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Rare Earth Abundances in Japanese Paleozoic Geosynclinal
Basalts and Their Geological Significance

Tsuyoshi TaANAKA

Abstract

Rare earth elements (REE), Ba, Sr as well as major elements in 47 pre-Cenozoic
geosynclinal volcanics in Japan are determined. The types of chondrite-normaliz-
ed REE patterns can be classified into two large groups, viz. solid-type (La-
depleted type) and 1ii1uid~type (La~enriched type). It is observed that each type
thus classified is also closely related to major element features. While there is little
difference in SiO: and total Fe contents between the rocks with solid-type REE
pattern and with liquid-type one, the former tends to be richer in MgO and CaO
and poorer in TiO,, Na,O, K,0, P,05, Sr and Ba than the latter.

The geographical distribution of two types of the geosynclinal volcanics is
different from that of the Cenozoic volcanics in Japan. In Southwest Japan, vol-
canics with solid-type REE pattern mostly occur in the axial zone (Mikabu zone)
of the Paleozoic terrain, whereas volcanics with liquid-type pattern occur in the
flank zones of the Paleozoic geosynclinal terrain. Two types of REE fractionation
are observed in the volcanics. For rocks of the axial zone, REE increase uniformly
without mutual fractionation in residual magmas (Tomisuyama type), whereas
REE contents in the rocks from the flanks increase with smooth, mutually differ-
ential fractionation as the solidification proceeds (Nakaoku type). It is considered
that the difference may depend upon the depth of magma chamber; Nakaoku type
differentiation probably occurs in a deeper place than does the Tomisuyama type.
The REE pattern in the axial zone bears considerable similarity to that of the
abyssal tholeiite, and the Ba content relative to La content is akin to the nature
of the abyssal tholeiite than that of the island-arc ones. Some solid-type patterns
with slight inflection can be interpreted as suggesting the oscillating melting and
crystallization, which may occur in a dynamic environment like rifting. There are
some variations of REE patterns within each of the two large groups. Large
variations among the rocks of both groups can be attributed to the magmatic
differentiation or partial melting: The magma of rocks with solid-type REE pattern
in the axial zone was produced by extensive partial melting of the mantle which
has probably solid-type REE pattern. On the other hand, the basalts with the
liquid-type pattern in the flanks were probably a product of partial or zone melt-
ing of the same mantle. However there remains some possibility of an alternative
mechanism such as source effect. The petrochemical features of basaltic rocks
from Northeast Japan can be distinguished from those of Southwest Japan. It im-
plies that the mantle composition and/or the condition of crustal development
was not the same between the two areas until the late Cretaceous after the late
Paleozoic.

By analogy with the current knowledge concerning a tectonic settings and
geochemical features of the present-day volcanics, the geosynclinal basalts in
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question are inferred to have been formed during a tensional tectonic movement,
and have erupted along a local rift zone like the marginal seas and inter-arc basins
in the Western Pacific Ocean, or along part of a global rift system such as the

Red Sea Trough.
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Sketch map showing the Paleozoic and Mesozoic in Japan. The letters (A-1)
on the map show the local areas studied in the text. The figure in the
parathenses shows the number of rock samples analysed.
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Rock names and sample locations.

(Microscopical observations by M. Adachi, I. Hattori, T. Agata, H. Hattori and S. Mizutani.)

Hokkaido area (A)

A4 Plagioclase basalt Jb¥e E R BT RRAA 8T BT IS HR AL TR
Northern Kitakami area (B)

B36  Amygdaloidal andesitic basalt EFRARWTINIES
Southern Kitakami area (C)

C18  Hornblende diorite EFRABETER

C58 Basaltic lapilli tuff = R BEA R T /NMER

C86  Andesite EFRSINEEETES

C92  Plagioclase hornblende andesite EFRKRWH/ AFE

C104 Augite andesitic basalt AR R AITR » ARET

Abukuma area (D)

D3

Green schist mEREETA R
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Kanto area (E)
E4 Clinopyroxene andesite
E 20 Micro diorite
E21 Andesite
E 53 Amygdaloidal basalt

B 7R IR 22 B AR B 2 BT 4
HERHEM T HETCH
PSRRI T CHIT-EAR
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Mino area (F)
F3 Basic tuff
F 39 Inner core of pillow lava
F 81 Basaltic pillow lava
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Tamba area (G)
G10  Subophitic doleritic basalt
G29 Fine-grained basalt
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Kii area (H)
H2 Amygdaloidal basalt

H12  Plagioclase variolitic basalt, partly with scoria fragments

H13 Amygdaloidal basalt
H15 Ophitic dolerite

H 18 Lapilli tuff with plagioclase and titaniferous augite fragments KRR

H22 Ophitic doleritic basalt
H 26 Lapilli tuff
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RRERETIN LB
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H27 Titaniferous augite basalt, showing partly variolitic texture ZRBEHRIIILNBE

H 38 Fine-grained silisic tuff
H40 Basalt

REBFEHIN 2AILFIH
FRE HEBHEIENEA

H 43 Basalt with abundant feldspar phenocrysts 7] E

H76 Massive pyroxene basalt
H92 Basaltic pillow lava

FRREBFIRINFUEILS
FRASTHIHTENNKEERE

Shikoku area (I)
119 Basaltic pillow lava

123 Amygdaloidal trachy andesitic basalt

155 Ophitic basalt
166 Amygdaloidal basalt

186 Porphuyritic basalt with plagioclase and clinopyroxene

1108  Dolerite

1113 Basalt

1115  Basalt

1118  Clinopyroxene dolerite
1121  Clinopyroxene gabbro

1127 Brown hornblende clinopyroxene gabbro
1129  Clinopyroxene microgabbro

1136 Clinppyroxene dolerite
1145  Clinopyroxene gabbro

1IB9 Feldspathic gabbro
134090503 Wehrlite
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Mafic minerals of the samples under consideration are often altered to chlorite, actinolite, epidote and calcite. Muscovite,
leucoxene, prehnite, pumpellyite and stilpnomelane are identified rarely as metamorphic minerals.
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WHav F74 1013, 2OoRFTETRFEERS DD
TH—E b0 eFH 2 5 (SCHMITT 35, 1963; 1964),
BETHEARES L7 (composite chondrite) D4y
WEREAE L X5 2 & B34\ (SCHMITT [F5>, 1964;
PHILPOTTS and SCHNETZLER, 1970; HUBBARD and
GasT, 1971; Zofth). Lo L, R OIFE TR WIEEIC
LG ORE, Hx02v Fo4 MIMA«KRE -
FHETREFEELZE O &b o7z (NAKAMURA
and MASUDA, 1973; TANAKA and MASUDA, 1973;

B2k REELOSWHER

Analytical results of the standard rocks JB-1 and BCR-1
with' the data obtained by other workers (ppm).

TB-1% BCR-1

Leedey

This work  This work GA(S;W%)‘ZZ' PSH&E%%?,E? }i%:%; NAE‘Q%JRA Chondsitck
(D) (LD) (ILD.) (LD (N.A) (ILD.)

La  37.0 +0.3 25.1 +0.1 26.1 % 0.1 — 95.2 +1.0 24.4 +0.2  0.378
Ce 67.5 +0.4 53.6 0.3 54.9 = 0.0 53.9 +0.7 54.2 +1.2 54.2 +0.4  0.976
Nd 268 +0.2 28.9 +0.2 28.8 % 0.0 28.6%%0.6 30.5 *4.3 28.8 0.2  0.716
Sm  5.13 £0.03  6.70 £0.05 6.74% 0.0  6.62 +£0.06 7.23 +0.37 6.72 +£0.04  0.230
Eu  1.55 £0.01 2.00 #0.01  1.97+ 0.02 1.942+0.008 1.97 +0.04 1.98 +0.0  0.0866
Gd  4.82 £0.02  6.76 +0.02 — 6.47 —  8.02 +1.20 6.67 +0.02  0.311
Dy  4.19 +0.06 6.37 £0.04 6.20% 0.02 6.36 +£0.02  6.55 =1.41 6.36 =0.02  0.390
Er  2.28 +0.02 3.68 £0.0  3.71+ 0.02 3.58 £0.03 3.51 +0.88 3.70 +0.02  0.255
Yb  2.14 £0.01  3.36 +0.01 3.68= 0.06 3.38 +0.02 3.48 +0.12 3.40 +0.03  0.249
Lu  0.308+£0.002 0.50040.006 0.59+ 0.05 0.536-0.004 0.526%0.15 0.50340.004 0.0387
Ba 511 — 684 2 699 +14 646 +£1 656 44 696  +2 4.91

+ values of this work indicate deviations from the mean of duplicate analyses.
* Recalculated values on a water-free basis.

** The values were lowered by 11 percent (GasT ef al., 1970).

** MASUDA ef al., 1973.
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HI3E FHEHERAMAMNTREEFORLETLE, Ba X Sr F#EE (ppm)*+*
REE, Ba and Sr abundances (ppm) in the Japanese pre-Cenozoic geosynclinal basalt.*#*

Sample La Ce Nd Sm Eu Gda Dy Exr Yb Lu Ba Sr**
A 4% 39.2 67.3 33.8 7.86 2.64 5.82 5.75 2.33 _— 0.248 895 854
B 36* 25.1 57.4 33.3 7.78 2.54 7.97 6.85 3.06 1. 0.239 145 339
C 18% 32.7 69.9 34.6 7.21 2.12 6.51 4.75 2.29 2.05 0.298 257 906
C 58*% — 19.3 13.7 4.27 1.61 5.48 6.53 3.63 0.526 19.2 117
C 86* 24.1 53.7 30.0 7.54 1.99 7.81 7.57 3.60 —_— 0.444 317 478
C 92% 1.80 4.54 5.23 2.02 0.694 3.11 4.06 2.44 2.23 0.370 23.1 275
C 104* |[23.2 49.2 28.2 6.73 2.24 6.85 6.24 2.96 2.36 81.7 411
D 3% 1.38 3.36 2.90 1.19 0.518 2.01 2.65 1.71 1.90 0.203 60.0 180
E 4 36.7 80.6 43.4 9.78 2.88 9.59 8.39 3.83 2.86 0.364 407 276
E 20% 9.38 23.3 18.2 5.29 1.92 6.19 5.73 2.71 —_— 0.303 58.0 2030
E 21* 27.3 52.9 26.1 5.74 1.71 5.75 4.52 1.72 —_— 0.172 12.9 —_—
E 53 4.54 12.9 12.0 3.73 1.33 4,34 3.91 1.93 1.43 0.178 7.91 24
F 3% 3.66 9.37 8.16 2.76 1.07 3.78 3.98 2.03 1.66 0.244 13.0 93
F 39 15.6 33.6 18.6 4.49 1.61 4.77 4.18 2.06 1.56 0.208 177 —_
F 81 7.97 19.0 12.1 3.34 1.09 _ 4.16 2.54 2.31 0.331 38.0 —_—
G 10 16.8 38.3 21.5 5.11 1.73 5.16 4.32 2.18 1.70 0.235 187 —_—
G 29% 7.18 17.2 13.3 4.27 1.42 5.43 5.91 3.05 0.390 97.1 185
H 2% 2.28 6.29 6.32 2.90 1.18 4.53 5.80 3.28 2.78 0.380 31.5 147
H 12 7.76 16.6 9.99 2.97 1.20 3.79 3.61 1.82 1.44 0.199 197 411
H 13 4.31 10.2 7.17 2.23 0.849 3.06 3.69 2.20 2.10 0.307 185 276
H 15 6.04 13.5 9.07 2.85 1.14 3.66 3.46 1.78 1.42 0.197 139 333
H 18 8.95 20.7 12.7 3.44 1.21 . 3.82 3.41 1l.64 1.33 0.192 89.6 104
H 22 12.0 25.8 14.9 3.94 1.45 4.59 3.96 1.93 1.50 0.202 36.3 384
H 26 14.2 32.3 17.7 4.45 1.55 4.73 3.68 1.78 1.30 0.179 89.6 158
H 27 8L.7 191 95.1 16.9 5.42 12.5 7.43 2.72 1.66 0.211 1604 1050
H 38 9.71 24.5 16.1 4.26 1.55 —_ 4.23 2.15 1.41 0.170 —_ 78
H 40 17.9 47.4 33.7 9.45 3.21 10.8 10.6 _ 4.58 0.626 112
H 43 22.0 51.1 29.5 7.15 2.51 7.14 5.43 2.34 1.59 0.204 626 483
H 76* 2.78 7.95 7.68 2.97 1.07 4.03 4.93 2.92 2.81 0.429 70.8 168
H 92% 3.73 10.7 10.1 3.60 1.31 5.11 6.18 3.70 3.03 0.508 17.9 68
I 19% 6.70 17.0 13.2 3.88 1.48 4.37 3.94 1.61 1.20 0.175 38.3 77
I 23% 12.8 29.9 20.6 6.02 2.09 6.78 5.82 2.20 1.44 0.184 84.0 248
I 55% 1.93 5.69 5.55 2.11 0.842 3.11 3.65 2.09 1.78 0.289 11.0 27
I 66% 14.6 32.7 18.9 4.58 1.50 4.95 4.48 2.22 1.76 0.270 299 323
I 86 9.27 21.6 14.6 4.03 1.16 4.53 4.37 2.24 1.68 0.209 66.8 190
I 108* 2.49 7.59 6.90 2.31 1.00 3.75 4.52 2.41 2.07 0.285 17.8 69
I 113 2.98 8.08 7.49 2.51 0.851 3.58 4.22 2.61 2.43 0.354 11.7 49
I 115 4.37 8.34 9.80 3.18 1.21 4.09 4.33 2.50 2.15 0.302 14.5 65
I 118 1.27 2.83 2.99 1.16 0.506 1.78 2.20 1.44 1.36 0.201 50.8 73
T 121 0.850 2.07 2.09 0.834  0.400 1.33 1.66 1.08 1.02 0.151 38.0 47
I 127 1.28 3.48 3.24 1.22 0.655 1.83 2.21 1.46 1.39 0.207 13.3 106
I 129 0.773 1.88 1.87 0.708 0.385 1.08 1.34 0.877 0.819 0.120 64.3 349
I 136 1.34 4.16 4.16 1.60 0.775 2.49 3.05 2.01 1.92 0.280 7.35 174
I 143* 3.05 6.58 4.81 1.61 0.599 2.30 2.80 1.67 —_ 0.241 9.92 104
1145 0.684 2.22 2.02 0.849  0.430 1.39 1.71 1.10 1.04 0.155 7.35 104
iB 9 1.09 3.09 2.78 1.01 0.613 e 1.78 1.11 1.02 0.151 29.4 —_—

T 34090503 0.421 1.32 1.48 0.631 0.273 1.00 1.26 0.797 —— 0.103 _ —_—

* See the text  ** Analyzed by H. HATTORI
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*#* Recalculated values on a carbonate- and water-free basis
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of geosynclinal basalts from Nakaoku
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area after TANAKA and SUGISAKI
(1973).
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4. BER&IvER®

4.1 SRER LS
H3RCHHIETTE - Ba BX U St OHHE, FEIC
FE(LERS & thicdk 5L CIPW /v a%Rt. %
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DTH5LELBNTWS (B, 1970). A CRM
KR L B NS % REES X OS2 Wi iE
CHFHEL, TOE2ToERCH V.

WA ZRAR T ORTETRFEAEES Leedey = v
Fo 4 PROEEE (F2F) THRELL 2 -vE
FIH (a-d) WRT., ThBEDAX — VIREDEA D
DOR, TNENWEFNEBEREZF2DOTH L, T
LTI EREL 32DV — T SE L.

(1) BEI3IHETHELRER, H5VIFEBRITEN-S
Z—vEEsTW5HD, A4, B36, C18, C58,C 86,

2) HMTESVTERFIRLHRORE (=7 <) LER GEi Mos
BEHRLIBET, BEELTHs0RERE TR, BHREAE (&
B wELR, BAaOF—2bI OB EEY X H ERC
RLB\HLEELDRD. COFHECOWTRME (1973) Kh~<bh
TWBA, ELELMERDBRBFETDH 5.
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%3 KIFEER - FEROHAMETREBEROFLETER LG Ba 0FEEL2 =V V54 P REFOFEETHBILLAEEE K -V
Fig. 3-a: Hokkaido (A), northern Kitakami (B), southern Kitakami (C)

Chondrite-normalized REE patterns of geosynclinal basaltic rocks.
Fig. 3-c: Kii (H) area. Fig. 3-d: Shikoku (I) area.

and Abukuma (D) areas. Fig. 3-b: Kanto (E), Mino (F) and Tamba (G) areas.
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C104, E4, E21, F39, F81, G10, H22, H 26,
H27, H40, H43, 166 X 186 BRzDs/i—7
CET 5.

(2) B3IETEBHMLASZ—VERL, *ORE
PEEFHE (La-Ce:Nd i) wwbH U % LK<, Lam
<(Sm)gr THBHD. C92, D3, EB3, F3, H2
H76, H92, 155 1108, 1113, 1115, 1118, I121,
1127, 1129, 1136, 1145 X0 IB9 Rz s/ n—7
BT 5.

(3) EkEMs/N—7ORMWBEZRTHOT, K
k (2) FA—TLR—TH5H, (La)gr>Cmer TH
%5%®, £20, G29, H12, H13, H 15, H 18, 119,
123 BRI Bl r—TIKET 5.

1) o7 n—FEFHEFTCROMRIRREIL R 5
B, EDRE =V OREBPEDLDTELBATE Y, HIT
FTTHB., ThitReEmBEEo b0 (FlxiE, G10-
F39:.166) tWwHLBLVY., ZD3% — VY OREREA
DOEMTRERECLOND FED % —v (MASUDA,
1966; PHILPOTTS 137>, 1971) 8 X F A VEROV V
474+ (NAKAMURA and MASUDA, 1971) X9 &
T, —EOT A Y EREED & — v (NAGASAWA,
1973; KAY and GAST, 1973) X higesrThs. (2)

3) EF iz Enrichment Factor & T, #lxi¥ (La)er & (Rt
o La)/(\FEHo La) &mwd.

WEWA® B 28%

Chondrite-normalized

%8 %)

OB L7c % =ik, LTORBSIEE - FIEE - AR
EPLEBLNEY VAT A4 DA% -y (GAST, 1968;
PHILPOTTS F4>,1969; KAY (T3>, 19709; SCHILLING,
1971; HART %>, 1972; RIDLEY (%>, 1974) 83X ¥
Bilov v 1474+ (MASUDA, 1968 a; PHILPOTTS |3
>, 1971) WHEPLL T 5,

MASUDA (1962) 3 X U8 CORYELL 35> (1963) V3ih
R EOERRORLETLRGFEER, thlhxditts
BREROEEETH Y, BRI R TR SR
vy b5 e, AR -vREShBEZ LR AL
L, ZDX 5 BEEIRESE MASUDA and MATSUI
(1966) v&, HIROIGIRIRADvARLAR P O LT HRFRE
ER, 2V P74 ROEhERCTHE LWV ERED
H LT, HERO®ILESCRHERE <V P L ORI
THHEMERE L., Thbb, BRl=zvFIAt
BoWERSIRRERCI VERBL TV, To4
BB B Rich, e, WE—EHEMO S GEHS
—ERLT DL, HLETLREAE X — VTR &
EFESCRR - T %5 (5 4H). MASUDA (1966) ¥ X
O (19665 ) 1T DX S REERRET 5%
£ -V ZWEI (BERELL AR TH5), EfFicA
b e aEERE L LMD, SBRIOFELEEAELM

4 R CREEFOFEE CHIBELE A5 — v AvbhTvic
b,

10 | o—, .
: O\Q L2 :
r T, "
L —o ]
—
B \0 -
- \c -
Ly ~o
- S i
W
O—o0
1 | ————— Initial Melt (Chondrite) ———————
C 0 .
L Sy ]
0.1 S - L Lo L L L
La Ce Nd Sm Eu Gd Dy Er Yb Lu

Masupa and Matsur (1966) @ & F k-3¢

AN KEBETBEMLL=vY FS4 'EEEOREHERSE
WHEALEfF o R AR TR T 2BES XL h T
e BELL20od EMOFLELEEEE S —

vERTERIN

Schematic diagram showing large scale melting and solidification
of the earth and REE patterns mathematically obtained for

each stage based on the model proposed by MASUDA and
MATSUI (1966).

36—(538)



AHEERWANEREOFLETEFEE L tomEEHER (Bh W)

P 3 e LLE
REE pattern type FAK ﬁiiﬁﬁé%ﬁ%ﬁiﬂﬁﬁiﬁtzﬂﬁ
. . modified primary HORLIMTRE LU Ba AP AE
liguid-type - ;51i3-type solid-type BEo s - FBIEEE*
(L) (s2) (s1) Averaged REE and Ba abundances
La 25.4 7.15 2.14 (ppm) fo.r three groups of pre-Cenozoic
ce 55.7 16.8 5.74 geosynclinal basalt in the Japanese
Nd 30.5 12.0 5.64 Islands.®
Sm 6.98 3.64 2.04
Eu 2.24 1.34 0.828
Ga 6.79 (1) ** 4.45 2.94 (1) **
Dy 5.81 4.37 3.47
BEr 2.73 (1) ** 2.13 2.06
Yb 2,09 (3) ** 1.74(3)** 1.83 * Tuffaceous rocks were excluded from
Lu 0.285(1) ** 0.249 0.273 the calculation of the averages.
. I . :
Ba 329 101 26.0 Including interpolations on REE. pat
tern for elements not determined.
Number of The figures in parentheses indicate
samples 16 8 16 the number of estimates by interpo-
lation.
100 ; ‘ .
- 50F ]
L4 i~ .
H5E AHEER - mAERowAm N 3ot .
MNEREOFLETRFEE £ 20l i
NPV RETN-T LT 8
Fgt Lo —v (B4R ol _
) z ]
. . el - 4
Chondrite-normalized REE patterns S 5f 1
averaged for each group of geosyn- 5 i 1

clinal basalts in the Japanese Islands 3
(cf. Table 4).

ba
DTERTIRRL T 5., BIE, His LOHEk Eo ks
FEIRCID2ODEATRIPLD 2 DDERNZ A
T LIRE L T EHFEE R £ — vV R T
5. COFHIHELEGEE SZ — vk AROHAERMMA
MERBECO VTSRS E, BFE LI A—-T (1)
13 MASUDA (1966) & X B¥iER, (2)(3) o/ A —
FEEHRBCHEYT 50 EEZ NG, KRTIE (2)
DT N— 7 FE 1 WEEE (primaly solid-type: Sy), (3)
D5 v — T B ZEEERA (modified solid-type: Se) & X &
ZLETE, ENLTNOS - TBET A EROTLIE
TEREEOEEEE I NED A -~V ERELERIV
#5 RITRT.

4.2 FHETEEEENG — L EEEH¥RSOME

%

MEO BT, &7 —T BT 2R D S
b, FORBBBEERIIERTHIERELERADE
SR, BEILERS OHEESHEE 6 KMITRT.
ChiELbh5 X5 SiO: B, WikE L EHRELS
#— VR EOHMAEREDOMIIIS OTURFEER
ERHBLND, WA X - v ERT R ERERE

Nd Sm Eu Gd Dy Er

B2 - BRTERLD, MgO X0 CaO &

L <, TiOs, NaO, K0, P:0s, Sr 53X ® Ba ©E
Z DY (La)gr/(Sm)sp-(0.9Fe;0s+FeO)/MgO [ (%
7H) icky, XoBEBEERDbING.

FEER L OBEBILERS 2 5, AFFEERIMAER
B REEZREOHEOW 2 5 O EERE L Off
TRBWTHEBHINTWS (HA, 1970; SUGISAKI {E
2, 1971; HASHIMOTO iE5>, 1970; $AiEs», 1971;
FIHEIEH, 1971; SUGISAKI and TANAKA, 1971b;
SAWADA, 1973; JI38, 1974). AHIC B\ T b ERE D
HTECREEE 2 —veEoxRER NaO+K.0
—MgO—FeO+0.9Fe:0s Miz 7wy v §5E, £DIEE
A 835 MIYASHIRO (1970) iz X % abyssal tholeiite @
s s (58 H).

F TR —Reic POs & I E WA 2R3,
iz, T - #EE (1974) & P:0s & Nd 3EdFH»
MEEERTCEREHL, TAASVYFORRE, T4
VENZRE, AFERERRETCREVT, Eil - R
R TSR S 7 7 ECERERICD S C
LEEM L, zhia P r Nd Rk, F—o4

37—(539)




H W E AR (B 28%

of

[+)
5o

% 8 %)

B
s
.

[ S N 0 0 0 O T

 —

{-

[ SN U O O OO0 B B B O A A}
T

liquid type

solid type (S, + S3)

BIRE AT AGE & D BRI LR
Bo6M R kHLBETRFEE 2 —vEEBAMLTRECERS - #ME

RS OBEEST

Comparison of the frequency distribution of major and minor elements for the

different REE pattern groups.
diagram.

EifRE 2o L BREh T3 (F)I- 85 ; 1974).
HAMEREHCSWTIEIMRTT XS, To 2
TLRETTN$ S 7 7 ECEMRBERRD 5P,
4.3 HFIEARFEENY— & Ba OBK
WM EREECLR DN LK 2 — VX 4.2THT
MLk, R - BRAEEPLEDhEY VAT A
F DK — VDL TWE R, FENCEIOY VAT

5) Ce & P20Os DR Sun and Hanson (1975) & X hishX
RTw52, Ce WHLBETHROFIEH »T, Wi, MOTHRERR
Sl BRETHIENRDD.

Tuffaceous rocks were not included in this

4 PZHEHLTWS, LaL, Fv— OEHER X
VBB e, VRIIENOETHY, BIEERE L VS
i, TOMBORFHTEL <7/ <IERLCTH
CHEDODDTHH 5%, HiTETEFEEZ—VD
LTI, ZOWAEDEVEZXFITE V25, PHILPOTTS
Ep (1970 RHR TP EFAEE 4 — v EBWT S Ba
ORERERH LR, 2% 0, BROXLETRERTK
T %5 Ba QIEHHEN La DL X I35 pEBWAER
HY, —HHE - LR E 0K LS T Ba 3 A8
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FHEERAMAMZREOHLETRFEEL LONEENESR (Bd &)

T L 1] ] 1} L} L} Ly L) 1 ] L] T L) 1] L] T L T T T T L} v
3 .
° o
L o ]
o
e o -
P o o
E 2} o ° o ° 1
2 °o o
\ - e
A ° o ° .
S [} ]
~ [ @ .O 1
1F @ [4] .
i ® J
B }‘ ® ‘% ]
)
X e °© O Liquid type |
i ©® Solid type (S) + Sp) |
o 1 1 1 1 L 1 1 1 L 1 L 1 1 1 1 1 1 L 1 1 1 1
0 1 2 3 4 5

(0.9 Fe;0;+FeO)/ MgO
La)er k=Y ¥4 FMEREEHBELUREBFO La OREEERT
BT ABEER - BAEFMAMNERE D (La)er/(Sm)er & (0.9Fe:05+FeO)MgO
ORBK
Diagram showing the relation between (La)gp/(Sm)gr and (0.9Fe;Os;+FeO)/MgO,

where, e.g. La with the subscript EF denotes the enrichment factor (i.e. concen-
tration ratio) of La relative to chondrite.

FeO+0.9 Fey Oy

NC12 O0+K,0 M g©O
BAR CH - 7o BEBIZ MIvAsHIRO (B2 (1970) X % abyssal tholeiite DA HFE%E TR
FEHN EEBAZ - vEHEOARELER - FERAMEMNZTRE(RANVE

BIOBRKEEREZKRL ) D MgO—FeO+0.9Fe;05—Na,O+K.0 I

MgO—FeO+-0.9Fe,05—NayO+ KO diagram of geosynclinal basalts with
solid-type (S;) REE pattern (gabbros and tuffaceous rocks were excluded
from the diagram). The field enclosed with solid line is the composition
field of abyssal tholeiites difined by MIYASHIRO et al. (1970).
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WHEHAEMABR FB8E F 8 3
T T rrr | T T T T TTTT I T T T L LR l T T
100 | o -
L ° ]
E L o ° %8 ° i
o 7z
: oo %78 .
%% *
10 .8 =
o % o ® 7
C 6. © ]
el L o i
4 L 8 E
¥ 8 4 IR FHHEER - mERIREE S
° 5 s Nd—P.Os 0Bl
1 o EBMETI - B8 (1974) X AFAERZRETCA DR
E 1 »HEBEERYRT
4 Nd—P;0; relationship. Dashed lines shows
RN I RN | 1 1ol ! L X . N
0.01 o1 a correlative line of Cenozoic basalts after
' ' P, O5 % SHIMOKAWA and MASUDA (1974).

EHEEAL —vORDOhRER LD VS (B
10 BER). ZhiEBlo X UETixANAELRE Ba g
%L BLRKGMB < 7~ OERICEE L CnBRd L
FEx b7, TOBMPEEBIO~ /< THEEROLHL X
» hydrous ‘T % L5 SUGISAKI (1976) Dk &3
5,

FHEEF O EREE T, Ecoslhicky
E13d5 %5, FHRIC L CE S KIRT LS5, Bap La
TR B ISR E BN KBTS S £ L Y

WEEPNEL, W - wUEEorhitiiv, 5
Z, PR BASH AR AR RE o J BRI 1) 1132
Q97 kv, BYRTERELEESL -V LIHRT LN
T3,

4.4 HELRDIFLEARFTEENY — - 2EOHM

FEREOMILSH

ENENOHLELREEE X — V2R OHMMR
REW OIS AT M B E & i 11 BB
wiRs.

Oceanic
Sea

ridge,
mount

T T T T1T1T]

1
B

Chondrite-normalized
1 lllll'l
|-}
4
"

Lol

1 1 1

| I [ SR SN SN SN SR EN S SN N I

Ba La Ce Nd Sm Eu Gd Dy Er

Yb Lu

Ba LaCe Nd SmEuGd Dy Er Yb Lu

B 10K WHEETEFEESX-vLEwEd? Ba oNBE2TFTHERAN

Relationship between Ba and REE on a chondrite-normalized pattern (schematic diagram).
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FHEERDANLREOFLETREFEE L TOMAENER (Bh ®WD)

(A) Cenozoic (B)

[\ Secondary liquid type® Mesozoic
O Liquid type

® Modified solid type unmetamorphozed

® Solid type

@ Paleozoic

Mikabu zone

)

00000

Nakaoku
000000000 0®
Tomisuyamu_ o 300 km
& Okuki L : " 4

FBUN RiaoisA 7ORLIETRFEE L — v EROEE OB

# 11 B A BFER KESVEIHECET ), 8% 11 B B REERS IOFERCKT 25M TR, RKbo

A-P, C-D %X E-F offit Kuvo (1966) = X 2 FERKLEOEREROBERAYTT. * AX&R
Different types of REE patterns are plotted on the maps which also show a spatial distri-
bution of the Cenozoic (imostly the Quaternary) basaltic rocks (Fig. 11 A) and pre-Cenozoic
(mostly the Paleozoic) geosynclinal basaltic rocks (Fig. 11 B) in Japan. Data on Cenozoic
basaltic rocks are from MASUDA (1966, 1968, 1969), ONUMA et al. (1968), PHILPOTTS et
al. (1971), YAJIMA et al. (1972), NAGASAWA (1973), ANDO et al. (1974), MASUDA Y. et
al. (1975a, 1975 b), FUJIMAKI (1975) and NISHIMURA and IKEDA (1976). The lines, A-
B, C-D and E-F were quoted from KUNO (1966), dividing the petrographic provinces in
the Quaternary. The lines A-B and C-D are boundaries between the tholeiite and high-
alumina basalt zones and line E-F is that between the high-alumina basalt and alkali olivine
basalt zones.
* See the text.
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WwWHEBAETAHR FE28% B 3 5

Bt cRE 2R acdRLAXdK, BEAL
DEE B3 E &4 (logarithmically-linear rare-earth
pattern) ZRIARB X — vV B> TS, C92 D
HEERB AR Z = BRTH, ST RV IEOBERER
FOLDTHS, MRRFORE (D 3) dRIBREEGR
WK =y BRT. BRI X OFIRBS RO
EARVTIOEERE S — VRO &N, 7 <F
BCRBTET7 =7 AOEROBEERZRET S0
ThH5. PlxE, BRAOMNERHEEOMEI D, FRiE
2> (1972) PEE AR IL LT3 X ORT R R
IR T 7 b =27 AT B o L ERHRL TS,
ZLC, TORBICThollilcbBERBMD A F -V
ETRTIREREHELELTCWEDTHS.

PR AT, WA — VR RTER & BEERER
2=V ERTEADSHERICRER > TS, Thb
b, EERIAZ -V ERTETIITEAEHLPLEFY 1T
ST D, LT, WHREAL -V ERTERELPE
WOMPIC ST 5 Vb BIFERHEERBITHHL T
5 (B11EB).

—77, MASUDA (1966, 1968 a) \Z HA&DF 4, (FL
LCEMI) OXREFOFLETEFAE L -V E
K& AR, WK R X O 2 IR TS L .
EEFAROENILERE (—HE=ZRL2EL) €O
T, BEARIN TV AH LR FEE 2 -V 2H
~, £ b% MASUDA (1966) Ittt » CHFELY, & 11
AT LR, 8 11E A THARER X2 RIEHER- <
Z—VEFROEREEREMC AL, EFES8 -
DETIKFEREETHHL TW5. Thidk KuNo (1966)
CXVERE AT LESINIEMTKILEOFHIRS
HCIELL TS, TOX S BFHERKNNEDERZ 1
TOFIRGANE, BRI FER I T 52 LEHE
FLETHERAHOMENRELLRREHDOTHS.

AR CRIEFLEEO M G-I B P I B % -
ZRTRRE (H76-H92) B4 5h b5, Larl, T
N &R BT, RAERCRERE S - E
Boxats (B36-C18) Baxbh b, 2o ki,
SUGISAKI and TANAKA (1971b) =L ZEKSIC L %
<7< 24 7OE»rLD, “EHHLEMELEEAAR
TRHZRDTGEREBER - TV 2V HEREFE
6) ERLBWTHRLLSELY, ZRNERELRAGEBOERCSH

B, VbW B ROREEEY S TR SHES YR,

7) Masupa (1966) BHGAHOFLETREEE X — v 2/ OER
BEHEIETIE, OBRE L MOF LT RFEE ¥ —
vEEOZERTL, ThE 2REMEE (secondary liquid type)
LA LI.

8) Masupa (1966) & X 5EMAFZE (solid type) ik, A 4.1 HE

RLIX B, &bk, $1KREAGE (primary) solid type) &%
El%& (modified solid type) WEH L.

LEVWbDTHS, LFREHC, £OEWREAEMRDE,
BIARAERETARBEL VR LETRTIOTH 5.,
4.5 FHAZHEOFLIEAREEENY — (o0
T
BN RWT, EEREAZ -V ERDBNAEDD
T, flziE, F3-123.1 34090503 7 &3 KEEER
IO LRESNAERAKABNS X 5 RIEHH»
S U 7o B A RN 2 — v (B8 13 MIB) &
ELY, BliAziEo 2 o0ERr OERIhTWS
X5Thasd, E5IT, LD —vOLRELT,
— R baiciBiil cnwd & Bx 5 EES O ERE
S -y (B3Md) Kh, 2OX 5 Efhih o EER
bTPTEENTYS Z & BEENEN: DR E X h
5., COBERRE BT o 7ot 2 — v OAERIE MASUDA
g (1971) OBRFEVICEL, FEFEWCSITO X 5 e
Rahs,

# 12 Memd X seake LcEibL22d%5 <7
<Y BIEET S, £ TE~ S < OEEIERHANCT
S5 TWLBDELEY., Z0X5BEZLO D & T
i, KBS oM, BEORE: LoSHAMTbh 5T
55, Lol, —FHECEIHEMIESSTHAS.
R, DIFO 3 2ofEMmEIhics 5.

O HROBEPEARLEE, TOI7<BIrbAIR
D=7 < (WD) BPREANFVELNDS, Z0t,
O —MAEERML, o/~ LREAT 5.

@ QoBBEALHEL VEIN5.

® ZO@BTHERE~/ ~OMoFHEIETEOHHE
{%%¥0x MASUDA and MATSUI (1966) i X » CRXN
X3, FORFESLLDICHMIELTSIOT
7.<¢, TANAKA and NISHIZAWA (1975) X ) &IESE
Bokd b SR ED X 5T, FFESOREVICX
5 HEEROBEARENEF LML, TOELBPE
WEFH RO 2 00HG»HREINTEHDTH D
(TANAKA and NISHIZAWA (1975) %5 2 &R

PEDX3BEHEDD & TEC </ ~DERRIZTIC
it - 2 FH T ETEEEE X -V 2 FH2 (B 13K
ZHR).

rROXSHET AN, BR/ELABPLERLTHS
T<BY I BENPEFRNCERTL TS &5 g
B ERE TR WTEEL SV EZ DN,

25T, BHAOHLFLELRFEE X —VE
Bo< /S~ RmHRICETESTIRY FARTERKLT

LE ok, ZOFBMCL AT~/ ~izEnk5
BHELETEEEE L -V ERT TS50, flziE
% 13 Moosx —v W OREESIHBIER L Bacs
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A small amount of:

] L ] Jelt is removed;
’ . " Iy - A small amount ofx:
Melt S i | '.r?e}t 1'§ removedj
initial : o Residual melt
nitia . R
| o1t v " (REE pattern
melt G - )
. - '|' . J. . with an
(Logarithd "y« -y [0 -]~ ] | A _upward
-mically| |- - I - o ¥ (.ry.?talj-._ e Thflection)
smooth | BiolLiss | ;Reme 1ting -1ization| - 4.
Crystal- : P
REE : Cand
-lization] . :
pattern)| f....5... . |- limixing

A— B —> C —> D — E —>F=(C)—>~-~- —>
A, B, Coso ELEBOETEF 2R T
FLH I eRoRLELEFEE X - v EE T~/ ~ORLER
EZRTRAK
Schematic diagram showing a process which makes REE pattern with inflection.
A, B, C, etc. in the diagram indicate proceeding of magmatic process.
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W: BERCEbRTh# D 2  o7e 2 —v 0. B: ke bhiclifi-<x —vof (H 76).

BBHE avFFA M EEROFEETHABILL AR LERREFEE % — v

Chondrite-normalized REE pattern. W; Mathematically obtained pattern with
inflection. B; An example of smoothly curved pattern (H 76). REE pattern
R which resembles H 15 is theoretically obtained by assuming an equilibrium
with W under an operation of the bulk partition coefficient estimated by MASUDA
and MATSUI (1966).

N

Chondrite-normalized

TH< T DK — /% MASUDA and MATSUI (1966)  BRfE» SRS TR D, H3XO H15 X ® H 12
CXVEEINT HLETRO 2SR RECIY W RLOEMIAbDTHS., O irbd, HI5 0k
OFHTIETRRELE S 2tk viESN, B 13 Eo 5AMAEREEE 13 o W o X 5KElS0d
RABZHICHELE TS, 2% -V RiZECMD 220 538 = EBEORR, HlziE 134090503 DERS SRR
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Comparison of two distinct types of REE fractionation in the geosynclinal basalts.

REE fractionation

patterns of Nakaoku, Tomisuyama, Hawaii and Skaergaard intrusion are from TANAKA and SUGISAKI
(1973), TANAKA (1974) HASKIN and HASKIN (1968) and SCHILLING and WINCHESTER (1969),

respectively.

CEXVECESZZLNS,

4.6 HEJMERETSIOFELICONT

HAMERE~< /S~ O LR H L ETEEEE &
—VHDLHT, HRLD 2EEOERD S T LB o
fo. —OEFHRRBTCHO—ORELIL (3L BT
5., hThexhhswE 14 FicRT.

F PR OFHEIETED 5 Eik TANAKA and SUGI-
SAKI (1973) =X b, ZHREEHINI ENPROEAR
YRERCOWCHE bhvie, Z 04 {LA % SCHILLING
and WINCHESTER (1969) acj: > THEINIA~TY 15
BRI 5EREOHLEFA—TH5. ZOHLE TIX
14 RERCRT X5, HiErRayiio~s<
AR TERMK (residual magma) filic, 8 52 /2IGHRHE
BOHbEECERLBETS. Thbb, BHLRE
TR0 ORFERHZ NS R, ERHITIEEAEE

EL7av, ZOBTRARTHAY 4 TH, KUEHO
WHLEbic, KIWEDOD= I/ <ERYVATAVEPD
TAh Y KREEN LG T ZE LT % (SCHILLING
and WINCHESTER, 1969; TANAKA and SUGISAKI, 1973)
(HE5RBIVE 15 NSR).
FRRBOFLEILEOS L, RIFHEAMME T

H5E ZERTHHNENFROEAMNZRESL
ERCET 24O H 15 i 2 % E
{b =R

Relative percentage solidified of each sample with

respect to H 15 from the Nakaoku basaltic body.

Sample H15 H12 HI18 H22 H43 H27
Percentage
solidified 0.0 6.50 26.6 41.3 78.0 94.6

after Tanaxa and Suaisaxr (1973)
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/Xhos ® 15
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45 50 55
SiO2 %
15N FERETHI)IEFNPRoMmmARRE

EBREHELNLERDOFLITHE S SiO—
Na;O+KoO ® b tofi izt

e o&ENL GrREEN and RiNewoop (1967) & X % EESERE
BERT. ---> 1% 9kb, —— X 13-18 kb Ik 1F B EVERMED
Bt pl 5 B OBRELDHEERI>T.

Alkali-silica diagram showing compositional trend
of the Nakaoku basaltic rocks compared with those
from experimental melting studies (GREEN and
RINGWOOD 1967, Fig. 8): AB refers to alkali
olivine basalt composition; OB to olivine basalt
composition; OT to olivine tholeiite composition.
- -~ Fractionation trend at 9 kb; —— fractionation
trend at about 13-18kb. The line dividing the
alkali basalt from the tholeiite field is from
MACDONALD and KATSURA (1964). Sample H 18,
tuff, plots away from the basaltic lava trend on
the diagram.

TOHREEEL DNDE VDD EAPEEOMECHAT
SIEREERFOERAERC L LNE, DT L1k
BoLibd, FHBEAOFEREERPOLE LR
B bHTh, ¥z, BHEBLROER»S TS, Y A4
TAYETAD VRRER Y- THBTS L w3 EE
(SUGISAKI and TANAKA, 1971b; HASHIMOTO, 1972)
LFEFATEHOTHS,

LDXS =T =OREHTNC X 5~/ <MD,
Thbb, YVvATA VELST AL ) ERE~DZEL
I, FFEELLKIEOFRGHFO RR O—> & L T
b, SHBERBINIERELDTHS5.

DER, VWhbWAELpLEFORETINIANWERFD
TR T TANAKA (1974) L X VIR U bh, Biko

b & & b IcigiEE—Iic i (residual magma) CJRHE
T5 (BUHAEAD). ZoBEECREEEAAZ -V D
ZE A7 7 — FEASK (HASKIN and HASKIN,
1968) £ Pindos F 7 4+ A4 5 4+ Bk (MONTIGNY (T
72, 1973) OZB{LFEBL Tw 3B, Fi, EELERS b
biTew 7 =BE, </ <~pbOfRERSEE &b, #
BAEBY VAT A ST AN Y KREANLEL LT
5L, BEHIUTIEY VA T4 bOEEZE(LL RV,

BREDE 5, MHRICRT 2 HIETEREE X
— vV OERRDBE N T A EERTH T E < B
5. bbBA, LORRDO—D L L THREERD 5 DI,
< 7=hBEESEE L T < BROBEOEN, i
1%, =7 =pbaHL Cn EioMicHE 2 b5 HitE
¥4 (trapped liquid) 0%4 - HEE BEFE2 LI 5.
Linl, ZOX3BBRRCME, <7 ~DOELEHT Y
LETORCHL ORANERERC K - TV 5 LEEE
n5,

TANAKA and NISHIZAWA (1975, ¥ XUURARE) X
FEOMERELHEWEEL, FER IV 20kb OF
NTCEARLZERM, BELIS3ERPT-7. 20kb T
BT BERERITE 16 TRt X5t B+ 5 EH
(&) &M (F5R) ofT, *ORFEHESTH-
CHIFLEHREOFBREL TS, —F, BETT
VXERE - WO & — v BNSIEFAT T, FHRETTENEE
CRERDGHEZET RV, FRC, GRLABERZH
WS TH 20kb T, R (BHER) LHE (F 7
A) OMTLORERFHFS XY, HLETENTHER
B %4ET 5 (MASUDA and KUSHIRO, 1970). Lz L,
HWET TR EKRE BHBIEAE T v (fidk, 1975).

INBHOERERP S, EHEHREO~< 7/ <45{bix
WTERTB-%2b0THY, BELBo~ 7 <5{kix
WTEM TR -7cdDEFE 25, 2D &k GREEN and
RINGWOOD (1967) K X 5 EHEERP» S BT 5 h
5. HLOERTIE, KRED F{LER (fractionation
trend) BARDO L SED< S <BOELEL - THD
bhvd Dk, 13-18kb Tk 5454k ch v, ELLD
I3~/ ~ROELEECRHDIXEET TOHELT
H5.

TR 2 ISR BB RS b
BLZVW, EHE (1962) i, hRERERIIE
HEERTH D, WTERTO~ I <o{bic X 54D
LOBRLENTNEH LD EAEXNE, —F, #K
FEe (1971) wxhiE, BRI AhvERiEEE&Ko—
R RRIRIBEZ S BEASKRT, TR CL 0BRSS
LR -dDEELSN TV,
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# 16 @ 20kb Tk 5 MEREOER
- EBER

HEHE L L TOMXRYE (+F), —HELI RO
f (B B I0Thie#{iET 258 (530.
Chondrite-normalized REE patterns of the
starting material (Hate tholeiite; crosses) and
the glass (open circles) and crystal (solid
circles) phases resulting from the partial

!

LaCe Nd SmEuGd Dy Er

DED X > mZErD, dL, EiE - FHEHER I OY
TOBMAHEDOT AN VEREEY VAT 1 PVEXRER
HELCw s —EoEEERCHIELROS LA ZH
R5E, TRREPRETHASLFRING, F—
¥, REBETBEAERZSLEARLUMOFEF LR ETH
THETROSLE S LT, TRIXELIIRTHS &
EFBIND, T, ZLREREk< /S <OSBMOE N
KFHERDLEST, ~NT A - Ay T7H— Y REDS
{LDEWIZD BN TV X 51T, BEiBx7 geo-

Yb Lu

crystallization followed by quenching at 20 kb,
after TANAKA and NISHIZAWA (1975).

dynamic 7x ‘42" OMETH B L ERAL TR E V.
4.7 HEPIRETS TOER

EEDSL DEREAFOERM S, CREE~S <
Hwind <=y PV EDERFE2LELLNDE DT,
ZTCRER - B HETREAE S -V 2 FoHN
FERED, LT LEERE BieT 5 ERORRY
B HET 5505, HEVIETNTRRA—HROWE
CHET 50 2EET S,

REANE B SN 5 L ETREFEE 4 — v OZE Ly

46—( 543 )




AFHTERBANZREORLETREEE L L OWEXHEE (HF A
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La Ce Nd Sm

17T ABECRVCTHUZEEREAF —VvE
ROMANMNERED K — v OERE (6
17HTFH) SEICEER S -vEKo~
VR ARESEEE EERE U L)
EL, BEWCHEIh AL -V OEMK
# (%17 L)
BERCRD IS & — v e L Th S BIERS EROSA S X O
HWERRIC ST S < 7 < BY OK¥ STHR Lo~ 7 ~ O BBERY
R
Diagram showing a linearity of the liquid-type REE
patterns observed in this study (lower half) and
theoretical variation of REE pattern during zone
melting and partial melting (upper half). Numerals
(10, 20, 30 and o) attached to the patterns of zone
melting and numerals (5, 2, 1 and 0) to those of
partial melting represent the travel distance expressed
in the unit of a zone length and the percent fraction
of liquid phase, respectively.

RESTCHREEOWE TR~/ <~ EB@RTH 2Tk
LEBR TR RS IR,

<~ 7 <Ol - EROERICEBE A HIEITTHE, La
ZRLDLTERGTETRETH 50T, BEROFH L
BETERGEEAZ — v ot ERE o BHE LAl
AE—VEIRLTCE 17 KITFRCRT. 8 17 KX
ik MASUDA and MATSUI (1966) i X ¥k iz
T LB ROEETEHREE VW CRERIT KD 785
Bl Ny FER) BICERBC I ARERERT. ®
FBRIEET 5L, EECHESNHANERETSS
NWHWRE AR Z — v O FEMEIRD TRL, ToX
5 REMEITERINC RSN B AT ORETES
e Bbs (1% LITORSER, Ekii~</ <iBD
BEHCOKRED 30 B ELOHWETZERTS L),
LaL, BREASZ -V E2EO0L 2h oM RRE
(B36, G10 &) 1L OFHTIELEHFERE L —VH
bIpBlL kb (817 HTH), BEFM<x—-v
BRO<V LD -1V F OESERIS X O Ehi
RS X VLB L Bbh b,

&< ORLHTES, Tibb, WEE x—
VEEBOEBIEER AL — v REo< Y A s b4
C, BEAREARE -V e 0B R ERE % — v 2D
<V I ARLECTEEZBCLELTAETHS. TOH
REREVRIE T X B 3% < DS (Bl 21X MASUDA, 1966)
T bivie, ZOWRERAAZ —vERFOo<v b (M
b 4e7s) X MASUDA and MATSUI (1966) I Xk % = v/
V74 ERAMEROBEEIRS OB E LT X 0 IEk
P HER EREAE) PR BRI RERESER L
HOKIGT B L Sh, BEFRESZ —~vEEO<v L
3 OK, BRESKE L CHHBLEERTES L
EZBNTWS,

A EAEFANEREDOS I I D 2 00F 2 HD
5%, BELMEDX S RB—MEKDO~V F bk
CdDTH55%, C8 - E4-166 OX5ICENL
NBREREL R THIELEFEE X - v o8 a
PHFETH LD, BEOELABRETH L LI13TE
e, 5%, SBREMAEROE SR RIS b T
THH5.

4.8 FIEAEEEENY — > hORFATPHER

HEEOFS P=s R

ZhETOH TR, RABHFEFHANZTRE T OV
T, BLCERLEMEEA»OEELEDTE R, L
U, HEELREEE L — v R EdTREDL
LAk & global tectonics & DBFEMEAEE T E Tz
(SCHILLING, 1971; 1973; MIYASHIRO, 1975; SUGISAKI,
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1976). —7J5, SUGISAKI 37> (1971; 1972) Vbl
A ORI CZAIEE & £ OHIE S b5, ARIEHER
HmFA L RE VA NICEN T CE L 2Eh BiIKiB >
THEH L& @ERL 2. UT A LETETEE % —
Vi BRI EEE RV ICIRAEDS »EE BT
5.
TARBEPOFEHEEZEND, VWbDB “Hps
W OERREFRROFLETCEFEE 4 — v R
T3, ZHRIBRAT 7 + =7 A TIET 5 XERES
EMTHIWELIRED X —VIZENLTWS. i
$ X O° Lau basin, Parace Vela basin @ X 5 7154 % [
FRIRAT 7 b =7 AT D55, TNS5OHIE»S D
BB OFH T ETRFAEE L — Vv 2o B R BERT
% (HART %4>, 1972; RIDLEY (I, 1974). Bl Y
VAT A P SEREORIETRFEE X - v i
TW3BR, 4.3 HTHN2X 51, HiLETEREE-
£ —v LIk % Ba OAEIHINAERE O BIER
B (EMET 7 v =7 AT BT 5~ /<~ DRE) 230
Lz,

SHLRARNTH S DN, B hkHitETREGEE
AR =V RREOHMMNCREFEOMBR S F T 5 (B
11 3). EEI S & — v 2 R0 A1 & U CHumgdhig
DWhbB 5 “BpLW WHHL, LOmBEMBITITE
LAERLSR, ZOSMRBEITEIRC ST 5%
WIS 5. Thbb, O PEREEICEE K< 2
—VEFORRENL LI, §LHE O ¥ T v Jebel at
Tair B XY, FHEO—HTHD7 7 Y 7 KBTI IR
RE =V EFHOLREN 5T 5 (SCHILLING, 1969;
BARBERI [Z», 1975). @z LhBIEHL T, &IFH
AROHAGHCIIEN T 7 + =7 2 X 5EREEER
dH Tl $% SUGISAKI & (1971) WIS - ek DEIE
FETETHIRDDEVZS,

4.5 HTRAR/z= 7 < 0 C BT 5 MR AR IAR &
OO VIRLIE</ ~B Y BRI ERE- Tk
ERCHEMNC </ <Y Crr 5 ENOE TR,
Wi EERE LR AREs 22 bhd, 2ok
S EINIEREEINIEN T 7 P =2/ A TR T 530
ThHH5.

PRSI BT 2XREE ~ 7~ O ERIREE T
X, TANAKA and SUGISAKI (1973) kRSNt X 5
W, GLDEAR < /< BREMCEEL, BBTRDE
D=7 =BBHLTWS, 20X 5 mEHIERF R4
BEHACAECRENE R - C, ETHRE MY,
Ficx il Oz iFofe~ /<@ 28R s, £ T
D=7 =iE ETFAHMiIcs{t L7 zoned magma chamber

(SMITH and BAILEY, 1966) 133 5 4 D TH - 7od,
F 7o OIEHHEE S composite lava flows (KENNEDY,
1931) ZACZOELbDTH o eEZ NS,

5. £ & &

AFEAER - hEFiT BIT A HAAEREE 47 Eic
DWTEDFHTIETLE, Ba XX Sr #EEL, IR
DTLRCE DR LR CERE L, LOBRRUTO
EOWENTE S,

1) mpEREEOREELEFEEEZ 2 VT4
FRAPFOENTHEIL L RBEE X —VITRELHK
BB EGRBEKSTES,

2) HITETEEEE K — VI EELERS L b5
BBRL, BEEL — v 2R omma e R Ak
RS & — v 2O b DI, MgO . CaO LEX,
TiOs + NazO - KO - PoOs + Sr X% Ba @2 L\, &
$B X SiOs IWIREEE R ET R,

3) Rl EREEICA LB EREL K — V1,
B BEERErRSEBLNRE Y VAT A MVERREDS
F—VIHELT 5.

4) 3)THAREERB A —VIZENDOY VA T4 b
BEREDAZ —vIZAPTWER, FHilFrEEEE
A% = BT Ba ORBEIFEMO LN E ER D, YE-
BEEDOY VA T4 VEERAIIY., Ba OfiEDODL
PWIE < /S~ ERBCR T 5 EKENOFE - 501k
HTBEELLNTWS,

5) 2 BREOFLFLRFEE SF —VEROERAD
AT EELOLh e RELRnD, FREALRTIE
HMB T OVhY 5 “Hp st KERE A -
FEOEAMRSAL, LOWMBELAETHVHP S “JE
EREAE PIE—HEERE % & — v RROEA
FED, WERBAE — VBB OERRSHT S, L0
FRER—FE LCillEo £ Bl 0 ch b,

6) db kML ETER AATHE, HLETEREE X
—VICERS D, Wb THRERORERIE, i~V
FLZFEDBEVWRD - DEELLNS,

7 BHMAZEOFTETEREE X -VIX, <7
<D R BRSO R P CEERMARMBIICE -
ez L BRL, HASHCR T 2ENE 2/ 5 B
EEINEZ NG,

8) 2 BHEOFBLEREFEE X —VEROERD
< 7= FA—0EWE (=v ) X OHIROEE
B I OEEERNCHE - TR > REOHSE#RD 5 v
BALC X DECRERDRES, —BICITEDEDR
WhHottTHRFDARETD 5.
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AIEFEFMAMLRAEROLEME L Lo CIPW 7 1A,

“tr’’ i 0.01% Rz R T

Appendix:
Chemical compositions and CIPW norms of the Japanese pre-Cenozoic

geosynclinal basaltic rocks.

The sample numbers T 113, I 118, I 121, I 127, 1129, 1 136 and I 145 here
correspond to the sample numbers 2, 7, 9, 15, 17,22 and 29, respectively, of
SUZUKI et al. (1971). Major element compositions of these seven samples are
from SUZUKI et al. (1971), and of IB 9 is from SUZUKI et al. (1972).

““tr” means below 0.01 percent.

% 1

Sample A 4 B36 c18 Cc58 C86 c92 c104
510, 49.69 51.07 50.09 50.29 55.45 48.36 50.61
TiO, 2.74 3.50 1.41 1.95 1.02 1.19 0.72
Al,03 13.85 15.37 19.36 14.95 16.55 16.59 20.05
Fe,03 1.05 8.01 2.05 2.52 1.63 5.42 2.24
FeO 9.53 5.92 9.28 9.93 7.46 4.76 5.84
MnO 0.15 0.13 0.29 0.28 0.19 0.13 0.17
MgO 7.09 3.24 2.44 5.10 4.15 7.11 5.21
Cao 9.36 4,51 10.57 10.58 7.02 11.38 6.39
Na,O 1.93 3.84 2.96 3.22 3.22 1.83 5.62
X,0 2.48 1.86 0.59 0.13 0.90 0.13 0.47
P,0s 0.61 0.39 0.20 0.11 0.32 0.06 0.14
H,O0+ 1.66 1.24 0.90 1.02 1.13 1.96 2.57
H,0~- 0.10 0.20 0.11 0.14 0.23 0.12 0.23
CaCOj 0.31 0.01 0.69 0.13 0.73 tr 0.67
MgCO;, 0.02 tr 0.01 0.01 0.02 tr 0.02
Total 100.57 99.29 100.95 100.36 100.02 99.04 100.95
g e 8.57 1.63 0.56 9.13 5.61 —_

or 14.89 11.23 3.49 0.77 5.44 0.77 2.84
Ab 16.58 33.17 25.22 27.50 27.84 15.99 42.98
An 22.12 19.66 38.12 26.20 28.63 37.82 28.81
Ne _— —_— _— _— —_— —_— 3.17
Di 17.14 0.47 11.40 21.60 3.97 15.81 2.30
Hy 17.94 8.03 13.98 15.68 19.85 13.42 —_

ol 3.05 —_— —_— —_— —_— _— 14.85
Mt 1.55 9.55 3.00 3.68 2.41 8.10 3.33
Il 5.28 6.80 2.70 3.74 1.98 2.34 1.41
Ap 1.44 0.93 0.46 0.25 0.76 0.14 0.32
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& 2
Sample D 3 E 4 E20 E21 ES53 F 3 F39
Si0, 47.20 52.56 49 .43 49.55 44,83 45.84 54.48
TiO, 0.95 2.61 1.81 2.16 1.67 1.60 1.94
Al,03 15.02 13.47 14.56 16.95 15.11 13.81 12.80
Fe,03 2.61 2.93 2.73 0.03 1.40 2.60 2.68
FeO 7.23 9.00 9.32 10.44 10.44 9.86 6.39
MnO 0.18 0.15 0.17 0.08 0.18 0.14 0.10
MgO 9.32 4.90 4,93 9.94 15.85 10.63 4.68
cao 12.43 3.17 6.72 1.06 8.54 11.35 2.01
Na,0 1.86 3.74 5.68 2.73 0.83 1.31 4,78
K,0 0.17 0.24 0.05 0.04 0.11 0.03 0.29
P,0s 0.06 0.34 0.11 tr 0.11 0.09 0.30
H,0+ 1.15 3.69 3.49 5.88 1.10 3.50 3.19
H,0~ 0.23 0.56 0.17 0.46 0.20 0.07 0.60
CaCOj 0.70 2.94 0.12 0.47 0.27 0.10 4.76
MgCO, 0.03 0.13 0.01 0.34 £r tr 0.22
Total 99.14 100.43 99.30 100.13 100.64 100.93 99.22
Q —_ 13.05 _— 9.94 _ _— 13.49
C —_ 2.28 _— 11.28 _— —_— 1.87
Or 1.06 1.54 0.30 0.24 0.65 0.18 1.89
Ab 16.25 34.02 45,00 24.88 7.11 11.42 44.68
An 33.12 14.45 14.73 5.66 37.52 32.60 8.86
Ne —_— —_ 2.90 -—_— _ _— _—
Di 24.22 —_ 16.06 _ 3.65 20.02 B
Hy 11.74 23.93 —_ 43.56 24,24 20.92 20.07
ol 7.74 E— 13.00 —_ 21.34 7.65
Mt 3.90 4.57 4.15 0.04 2.04 3.87 4.29
Il 1.86 5.32 3.61 4,41 3.21 3.13 4.06
Ap 0.14 0.86 0.28 —_ 0.25 0.21 0.76
4% 3
Sample F8l Gl0 G29 H 2 H12 H13 H15
Sio2 49,31 48.36 46.00 45,99 47.55 46.97 48.04
TiO2 1.44 2.54 2.14 1.22 1.21 1.80 0.98
Al;0; 13.97 14.4% 14.12 17.25 15.22 15.80 15.33
Fe;03 0.27 2.17 0.07 0.81 1.25 2.00 1.95
FeO 6.08 8.86 13.40 9.11 9.33 9.21 8.50
MnO 0.12 0.15 0.18 0.19 0.17 0.13 0.16
‘"MgO 5.30 6.67 7.82 9.34 6.42 7.25 8.23
Cao 7.10 8.84 10.39 9.62 7.92 6.28 8.62
Na,0 4,57 2.86 2.62 3.03 2.84 3.52 2.14
K,0 0.11 0.65 0.41 0.45 0.93 1.37 0.48
P,0s 0.16 0.23 0.14 0.13 0.11 0.16 0.12
H,0+ 2.42 3.58 2.99 1.30 2.48 3.72 4.00
H,0- 0.22 0.15 0.09 0.33 0.38 0.13 0.56
CaCO3 7.68 0.49 0.18 0.39 4.51 1.65 tr
MgCO3 0.88 0.02 0.01 0.01 0.10 0.12 tr
Total 99.63 100.06 100.56 99.17 100.42 100.11 99.11
Q — — fu— R —_— — —
C — —— — —_— —_— Ju— —
Or 0.71 4.02 2.48 2.72 5.92 8.57 3.00
Ab 43.75 25.22 21.31 21.34 25.85 31.56 19.15
An 19.55 25.87 26.28 33.10 28.00 24.60 32.59
Ne _— — 0.79 2.74 —_ — —_
Di 15.61 14.96 21.41 12.35 11.12 5.95 9.63
Hy 14.28 21.05 —_ —_ 16.61 2.75 30.36
ol 2.17 0.02 23.12 23,84 7.80 19.51 0.02
Mt 0.45 3.28 0.10 1.20 1.95 3.07 2.99
Il 3.10 5.03 4.18 2.39 2.47 3.61 1.97
Ap 0.42 0.56 0.32 0.30 0.27 0.39 0.30
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7% 4
Sample H18 H22 H26 H27 H38 H40 H43
Si0, 44,61 46.41 43.89 46.63 74.20 47.74 45,35
Ti0, 1.44 1.51 1.73 2.66 0.72 2.90 2.69
Al,0; 13.34 17.66 11.97 17.09 10.49 15.08 19.42
Fe,03 0.89 1.16 3.68 2.00 0.15 1.51 2.95
FeO 10.81 8.77 8.18 8.99 3.36 11.26 10.13
MnO 0.21 0.16 0.19 0.30 0.03 0.25 0.25
MgO 14.39 7.13 12.29 3.85 3.43 5.18 6.96
cao 7.04 7.35 8.56 6.85 0.34 6.30 2.99
Na,0 1.74 3.86 0.57 3.70 2.02 3.88 3.17
K,0 0.27 1.10 0.28 3.52 1.16 0.38 0.80
P,05 0.16 0.23 0.13 0.98 0.11 0.44 0.44
H,0+ 4,03 3.57 5.18 2.58 2.47 4.00 3.55
H,0- 0.80 0.70 1.09 0.30 0.20 0.34 0.78
CaCO3 0.30 1.34 1.71 1.23 1.00 0.15 0.34
MgCO3; tr 0.03 0.03 0.01 0.08 tr tr

Total 100.03 100.98 99.48 100.69 99.76 99.41 99.82

Q —_ — 1.68 — 52.35 — 2.90
C — — — — 5.79 — 9.42
Or 1.69 6.82 1.83 21.54 7.15 2.36 4.97
Ab 15.51 27.79 5.25 21.58 17.77 34.61 28.18
An 29.28 28.96 32.02 20.33 1.02 23.82 12.56
Ne —_— 3.50 — 5.87 — — —
Di 5.18 6.31 10.80 6.84 — 5.10 —
Hy 18.51 — 38.67 — 14.00 19.22 31.03
(023 25.17 21.28 — 13.25 — 5.72 —
Mt 1.36 1.76 5.83 3.00 0.23 2.31 4.50
Il 2.88 3.01 3.59 5.23 1.42 5.81 5.37
Ap 0.39 0.56 0.32 2.35 0.25 1.07 1.07
H%E 5

Sample H76 H92 I19 123 I55 166 186

510, 48.42 52.06 48.93 44 .64 48.94 45.75 49.89
TiO, 1.25 1.50 1.88 2.21 1.21 1.56 1.61
Al,03 14.96 14.14 10.81 15.90 13.73 15.38 15.79
Fe,03 1.73 0.07 1.92 0.67 2.98 1.14 2.96
FeO 7.40 9.51 9.63 11.80 7.87 8.26 7.58
MnO 0.17 0.17 — 0.26 0.20 0.19 0.14
MgO 7.62 7.46 11.18 6.58 7.94 7.39 7.51
Ca0 10.97 9.65 10.85 2.36 11.05 10.98 6.62
Na,0 3.04 2.39 1.58 1.85 3.10 3.22 4.40
K,0 0.10 0.33 0.14 1.34 0.15 1.01 0.20
P,05 0.09 0.12 0.10 0.29 0.11 0.15 0.25
H,0+ 2.23 1.65 2.92 2.62 3.19 1.51 2.32
H,0- 0.23 0.34 0.15 0.74 0.12 0.63 0.17
CaCo; 1.05 1.01 0.06 8.96 0.42 1.83 0.65
MgCO3 0.03 0.03 tr 0.16 0.01 0.04 0.01
Total 99.29 100.43 100.15 100.38 101.02 99.04 100.10
Q — 2.94 0.41 7.46 — — —
Cc — —_— — 8.89 — — —
Or 0.59 2.01 0.83 8.98 0.89 6.26 1.24
Ab 26.91 20.73 13.79 17.77 26.99 17.08 38.42
An 28.05 27.62 22.67 11.19 23.74 25.80 23.45
Ne — — — — — 6.29 —
Di 22.90 17.06 25.97 — 25.87 24.86 7.07
Hy 7.40 26.33 29.52 39.09 7.58 — 12.26
ol 8.84 — — — 7.89 14.49 9.40
Mt 2.62 0.10 2.89 1.10 4.44 1.74 4.42
Il 2.49 2.92 3.68 4.77 2.36 3.11 3.15
Ap 0.21 0.28 0.23 0.76 0.25 0.37 0.60

56—( 558 )
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Sample 1108 1113 Ill5 ilis I121 1127 1129
510, 49.49 50.17 49.42 47.54 50.08 48.45 46.67
TiO, 1.63 1.45 1.51 0.71 0.74 1.10 0.59
Al,03 13.44 12.48 11.16 10.94 10.99 15.34 17.35
Fes03 2.68 2.35 7.70 6.18 2.80 0.24 2.18
FeO 7.51 8.22 6.32 2.67 4.61 8.84 3.58
MnO 0.18 0.16 0.41 0.16 0.15 0.17 0.11
MgO 7.86 8.39 9.04 12.40 11.27 8.37 7.24
CaO 10.14 10.98 7.98 13.91 14.40 11.55 14.79
Na,0 2.17 2.80 3.04 1.41 1.43 2.47 2.21
K20 0.16 0.04 0.08 0.11 0.04 0.04 0.04
P,05 0.10 0.06 0.09 0.03 0.02 0.05 0.02
H,0+ 3.69 2.89 3.63 3.44 3.04 2.86 4.27
H,0- 0.24 0.32 0.46 0.19 0.24 0.21 0.10
CaCO3 0.25 0.19 0.13 0.13 tr tr 0.13
MgCO3 0.03 0.02 0.01 0.01 tr tr 0.01
Total 99.57 100.52 100.98 99.83 99.81 99.69 99.29
Q 4.06 — 4.52 0.63 1.99 — —
C -— — —_— —_— [— P— —
or 1.00 0.24 0.47 0.65 0.24 0.24 0.25
Ab 19.29 23.61 26.57 11.93 12.10 20.99 17.96
An 27.71 21.30 17.16 23.28 23.50 30.74 37.62
Ne —_ — — — — — 0.49
pi 19.70 26.41 18.32 35.45 38.00 21.61 28.82
Hy 20.68 18.71 18.24 14.55 15.37 9.66 —
ol — 0.22 -— —_ — 11.16 6.08
Mt 4.07 3.39 11.54 7.10 4.06 0.35 3.19
1l 3.25 2.75 2.96 1.35 1.41 2.09 l.14
Ap 0.23 0.14 0.21 0.07 0.05 0.12 0.05
&7

Sample I136 1143 I145 IB 9 134090503

Si0, 46.74 49.69 47.78 44.84 45.77

Ti0, 1.68 0.88 0.71 0.90 0.20

Al,03 14.04 12.13 10.34 20.56 3.06

Fe,03 5.87 2.19 0.79 5.20 4.77

FeO 8.13 6.66 6.48 4.24 3.47

MnO 0.20 0.16 0.12 0.14 0.09

MgO 5.50 8.59 13.14 3.95 22.23

Ca0 11.51 12.86 14.77 11.86 13.21

Na,0 2.52 2.22 0.87 3.21 0.81

K,0 0.03 0.08 0.03 0.14 0.05

P,05 0.04 0.04 0.02 0.03 0.01

H,0+ 2.49 3.18 3.55 3.70 4.16

H,0- 0.18 0.33 0.20 0.16 0.20

CaCOj; 0.13 tr 0.18 — tr

MgCO3 0.01 tr 0.02 — tr

Total 99.07 99.01 99.00 98.93 98.03

Q 2.24 0.85 — —_ —

c —_— — J— _ —_

Oor 0.20 0.47 0.16 0.89 0.30

Ab 21.49 19.63 7.45 25.57 6.85

An 27.22 24.00 24.54 43.40 4.57

Ne —_— —_ —_ l.64 -—

Di 24.54 34.33 39.61 14.56 47.61

Hy 9.68 15.54 14.95 . 7.02

ol — — 6.93 4.16 20.01

Mt 8.60 3.32 1.16 7.93 6.92

I1 3.23 1.75 1.37 1.80 0.38

Ap 0.09 0.09 0.05 0.07 0.02
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