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Study on th Late paleozoic - Early mesozoic Tectonic
Developement of Western Half of the Inner Zone of
Southwest Japan.

By
Yasutaka Hayasaka

ABSTRACT: The Upper Paleozoic - Lower Mesozoic sequences widely develop in the Inner Zone
of Southwest Japan just on the south of the Hida belt. Most of them are considered to be accre-
tionary complexes formed in consuming plate-boundaries during Middle Permian to Late Jurassic
age. In this paper the author has attempted to clarify evolutional proceses of those accretionary
complexes.

The western half of the Inner Zone of Southwest Japan consists of the Chugoku - Maizuru belt
and Tamba belt. The fundamental tectono-stratigraphic subunits of the Chuoku - Maizuru belt are
classified as followes: 1) High-P/T type metamorphic rocks (“Sangun metamorphic rocks”). This
subunit is further divided into several subgroups as described in later paragraph. 2) Non-
metamorphic Paleozoic formations. This subunit is further divided into two' subgroups following
Hase(1964). (a) North zone Paleozoic formations as a Late Permian accretionary prism cosisting
mainly of seamount - reaf-limestone complexes such 8s Akiyoshi, Taishaku and Atetsu chert -
limestone - greenstone complexes, clastic rocks and acidic tuff. (b) Middle zone Paleozoic forma-
tions and maizuru group in the Maizuru belt as a Late Permian accretionary prism consisting mainly
of Yakuno rocks and clastic rocks with subordinate acidic tuff and hemipelagic reddish-claystone. 3)
Equivalents of the Tamba group in the Tamba belt: Middle to Latest Jurassic accretionary coplexes
consisting mainly of bedded chert, siliceous claystone, pebbly mudstone and greenstones with sub-
ordinate limestone lenses. 4) Triassic and Jurassic formations of blackish to shallow water facies:
subunit consisting mainly of relatively coarse-grained clastic rocks. They unconformably overlie the
non-metamorphic Paleozoic formations. 5) Ultra Tamba zone (Ishiga, 1985; Caridroit et al., 1985)
as a Triassic (probably) accretionary complex developed between the Maizuru belt and the Tamba
belt.

- The author has clarified that the Chugoku belt is divided into two units, NE unit and SW unit,
by a narrow zone which cuts across the general distribution trend of the above-mentioned consti-
tuent subunits of the Chugoku blet from the Nichihara - Tsuwano district to the North of Hiroshi-
ma and consists of the equivalents of the Tamba group. The two units are different from each other
mainly with respec to some important characteristics of the “Sangun metamorphic rocks”: a) dis-
tribution trend of metamorphic rocks (Fig. 1), b) orientation trend of mineral lineations (Fig. 4), c).
original rock assemblage (Fig. 5), d) radiometric age (Fig. 6), e) distribution frequency of lawso-
nite-bearing schist (frequently found in the NE unit, but only one lacality in the SW unit), and f)
volume of Yakuno rocks (abundant in the weekly metamorphosed Paleozic formations of the NE
unit, but rare in those of the SW unit). Because Paleozoic formation of the Northern zone of the
NE unit has essentially the same property as that of the SW unit, the author has pointed out that

*Doctoral thesis (Science) submitted to Hiroshima University in 1986.
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those two units appeared after the formation of the Paleozoic formation.

Recently, the radiometric age of “Sangun metamorphic rocks” has extensively been measured
mainly by Shibata and Nishimura(1983, 1984, 1985), showing that the “Sangun metamorphic rocks”
of the Northern district of the Chugoku belt are of 280 - 310 Ma, those of the Western district of
210 - 220 Ma and those of the Eastern district of 170 - 190 Ma (Fig. 6). The Northern district cor-
responds to the northern margin of the Chugoku belt (NE unit and SW unit), while the Western
and the Eastern district correspond to the remaining part of the SW unit and to that of the NE unit
respectively. Metamorphic rocks of the Northern district are correlated with those of the Hida mar-
ginal belt. The author has found some fossiles such as Triassic Conodonts and Early Jurassic
Radiolarians and high-P/T type minerals such as alkali and sodic-calcic amphiboles (Table 2) and
lawsonites (Table 3), from the Hatto formation in the Mochigase district, Tottori Prefecture (Table
1), which has been considered to be a member of the “Sangun metamorphic rocks”, showing that in
the Chugoku zone there are Jurassic high-P/T type metamorphic sequences. Original rock assemb-
lage of the Hatto formation consists mainly of bedded chert, greenstone, siliceous claystone and
pebbly mudstone, being comparable with that of the Type II suite formations of the Tamba group -
which are of Jurassic age. The “Sangun metamorphic rocks” with such original rock assemblage are
found only in the NE unit (Fig. 12), forming relatively low-grade metamorphic portion of them and
commonly associating the equivalents of the Tamba group. Other “Sangun metamorphic rocks” in
the NE unit, which consist mainly of clastic rocks and greenstones with subordinate limestones, are
closely associated with the non-metamorphic Paleozoic formations. On the other hand the meta-
morphic rocks of the SW unit may form a unique tectono-stratigraphic subunit.

The author has studied the geology of the Maizuru zone of the Asako-cho district, Hyogo Prefec-
ture, showing that the border zone between the Maizuru and the Tamba belt is structurally char-
acterized by a pile nappe structure consisting of nappe of the Tamba groupe, nappe of the Ultra
Tamba zone and three nappes of Yakuno rocks, and that the Yakuno rocks were produced by
igneous activities of two stages. The first;stage Yakuno rocks form a pseudostratiform sequence,
containning Pyroxenite member, Transitional zone, Lower Gabbro member, Upper Gabbro mem-
ber and Dolerite member in ascending order, and correspond to the Yakuno ophiolite after
Ishiwatari(1978). The second-stage Yakuno rocks consist mainly of tonalite and quartz-diorite,
which discordantly intruded the first-stage Yakuno rocks. The constituent minerals such as clinopy-
roxenes of the Lower Gabbro memger and amphiboles of the Upper Gabbro member of the first-
stage Yakuno rocks have preferred lattice orientation, showing their metamorphic nature (Figs. 18,
19). The maximum Ti content of such metamorphic amphiboles increases towards the lowest hori-
zon of the volcano-plutonic sequence, shwing increase of metamorphic grade from the greenshcist
facies in the upper part of the Dolerite member to the hornblende-granulite facies of the lowest
part of the Lower Gabbro member and the Pyroxenite member (Fig. 21). Such metamorphism may
be ascribed to sea floor metamorphism accomplished before dismembering of the ophiolitic sequ-
ence of the first-stage Yakuno rocks. With referece to major element chemistry of whole rock and
phenocryst clinopyroxene, it may be said tha the first-stage Yakuno rocks are comparable with
either some E-type MORB or tholeiite of ocean plateau with relatively thick crust (Fig. 26). On the
ohter hand, the second-stage Yakuno rocks appear to be regarded as arc-related igneous rocks (Fig.
24). It has been also pointed out that the greenstones of the Chugoku and Tamba belts associated
with bedded cherts are commonly of seamount, ocean island and/or ocean plateau (Fig. 27). MnO/
TiO; vs MnO/Al; O3 plots of the Triassic beded cherts of the Mino belt also sugest a possibility

* that they were produced in pelagic but relatively shallower environments such as ocean plateau,
seamount or flank of ocean island (Fig. 30).

Thus the tectonic developement of the Chugoku, Maizuru and Tamba belts during Carboniferous
to Jurassic age has been synthesized as below,

1) Early Carboniferous to Early Permian age

During Early Carboniferous age, on a sea floor (Akiyoshi ocean floor) appeared seamounts with
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reef-limestone complexes of Hiraodai, Akiyoshi, Taishaku, Atetsu and Omi. All rocks arround
them deposited during this age was of pelagic type. During Late Carboniferous age, subduction of
the Akiyoshi coean floor began at the front of the Hida - Hida marginal belt.

2) Middle to Late Permian age

Accretionary prisms of non-metamorphic Paleozoic formations related to the subduction of the
Akiyoshi ocean floor had not began to form untill Middle Permian age, and their formation
appears to have ceased during Latest Permian age. During this period, either T-T-R type or R-F-T
type triple-junction arrived at the front of the Hida - Hida marginal belt, forming the first-stage
Yakuno rocks (the Yakuno ophiolite) together with sedimentation of fine-grained terrigenous mate-
rials. This was followed by collision of young aseismic ridge. After this collision, the trench and vol-
canic front were sifted oceanward. Hence, the collided first-stage Yakuno rocks were involved in
arc-related igneous activities, forming the second-stage Yakuno rocks.

3) Triassic age '

Because any volcanic activity has not been known throughout the Hida - Chugoku - Maizuru
belt, it has been inferred that, after passing away of the tripple-junction, the subduction ceased dur-
ing Early to Middle Triassic age. While acidic tuffs of small amount are found in the Upper Triassic
formation, although their petrologic characteristics have not yet been clarified. Thus it seems prob-
able that during Late Triassic age the plate boundary had turned into of highly oblique subduction,
forming the accretion of rocks of the Ultra Tamba zone.

4) Jurassic age '

During Early Jurassic age were produced such “Sangun metamorphic rocks” as the Hatto forma-
tion with high-P/T minerals, followed by a volumenous accretion of Type II suite formation of the
Tamba belt during Middle Jurassic age. During the Latest Jrassic age, the Type I suite formation of
the Tamba group had underthrusted bnenerth the Permian to Jurassic complexes of the Chugoku
blet, forming a pile-nappe structure of the Chugoku and Tamba belts. The Early Cretaceous arc-
volcanisms widely occured in these belts as a tectonic collage.

It has been clarified that, althogh the formation of the Chugoku and Tamba belts is ascribed to
acrretion tectonics, any constituent material of normal type abyssal plane such as N-type MORB or
typical pelagic sediment is not involved in the constituent rocks of those belts and they commonly
contain oceanic materials derived from topographically prominent highs on oceanic plate such as
seamount, ocean island and/or ocean plateau. This fact strongly suggests that only the collision of
the seamount, ocean island and/or ocean plateau during Permian to Jurassic age was responsible for
the formation of accretion complexes of the Chugoku and Tamba belts.
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Fig. 1. Schematic diagram showing the distribution of the pre-Cretaccous tectono-

stratigraphic units and majour thrust faults in the Chugoku belt.
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1: glaucophanitic metamorphic rocks (“Sangun metamorphic rocks™), 2 and 3: non-
metamorphic permian accreationary complex (2: Norhtern zone, 3: Middle zone
and Maizuru zone), 4: Jurassic accreationary complex (Tamba group and its west-
ern equivalents), 5 and 6: Lower Mesozoic formation of shallow or blackish water
facies (5: Triassic formations, 6: Jurassic formations), 7: major thrust faults, Ma:
Masuda, Ka: Kabe, Wa: Wakasa, As: Asako-cho.
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Fig. 2. Generalized stratigraphic columns of the Chugoku and the Tamba belt.
Data from Hase(1951), Nakazawa(1958), Kawano et al. (1977), Permian-Triassic
boundary working group(1975), Hase and Nishimura(1979), Tanaka(1980),
Hayasaka et al. (1983), Sano et al. (1983), Isozaki(1983), Ishiga(1983,1984,1985),
Ishiga and Suzuki(1984), Nishimura et al.(1985), Oho(1985), Goto and Hori(1985),
Wakita(1985), Caridroit et al. (1985), Ichikawa et al. (1985) and this work.
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Table 1. Fossils in the Chugoku and Tamba belts.
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»Er;;rllnll.ory Figure 31 31 7*777;1 777977 13|16
Locality 1 2 3 4 5 1 2 3lals] 6 |1]2
Sample k1| K2 [ K3 [ka |11 |12 13 14 15 |16 [17 |18 [w1 | w2 [wa [wa [w5 [m | w2 |[n3|na|ms|a1 a2
Occurrence Bam [Ch |[Ch [Ch |Ch [Ch [Ch [Ch |Ch |Bm|Ch Ch {Ch |Ch |Ch |Bm | Ch | Sm | Bm Bm | Ls | Ch
] intrgg SPp. o [ J T
E!sx‘ L‘i"ll“ sp. ] '7 e i 1 ‘
E. D sp. ) B
_Srzrr;g‘ougl sp. ® e
Dictyomitrella(?) sp.
Pantanellium sp.

Fid

ch

Trillus sp.

jocapsula(?) sp.

Hsuum (?) sp.
Parahsuum  simplum ®
Ph. cf. simplum 11 ol |11 1 11
Ph. sp. *® LAK J
Canoptum sp. ) ® o e
C. @ sp. 111 | T e

Follicucullus scholasticus ®

Radiolaria
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Ps. (?) sp. e
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N. cf. homeri | el | V B
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7 EJ| IET [IET| mEP |wMP eLP|IET|IEJ EJ [1ET| eEJ EJ! J?|mLT| LT| EJ| P | J?| LCILT

A g e

Sp  |LSp LSp|eMJ LSp EN| EJ? . ¢EP| LN

Bm: black silty mudstone 1: late L: Late : Carboniferous Sp: Spathian
Sm

C
: siliceous mudstone m: middle M: Middle P: Permian N : Norian
T
J

Ch: bedded chert e: early E: Early : Triassic

Ls: limestone : Jurassic
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! | pebbly mudstene
[ chert

B thinly alternating beds of chert and mudstone
k= sandstone

B3 basic tulf
B massiv greenstone

Fig. 3. Stratigraphic columnar sections of the pre-Cretaceous rocks, along the River Ohta

at the western part of the Kabe district (See Fig. 1).
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alter Nishimara & Nureki(1956)

sasaguri district Kajinami-Ohara
district

Fig. 4. Diagrams for metamorphic mineral lineations of “Sangun metamorphic rocks”,
showing the difference in their orientation direction between the NE unit and the
SW unit of the Chugoku belt. a: data of western Chugoku, b: data of Sasaguri dis-
trict, Northern Kyushu, c: data of Kajinami-Ohara district, Okayama prefecture
(See Fig. 7).
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Fig. 5. Stratigraphic columnar sections of high-P/T type metamorphic rocks in the Chu-
goku belt (“Sangun metamorphic rocks”), showing the difference in their original
rock assembrages between the NE unit and the SW unit.

1: mudstone dominant facies, 2: sandstone dominant facies, 3: basic volcanics



PEHY B AP ERIBIRIC 81T A9 - HERERERA O 135

dominant facies, 4: chert, 5: Iinﬁestone, 6: ultramafic rocks.

a: data of Masuda district after Nishimura and Okamoto(1976), b: data of Misumi
-Tumo district after Okamura et al. (1975), c: data of Kanagi-cho district after
Okamura and Okaya(1975), d: data of Tottori-Ohara district after Uemura et al.
(1979), e: data of Asahi-cho district after Hashimoto(1984), f: data of Kuze and
Kume-cho district after Ministry of International Trade and Industry(1980), g: data
of Asakura district after Inoue(1957), h: data of Yame - Yamaga district after
Inoue(1959), i: data of Sasaguri district after Urata(1961), j: data of Tokuyama
district after Nishimura(1974), k: data of Nishiki-cho district after
Nishimura(1971). ’

NE unit

Northeen district

L. PP ppppS |

Cretaceous rmiu Carbeniferons
- 100 200 300
Radiometric Ages (Ma)

& x-ar white miva BB while mock
‘ #b - sr white mica

nh-Sr white mica - whale rock .nb-sr whole rock Isocheon

-Ar Amphibole

Fig. 6. Histogram for radiometric ages of high-P/T type metamorphic rocks (“Sangun
metamorphic rocks”) of the Chugoku belt, showing the difference in the age clus-
ter distribution between the NE unit and the SW unit. [Data from Ueda and
'Onuki(l969), Shibata and Igi(1969), Shibata et al. (1972), Nishimura et al. (1983),
and Shibata and Nishimura(1983, 1984, 1985)]) .
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Fig. 7. Geological sketch map of Pre-Cretaceous rocks of the Tottori-Ohara district, East-
ern Chugoku province [((See Fig. 11) (partly modified from Uemura et al. (1979)),
a: Shitani formation, b: Tsunotani formation, c; Hatto formation, d: Chizu forma-
tion, e: Ohara formation, f: Yakuno rocks, g: ultramafic rocks; WA: Wakasa,
MO: Mochigase, CH: Chizu, OH: Ohara.
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Fig. 8. Diagram shwing localitics of Radiolarian and Conodonts fossils and lawsonite-

bearing basic schist in the Wakasa district ((See Fig. 7). (geological map com-
piled from Uemura et al. (1979) and this study) .

a: post-Jurassic rocks, b: Tsunotani formation wfth lentiqular cherts, e: Hatto
formation, d: Shitani formation, e: ultramafic rocks, f: fossil localities, g: locality

of lawsonite bearing basic schist (sp. 5076).

(b)  Zksnsy

NHRE» 6%, S F CRENERIER 2RET 288 & U TR0 MAGIL 7 o 6 K
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F/NARICET AL SNTEY) (&, 1972; Wk, 1977), FENO b D LHERTIHSE
LREoTVDE LW, 4 - TR (1984) 1E, “SWERER70,85-" LENATVELD
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Fig. 9. Geological map of the Hatto formataion of the Mochigase district (See Fig. 7).
a: pebbly mudstone and black silty mudstone, b: siliceous mudstone, c: gray well
stratified chert, d: white to pale reddish-brown moderately stratified chert, e: basic
rocks (lava and tuff), f: localities of alkali and subcalcic amphibole bearing basic

rocks, g: fossil localities.
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3L AL ZTANE - )Ry 7HABLUTY A Y FUARRB S Wiz, EPMAICX
BFTRERIL Table 2 ISTEE TV A, TDI b, BidLTOE—51041%, H1lLs (1963)
1L o TZUANAEDRBRENLET LD LD THE, ZOEREL, HEETRLER LA
PALARDOKHESZBETICSOEIRETERIZIILALRIITES Y, FanfikizRr<
BIEENTWE, ZRANREY —Ny QA BAZWE LTORBLOTr VA—- YA
2HELTEORBICHEERTWA L0, ML LEREL»S 25 b0, HiFHTaOHN
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Table 2. Chemical compositions** of representative amphiboles from basic schists of the
Hatto formation in the Mochigase district.

(wt%)
I 2 3 4 5 6 7 8

Sample 5104a~-2 5104d-1 5104c-2 51041-1B 5104e-1 5136A1-3 513ABI-! S136A1-4
Si02 39. 12 38. 10 52,85 91.92 94. 84 52.09 51.88 52.26
Ti0, 8. 60 6. 69 1. 43 0.57 0,02 0,01 0.04 0.01
Al,0, 11.81 12.95 3.1 3. 86 0. 41 1.70 1. 96 1.61
Felx 14. 81 15.74 25.03 22.84 14. 11 24. 81 24. 30 28.73
Mn0 0.15 0.21 0.19 0.27 0.20 0.19 0.25 0.16
Mg 10. 00 8.91 6.31 8.28 14. 98 7.76 8.29 4,97
Ca0 11. 49 11.29 3. 65 4,29 11. 68 4.51 9.99 4.05
Na,0 .31 2.53 6. 953 4.64 1.43 5.55 4.29 5. 60
K20 0.10 1.25 0.06 0.19 0.06 0.04 0.09 0.03

total 97. 39 97.69

w
©w

.82 96.85 97.72 96,67  97.11  97.41

(Number of cations on the basis of 23 oxgens)

Si 5.876  5.797  7.827  7.836  7.950  7.991 7.912  8.082
Ti 0.971 0.766  0.159  0.064  0.002  0.00! 0.005  0.001
Al 2.092  2.323  0.659  0.687 0,069 0,308 0.352  0.293
Fe 1. 86. 2,003 3.101 2. 882 L7 3.183  3.099 3.716
Mn 0.019  0.027  0.023 0.034 0,024 0,025 0.033  0.021
Hg 2.238  2.022 1,393 1. 861 3.236 1774 1. 885 1. 144
Ca 1. 850 1. 841 0.579  0.694 1.814 0.742  0.979  0.671
Na 0.381 0. 747 1. 875 1.367  0.402 1. 652 1.268 1. 678
K 0.019  0.243 0.012  0.036  0.011 0.008 0.018  0.006
Total 15.306 15.770  15.628 15.453 15,220 15.684 15.551 15.613

xx : EPHA Analysis (Analyst : Y, llayasaka)
FeOx : Total Fe as Fel

Following Leake’ s(]978) amphibole nomenclatures, | and 2: kaersutite, 3:
crossite, 4: winchite, §5: actinolite, 6 and 7: ferro-winchite, 8: riebeckite,

Table 3. Chemical compositions** and their standard deviations of lawsonites from a
basic schist of the Hatto formation in the Wakasa district,

Number of cations

wt¥ on the basis of 8 oxgens

Si02 37,93 £0,33 Si 2.018 +0.004
Ti0,; 0.07 £0.09 Ti 0.003 0,004
Al0, 30.52  £0.35 Al 1,915 0,026
Fels 1.35  %0.92 Fe 0.060 0,040
M0 0.04 £0.03 Mn 0.002 £0.002
ugo 0.01 £0.02 Mg 0.001 £0.001
ca0 17.94 £0.28 Ca 1.023 +0.010
Na.0 0.01 X0.01 Na 0.001 £0.001
K20 0.01 0,01 K 0.001 0,001t
total 87,88 5.022

xx : EPMA Analysis (Analyst : Y, Hayasaka)
FeOx : Tolal Fc as Fel
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BICIRo THESNTWALDREDH D, WIRGEAR»LYA Y FABLU TS5/ W
RICBERIONTWS, BRILEORE—51361TMM 0 TR 2 S OHROZRE
T, BiRA - WREE - (v —ARLRARREICH O Y4 Y FRELE Y -y 2AD
BH LTV, BBILHORE—515052 R L, FELRIELTY S, MAERD 7
OAPE LY 4 ¥ FRANREICH > TERRS LT, ‘

K510, BRBBONERBICBWTHL-Icu—y Y ANRHE N (Fig.8, sp. 5076),
KEHIAROBABETT — Y HIMBRRAER CHEICE > TEARF LTWwa, AERTE
BIEUES 1mm OHEFEF DL DR RHKLTH S, EPMAIC & 55345 H 13 Table 3 1271
ENTWE, ZDOU—Y YRAIIRPHKOEHNHNS L, BARIBICBWTEN - X (1976)
BHELALLOICHM LB AR DD L) TH S,

ATE DR EDAARICOV TR EERE LTV 2V, DEOHER»HHLHICE
B BEMOEBEANTRENDL, 2BARROTHET, ZOEMHHTLHFEFIEAD
Wk, ANER LD OB SMEAOREE D2 DETV,

() BIMERDNLYR

B ONKRE OERE - BAY NV NVERE - BIRE IS IEEmICPT 2 Bm ki
W HROBMENR BB ENG, B btE2 &AM L THRELA LS
5, ZOBEEEOFIHERLAE AR L CRBE AR 2R LT A DA BB Iz, ]
B LR ISR Ic T SATE L, RERIBIZEWDS, £HEBEIRD Nassellarians (2454 ORT
TOBE S NS b OABMBITIZE T TWS,, 2 OIEFFRER A E TR OB
MU ER CTH o712 2 RTo SDBIFER DL ¥ A1k, Fig.l0—allRLA&H I, ik
HORMAIRE S AYWIFE ICIE L S PETIC 2 o TV ALEIRo TREICAR L ONDETH
59, FNLUNOHEITE—ESTICBWTHIENHRER RS L (Fig.10—-b), T/-HEH
LOMTEEEL R TIHEMAH A DTERIZE TS 21T, v, ThETICBEL
1 BRETIRAEED L OXE UBIEROE Y 2 %R L, 3HAOREORITERIC LN,

1 b
- |
® ¢

Fig. 10. Schematic diagram shwing two types of deformation of ‘uniaxial-symmetric

radiolarians. a: simple shear ceformation, b: pure shear deformation.
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— I ERAIATENE» ) EVI LD THoto SHILES (1985b) A LLIELANNE T Hb ik
D “ZWEREE” ORET 77 v 7 OBHPSHS P LABEROEy AL —FK LT
Wh,

3. BRAEKOSHAE

Fig. ] TRPARERE LA b0 ) b, NHUGICHIHES F v — F OB 2 E T
LGB IL—HE L e IR DTG BE D F + — DRLBRG GHRENEE, 1980), EAULIEM
—&BtR0iE (R - FE, 1975), MRESR—IEEMBIR O =R R RG (RS,
1975) % EMHiFonDb, THOIIARFENEY 2 FROMIME (LRIDFEE YT ©
HHMEMRAMY —HF v — DT NEITEL LTS LRQEDS L DG,
SYEIET AR AR B & 5 IS L CTHEILES—IbB AT iR (T4 &, 1981) 35 & MR (i
H - T, 1984) IX53H6 3 548, WE LR CEHEOHEICBWTHIBHLZ D THL 5
Lo UEOBITHRD ML= » + OEREFULFHEM DL KROS5 0D (L
DFHEG TR AR EER RO E2IDEEATVEEVL L, T, 0L
BLOIWOME RVEREROTFET 2 THS Jo Fig 1L EEROSINEBEN 6 hE
WHBHIBDO Y 2 FREEZONDLDERFLTRT, —F, ML= v b ORI RN
BN EBRHERBG IS T O N DA, FOHEICIZIBIRIC & AR AED SRRV, F
PRERETTRIREER (& LTITOEER S 2 5) LIZMEEMIC b B0
PHODEEMLLNDTHASH LV (Nishimura, 1971; PG4 5, 1977; Toyohara, 1977), LA L,
BAEDRHD 6 RIS E I RWEITIIBA 2D ), HHITe LTIRIDMT 2 L Tw
rbnrEbhas,
BRERIDOBUHERICINT AT, BOLsem - W4 (1983, 1984, 1985), THi+ (1984)
HIZE DA RRAAMS 126 Nz TS DBFRICE MY, BENFICHNT 2 LRERIOK
RERE, AELELONBMUIOVTHETS LA AL 3DDOMIHMTON, ThERI
BMMICE LT oA ERT ENV D TRbbiiiiRiZ280~310Ma, TR IZ210~
225Ma, HESHbIRIZ160~190Ma% /RS, = DILIBHBIR DL HIL VIR LS N I DB
6 ORI ORI 2 B TR B bR~ L, REW D 2 o02=y M T/
HoT, EOILARIMISH L, BOHER & 5 O & RIS DRI ERICHE S h
7oo REMMFNTABERIIRDE L Mo TWA S LWE & i3 B AHEOLEIE D & LRSI A2
M TOERESAR GBTTHERT, 1977) KL o TORMBENLEZATHS (i, 1985a),
L7:2%o TRIE - K (1983b) IZ& o TR Szt y b« L=y FORFIZZD
REVHRTOIWF IRV 22 b DICOVTH N TH B EE X SIDBRVE I ThD, ZDOTER
T, ERMIEMELI = » M, RGN = v M2 LTS, KU (1985a) 12,
NG DIBOBITERE FUL L ERER ORBEOMMNZRL TV A EH X THRELTINIL
Bk, TRHOLWEMMOERELIL M) 7 ARENLE D SRk s h, 730
RO EEEIL Y 2 FTRPFWICERS D SRR SN 6 L, SO & EIidUER BRI oW
TREBNAFRE»SWHHY 2 7RERTEH XL OB HBCERM B SR Lic & ) —ig
2o &) L7z LA LEICHRAZ & 5 U DL AR BN L HEERICEB L b D
MEIN, Ihbidd o EHVEINICERYS D O MRS N b OTH B TRV, 1235
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3

@TOTTOR!

Fig. 11. Geological map of the Maizuru belt and eastern part of the Chugoku belt, show-

ing probable distribution area of newly recognized Jurassic high P/T type metamor-
phic rocks (compiled mainly from Murayama et al.(1963), Kambe and
Hirokawa(1963), Mitsuno and Omori(1965), Hase et al.(1975), Uemura et al.
(1979), Igi and Wadatsumi(1980), Mitsuno and Sugita(1980), Ministry of Interna-
tional Trade and Industry(1972, 1973, 1974, 1980), Ishiga(1985), Miyake(1985),
and this study) .

1 ultramafic rocks, 2: Yakuno rocks, 3: Tamba group and its western equivalents,
4: newly recognized Jurassic glaucophanitic metamorphic rocks, 5: equivalents of
the Oi - Katsumi formation(Ultra Tamba zone), 6: Paleozoic rocks of the Maizuru
zone - Middle zone, 7 and 8: Paleozoic rocks of the Northern zone (7: reef limes-
tone complex, 8: other facies rocks), 9: high P/T type metamorphic rocks of un-
known age, 10 and 11: Lower Mesozoic formations of shallow or blackish water

facies (10: Triassic, 11: Jurassic); As: Asako, KA: Katsuyama, TS: Tsuyama.
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Db 5T, HEHROEREROBMERN—RICY 2 T RFEDERERL, T, HEL
BOBSHERIZO SR ERLEICS S 1 00— 2B b bR (Fig. 6) Dk, Hara (1982)
ML DI, BREFRDHLINIRY 2 FRFHMOBBERAICL NV ERES72DDTHA
CEERLTWAEIICAZD, BHLI=y MIBVTIEY 2 FROEHERIILRL= » |
CBUBREEL DD T o6 L, JOEHE) ODBBERELETH o720 LV,

PRI %, R “SHEREER LLT—HEhTVb0ERSTA LW
SBEPLEEDBLERDEI LS,

1)  HEHOEEICE o BT 2R AR RREVHEHOL DI TE, &
S RESREOEERARE L TWA EEX OIS (SH - THH, 1984; K5, 1985a).

2)  FOMOEREE LR ERIER O & LB — R A SIckE
Wazy FEFEIE y MZZHERS,

3) WHELZy OEREFIFEROMED > TS OTERR & BRE ML L1
HIEZHR LTV, ‘

4)  Jema= v b OEEEFICRFANBHELEICERS (I ?) Vo oAk
B B ER BV AR (~RI L) TR ?) OftkrEEhs, Tz, bR
Zy MCRBELIZ y FOERER LRI LRED S OAE TN TV AT LR IR TV A,
Fig. 2B EOMEEML, Fig. 11- Fig. 313 X RS - TR (1979) %3, $CRME
2o EbLTI, REOBHERLTRINLERE L) OER—FERE 2 —FE L TERS L
bOTHb, B, SHEREEDBHOBR L % o BT IS O =ML REIMZEH O
HERERE AL SNAMRICHEB LTS, SOHRICBVWIEHHS LV REBEREEOA
HOBREERIITUAVNE 1 00BHIRCZICh D, L LEVHETERSOEEREREE
SRS LIRIEN T X 720 B AVEIICC MO EREROLHRIIOVWTEZL, s
M TSI ) Hhd %47 BEXDH S o

Bty P OBREEO—IRIC, WELS » P OLRER L R UREOER * A
LB LDONEGENTVATRENH S Z & 2L, FEFIHLWLEATRLE200
WHEOBEE LTHBETEA23 0TI 2VWI LIRALITH S, FEFD 2200L=y FAD
R R OBRETEOR S & RERMICRZ o TWh, W=y FOERR, 2II&IN
BERBOERPREARES S LRI, Zho ORE LSRR VICHET S L0
HAkE L, FORNIELDBEMEICERENTND L5 TH 5,

C. RERFARETHIEOMEME

1. HWHAOBME

BASRAT HUIR I ST & FHENF OBEREST, SR (IS, 1959) ORATFEHOTER
T—R AR OAFREFIASBBMICEN, FOFMHIHHNLRIE L TWARICHEL TV,
Bk ETHIR A & BRI % R € IR ERIBAE A R & ) 0 C IR ER O IREET 13 2 %
ANBEEE & 7 B o Fig. 13(ZEARATHIRDM PR %R ¢
ZOHIROEBETERIGKER ()16, 1954) -HATFES - SEFHIORD, ThoEk
WEEE—ESESROKARDPTRESICH o TWh, AR (1985) 12 &L AUdk EG o—#ix
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MAEAF (Caridroit er al., 1985) (ZIR$ o T AWANER & BOEHIBOHEHRLT
Wh, KEFI, MIlITIRoTIRWDLDDEMkE LTIEW A S HHEFHAER L TW
% (Fig.14) o WARFEHUIK LG ORFEE I IZIFFMBICE L - T 2,

Fig. 14. = -diagram for bedding plane of the Hikami formation in the Asako-cho district.
Contours: 1-2-3-4 points per 1% area.

KERIZEE LTRE - %5 - WERESEE - Fv— MERBEMEN»62 ), ZhicL
YARF v — b M~ HEIRE - VO IRBIREE E b RS IRERTFHETICE-T
Who BIFHERF ISR 2 F v — PEEFURE DMIER (ribbon rock) 2&itlcEtrZ &2,
KEEGOZ 0T EHAEFICTEb0E bhD, WOV ¥ XIRAIKE (Fig. 13—
Loc.1) 763/ ¥ MUA Gondolella sp., Idiognathodus sp. % #}7z. WHEDIELSZ D
ARER T ERAERA~BETEHAVLARDLDTHH I EARIRENS  (KERHTAAREAT
TOEE - WERIZE D)o WL OPDRE - HIKF ¥ — MOV T L MILA DM 2R 7
HBE E CHRARBICHDRILT B SR TRV, BFET»S ChE oA TWAILE
DYkt (Ishiga, 1985; Caridroit et al., 1985; AiJll 5, 1985) 2 &3 HIEF + — M ix#giti~n A
wa, Fv— PETREOHMERIE M) 7T ARDDEEENL BHEII M) TRAED, bo
EEVLDTHITEMAH BT, BERETH 5,

C DML, AL LTHHE~WALIHMTL L - - FIRDRFIA Y=}
LR ENTVD, BOBONDAT A MY — MIEICH & EMEHAN SR G, Gl
BRGIRE - 79 FIWE - YV ME - BEEIRE - BITRE 2 L2 5 % 2 SIS T ED T
Who OMIBOBARHEFILHEHKITEL - g - BRIHRE - b—F514 b FL S
A b LRE - HEEEIKE L S TRSICHRTHMMNE - R E»O 2B, ThOHBA
BABURHEMERICRR 1 kmiSETHARAMEA DL » ZRENE LTOHEET 5, ZDiH
BOSIRGEED & ARSI N RCARBEE TOL 2ABLATVR VA, HIGHD
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-cho district (See Figs. 11, 16).
1: ultamafic rocks (mainly pyroxenite), 2: transitional series rocks between pyroxe-

Fig. 13. Geological map of the Asako

nite member and gabbro member, 3: metagabbros (massive and gneissose gab-

5: crystalline schists derived mainly from basic

bros), 4: schistose amphibolites,

tuff, 6: dolerite and basalt, 7: mudstone closely associated withe basaltic lavas, 8
unknown breccias, 14: Cretaceous volcanic rocks; DO:Doi, YA: Yamamoto, TA:

group of Ultra Tamba zone (12: basic to intermediate tuff, 11: other rocks), 13:
Tateno, KT: Kuchitoji, NT: Nakatoji, OT: Okutoji.

and 9: Yakuno rocks of the Second stage (8: quartz-diorite, 9: tonalite), 10:
Maizuru group (silty mudstone, siltstone and fine-sandstone), 11 and 12: Hikami
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— R R (KRS, 1962; RV A—ZFERT —F v 77 NV—7, 1975; Ishiga, 1984) 5
ThiE, LAV ARDOLDEEESI NG, RATFEHOERFN L MEIZOVTIIREICS
Wik %,

2. REBLBRAFEHOMSR,

kLG & B RAT SR OIS LOBRICOWTIRRIR - I (1980) 122 DE 2 H
L1, 0%, AEMIREILR LAHRIZBICHE LA DEEDb s TV,

(a) BEREORR

K ERICIZAEEEARE LTV 2 b O0ER I3 &k L U TIRIEEM ~ P EERIKE D57,
BIURBHEEO® 475 F A (Fig. 14) TREND L HI2W B CHBAEAENMAF LTV,
BAGFEBILKEBO LIS b BEANTH I IO L) ICHLE o T D, DEICHEOHR
MBI DONWTD 2 2DORFHI LR T

Fig.15—alt AMREH BT BRMOBHAR Yy v F ThH b, T TREATEROEEH
HhWE~T7 2 — V4 b EKEFOGKT YV MHIREATENI0THFH /N TH L
TWh, Wi OWFRIL S ~10mT I & DIMU DK EE OTRE IR 3 miZhlzo TNER
NREL, BHRER-TWVE, —F, RAFEHONLHERIEC OE 1 mdFE L EREHR
LoTnh, BRI OHNIHSTRERITTNI Y 2 FAF v 2 LERIRDO LN, B
L, Bwh 23 2F 9 7 BEBIIHRMBROBAFERICBBINT  2rNEEHICR
LNBLDTH b, KEBICIBEAFARIC L AHEREHORBEIE(EDONT, BARF
EFLARBESHETEL Ty, '

Fig. 15. Skeches of the boundaries between the Yakuno rocks and the Hikami formation
in the Asako-cho district. a: outcrop at the west of Yashiro, b: autcrop at the

north of Doi.

F@H—bﬁi%%ﬁﬂﬁﬁ%ﬁﬂ%@ﬁﬁx#7%?%60:@ﬁﬁtﬁwfumﬁfﬁ
LWORATFER LK EROBGRENSELICENR LTHLTEY, SRMGER LABEALZE
BehoTWh, LL, HMSBSECRHRBOREIDLSLIYVIMADTIFEb0T
Wb OAE L RS IRE R o2bDTHY, T/, ThEETIMHOREBERSE
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b LM A ERNVWETH o b DOPERSNTEBRILL/ZbDTHB Z LAbh b, WAL
EROEFEIZIEIOm~ 1 miZ T &% Vdok B REICEBERIMIIZIFRIT~Wwa {f5T 5
ANERAMPLEE IR TV S, FARERICIIFERMmICHETRY LTE 1l m~ 1D EIt0R
EMATKENT VD, T THRABTEHIC X 28 LEH RO 5wy,

BWABFEE &K LR OFERIIRIZ S DHBIZ S W AFTCIISETE 2%, WEOHLFIXZ IS
BIR L2 20D1Y =Y DWITHMIRLTWAD, HEOHITIED 2 dtd iy 72 B
BRERLTBHY, MEOBII LI L WIS R AUIG R L o THRI L b D &%
AAHTENTED, WTFNIZL THRANEE LK LR 0TS Lo MR B L1 LIFE T
HHrLWVE B,

(b) i LW DYEAY ' -
CHRETHLUNE RO BV TIREAYEHOGHIZIZ LA LTONTWid 57
A, L OMARIC & IFTRICR S & 5 IS EFI OHIEMEIETC R 1 0 ok LR ORI 1213
IFPITLTIEAREHIP L 2 o THM L TWB I ENHO N ol SDEI) R ERN

0 §km TN

e [ = =3

Fig. 16. Geological map of the border zone between the Maizuru and the Tamba belt in
the Tajima-Takeda district (See Fig. 11). (compiled from Hirokawa et al.(1954)
and this study) . '

1: Yakuno rocks, 2: Maizuru group, 3: Ultra-Tamba zone, 4: type- Il suite forma-
tions of the Tamba group.
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W, ER—AROMBETRLNIBEAEH EFGIZD L L IOMBEBEH - TREL T
bDTHHI L bNb, Fig. 16121515 (1954) LFEZHORAEKFICAHE (1985) 12k o
TRENBAEFOSAEMA TR SNAEEFBROBERTH S, K EBIZIIKD
£ IRTAW AL H L T HOFEELBFMIROON L, TOWERNE, ZOMIBOHM
EBWTHHEHE IV —7 (1975) itk o THRENT WS, TALEBAEETHER (1974)
i, COFSEHOTEHERRIC Y25 R KREITHEBIRIC BT AROEREEOTFE
TAHIEEHALPII LIz, SORMIE, HELIRICHEERIIL(EI o 2HAHEOM L
ol OSAERMBE (Ko, 1977; K, 1979) D 12THA D, HEH & kO
2% 7oA o THEET 5 S O SHER I LRI IS OBRE 2 M5 Z L 1Ch 5, BRI
ORR O HIR TR & BFHEN OBIRAAR O BN AEOHMTF L EZ 5TV o
BIZBNTYH, S OBEBFFEIFHBRORIAGE DS F/-tEMTh- T, CoRMOEN%E
BEICLELTEZLLE, MOBRIEARREMFHF LG L LTOMBEELTWAZ &
MEND, B, FERIHMIROILIUIET AL EIZBWT, BAFSHOMRLEHRK
BT 2RO LB R OE SS0mIEDRFIRF v — bOEM (Fig. 16—Loc. 2) »H#%H b

YT RBO ) =) 7 g RT3/ ¥ MUA Epigondolella bidentata (KERHRIHE R
Wt DEBELHETRICLS) 2187, F+— POZOERIIBIFEHDOLD L NHE W, Ot
BoKERIE, AR (1985) (2L NIFFEEHIEO HEBBRISETS 6 Ly, &2 Tk
WA EEMTLHELTVADTH S, Lo TRIHEN L BT 0F v 7L OlofE L
Wik %05 & 5 IS FHEEEE I MHE RO F » 7H%under thrust LTWA EEZ Sh b,

B« B (1981) i EIEOMBESIFIZoVWTY, SFEAFE LI OMICEIRICO AT A7
EH O, BEAFETHEFOBEMEMET S 2 LIZ L o TLEWFOFEHBREBHFD
F v TOMEE LCTEEMICHTE S L7, FROFZ K (1985) IT& o THalN
BRTWA, LALRATHHA - #£HE (1981), K -3 (1985) (2 & Auid LERTIZSEET 2
SIIRRRTHABRBRPLTEANLREEH, FEHN L IIMEERICLTWA TR B 5,
BEBIEORLE IRV OHERN L RCETHLE2 L b2 ) bOVWHEET S, £
N DERBREIEND, EBTOMRICOVTIRIEREZZ Lidbh bk, b0
GERTOSHEL LTHHATEDOTRRVWHEE X TV,

3. T LRI O
Fig. 1218 S h7-AERIE, BRAFSFIEKIEHGOK LR FISEENIC, Lrd»%aD
LRHFEELTWD, DL ) RREROFEIEF LERBIERICAPBEICEELTWAS
EERBELTEY, ZOROMBKERD»R VELo/cEHE LN, SIRMCOMEYILILER
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Fig. 17. Idealized columnar section of initial volcano-plutonic piles of the Yakuno rocks
in the Asako-cho district. _
1: mudstone closely associated with dolerite member, 2: basalt and dolerite, 3:
tonalite, 4: quartzdiorite, 5: gabbro of the Upper gabbro member, 6: gabbro of the
Lower gabbro member, 7: transitional series rocks between ultramafic rocks and

gabbro, 8: ultramafic rocks.
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Fig. 18. Fabric diagrams for (010) of clinopyroxene grains in clinopyroxene pools of
metagabbro obtained from the lowest part of the lower gabbro member.
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1089A-1 139

Fig. 19. Fabric diagrams for optic elasticity axes (X,Y,Z) of hornblends in amphibolites
. from the upper gabbro member (1089A-1) and dolerite member (1139), showing
prefered latttice orientation.

) - AHBEONERERPZMLRER L OWMCIRIT S (W, 1964; JEK, 1967), =
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CEREUOLRBEAERE T TRIRENA L D EE X 7 RIEC &Y, ZOREERIEE 7 4
* 74 MEFEOLERD» S TFTEHICENT TRRIENEFIC EAT AU LR, WEEEEIERIIC
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BRBLRIERIC L AHREROER, 797 752F 9 7 blBETRTOTIORTOANE
S S TOREHTIREA LV, Table 4 IZHNAD EPMA 2L B 9THR 2R T, BA
PIA 2 LFARIC X » THS T AHE DG4 1EIL Leake (1978) 12t TV 5,
Fig.20—a~cidBEh \WEX Y N— LR T AREN L 3HEDERDHR DRy v FTh 5,
a ldTRHENVER Y N—DOTHICMET 52 EMARENE, bR THELVEX Y N—D L
BITHIE T B HRRREER VS, ol EIBERVE R VN — ORI EET BB RANES S 7
NENREL 2O DTH Do SHARNVE MM L WED/ S~ FANARFIV Y TV FE
HEBREAY v — 7RI CHL, MROEFEAIANAICEAATATHEDOHEES
Nbdo BZH {AME L HFMARTPHRICEFEL T AbOLBDRL, BIMEIRICIRT 7 F
I NAIHREN TV D, FRRRBEEN VA IR 2 AP A OFE 2 MR CHREEOE LW
NAEDR Y BOHBIBE SN, M 2ANEOERIIBALEHmES {EURBED
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Table 4, Chemical compositions** of representative amphiboles from the Yakuno rocks

in the Asako-cho district.

(Wt )
Dolerite member Upper  Gabbro  member
1 2 3 4 5 6 7 8

Sample 0548 0294-4 0255C-2 0321-5 1139-1 1046-3 0265-6 0162A-5
$i02 50. 71 49. 76 46,27 48.78 48.29 47.21 44.05_ 45,75
Ti0. 0. 16 0.29 0.36 0.63 0.94 1.08 1. 05 1.27
Al,0, 3.13 5. 40 6. 44 7.32 7.78 8.59 10. 90 9.37
Fels © 15,20 16. 16 16.22 14,43 13. 43 15. 43 18. 56 16. 69
Mn0 -0.38 0.49  0.56 0. 46 0.35 0.49 2 0.43 0. 44
Mgl 13.68 14.28 12.63 13.90 13. 81 12.56 9.90 10.23
Ca0 12. 49 10. 20 12.63 10. 94 12.08 11.42 10,90 11.69
Na.0 0.25 0.32 0.75 1.02 1.03 1.30 0.97 1.26
K20 0.08 0.08 - 0.18 0.09 0. 14 0. 43 0.53

total 96,08 96,98  95.87  97.66  97.80  98.22 97.19  97.23

(Number of cations on the basis of 23 oxgens)

Si 7.560  7.336  7.020 7.126  7.036  6.922  6.644  6.849
Ti 0.017  0.032 0.041  0.070 0.103 0.120 0.119  0.143
Al 0.551 0.938 1,152 1,260 1,336 1. 485 1,938 1. 654
Fe 1. 895 1,992 2,058 1.763 1. 636 1.892 2,341 2.089
Mn 0.048  0.062  0.071 0.056  0.044 0.060 0.055  0.055
Mg 3.038 3,137  2.856  3.025  3.000 2,744 2,226 -2.283
Ca - 1. 996 1.612  2.053 1713 1.886 1.794 1.762 1. 875
Na - 0.071 0.092 0.222 0.290 0.291 0,369  0.284 0,367
K 0.016  0.016 — 0.034 0.016 0.027 0.082 0,101

Total 15.191 15,217 15,474 15.337 15.347 15.414 15.451 15.415
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(wt¥)

Lower Gabbro member Transitional - Pyroxenitc member

9 10 11 12 13 14 15 16
Sample 071907 071906 042408-2 042104 042407-3 042407A 3A-1 5B-1
SiD, 42.00 48,88 42.92 42. 49 40,33 40.79 42.52 42.82
Ti0a 2.48 0.21 1. 82 2,38 2.87 3.76 1.76 2,07
Al30, 11. 56 6.97 12.83 12,54 14, 62 14.77 12. 54 11.98
Felx 13,98 9.19 11,53 1. 11 9.93 9,35 9,88 11.33
Un0 0.28 0.29 0.25 - 0. 22 0.16 0.22 0.29
Mg0 11,79 16. 55 16. 05 13. 43 13. 95 14, 01 14. 26 14. 69
Cal 12.18 12.70 10, 02 11. 81 11.83 . 11.92 12.01 11,66
Na,0 2.09 114 1.53 2. 14 3. 14 J. 23 2. 46 2.38
Ka0 0. 43 0.07 0. 26 0. 32 0.20 0.04 0.23 - 0.16
total 96.79 96.00 97.21 99.11 96. 99 97. 65 95. 88 97. 38

(Number of cations on Lhe basis of 23 oxgens)

Si © 6,312 7,126 6.271 6.306  5.954  5.949  6.311  6.295
Ti 0.280 0.023  0.200 0.266  0.319  0.413  0.197  0.229
Al 2. 049 1198 2,209 2.194 2,527  2.539- 2,193  2.075
Fe 1. 757 1. 120 1,408 1.379 " 1227 L. 141 1,226 1. 393
Mo 0.036  0.036  0.031 — 0.028  0.020  0.027  0.036
Mg 2.642  3.596  3.494 2.970  3.070 3.046  3.155  3.218
Ca 1. 962 1.985 1. 569 1. 878 1. 871 1. 801 1.910 1. 837
Na 0.609 0.324  0.434  0.617 0.898 0,913  0.709  0.680
K 0.082 0.013 0.049 0.060  0.037  0.008 0.043  0.030
Total 15.729  15.420 15.666 15.665 15,931 15.829 15.771 15,793

xx : EPMA Analysis (Analyst : Y, Hayasaka)

FeDx : Total Fe as Fel .

[: actinolitic hornblende; 2, 3, 4, 5, 6, 8 and 10: magnesio-hornblende; 7:
tschermakitic hornblende; 9: ferroan pargasitic hornblende; 11, 16:tschermakite;
12, 15: pargasitic hornblende; 13: magnesio-hastingsite; 14: pargasile

a b ‘ c

Fig. 20. Diagram showing typical texures of amphiboles of three metagabbros obtained
from the lower part of the Lower gabbro member(a), from the upper part of the
Lower gabbro memger(b) and from the upper part of the Upper gabbro mem-

ber(c). scale bar=1mm. See text.
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MAEEEND, ZORNANGIIESIMHELEEMEELEUCBBDT 7F /) NAG~T
FIRAGRVYTLY o h, =7 PV EZOIMIOMBANAIIEEN & T RV
BT T I F—FRN Y TLY FTHE, EHEILEITNAIOL) 2RTEELRTAN
Fit, SRETLIELIE, #0727/ NESRICEEOERERIC L > TRk Sh, Z
DREREN LA LANEHOEBRER 2SI Ty MRV TV Y ARSI E
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Fig. 21. Diagram showing the relationship between the volcano-plutonic stratigraphy of
the Yakuno rocks and the Ti contents of metamorphic amphiboles in them.

BB XNTE7 (e.g. Graham, 1974; Grapes, 1974; Hamlyn, 1980). = & 9 % BELHAE
BT REERE DR T T 2B 5 5 IHERICH o TREJARTHETHS D, FATRIOH
WA PUE 1T —IERH S NI OBRAT AR AT, BEOERER L ZITTE
RKENIDTHAHHde BT (1982) 1 HEZEEAER OIWKRMANEICH L & 5 2 RHHEE
TEMNAZHEL, 0L %L ORMAFIBOHEORY—HICBELCT 2+ /NAEL
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RV TL Yy FHE—IBIZRIREN) B EH T THOEMADRAMIZEN YT ¥ FHIFEK
sh, HEIRUNMIUSICEERITSATE VRS DTTyF /7 AR P LESHNAICR YR
TV MVETRAERAEC 2B dH o THNEHISET S & ) 2EIEOLRIER 2 LT 50
WA AR E LTHEL T 7 2 F 7 EDIRTET 5 L3 212 Vo BERITHIRO KR
HNEDHBNBELETIHERLL L) ZEIEICL o TRKSNADTHS I,

ZDEPNM s TFA P AN ZRRRDONN=FANFR 2T dF—A~A2RF ¥ 7]
A, BIXUSBUNEBROT 2F 70E - FLESINEMNEIN, THFLIL PAYN=IC
M AR RGO ERHEOHEE 2 ZLITRLTWA FL T4 b - ZREICLH
M7 oF /0GR T72F/NBICRV 7L 7 BB SR TWA, Fig. 2LiETh 6§~
TOHNED Ti EATIERARERONBR AR o THEA Y N={FICE R 75 LKL
L:bDTHA. LBIMANAD Ti SAMDOBERMUTLERED LA L & b i2ind 28R Db
HIEMMOENTWA (Raase, 1974), Fig. 210 G WAB AR E T WA MNE 2K L
BRAERIE RGO LD 5 TN TERED LEAT D L) B0 bDTHo7eT L
bbb, FOLRIEIEFL I A b2 Y N—H R EN—ONEDEBHE, LERERVE A
Y IN=AEIEG VBN ~TEADER, THERWEA v N=hb8fas v F A b V5=
T TOBAMIELPIEH~FV T LY R V522514 ML FRFRLADL S
o, HRNWEX Y NN—DETHIPONNL 07 T F AL P AN =ZDPTCOEGRTFT=a T
4 MAICELTWAZ &, TOBSICE TN HEHHA ALRE ISHALTRE SR~ LTW
ArE, FLTIDE) ZHUSHIBICHATIWEEL D Al O3 A& T A & & LM
Thhb, -

FLIA bAYN— BTSSRI T R, BERWE A N~ DR RIS b $hICiBIT
HBiRoY s of - BEGRE~HRNRIKRENET 2, ChoDRIUEICEINAILENY 7 uR

0.3
Granulite
facies
Mg
Mg+FeMn
0- 2 8
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’ PPt A
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Fig. 22. Chemical composition of garnets in pelitic rocks closcly associated with the lower
part of the Dolerite member, which is plotted on Karakida(1974)’s diagram. circle:
euhedral garnet (open circles: core; solid circles: rim), triangles: anhedral garnet.
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DHESEEDO FL I 4 bR RAPIEDEREL BN THS (Fig. 22),

AEPIFER b — %74%Ld%f@ﬂﬁ&@ﬁE#ﬁihé#%@ﬁ%ﬁiﬁ%%%ﬁ
B D 530.15~0.208AT—E LTV 2, THIZKREBOHMEE» L DIEFLTWVS
BbDEEZLND, TLRINODERNTRAIIC L AMEREHOBE, BERELYS ) 752
%/7&&%%??&Ok&of&%xnbﬂ%@ﬂWEWH&ﬁWEu W ORRANE
DLOX DAL, T EHRAMML TV 5,

Fig. 2LICRENB LI CTi GHRDBO TO R WANEISREIRER F—F 514 F b &
RTEDAYN-DERILBEOONL, CHEEELTT 25/ NEOFHEEZRLTVA
B, T2 F I NERBEZRAT — Y OBEWHETH BRI EBI I BT 5, Fk
OBIUFHF & FNBERET 5 7 7 F / PR IZIRIT IS O TR LB 5 BERIRIC BV TEE
5 (1975) K&k o THEMEN, HATEFNZOFEANLL Y HEh, BBERFICLLS
ENDBRETHBLENALIDEEZ LN, ERICIZIO LD L2IRISHIG LT, Bk
STRAFEFESHRICEBERERNES Y, PROT 2 F I NEITRERZLOLELS
Nbho L TRMBMICIIEMBRLELDICT FIANR YR —GHEEOHVWERER D
7 (B9, 1964; 3K, 1967),

3. HWAFEEORE

LRI & SIS, WMABERIL, BERTEEDOEREICES TOKBUERF ICHN
REBMEREZTb 0L, ZOEBEAOHTE LS BMALLRENRE « b —F34 b %E
ETHLDLED2ODERBDP O Lo TWDh, S TRMDICHELE—WORATEHE, %
EVHETMOBABESHERSEI LICT 2, H-H0b DI, ZOERENMRLERIERD
MBI REDEZDBEAT A 74474 MLV, HETHOLDIIINERRZHLDTH
BLEZD, WTFRIZLTH INS 1D 5 TORBERI SHEEICHITTORBICBWTER S
MbDTHHH, BEDOHIRETT ) Vo IRICET 5 KA, EREOFS b=y 2
HHADHF T Table 5 ISR END & ) BV OPDI V= TIGFITbNE, 2 TLEMRK
EHAHRR DILZEAR D SRABTEREINOD IV~ T L OB ERATAL D o WATF
TA4ATANOMERNLZESBEFOBERBZLIV IR VEdronbELONS
(Ishiwatari, 19852) o ATHEICIXFEERIEE (NRBFW - ¥ v v AW - ~ = FilH - o+
YT x7iR) RIERMIEES (N7 A—REHEWT - 54 VELER E) BSEEL, Ch
51310~30kn DA% Y B335 # 4 LTV % 5 LV (Nur and Ben-Avraham, 1982%8), %
TeRTEEPRBEHEICHBETETAAT Y Fb 15mMBEDMBEEA L (Oskarsson ef al.,
1982), ZZITHEHME~BEOXKINENHBMNEET S, RABEHOREY* %X 59X T
RIS NS QHIRDER L DRBHIHITHE0b Lk,

(@) @BEH

&Aﬁaﬁ@@am&kowfm@(mn)5$kuw® MEEH (1980) & o THE
RO DIZDOVTAR SN TV EY, F~BHERICOWTOREES WD T,
HRATHIRDFEPIEE E F—F 54 D6 HOREICOWTEPMAI L 25343 B %o
7z (Table 6)o = Mb D¥kL% Miyashiro (1975) ONa/K— (Na+K) Eic 7T v b L7k
R, 2V OTVH)EFEOBHLRET S LD Tholz, £ T S TikMiyashiro
(1975) DFeO*/MgOfti& TiOz - FeO* - SiO DMFHEA LRI L s THREFT A LI L &



164

(]

¥

Table 5. Classification of volcanic rocks based on tectono-volcanologic settings in ocean

regions.

Tectonic setting

Major rock type

Characteristics

Exsamples

Mid Ocean Ridge
(HOR)

N-type MORB
(ol, Th>>Th)

most abundant, depleted in incom-
patible elements and light REE,
87788500, 7023 ~ 0.7029 9

most of MORs

T-type MORB
(ol, Th>Th)

transitional between N-type and
T-type N

FAMOUS area MAR
Leykjanes ridge

E(P)-type MORB
Th>ol, Th, Alk
their evolved

erupted at hot-spot fixed MOR or
fracture zones, enriched in incom-
patible elements and light REE
01/‘|sr>0. 7030 1)2)3)

Iceland
45 ° N MAR

Spreading Center

Back-Arc Basin
(BA)

MORB-type Th
(ol, TH>TH)'

indistinguishable from MORB by its

| major element chemistry, some of

them are transitional between MORB
and [ATh, ®77%%5r>0, 7028 ¢ %

Shikoku-Parece
Vela basin
Mariana trough

Ocean Plateau
(o0P)

ocean plateau Th
(OPTh), Trachyte?

distinguishable from MORB by its
lesser Ti content (?)
$1/088r=0,7037 T

Ontong-Java,
Manihiki plateau
Hess rise

Plate

Hot-spot
origin

Ocean

ol, Th>Th >> Alk |

>evolved Alk

geochemicaly resemble the E-type
MORB, but evolved tholeiitic rocks
are absent, *7/%%5r=(, 703~0. 705 *

Hawaii-Emperor -
Chain seamounts

Island
(on

non
Hot-spot
origin

Intra

Alk>high-alkali
Th(Ocean Island
Th)>evolved Alk

made up mainly of alkaline rocks
and subordinate high-alkali Th,
*7/%485r=0,7034~0, 7058 ' '®

Line islands
Samoa islands
Tahiti island

Island-Arc (IA)
(Intra Oceanic)

1ATh, CA,
boninite

intermediate to acidic rocks
predominate in mature Island-Arc
$1/085r>0, 7033 9%

lzu-Mariana arc
Aleutian arc

MORB: Mid-Ocean Ridge basalt

REE:

MAR: Mid-Atrantic ridge ol:
CA: Calk-Alkaline series rocks

1): Sun et al, (1979)
4) : Wood et al, (1980)
T): Pujii et al, (1981)

10): Hedge(1978)

2): Wood et al, (1979)
5): Matsuda(1983)
8): Lanphere et al, (1980)

Rare Earth elements
olivine

Alk: Alkaline series rock
Th: Tholeiite

3): Oskarsson et al, (1982)
6): Tokuyama & Batiza(1981)
9): Jackson et al, (1976)
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Table 6. EPMA analyses** of major element-chemistry of intermediate to acidic rocks of

the Yakuno rocks in the Asako-cho district.

(wt¥%)

1 2 3 4 5 6
Sample ad-2 Y0-4 YD-10 YD-0271 Qd-1185 0d-91128
Si0, 65.74 52,89 53. 12 52.88 72.57 71.16
Ti0: 0. 46 1. 27 0.76 0.97 0.49 0.40 -
Al20s 16.03 15. 34 15.11 18.25 14. 08 15. 37
Fels 5.84 10. 77 10. 53 8.55 2.94 4.99
Ho 0. 41 0.54 0.53 0.47 0. 34 0.38
Mgl 2.84 4.08 8.30 4,97 119 2.58
Cad 3. 13 13. 35 8. 44 7.98 3.02 1.05
Na,0 4.04 1. 54 3.7 2.66 2,817 3.28
K20 1.00 0.14 0. 47 1. 44 0.67 1. 44

total 99.49  99.92 100, 97 98.17 98. 17 100. 66

xx : Analyst : Y, llayasaka
FeOx : Total Fe as FeD

: massive quartzdiorite
: massive diorite
: massive diorite
: massive diorite

5o 72 BMiyashiroD[iE b & b LRINEDHBEIZOVTRETHXIRBEINZDDTH 2D
A%d 2 TIRA L7, Fig. 2313, Miyashiro ¢ X2 KT A S D N-type MORB (leg 46)
L H 58T RS ON-type MORB (leg 70), 74 A5 ¥ FDO VLT 4 FRKIIE (Etype
MORB), {HEROBNWE (1 ¥ N« KTUHERRIEY - leg 37), FiEEV LT/ (F
Vi) DMK %R L b D THh D, Tokuyama and Batiza (1981) 12k o TIRIBSh
RBEBEEY VT A M, £ELTHFINVEBEZOFEERERN (eg 61) ORERLL, A—0
FeO*/MgO T8 L 72334 I2N-type MORB & §) & TiOp DEHILAD 5\ T &A% 1 DD4FH
EENnTWaA, FALEIICTIOLmALRWY VLT A M F/8T21) 7  ODMORBDH
B (leg 70) »5 b 5N TH Y (Schrader and Stow, 1983), EN5IX TIO DEFESH
REFT &RV (Fig. 23—a), LA L, ~RHEHOMEN (leg 62) 6B ORKE EEICT IV
H ) LRERPHEEIBSNTEY (Seifert et al., 1981), D& ZHHHEEHEHIIIHHD
LLTZDEIBRTVAVEDTFEIEZ LN,

Fig. 24—a, b, citMiyashiroD i, SRETIZAKENTEL DD LFEEOINHR LS
bt T, RAFEROLFEAE LT 70y FLAZODTHE, LORICBVTHHAVE L LR
BRETRAL &S 2oL ERL, —F, BENRE b—F 74+ - EENRER L,
ZD—EITHRWE - TRE LR UEIRER LTV A ARESEUIHAMC R 2 2 5LEm 2R L
TWwa, Thibb, 2205 {LGEAERDSN, HRMBBOHE—MOBRAFERUICHE TS
BERWE - ZRE & OB ATEFUHLS T 2P~ BEEORBFTDObDIRE{ RE 5
HMEBIAERTEVW) S LD TED, FLTINLDED S HE—WORATFEBORL I
MORBREFHE Y L7 4 POHRFIRIZH Y, MEDHEALESDETARZ Y FOV LT

S L2 N e
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Tio2 ‘ Fels
186 20,64
388 15,08
208 18,88
L8 5,08 |
[ i . . : 0.8 . . , '
L6 Lo 0 L6 4,80 8,00 168 0 L6 4.0
Fels/Mg0 FeOs/Mg0

Fig. 23. Diagram shwing compositional ranges of gabbros and volcanic rocks from ocean
region.
1: tholeiitic series rocks of " Iccland (data from Jakobsson et al.(1978),
Jakobsson(1979) and Wood(1978)), 2: N-typé MORB of 23°N Mid Atrantic Ridge
(data from Sato(1979) and Dungan(1979)) , 3: N-typec MORB of Galapagos
spreading center (data from Schrader and Stow(1983)), 4: occan platcau tholciite
of Nauru Basin (data from Tokuyama and Batiza(1981)]), 5: ocean floor gabbro
(data from Engel and Fisher(1975)) and Aumento ef al.(1977).

4 bOSEBIANC—H L TWAE Z &EMbh b, —, BZMOBEARERITBELL AN 7
WAVEIRTHLDTH Y, BIMOKLGEIHICMME L THE SN b OIS h a5 %
oLV T LHTEDLNS LIV,

Ishiwatari (1985a) ¥, WAUA 74+ 54 bck b rbhrhtE~RiEtt 74454
PGSO E LTE 5 XA REMIRICETAMERAIET 9% (Coleman and Peterman,
1975) (CHEIF &K@ 7zo N-type MORBOSMEE & L TREMTZRE L RHEBIES 5 E2% 6
NTWAA, RENKERRINER LOREE (55-65wt%Si02) 1XihD b D (Byerly, et
al., 1976; Aument, 19697% &) 2SN TWAIHET, o EMORBRIFEEDBENVVE
Hbe7b DSOS OWTNSL B F VLRI ETRT, cOZ L %HHBET 72012
Dixon and Rutherford (1979) IX#iARRIIC S A% {HE L, MORB DiFHIERD & &
EDO&KSGTCRATRRMELILL, VIMNTWALZTIAREIR L, S0 L) RIREMNE
LWAEMRINCLTY, TOLEHLNLIIHITWL AT AIEMORB & bbb 55}
RAEZ IEOHIUC LY D TH Y, 20— REN DI L (65%<),
FeO*/MgO ftiasii < (5<), EREHRIIHTHERUIED TLLRVENI LD TH o7,
IREDHREZMMOBATEROMT LT L2V, —F, FLBRERICBWILEE
PH;O% LS IC ANRIIGR I S b ofco S OWAITIIHRAMEIZ & b ik d & Bk
T TOMB LMD IBONDETHAH)o TARXAT Y FOBZROKILBIZIZTARAT VN
BLIFENLPHO L ORGSR EOBME SN T LT o THEHBTAZ ESMON T
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Fig. 24. Diagram showing chemical compositions of basalts (solid triangles), metagabbros-
(solid circles) and quartz-diorites, tonalites and granodiorites (open squares) of the
Yakuno rocks. A: compositional field of oceanic gabbros and N-type MORB; B:
diferentiation tred of tholeiitic series rocks of Iceland (See Fig. 23). Broken lines
are from Miyashiro(1973). Data of the Yakuno rocks are from Igi(1973, 1976),
Ministry of International Trade and Industry(1980) and this work (given in Table
6).

% (Wood, 1978), L#L, ThbDEFIIFig BIZBFETAXF FOVLTA MaH
OB NER LIS LTE Y, TiO2 24, FeO*/MgOflidtk& v ) #iRL,
COETRIEYEHOBRAFEROUT L R o TV D, FRITBIBRAFERHD 2 TH
Y~ B O T TR LA D30%IET 5 PRMBIZOBRATEHUSIEATF L 7 147
4 FOBDPOLRE EBEHKTBEORBIVRML TV SO THE~BIEEOHEIZTHED -
LhEhozbnERbNRE, LML, FEHAHL LN ORATFEH O EEMREHRIIEEESETH
D, TAEHOHMIC X MTEENERPEELERN 2 2 THIRICBNTY, K CRESAL
HTD% ) ORI THESE~BIEENERERTWADT, SRAFER OB CHE~FttE
O LD AT IIIEERZICOVWTTHENLR L DIZIEAENICKEVE ) THD, ThHEE
—DBATFERICED, FHUERLFEREY VT A MIRER~ 7 OFGMEnEDE LT
I+ AT, TRICREG R ERO~ 7~ EBERTETE L HEL 2 b hidz b
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BV, ZORRIE, bR “REICEOWIEEILE" OMEBILDICRBETHA I,

EDHRD S, BIMOBATERITRERLOMRIES ) B0HITIRE L, BIcBT
BRIBEROED THL L EZOND, HWMOBRABEFIIREOVIKAG 74454
FERREILTEZRITOEZ62VTHSH,

(b)  HLRHER DML ,

B DOWABEEUTEEHIL A 513 MORB RiEHEA LR EDFEMICHM L D LF
MENd, LPLEAS—IZMORBE WS T LTS b=y 7 RHAHLAIIIEHR L DD
Y (Sun, etal., 1979; Wood, et al., 1979, 19805 H8), FNHIXEETELSIERBILIZ v,
%I T, Table5 (278 L7 OMA 2 ER ICE TN A AR DHIE LT L, HAL
BREOLDOLEET DI L2 RALMEIBEDLFEAIL A SRLEDERN 2T TS = L1,
BEALDGHETVAVERIIE Y VT A MRIIRREJTHEN TR ENTEY, TTICHER
5 (1977) kALl (1976) OEIZAEM L, SN L FENFOPIICHN T ARMLIE XV LT A
FMEEIDBODTHA ) LHWEL TS, b LIERLENNEDLI BT 7 b=y 7 lhilld
TERENLV LT A FTHLOPNHHNTELZ EMNUT Ly, ZDI0EDMNICHEEIIRIC
DVTHALTRIERENTVADT, S0k LAEBETETHHH b L,
Fig. 2532 D72HD 1 DDRAEFRLTWS, DL H 2ROy b BgE, £TON
FRAEZHWZOTRIZEA LOUMI LR o TLE ) OTEY 2 5fb i TRR 2RIRL
R S, Ll (1976) i, Callhi LIifHRA T Fe/ (Fe+Mg) <0.250 % DIz
WTAL-Sil, Ti- AIREER LA LarL, BEMAEOZELBINC O LIGR L%
WEIRBDDLR o TWAERIEDDH S, Fig. 251213 Ca 21l G UAHRE CHF B DI
BTGB LPHBER EHRENTVEIDDREHV, AEEHIELTVWD L, 4
SNLTEERTOD, A 74 F v 7 RMERT IO, Yu2uliiizdn, BXUTh
SDRICDVTIRIROR 5% b DI L d oo EDGIELBRT A9l T
TR LD 2 MRS IS X 2 s, 1B EA LT RTOMBOLRETTERIZEANA
ZLALEFRTWVAS, 72721 N-type MORB 2B W TIZHA DB DM AL D% h L,
BEDHIER = 7~ DAL E ED< 72 MIB L CTE/YOT 2 b=y 2 2B R L7 b
DEZDBTHH) . FTHOWYIIVFE DL ZAFITIFIMED D DIZOWTRF5ThH A5, W
KOPDEELED S DIZOWTIHIORADLMATIETH A ENTFHENRE, ZZTHW
TR GBS D E IR E, QOB OSID A ZWATHIEEWOMEIE S 54 L
/D Hhd Lk,

Fig. 261X Fig. 25% & & 72 b OITHIRMATIRD LR (Table7) &3%K (1976) 12 &k B
EHIRDOLHE DR DFHMi L HbETTTy FLAODTH S, Fig. 2675 H—MHA
PEBIOBGILAHIAE DL { DL DL, N-type, T-type MORB RiEiliilEE Y L7 4 b D4R
270y PENDH, WOHDHDIRIEEL (NTAL - TARS L FEEL) OVLTA L
DFIBIZTO y PENDT MDD D, #2 L THAFEF OB SIHSHUE O MUK FUR I,
MORB @ b L ¥ FiZd 1) 245 N-type MORB DALKEUR L 1 b 5 LDMEA 2 HIHI 255 L,
E-type MORBE LTDT AR5 ¥ FOV LT 4 b OUEKILSHIE DHILHIE (Fig. 25—b%
B) ICEDWTWE L) ThHoH, SO EH6HE—MBAMERDELY & LTI E-type
MORB & %\ i T-type MORB DA L KiigAH B DTz e Bbh s, /M (1982)
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Fig. 25. Diagram showing compositional ranges of Ti contents (based on six oxgens) of

Ca-rich phenocryst clinopyroxenes in basic to intermediate volcanic rocks from va-

rious tectonic settings in ocean region.
a: MORB tholeiite, b: ocean island basalt

squares: alkali basalt; solid ssquares: tholeiitic series basalt), Iceland (open circles:

{Hawaii - Emperor chain (open

alkali basalt; solid circles: tholeiitic series basalt), ocean island tholeiite (solid

triangles: Line-Islands)) , c: tholeiitic and calk-alkaline series rocks of intra-

oceanic island-arc (solic circles: Izu-Mariana arc; open triangles: Aleutian arc), d:

ocean plateau tholeiite, e: back-arc basin tholeiite, Data sources are listed in

Appendix I.
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Fig. 26. Diagram showing compositional ficlds of Ca-rich phenocryst clinopyroxene in
basic to intermediate volcanic rocks compiled from Fig. 25 and plotting composi-
tion data for those of the Yakuno rocks (data from Igi(1976) and this work) .
1: ocean island alkali basalt, 2: tholeiitic series rocks of ocean island, 3: back-arc
basin tholciite, 4: N-type and T-type MORB tholeiite, 5: occan plateau tholeiite,
6: immature arc-related volcanic rocks.

Table 7. Chemical compositions** of rcpresentative clinopyroxenc phenocrysts from
basalt lavas of the Yakuno rocks in the Asako-cho district. '

(vt%)
1 2 3 4 5 6 7 8

Sample - 054A 054A 0548 0548 054¢C 054C 00401074 00401078

core rim core rim core rim core core
Sils 52.22 52.97 52.70 52.65 53. 82 52. 68 52.30 51.50
Ti02 0.23 0.27 0.33 0. 37 0.28 0. 40 0. 67 1.37
Al30, 2.30 2.45 2.82 3.217 2.05 2. 96 3. 26 3.89
Felx 6.21 6.01 6.01 6. 22 6.11 6.78 7.96 10. 60
Mn0 0.35 0.31 0,32 0.22 0.31 0.30 0.20 0.31
Mgl 17.26 16.79 16. 28 16. 40 17.22 16. 37 16. 77 15. 40
Cal 20. 50 21.70 21,47 21,07 21.06 20, 68 18,07 16. 90
Na,0 0,23 0.24 0.24 0.25 - 0.21 0,25 0.22 0.24

total 99,30 100.74 100,17 100.45 101.06 100,42 99.45 100. 21

(Number of cations on the basis of 6 oxgens)

Si 1.931 1. 932 1. 932 1. 923 1. 951 1.928 1. 928 1. 903
Ti 0.006  0.007 0.009 0.010 0.008 0.011 0.019  0.038
Al 0.100  0.105  0.122  0.141 0.088  0.128  0.142  0.169
Fe 0.192  0.183 0.184 0,190 0,185  0.208  0.245  0.328
Un 0.011  0.010 0.010 0.007 0.010 0.009 0.006 0,010
Mg 0.951  0.913  0.890  0.893  0.93! 0.893  0.922  0.848
Ca 0.812  0.848  0.843 0.824 0,818 0,811 0.714  0.669
Na 0.016  0.017  0.0170 ©.018 0.015 0.018 0.016 0.017

Total 4,021 4. 016

-

.007 4005 4.005 4.006 3.991  3.983

xx : BPMA Analyses (Analyst : Y, llayasaka)
FeOx : Total Fe as Fel
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REATFEF ORIV & ZRED St/ #14 Hi2 0V T0.7032~0. 7055 DRI EM 27 L 7:
A%, = Offih E-type MORB (Sun et al.,1979; Wood et al., 19805H) & DEBMEZRRL T
Wb, BABAF 74454 MO TIshiwatari (1985) DWH)REY T= 274 b DEFAE
Aa&LELREICEVEERS b74R5 ¥ FORE, MRIEAHBRMEE (Oskarsson
etal., 1982) LHEENEBHLNTHE, BAFEHEN LGSO E I ARBYLET VLY ED
HERBESRTWRWA, 7425 FICIZEMTS (Jakobsson, 1979) o LA L, E0DHE
HIXTAAT Y FOBRSEO LRI TREPEILZVOTRAFEEPORBINEZVWDLAR
Baciktuvwdd Lhlkv,
BEIBWTERASERE 2R LOLKRERAOITbR ORI OWTHER L. K
BIZBWTE—OBRATFEROBESH & B HMOBRAFERDOHBEH~DELMED L S
CRLTRERAOY, FRZOBRIBNTROMHT L ORFREDL I 2EDTH 720N
l:OV‘T%g?Z)o

E. EOMONMHKROER

B BWTREBEAFELRORFICOWTRE Lz, PiiOHERICEDI L ZREREE
MAREOEEITY LT A MEEICEL (RS, 1977, 1981), H—MOBATER BA
Ft74454 ) OLEBMEMBELTWAbDLELLONRLDT, T TR EiFkv, B
T2 DO E T AR E L BRF v — P ORIFIZOWTIRETT %,

1. REBEOER

MO EERICE T NARMLEL, AREGHERBOLDORIZLALNT VA VERET
HY, FOADIE—EIZV LT A VEROLOMETID (EHG, 1977, 1979), Zhb
DRBEIZDVTIH, AREE L ICHEIL—RKEREELZLTEY, & FR-MT -
FL O LHEIOEBLA AR LTV LDEZHIHHTHS (Kanmera and Nishi, 19837%
¥)o BIREBHLEIMOBBEIDEPBKIOmDEE DS DILEET, KILEkDOKES I
FBIRHEAHIN S NBBEICIEARATLE 07D TH A 9 FR—FIEERIBOILS ITITETEN
W BESTESORBHAIMEOIONTLEsTHHLTVE, SOLPDRILHIRD
EHNWER K-Ar /88 LT343Ma OffiZ R L (GEES, 1979), LSBT ALEEZLN
T3 (YeM - T, 1985; &, 1985a), SOMIKNDA 7+ 454 MRERL, SRFENL
BHD B ATRIFICOVTIRE bho TRV, K5 (1985b) i, dLHFod£RHHHm
e LTHRE LTV ARIZEARA TOAEEEOREFICHE T b DEE R,

CSEREE" OPICETNARLERTVAVERIIRTALOLY LT A MERILR
THHDh bR oTWVS (TS, 1977, 1981), & T, SGICHE L RibR/\BUE Ok
LEORFIOVT, TIRETNIBAMMIEOFEMARS SHEBLTH L, O
EPMA 2 & B 5455 % Table 8 IR T, Fig. 2713 % Dffi% Ti-Fe/ (Fe+Mg) FHiZ7a v b
L2bDThHb, COIPONRBOKLER, YVT7A MVERMETVAVERPLR-TE
D, #E¥E % E-type MORB DERICKIRENSH 5 2 L AR SN D, FET OFHEE T
LIRS T D E TRV, FERHOTRLEBIICRSRORKBENL bebh
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Table 8. Chemical compositions** and their standard deviations of clinopyroxene phenoc-

rysts from bsalt lavas of the Hatto formation in the Mochigase district.

(wt¥)
1 2 3 4 5

Sample 51041, core 5104f, rin 5104g, core 5136AA, core 9136A8B, core
Si02 48.40 0,78 48.35 1.0 47.06 £0. 43 50.99 £0.65 92,29 £0.58
Ti02 2.08 £0.25 2.00 +0.02 2.47 £0.05 0.76 £0.12 0.62 £0.09
Al20, 7.04 £0.45 6.78 £0.43 7.38 £0.52 3.58 £0.15 3.81 20,25
Pelx 6.95 £0.33 6.69 £0,22 7.31 £0.13 9.27 £0,47 7.71 £0.34
Hn0 0.03 £0,02 0.05 £0.02 0.02 £0.00 0.02 +0.02 0.02 £0,02
Hg0 13.44 £0.51 . 13,51 £0,07 13.07 0,28 16.34 £ 1,01 16,47 £0,78
Ca0 22,14 £0.35 22.47 0,01 22,52 £0.01 18.54 £0.70 19.08 %0, 81
Na.0 0.59 £0.08 0.54 £0.04 0.57 +0.06 0.38 0,16 0.28 +0.09
K20 0.0f £0.01 0.01 £0.00 0.02 £0.01 0.00 £0.00 0.00 £0,00
Total  100. 70 100. 37 100, 39 99, 87 100. 26

( Number of cations on the basis of 6 oxgens)

Si 1.786 £0.016 1.790 £0.003 1,752 +0.001 1.891 +0.018 1.914 +0.006
Ti 0.058 £0.007 0.056 £0.001 0,070 £0.00f 0.021 £0.004 0.018 0,002
Al 0.306 £0.020 0.296 +0.013 0.324 £0.019 0.157 £0.007 0.164 *0.008
fe 0.2156 £0.011 0.207 £0,003 0.228 £0.002 0.288 £0.013 0.236 *0.007
Mn 0.001 £0.00t 0.002 £0.001 0.001 £0.000 0.001 £0.00f 0.001 *0.001
Ng 0.740 £0.028 0.746 £0.011 0.725 £0.023 0.903 +0.058 0.899 *0.029
Ca 0.876 £0.016 0.892 £0,018 0.898 +0.008 0.737 £0.025 0.749 0,043
Na 0.043 £0.001 0.039 £0,002 0.042 £0.004 0.027 £0.012 0.020 *0.006
K 0.000 £0.000 0,000 £0.000 0.001 £0.000 0.900 £0.000 0.000 *0.000
Total 4,024 4. 026 4.038 4.023 3.997

xx : EPMA Analysis (Analyst : Y, llayasaka)
Felx : Total Fe as Fel

TWb, Hashimoto (1972) i, FHEMIEDRLEICE T AR OILFAILL S, R+
FuBobVVLTA MERET V) EHMOR 2RO TVE, ANHEGRFEMELEDY o
SRAMEICETNAREENE (i, LD EFDEMIZBENIHRF v+ — b2k oT
WLHEZLNRD LD THAHA (B, 1983LH), JLHIMY % RIELE £ L3 % N-type
MORB ${{\? & DAR L7 53, & L5 E-type MORB Rl LD ERIEROIFR L TRT -
EV)RIZESITE S DN BIGRF v — b OWLEMH LT OB IZ OV T—EDHIBR % 0
ABYDTHAI,

2. RIRF v —  OHERERBE

DEFEIZBVTUEHR - HFERICETNAHIRF v — P OHRTPEICOWT BB E {572 D
AP ON TV 5, FilERS (B2 ¥ Kanmera and Nishi, 1983, Ogawa, 1983) & i
41 (lijima et al., 1978; Matsumoto and Iijima, 1983; I4%, 19837% &) Th b, ZDH
X, 44, REEF - eI HENLIELIEME SN, TS E LTIRIER T 51 ikil
BTHAENEV) SEHICEM LTV ARICR ORI E b o 7n, FEEIT IR 2 B iR
R & AR TTRE 2 LB E W TH B DD, e F ) L BIgA 6 i 75
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Fig. 27. Diagram showing Ti-Fe/(Fe +Mg) plots of Ca-rich phenocryst clinopyroxenes of
basalts from the Hatto formation in the Mochigase district (data: Table 8). Com-

positional fields (1~6) are the same as those in Fig. 26.

BTHorOhnlnd) HICBLMRP L, Fhik, ShHORKRF +— MIRBELHREICH
LL o TETAICOLEDLLY, LOHIBICEWTHANITORMELER L ORFRIEL (]
LhNTVBEEVIEREEREFRTOTH 2, ) LBEREETHICESLBEICBNT
FEXONBEWETMVICE T, Fy— M ERBEEPMENICEWISER L7SBIZEWTE
WENF=OD, FREDE Lo 1G4 DORPFTTHRENZZO»E V) SIEFEMICEET
HoDOTHD, Fv— FOFHERFEL ERTIMERILT L — FIRER TOR MG
2B, 2100~#1000km DBy % ML LCEADICH L, RiBERI L ERTHHREE
1 DR, &2\ VIZHEDEHE L 2 EREA O %10~ 100kn AP T OMEREAR £ X
T é 7:0)'02560 .

LI ATHREEOSFUCAV O RA Rl - R &) FRIZREEISHID T 5 BEER
DELEETHHIEE200m 2EBIZMTIONBRETH S, Thid, FEEBIRRERICRET
BB KEMOFE S ISHIE L TWADTH 575, KEMEZD L DRBEMRIZE - TR S
N LWIEEHRFTHEDT, b o b HVHARAD D O, EHMRDROBRE IOV
TR HIROEMEE LTIRIOFESIEL T2V GFE, 197988), %88, LiEOH
EBWTHZOEHRICIHEH SIS, Rl Lt LARKEEEROKESE 5D HIRET
JE (abyssal plane) 1L DFEEDF®KE LTHV LN, &ilF" Lid, Th~ADRBEE LTH
BRI TIR 2 VETO, B A KB @ iEEP A, Bk CbEDTHVORTEL
BN o720 THOLIFHERH=32EMHTH ), REEEH=EEEHRTId o710

DML - I N2 SIHEL VI FFRIILT LORELERTIHOTIER
¢, FLCIEBPEIMESNALEL 2V, 1232 2b5T, F+— OREER LAY
BHREITEREF v — eI FEIHVLh, EELTREBPRISGENRLAbDLELND &
I otzDIE, 121K, FDL) BRENF+— +2ELFT7 4474 PORRICHEL
T Steinmann® Trinity (285 % 0, FEKMREIRS (Dietz, 1963; Chipping, 1971) ~& %
RBLTERO L DTRAILLTELZEW) ZETHY, FAMIMEEF VIR LRI
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I & U CRIEEDUEN 2 & DERABICEIND L DTH S (Seely, 1977) T &
F—RICZALNTELZ L L LEMETRZVWTHA S, LAL, 4H8F 74454 bR
FICHEHLLDDOFEETAILYRDONRLEHICRY, b LAMRMLIEEREH OIS
ME LTV DR THLI LN R >TEDDH5 (Noiret et al., 1981; Robinson et al.,
1981; Alabaster et al., 1982; Shervais, 1982; Dick and Bullen, 1984), ¥ 7: DSDP IZ & A iFif
PBISHE O (Sites 298, 440, 441, 434, 435, 448, 491, 566, 567% %) Kk > Tb4H
% BIEETR R L T o ks i EEERH s hTwi v, 22T, BUETI,
F v — b OHERBE IS OV TIRIBEE T OS5 b TEBZTBHAICTHRNT A &b &
HHNTVD, Imoto (1983) DFFRILED & ) LIRD—IERLTE NRBIZITA TV,

i, RFOLR L ST ERATOP « HEFE U REdF + — M2 e
A EETHMMOFE TR WIFELS R - 4 - ISR L OKERIZH 5 1508
DHEEVDOLICHERIL72bDTHAH LHEZTVE, FOMMLRARIE, +TIod~xALIic
INLEDF v — bO—HMEFHELRFERRICD 2RO EICIRERHOER L EZTANVE I &
N-type MORBXILD b DR L7 6§, £ THERELD « Il - SR LICF0RFI KDL
AnHZlitdhs, LaL, BIET TRIE L ORIEMBITEDLD TV A DIEINE K
RB~RVLAEDF v — DA THED (Fig. 2)o PUTAR~NMY 2 5BDF v — MI T
EBICEETUS LEATL b b d V) — M R4 HAMHIT S TV B (B - 48, 1982) 7%,
FOTHIMIFAEL TOADLIZOWT IR D o TN,

EZATY 2 TREFUMFENIROENM, FFICARTORERHOT IV o by OSHEICKE
RENH B, Ta TR ONE & E L LCHERMROMERE NS % - TV BBIED
IR OMER U & IR T DI ERTELVEEILNTWS (GFE, 197988), =
D7z, HOBHLOMERE DEIETDHETEIZ L 5T, Il &% 2 & h A5 DR L
B, BESNABLLVFEED—DLEI NS, BUEL T L AR OD - R

.....

i

1 / volcanic rocks of ocean region
":"B!I i SRR RALE L LBLRELRRALS T LR 1R H LR AR
B0 g.0819 5, 310% 8, 198)

Hnd/R1203

Fig. 28. Diagram showing MnO/TiO, - MnO/Al, O; rclations between igneous rocks
and sedimentary rocks produced in various environments (data from
Sugisaki(1978, 1980a, b, 1981), Sugisaki and Yamamoto(1984) (see appendix II)) .
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ZE T NARBRERBF v — MZOWTDEDFENHZE (Matsumoto and lijima, 1983; 111
&, 19837% &) »bidF v — b OEBEL=EBEHIFERINA TS, LHL, ThiTOHF
RICIE, Fr— POTRREFHEHD 1 0L LTOREBTEIE (oL, HEVEZW
EE) LV IBIIOWTOBEARELTW L I ICBbND, RIZCDEED 5T, AF
ENTVAMIRLEM BB ZBEHL THAV, -

T3, HATEOLFERED 52 OMFERBI2 A5 ) ETHHEI0IE, EWFYWHE, kb0
BEAA VR EOBEICL 5> THEY 2T 5 Si, Ca, Na, Mg B L UEKH% L LLBMBEI LS
WEEZLNBT VA TFEREREBORMEL LTRERA L2V IV, ZELTIILD
TROMEDEEZMY L 2, BRENLTEICOVTIIBHROTEOLE & - THRETOX
& Lz hiE% 5% v, Matsumoto and Iijima, (1983) i3, iFEEDMS LRSI HENY o
¢ ) & HER L 72 HERHD O Mno/Al 2 O 3 ffi1d 2 DMERGREE L BOBMICH LT L 2R L. F 72,
WA (1983) I RERMIA & BEERHEECIZ 1T COHER I O MnO/TIO  fHASEIE A & D BERER
RELEOHMICH AT LR LI, ZD L ICIEEWIFES O MnO BUEIHERMBUE L HEE
THIVEEICRBEELONS, Fig. 28i, Ht#hicMno/Al, O3 %, Hf#iZ MnO/TIiO,
¥ L o2 BEEIC, BRSSP ATEBZICITTOREN LWL AR (L - #
BIREATVEW) IHERT L2 RILED b D2 B A 2 EHOMERE ICOWTAR SR TY
ARFHtE 7Oy F LD TH D, RIS, HEETRMOFEYTE LTREL2BEN LR
2 L Bbh bR O KINER L KERD—RIBHROKIE, FREDRERN b DIZD
W, [REINATVAHHHEHL,500E% 70y b LABEROZAFRLOHKABOR LT
Bo b UMERCEOIEMFEOMAY, TNTKEEHRTHL0THA LTI, ORI
BWT RO KEEDHEFIRONUNETAMD Z LI EWETH D, TORICRONS L)
12, HEREEEE, SXEEDHKFIROTIEL 26 Al 03/Ti0 2 =20~30D—EDME % R
B2 A S MnODAIHIBEAKE CELLTVAI LWDhD, TDT Lid Al;03 & TiO2 #F
CRIEWICE KRB ICHET AN THH I ERLTEY, EFRFHICHDL LY, HELRO
KIUIEE & KGRI — BIHIR O KRS ABL - B R - EROHEELE L THFITREY
BolERERLTVWAEELOND, —F, MnO I hEdRz o 728848, B2 (HERE
PORAL - BITLOREICHIE LLE - BHOAREBTHERMEINZLbDTHAHI LERLT
W5 (A, 19838M), KERI—RBIMDOKEEH BV IZIEEBIBO KIS OERN 2 EE
2 ST HERU ISR, TORICBWVT Al O3/TiOfHN20~30DHE» b FhENE LS B
LUETHNERST 2 b 00RIMAMfE S b, Fig. 20i3F CBFREREBRRBET LICHITT
TRL7:bDTHb,  KEMD SRR ICHITTOELLD b DI KEEDEIE
iz7ay bW, —HRUBINRRERIEORYICSH 5 PEATEEED S D MnO DA
A L SRIML, KREOHIRD SEEITHB LT 5, WMEIEFE, il - S (3000m
i) ob 0 IORICBWTHEEORMYLZFURICTO v bShb, F/2, L - EHICH
HiL7=bDICIE Al 03 & TiOfiD20L N/NEVH DAL LETH, FOELDENKEY, -
SRR AL ER OB R ST TV A O ONEET ATHEENSH AT &, BLIUS
NS DOHERUDASERD ) H R REEIC & o THERICHD 5 W, MOTHEIZOWTOFHTH
JEAAIANICTE DL TV ATHIERT A L F X b5,

Fig. 30ICi33EMATD 1) 7 ARBBIKF « — b DS (1A, 1983) A570 5 FLTH %,
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frde il
6.t d central Shikoku basin
(quaternary)
1§
(A1
AH— . e — %01
Fe0/Ti02 Ir01i02
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Fig. 29. Diagram showing compositional ranges of sediments and sedimentary rocks of
four different environments. Data sources are listed in Appendix II.

Hn(/Ti02
10,0 o chert layer "
i o inerilele d filn
1,08
] field of oceanic plateau
014
B'gi T AR RS SR} L B R AR T T T HERBRE
b, dae! ERL)T BN i L

fnd 41233

Fig. 30. Diagrarﬁ shwing compositional ranges of Triassic bedded cherts of the Mino ter-
rane [(data from Yamamoto(1983)] .
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MnO BER 6 A D & ZOF v — b ASHEGFE R ERIROEL - HEEISHMU L BB TR
ENLTEITRBEENDZDL ) RBIRF v — MZOWTHSE S Wiz — Y 2 HERHEE, 2 mn
N0%E (RH S, 1980) LW HEEBTIITL, HBEOHFVTHEEIBNEELLD, Lo
ZlikBthalmoto (1983) DEZX#FFKETHLDTH 5B, 7275 LImoto (1983) ix, +V
TARF v — bDRE7 4 WADIMAIZOWTHEBER L R 2BFEZHEELTWSD, Z0
E2 5 i FEMHICZEORIEF v 2 TERV, £LAI03/TiIOflid 5 A D L HFEMBOX
WG OEEN 2RO MLV, COFRPLETHHLIREEDL LWV, §HBF+— D
R OMIRLEN LRFF O3HF L U CRERIBROEIL - R ENERENILEDH D
CLEHEHLTBEL VY,

N, hEHORMEME & ks

PEFHFORMEDOHMAIZOVTIE, FL LTERE LIFERFOELHREF 2D T
A (1951) ALROERER E ZEEMR, MEEMO SO ZRIUZRE LY, ZoHFORHE
RICHFRETI 2 B0 D2 1E L, FHROFFRETIEIAAR (1951) AHLHAM D S EH ST
AR TORIBITOVTEYEFELCERL, &5I1CKojima (1953) AT h%%iFChERE
EBOHEMERIONT, kh SHAZTFILPETR - FRIFLRH - ZEHFILBR - M
FEERTOFW2ITI EVIHRORINN D o 7o RATIM L HMICEREHI T L,
FREBICIEERB AT 5 L) FEFOEH BRI 0% W IRETIZS  OBfEE DI
HTAEIALR o7 LT, BRARLIIFERBOREHELOMBRIIOWTHE %4
%l &4 % 3 (Hashimoto, 1968; Kimura and Tokuyama, 1971; #§4} &, 1977; Toyohara, 1977)
ERMBTHAHETAHH (WK, 1969) DIV S DFHFIEH-72d 0D, HIKEFIO
THRIZOWTIR—E L CHEFFOEITH A D &N TIICER SR, EAICHEEREHIE
RoTBY, SEIFEAMERRLTVEEDOHAN R IR TEL, IhizmihElRzE
MR LBIRTH Do LHLENS, HUEICBVTRERMICIRE SN -hEFOESRL
HRETORS L TN OFME (Fig. 12) 240, ZHFLPFEFICEHINTI TEDbR
Tk & ) RIS 2RI EE LW EAEB IS, b, BEROK
B WIEDGA B O 1T ORI BV T H BB T E OB M 2 IR ICFESHFEL,
AP LRETSFH LEBETH L EAMENTLEN TS (S, 1980), #KE (1980)
i, REWEHEE 7L — MIESERICB I Ak E LTIRR, 1D TEREHLEERED
LM ETOEL2 Y 2 BET 5 L {PEFOMTMEOHRAREEN L, LaL,
K L =R BT 2 AT A MR RIC B A AEROSH 2 63 LHIEL RBEL
2b DT Dotz SFRICTHERHMYEA Fig. 12I0REND L) 2o hitistt e s
CERYIMREFLARSBmIN T D07,

RETFIREHEE LTI VF y THEZRBLTWA LOEZ IBOER D E Lo (R
&, 1980, 1985; K3 - JiE, 1981, 1982; Hara, 1982; 1K, 1985), ZDE ik, #H—I2, &
EHF ORI TOR S & FO5H %Fig. 1 DL ) R LD E LTHWALED, FHTO
BIRRIC B A2 LR OBEICHETNTE D, HITIS, HMITRELDICHE & h b iR F
RO (R 6, 1980; BI% - B, 1981, 1982) %f4fv & L, ZHIRHTTAMAE ICH AT
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HOWNLDTHAHI EXMRIMEN, dERBERONIMIRORE L Eh%R ) Rk oTw
7o b DOAFERBICBIE SN AU LU IR THMICKE S BHL, FRFISh6LWVE
DREMIZE o TWAB, LA L4, Fig. 113 Fig. 2AEHEEZ 5N, BMEITOST %
HgRKﬁéhb%@&LT%&T%W R ETR DI HEE DHHAKIZOVWTHOI R I TD
HEREIR Y L2DTH A o ST TRULEDIHFHICAD DT, TTFPENRICALNLE
HWRMTAEOE I 2 FH SIS OWTEREL, KICENSHRILTAT O TN
FATED &) ITBBENDE DIV TIND, I P ETF OMBMLIT D3 B KA OHH A
IOWTEDRMEE L BT 5,

A, FEHICHSNZEHENFEICONT

FETFICA SN A EHMBENTFIED ) bR DFEFH 2 L DIE, Ko (1980) 12Xk - TR
135°¢

35°N | o
& ﬁ@m
.5pkm ull i

.- ‘{s:::m“}!!" it L

,,:. }gr‘t) DX

P 37011 £ )_';’;' ﬁgA;/-

Fig. 31. Geological map of the Chugoku belt in the western Chugoku Province,
(compiled mainly from Nishimura(1971), Okamura et al.(1975), Okamura and
Okaya(1975), Kawano et al.(1977) and Ministry of Intcrnational Trade and
Industry(1980).) '
(See the legend of Fig. 11). YA: Yamaguchi, NI: Nishiki-cho district, MS: Masuda
distric, HM: Hamada-Kanagi - cho distdric.
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ENs b 7 AROEHTRLICEBESNLbDTH S, ORICDPVTIRD L ) ICEHE
N3, T7%bb, Nakazawa (1958) ik, M OHR - TH M) 7 AREAFRBHOHRMHL
{LRH DI DA % 445 L, HAABO GBI ORISR S, B4 ISEAMENAS
haZl, FRMREHE LTEOBENCAA L, MM ESICHEIICELTwAZ L%
BHOMILize SO LiE M) 7T AROIEDIZHEMTTICH T, 20T M, TabbhE
IR LOOHLEHMIFELTWAZLERTOIDOLELON, L LEIS, BER
O X FFEBBAALEATEL 4 LTS (Fig. 12), FHEBRALRE LR RLHEY
Do T2 FRBEMICHTIT—RLTCERBOMRTHHEIITIONLbDTHS (Fig.2)o =
SICARERERIAMFEIFETS (BEES, 1980),

RETFTERIC BT b SHBNTIIM 20 2R L, TREFIIRERTH2 (Fig. 31).
A0, BEREALEOBEBEDL ¥ XIRF + — M H S~ %~V AR OBE BRI A B
KRR &N (Fig. 31-Loc. 3, Tablel), BREH T CHMICIZILH OHARG T % 58 H
MRHTHHS, £ ISPV LAREEICHELBERIKENL b bhd (B - g,
1984; ® « AHWWE V-7, 1984), LA L, ERBHOREMKROBIRS v — Mgk
KIEFEBHORIIZEL BNV, 72, SRR EOIBIISAE T2 BB AT
BRSO TR Y 2 7 REBOK (545, 1966) A5 LT 5%, RO IXSREE
EMIBTHLTWAD, RRIBMFEEOHBRICH-bDEHEZ LTS (Hirano et
al., 1978; H16, 1985), L7=A%5T, MY 7ARICIXIOMIBIEEL, HBHIINF SR T
WhTHDH)o SOMIBDE & ICHEFOIORTERMIRICSBVTid Kobayashi (1941) 12k o
TEEBINDIER L Shzpif] b ) 7 AROFEF L ARESHIHFEL, P~FH M) 7 AR21RE
BERCBWTKEELMOET v LHOMRTHRMUTHL EEX LN, LELEDOHH
FEREOHALT AR LT A FHEBHALRORIGRLEERBIFO M) 7 ARIZE
HRF v — L THEMIIF 5N (Toyohara, 1977; H, 1980), AR 2 BEFEHBR £ RVT
WA FHEE AL B T ARATADREL LTV 2 9B o THLNDI L TH D,
Z ZTHAFEILROLI Y 51, FHEUGHAELE QMR L7 —Mo “REABEM" L

el (27 equivalents of the Tasha Group Y
{F, 30 o DPalacozoic rocks of the Yaizuru zone-Yiddle zone

'af Palaeozoic rocks of the Yortern zone e

a4l

Boael bokela 00 g, L

Fig. 32. Diagram showing compositional ranges of mudstones from the Chugoku belt.
{data from Inazumi(1975), Higasimoto et al.(1976) and Haramura(1962).])
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&h/: (B2 iE Toyohara, 1977)o LA LED & J RIS 2 ) EANH A L HICBR 5,
Fig. 3213 8% & T 2B EH O RIS DILESH % MnO/Al, O 3 —MnO/TiO 2 X2 7
Oy bLAEDBDOTHL, CORISREND L) IZIETFOE 4R & FHERS BT L 1L MnO 04f
KIS 3hH B 120, FTOMUSHIIRIZE A L% 6F, PHOEEF IR OETHEDF
I ZHIKE D DOLDTHEI LW bND, TOHERMBBLL L TIALARF OH AR A & FHis e i
HBBANLERII L 22 L D HENLLIREEIND L)% 5 (Fig. 298H), =0
&9 2 RITA DRI BE M ORR» SllAN D FHE TR L 22 v,

IO DOEBEMFIGIE, REWOBREEL LT — PESRIC BT A4 InEET
FHATAHILIZE o TV ONIERHSNS, LA L, BHOBERIZILDLIITELTH
DTHAH 9 M Fig. 12ICAR N AP AOMIM AN M 2 T8 ay Yy
IR SN ATHRIET] & 22T A TOMBOERICH L TOmME (iK1, 1980)
Mk bhTwad, FENOEER L TN ERESICH ) THRERIZEFN S DEITLI 6
hgsh, Vo 7R80MIMETH B FHEMTERLT IS LTHEFNICREBH L TW A & #
AhUINEL SV, COROBHO XD =X E LTIRKBKF » 7ORIKICE B LT 5H
% (6, 1980; FHK - i, 1981, 1982; Hara, 1982) & b5 ¥ 27 + AM 7L — MERTOHA —
N=F 9 TRMETHHE (T, 1981; Karig, 1983) @ 250 ) AT (ETHA ), T/, JiF
IS, dER L ENETESICH ) THPERIHOHErCTEN S DHIRAEN S -1k,
FOMIcHATHFHENHEELSN (RREH, ATMLE) B THRE - Ll eEz
HTEHLTED,

B. MRHTHEOMEBE
O CTHRPERFEIE T OSRbAT CEIR S N A I L iIC T &0 B,

1. feja=v b

SRR & BUFHETS, & A VIFHE & OMEAMEMET LITE Th 5 & L i3 Tz, 1
W—AR BRI BV THEACRNC RO FHER B4R Tdh 5 AURG & 40T O— 8257 L,
FOWICKEE % 4L T2ERRHEOLF HEIHE LTV HAT (Figs. 7, 11280), Z0OHR
DEREZMT L TTEDOMRIITRETH Do RERIZUIITH T CRHNWTRATERORESHE
W IZDOU ARG THE LTV 5, BIULERBIRIC BV TG AT LG Th 5 05N
D LIZTREWIMRNT OZIE Tdh 2RERM BN W LITE TR o TWA (kM S, 1979; FLIT -
I, 1981, 19823 & UfFig. 8 BH) o IR ESVAAFP—ILYFHbIIC BV Tid e oy 42 Kg 0 LLI BFRY
B OB TR OHER D b D L BbN L AKERDS, BIWIF 2 A L Cili LIS ¢l
oTWa (4F - iR, 1951; R4, 1963),

MLVt (R - TF, 1984) B X UEALDHbIY (H 6, 1981) (2BWTIZILHF
OEEF O TN F OB AMIT LT WA = Lasids S hiz, I RFIRIZBWT
VRFT I O FH G BEAT LR T AT O LIS EIDIR AR % 2 R0 FHE G BRI 4G ©
HOINFEIES 0o TD, &I TREERESRAEL ) LR LTWA S Ly, FOM
FREREEA-SRRIC B THHB IR TWS (MK 5, 1975; T4 - A, 1976),
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FHOHEEFICH LTI E ChPS kv, Zhit, SR HEN ORI IR BLED
SCRBAETA 74474 POLEMEMR L TOA L DA RS E LTIRA L7 dismem-
bered ophiolite T2 ) (F#f 5, 1981; FLi3i - 5, 1982), FDEKES b o TLEDOLEIE
RESEHIENTELVAD LARWLALTHD, TNHDE[FH»SIE, TRITIZHS
D BEPAA R 2R T SIS SR S LA, el v D CIRETAREER L3k
LIRDFHERITEAR LR AR L TV B iIRid 2 {, 2h o DI IRER SRR LT3,
RLEOBBHERNP S, £hd LTHIMSNZERDH LTS B L8 2 0 F R0
L, XhEWEERI N LA T 5 &0 ) —ALDTETH S 5, S DOWIFHIZFE
Ui & SENAT IS T TR T A2 & EAIA~FHERGEE D 1 RUGEBE - 7 1 BUGRGRE - @ik
WF e FEIAT & RATL TV AR (UK - J5, 1980; AL, 1983, 1985; Caridroit et al., 1985)
R TH B, T/, LWL v MIBWTIZ, FHEEIATNG LSRN EERON Iz I %
No EMBY B O LOWRINAIRIEN 2 9 BRI S & ERRHEORILEHMMEST B L v
IMEPRELTVD, ThHEDT EFHRERFLITZ= o F 2SRRI T ORI %
NANF » 7O ) & LTIV R (1985a) DHEEEFE (Fig. 33) LM TH 2, L
ML, Thed o THBICHRBICHE SN AW LN = » P&RER - TEA 5T
VB ERIRENDIRTIZZ Ve TRIZVE X ITHER—RG], HL3bIROFHEG TEH LY 0 5345
WMEREWICBITAREWDT7 2V A —ERE LEBALIEI D hhoTWD, £2I21F
Bk 2 fERHTIIETH 5 9 o SREDHHEOHAIM IOV TIRIBBH 2 H - T LTEOBK
BIEEARTHR L2 T ERR SRV, FRIEZORORZOBETH 2,

2. W=y b . <

ML= b OB T B IL BT O EAIRI BV TIE, BN 2 B0
ARG & AUR IS 5A0 3 2 FHEY BEAT L RS ASBY T % 0F 5 RIGIHO He et v 9 1 D16 L W T8
LTWa (24, 1964) o S OHHFOE LR 13 ESHULIE RN IS BV TN OB ER LI LTV B,
CCTIRAPHAELT & ) b HA L, ZOHTIRML=  FPOYPEERRE o TVDAS, *
DERIZ & b o TWiV, INORIEOBET—X] « ST 3 FHEN T4 0
RERGTE (DL - FIRS, 1952) & “ZIBBREET OMEEE (Kojima, 1953) A9 LT
bo UFIRGTEIR, Do THEL (1976) 12X o TRV AFRLIIGEEL b Y 7 RRITE LI =4
SN LN DD, BHLHIRS (1983), KGH - B (1985) IS X D FRGEED S Y 2 TRk
SLE DR HAHE S, SIS & o TR RITRRE D ST L4 2 BHRIZ % { 2 o700
LA LEEOD “JIGHE" 13 "G LB R 5 O THUBIGIEN)IG & LTy
B TR S &I 20 RITRIBED ) LI & IR =335 S (1979) 12k o T EEOB
CRETHD ABISHITENTV S, & 2 TRBG O EAICIZE LM CLlg A TR ) (55,
1979), & HICF D EAICEELIRE OIRIGIEARIL ) i LI Tl o TV 5 (Kojima,
1953)s K6 (1979) (Ckhid, Tk 2tk h BRI HROSH+T B2 W TRIEL
Twib L, LAL, Hi&@iﬁ*ﬁ%’d@ BINE DVEHICBOWTIRREDOEERER S ATV
Vo AHGTEARHOILTEIALE S 2 SRTHIUC BV TR OH R OSUHIEAS “S IR
GRC OIMPRBIZF » 7E LTH Ao TWS (Kojima, 1953; TG4t + #iK, 1966; Nishi-
mura, 1971)c SR OW LR IXINOFREBMORIID 2 V) » R (B, 1954) 3T, Wiz
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B ENA (LOMES, 1975)

ZOLEIICHELIS v FOREMIRIC BT, HEMICTTORERS EMICHEL, £
OBMICEEERENNE L, BFICHERBEHYEIMETS LV L=y b EduE
L7t IREAT R LT b, LAL, lbﬁ%wﬂmkbwfuﬂ&@ﬁﬁé@%¢m®$
EF LAY, COETRRL=y FEREoTWVD,

C. HEHOMRE

Z S CIRREN & FOEBATICHE SN A HEBL LM L TERERORAIC Z DA
EDEI LTI P AERTELONERIET 5, Fig. 2I0R3MD &) ICHETFOHEAR
FERERIX, FRENOMBUTORE & EL Wb o 20 RE & ZORE - HROESR L
LTEITE S, £2T, BREFPNHLTHHOICRS (1985a) 121E-T, H2 AL
DEERB OB hd b o R 2 BE IR, PHOHER L BHRHICI b o gL 5
MR, FHERRB L UOFOMUF IS Db o R FEERSE L HTHILICT 5, &
BRIIREOSTICEE L T A 7L — MERICKA LHIMEERRL, $5bDRILARAT
LIW, 752001 M7 YR 74— ABBIRICHR - TZORM 2B ELE TV DTH
59, 9 LTRAMICIE Fig. 12ITREND & ) ICEHHROTR Lo fHinkiz 1 o D&
(Tectonic collage) *FHL7z&E X 6N 5, "

LI BT, ETMHAEN ZRED STHARDEBTE R NS Db OERERRICE
WTHREN-DDTHELDERIEAICEZ SN TS (Shibuya and Sasajima, 1980;
Hattori, 1981; Hirooka et al., 19837 &) o L2 L7456, FAENC BV TIXEREIROBITIC
W 5 TREOBAUEN 2 EHER S DHETIE R EN TV BT, FES (1980) OFHICH»rbho
¥, BREOWBERICL s TH A0 SNAHBBAFLONTEGEOMBEIIZRENTI R
Hotie BREOBAMAHLOEIEE LT, T T, HRFEREREZELTCOEFICL
DRABMKF L OEMIL, 727 b=y 7 ZEMPWERIC L o TNEHIER S WIS
KB ABAMEAONERTICH ) LOEX 2 EAHER SN TS (Cogne and Perroud,
19858 18) . fHIMRE TR T 5 & ) 2EMRBICH o TIREBOWURERII T —ZR2BR
THh, RAMKFMLOEERIILALDERIIBVWTRI - TWVETHS) LEX LN,
T RBRFETAC & A EMALDR S o 2T L Ehi v, RE e L TERROMR
PRI LTV AKBE ZAVIE X WAL, FORAICIEEMRR 2 BIIRES O R D ) ASHEET
Hb, ULEDOIEADS, ShF TIAREIN TV AEHMBADRHOKRLHKD b OIXHEH R
WTHAITICHERRE LTHOMATAZ M bbhs, HERTIE, SHEEORA
DREBIzOWTIEH AT 42 BRAT) 2 &0 L 2N - EHRR2Z LDAHIRICDE R
ZTWwekEz 5,

1. SEOfE
(a) WA R~V LR
A R I TRk ﬁﬁﬁﬁméhfwto%m@ﬁi@tﬁiﬂéEW%@#b%
DILEDRA L L - IBEROMA MLz b D THY (Kanmera and Nishi, 1983), =
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No KR BV TIRE—FFIFEILT 2R LT RKEEROMGER, ThbbE
B DT 2 A% U T iR O ERIZT 5 6 2V, L EICHER L2 BERIKRE 1}
ZOHFLDLBEOER 2R DTV S, FOMOILERERICIISh o Tuhv, AREOH
BUSIRAABEIER D HBLL Tz, L2 LRBERFIRF v — FORIFICAN TR~ L 5 1L,
SR - BEDOEERN LR L TEB Y, FEEIOIOMEERICOVWTIRE DA%
Vi, ARADEIITIE LI ORRLEOTIKICIH S L2 SR DR b HW AL L Tw
72hb Lhevy, Fig. 2ISRENBE £ 918, INEDMERITBWTIZ Z oMM MIEORY 1T
DGR EL RSN holze BEL CAFIHAIZZ DM —IT L TEEN R B2 R - Tz
LEZOND, L2 LAKRERIEICE b b boolite DM TR BN &, FE—IFilEiE
WHNEKERDEFHIFEL T EDRF b H D (WF, 1985), MREWHFICBWTIZHA
RROGISH N2 7 Nh VEDFEHMRLSLR (LS, 1980) T/, FEHFHIBWTHEM
RN HIRIC RN A R ORILETRIRED MO T WA (BlF, 1983%H8), T DYIRINAT
WAL AR R AFLEL TWIZDTH A 9o REGHEINF & F OB ENF~DIERHRIZ 13280~
400Ma DREPIEIED DA LT WD (BFR, 1977; 86 - TG4, 1984, 1985) 2%, = DB
FiMshizbEZEZ ONBELERDLDIZIZL A LHORT WV,

(b) A LfdH - I '

OV ARLOINIC AL O A 0 ) b T R & E—H0 b 0N E LT S
NED TV TRAMICIEERIRENSCEEND Bk, 1982), =Dt KiEIIZ
SEM BEDHERT S B IV A 78 F THkRE L 72 AL DRI O BIR BIHBER GRS v — M
EREMEEERE e E Y, B —TFHEILTNE F 2K » SR TV 6 Lyv, Bek—iFil
HELZASHETZE « FEIRL 72D~V AR DY TH 5o L7ch o T DOMILARATW
AREMHADEST DR EH10my BLEL BREtb Sh, ZOMEY VA7 27— k+53K
LWL, LARAMILBMBESICHETLAbDO LN &N S (Molnar and Atwater,
1978; Uyeda, 1982; #fiff, 1983%:HH), = & ) R RHE—THEMFILFIAHTR LA, i
Tr—=bLEIZHo7bDL LTERAIMETTI 0L RS EHRKE S L BILURICH » 12 F + —
PRETAMEIMS R, BEOREEEE QU R, £ 0EEDS L OO ERITELITIEARR
ATLE ol b#HiNd, &5 LTHWOEERIZASOND 3008 1 7OMIGEE (S517E—
BEHH) AtifpIL oIS IS AHE LTI & vz,

=7, W~V AR DOGUZIE E-type MORB Kii3DWA+ 7 4 + 5 4 F DEAROIIK A
WHBEoTHY, TOMBICME UAHES GEIMHESD 138~V 25212 3 BRI R O L4 T
MERYHBE Lico CORBEL T-T-R MEMAEHMTEEL, PIRIBHDILIRRHLT
bhTW/nTHAHH (b, 1985)s LizAfoT, iLARAREOMMIEROESITEMAE L
TREE L, TORTHOIEEN L TOAMMEELICEAR L S EA5T & FI1CH2 - 1
L, BAHA 74354 bWEEENRT. SOHE, EHGORANESIIHMmGTOLDLY
PRGN EEAH D DT (TRIE - 9, 1985M) FEBRIC Z N & AsHfge$ A MEIC 1 Cocos ifi
3% Carnegie 4D & 9 2 RESIA HEO B IMHETEN HAWES) OB L oTW:
bOLHEF S ND TRIZICHEROMIAKENNS 7 b LATHES D H 5, T8 0iEND
LARRICHIE L TR 7 T b OALEAGERICHSE L, d LAy, SOX S LTHm
BOBIEE & IR 7285 GHOIHE) 26 “BIMOKEER" Ok XAy



PR H AN TR 381 B - AR E R OBF2E 185

n, S HORATEEIEATA 74454 PO TERLINDOTHSH (BIFE—D
L7278, ZOEEBTIEE VT L — DL ARG L THRVEMICIAER L, #HBEHED
LI (BARS, 1982) & & LICTTICMHINL TOW KA EFOM LE#HIEZ ) KF b,
197488), 20 dH b b O3 EEBEDIZ4 ) 2 ) 2 & LTHHR S 7 (R 5, 1981; B -
B, 1982), L7:455TC, ZODOA ) A bR b0 — AOFBUI AR b D TId 2\,
WL = v MIBWTRIEHOHER L D S PHOHEMDIT) AL D ILMIHZELTHAEZ
bbb (Fig. 11), KE—HFHRELIIOMIMERATA 7 1474 FORMO EH HHFEIC
B o700, BEFETHICES TV ARV, LA L, dwils (ki) OLsbsr
VT (B DibAAAAN, FLTZEAAEEO@EBEET R TALDMNT VA
T4 — ARERAOBITE V) LB BIIROE S\, Fig. ML ED L) ZERABEED
D70t 2 2 BAMITRLThb, ST THRAFEROEN % GO/ Bl HOEIZD
Wl OHE A MET A EZ (K5, 1985), dHEMOMHELXMET 5% 2 (Maruyama
and Seno, 1985) &ifyilEDIH & Mg A% 2 (M, 1982; Ishiwatari, 1985) & 4% % 7%,

Fig. 34. Diagram showing a possible model of collided young aseismic ridge origin for the

Yakuno rocks.
VE: volcanic front, IB: isobath, SC: spreading center, AR: aseismic ridge.

Fig. 3413, ZOMICTTHE%RT 2 b=y 7 ETVE LTHRENZHE-DLDERLTVDLE
2 ho INLDETF VD ENHEN TS DI EH O IEME 2 FERER & ST OHERT
MPHEPII A LIZL > THTEMNATHA ) TNLRBAEATHTHS,
OGP S B T R BRI OB X e, F 2SN I 5 72, FHE ]
MAFHEASHI L TV ) b bewnhs, B ELH MY 7 A F TSI L7,
() "7 AK
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SISO AHARARITE b2 ) ZMEE FMEZOWIY b 1) 7 ARGk ARATH T b 5~
AT 4= LBIARBITL, TOREIZEM M) 7 AU ED TR L7, RilE—iKKkER - T
MY 7 AROBARG I 2 ORI SEREHIR T RIRD KIKIEBATFE L TV e v
L) RJBERBD SNV, T, RIS Z0 L 2 AREIIAN SR TV RV, BFHE
WOAN A PR PO—LDEHRERYT D> TORWVDTHEP LRI LI LRV, BFAHKIE
WO AMED o EHLDHM P ) 7 AROEIE Bbiis, Hifl~a b 7 218121E, &
BN A Ik % T2 L 72 P BT 0 JeAFid s < b L722%, 2 ORiiiicfifi L T v B o
N7 L SRNAT I I AT IS REASHERT U 7o & 70 RESRHEEAS 12 b IR W HER A DT S v
Wizdrd Lirvs, I M) 7 ARBIT% 2 L IR TN IR IS T ORISR S AT b 2
bisd Wtk - =k, 1975; Kiff, 1985) BEFH L b T Y 27+ — AMHRIETZ Loof}
DLEBRAZBDPINELEDL o T2 /72DTHH ) o T DRFLARAA P DILBIFILIHE & ZTRilER
D—HELEZLND, TOBEL LTHEL= v MIBWTHELRERNOMHRARI Y, &b
EfiD 2002z 9 bADTEMBEPHZ 2 o TWioze LA LKA E U CRHEIEBIZE I 2
BHEICd o 720

d vasid

T a RPN IZAEENNT 1B W THRIEE Z 9 B (D emplacement A % 50 2 TV 52,
ST ARIEENEERTIN S 2 FRIIE T o Tz L (BFR, 1979). BF5<
FHEU BB L R &R L TW A Z i O —E25 ARG E 52k oD TH A9,
FFide 11 200G B V2RI 2 O HERUI B 2330 ~40my & B TREERIZIE » TE DI % Bailily
DA E T D OB LTE b DL H I 6NE, LA o T OMOLIARIL,
KEAFIZH LTh % D EMIEDFHDILARRTH o 72 Z EAWIREEN L, LML=y FOBIK
BHEICBV T S N WTH H O — R BIFETR (BIFE B—2— (c) BIK) &, 20
£ ZEAEDOFOLAIALDOYIZBIT HEMBEE KM L2 b D THHL S Lk, FHk
DRI AR SN TH ST TIZ100my BLEZET WS (Fig. 28H) OTEFNY VYR 7=
T =id TSI BEIL, Lo ClEET L — PO ARKRIBESISERI Y, LIES i3
FRAMEORIK I oo bDEMbb, RATHIY 2 FRUSTHE T BEERICHELE L
TR IR AR EMEL, ShIZEbEA XISy MIBWTHEL
KEBOREA b, ThmEe LTofg I BMEOREIEE 26 L0, 20
& & T T REEASE AR & D 127% o 72503 ) BN 2 548~ i) B B Lo R pe it
SDMFEIHR UTHINMAE LTORE TN REL R Lo F70, S OMWZIC|fM LTt
I RBEHEOKRBMF » 7 (BT, 1983) MK Sl FEAFICBWTT TR SR
TW iR S, ZOREHIIL2b Lk,

O8], HlHZ= vy MIBWTH R 2RIMEDOEERDS R P 2 72DIX2ETH5 ) 2 HEHL
=y el =y F OGS TUE T OBAED S LRI LTw s (Fig. 1, 128
o ENHDEBMICBENT S DL ) RMFEMRARTOAETHE, FldkaRadT
DBRTVARDILAALFMLOKRBIRIII T ZAERTHL= y FNThR Y RE > TWARET
Hbo 1DOWiEHE LT, MBEL= v MIFEETL - OB EICFITLASH LT L 5T
Wt DEARARIGRILT, PSS VA7 +—LMRIRE Lo TS ENELIOND, B
Maruyama and Seno (1985) i, T 770y FL— b A FFSL - OMIZHo
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TSR HAREHEL, SAASEATHAIEICED, FRETOMTIER»LENT
U= FDEBRBADIELE DO L, T EIZE o TEBHEDSFEFICHIT TORBUME
RFIMEDER E NS DHRERAD S AR EMHE) KBES » THROBEMSHETESEL
. ta Lo LAEREFDOLOOHICIRIOEIZEWIEERBRDLAARAND s /22 L 2RT &
ZREFIEERD bV,
(e) HEER i
HEEARICAS EVaR BAICIZBIMERE - AR - BUBRL2EOHI NV 7V ) KKTEE
MPRIY, IhFEFCISBERAAIMEEL L o7

2. % LO—KEBHIEORTIE & BRI
EM—FEH IS BT AEIMEOBBIMEBIC L o TERDBELAIZER TV D 0)7’ H’L.Ob\
TEY L, EHHTRZ WL OPDFHHIIGIANTREI 0 TWA, Thbb v AiHIC
W DOEERAS, RV ARBHICPHOHERS, BZ6 M7 AREMISBARA BB
A%, WICHH Y 2 SRICHBEERSEHE 2o TWANARE R LA, T2 5P~ %
ICFHER AR LB O [ HHERESS, 2L TP 2 5RREN ~EARINICE I BRI
HEhTwa (Fig. 2 2H), BN L EREHORETOBBRERICOVTIIHE,» T2
WA, HEYAIA IS RIEOMIME L TER T 5 & 9 % HRPDUIFICE Z o /22 LidEEW L
Vo LA LENIREROLAARALRPEAGISES o 2T AR LABLTRRZVL LY, &
DOHEEZAATHETINI TIERTELZLOFTH - EHMEE B A HIIZ, PEAH
S FHE—FERTFIC AT TOMIRIC B W T, BEEICL THMRRBEIC LT AR LR
FREME LTV AR SNEDIRM—2MERTVENEWNS T ETHE, fHMEh
2o DRETHIUREBEBEDHR THY, REICEVBRLFHOWRTHY, /220 LICHRK
LIARERTF v — P THELEALNDOILTHD, TOZ LW, ThHOBHICH wfﬁ
FIARE TR A & J ISR E AT, B - BERBHOHRIME SR nEWnS
%77 LTV 5, Ben-Avraham and Nur (1982) i, #7144 54 FEED emplacement I3
HILRBEEDHRICL > THERIEND LER, SO EFBIEHORRIC %5 L& 27,
PSANF y THEIHERIGEZLHICE VBRSNSV EE X OND (B 21X Cook et al.,
1979)0 BELKHERREN LA DL ) BRI LD LTHBELTWED TRV
EBDND, ML=y MIBVTY 2 FRAMBIEE L2V OIEY 2 TRICBWTI 0%
BRI T VAT 4= LBOBR L2 o T d T RL, KARADOHBiBETL— L
IR EFERIT L) R LTS T ) A hodhd Lk, WFRIZLTD
EARATWBET L — P OBBERREFRIIAIMEOETUCERLEREE5E X5 THA
9o WM BARNFEOHFE LA 74454 VA THHANSREER, R0 EEOKRERD
Gkl CHEILRIEMMIR ML L T A b0 LEZ SN TWS (Takeda, 1984), 25
{2 Maruyama and Yamasaki (1978) IZ& o CERANTOREED, T8t - #hkR (1981)
K& o THF+HHOREENELR EDTL - MAXKKIEHOEN TH A2 LASTEE NI
T BANF O IADOTEEARICB VTS, FEFRFHETICOVWTTFREN L D ICHRD
ﬁ%#%ﬁbl%&&m%mbf@Tﬁ&w#&@bh6o
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H B TIIPEN KT AR E WL O DERALRIMTICES L, SUT
D b OMITHEMFA IOV T E &7, MIT L DESIXRITRTE D Th b,

A, PETF RS T A WITEICIERD &) LIERGIERILTA G S0 E  (Fig. 12),
1)  WEEREE (SWMAEE)

Ao PICENEIRIEN 2o TV B b DB X VFNRE DBHAHENZ b DIZOVTREST
Z)o v :

2)  IREMEER ,

CNIFHHEERDLRD L H IZZH 8D,

(@) AeHiodAR @Y - BT —F RO RIR G ML &4, BE - Fry— b - Bk
BHKEB LU L b %5 PNV AROMINEEIILT %0

(o) HUFOBEER MM IEOM LG C LI ORMIBFEHRS ShzEThd, BRSO
P RARLEZ L b2 Yo BN ARDIINEERIKT B AMRE R E L LTkl
HLH2s,

3) A OIGEE
ST & FHE O T 5o BELL M 7 AROHIMETSH 5,
4)  FHENTEHILY

TN OFHEB IS TE By P~ Y 2 SHRONMETH 5, F+— b LR
HEELT 5,

5) EiEF—H KBMNITA—V 2%

MRARD SRR L, LM EERERESICH ).
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Data sources for Fig. 25 (Chemistry of Ca-rich phenocryst Cpx. from ocean region)

—— a-1: N-type MORB —

Matley, D.P. and Muir, 1.D., 1980: Geochemistry and mineralogy of basalts from the Galapa-
gos spreading center, Deep Sea Drilling Project leg 54. Init. Rept. DSDP, vol. 54, 755-
771.

Rice, S., Langmuir, C.H., Bender, J.F., Hanson, G.N., Bence, A.E. and Taylor, S.R., 1980:
Basalts from Deep Sea Drilling Project holes 417A and 417D, fractionated melts of a
light Rare-Earth depleted source. /bid., vol. 51, 52, 53, Part 2, 1099-1111.

Sato, H. et al., 1978: (see references)

Sinton, J.M. and Byerly, G.R., 1980: Mineral compositions and crystallization trends in Deep
Sea Drilling Project holes 417D and 418A. Ibid., vol. 51, 52, 53, Part 2, 1039-1054

— a-2: T-type MORB —

Bryan, W.B., Thompson, G., Frey, F.A., Dickey, J.S. and Roy, S., 1977: Petrology and
geochemistry of basement rocks recovered on leg 37, DSDP. Init. Rept. DSDP, vol.
37, 695-703.

Flower, M.F.J., Robinson, P.T., Schmincke, H.U. and Ohnmacht, W., 1977: Petrology and
geochemistry of igneous rocks, DSDP leg 37. Ibid., vol. 37, 653-679.

Thompson, R.N. and Humphris, S.E., 1980: Silicate mineralogy of basalts from the East Paci-
fic rise, OCP ridge, and Siqueiros fracture zone: Deep Sea Drilling Project leg 54.
Ibid., vol. 54, 651-669.

— b-1: Iceland —
Jakobsson, S.P. et al., 1978: (see references)
Thy, P., 1983: (see references)
Wood, D.A., 1978: (see references)

—— b-2: Hawaii - Emperor chain hot-spot track ——

- Clague, D.A., Fisk, M.R. and Bence, A.E., 1980: Mineral chemistry of basalt from Ojin,
Nintoku and Suiko seamounts, leg 55, DSDP. Init. Rept. DSDP, vol. 55, 607-637.
Fodor, R.V. and Keil, K., 1975: Contributions to the mineral chemistry of Hawaiian rocks. v
. Pyroxenes in rocks from Haleakala and West Maui volcanoes, Maui, Hawaii. Contrib.

Mineral. Petrol., vol. 50, 173-195. '

'—— b-3: Ocean island tholeiite (Line island) —
Jackson, E.D., Bargar, K.E., Fabbi, B.P. and Heropoulos, C., 1976: Petrology of the basaltic
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rocks drilled on leg 33 of the Deep Sea Drilling Project. Init. Rept. DSDP, vol. 33,
571-630.

— c: Arc-related volcanic rocks —

Bougault, H., Maury, R.C., Azzouzi, M.E., Joron, J.L., Cotten, J. and Treuil, M., 1982:
Tholeiites, basaltic andesites, and andesites from leg 60 sites: Geochemistry, mineralo-
gy, and low partition coefficient elements. Init. Rept. DSDP, vol. 60, 657-677.

Ishii, T., 1981: Pyroxene geothermometry of basalts and andesites from the Palau-Kyushu and
West Mariana ridges, Deep Sea Drilling Project leg 59. Ibid., vol. 59, 693-718.

Kay, S.M. and Kay, R.W., 1985: Aleutian tholeiitic and calc-alkaline magma series I : The
mafic phenocryst. Contrib. Mineral. Petrol., vol. 90: 276-290.

Meijer, A., Anthony, E. and Reagan, M., 1982: Petrology of volcanic rocks from the fore-arc
sites. Ibid., vol. 60, 709-729.

Natland, J.H., 1982: Crystal morphologies and pyroxene compositions in boninites and
tholeiitic basalts from Deep Sea Drilling Project holes 458 and 459B in the Mariana
fore-arc region. Ibid., vol. 60, 681-707.

— d: Ocean plateau tholeiite ——
Tokuyama, H. and Batiza, R., 1981: (see references)
Jackson et al., 1976: (the same as that of b-3)

— e: Back-arc basin tholeiite ——

Bougault et al., 1982: (the same as that of c)

Dick, H.J.B., Marsh, N.G. and Bullen, TzD., 1980: Deep SeazDrilling Project leg 58 abyssal \
basalts from the Shikoku basin: Their petrology and mineralogy and major-element
geochemsitry, Init. Rept. DSDP, vol. 58, 843-870.

Zakariadze, G.S., Dmitriev, L.V., Sobolev, A.V. and Suschevskay, N.M., 1981: Petrology of
basalts of holes 447A, 449 and 450, South Philippine Sea transect, Deep Sea Drilling
Project leg 59. Ibid., vol. 59, 669-680.

APPENDIX Il
Data sources for Figs. 28 and 29 (Chemistry of the Pacific marine sediments)
(®Donnelly, T.W., 1980: Chemical composition of deep sca sediments-Site 9 through 425, leg
2 through 54, Deep Sea Drilling Project. Init. Rept. DSDP, vol. 54, 899-949.

@Hein, J.R., Vallier, T.L. and Allan M.A., 1981: Chert petrology and geochemistry, Mid-
Pacific mountains and Hess rise, Deep Sea Drilling Project leg 62. Ibid., vol. 62, 711-
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748.
®Karpoff, A.M., 1980: The sedimentary deposits of Suiko seamount (leg 55, Site 43): from
the reep environment to the pelagic sedimentation. Ibid., vol. 55, 491-501.

@

, Hoffert, M. and Claver, N., 1981: Sedimentary sequences at Deep Sea Drilling
Project Site 464: Silicification processes and transition between siliceous biogenic oozes
and brown clays. Ibid., vol. 62, 759-771.

(®Sugisaki, R., 1978: Chemical composition of argillaceous sediments on the Pacific margin of
Southwest Japan. Geol. Surv. Japan Cruise Rept., No. 9, 65-73.

® , 1980: Major-element chemistry of the Japan Trench sediments: IPOD legs 56 and
57, Deep Sea Drilling Project. Init. Rept. DSDP, vol. 56, 57, 1233-1249.

@ , 1980: Major-element chemistry of argillaceous sediments at Deep Sea Drilling Pro-
ject Sites 442, 443 and 444, Shikoku basin. Ibid., vol. 58, 719-735.

, 1981: Chemical composition of marine argillaceous sediments around the Izu-
Ogasawara istands. Geol. Surb. Japan Cruise Rept., No. 14, 146-158.

® ., and Yamamoto, K., 1984: Major element chemistry of Pacific marine sedlments

around 10°N and 170°W: Samples for GH-80-5 Cruise, Geological Survey of Japan.
Ibid., No. 20, 198-214.

a. Shikoku basin (Quaternary): Depth=4386~4852m
® - Northern Shikoku basin: GH75-4 Cruise, Site-P58.
@ - Central Shikoku basin: DSDP Sites 442, 443 and 444.
b. Central Pacific basin: Depth=4962~6025m
@ - DSDP Sites 66 and 166.
® - GH80-5 Cruise.
c. Shelf to trench-outer rise (Quaternary): Depth=1080~6001m
® - Nankai trougth, upper inner slope (shelf) to botom: GH75-4 Cruise, Sites, p-57, p-59
~63.
® - Japan trench-upper inner slope (NE Japan Pacific side shelf), mid-slope terrace, -
lower inner slope, trench-outer rise: DSDP Sites 434, 435, 436, 438, 440 and 441.
d. Topographically prominent highs in pelagic region (ocean plateau, seamount, intra-oceanic
istand-arc): Depth=1460~3524m ‘
@ - Ontong-Java plateau, Shatsky rise, Hess rise, Manihiki plateau: DSDP Sites 289,
305, 310 and 317.
® - Mid-Pacific Mountains, Hess rise: DSDP Sites 463 and 464.
® - Suiko seamount of Emperor Chain (post-Middle Miocene sediments): DSDP Sites
433. '
@ - Hess rise: DSDP Site 464.
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- Izu-Ogasawara islands: GH79-2 Cruise, Sites p-142, p-143, RC45, RC54; GH79-3
Cruise, Site RC51.
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