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Chemical and isotopic characteristics of the source mantle for late Cenozoic basalts in southwest
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Abstract

Late Cenozoic basalts (ca.<12 m.y.) are widely distributed along the
southwest Japan arc. These basalts are divided into the three groups:
North- Kyushu district basalt (NKD), Abu district basalt (ABD) and
Chugoku district basalt (CHD) on the basis of distribution, age, and
chemistry .

In the north-Kyushu district, voluminous eruption of weakly
differentiated basalts formed lava plateaus during the Miocene to
Pliocene. Basalts in the Otsu area of northwest Yamaguchi Prefecture
are included with NKD because of their similar chemistry. These basaltic
rocks have incompatible- element patterns typical of ocean-island basalt
(OIB) or within-plate basalt (WPB), such as positive Nb and Ba
anomalies. They occupy the within-plate alkali basalt (WPA) and
within- plate tholeiite (WPT) fields on trace element discrimination
diagrams. In contrast, basalts from Aso volecano and Kirishima volcano
located along the active volcanic front plot in the volcanic arc basalt
(IAB) field.

In the Chugoku district, Miocene to Pleistocene alkali basalt are
sporadically distributed as monogenetic volcanoes. These basalts are
primitive and contain ultramafic xenoliths. Two types of basalts,
MF-type and SA-type, are recognized. MF-type basalt has
within- plate basalt signature and SA-type basalt has island-arc basalt
signature. In the Abu district, Quaternary monogenetic volcanic groups
(consisting of both alkaline basalt and calc-alkaline andesite) are
dominant. They have trace element characteristics of WPB and IAB.
WPB- type basalts of NKD and ABD have similar chemical and isotopic
characteristics. This suggests that the source mantle compositions of
ABD was similar to that of NKD.

Calculated- mantle/N-MORB source mantle normalized diagrams show
the source mantle region of NKD was enriched in LIL-elements, with
negative Nb and positive K anomalies. N-MORB source mantle
normalized patterns of the CHD source mantle are enriched in
LIL-elements. Late Cenozoic basalts with WPB-type signature from
CHD have Sr and Nd isotopic ratios similar to those of oceanic island
basalts, which plot along the mantle array. NKD and ABD basalts have
relatively high ¥Sr/*Sr ratios and therefore plot on more flat-lying
trends to the right of the mantle array.

Based on the chemical and isotopic features of the source mantle and
the tectonic setting, a genesis of the following model for late Cenozoic
basalts in the southwest Japan is proposed. In the Chugoku district, an
enriched mantle plume with an EMI signature ascended from deep in
the mantle. Mantle diapirs rose rapidly and produced liquids by small
degrees of partial melting. The liquid would segregated at deeper levels
in the upper mantle. On the other hand, mantle diapirs characterized
by an EMII signature rose slowly and were entrained an overlying
N-MORB like depleted mantle below the north Kyushu district. The
enriched plumes were progressively melted, with these enriched melts
mixed with depleted melts produced by partial melting of the shallow
level depleted N-MORB source mantle. Thus, compositions were
changed from alkalic to tholeiitic. The liquids were segregated at
shallow level in the upper mantle, then stored in lower and/or middle
crust as reservoirs where fractional crystallization and/or magma mixing
took place.

Key words : Cenozoic basalt, trace element, Nd-Sr isotope, EMI, EMII,
mantle heterogeneity, SW Japan
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Fig. 1. Distribution of the late Cenozoic basalts in southwest Japan.
The leading edge of the subducted Philippine Sea plate is from Shiono (1974). These basalts are classified into three
groups, which are North- Kyushu, Chugoku and Abu groups. Hatched area shows the Quaternary volcanoes.
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BHEESREMIBICA DN 70 ) XREE, fhiiko
TREBIL BbRTEOA VAV R_AF TALEEELET ST
LR ETH% (flzi¥Kay and Gast, 1973; Sun and
Hanson, 1975; Frey et al., 1978) . 7 U ZilEdicix
L# = v b VHROBEFERE SRV AEA TS L
ML, FOZLE= Y MO GERIC L > THE U< Y
TPEBRERIC ER LI ERZR LTS, Lich->T
Ty ) ZREDFRRBIIEIR & 7 o EEiw Y b D
HEgrzREmLTCWE EBbha. £<07 A h ) LRAR
LIL7t% (large ion lithophile elements) IZE LI H D
b, FORNMAMKIZbulk Earthic X & Y deplete L
Jor v bR LI Z £&2 R LTWA (Menzies and
Murthy, 1980; Allégre et al., 1981;Roden et al., 19847:
E) . TANNZEREFOBNA VA v AFTATTREE S
RS 27201, KOLESREFABREERL TS, Q)<
v hxzy<5 4 X5 (Boettcher and O Neill, 1980;
Menzies and Murthy, 1980; Wass and Rogers, 1980) , (2)
<Y MO (Sun and Hanson, 1975) . @)/MN& W
o sEhE  (Kay and Gast, 1973; Green, 1973) .

FRZRE R 7T ORFERLEOFAEB/RIZOWTH S FHE
E LT, WEBRERFEIE (Yoder and Tilley, 1962;

Green and Ringwood, 1967; Kushiro, 1969; Jagues and
Green, 1980; Takahashi and Kushiro, 19837z &) , @k
SRR & O R DRISE (Peterman and Hedge,
1971; DePaolo and Wasserburg, 1976; Hofmann and Hart,
1978; Menzies and Murthy, 1980; Allegre et al., 1981,
198272.&) , (M —WBIDHE T — 2 % & 12 LI M&TT
R LB EF N (Gast, 1968; Shaw, 1970; Kay and
Gast, 1973; Frey et al., 1978; Sakuyama and Nesbitt,
1986; A )INE Dy, 198872 &) 72 ERB I b T3,
TigbhH 7 h U ZRE OB FN AR O A
BETAZ LT, ZORELR /o< v b OIEFHE LT
RN OBEEE AL NCT AT ENTERLDEHEZD
h3. ZZTAMETE EBRD@ LD FEE AR EHE T
FmT A LT, WEHARKOFERZIREHOEBE< Y bV
DEFBIZ DOV THIERF 2B -7,

EREHAOTFERLREFEDLE

HAFEB L O 2—F v 7 KEEERICE, #EHERox
REEBIEL s LTW A, B EEILE > S B A
NFTOHBICIE T VY XREE AR E LZEBRAE bR
TWw5 (Fig. 1) . PR BRI 3 5 LRSI DWW T,
T DBE L OWEBIZ L > THEDIRBZ 2bh CT&/. P
FHADZREHE, Blc7 AV XREOEEICONVWT,
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Fig. 2. N-MORB normalized trace element patterns for basalts from the North- Kyushu, Abu and Chugoku districts of

southwest Japan.

Solid line: WPB-type basalt, dotted line: IAB-type basalt. Normalization factors are from Wood et al.(1979). Data
sources are from Iwamori (1992), Kakubuchi and Matsumoto (1990), Kakubuchi et al. (1994, 1995), Kaneko et al.
(1983), Morris and Kagami (1989), Nagao and Fujibayashi (1989), Nagao et al. (1990), Nakada (1986), Nakamura et

al. (1990) and Xu (1988).

Kuno (1960) & BARFIEIZ BT 5 S IUHE K LE iR EEH)
MHBERBUANTFT, Y74 FRY, &7 rRE
FHl, TAh) ZRERFIOKILERGHAL, IRES I~
DRI AEEEML b A AR~ ERMER & —8 L THESL
755 %R L7, Nakamuraetal. (1985) 2Zh b
REENT Y bOBENPL LA LTE LY VA4 T
MZBALTNWE T &N, <V MVERr DL EH LT&
T2 BA TN, WhAATE AT TICL > THERE R B
TV IABEPLALETAZREBL, ZO0OD ML VTR
LEEh 51 D CLILTEEERE & CRAEERAZE( T3
ELl FZOES R Y MBEEPLDT Y 2 — A HE
B¢ A #lkl, Miyashiro (1986) 12 LD &y b U= 3 v
EWE RN, Iwamori (1989, 1991) IXrRE LMD T V5 Y
ZREIZDWT, BARBRIORILS 2 0 ichOLE b BAGD
WHIC & 372> THE U< Y NAYWEDBRIC L -> T &
&N kkIEE A% 2 7-. —75, Fujibayashiet al. (1989)
FrhEILHICET A ZRE 21 IR 0bhd D Ry b ARy
N EEE) T ARTAO (MF-type) &, CEIA
AT HD (SA-type) DD EA THELEL, Thb
Fhl4 DFE< Y PADRDEELTHWAZ LEZRLIE. Th
bOER T, RELHCS AT 2 ERERE2HOE L
THREERTRY, KEOCBREHHESRHT 5 FUMNILHHEL
DEFEFEREI N THA.

VR A AR e A ZREEIEFig. LIRENB L9
IZ, 04010, BEERBLOEGHIES LD, K&
M i (NKD) , JpEL##hiK (CHD) , PR

(ABD) OZ#BIZK 3 T& 5. ThEhOMBOZLRE
IZDWTN-MORB (Wood et al., 1979) THML Lz & <
1 #— 7% »s%Fig. 21C, Fig. 3IKNb-Zr-YIZ L AR 45K

(Meschede, 1986) R L7z, ZhBOHRICHER LT —

2Nb

O North-Kyushu (Alkali i basalt)
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Fig. 3. Discrimination diagram using 2Nb-Zr/4-Y.
The boundaries between several fields are after
Meschede (1986). WPA: within-plate alkali basalts;
WPT: within-plate tholeiites; VAB: volcanic arc
basalts; N-type MORB: N-type mid-ocean ridge
basalts; P-type MORB: P-type mid-ocean ridge

basalts. Data sources are the same as in Fig. 2.

2%, FeO*/MgO<1.20b D% A Lz, KFMN{LE
B L OSr- NdFI AL % Table LicE L o7z, FhEh
OHIRO Z R EFE OB A Table 2Ic=3. DTFTohbico
VTR L Gl s,
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Table 1. Selected analyses of the bulk rock chemical and isotopic compositions of Cenozoic basalts in the north-Kyushu
and Abu districts.

kN JeFu 2
KM89-31 " KM89-53 " T5)I|hM BRrAsE EH-1 MRSELL WAL SN MG R MNE ZBs /M- R
Sio, 49.54 53.11 51.54 49.82 55.03 46.16 48.25 44.02 46.74 48.92 49.86 51.79 51.76 44.58
TiO, 1.61 1.55 1.66 1.66 149 314 3.18 3.64 2.99 298 237 1.92 2.10 3.59
AlO, 13.81 14.11 1747 16.01 14.65 14.29 14.84 14.05 14.85 1447 15.99 16.79 16.08 13.37
FeO* 10.13 9.26 8.66 9.97 10.19 13.49 12.54 16.32 13.16 12.30 11.03 10.07 10.10 1522
MnO 0.17 0.15 0.17 0.18 0.15 0.22 0.18 0.25 0.19 0.18 0.19 0.17 0.18 0.24
MgO 10.70 8.94 6.81 8.12 6.44 7.63 6.45 6.78 6.95 6.79 6.17 5.30 597 743
CaO 9.89 8.99 8.34 10.11 9.19 9.75 8.80 9.91 9.41 8.63 8.67 8.58 8.20 9.95
Na,0 2.76 270 338 2.86 2.50 3.15 327 2.86 342 3.26 3.66 342 3.14 297
K,0 1.03 097 1.50 0.87 0.26 1.39 1.58 1.12 1.39 1.59 1.30 1.28 1.64 1.52
PO, 0.35 0.21 047 0.40 0.10 0.79 0.90 1.05 0.90 0.88 0.76 0.66 0.83 1.12

FeO*/MgO 095 1.04 127 1.23 1.58 1.77 1.94 241 1.89 1.81 1.79 1.90 1.69 2.05

Ba 275 250 417 208 41 388 336 340 399 474 414 339 465 461
Cr 662 393 208 200 230 186 165 65 155 202 106 106 149 162
Nb 19 13 21 18 3 37 30 31 32 35 25 20 28 45
Ni 195 146 99 68 73 74 42 30 38 40 27 26 30 30
Rb 25 26 113 15 7 22 22 10 22 24 23 23 27 17
Sr 604 334 516 560 200 755 828 799 932 905 895 832 806 896
v 196 160 177 237 212 253 170 316 307 228 207 221 217 281
Y 26 23 15 26 25 29 22 35 28 26 24 25 24 33
Zn 79 87 85 99 111 154 142 185 152 153 140 141 150 184
Zr 133 125 178 131 75 204 181 191 167 202 196 197 237 218
Nd** 217 84 478

Sm** 4.8 30 9.1

YSt/*Sr 0.703990 0.703928 0.704915 0.704340 0.703580 0.705064 0.705282 0.705074 0.705218 0.705311 0.705250 0.705327 0.705422 0.705128

+20 11 11 10 13 11 11 9 12 13 14 14 14 14 14
'Nd/'"“Nd 0.512826 0.512842 0.512693 0.512682 0.512973 0.512687 0.512657 0.512727 0.512630 0.512650 0.512656 0.512681 0.512663 0.512702
20 9 9 8 7 10 10 9 10 9 7 9 9 9 8
eNd +3.67 +3.98 +1.07 +0.86 +6.53 +0.96 +0.37 +1.74 -0.16 +0.23 +0.35 +0.84 +0.49 +1.25
HBER RBY [OF:
*E BERAR  MER ML EEERE DN SR O REL 2808 0207 | HG-t HG-25
Sio, 50.25 50.43 48.71 49.97 51.67 51.70 51.28 49.79 49.11 52.50 52.30 48.66
TiO, 1.70 1.53 1.60 1.81 1.60 1.35 2.16 1.66 1.79 1.31 1.47 1.65
ALO, 14.54 14.26 13.84 15.05 16.21 15.63 16.45 14.65 12.94 15.96 14.51 15.04
FeO* 9.83 9.75 10.98 10.22 9.25 9.27 9.95 10.89 8.90 7.19] 7.74 9.18
MnO 0.17 0.17 0.17 0.17 0.18 0.17 0.15 0.20 0.14 0.13 0.14 0.16
MgO 9.12 10.03 10.96 9.03 732 7.95 497 943 13.14 8.73 9.13 9.88
CaO 9.68 9.63 9.51 9.32 9.10 9.49 9.37 9.09 9.24 8.79! 7.90 10.66
Na,0 2.68 253 2.86 2.60 3.03 3.10 355 2.69 244 358 228 3.03
K,0 1.59 1.35 1.10 1.45 1.29 1.07 1.45 1.12 1.60 1.53 3.80 1.24
P,0, 043 0.33 0.26 0.38 0.34 0.27 0.67 049 0.70 0.28 0.73 0.48

FeO*/MgO 1.08 0.97 1.00 1.13 1.26 1.17 2.00 115 0.68 0.82 0.85 0.93

Ba 608 422 373 575 339 259 381 231 443 425 1567 547
Cr 539 665 485 536 275 369 151 482 634 393 546 488
Nb 32 22 20 30 23 20 34 24 28 24 10 27
Ni 132 181 225 155 108 54 53 188 313 154 144 161
Rb 42 33 25 35 23 27 33 23 35 49 129 33
Sr 502 549 393 498 436 412 677 483 585 396 1609 1011
v 203 191 122 186 241 220 281 258 122 165 300 292
Y 26 27 20 29 34 30 35 31 21 23 22 19
Zn 81 84 81 7 92 9 137 122 107 62 89 106
Zr 130 136 107 128 151 132 219 153 177 132 302 129
Nd** 440 17.3 39.9 308
Sm** 6.8 39 6.5 5.9

VSt/Sr 0.704097 0.703775 0.703806 0.704172 0.704366 0.703916 0.704826 0.704735 0.705002 0.703901{ 0.703538 0.704030

20 11 12 9 11 10 13 12 12 10 12 13 11
NN 0.512737 0.512739 0.512774 0.512751 0.512751 0.512746 0.512632 0.512655 0.512670 0.512864| 0.512906 0.512815
120 7 13 14 13 6 13 10 11 7 11 13 8
eNd +1.93 +1.97 +2.65 +2.20 +2.20 +2.11 -0.12 +0.33 +0.62 +4.41 +5.23 +3.45

* Total iron as FeO.

** Isotope dilution method.

b Kakubuchi et al. (1994)

» Same samples as Nagao et al. (1992)

» Same locality as Nakada and Kamata (1988)
“ Nagao et al. (in preparation)

® Kakubuchi et al. (1995)
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Table 2. Characteristics of Cenozoic basalts in southwest Japan.

Pleistocene)

Pleiostocene)

Chugoku
Kyushu district . & . Abu district
district
Late Miocene Middle Miocene .
. R Pleistocene
. ~Pliocene ~Pliocene
Eruptive age (some basalts are
(some basalts are (some basalts are .
Pliocene)

Alkaline rock series
(weakly alkaline)
Tholeiite rock series
Calc-alkaline rock

Rock series

Alkaline rock series
(strongly alkaline)

Alkaline rock
series

Calc-alkaline rock
series

Metasomatism

series

Degree of . o .

X . more fractionated primitive more fractionated
fractionation
Volume large small small
MORB
normalized WPB-type ;X};Bt_[y E e(;l:l_li-tyge) \?2;?_ ;(yp:
pattern yp yp yp
Remarks High-K rock (Minette) Magma mixing
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1. Je&BAIkbE: (NKD)

T ORI b IEHESE <, R B R,
ZREEXELTCHRBEEEMEFE L TWS. Kurasawa
(1976) A ZREZ G THE A AOZRAEDBEHE
DORESE BB L BEL > TWA. GBI RS
gt Y, —HESFIHOER L T, B, ARIIE,
BEYECTHORTHDS (b 30, 1987 ; +H - HH,
1988 ; TAAIZ A, 1992) . 1o BALFEES o Az 5 A3
Zfggitt T v ) ZRE S, Bl 3 L O IEAFRES
BLULTWA L EDDARIBROLREBICE DT

COHBOZREZEOHH L LT, AREY (1994) 25
Nz Lo, R—HEg - A—RERICR2 - ERGRT (T
HVER, YUTANESR AAITTARYER) BEEHL
TWAZ ERBHTONS. AFIEH» (1994) ENKDOHL
WAL BT A AR LRI DWW T DAL R & BAAEAR
DEEMND, TAIIVZREE Y LT A MIITIEELM LA
BEHTHEE< Y MVChRL, EERIIOEVITEE<
YV M DERSERMBEEOENZLYD, Ao TR ) EIE
TeIFvVIICEBEHELTNS.

NKDO ZREFF BB E LI on %<, £k
HREET S b Db, e LizBRo#flf e LTk,
B EEED 7V H ) FEOFEE (FA, 1958, Aoki,
1959) , FAEBOFEAED Y LT A4 NVEDORIE~T 1 A
bOTEEY IR - Kk, 1994) BdB.

2 B— 75 ATOBMIT, ZOMBOZREHEH IV

NIBalc ¥ — 7 2EHEORICETAIDVHY S Y
B o s—vErd (Fig. 2) . Fig. 3ORGKTY,
Fr— RATABVENS T L= AV LT A OFERICS
oy hENS. RPHS LEFHICEE L2 LT A bR
NI TN HVBEOZRER LOUZREBRUEDFITIE,
P-type MORBOEBIC 75 v hENZL DL D5 (Ak
AR, 1990) . Ly Lanh, HAEKLZ vy FEHHR LT
WA HECEEOEAEEMZREORBIZAS (FH,
1986) . ZOZ EFBRED KLY v v b EHERT S KILOE
B~y R E, EREEEZHLE T ANKDOZRSE
Ho®E~<Y bV ERELMCRE o BEBICHE TR L
ZRLTWAD. ZOLS57T &b, Nakada and Kamata
(1991) EhMD= v b AR T 4 )V EVEET L — bDIEHIA
HETY MNVFEENLDT ) a— L EDREICLY BES
ﬂ’#%‘%%ﬂ’«kﬁ&mﬁkbtk%zgg%.
FIZNRKDOFIEHRIZH 12 5 BEFEEOEEICIE, 7
NH)ZREDFHE EABIZEK Y LT M NOFEENSD
(Z8EA, 1990) . Z Ofb¥MEIETable LiIcd REN S
I B kAL $ R4, N-MORBY L < riFlZi
FWCEULICHAEER L TwS (Fig. 4) . ZOL5BER
b ARHIRD LREDEED—DTH 5.
2. rELHhiE (CHD)
ZOHBITEES LS BV EOZREERERN DR H
RAKILAEEETS. <V hvE ) U 25 &t kS ¥
T L, HERERSCREENE . EENXhEH S F
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rock/N-MORB
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HThs, KB (1976) bBRTWB LHIIT, AT
TAHVEDHE L HGHLTNS.

AR B—=0 5 56 TlE, NDIZEOREORDLN S 2 1
7 (WPB-type) ENbDICEDREORD NS &2 1 7
(IAB-type) D= 0D 24 IRELETE. ZhbiE
Fujibayashi et al. (1989) DMF-type& SA-typell 7%
it Eh 3. IAB-typeldSricIEHICEA TS GBI
A, 1990) . Fig. 30X 43X TIHIAB- type® — ¥Rk X 5558
Bhrbah, Zrick D EARNMEBIZ 7 ry FERB. TOD
FORERZRA LY T 4 RLBTFI Y PVICHKT S
EEZDRTNS GKR - Mk, 1989 ; skRiEa, 1990) .
3. FzRibis (ABD)

T OHIRD KIS EIT S EG . 22 ) TR BEHER
BILOBEFERL DY, FREFRKLUFEEFERTHS
(B - T8, 1979) . FTERBEUK I LFEOE) i —HEEtto
ADLBBEN, FOREAEHVERITHE (FH - PNER,
1987 5 A « k&, 1995) . KILEHOEL PRI PR
Koyaguchi (1986) iZ L v B ZhbhTws. R EE K
B A TR VEOGIEREL, RO ERESH
FORDLNBV. HAITTANVERT AN ZREE~
TRETFAFA NI IREDI I IRV IICE>TED
EEdqhTn3.

N-MORB##& k-4 24— v (Fig. 2) Tk, FHEDOXZ
RAEHEIINDICBOREL O XA T Ll SO
ONELET S, iE %K IAB-type, ##E % MR WPB-
type EMES T LT B, FIRIAB- typeld#IcRb, Ba, KiZ
EATWA, Tatsumi and Koyaguchi (1989) 23#E L7z
FEOTTHahf bR hiedhizb. ThTRaXUETS
DZREEDAED O S FRIAB- typez 3. fROIB-
typeld R B Eich b, BadbSric EFORENRD B
%. Zr/4-2Nb-YX4 K (Fig. 3) Tk ROIB-typeld 7

& kR BE

© DN SETEHE - gERK FTEC

Omodaka
oIT

CT
OFT

LKT
E-MORB

BAT

Fig. 4. N-MORB normalized spidergrams of Omodaka
basaltic andesite.
OIT: oceanic-island tholeiite; CT: continental thole-
iite; OFT: N-MORB type; LKT: low-K tholeiite;
E-MORB: enriched MORB type; BAT: mean of oceanic
and continental back- arc tholeiite (Holm, 1985).

LV— bR TR Y EDHEERIC,

Bz mry hERB.

IR ML D

DED LS5 clmBEARAOFERZIREFICITAEAL
WPB- type DL A H T 5 S D &, IAB-type DL
PiEEERETALDED DI GENS. IAB-typeD %
RERBED 7 1 VEVET LV — bOWAAKRI L SHIEET
IZE T &4 (Fujibayashi et al., 1989) , BFTHIZR< Y b
WA BYTT 4 RAEREZRTNIXE L. [AB-type
DEBREBILDOWTH, ELEZFLVEFRBBLETSS. £
TUTOERTIE, 3HBNThIZd HFET 2 WPB- type®

BRI DOWCOREFEB T o7z

DEWHE T Y bAD A V3 VT TR D A
BIRS, AV avRFTATRE, ThbDI Y A Y
5V RERERT S BRI T A SEUREAS 1 L0 b
o pEic &

Wizbliz, MoEELE & BICRERET 5.
AWETEEARZLTOXRTRENS (Shaw, 1970) .
C=GC,/ (D+F (1—P))
Co : MBI TOITLHREE
D : BB % &8 AR
Xa%d58Ha OFREWEHCOES
(FzEZLZaXa=1)
X a Z88 a EWHB OSBRI E TR
D=ZaXaDa
P WAIZ B 5 2B ERE
Pa%d 38 o DU raiEs 528 &
(FHELZaPa=1)
D a2 o LWHBEOGEEH L THUE
P=XaPaDa
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F HOERL =I5 BHORE

COREANT, BOBEMEEOREWZES A v a v
TNTLHERBREOELE AL 5 &, WMOBBOBREIPEW
BERSS B—T 5 ATRE EBDDAK—VETRT. 5
BROBENKEL LB ONED R 2 —~VIZ L0 va Y
NRFEV T4 —OKRERIEMDTEDELDIKENL DD,
FEARW) 28 8 — VBT TRUNETRE TS 2 205
A, Thbb, —RICEBIBRbATWE AN, =TT A
DRE— Y DRTD BT, HTEROBENL LT
EARMRZONR 2 — v Lisnic, MoEsoRE %
BETIZLENRZO. LA LY b AO{LFEB D 80
B 2RHCIE, RO EEOGEZOL O LB LTY
BRSO, R DB TOTERBEN S FREE U
<V M VEREBOTRBE S HET ARRCIE, AV a v T
BT 0 —DRERILREG ESTEMOBREIC L5 TRIEE
DEEKELZFTWAEID, FRICEIAHERZRBIZS
DERHHEEZDRS.

1. B3 SROBEDHRE

W< 7 HEE T Y bAND EDL BLOES RN X -
THUIzhEHET AL, O TEETHS. —iCik
A4V avAFTATLELHCTESBBOBEL RS 30
FERBIbh T3,

Sakuyama and Nesbitt (1986) 33 b#h 5 DEEPUAR KL
OFE~ v b AFRDSHES0ppmTH O, FIITAKFEH I
WETHHERE LT HEBOBEL2AEL o2, Tk
Frey et al. (1978) ®Wass (1980) 13K.O% '\ TE & &
BORBELZHE LTS, L Ldilgs (1988) kT
W3 L5, LILEEN< Y bR THEIELT S &%
ZIZ WV FIZT A ) XREDRFE < v b ricB T,
RYMVART T 4 AL EFTTOSHREELHS. L
AoTC, LILuHEEZ AW T BEROBE 2 x5 Z ik
FM TR,

F)l[F 2 (1988) 1%, Nbab Y ETOHOHFSTEE (high
field strength elements) % AW CERSEEIOBEE L RED -
TW5., #HHREILBADEMITKILDORBE < v b ik
HFSTCRKBE L THETH D, ZOBEIXN-MORBD T
<V F VR (Wood et al., 1979) SIZISELWEEEL
TEHGRBEZ KD 7.

KB CIEHFSTTHD S b YICHE LB ERMOBES
RS o/, HOBBORELES I, BE<Y b
DY EBZE2 TR0 ENSH . Jagoutzetal. (1979) ik
i< Y P ADOYEEIZN4.6ppmTH B Z L E BTV S.
F /- Jochum et al. (1986) XIAE~< ¥ P ADY EEIT4.02
ppmi H4.81lppm TH 5 LHEE LT 5. EREZERWood
etal. (1979) Ik v4.6ppmE REL LR TWE. Tk
deplete L7z# R < ¥ hb & L CTWoodetal. (1979) XN~
MORB#EHFE < v hvDfEL LTY =4.lppm&EHE L TWAS.
Uz x5z, AWETHEE< Y b LdDdeplete®
BELEE LT, Y=4.6%0.5ppmé& LTEHELBIR 7.
2. 8BFET MLOYRHER

BORL Y, BEFE~Y M BOBEBITLREER (Co) &R

Table 3. Partition coefficients used for partial melting of
peridotite.

Ol Opx Cpx Sp
Rb 0.0002 0.003 0.009 0.001
Ba 0.0001 0.003 0.01 0.001
Nb 0.01 0.15 03 04
K 0.0002 0.001 0.01 0.01
Sr 0.0004 0.009 0.001 0.001
P 0.043 0.014 0.01* 0.03
Zr 0.01 0.03 03 1
Ti 0.03 0.1 03 1
Y 0.002 0.009 2 0.2

*assumed
Data sources
Villemant etal. (1981), Pearce and Norry (1979), Shimizu (1974), Baxter et al. (1985),

Hart and Brooks (1974), Philpotts and Schnetzler (1970), Nagasawa and Schnetzler
(1971), Dostal et al. (1980), Dunn and McCallum (1982), Ray et al. (1983).

HAHE, HED, PREzbhniEdwv. D, PE2RDHS
IciE, B —ROHR O SRR, EIE< Y b VBT o8
MAEDLEB LOCENDHTEMT S L 20K PHOE &S
HAELERS S, SEOGTETIEFES Bt 37201z,
<V MVEBDOE—FE LTMaal¢ge and Aoki (1977) @
A I LIV T A NOFHE (ol:opxicpx:sp=66:24:8:2)
ZEHHEL, HoBET 3 &0y nE S L LT Kushiro
(1969) D20kbD EKERDfiE% B:E 1 LTHE L7z (ol:opx:
CPXisp=6:24:68:2) . FFTEIZAW /S ELRIUE Table 3
Iz L7z,

3. FHEMER

STEMERZ Table 12”9, FTEICITFeO*/Mg0O<1.2D
LREDOGHER WA, HEORREBERIEICDONT
B WFeO*/MgOH (FeO*/MgO=1.58) Z&>7/2%
1Z, Frey et al. (1978) ®Tatsumi and Ishizaka (1982) #3
BB o0 ERARICEEBICE N E P2 h v 5 v EZN
25 & TRGERE#HE L.

NKD®D 7 /v 5 ) ZREIX15~24% O ahE % w4,
FRAMEDO VLT METAD)EREL D D EWESE
BREA IR L23~31% EitEEhS. SIEEShEE<Y b
AL E N-MORB#EF~ v M THBAL LI AL B =05
4 (Fig. 5) TiF, #E<Y bVDA v a v 3T ATHEE
A v 2 v RFE )T 0 — O E e ic BN 5.
FRVUTA MET AN ) ZRBICHERTTHE By b &
n, FTORBE<Y MDA v a v RT 1 TATEBENE
WZ EBHEEINS., BmOZREBRLERE LIV b
ML, ZOHRTRLIENA v a v oss 4 TATRRETH -
lme#&zbhb., Fig. balcBWT, 7AHhVE VLT A
FRADRIE< v M LIZNDDREDRERRD BN S,

CHDOWPB-type®D 7 /v 7 ) ik DM U REE 1312~
23% & REL DR, ZRIENKDD 7 H Y ZREBICHLANT
PRENETH S, Iwamori (1989, 1991) XCHDD 7 v
H ) ZRE O BIERTT 8 OZEIC DV T, IR -
THTAAVENDET VA VENEET S EEBRT
W5, FlIwamori (1992) TR b RSZREDERK
DEVIEH G EMEOENVC LS BIETHD EBRITNWAS.
SEIOHERER TR, HIMEIORIK BT - Rik&%o L Dl
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concentrations of the sources for the basalts in south-
west Japan.

328 gk - KR BEE - e EEME - B ok
Table 4. Calculated compositions of incompatible trace elements in the source mantle.
Alkaline rock series Tholeiite
N-matsuura __E-matsuura Otsu Mishima  Shimabara | N-matsuura __ Yabakei Omodaka Chugoku  Oki-Dogo  Oki-Dozen
F (%) 20 19 24 24 15 23 31 27 12 23 18
Rb  (ppm) 6.8 6.2 109 10.0 3.8 59 3.1 1.6 6.2 8.3 11.5
Ba 78 83 107 105 37 57 62 9 81 139 164
Nb 5.7 5.8 5.2 7.3 4.3 34 3.2 0.9 10.9 12.0 113
K 2100 1800 3300 3100 1400] 1800 1400 470 1400 2900 3600
Sr 100 100 160 120 67 74 110 43 89 150 150
P 290 410 590 560 270 220 230 99 360 580 520
Zr 30 30 48 38 25 29 23 17 33 45 62
Ti 2100 2700 2500 2600 1800 2400 1600 2200 2300 3700 2600
Y 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6 4.6
87Sr/86Sr 0.70405 0.70477 0.70488  0.70445  0.70433; 0.70393  0.70422  0.70358] 0.70425 0.704825 0.705545
eNd 33 1.2 0.7 2.5 1.2 4.0 33 6.5 1.8 0.2 -5.3
100Nb/K 0.27 032 0.16 0.24 0.30 0.19 0.23 0.19 0.78 0.41 0.31
Rb/Zr 0.23 0.21 0.23 0.26 0.15 0.20 0.13 0.09 0.19 0.18 0.18
Nb/Zr 0.19 0.19 0.11 0.19 0.17 0.12 0.14 0.05 0.33 0.27 0.18
Sr/Zr 3.33 333 3.33 3.16 2.68 2.55 4.78 2.53 2.70 3.33 2.42
a b
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Normalizing values are based on N-type MORB source
mantle model (Wood et al., 1979).
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me wes oS/ 86Sr
o e <0.7040

O @ 0.7040~0.7045
O @ 0.7045~0.7050

O @ =o.7050

Fig. 6. Spaital variations of the ¥Sr/*Sr ratios of the basaltic rocks in the southwest Japan.
Data compiled from Morris and Kagami (1989), Kagami et al. (1986), Nagao et al. (1990), Fujibayashi et al. (1989),
Notsu et al. (1990), Kurasawa (1984a, b, 1985), Matsuhisa and Kurasawa (1983), Yanagi et al. (1988), Nakamura et

al. (1990) and Kakubuchi et al. (1994).

MO EAEIF18~23% L REL b, FHSEL2FLE L
7a v Ml (12%) 12X THh I 2IC @V E% R LIwamori
(1992) OFERETFIE Lz,

Table IR &N L 51T, CHDD 7 /v ) ZREDEBIE
<V MVIENDIZEATE Y, 100Nb/K°Nb/Zrit 2 Ml 2
HIIZ bR TEWEA RS, Fig. 5hbTIRLILTTE D BED
NE—VIINKDD D LR, NbOREORD LI
SEW IR R — VBT

ABDD 7 v ) ZREOEEFE < ¥ ~VikFig. 5ellmd
L5 ENDOADRE R, ZDR 42— ViENKDOZR
BEOBE< VY PVORTRE—VERLCTH .

Plozézgbbrl, PAREELAOHFERZREDS B,
U WPB-type Z="3 5 DTd, CHDOEIE < Y b &
NKD * ABD®D { ® & CiENbEIZB W TRZ - D < v
PAICHELTWR Z ERHRE RS,

Sr- NdRIGL A D45

AR B RO FAERZR S ORTYSr/*Sr « *Nd/“NdH. %
Fig. 6L Fig. 7IczhFhis L7z, Fujibayashi et al. (1989)
WEREILHO 7 v h ) ZEEDOSr « NdFEMAALOIREREL
AR L, MF-type® XL IFH AL B A DA KL 72
HHn %% (Nohda and Wasserburg, 1981) & ikiflc,

YEEN D 5 IR 2y - TSrE (A AN B in LN A4
WP+ 5Z %M L. ULy LFig. 6&Fig. 7 b,
Fujibayashiet al. (1989) 23E#E LB LiZZzOBEHER
FDABD, NKDTi#ARD b, tr LANKDOZH AT
ik, & 05 A AL O AL T A B B A SR e AME <
(<0.7045) , NABfZELEAEW (e Nd>+2) HAH R
Hhbhb., BIINKDDGHAOROICMET S HeD KR E
BRI A AD KB DO T i b deplete L7 fE%
RL, ZOMEIFEIBADOEMERE KLUDRTE (Nohdaand
Wasserburg, 1981) *®° HA#EOEINERZ XRE (Tatsumoto
and Nakamura, 1991) ¥\ (Fig. 8) .
Sr-Nd-PbRfZE L O, = v b CiRERRERRS & L
TDMM (N-MORB) , HIMU, EMI, EMIIA#EE N T
3% (Zindler and Hart, 1986) . < v M A OREMAKEROZL
I%, deplete L7z B8~ v b/ (N-MORB) &primitive’s F
<~ (EML, EMID) DMWY bADIFY v
IZE>THBEENTWS (flziXWasserburg and DePaolo,
1979; Dupré and Allégre, 1983) . CHDD 7 /v H ) LA
D5 HLWPB-type (MF-type) @ % Didbulk Earthflirhs
boedeplete L2 /E LD HIZ 7' v v b &5 (Fujibayashi
et al., 1989; Morris and Kagami, 1989; Nakamura et
al., 1990) . F/-EBEERT (Kagami et al., 1986) k&0
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Fig. 7. Spatial variations of the “*Nd/*Nd ratios of the basaltic rocks in the southwest Japan.
Data sources are the same as in Fig. 6.

+10

+5

Yamato Basin

€Nd

-10

PO B 1

Chugoku

North-Kyushu (Alk) ]

0.7030

0.7040

87Sr/36Sr
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Fig. 8. Sr and Nd isotopic compositions

of basaltic rocks from southwest Japan.
Data are from Morris and Kagami
(1989), Fujibayashi et al. (1989), Naka-
mura et al. (1990), Kagami et al.
(1986) and Kakubuchi et al. (1994).
Data of Yamato Basin basalts (Tatsu-
moto and Nakamura, 1991) and Quater-
nary volcanic rocks from northeast
Japan (Nohda and Wasserburg, 1981)
are also plotted for comparison. The
fields for the mantle components
N-MORB, EMI and EMII (Zindler and
Hart, 1986)are also shown. Symbols
are the same as those given in Fig. 3.
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¥Sr/®Sr & BV PN/ MNd L2 F L, EMICEWHEEZH 3
5. L LWEFROWPB-typeDEFRS < Y AT R 7 m v
FERB.

—ANKD&ABDOZREE, <V MAFIE D ER)E
HEZ BT AT TS, —RICZDOE PV
BEHETHLDOIDNWTIE, MBRWEEORBIFEHTHBEIH
BBEVEN. L LR, 4EEOE->THWEERICE
W DAL « D, Thbidwt< 7/=n
L LS IFEZhICIERIGEVWZRAETH Y, B WEOERIE
HOBBRIINEWEELZ DR, Lo TZ ORMARER
OE#IE, FORE<YY PADEBEARLTWAEEZDR
%. NKD& ABDO ZHAEIZRD bh 5%k, N-MORB
PHBEMIIO HEAZELLTWA, £2NKDDO 7L ) LR
FIXEHIED VY VT A MR, BOSIREMAER (7o
U ¥Sr/®Sr=0.70378~0.70542, Y L7 A b :¥Sr/*Sr
=0.70358~0.70440) L AEWNAEfZMA&L (75 )5
eNd=+1.97~—0.16, Y L 74 b : ¢ Nd=+6.53~+
2.36) HT5.

KRB ENIC 5 A1 A FT AR LS D Sr- Nd - PbEf7 £
DHE»DIE, ThbDOXZREDKENN-MORBEEMID
fEic7 ey bENBTENRENTHWS (Zhou and Carlson,
1983; Peng et al., 1986; Zhang et al., 1991; Basu et al.,
1991; Dostal et al., 1991; Tatsumoto et al., 1992). CHD
DZREF ZOFEEROZRE & R AERNCEL U288
#HFLTW5S., —NKDEABDD LR EICIR D B A EMIL
HENDEIL, 2—5 v 7 7L — NERBIOHERLRE
DFTIEHENREETEL LWL B.

Z ®

LLED#E2 5, CHDENKDEB L OABDD % B O
= v bk, (LSS £ OSr- NdRMAERRIZ BT
BB A BT A ERE LN Lo, DEICEMAE
MR EHEE S o= v M OARZEREL & OBIRIZ D W THRES
EBIES.

Fig. 9a,blc, FHE I N/ASrEE ¥Sr/®Sr, ¢ NdDBE#R
BENTENR T2y b L. =5 == Cov=4.6+0.5ppm
ELRREEDHE EDRAERLTVS. ZORIKEWT,
NKD DX RAE LI XSt/ *Srib L #2iE < v bV OSrEICE
DAL, “Nd/“Ndit LR~ v b v OSrRIZ & DO ER 2
RDOLIWD., ZOBLOHFEITAnderson (1982) A HED -
Jzenrich< ¥ h VD ENZITW. FEREIZYSr/*Srit & Nbic IF
DR, "Nd/“Nbitk & Ndicg OHEE2HF LTw5 (Fig.
10a,b) . FFEERIMD A v a v AFTATELANTY,
R HBEBERARD B NE. /27 A h ) EDEE~< V b
NEVLTA MORE< Y B LERIZES, VLT D
FE~ Y b FREMARICdeplete LTEH Y, FOFRIE
XY MDA VAV RFTATRICEZLL, HETET
DN-MORB= ¥ b VIEWANIE 7’ v v h &R 5. NKDO <
v M VIZER® B A N- MORBf|Ddeplete L7z b Db A5 _E
Denrich L7z fAI~DZkiX, N-MORBZ A 7"ddeplete L7z
<V hvEenrich< ¥ bV EDRERBZEFREZRLTHS &

ppm

400 T — T
a | O Kyushu (Alk) Enrich mantle (Anderson, 1982) m
A Kyushu (Th)
300 1
@ Chugoku enriched mantle
B 2007 1
100 T
0 4
0.7030 6.7040 0.7050 0.7060
87Sr / 86Sr
m
PP™ 400 T T T
b | O Kyushu (Ak) o
i A Kyushu (Th) Enrich mantle (Anderson, 1982) |
300 ® Chugoku
enriched mantle
T - 4
N 200
100 |
hdcplcted mantle . L
0
10 5 0 -5 -10
eNd

Fig. 9. ¥Sr/®Sr ratio and ¢ Nd value versus calculated Sr
concentration in the source mantle relationships.
Data of OIB-type enriched mantle are from Anderson
(1982) .

25 T T
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20} A Kyushu (Th) i
© Chugoku
s } ]
o } }
P-4
10| S T
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enriched mantle
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87Sr / 86Sr
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25T T r -
b | © Kyushu (Alk)
L™ | A Kyushu (Th) ]
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®  Chugoku
Kol
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eNd

Fig. 10. ¥Sr/*Sr ratio and & Nd value versus calculated
Nb concentration in the source mantle relationships.

NI | -El ectronic Library Service



The Geol ogi cal

Soci ety of Japan

332 ik

d Diapiri

high 87Sr / 86Sr
incompatible element enriched

La';ge degree of m

elting

@ rise slowly

#E e kR PR - 4 EERE - BRI

high eNd
low 875y / 865y

Fig. 11. Schematic diagram showing the origin and genesis of the late Cenozoic basaltic rocks in the southwest Japan.
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40 / v

< Abu
50
- CA

Zzbhb. —HCHDOXZHRETHE, BIE<Y bADA vV
a2V RF T NVIERIEE & FNARR & O OMEBERRIEED
bhiso.

Nakamura et al. (1989, 1990) &, enrichlL7z=< v kv
#A4 7 N &deplete LZMORBZ A 7D EFi< v b & D
IRV Y ITEFARRE L. Fig. 8, Fig. 9, Fig.10TR
EN L5, NKD (BLOABD) O~ v b vidEge -
72220 < v b (N-MORBEE < v kv & EMII-type D
enrich= v k) 2%, ZORKIZES LA RTEEMAE 2
bhba. —HCHDO 7N A ) EXREORER v ik, %
DA VAV ARFTNUTLREE & RMAERRK L ORISR
BRI NI END, BigoBENWEORBRELXE2 5 LD
L, BE~Y kv (EMI-type) 20 & DO « BRLk

30

Fig. 12. Projection from diopside into CA-M-S
plane (O’ Hara, 1968) .
Data sources are the same as in Fig. 2.

MR EEEZRLTWEDEELLRS.

Fig. 1LIcPR HADFFE < v b DEFINER L. T
BADT VA ) ZREDEECOWT, BARBOYKAE DB
FErFEHREN TS (Fujibayashi et al., 1989; Tatsumoto
and Nakamura, 199172 &) . Otofuji and Matsuda (1983)
ik, BERBOIKIC X > CHEEARLEBREBOBEERY @&
U CREEHE 0 1254° BER Lz &R RT3, & OEEROIE
NKDOILHIRIC B2, ZOdEERBOIEKICE> T
CHDIB [5RIG i85, NKDizHsz b U < WEMEIG T8I 7 -
TmEHEENS.,

Fig.12icO’ Hara (1968) »C-M-A-SK®D 5 %, Did
HCA-M-SHIZHEY LKA R L. BIE< Y vz EK
LREST S E, CHDOT Vv H U ZRE>NKDO 7 v U %
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HRE>NKDO Y L7 A PEREDHEIZEVRVWEZATT
TN GMELI N B. ABDDT V) ZRER
NKDOT7 A AN ZRELR USIzvicTry bERS. T
b BCHD T < v MV E DEMIOE#E A ET 5 < v
MVT Y 2= ERL, ThbiFEKREOILKIC L5515
JGIB D72 I S L2 2 /2 /2D IEN-MORB #
TOEH~ Y b EGEAERIET S Z & LIZ HBHED
(#J15~20kb) FIC< v b < I RN GHE LIz B2
bhb, —HNKD (25AABDLEL) Tik, FOREE
LTN-MORB % 1 7 ®deplete L7z 7 L EMIL % £ 7D
enrich L7 E DSBS L TnWA EELBRE. Thei
BT 21ciE, v MVEREVEMIOR#EEFEST LV b
NTY a—2BERL, BRBOBEKOBICME T S/2HE
MBIG BB, TV 2—20 EAEENLBHP LD
THholnbBEZHEEEN L V. D2 FH 4 Senrich”
Y 2 — AFEN-MORB% A 70 R~ v b v BERICEE D
Lidd, ZOALEHERL « RS AHMEE BRPc B L E T -
oINS, TR T VA VENL Y LT A b
~NEFEL, ThbikEEREY (98 ~15kb) FIT< v
ML= T2 R gL EE2ZBRE, EhhE - SH
(1988) 7 ERBRTWB LS50, TAEETCERLLAA
7 T T A A B LNKDRABDIZ 3 #id % hv o 7T
NI VBEORIBE~TA FA Mo, Fi2FH~rhiitRic <
FRBEONTE, T TRBGERS= /<3y v 7
e LI D RIS Uiz KB E A Cric b Eh 5.

E i &

A EERB RO HILY, FERKEHEEROBEEERH
By, FROBRICBWTHA RERE L CWiziZnz.
BBl LFET.
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