRE VS D EE
ZoN5.

PRI O LREICE, 2% & —KicBWT Nb DE
O FFE BRI S & 0 & RBHIRS S O OTE D 1
2. BiEE HTG © 41 7 2 OLREE LTG OZRET, %
FERHTG D51 71 DXRETH S (Fig. 18-a). HTG D
47 20LEREELTGOLREDA v a3 v 85 ¢+ 7T
FoRKML s — i3, FILARLMOEIME O FEME O RR
BDOZNZHELLTHWED, HIGO 44 7 1 OLEREDH
BNy — i3, BAOEEBICET A3ZKED DS, U4
75Ty 7 M REHDY 7 ) OXREDEFNICHE
BPLTWw3 (Fig. 18-a, b).

Fig. 19 ® Zr-Zr/Y R & Fig. 20 @ Zr-Y-Nb O WHX iz
BV, HTG & LTG DRRE IR 7V — F ARG DFREIC
7oy bEN, HFSTEROEFEEOHICBVTINGDX
RE13, HELEANOSIE OBEd0REE & I1FEH S i
B -TVE, Zr/Y HiciEHT 5 &, HTG D4 7 20%
REE LTG 0XRA R, HTG D51 7 1 OXRE LD bF
FENZr/Y E S - TOWT, BIEDF— 413, Fig 19 TR
L HAM OTIE O E I OZRE DFREIC & 0 EWAE
[ty bEnd, UL, Fig 20 CRFFFIEDHROZR S
HoZEWIFHEBETEZ . _
PIEATEREIIC, HIGDSA 7 1 ORRER, 4 v
T UNT 4 TATLROBEIL s — v & HFS RO SFE
DOHOWEICBNTC, -t RNERAED > bOXEE®KED )
7 PHICET AERA (T TRINEREEOLRS EFF
BT EITB) KENLTVwEEVE LS. —F, HTGD ¥

AT 20REEE LTG 0ZERA I, KEEOZHSOHH

(HFS TEDSHEO KBV T) & BIEORRE DR
(£ ¥ vt5 4 TATROBLN Y — VBV 2%
NEA I bOTH B LIS 3E. IO BFRIERES O
TREMICA 5B EMOEWE, BRO Ti/Nb-Nd 1K
(Fig. 1) wirsh 2 ZREBOEY HTGDY 171 DOX
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Fig.19. " Zr-Zr/Y diagram for selective basalts in the
HTG and LTG from the middle part of the Monzen
Formation. The fields of IAB (island arc basalt), MORB
(mid-ocean ridge basalt) and WPB (within-plate basalt)
are after Pearce and Norry (1979). The fields of RFT
and QBB are compiled from references which are the
same as in Fig. 18.

CRBRHTGCD YA 728 LU LTCOLERELD bEF WL
Nd IfE&{EWV Ti/Nb A &) ERENLTVWAEEWR
5. Lo T, HTIGO S 1 71 0EREE < /< &,
HIG D% 4 72 BLVLTG OXEEE < 7 <3, Hikb
I A BiIc g AR v M v AR E N A AR DS B
3. PHRIBOEROERED Nd 1E1E, HILEARO ML A
W7oy rOoZREDS BOKED NI 1E (0512821~
0512840 ; Shibata and Nakamura, 1997) X1 &L
(Table 3), DI &k, FEIEFHOLREOREE< ~ ©
WHHACHEILEARD < v bV & id Nd IR O
KBOTHELZ LD TH > EEREBL TV S,

Ohki et al. (1994) 3, BILAAMOE =S ~EIWLOX
BREEEAO Sr, Nd AfrfkthoRitic B %, LA ANR

® N-MORB

] 1 1 1 1 ] ]
Rb K Nb Sr Nd P Zr SmTi Y Rb K Nb Sr Nd P Zr SmTi Y

Fig. 18. Abundance pattern of incompatible
elements of basaltic rocks normalized against
primordial mantle of Wood et al. (1979). Diagram
(a) : basaltic rocks (Si0;<53% and FeO*/MgO<1.5)
in the HTG and LTG from the middle part of the
Monzen Formation. Diagram (b): ACVZ, basalt
from Andes central volcanic zone ; OIB, oceanic
island basalt ; RFT, basalt from Riogrande rift
zone ; and N-MORB, mid-oceanic ridge basalt. The
shaded area (QBB) in diagram (b) shows
compositional range of Quaternary basalts from
the back-arc side, NE Japan. Data sources: ACVZ
(Thorpe et al., 1984) ; OIB (Sun, 1980) ; RFT (Basaltic
Volcanism Study Project, 1981); N-MORB (Pearce,
1982, 1983); and QBB (Hayashi et al., 1984, 1991 ;
Yoshida and Aoki, 1988 ; Aoki and Yoshida, 1986).

2Nb

A HTG basalt
O LTG basalt

VAB

Fig. 20. 2Nb-Zr/4-Y diagram for selective basalts in
the HTG and LTG from the middle part of the Monzen
Formation. The compositional field boundaries of
VAB (volcanic arc basalt), WPT (within-plate basalt),
WPA (within-plate alkali basalt), and MORB (mid-
ocean ridge basalt) are slightly modified from
Meschede (1986). The fields of RFT and QBB are com-
piled from references which are the same as in Fig. 18.

TOEZHELIEOAREE FHi< v bvid, FEHORRERI
FEB L 728 & SO RIAARICIEREBRIT (R v )y 5
L) BO2BM GBI EARBLUTVE, KFFRICL-T
b, BEEEETOBEHO L~ v b VIcHBR LT %
BIZT 3 2 2O BORAEDTEEMIRE NI, DT &N
= b ETRO 2 BEEEB®R T 520 THhNUE, 28
EERICERE 2 e ORESKETH S, CORFEIRA
KIFEROBTREIC FE~ > b VDS N S PR LIz EER
LNTVWAERDT+E/, A7 =7 (Tatsumi etal, 1994 ;
FEREED, 1995) ik o ahd L,

iz (1993) 13, EALAAMORILERIC MBS 2 HEES
& UHLHEEMARTE B ICEE T 2 Wigr th ~ B gt o K g Eh
DR KIS DLFEARORFEOITLD Y 7 FHOZ IS
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HLULTwaZ EEM oIz L, MmO K IIEENS, &
HLRICEITTAY Y 27 2 7OBEICEEL TR > 2%
DTHHIEEZRLETVS, BEEEICBVCEIEREDE
HOPREIN TR & ENS, MpBETHKEEEE
L7 KILES OERSEFET 5 C3REL L ThH
5. L LAans, HTG OXEAED HES JuHMHERK O R
i, BRECHRATEEDZREDZN (AR IE A, 1991 ;
LA, 1993 ; FIFHEDr, 1993) IKELIL TW B T, HILER
PTULER (BEEE, BAS, MEER) 3 ~aids
HICRESEORERERL TOW il b 5.

¥ & ®

. BEEBICOHT 2WHH - MRIEO TEH~mh#lz &

B3 KIEE (ISEEEHRE & BEEHE) 3T, S A,
B.C.DD4-DEH2Z=y PZXAEH 5,

2. MAIBoTE % 50 5 KIEE RiBhsALE
) 11, HESHAEhEDEVICED 9 74 7OLRE
ERIBIST 50, FN5IE TIO, BE & & e A
BEOEVWHLOSLUTO4>DEGI V—TItXKSEN5 ;
TiO, KEBEREEELD 7V —7 (HTG), TiOikZ LW
YRE~FFED V-7 (LTG), FEEE&HHTG &
LTG O 7%s TiO, & b2>ZIFD 7/ v —7 (MTG), 3
REZBILECELBD 7 V-7 (PAG).

3. HTG & LTG 0%RER, HFS tROEFEOH,
LA YNTF o FIUTEO R4 ¥ —[K, NdEfrEtixs
DR S, KEREOY 7 M HiIcET 2 4REIEND b
D&, ThIKBMNREEDREBIIRE Nic b D & o SRRk
T3, T0XDREREFOHIREMEEOZ NG, T
ho o~ v P VOHBRMEENSEEOZVERKM L2 D
Thy, BEERTOFHFHORFE< Y VB 2EFSS
HFEMEIC D O TR,

4. HTG 0o—HoLREICHIF B LIE, FE—HAK
DY M A YT EDRAEMEE DB, £ LY
REE~ /<P oDBAEADAIBEDRNCLE bOE
Zions,

5. PARIBHE K LR S DRSS 13, HEEE D
EWHIERZ4 » TR S - Rl 6 5. < /< ic@fbs
NEYERTEREEELTH - 1 SRS 5.

Eil iz

RIFFLEED 2Icd iy, JLiEE BT OERESZ
Bticid, HEPSHHRL TO Wi FEAFEARERER
BREMEROEIR BRI E St Nd FALofED &
el a Wi Wi, TR hIBEYIE OARE—1EE, #
RedmEMo FMEBEK, Bt & OFIRETFR, £
gL vy vy v DUAFILK, EEEfiz vy vy v O
IWTFELERICE FROBETS IS EHEBZ VLY
fo. BREHEPEROBATERMICIE, BOFEL LT
fefini, EEEBHEORBITFIAIE, BEMERELT
WiiZWiz, PILEOF 2 icEL B OB EFET 5.
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