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Abstract

In the first part of the present paper, the geology of the western
marginal part of the Ryoke metamorphic terain in the Kinki diastrict is
described, and in the second part, the geochronology of the Ryoke meta-
morphic terrain in the Kinki district is discussed.

The investigated area, located in Osaka and Nara Prefecture, consisats
almost entirely of granitic rocks. Metamorphic rocks derived from sedi-
ments develop only poorly in this area. The geological structure is
monoclinal, i.e., northward dipving throughout the western part of the
metamorphic terrain. Katsuragi granodiorite, which is non-folisted and
quite homogeneous body. may represent the core part of the metamorphic
terrain in the studied area. The genesis of microcline phenocrysts of
porphyritic adamellite and sheared rocks in the southern part of the
studied area are discussed.

The Rb=Sr and K-Ar age determinations were carried out on samplea of
biotite, muscovite, microcline and hornblende from the Ryoke metamorphic
terrain in the Kinki district. 24 samnrles of granitic rocks, pecmatites
and banded gneisses were collec;ed mainly from the western part of the
terrain. The results obtained #n this study suggests that the metamor-
phism and plutonic activity in the Ryoke metamorphic terrain had con-
tinued almost throughout the Cretsceous period ranging from 139 m.y-. to
70 m.y., culminating 110-90 m.y. 'The Rb-Sr ages on biotites of granitic
rocks are well conversed to 110-90 m.y. No great difference had existed
in the time of *the emplacement among the granitic rocks in this metamor-
phic terrain. The Rb-Sr ages on oegmatitegrgre 90-70 m.y., which suggest
that the metamorvhism ani plutonic artivity in the terrain ended approxi-
mately 90-70 m.y. ago. The K-Ar and Rb-Sr ages on banded gneisses reveal-

ed quite discordant age pattern, which is discussed in detail.



Tntroduction

The aZe of the metamorphism, which produced the Ryoke and the Sambagawa
metamorphic terrain, has been the subject of recent investigations. There
have been hot disputes among geologists as to the time of the metamorphism
of the Ryoke and the Sambagzawa metamorphic terrain. Two sharply opposed
opinions have been prevailing:

Kobayashi (1941) considered . that the Ryoke metamorphism had occurred in a
certain stage in his "Sakawa QOrogenic Cycle"™, which ranged from middle
Jurassic to middle Cretaceous.’ On the other hand, Yamashita(1957) and
others considered that the metamorphism took place in late Palaeozoic or
early Mesozoic era. Recently, K-Ar age determinations on several granitic
rocks in the Ryoke metamorphic térrain have been reported. But no Rb-3r
age measurements which utilize the radioactive decay of Rb87 to Sr87 have
been made so far.

The author has been stgdying the geology of the western part of the Ryo-e
metamorphic terrain in thé‘Kinki‘district. In 1962, a mass spectrometer
for geological age determination was loaned, on a long term, to the Geologi-
cal andﬂMineralogical Institute, Kvoto University, through the courtesy of
the Department of Terrestrial Magnetism, Carnegie Institution of Washinecton.

Dr.- L.T.Aldrich of D.T.M. visited the Institute and the geochronological
work begun in this year.-

The author has collected the samples used in this study from the Rvoke
metamorphic terrain in the Kinki district, mainly from the western vart of
the terrain where he had been enczaged in his field work. Recently., by
Yoshizawa et al. the geolosy of the Ryoke metamorphic terrain in the Kinka
district has been studied in detail. This geochronological study, bv the
author. has been carried out along with this geological study.

This paver will describe the geology of the western part of the Rvoke
metamorphic terrain and state the geochronological sthdy of the metamorvoh:c

and granitic rocks in the Ryoke metamorphic terrain, in the Kinki distraict.



Part I & geological studv of the western part of the Ryoke

metamorphic terrain in the Kinki district

I Outline of the reology of the Ryoke metamorphic

terrain in the Kinki district

Little has been known so far as to the Ryoke metamorphic terrain in the
Kinki district. Only the Kasagi and Mitsue area were studied in detail in
the past. Recently. Yoshizawa et al. have made a detailed study of this
terrain in the Kinki district and have made clear the geclogy and the geo-
logical structure of this district(196Sb). The author has studied the geo-
logy of the western par*® of this district, which will be described in this
paper. The geology of the Ryoke metamorphic terrain in the Kinki distgict
as a whole is only briefly reviewed. Full details of the geology of this
digtrict will be given elsewhere(au}

In the Kinki district, the Ryoke metamorphic terrain runs nearly E-W. The
western and eastern extensions are interrupted respectively by Osaka bay and
Ise bay. TIts northern margin grades into the unmetamorphosed Palaeozoic
strata or into the so-called "Cretaceous granite', and the southern margin
is bordered by the Sambaawa metamorphic terrain with a thrust fault zone
called '"Median Tectonic Zone". although in some parts covered unconformably
by the Izumi group which is upper Cretaceous in age. The metamorphic terr-
ain consists of a mountain block, continuing from Mie to Nara Prefecture.

This mountain block, however, is separated by Nara basin from that situated
in Osaka Prefecture, as is shown in Fig. 1.

In the Kinki district as a whole granitic rocks occupy a large part of thie
metamorphic terrain. In general, metsmorvhic rocks derived from sedimenta
are abundant in the eastern part and fairly scanty in the western part.

The metamorphic rocks comprise meta norite, metadiabase and various meta-
morphic rocks derived from the PalaeoQOic sediments such as shale, muddy
sandstone, chert, schalstein, small amount of calcareous rocks and tuff of
biotite andesitic nature.

Among these, metanorite and metadiabase, presumably dJerived from norite
and diabase which intruded into the Palaeozoic strata, are considered to
represent the oldest igneous rocks in this district. Pelitic metamorphic
rocks range from almost unmetamorphosed biotite-Pparing slate to highliéeta-

morphosed sillimanite gneiss through schistose hornfels.
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The granitic rocks in this district can be classified into two groups.

Distinct difference in geological structure is recognized between these
two granitic rocks.

Group I, is usually accomvranied by metamorphic rocks and is in subconcord-
ant relation to the str.cture of metamorchic rocks; gneissose granodiorite
and fine-grained granite belong tc this Zroup.

Group II, is discordant with the metamorphic rockes and the granitic rocks
of Group I in structure; 4it cuts clearly the structure of the metamorphic
rocks and the granitic rocks of Group I. *R very large granite body called
"Yagyu granite'emplaced in a basin-shaped batholith and located in the north-
western part of Ueno City. is a typical example of this group.

The granite equivalent to the Yagyu granite develops widely in the Ryoke
metamorvhic terrain. The Yagyu granite seems to grade into the "Cretaceous
granite" which is distributed widely in the Tamba Zone (unmetamorphosed
Palaeozoic formation), although the '"Cretaceous granite' has been considered
to have no relationship with the cranitic rocks in the Ryoke metamorphic
terrain.

The geological ctructure ir this district may be summarized as follows:

The structure of metamorphic rocks of sedimentary origin, gneissose
granodiorite and also fine-grained granite are considered to preserve the
original structure of this metamorphic terrain. Judeging from the structure
of these rocks, the following geological structure is considered; several
synclines and anticlines which trend avproximately E-W, are observed in the
Kinki district, mainly in the central and eastern part.

These anticlines and synclines join together into a large anticlinolium.

On both wings of this anticlinolium, metanorite and gneissose granodiorite
are distributed. A large dome-shaned fine-zrained granite body is located
nearly on the axis of the anticlinolium.

The axis of this anticlinolium plunges into Osaka bay in the west and
into Ise bay in the east. This means that there is another anticline, trend-

ing in N-S direction, in the central part of the Kinki Ryoke metamorphic

terrain.



II Geology of the western part of tre Ryoke metamorphic terrain

in the Kinki district ¥

This area is situated in the east of the Osaka plain, constitutes the moun-
tain range . from Mt.Katano to Mt.Koneo and is the western marginal part of the
Ryoke metamorphic terrain in the Kinki district. It constitutes an isolated
mountain range, nearly trending in N-S direction. Except for the southern
part, this mountain range is isolated by the Nara basin from the "Yamato
plateau'" which consists of the Rvoke metamorphic terrain.

Concerning this district, no svstematic zeoloegical study has been conducted.

The author has studied the geolorv of this area, mainly on the granitic
rocks of the Mt.Katsuragsi- Mt.Kongo area. This area, from Mt.Katano to Mt.
Kongo, is composed almost entirely of granitic rocks ani is extremely scanty
of metamorphic rocks of sedimentarv origin. This is the most striking chara-
cteriastic of this area, compared with other areas in the Kinki district,
where a fairly large amount of metamorphic rocks of sedimentary origin deve-
lops. An isolated banded gneiss block 1s situated in the southeast of Mt.
Ikoma, constitutes the Mt.Matsuo mountain block and is the only metamorvhic
sedimentary rock mass 1n the studied area.

Two kinds of granitic rocks, as stated previously, can also be recognized
in this area, judging from their rock facies. The granitic rocks distributed
in the Mt.Katano-Mt. [koma area are considered to represent Group II, whereas
the gneissose granodiorite and granodiorite in the southern part of the
studied area may belong to Group T

The porphyritic adamellite which is considered to have been formed by meta-
somatism develops in the south of Mt.Nijo. The granoiiorite in the Mt.Kongo
area has suffered considerable shearings, resulting in the formation of
various kinds of sheared rocks.

The general geology of the investigated area will be described, with
special reference tc the genesis of microcline vhenocrysts in the porphyritic

adamellite and to the sheared rocks.

i Mt.Katano- Mt.Nijo area

In the northern part of this area, a large body of biotite granite is dis-
tributed and in the southern part, several kinds of granitic rocks, meta-

morphic rocks and volcanic rocks develov.
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Fig. 1. Index map

¥ rne eological mav of the western part of the Ryoke metamorphic terra:r
in the Kinki district will be anpear, together with the eastern and centra.
1.strict, in the following article:

H.Yoshizawa, W.Nakajima and K.Ishizaka
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General seoclogy of the northern area

The area, between Mt.Kannabe and Mt.Tkoma, consists almost entirely of bio-

tite granite, except for a small amount of quartz dioritic rock and hornfels.

1) Biotite granite

Biotite granite may be divided into the following three phasest

i. Coarse-grained biotite Rranite

ii. Medium-grained biotite granite

iii. Fine-grained biotite granite

Coarse-grained biotite granite occupies a small portion of this granite
body. compared wih medium-grained biotite granite. It is distributed in the
southwestern part of Mt.Katano and in the southern part of Mt.Kannabe. This
rock is. coarse-grained, homogeneous and leucocratic biotite granite. It
consists of large crystals of quartz, feldspar and biotite, each crystal
being as large as 5~10mm in eize: Occasionally. green hornblende is conta-
ined in some localities. As accessory mineral, allnnitgis found commonly.

This granite phase is quite similar to the coarse-grained biotite granite
called "Ideminami granite" in the Kasagi district, which was described by
Nakajima(1960). Tt may be the western extension of the "Ideminami granite”
in the Kasagi district.

Medium-grained biotite granite is distributed most widely in this area,
from the northern part of Mt.Ikoma to the southern part of Mt.Kannabe.

This rock is somewhat varied in its rock facies; changeable from coarse-
grained facies to fine-grained facies. 1In several places, phenocrysts of
potassium feldsvar, sometimes as large as lcm wide and 4cm long, develop.

In general, this granite is not foliated, but rarely found to be weakly
foliated. Fine-grained cranite is exposed only in limited area, i.e., in
the south west of Mt.Katano. This rock is white-greyish, fine-grained gra-
nite, containing a small amount of muscovite. The mutual relation between
them is that of transitional change. These granites may form a single granite

body,i.e., co-magmatic and slmost contemporaneous emplacement.
2) Quartz dioritic rock

The Ehartz dioritic rock develops in the medium-grained biotite granite
in various sizes, usually small, and is considered to be in xenolithic rela-
tion to the biotite granite. This rock is zenerally dark-colored and fine-
grained. The largest body occurs in the north of Tenno, reaching approximate-
ly to lkm x lkm wide. Around the magginal part of the quartz diorite, hornble-
nde-biotite granodiorite develops and this gradually changes into medium-gra-

ined biotite granite. The biotite granite often becomes porphyritic around



the quartz diorite body. Granitic veinlets are observed frequently to develop
in net-work in the quarte diorite body. A small amount of dioritic to gabbroic
rock exists in the core part of the large quartz diorite body , in the north

of Tenno. The diorite is greyish and m,dium- to coarse-grained, the main
constituents being plagioclase, hornblende, pyroxene and biotite. The gabbroic
rock consists of basic plagioclase, monoclinic pyroxene, rhombic pyroxene and
brown hornblende. The quartz dioritic rock, which is scattered in the biotite
granite, may have been produced by the reaction between the pre-existing basic
rocks and the granite magma. The gradual change, diorite 9quartz diorite >

granodiorite, may indicate this process.
5) Hornfels

A small Palaeozoic block, turmdd to hornfels by the contact metamorphism
by the biotite granite, occurs at Mt.Kannabe. This hornfels body, assuming
an ellipsoidal shape, consists of biotite hornfels, cordierite hornfels and
a small amount of silicious rock of chert origin. The mineral assemblage of
this hornfels is as follows:

Biotite hornfels quartz-biotite-potassium feldspar- plagioclase

Accessory minerals are muscovite, tourmaline,: gdrnet

and magnetite.

Cordierite hornfels quartz-cordierite-biotite
Accessory minerals are muscovite, tourmaline

plagioclace and magnetite.

General geology of the southern area

The area, between Mt.ITkoma and Mt.Nijo, comprises metanorite, metamorphic
rocks of sedimentary origin and several kinds of greanitic rocks. A large
amount of pyroclastic materials and volcanics ofANijo group covers widely the

area between Mt.Nijo and River Yamato.

1) Metanorite

!hs':etanorito occurs in hornblende-biotite granite, conatituting the top
part of Mt.Ikoma, in approximately ellipaoidal shape. This is the largest
metanorite body in the Ryoke metamorphic terrain in the Kinki district.

Although this metanorite seems to be a large hody on the surface, it isa

assumed to become smaller in the sub-surface region and mavy be in xenolithiec

relation to the surrounding granite. This metanorite body was described in



detail by Soma(1963). According to him, the metanorite may be divided into
the following four facies:

1. Diabasic gabbro facies

2. Schistose amphibolite facies

3. Noritic hornblende gabbro facies

4. Dioritic gabbro facies

2) Metamorphic rocks of sedimentary origin

The metamorphic rocks of sedimentary origin in the southern area comprise
mainly banded gneiss. The Mt.Matsuo mountain block consists mainlv of the
banded gneiss derived from psammitic sediments which is interbeded with a
small amount of pelitic sediments. Tn the pelitic banded zneiss, the follow-
ing mineral assemblage is observed;

sillimanite-cordierite-garnet-biotite-muscovite-potassium feldspar-

plagioclase-quartz

This banded gneiss block is intruded by small bodies of hornblende-biotite
granite or garnet-bearing fine-grained granite in several localities.

A small amount of silicious gneiss, probably derived from chert, occur in

the northeast of Matsuo Temple.
3) Hornblende-biotite eranite

Hornblende-biotite granite is mainly distribnted in the southern part of
Mt.Ikoma. This granite is generally coarse-grained and contains phenocrysts
of potassium feldsvar, being porvhyritic. The amount of hornblende varies
with exposures, usuallv beirne small. The rock facies varies considerably;
for example, this granite turrs into medium-grained biotite granite in the
part directly south of the Ikoma metanorite body. This granite is in general
foliated weakly, but shows conspicuous foliation at several exposures.

Judging from the similaritv in the rock vphase, this granite may correspond

to the Yagyu granite in the eastern district.
4) Fine-grained granite

Fine-grained granite develoos around Mt.Shigi. This granite is quite
varied in its rock facies. It is mostly garnet-bearing two mica granite,
foliated remarkably. Sometimes it resembles so much gneissose biotite grano-

diorite that it cannot be distineuishei from the other megascopicallvy.



In some localities, ncerphyroblaasts of potessium feldspar, reaching to 2cm X
lcm in size, develop sbundantly in this granite. Ther» is no homogeneous

biotite granite phase, as ubserved at Fukazawa in the eastern district.

5) Gneissose bictite granodiorite~greissose hornbiende-biotite

granodiori-e

These granitic rocks develop in the =southern part of Mt.Shigi. These rocks
are generally medium-y.ained, dark-colored and seems tc be melanocratic.

They are remarkably foliasted and gquite varied in their rock facies, like
the fine«grained sraniie mentioned above. These rocks are mostlv gneissocse
biotite granodiorite which contains only biotite as colored mineral, but
hornblende-biotite grenodiorite nhase ie observed in several locslities,
for example, near Taks.asuvama. These granodioritesfrequently contain
small prolonged bodies of metamorvhic rocks of sedimentury origin, usually
banded gneiss, which extend concordantly with the foliation of the grano-
diorite. The gneissoec¢ granodiorite phase is quite sim.lar in its appear-

ance to the Koya granite which develops in the Kasagi district.

(ii) Mt.Katsurasi-Mt.Konge area

In the northern part »f this area, several kinds of granitie rocks, partly
foliated, are distributed, in the middle part a large masa of non-foliate+
granodiorite occurs, which constitutes Mt.Katsuragi and in the southerr

part, sheared granodiorite and rocks of mylonitic character occcur.

QGeneral ceoclogy of the northern area

Vartous kinds of granitic rccks, metamorphie rocks which are curaide- ed
to have originated from pre—existlnagedimentary rocks, basic metam T
rocks and volcanic rocks are distributed in the region tetweer the T.kero-

uchi road and Mt.Katsuragi.
I AGranitic rocks

1) Hornblende-pictite gneiassose granodiorite
2) Biotite granite~Hornbiende-bictite adsmellite

3) Hornblende-biotite ovorphyvritic acameliive



4) bvroavene sranlte

") Fiotite-horrvlende tonalitic sreic=nae Zransdlor.te

:1  Rasic metamorphic rocks
) Metagabbro and other basic rocks

TTT Metamorvhic rocks derived from sediments
7?1  Schistose hornfels

v Volcanic rocks

%) Hornblende-pyroxene andesite

The north bordea:f this area is covered by the pyroclastic materials of
Mt.N23)o and the south limit of thls area 18 bordered bv the porinvrit:.:
biotite bearine hornblende granodiorite body. The east and west lirTit-
are covered respectively by the Alluvial devosits and the sedimentaries ~f

tne Osaka &roup.

I Granitic rocks

1) Hornblende-biotite gneissose-granodiorite

This rock occupies the largest Part of this area now under consilderat:on
and carries a fairly large amount of 1nc1uded bodies such as basic meta-
morphic rocks. Foliation dev:lons tonsiderably in this rock, althours
variable in its appearance. As a,whole, this rock 1s not homogeneous .r
1ts rock facies. In this rock, the,follewing;%acies which is somewhsat
different from the “hornblende-biotife gneissose:granodiorite nrover ir
its apprearance, occurs

1) The vpart in which extremely conspicuous foliation develops.

11) The part in which foliation is so weak that it cannot be recowrize:

by the naked eve.

111 The part in which this rock becomes somewhgt adamelliti-.

111 these facies are transitional with each other The “‘hornbtlende-
tictite sneisscse granoiiorite proner' 1s usually medium-vrar-el, 577a-
c1onally fine-rrained and slisttlv malsnocratic. [nthe ar-unt o 1ores

. there 1= ~~2n<cidersnls 31‘ference. Tsrecglle the amo.r ) s
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rock grades into gneissose tonalitic granodiorite. The rock phases i), ii)
iii) mentioned above will be described below;
i) Remarkably foliated part is observed at the exposure in the south-
east of Minamikano, in the east of Hiraishi and in the west of KBki Temple,

At these exposures, this rock is fine-grained and biotite cryesal aggre-
gates are in oriented arrangement, i.e., banded structure. Sometimes aggre-
gates of porphyroblastic quartz crvstals are elongated along the foliation
in thim lens-shape.

ii) There is a non-foliated granodiorite phase in the gneissose grano-
diorite. This non-foliated part is transittonal to a considerably foliated
part. In general, this part is very similar to granodiorite in the usual
sence in its mppearande.

iii) The adamellitic part is occasionally observed in the gneissose
granodiorite, the foliation of which is somewhat inconspicuous, being
leucocratic. A fairly large amount of potassium feldspar. reaching to
d#bout 1l~2cm in diameter, are observed. Around and/or in the phenocrysts,
small bilotite crystals develop. This adamellitic phase occupies only a
small part of the gneissose granodiorite and is very similar to the horn-
blende-biotite adamellite, as will be mentionesd later. No distinct boun-
dary or imtrusive relation is observed betweea the adamellitic phase and

the gneissose granodiorite; they are in transitional relation.
2) Biotite granite~Hornblende-biotite adamellite

In general, biotite granite occuvies the northern part of this rock body,
and hornblemde-biotite adamellite occupiqn tae southern part. The former
occupies only a small part, as coupared‘igbtho latter. These two rocks
occur nearly in pararell to the porphyritic adamellite, extending IQSOI
between the metagabbro mass and the porphyritic adamellite mass.

i) Biotite granite

This granite is exposed typically along the cutting of the Takenouchi
road, east of Omichi. This granite is nearly homogeneous, massive, medium-
to coarse-grained and leucocratic, containing only biotite as colored
mineral. A large quantity of alkali feldstar gives this granite a kind of
grease luster, so that this rock lookass ¥-rv alkalic megascopically. At
some exposures, this granite -as fsirly conspicuous foliation, with the
direction of N10°w to N-S. Between this grunite and porphyritic adamellite,

there is observed a contact relation. At thae part of contact between them,



fine-grained, leucocratic granite develops. A distinct contact boundary
is observed between the porphyritic aiamellite and the fine-grained granite,
while no such distinct boundary is seen between the biotite granite and the

fine-grained granite.
il1) Hornblende-vniotite adamellite

The hornblende-biotite adamellite is medium- to occasionally coarse-
grained, granite-looking rock, which contains a fairly large amount of
potassium feldspar- The amount of this mineral, however. varies with differ-
ent exposures. Occasionglly in this adamellite, phenocry:ts of potassium
feldspar avproximately lcm in diameter develop, but they are not so idio-
morphic as in the case of porphyritic adamellite. Around and/or the pheno-
crysts, crystallization of very small biotite occurs. Th.s adamellite
regsembles the biotite granite in its appearance. The following slight
differences, however, between these rocks are recognizable:

1. This rock is more melanocratic than the biotite granite.

2. Hornblende is obaerved in the adamellite, together with biotite,
although the amount of hornblende is small. On the other hand,
the biotite graniteis lacking in hornblende.

These two rocks,i.e., the biotite granite and the hornblende-biotite
adamellite are, the author considers, in different petrogenesis, as will

be stated later.

3) Hornblende-biotite porphyritic adamellite

Large phenocrysts, nearly idiomorphic, of potassium feldaspar reaching
usually to 2~3cm 1n diameter. occasionally to 4~Scm, develop abundantly
in this adamellite. The phenocrvsts of potassium feldspar are distributed
almost uniformly and abundantly throughout the rock body. The adamellite
extends nearly'N45°W. in approximately ellipsoidal shape. As for colored
minerals, biotite is dominant. In some parts, where fairly large amounts
of hornblende develop together with biotite, this rock seems to be mela-
nocratic. The adamellite is considerably foliated, the foliation being
conspicuous in the melanocratic part. Except for the abundant develop-
ment of potassium feldspar phenocrysts, the matrix of the porphyritic

a damellite is similar to the gneissose granodiorite.

4) Pyroxene granite

A small body of fine-grained rvroxene granite, which contsins only

ferrosalitic pyroxene as colored mineral is exposed in the porphyritic

2



adamellite. on the cutting of Takenouchi~rosi, east of Omichi. Unfortuna-
tely because of the lack of rood exposures, the mode of occu%ence of this
rock could not be made clear. This granite :s, the author considers, a

replacement dike of the time of the metasomatism of the porvhyritic adame-

llite.

5) Biotie-hornblende ton.litic gneissose granodiorite

This gneissose granodiorite is exposed tvoically in the east of T3j53,
1n which the foliatinn with the direction of NSOOW is develoved. A fairly
large amount of hornblend develops in it. With the decrease of hornblende
this rock grades into gneissose granodiorite. Owing to the concentration
of potassium feldspar. at the exposure northwest of WYirais%i, this rock
lying closely to the porphyritic adamellite, becomes very alkalic.

Generally this tonaliti¢ gneissose granodiorite occurs as a melano-
cratic member in the gneigaose granodiofite or occasionally in the horn-
blende-biotite adamellite. Tt almost agways occurs adjacent to the meta-
gabbro mass or containg small Xenolithic metagabbro masses. In some
cases, it has been vroved that this tonalitic rock originates from the
metagabbroic rock, metasomatized by the granitic magma, as will be stated

later.

II Basic metamorphic rocks
6) Metagabbro and other basic-rock

A fairly larce amount of metagabbro is distributed in this area. The
metagabbro, medium- to coarse-grained and melanocratic, occurs usually
as elongated xenolithic masses of various scales in the gneissose e¢rano-
diorite or in the hornblende-biotite adamellite. Tt is varied in its
rock facies and has various phases such as the following; relatively
fine-grained phase, leucocratic vhase which resembles the ¢neissose grano-
diorite and the melanocratic phase in which laree crystals of hornblende,
as large as lcm long, develop. At the place wherejthe metagabbro lies
near the biotite granite or the hornblende-biotite adamellite, it becomes
leucocratic,i.e., granitized metacabbro. Foliation develops in some parts
of the granitized metagabbro. Small pegmatitic veins with random directions
develop in the large masses of the metagabbro. The granitic veins are also

observed 1n the metacabbro ir the gneissose granodiorite. These granitic



and pewzratitic veins are considered bv the author to have been formed by
the metasomatiss of the vranitic maema.

Besides the metavabbro, dark-sreen, fine-srained basic rocks of xenolithic
lens or sometimes xenolithic dike, develop in the granitic rocks. The basic

rocks usually form the aggregates of thm xenolithic lens-shaped bodies.

ITI Metamorphic rocks derived from sediments

7) Schistose hornfels

In this region, metamorvhic rocks of sedimentary origin develoo only
poorly. Small schistose hornfels bodies are found in the following two
exposures; the cutring of the road between Kano and Mochio and the road
cutting, south west of Hiraishi. At the former eiposure, this rock occurs
in the gneissose granodiorite, in dike-like xenqlifhes. about 50c¢m in
width and extends parallel to the foliation of the country rock. At the
latter exposure, it occurs also in the gneissose granodiorite, being of
dike-like shape, about 7m in width. This schistose hornfels has the follow-
ing mineral assemblace; |

biotite-cordierite-quartz-plaxioclase~-potassium feldspar

Fairly large amount of cordierites,‘in‘porphyrgblastic 1#rqe crystals,
are observed. They are partly replaced by chlorite. Feldspars comprise

mainly plagioclase An rotassium feldspar being very small in its amount.

32°

IV Volcanic rocks
8) Hornblende-hypersthene andesite

This andesite occurs in the south of Hiraishi, constituting a small hill
of about 50m in heizﬁ?i on the gneissose granodiorite. In this rock, small
blocks of granitic xenolith are recognized by the unassisted eye. This
andesite is dark brownish, fine-grain®d and comp&c&ﬂrock. Judgine from
the similarity of the mineral assemblage between this ‘andesite and the rocks
Mt.Nijo, these rocks may be co-maermatic. Two pyroxene andesite dike, about
2m in width, occurs in the gneissose granodiorite at the west of Hirokawa.

This dike rock is greyish and fine-grained. The andesite dike and the
hornblende~-hypersthene andesite mav be of co-magmatic orizin, judeing from

the texture and the mineral assemblaxe.
‘Microscopig character of hornblende-hypersthene andesite

Phenocrvysts consist of hvnersthene, plagioclase and hornblende.

hypversthene: idiomorovhic lone. columnar crvstal or small sauare~vranular
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crystal; a part of this mineral turns into iddingsite.

plagioclase: long tabular crvstal; zonal structure is distinct: AnSS

hornblende: round-elongated ellipsoidal cqstal
Xz vellow

T= brownish yellow

(5]
It

yellowish brown

occasionally coroded by groundmass

Xenocrysts consist of quartz, plagioclase and biotite. Fairlv large
amounts of xenocrvsts are contained in this rock. Quartz and placio-

clase is aneular or is coroded.

quartz: occasionallﬂ?arqe crystals are seen and include plagioclase;
undulatory extingtion is obaserved; reaction corona is occasion-
ally observed around the round crystal of this mineral, this
corona consists of aggregates of minute needle-like crystal,
the optic character of which is cAz=‘26°,vp051tive elongation,
this mineral is considered to be amphibole:
plagioclase: it takes angular forms of various size; zircormand avatite
are included; reaction product with the magma is observed
in this mineral,which is spinel(pale dark green) and
vtburhaline(yellowish brown~pale yellow, uniaxial, elon-
‘gition negative)
biotite: long pole~-like crystal; occasionally vermicular form is seen;
it turns into iddingsite or gibbsite partly or completely;
the amount of this mineral is not so large;

X= brownish yellow
Y=Z= reddish brown

Groundmass sometimes shows flow texture and usually consists of minute

needle-like plagioclase(An_.. ), augitic monoclinic pyroxene(CAZ:Aho)

50
rhombic pyroxene and glass. The augitic pyroxene is contained in extreme-

ly small amount.
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General zeolorv of the central area

The area, between the Mizukoshi road and the gneissose granodiorite mass

comprises porphyritic biotite bearing hornblende granodiorite. It is chara-

cteriastic of this rock that idiomorphic six-sided biotite crystals deveiop,
reaching to lcm in diameter and lcm thick at the maximum. Together with
the biotite vhenocrysts, idiomorphic hornblende is contained as colored
mineral. This rock is medium- to coarse-~grained and seems to be leuco-
cratic. It is massive and almost homogeneous at every exvosure in its rock
facies, though the amount of hornblende slightly varies with outcrops.
Except for the zone adjoining the gneissose granodiorite, basic rock
xenolithes and dike rocks are extremely few in this rock body. At the
place where this rock is adjacent to the biotite-hornblende granodiorite
of the southern area, the biotite phenocrysts become incomspicuous and
this granodiorite grades into the biotite-hornblende granodiorite in which
idiomorphic biotite no longer develop: No intrusive relations are observed
between them. Megascopically this granodiorite seems quite fresh, but the
effects of probable deuteric alteration can be seen in thin section;biotite
is partly turned into chlorite along its cleavage and is occasionally
replaced by epidote. The epidote is probably deuteric mineral. It is
clear from the fact stated above that this granodiorite bodv had undergone

a deuteric alter ation.

General geology of the southern area

The area, between the Mizukoshi road and the Izumi group comprises

biotite~-hornblende granodiorite, metagabbroic rock, garnet bearing avlitic
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granite, a small amount of metamorphic rock of sedimentarv origin and various

kinds of sheared rocks. Riotite-hornblende granodiorite mass is divided into

two tvpes; the one in which votassium feldspar is contained onlv as inter-
stitial mineral, the other in which blastporphyritic potassium feldspar
is contained in various amounts. The rocks in the southern part of the
line connecting the tovo of Mt.¥ongo, "hihava and Nishibata, are sheared tn
various degrees. Although a small amount of sheared rocks occurs in the
northern side of this line, the granodiorite in this part is generailly not
sheared, as comparedvgsrthat in the southern side. Sheared zones of vari-
ous scales, extending nearly —“-W, are distributed in the southern part of

the granodiorite mass. Several small dikes of quartz porphyry occur in the

sheared ¢ranodiorite and are :also sheared. Foliated metagabbroic rocks



occur in the s»uth of Nishibata in the granoiiorite. Mylonitic rocks occur
in the southern vart of the granodiorite mass, extending E-W or N-S.

In several places, between "hihava Pass end Amami, sheared aplitic granite
develops, extending nearly E-@W. Garnet bearins aplitic granite crops out
near Azumasaka in the non-sheared biotite-hornblende eranodiorite. Metnmot-
phic rocks of sedimentarv origin occur as small dike-like xenolithes in the
biotite-hornblende granodiorite, north of Mt.Hataodake. Many faults, with
the direction mainly N-S or §-w, develor in the sheared granodiorite.

At the south limit of the granndiorite masse sh%pygé granodiorite contacts
with the Izumi group. Generally speaking, the relation between theme is

fault and unconformity.

1) Non-sheared biotite-hornblende granodiorite

This granodiorite is typically exposed along the road cutting, north of
Chihaya. It is a light-greyish and medium-grained rock in which a copaidéw
rably large amount of hornblende, reaching to lecm long agﬂaaximum‘ develofs,

This granodiorite contains a fairly large amount of basic xenolithes and
occasionally metagzabbro masses. The minimum size of the basic xenolith is
a few centimeters, but larze masses 100m wide and lkm long occur rarely.

The basic rock xenolithes included in this grandédiorite are not lens~-
shaped and are not arranged in orientation, as those of the gneissose

granodiorite in the northern part.
2) Garnet bearing aplitic egranite

This eranite is renerally leucocratic, fine- to slightly medium-grained,
The relation between this rock and biotite-hornblende granodiorite is
not clear, because of the lack of good exposure. But judging from the fact
that this aplitic eranite occurs in stock-like shape in small scale in the
granodiorite, it mav have intruded in the later stage of the igneous intru-

sion.
3) Metarabbroic rock

A large xenolithic mass of metagabbroic rock occurs in the south of
Nishibata. Thlis rock is generally melanocratic but in the granitized part
becomes leucocratic. Schistosity develoos remarkably throughout this rock
body- Under the microscope, cataclastic texture is found to be remarkable

in this rock, especially in the stronglv granitized part.

4) Sheared rocks
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i. Sheared biotite-hornblende granodiorite ! EL

This rock is sheared to various desrees. In the case where it is not so
intensively sheared, it is quite similar to the non~sheared biotite-hornblende
granodiorite. This sheared granodiorite assumes dark green to dark grey
color. due to chloritization and silicification. In some places, this rock
assumes reddish braown color due to intensive hydrothermal alteration.

The development of such hydrothermal minerals in veinlet as calcite,epi-
dote, zoisite indicates that hydrothermal alteration worked intensively on
this sheared granodiorite. Occasionally large pink alkali feldevars(micro-
cline perthite), as large as lcmx 2cm , occur in the sheared granodiorite.

These large alkali feldspars are considered to be blastporphyrytic, as
will be mentioned later. The scale of the sheared vart is varisble; some-
times the sheared parts are observed to géade into joints_ér fisgures of the
granodiorite. Several narrow sheared bands gather into a large shear zone.

Such sheared zones of various scales are observed in many parts of the

sheared granodiorite.

ii. Description of the sheared granodiorite

Cataclastic textures of various degrees are observed in the sheared grano-
diorite under the microscope. Gradation in texture from granitic to mjio-
nitic can be traceable:

1) Some of the sheared sranodiorite is not so greatly different from the mon-
sheared granodiorite in texture. Microscovic character is as follozb:
Quartz: xenomorphic crystal, unduiatory.extinction is faint.
Plagioclase: hypidiomorphic, long prismatic or tabular crystal: bending
in crvstal is observed: oscillatory zoning is developed: Anhh
Biotite: hyvidiomorphic, tabular crystal: occasionally it is decomvosed
to small flake ageregates and is chloriti-zed.
X= straw yvellow
¥z2= reddish~dark brown
Hornblende: hvpidiomorphic crystal: vartly it is replaced by biotite:
intergrowth with biotite is observed.

Fotassium feldspar: this mineral is present only as interstitial mineral.

2) In mylonite, the minerals composing the rock are similar to those com-
posing granodiorite. but cataclastic texture develons far more remarkably
than in anv other sheared rock in this area. In this rock, quartz and pla-

zioclase are completely crushed to almost equisranular ani fine <rains.



Biotite and hornblende are decomposed to small erains or flaken and turned
partly into chlorite. T"hese minerals are arranced in orientation and shows

remarkable schistosity.

3) As intermediates between the two stated above, there are sheared rocks
which show various tvpes nf cataclastic textures. In these rocks, quartz
forms aggrecates of irregular grains with sutured texture or is sometimes
crushed to angular pieces. Plagioclase is also crushed to angular or gra-
nular pieces. In relatively large placioclase crystals, bending, breakipg
down and torsion are observed. Vein-like masses of these small grains .
ageregates penetrate into placioclase crystal. Aggregates of minute grains
of plagioclase develop around the large crystals of plagioclase, and the
large crystals become blastrorphvritic.

Biotite crystals show only bending and torsion when cataclaastic texture
is not conspicuous, but usually they are decomposed to aggregates of small
flakes. These aggregates are generally elongated in orientation.

Hornblende behaves similarly as biotite. The sheared granodiorite is
alsc hydrothermallv altered in many cases. Colored minerals such as horn-
blend and biotite are vartlv or completely changed into hydrothermal
minerals such as chlorite, epidote and zoisite etc.

Plagioclase is kaolinized or occasionally turned into evidote or calcite.

In the sheared granodiorite, votassium feldspar occurs in various
amounts. Potassium feldspar shows sitter texture and verthite texture,
being microcline perthite. This mineral is contained only interstitially
in the non-sheared granodiorite which occupies the northern part of the
granodiorite mass, while it is contained fairly abundantly in this sheared
granodiorite of the southern part. In some places, as stated previously
large microcline crystals occur in the sheared granodiorite.

Vein-like aggregates, consisting of minute quartz and vlagioclase grains,
penetrate the large microcline crystals, and also fine-zrained azgregates
of mainly plagioclase and microcline develop around the microcline crystals.

Furthermore it has been observed thafrmvlonitized granodiorite which is
extremely schistose, such minerals as quartz and plagioclase are granulized
or crushed, large crystals of microcline are surrounded by fine-arained
ageregates of these minerals, and sometimes these large microcline crvs-~
tals are penetrated by these fine-grained aggrewvates.

From these observations, it is obvious that the large crvystals have gone
through the shearing as well ar the other minerals. Thus the large ricro-

cline crystals in the sheared sranodiorite are not porvhvyroblastic, but
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blastporvhyriticj this microcline is the relic of the vorphyroblast which

had existed in this rock before the shearing operated. 1In this respect,

the large microcline crystals in the sheared granodiorite are quite different
from those in the porphyritic adamellite of the northern part, which were.

produced by alkalimetasomatism and were not sheared.

iii. Sheared aplitic granite

Sheared aplitic granite, free from colored minerals, occurs in the ahqu?qd
granodiorite in various scales. This rock occurs as a fairly large mass
in the strongly chloritized and silicified sheared granodiorite near Chiha-
ya Pass. This aplitic granite is generally fine-grained, very leucocratie
and compact. Besides above mentioned exvosures, this rock is also obsor;ed
on the following places: Tshimigawa, Juji Pass and Amami. As a whole these
exposures are distributed extending nearly ©-W, which direction coincides
with the general trend of the sheared zone. At Amami, this avlitic gra-
nite injects as a dike-shaped body into the busic rock or the porphyrite in
the sheared granodiorite.

According to the observation under the microacope, this aplitic rock,
occurring near Chihava Pass, is completely crushed to small granular
pieces. This rock should therefore be called "microbreccia".

On the other hand, the texture of the rock which is exposed as dike-
shaped body at Amami is quite similar to that of aplitic granite in the
usual sence. From these field and microscopical observations, it is con~
sidered that the avlitic granite once existed in this area before the ope-
ration of the shearings, as a continuous dike of a fairly large scale,
extendine nearly E~Y. With the action of the shearings, this aplitic gra-

nite may have been crushed in various degrees.

ive Mylonitic rocks

Two kinds of mylonitic rocks are observed in the sheared granodiorite.
The one is a fine-grained, dark grev or almoet black and compact rock
with remarkable schistosity. and the other is mediudkgrained and somewhat

granodioritic, in which schistosity develop considerably.

The former, a few meters thick, is observed at Akadaki and Myokendani,
extending nearly E-W. The latter, also a few meters thick, is exposed
near Shimauchi and other places, extending nearly N-§ or N-E.

Judging from the microscopic observations, these mylonitic rocks may

have been produced from the biotite-hornblende granodiorite occupying this

area.
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v. Sheared basic rock

On the cutting along the road near Nistinotani, sheared rock which 1s
congidered to have been derived from hasi- rocxs crops out in the sheared
granodiorite.” It is dark 2~lored, slmost blacl: and is completely crushed.

Phis sheared basic rock consists of verv fine ¢rains of quertz, plagio-
clase and hornblende. It mav be porohvrite or basic rock of xenolithic

origin.

5) Summary concernins the sheare? area

In this area, sheared zones of various scales, consisting of sheared
granodiorite, are distributed in the non-sheared granodiorite. The exte-
nding direction of the sheared zone 15 generally E-W. It is considered
that the sheared rock was formed in a shallower horizon than that in which
the foliation of the granodiorite was formed. The dislocation metamorphism
by which the sheared rock was formed, might have begun before the deposi-
tion of the Izumi group, because a part of this sheared rock is found in
the pebbles of the basal conelomerate of the Izumi group. The mylonitic
rocks, which were formed by maximum disvlacing movement in this metamor-
phism, are found in the sheared rocks, extending E-W. N-S or N-E,

The stage, when the fnliation was formed in the gneissose granodiorite
and in other rocks, is 2arlier than that of dislocation .etamorphism;
namely. the foliation of the ¢ranodiorite ani other rocks, was formed in
deeper zone than that in which the sheared rock was formed.

Many small faults, cenerallv a few centimeters wide, are observed in the
sheared zone. These carry fault clav and considered to be later in stacge
than the formation of the mvlonite. Furthermore, a considerably large
fault lies near Yamada, northwest of G0106. A large block of the Izumi
group is moved northward by this fault. This fault is also one of the faults
of the later stage. The age of the formation of the mylonite may be pre-
Izumi to post-Izumi.

The blastporphyritic large crystals of microcline, as stated vreviously.
occur in the sheared granodiorite. Therefore, the author considers as
follows. The porpﬁ?oblast had existed in the granodiorite before this
rock was sheared. The vorvhvroblast had been formed in a part of the grano-
diorite in this southern area in which various amounts of microcline occur.

During the time when granodiorite was rising up from the deeper zone by
upward folding, the vorphyroblast was formed bv the operation of some agents

before the granodiorite had reached the shallow zone, and went throuch the
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dislocation metamorphism. As for the relation between the formation astage
of the porphyroblast in the granodiorite and that of the porphyritic adeame-
llite of the northern part, it is not determined whether these stages may be
the same or not, because the two areas are isolated and consist of different
rocks. The fact that the amount of blastporphyritie relics of microcline is
variable in the granodiorite can be explained by the fact that this rock was
not affected uniformdy.by the shearings.

(iil) The mutual relations among the granitic rocks

in the Kongo-Katsuragi area

The basic rocks represented by gabbro and diabase may have been once
diatribu€?§d widely in this area before the intrusion of granitic magma,
judéing from the fact that metamorphic rocks of sedimentary origin are
poorly developed, whereas metamorphésed basic rocks are distributed abun-
dantly in the granitic rocks. Judging from the field observations, the
granitic rocks are possibly intrusive body and metasomatized rocks due to
granitic magma, but not the product of granitization in solid state.

From the fact tha'_EEhe gneissose granadiorite is distributed most widely
in this area, this magma is consider;d to be granodioritic. Also, from
the fact that the foliated biotite granite occurs in this area, the gra-
nite magma is considered to have originated partly from the granodioritic
magma. Possibly this grarite magma was produced from the granodiorite
magma by differentiation. By the metamorphism,i.e., the Ryoke metamor-
phism, which is accompanied by the intrusion of the granitic rocks in
this area, foliation was formed in the gneissose granodiorite and in the
granite. By this metamorphism, metagabbro and metadiabase were formed
from gabbro and diabase. The gneissose tonalitic granodiorite which is
seen in the gneissose granodiorite and in the hornblende-biotite adame-
llite was also formed from gabbro by the metasomatism of the granodiorite
or the granite magma, which is shown in the fact that cummingtonitic amph-
ibole is observed as relict mineral in green hornblende and occasionally
a large amount of iron mineral(illmenite) is scattered all over.

Porphyritic adamellite was formed by metasomatism of alkali-alumina
emanation in a later stage, which is quite different from metamorphic
stage. A pa-~t of hornblende-biotite adamellite was also formed bv the same
metasomatism. The fact that in some places adamellitic part occurs in the

gneissose granodiorite may be explained by the metasomatism of the later
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stage; this part may correspond to metasomatized granodiorite.

The relation between these granitic rocks and porphyritic biotite bearing
hornblende granodiorite is , the author considers, transitional.

The reason is as follows; the gneissose granodiorite has moderate folia-
tion with the direction of N60°E, alonz the road cutting , north of Hiro-
kawa. But as one approaches from the granitic region to the porphyritic
biotite bearing hornblende granodiorite, one finds that the foliation in the
gneissose granodiorite becomes inconspicuous and finally turns into non-
foliated granodiorite. At the same time idiomorphic six-sided biotite
crystals begin to appear and increase in amount. No intrusive relation
is observed between these two rocks. Judging from the fact that this gra-
nodiorite has no foliation, the granodiorite is considered to have been .in

a completely liquid state throughout the metamorphism.

IIL. A consideration of the genesis of the microcline phenocrysts

in the porphyritic hornblende-biotite adamellite

It has been a well-known fact that microclines occur as large idiomorphic
phenocrysts in granitic rocks. Many explanations have been proposed,
according to which, the microcline vhenocrysts are considered to have been
formed by a later metasomatic action, for example, by the action of alkali-
alumina emanation of granitic magma in deuteric stage. In this paragragh,
the author will deal with the genesis of the microcline phenocrysts in the

porphyritic adamellite from both field and microscopical observations.

1. Field observations

a) The porphyritic adamellite has fofﬁiation, when the rock becomes melano-
cratic, as stated previously. In this part, the microcline nhenocrysts
develop by crossing the foliation. Around the phenocrysts,biotite band is
curved as if the minerals were pushed aside by the development of the cry-
stallizing microcline phenocrysts.
b) In the parts adjacent to the porphvritic adamellite, remarkable concen-
tration of alkali occurs as followsj
i) In the east of amichi. fine-grained, leucocratic granite occurs near
biotite granite. This fine-grained eranite contacts with the porphy-
ritic adamellite. The contact boundary between these two rocks is dist-
inct , while the fine-grained eranite zsrades into the biotite granite.
ii) In the east of Higashijo, fine-greined, leucocratic granite occurs

in a small scale in the hornblende-biotite adamellite, which adjoins
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the porphyritic adamellite. 1In this hornblende-biotite adamellite. adja-
cent to the fine-grained leucocratic granite, microcline phenocrysts,
approximately lcm in diameter, occur occasionally. But these phenocrysts
are not idiomorphic and extremely few in number, as comparod!g; those of the
porphyritic adamellite. In the microcline phenocrysts sﬁ-ll crystals of
biotite are included,

¢) In the north of Hiraishi Pass, where the porphyritic adamellite and the
gneissose tonalitic granodiorite occur closely together, the following facts
are observed; fine-grained, leucocratic granite occurs. adjacent to the por-
phyrytic adamellite. The contact between them is distinct, as that in the
case of (b). In the gneissose tonalitic granodiorite, adjacent to the fine-
grained granite, a remarkable concentratlonAfm,ggserved. Though this gnei-
ssose tonalitic granodiorite is melanocratic, microcline concentrate so
intensively that this rock looks quite alkalic (microcline is colored pale
pink). Sometimes in this part, phenocryst-like aggregates of small micro-

cline crystals, about 2cm in diameter, are observed.

d) At the exposure in the east of Hiraishi.Pass, similar concentration of
alkali occurs in the hornblende-biotite gneissose granodiorite. adjoining
the porphyritic adamellite. Aggregates or veinlets (2~3cm wide) of micro-
cline crystals are observed to develop in this gneissose granodiorite.

The veinlets, consisting of microcline aggregates, may be called peg-
matite of small scale. Furthermore, the gneissose ygranodiorite is inject-

ed by the fine-grained granite.

2. Microscopic observation

a) Microcline phenocrysts develop, replacing other minerals and include
them poikilitically.

b) Large vorphyronlastic guartz crystals, accompanied by microcline
phenocrysts, are ohserved. They also include such minerals as plagio-
clase and biotite poikilitically. These large cryetals of quartz show
almost no undulatory extinetion, when compared\zs the small xenomorphic
crystals, which are considered to have been crystallized directly from
magma in earlier stage.

¢) Around the mic.ocline phenocrysts, aggregates consisting of small
biotite flakes develop. These biotite are considered to be the product of
recrystalligzation.

d) There are some parts, in which aggregates of sm:1ll granular crystals,
composed of quartz and plngioclase,develop. These azgregates, showing
mortar texture, are also considered to be the product of recrystallization.
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‘e) Carlsbad twins of phenocrystic microcline develop by traversing such
minerals as biotite and plagioclase, which are included in it.
f) When plagioclase contacts with microcline phenocrysts, myrmekite and

thin albitic rim always occur remarkably.

From these observations both of the field and of the laboratory, the
author considers as follows. Microcline phenocrysts in the porphyritic
adamellite are formed metasomatically, judg.ng frem the microscopic observ-
ations stated above, for instande, from the microscopic observation (b).

It is considered that there were two stages in the time of the crystalliz-
ation of quartz; porphyroblastidquartz may have been formed in the later
stage metasomatically. for the porphyroblastic quartz does not show undu-
latory extinction. Microcline phenocrvsts develop by crossing foliation.

This fact indicates that alksli metasomatism had taken place in a slight-
ly later atage than the metamorphic stage in which the foliation of the
granitic rocks and undulatory extinction in the guartz crvstals were formed.

Potassium needed for renlacemenggay have been derived from the magma
from which the biotite granite and fine-grained lewcoeceatic zranite were
formed. The granite in the metamorphic stage is represented by the folia-
ted biotite granite. But from the fact that fine-graingaieucocratic gra-
nite injects into the gneissose granodiorite in several places, it is
congsidered that the granite magma remained in some part of the gneissose
granodiorite and was active until the later stace.

The grarites which are observed in the gneissose granodiorite and around
the porphyritic adamellite, are fine-grained and leucocratic. From _ghis
fact, it is assumed that the granite magma contained silica and aLkﬂl;
abundantly; this magma may be the residual magma of the deuteric stage.

In some parts adjoining the porvnhvritic cdamellite, aggregates of micro-
cline crystals, develoEE;d concentration of microcline occurs even in the
geneissose tonalitic eranodiorite, in which usually only a small amount ef
potassium feldspar exists. From these facts, it is known how large a qua-
ntity of potassium was introduced into the vorphyritic adamellite and the
adjoining parts. Thus microcline ohenocrysts in the porphyritic adamellite

are formed metasormatically bv the action of alkali-alumina emanation from

the residual magma.



I]L Summary of the geology on the western part of the Ryoke
metamorphic terrain in the Kinki district

As stated previousiy, the western part of the Ryoke metamorphic terrain
in the Kinki district, consists almost entirely of granitic rocks. BExcept
for one banded gneiss block, constituting Mt.Matsuo, the metamorphic rocks
of sedimentary origin occur only as small Rike-like xonolitheagp granitic
rocks in several localities. Because of abundant granitic intrusions, the
geological structure in this region is obacured to a greater degree.

Furthermore, this region consists of a mountain range, which is isolated
from that in the eastern district. Consequently, the geological relation
to the eastern.district is somewhat obscured. From the information obtain-
ed through this study, the geology in this region can be summarized as
follows.

1. The biotite granite, distributed widely in the northern region of
Mt.Ikoma, Ray be correlated to the so-called "Cretaceous granite", Jjudging
from the lithological similarity and geological situation. No boundary is
observed between these two granites. They are transitional in their petro-
graphical properties. The hornblende-biotite granite corresponds to the
Yagyu granite of the eastern district, judging from the similarity in the
rock facies.

2. The gneissose granodiorite, developing irn the central part of the
studied region, is separated into two blocks by the pyrocrastic materials
and the voleanics of the Nijo group covering the gneissose granodiorite:

The one develops in the north of River Yamato (northern block), and the
other develops in the south of Mt.Nijo (southern block). A considerably
sharp contrast exists between these two blocks.

a) In the northern block, a considerable amount of metamorphic rocks
of sedimentary origin occur as inclusions in the gneissose grano-
diorite, whereas in the southern block, they are extremely rare.

b) In the southern block, a large amount of basic metamorphic rock
develops, but in the northern block, they are few.

It is considered from the above-stated fact that there had been consi-

derable difference in the original geological setting between these two
regionsj in the northern block, Palaeozoic sedimentary rocks, with only
a small amount of basic igneous rocks, developed widely. In the seunthern
block, on the other hand, there had been intensive intrusions of the basic

igneous rocks such as gabbro and diabase in the Palaeozoic strata.

26
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3. The geological structure of the studied area, indicated by gneissose
granodiorite and fine-grained granite, is monoclinal, having northward
dipping. No anticline or syncline which develops well in the eastern
district of the terrain is observed in the studied area.

4, In the northern part of Mt.Foneo, biotite vorphvritic hornblende
granodiorite occurs. This granodiorite (Katsuragi granodiorite) is very
characteristic, as mentioned below, differing from any other granodiorite
body in this rerion.

a) This granodiorite is free from anv inclusion except for the marginal

part adjoining gneissose granodiorite.

b) It contains idiomornhic six-si1ded hiotite and long vristatis horn-

blende crvstals.

¢) It is coarse--rained and not foliated.

In the eastern district,i.e., in Mie Prefecture, non-foliated grarnodiorite
body similar to this rock occurs in gneissose granodiorite reg:on.

This non-foliated granodiorite is considered to represent the core vart
in the metamorpzic terrain. Conseocuently the Katsurggi granodiorite may
be correlated to this granodiorite in the eastern district and represent
the core part of the western part of the Rvoke metamorphic terrain in the
Kinki district, judging from their petrology and geology.

5. A hornblende-hypersthene andesite, having many wranitic xenolithes

was found by the author in the time of his survey. This andes;;ﬁ forming
a small cone, is situated approximately 5km south of Mt.Nijo, which undoub-

tly belongs to the Setouchi volcanic eroup.
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Part II A Geochronological study of the Ryoke metamorphic

terrain in the ¥inki district

I Experimental procedure

General statement

In this investigation, all determinations of the concentration of
rubidium, strontium and some of potassium were made by isotope dilution
method (Webster 1960).

The method involves following procedures; a known amount of "spike" is
added to a known weight of a sample. The "wpike" is a solution of the
element to be analyzed whose isotovic composition has been greatly en-
riched by one or two of the isotopes of this element.

After reaching equilibrium, the element to be analyzed is separated
from other elements by chemical procedures. The isotopic ratio measure-
ment is made on a mass svectrometer on the separated element which is a
mixture of the ‘'spike'" and the element having normal isotopic composi-
tion. Knowing the amount and the isotopic composition of the ‘''spike".
the amount of the element to be analvzed in the sample is calculated.

The determination of the concentration of argon was also made by
isotope dilution method of analysis. 1In this case, a known amount of
gaseous '"'spike'" is added to released #as from a known weight of a sample.

Instead of chemical procedure, <as vurification tecnique was used.

1. Sample preparation

All sample specimens were collected so as to provide freshest material
as possible. Most of rock specimens were collected at fresh road cuttings
and quarries. The mineral samples analyzed in this study were mostly
biotite. A few muscovite. potassium feldspar and hornblende were also
analyzed. The mineral samﬁles as possible as oure were prepared.

Because in the Rb-Sr method, contamination of mica with chlorite or
hornblende adds normal strontium which reduces the accuracy of the results.

Generally the rock svpecimen was crushed in a steel mortar to less than

65 mesh, usually —65 +100 mesh. This fraction was passed through a iso-



dynamic separator several times, until clean separates were obtained. 225;

The contaminating hornblende or feldspar in the biotite separate was
eliminated by tilting and gently tapving the filtered paper on which the
biotite fraction was poured out. This procedure was repeated several times.

By these treatments, usually clean biotite samples free from hornblende
or feldspar were obtained.

But chlorite was not eliminated by these procedures. All biotite samples
were observed under a btinocular microscope to detect chlorite.

If chlorite flakes were found in the biotite sample, this was grounded
to less than 150 mesh. The fine flakes were centrifuged in a heavy liquid
(methylene iodide and aceton mixture) to float off chlorite.

The final separate was momitordd by a Norelco X-ray diffractmeter: After
grounded to a fine powder, it was mounted on the Norelco and a diffraction
pattern was taken betweag 20 =5° and 29:150 The typical spectrum which
shows no chlorite pea%;ﬂggj}resented in Fig. 2.

Muscovite was crudely separated from the non-magnetic fraction by
passing it through the isodynamic separator. The contaminants such as
feldspar and quartz, were eliminated by floating them in bromoform and

by tapping on aifiltgiipgpgz;

X—m.y powder charl of
biotite separatc

HAR M
'a

I
b

‘ B
Alkali feldspar, usually microcline, was separated from the non-magnetic

fraction (Q+Pl+Kf) im a bromoform and aceton mixture. The floated alkali
feldspar was grounded to less than 200 mesh and washed by water to float off
fine dust. Pbeassium feldspar was separated from the fine powder by centri-
fuging in the bromoform and aceton mixture which was adjusted to float albite,
Three hornblende ssmples were prepared for the K-Ar analyses. Hornblende
was firstly separated from the magnetic fractiom (Bi+Ho) by passing it
through the isodynamic separator. The hornblende fraction was poured onto



the filter paper which was tilted and
Methylene iodide and aceton mixture

biotite.

Then hornblende was crushed to less

This procedure was repeated

again dealt with the methylene indide

obtained through these procedure: was

tapped to eliminate biotite.

was used to float contaminating
until optimum result was obtained.
than 200 mesh and decanted. It was
~aceton mixture. PFinally hornblende

observed under a binocular microscope.

Each hornblende sample was 9% percent pure or more, judging from grain

counting under the microscope.

In case of a book mica of peegmatite, it was cut by a scissor into fine

flakes,and no further treatment was made.

were separated in a heavy liquid were

All mineral separates which

washed repeatedly by aceton, alcohol

and finaly by deionized water and were dried at 110o Ce

For preparation total rock samples,

fresh fist-sized pieces of rock

specimens were crushed in a clesn steel mortar to pass 100 mesh screen

and thoroughly mixed.

sample,

2.

In case .f coarse-grained or heterogeneous

rock

about 500-1000 gramsof the rock was crushed.

NDetermination of rubidium and strontium

i. Reagents and Apparatus

As the isotope dilution method such

as used in this study deals with

ﬂg or sub/Lg quantityv. extreme cares should be exercised to avoid any

contamination through chemical reagents and apparatus.

The water was deionized throuch a commercial mono-bed type ion exchange

column, which was further purified by redistilling in a quartz still.

The A.R. grade hydrochloric acid was redistilled as constant boiling

acid in the quartz =still.

polyethylene bottles.

Both water and hydrochloric acid were stored in

The A.R. grade hydrofluoric acid was redistilled in

a still made of Teflon pleaced in a electric furnace regulated by a conve-

nient slidac. The A.R.

without further treatment.

grade perchloric acid and sulphuric acid were used

Glass wares used in this study were all made of quartz or Pyrex glass.

Teflon beakers, covers,

stirring rods and all glass wares were cleaned

in hot hyd?%ochloric acid at least overnight prior to use.
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The ion exchange columns have no stop cocks and were cleaned by washing
with quartz-distilled ACl repeatedly. After the cleaning,the resin was
slowly settled in a Pyrex tube, nearly 20 cm length and 1 cm in diameter.

ii. Chemical Procedure

The chemical procedure used in this study is essentially identical with
that described by Aldrich et al. (1956).

The procedure was made simple as vpossible, because complicated treat-
ment might introduce contamipation. To gpeed up the analyses, six sam-
ples were treated at one time. For this purpose, six Teflon beakers.and
six Pyrex made ion exchange columns were prepared. The columns had been
already traced for Sr and Cs (instead of Rb) using radiocactive tracer
technique, so th;ﬁ approximate places for these two elements were known.

A8 a result nosradioactive tracer was added to each sample in this study.

A typical chemical procedure was carried out in the following manner:

1. Mineral sample {(approximately 300 mg for biotite, 200 mg for mus-
covite and 100 mg for potassium feldspar) was weighed out into a clean
Teflon beaker.

2. A known amount of Sreé'gh spike solution was added to the sample

from a calibrated pipette. (pipette'l 0.7700 ml)

3. 5~20 ml HF and then 5 ml AClO, were added. With a cover on the
beaker, the sample was heated on a hot plate in a fume hood and decom-
posed. When the mineral flakes went all into solutiomn, the cover was
taken. Until HCIO“ fume nearly ceased being evolved, heating was con-

tinued.

1
b, The residue was then dissoyed in quartz-distilled water and dilutgd
to about 80 ml in the Teflon beaker- The water solution may be stirred
by a clean Teflon stirring rod to dissolve any residue present.

If the residue is not dissolved easily, 2.5N or 6.2N quartz-distilled

HCl may be used, instead of water.

5. If the residue went all into solution, this solution was left
for one or two days to assist the mixing of the Sr spike agd Sr in the

sample to be complete. In this step cares must be exercised to be sure

that the solution is completely homogenized.

3J1
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6. A 1~3ml fraction, the weight of which was measured gravimetrically,
was poured into the 10 ml quartz ‘beakpr which contained appropriate

87 4 2
Z-K spike solution. This solution was diluted to 8~10 ml

amount of Rb
and homogenized by adding quartz-distilled water. 1~2 drops of lésok were
added and evaporated to dryness to convert to sulphate. This was set aside

for rubidium analysis.®d

7. The original solution was evaporated to dryness. About 2 ml of 2.5N
quartz-distilled HCl was added to the dried perchlorate. The content was
poured into a 2 ml Pyrex made centrifuge tube and centrifuged.

Precipitates consisting largely of K€1, BaCl etc. were deposited in the
bottom. Most of strontium was left in the solution.

8. The strontium was separated from other elements by cation exchange
techniques using Dowex-50, 200-400 mesh, 12% cross linked ion exchange
resin and 2.5N quartz-distilled HC1l as eluant. The ion exchange columns
were cleaned between successive runs by washing with 80-100 ml 6.2NK quartz-
distilled HC1 and then with 2.5N HCl. The top of the resin was then leveled
and approximately 1 ml of the sample solution was placed on the column by
means of a pipette. After the solution was absorbed on the resin, it was
eluteagith 65 ml of 2.5N ACl. The column was then eluted with an additional
25 ml of 2.5N HCl. The 25 ml fraction containing most of strontium was
collected in a 30 ml Pyrex beaker. Several drops of HClOu were added to
this aliquot to destroy any resin present. The content was then evapo-
rated to dryness. This was stored until it could be analyzed on the mass

spectrometer.

In preparation for the isotope analysis, the strontium perchlorate in the
30 ml beaker was dissolved in a few drops of quartz-distilled water.

This solution was devosited in the center of the outgassed tantalum
filement in the source by means of a medical syringe using a clean Pyrex
capillary tip. The filament temperature was raised for an instance, until
that at which the fume evolve to expell occ luded gas froa the sample, to
convert the perchlorate to oxide. The source was reassembled and placed

in the tube of the mass spectrometer.

*1) The pogition of the Sr and Rb :ﬁ the eluant were traced on each
column (column l~column 6) by adding and counting radiocactive tracers.

Sr89 and C3157 were used as the radiocactive tracers in this experiment.
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Cs was used instead of Rb86 which was difficult to obtain. Caesium

is known to be eluted after rubidiumfm

137

The sample, approximately 300 mg of biotite, was weighed into a Teflon

89 137 was added to the weighed sam-

beaker. Approximately 1luC of Sr and Cs
ple. This sample was received exactly identical treatment described above
(3)-(8). About 1 ml of the sample solution in the centrifuge tube was pla-
ced on the column and it was eluted with 100 ml 2.5N quartz-distilled HC1.

The eluant was continuously collected in approximately seventy test tubes
mounted on a fraction collector. FEach test tube contained about 1.4 ml of
the fraction. 1Iron was traced visually by its yellow color. 05137 was
traced by counting its Y activity in a Y-scintillation counter. After the
counting the 7Y activity of 05137, the contents in all test tubes were trans-
ferred to stainless steel dishes and dried in a hood. The dried content in
the dishes was counted its B activity in a B-scintillation counter to detect
the portion of Sr89 Of all ion exchange columns used in the present study,
it was assured that moet of Sr was contained in the 65-90 ml fraction and

that Sr was separated from Rb nearly perfectly, as is shown in Fig. 3.

i
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*2) Appropriate amount of Rb87- K“l spike solution was delivered: from the
stock solution in a 100 ml Pyrex flask to approximately fifty 10 ml quartsz
beakera, which were numbered, covered with Parafilm and stored untill it was
used. Delivery was maqe by means of a calibrated pipotto‘h (1.1219 ml).

The amount of the delivered spike solution was also measured gravimetrica-

1ly. The gravimetric value was preférred for the calculation.
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*3) No attempt was made to separate Rb from other elements or to purify
Rb. The sulphate in the 10 ml quartz besker was moisted by a few drops of
quartz-distilled water, directly placed on a filament in the ion source for
the isotope analysis. To evaluate this procedure, normal Rb??/Rbgs ratio
was measured on two biotite. The sulphate samples were prepared under the
identical procedure described previously, except that they were not spiked

with Rb87. The results were as follows:

Specimen No. Rb87/Rb85 Mineral Rock

R~-4005 2.60 Riotite Banded gneiss
R-4006 2.591 Biotite Pegnatite
Nier (1950) 2.59

The results show an excellent agreement with the value reported by Nier

which was measured using the single filament mode of ionization.

iii. Mass Spectrometric Analysis

Instrument

The instrument used in this study was a first order direction focusing
60° sector, 9 inch radius of curveture, solid source mass spectrometer
which was built at D.T.M., Carnegie Institution of Washington.

The analyzer tube had two pumping leads, one near the source and the other
near the collector and was evacuated by two CEC 40 1/sec mercury diffusion
pumps backed up by a Hitachi 100 1/min mechanical pump. Jwelarge cold traps
weye located between the analyzer tube and the diffusion pumps and were cooled
with dry ice.

The vacuum was measured by Penning gauge moupted on the top of each cold
trap. Operating pressure was usually 1~2 xlo-bmmﬂg.

A magnetic sweep was employed and scanning was made by rapid switching
of the magnetic field. Ion beam was collected on a usual Faraday cup or
on a electron multiplier.

In a earlier stage of the studv. D.T.M. EE;age Au-Mg electron multi-
plier was used and later Mitsubishi 12 stage Cu-Be multiplier replaced this.

The overall voltage 2,750V.was supplied to the multiplier from @ry batteri-
es. The usual gain of the Mitsubishi multiplier was 2000~3000.
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Jon current wasiamplified by a Cary model 31 or Takeda 54 HS vibrating reed
e¢lectrometer. 10%D.resietor was used for electron multiplier detection and
lol;jlresistor for direct collection.

Ion peaks were recorded on a Honeywell-Brown strip chart recorder which
had 1/4 second responce time.

In this investigation, single filament surface emission ion source was
used. Sample was placed on a .00l X .020" tantalum ribbon which was apot
welded to postes in the ion source. The main parts of the ion source were
made of tantalum so that thev mav be washed in HNO._.

3

Isotopic Measurement

In isotope analysis of Sr. cares should be exercised to avoid contamina-
tion due to Rb. Because both parent and daughter element have essentially
the same mass. Mass 37 due to Rb will interfere the determination 87/86
ratio of Sr sample. Rb contamination in Sr analysis arises from two
sources; one is the Rb contained in the Sr sample due to poor chemical
separation between Rb and Sr, and the other is due to the ion source
itself in the mass spectrometer.

The Rb contamination 1n the ion source arises also from two sources;
one is due to the normal Rb which 1s contained in the tantalum ribbon, the
other is due to the Rb accumlated in the parts of the ion source near the
filament from vrevious analysis. To avoid s.uch contamination in the mass
spectrometer, all 1on so .rce varts exrosed to the filament were cleaned in
HN05-+1% HF solution between successive runs.

In addition the filament was outcassed 1n a outcassing device for several
hours by passing electric current through the filament vefore mounting the
sample. After trese treatments, no Rb ion was detected at the higher
filament current than those normally employed for Sr ion emission.

After the sample was mounted on the filament, the ion source was returned
to the mass spectrometer tube and fastened with Allen head bolts. A new
aluminum gasket was used for each run to ensure a tight seal.

Then the tube was evacuated. ’Rb analysis was made as soon as the vacuum

-0 tor &7/35 ratio
was lowered to the range of 10 "mmHg. From §0 to 20 scansjwere recorded.

In Sr analysis, however, the filament current was turned on and the
sample was conditioned for overnight at the filament temperature just below

that at which Sr ion emission began.

This conditioning burned off the contaminating Rb in the sample and gave
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most stable ion current. After the pressure had fallen to approximately
].xlo_smmﬂg. the filament current increased until the emission of Sr ions
began to increase spontaneously.

When the peak height was great enough to be in the range, usually more
than 100mV range of the electrometer, the ratio 838/86, 87/86 and 86/84 were
recorded repeatedly. Usually from 10 to 30 scans for each set were rccorﬁed
without further change of the filament current. Constant checking of the
mass 85 position was made and it was ensured that there was no Rb contami-

nation. A typnical spectrum record of Sr isotope is presented in Pig. b.

Sr 88
> Sr8é

F—3v full scale ———«——300mv-— >t 100mv full scale—
full scale

>
_Osrar

Je 1minute:

Sr 84

Spectrum of Sr isotove ( R-4303 total rock )
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iv, Spike Solutions

The spike solutions used in this study were vrepared at the Department
of the Terrestrial Magnetism by Dr. G.L.Davis and were calibrated by Drs.

L.T. Aldrich and S.R.Hart against anelf solutions.

86 87

Sr carbonate enriched in Sr and Srgh , Rb chloride enriched in RbD
snd Potassium chloride enriched in Kl+1 were obtained from ORNL.

The Sr spike solution # 35, stored in a 100ml Pyrex flask, contained both
3r86 and Sr8“ Thisg Sr86- SrHu double tracer served to assume how the
machine was performing.

The Rb87- Khl spike solution®5 contained both Qb87 and I'(l+1 With this
spike solution, potassium as well as rubidium was determined by isotope
dilution method. These dilute spike solutions were used without further
calibration against normal strontium, rubidium and potassium shelf solu-
tions. The concentration and isotopic composition for these spike solu-

tions are as follows:

] 4
Sr86— Sr{(‘s #5 spike solution
58 , p
Sr 0.0056Nn8 mole/g 85/84 = 7,61
sr%7  o.00l022 " 87/86 = 0.0549
sr® 0.01850 " 25/86 = 0.1939
S
Sr 0.002443 "
Rb87- K“I#C) spike solutiorn
Rb = 2.867 g total Rb/¢ 37/85 17 57
= 0.0%29 mole/g
K = 60.47 g total K/« k1/39 = €9.0

42,49 & total K/ml
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v. Rb-Sr age calculation

The Rb-Sr age was calculatedi from the following equation

1 B
t = —1n( 11»—§£-Q-—)
A Ry 7
. ol 87+ :
where A i8 the decay constant of Rb~ and Sr represents radiogenic
component of Sr87

The constants used for calculation are as follows:

RpO7y = 1.39 x 10-1lypt

Rb85/7b87 = 2.59

The isotopic ratio for normal Sr is taken as follows:

8¢ 86 6

) & “
sr-"/sr = %.348 Sr 7/Sr‘3 “

708 ard Sr86/Sr8 = 17.88

The amount of rubidium and strontium in the sample were calculated
in the following manner-
Rubidium

. , b . .
If in any element 7, there are twso isotopes, Za and 2 with ratio

a n
~§g = A, we may write the following generalized equations
N

llumole Za = aMg

lf«mole Zb = blqg

) ) =€
1/¢m01e of any element or isotopne contains 10 X Avozadro's number

of atoms, thus

pemole z® B N
/4mole Zb N
N® e
If we have "normal" ratio of ‘normal n and spike ratio spike c
Nb N .
normal svike
in mixture of two solutions,
a a a
N .
N N mix N normal+- spike
N = ~———__b = -.:F\ N}‘
N mLXx A normal+" spike
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D ( anor+-Nbspike Nanor+ aspike
D ( anor—%—*'Nasnikem(l?) - Nanor aapike
S Nanor‘ - asnike—g’( g : g )

Then M mole Zanor = Mmole Zasnike —%—( g — D,

Substituting Za for Rb8 , then

87 87 R

flmole Rb nor = /Lmole Rb spike (

cC - D
5w )

2o
while mole Rb mole Rbsz ike
R = 81;01’ = 0.3%%6 and € = P = 17.57

mole Rb mole Rb8S
nor spike

27 A
2 = ! jo4 !
/(mole ;bnor /4mole b nort f(mole Rb nor

1
nor D, 5% nor

1.34n
= (2
.”ﬂmole Pb 0. 5%,

:/lmole b + 1 M mole RbS’

87 85
shike+,/‘m01e Ro spike

87 87 1
spiket /llmole Rb (

spike 17.57

87 149.57 .
n

pMmole "7 ke 17.57 '

Mmole Qbspike = /umole Rb

H

Mmole Fb

1,356 , 17.57 - D
therefore Amole Ro =/Amole Rb_ ., 775, (55,39 )
85

F, -
where D is the measured Qb'7/Rb ratio

Strontium
-8 8 & 88 88
a S ‘ mole Sr + Mmole Sr :
D - (—isgg’)measured = (gfgz—)mlxzure K nor Y/ spike
r N

mole Src6 le S
M nor +/¢mo e »r spike
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while
88 %8
mole Sr mole Sr .
/‘ nor - 8.38 and /‘ spike - 0.1939
mole Sr86 1 8o
/‘ nor /4mo e Sr spike
therefore
86 86
R
b =/(mole Sr nor X 8. 347 +Mmole Sr spike ¥ 0.193%9
86 86
/lmole Sr nor + /umole Sr spike
86 26 D - 0.193%9
Mmole Sr nor =lum01e Sr spike ( 3353 -1 )

The micromoles of total Sr86 in the sample is the sum of the micromoles

86 86
of Sr normal and the micromoles of Sr spike’ then
86 86 86
1 = ¢
/A{mo e Sr‘t‘t&l /umole Sr normal+ /umole Sr spike
. . . R7 .
The micromoles of radiogenic Sr is given by the following equation
87 87 87 87
mol S = - - ) -
/l ole Sr ﬂmole Sr total 'ﬂmole Sr normal ﬂmole Sr spike
where
b
&7 Sr 86
M mole Sr nor = (—;;gg-)nor x Mmole Sr nor and
. 87 .
2
Mmole SrJZotal (»5352*)measured x Mmole SrSZOtal
Sr’
R4
The micromoles of Sr~ is calculated likewise:
total
84 1 8
/(mole Sr total = Sr86 X /Zmole Sr %otal
( Ymeasured
b
Sr
le < RS &6
The calculated ratioflmo e =r total was c mpared with the measured ratio—§£8ﬁ
ol %rgu Sr
MMOLE ST 4 5tal

These two ratio theoreticallv must coincide with each other; both ratio
agreed generally within aporoximately 1 percent. Thus one can know how

machine is performing comparing these two ratio.



EQpToducibility:

nﬂplicato analyses of rubidium and strontium were made on several sam-
ylgf. For the purpose of evaluating the precision error of an individual
analysis, the standard deviation for a single analysis (§) is most avpli~
qhb10~ From the results presented below, the error in the rubidium analy-
sﬁé is thought to be 8 percent at the maximum, while the precision error in
determining Sr87‘ is thought to be the order of 3 percent.

It is believed that the probable error in the Rb-Sr age measurements is

may; mum .
8 pqrcenﬁﬁfrom the duplicate measurements. on several specimens.

Duplicate analyses of rubidium and strontium

Specimen No. Rb ppm £ % PR st ppm b % Eg
and Mineral
R-4006 1596 0.581
FHuscovite 1592 0.583% 0.24 v.17
1479 4.27 2.47
R-4304 694 0.316 N
Biotite 715 1.91 1.35 0.3%0e 5.20 2.27
R-4301 410 0.215 . i
piotite 453 7.06 4,99 0.c25 3.2% 2.2&
R-4226 572
siotite 523 2,54 4,43
R-4118 498 )
silotite 468 4,80 3,11
R-430% 0.227 i
piotite 0.2%5 2.47 1.7%
R-4:005 0.247 o
Siotite O.z50 3.20 2.2u
> 2 p _
el 47 s - a? -
where § = Y ~ 1 = ks 100 4 = oo = 1) E = M x 100
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%*
It is assumed that a SrCO5 standard [ Eimer and Amerd lot 492327 ] has

"normal' Sr isotopic composition. The averages of 8 determinations of this

SrCOB reagent performed recently in this laboratory ares

88

sr8,/8:88 _ 1198 Sr87/Sr§6 - 708 and sro0/srd* . 17.88

86
ratio for this Sr isotope standard, 0.712, has been

The Sr87/Sr
reported previously by several workerafz)u.x‘)

The measurement of .3sotopic composition of this SrCO, in this laboratory
alsc yielded the value of 0.71§6for the Sr87/8r86 ratig (see Table 9).

ratio for this SrCO, standard was reported

However, the revised Sr87/3r 3

recently. which is in the range 7708~.7O9}8)
Recent re-determination .of this SrCO, reagent in this laboratory also
lowered the value of the Sr87/Sr86

of improved vacuum condition; at the time when the Sr isotopic measurements

3
ratio from -712 to -708, as a result

on a series of unspiked samples were carried out, complete resolution bet-
ween the larger mass 82 peak and the smaller mass 87 peak was not obtained;
the 88 peak tail was enhancing the 87 peak. Therefore, the Sr87/8r86 values in Table

may be up to .004 higher than the present Aday value on the same material.



3. Determination of argod‘nnd potassium

i. Description of fusion asystem

The argon extraction system used in this laboratory is a flux fusion
system essentially the same as described by Wetherill, Tilton, Davis and
Aldrich (1956).

Three mercury cut-offs were used to isolat- pumping system from fusion
sypstem and also to isolate extraction line f-om purification line.

The pumping system consists of a Nier-type two stage mercury diffusion
pump backed up by a fore pump.

The fusion system is constructed by Pyrex glass and mounted on a transite
base, which is shown schematically in Fig. S.

38 spike, cold

The extraction line consists of a nickel cruicible, Ar
traps, Cu0 trap and pirani vacuum gauge. The nickel cruicible was charged
with 40-50 grams of fresh NaOH and was outgassed at 600°-650° C by means
of a removal electric furnace. A new aluminum gasket was used for sealing
for each run. Two cold traps located each side of CuO trap,.were used to
freeze out water wapor at liquid nitrogen temperature.

The Cu0O trap was used to convert H2 to Hao,'vhich.v.:‘antgadsed and ope-
rated at 5000- 55000. A glass pirani gauge was used to follow the releasi-
ng of the gas from the sample during the fusion.

The purification line consists of a charcoal trap, titanium sponge, sam-
Ple take-off ampule and pirani gauge.

Titanium sponge filled in a bent quartz tube, was outgassed at 1000°-
1100°0 and operated at 9000- 95000. Charcoal trap and sample take-off
ampule were outgassed at hBOOC. A pirani gauge was used to follow the
outgassing of tne purification line and the cleaning up of the released gas.

The fusion system, except far the nickel cruicidble, is mounted by a oven
shell and can be baked by two 1l.5KW strip -~:aters placed on the transite
base. Tho whole system was baked normally at 200°C.

A timing device was used to turn off the heater automatically to allow

the system cool to room temperature by morning.
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X K-Ar measurements were carried out on eight mineral separates (3 hornblende,
3 biotite and 2 muscovite).

A{~kon extraction and 1sotopic measurement of one biotite ani one muscovite
were maie at Tohoku lniversitv by Prof Ueda through the courtesy of Profs.
Kawano and ‘leda. Areon extractionsof three hornblende samples were carried
out at the D2partment of Physics, Osaka /niversity and of the remaining
samples at this laboratory. Arsgon isotopic snalyses on these samples were
made by static runs using the mass spectrometer at the Osaka University.

The argor extraction systems emploved at the latoratories of Tdhoku Univ.

and Osaka Univ. were fully described elsewhere.(”)(z6J
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Fig. 5.

| Argon extraction svstem used in this study

~ii, Fusion procedure

0.5 to 1 gramsof sample were weighed out into a thin Pyrex glass ampule
which was sat on a ateel rod. Nickel cruicible containing fresh NaOH was
attached to the asystem. Ar5R spike and samnle take-off ampule were also
blown onto the system. Then the svstem was pumped down and leak tested by
tesla sparking. After it was asscertained that there was no leak, oven shell
was mounted and the svstem was baked for outgassing. The system and NaOH
ware outgassed for 12 hours, usually overnight.

After the system had cooled, the oven shell was removed. The furnace
for Cu0 was tuned on ani t'e Cu0 was heated to its outgassing temperature.

After 4 hours outgassing, the mercury cut 1 ard 2 were raised to isolate
the pumping system from t:e extraction line. Liquid nitrogen was placed
around the cold traps. ~u0 was kept at 5000- 55003. Then the sample was
droped by withdrawing the steel rod with a magnet and the fusion was started

The furnace for titanium sponge, charcoal trap and sample take-off ampule
were turned on and they were outgassed at their outgassing temperature.

Temperature of the nickel cruicible was raised slowly to the melting
point of NaOH, about 52000. Usually at 340°C ( tamperature measured by a
thermocouple on the surface of the nickel cruicible ), gas release was
started. Break-seal of Ar58 spike was broken imediately after the first
gas release.

Temperature was raised slowly. watching the pirani gauge for increase

of the pressure of the released gas. Tf it is raised rapidly. biotite



reacts with NaOH violently and is tend to blast upward.

Once temperature reached about 50007, it was raised fairly rapidly. The
nickel cruicible was kept at 700°C for 3-4 hours. The pressure of the re-
leased gas was about 2xlo-1mmﬂg at the maximum throughout the fusion, when
CuO workedefficiently. But in few cases the pressure went up as high as
1-2mmHg. Before the completion of the fusion, the furnace for titanium
sponge was turned off and allowed to cool to room temperature.

After 3-4 hours fusion, the sample was completely dissolved in NaOH. The
nickel cruicible was allowed to cool and by that time the pressure was
usually down to the range of lo-emmHg.

The mercury cut 3 was raised and the purification line was isolated from
the pumping system. The furnace for charcoal trap was removed and liquid
nitrogen was placed around it.

The mercury cut 2 was then lowered and the gas in the extraction line,
was transferred to the purification line and absorbed by the charcoal trap.

Half an hour wa:-enough to absorb all gas in the extraction line. While
the transferred gas was absorbed in the charcoal trap, the furnace for the
titanium sponggias turned on and the titanium sponge was heated to its
operating temperature. vedted . .

When the titanium sponge wasAto 900 - 950 C, liquid nitrogen was removed
from the charcoal trap and the gas was released in the purification line.

The titanium sponge was heated from 1/2 to 1 hour until constant pressure
was attained. Then the titanium sponge was allowed to cool slowly to 2000-
QOOOC « The furnace for sample take-~off ampule was removed and liquid nitro-
gen was placed around it. After 20 minutes, the sample take-eoff ampule was

sealed off with & fine flame.

iii, Mess spectrometric analysis

Instrument

The mass spectrometer used for the argon analyses, was a 90o sector field
20cm radius of curveture gas source mass spectrometer at Osaka University.

This instrument was described in detail by Okano et al. (1960). Only
brief description will be given here.

The analyzer tube was evacuatedq by a 300f/sec oil diffusion pump and a

mechanical fore pump, through a liguid nitrogen &£nd a dry ice trap.

9

The normal vacuum attainable was about 5 x 10~ mmHg measured by a B-A
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vacuum gauge.
Mitsubishi 12 stage Cu-Be electron multiplier was used for ien detec-

tion. The ion current was amplified by a Cary 31 vibrating reed electro-

meter and the ion peakgznn recorded by a Minneapolis Homeywell 1/2" strip

chart recorder. Normal operative condition was as follows:
Accelating voltage; 2000V
Total dmission current; IOQﬂA
Overall voltage supplied to electron multiplier; 1700V

An all metal bakeable valve was located between the analyzer tube and the
pumping lead. Sample gas was introduced into the source region through

a needle valve from the gas inlet aystem.

Isotope measurement

All argon analyses were made by static runs. The analysis was typically
performed in the following manner:t

The ampule contatning Ar sample was blown onto the gas inlet system, which
was pumped down and baked for several hours at 200°C.

Then the residual gas in the gas inlet system was analyzed dynamically
by scanning from the mass 12 to the mass 45. After it was ascertained that
peaks at the mass 36, 38 and 40 were sufficiently small for making static
run, the gas inlet system was isolated from the pumping dystem by means of
two greaseleas cockas. & cold trap in the zas inlet syastem was cooled with
liquid nitrogen.

Before the argom measurement, background peaks were recorded under static
operation. The background pesks from the mass 36 to the mass 40 were scanned
7-8 times. After a series of background spectrum was recorded, the valve
was opened and the analyzer tube was evacuated.

When the vacuum recovered to that at which back ground measurement was
made,the argon analysis was started. The sample gas in the gas inlet sys-
tem was introduced through the needle valve into the source region.

The magnet coil curreut was adjusted so that the top of Ar)g peak was
recorded on a chart. The needle valve was opened slowly and Ar38 peak
began to increase. If Ar38 peak top reached 60 - 80 divisions of the chart,
the needle valve was closed.

Scanning from 36 to 49 was repeated, usually 7 - 8 times. Arjé/Ar58 and

P

Arbo/lr58 ratio were ottained through the correction fo.tthe backgrounad
o =N
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A portion of a mass specrtrometer record of argon 1sotope analysis is
presented in Fig. 6.

. 3 .
iv. AT spike

. 8 . ) .

Two kinds of Ar3 anike set were used in this study: one was vrrepared
at Tohoku University by Frof tieda, whicn had the followine isotopic
composition:

Q

(o}

£
Ar'}'/Ax"S 0.00027
2 ,
AruO/Ar57 - 0,001y *

. - o
Arjb partlal rressiare = N.ON42amaoH= at N O
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The other was prepared at Osaka University. which had the following
isetopic composition:

AF56/Ar58

L]
o
o

-
o)
rn
N

4 b
ar /a0 L 0.NN555

33 . o
Ar vartial pressure = 0.00513%mnYs at O C.

The volume of each spike arnule was measured with mercury. FEach spike
5%

—L7
ampule contained approximatelv 2 x 10 cc Ar

V. Potassium analvsis

Potassiur was determined for trree hornblende samrles using flame photo-
meter and for all of mica saxzples usin=e isotope di1lution method.

Flame photometric analyses were carried out by Dr. Ishibashi of Kyushu
University. Tt is telieved that the error in votassium analvses with flamne
photometer 15 5 percent or less ‘private comnunication, Ishibashi}

From the reproducibility of tte res:.its by isotope 4ilution analvses,
tha error ir. the potassium analvyses usine 1g80ortone dilution method is believed
to not exceed S5 percent.

A standard biotite M.I.T. R-%20% was analyzed b/ isotope dilution method
to estimate the accuracy of the potassium analysis. This standard biotite
yielded 7.58 percent notassium content, which is in good agreement with

3 K for +nis standard biotite (27)
the reported value 7.€1 parcenrA(averare of 12 analyses’,

The K-Ar ages were calculate: using the following equation:

t Il 1 14 Ne + Ap x|
= n v i ——— —-T——— V
AerAg Ae K O
-in -1
where A, = 0.5%= x 10 e
-10 -1 68

Rﬂ 4,72 x 10 r



II Age measurements on the granitic and metamorphic rocks

of the Ryoke metamorphic terrain in the Kinki district

General statement

Age determinations were made, mainly by the Rb-Sr method, on 24 samples
collected from the Rvoke metamorvhic terrain in the Kinki district.

Biotite, muscovite, hornblende and votassium feldspar were separated
from the rock specimens. The Rb-Sr age measurements were carried out on
biotite, muscovite and potassium feldsvar. Rut unfortunately, because of
high Sr/Rb ratio, the Rb-Sr measurements on potassium feldspars were un-
successful, except for one sample from pegmatite.

Several K-Ar measurements were also made on biotite, muscovite snd horn-
blende. Along with the analvtical data of each district, brief ceological
settings will be stated, with the axception of the western district which

was fully described in the nrevious chavter.

I. Western district (Tkoma-Kongo distriot)

Discussion on age measurement

Four granitic rocks ari one banded eneicss were collected and analvzed.
The ages measured on the rocks of this district are rresented in Table .

The analytical dats are also rresented in Table 3.

TABLE 1

Age determination from the Ikoma-Kongo district

Aggrent age (m.y.)

Sample Rock Locality Mineral KeAr Rb-ST

R-2099 Hornblende-biotite South of Biotite oy
granite Mt .Tkoma

R-2117 Hornblende-biotite South of Biotite 113
granite Mt .Ikoma

R-2014 Gneissose hornblende- Takayasu Biotite a8

biotite grancdiorite

R-2253 Banded gneiss Mt .Matsuo Biotite 162

R-1100 Gneissose hornblende- Hiraiwa Biotite 103

s oti diorite
biotite grano Hornblende 115
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The Rb-Sr ages on biotite of the granitic rocks in this district coaverge
into 110-90 m.y. The specimens R-2099 and R-2117 were collected from the
hornblenf¢-biotite granite (Yagyu granite). At the exposure where R-2117
was collected, the granite shows typical "Yagyu granite'" appearance; the
granite is coarse-grained and fairly distinctly foliated, being porphyritic.

The specimen R-2099 was collected at the quarry situatsd directly south
of the Ikoma metanorite body. The rock is medium-grained biotite granite
with a small amount of phenocrysts of potassium feldspar. The Rb-Sr ages
on biotite of these two granites are 113 m.y. and 94 m.y., respectively.

There is a slight difference in age between these two granites, but this
may not have much meanings both granitee are different phase of the same
granite body. R-2014 was collected at Takavasuyama from dark colored,
hornblende-biotite gneissose granodiorite which was remarkably foliated.

The Rb-Sr age on biotite is 98 m.v. R-1100 was also collected from the
hornblende-biotite gneissose granodiorite at Hiraiwa, scuth of Mt.Nijo.

This rock is remarkably foliated, in which granular texture is observed
under the microscope. The Rb-Sr age on biotite is 103 m.y. Hornblende
was separated from this specimen, on which the K-Ar measurement was madew

The K-Ar age 115 m.y. was obtained on this hornblende. The Rb-Sr age on
biotite and the K-Ar age on hornblende are in considerably good agreement,
indicating that this gneissose granodiorite was emplaced approximately
110 m.y. ago. R-1100 and R-2014 are considered to correspond to the so-
called "older" granitic rock. But the result obtained from R-1100 shows
that the age on the "older™ granitic rock is almost identical with that
on the "younger" granitic rock (Yagyu granite). This means that there may
not be much intrusion-time-gap between the "older" granitic rocks and the
"younger" granitic rocks.

A banded gneiss sample, R-2253, was collected from the Mt.Matsuo banded
gneiss block. The Rb-Sr age on biotite 162 m.y. is significantly older
than the age of the granitic rocks, which is aporoximately 110 m.y.~ 90
m.y. This result will be discussed later together with the other results

of the banded gneiss of other districts.

Si
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r -, TV~ SN U5 o AR SRR 24 me - . - Lo -~
TABLE 2
Analytical data
Sample Mineral Arko ’ Aruo./Arlm K sror Sr87. 51'87‘/Sx'87 Rb
ppm percent ppm ppm ppm
R-2099 Biotite 1.96 0.311 0.69 838
R-2117 Biotite 3.50 0.175 0.42 393
R-2014 Biotite 4,09 0.217 0.43 558
R-1100 Biotite 6.38 0.248 0.36 613
Hornblende ©.00485 0.%6 0.574
R-2253 Biotite 5.72 0.163 0.29 254

i
i
|
|

II. Northern district (Kasazi district)

Geological setting

This district is located in the northeast of Nara Citv and occupies the
northern part of the so-called "'Yamato plateau". This district has been
known as the "Kasagi district" among rweologists and has been studied by
many investigators, comvared with other districts in the Kinki Ryoke
metamorphic terrain where no detailed studies nave been carried out.

Arita(1949) and Matsumoto(1947) carried out petrograrhical studies on
the rocks in this district. Recently Nakajima(196n) conducted a detailed
geological and petrographical study. The zeological setting of this dis-~
trict is mainly indebted to the work of Nakajima.

This district comprises several kinds of «ranitic rocks and various
metamorpnic rocks of sedimentary origin. In the northern part of this
district, low grade metamorphic rockszgedimentary origin develoo widely
and grade into unmetamorphosed Palaeozoic formation. A part of the Palae-
ozoi? formation is considjered to be middle Permian in age, judging fron
the fossils contained in the limestone bhed.

The metamorphic snd granitic rocks in this district are classified by



53

Nakajilma into two grouns; the older and the younger.

As to the granitic rocks in this district, Arita distinguished two kinds
of granitic rocks; "Koya ¢ranite” and "Yagyu granite". He considered that
the Koya granite is older than the Yagvu granite, judging from the relation-
ship between the granites and metamorphic rocks.

Nakajima further divided the granitic rocks in this district into six
phases, as a result of his field study. The granitic rogcks were divided
into the following six phases, according to the sequenc; of intrusions.

1. 8Sugawa gneissose granodiorite
2. Koya granite
3. Yagvu granite
4L, TIdeminami ~ranite
5. Omine quartz diorite (granodiorite)

Besides these, he further distinguished fine-grained granite, whose
intrusion time is not known clearly. Among these granitic rocks, the
Sugawa gneissose Zranodiorite is approximately concordant with the meta-~
morphic rocks in struci.re and was assumed by Nakajima to have intruded
in the "older metamorphism™.

The Koya granite was assumed to have intruied from the later stage to
the end of the ""slder metamorchism’. The Yav+'u granite is most widely
distributed in this district. Two bLlocks are rerognized; the Narukawa-
Yamashiro block and the Yaryu block. This zranite was considered to be
the "“vounger granite', which had intrudeé?gge completion of the "older
metamorphism'". The Tdemimam:. granite has a close zenetic relation with
the Yagyu granite and was also considered to be the "younger granite".

As has been described vreviously., this kind of granite is also observed
in the biotite granite in the western district.

The Omine auartz diorite (granodisrite’) was considered to be the young-~
egt intrusive body amone the granitic rocks in this district.

The fine-grained eranite was assumed to be the '"older rsranite". though
much was not known about this. Rrief description will be given with each
granitic rock.

The sugawa gneissnse granodiorite is medium~grained, dark colored and
remarkably foliated. in wnich the direction of the foliation is nearly
definite throughnut the hody. Tt extends avproximately in a sill. Abun-

dant hornblende of dark gr-een varietv 1s contained. Diopside and garnet

vein are rarely found.
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Thé Koya granite has two vhases; one, distributed in the southern part of
Kigu River, is dark colored, medium- to fine-grained garnet bearing biotite
granite. Thié granite iq usually foliated and is greatlybvaried . in its
rock facies., It trends Nho°w, forming a pluton, which is subconcordant
with the metamorphi: rocks in structure. The other. lying north of Kizu
River, is medium-grained, leucocratic biotite granite, being non-foliated.

s'“l$orphyrob1astu of potassium feldspar develop in this granite. It intrudes
into the weakly metamorphosed Palaeozoic formation and gives contact meta-
morphism to it. Although these two phases are coneiderably different in
their appearances, ‘hey are assumed to form. a single granite body.

The Yagyu granite is coarse-grained, hornblend-biotite leucocratic granite,

Generally this granite contains phenocrysts of potassium feldspar and
looks porphyritic. PFoliation is weak in general, but in some exposures, it
is considerably foliated. This granite is a part of a very large basin-
shaped batholith, located in the northern part of Ueno City.

The Omine quartz diorite is fine- to medium-grained, non-foliated hornblen
de-biotite quartz diorite. This rock furms a small stock, intruding into
the Palaeogoic formation. The fine-grained granite is in general garnet
bearing two mica granite, although the content of muscovite is remarkab-

lj variable. Usually, it is intimately associated with the banded gneias.

Discussion on age measurement

Seven specimens were collected and analyzed. The ages measured with the
rocks of this district are presented in Table 3 and the analytical data
are presented in Table 4.

e specimens were collected from the following rock units.

Biotite granite (Koya granite): R-4302, R-4304 The former was collec-
ted from the non-foliated phase, lying
north of Kizu River and the latter,
from the gneissose granite phase, south
of Kizu River.

Hornblende-biotite granite (Yagvu granite): R-4188, R-4303
The former was collected from the Naru-
kawa-Yamashiro bcdy and the latter from
the Yagyu block.

Hornblende-biotite gneissose granodiorite (8ugawa gneissose granodio-
rite): R-4286



Hornblende-bilotite quartz diorite (Omine quurtz diorite)s R-4301
Fine-grsined quartz diorite: R-4226

TABLE 3

Age determination from the Kasagi district

4
Aparent age (m.y.)

Sample Rock Locality Mineral K-Ar Rb-8r

R-43%01 Hornblende-biotite Omine Biotite 130a
quartz diorite

R-4302 Biotite granite Jorth of Biotite %

Koya

R-4304 Gneissose biotite Nakamura Biotite 111°
granite

R-4188 Hornblende-biotite Narukawa Biotite 69 86
granite

Hornblende 146

R-4286 Gneissose hornblende- Sukawa Biotite 91
biotite granodiorite

R-4226 Hornblende-biotite Northwest Biotite 111
quartz diorite of Sukawa

R-4303 Hornblende-biotite Ogawara Biotite 156
granite

a: the mean of duplicate measurements 133 znd 126

b: the mean of duplicate measurements 106 and 116

|
L

Age measurements obtained by the Rb-Sr method on biotites of six granitic
rocks range 330 m.y.- 86 m.y., except for R-4303.

No distinct age-gap is observed among the Sugawa gneissose granodiorite,
the Koya granite and the Yagyu granite, as seen in Table 3, although Arita
and Nakajima distinguished the "older'" and the "younger®" granitic rocks.

With the specimen R-4188, the K-Ar age measurements were also carried out
on biotite and hornblende. The results show somewhat complicated age patte '~
rns. The K-Ar age on biotite yielded fairly young age 69 m.y., which is dis-
cordant with the Rb-Sr ages on biotites cf the granitic rocks which are usua-
11y 110 m.y.-90 m.y. Shibata et al. (1941) reported the K-Ar age on biotite
from the Inagawa granite, indicating approximately 70 m.y. age. The Inagawa
granite is coarse-grained hornblende-bio-ite granite, occurring in the north-
western region of the Ryoke metamorphic terrain in the Chubu district.

According to Katada et al. (1959) this granite is considered to correspond
to the Yagyu granite in the Kinki district. The Inagawa granite develops
in a batholith shape on the north western margin of the metamorphic terrain,

from the banded gneiss zone to the low grade metamorphosed sedimentary rock
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sone. All these observations are quite similar te those on the Yagyu granite,

The K-Ar age obtained on R-418%is in good agreement with that obtained on
the Inagawa granite. On ;he other ﬁand. the K-Ar age on hornblende of R-
#188 4s highly discordant with the K-Ar and Rb-Sr age on biotite of this
specimen. Judging from the geological considerations on this granite, the
KeAr '535" hornblende 146m.y. may not represent the real age of the emplace-
ment of the Yagyu granite; firstly, the Yagyu granite, having nearly N-8
trend, intrudes in the region where the metamorphic rocks and gneissose
granodiorite develop with nearly E-W trend.

This means that‘'the Yagyu granite. intruded discordantly with the structu-
res of the metamorphic rocks and gneissose granodiorite. Undoubtly it cuts
the structure of the metamorphic rocks. Consequently this granite may not
be far older in age than the metamorvhic rocks and gneissose granodiorite
which are assumed to have been produced approximately 110-90 m.y. ago.

Secondly, the Yagyu granite gr#@es into the "Cretaceous granite® with-
out distinct boundary. for example in the northeastern region of Kasagi.

The Hiel granite which is considered to be the "Cretaceous granite". is
dated 90 m.y. by Hayase (1961). Fven if there micht exist a time-gap in
the emplacement between the Yagyu granite and the Hiei granite, it may be
small. Consequently the time of the emplacement of the Yagyu granite is
assumed to be in the range 110-90 m.y., not 8o far from 90 m.y. The Rb-
Sr age on biotite 86 m.y. is preferred for the age of the emplacement of
this granite. As to the discordant K-Ar age 146 m.y. on hornblende of
R-4188, the author considers as follows; In snite of the fact that the
Yagyu granite generally contains a small amount of hornblende , the gra-
nite body from which R-4188 was collected contains a fairly large amount
of hornblende.

In the northeastern region of Ueno City, the hornblende-biotite gra-
nite develops; this can be correlated to the Yagyu granite from the simi-
larity in tne rock facies. This granite body contains a considerably

large amount of basin inclumions, ranging from metadiabasic to quartz
dioritic rock. This fac*: vrobablr indicate the existence of the reaction
between this granite magma and the vpre-existing basic rocks.

Judging from the similarity in the rock phase between the granite men-
tioned above and the Yagyu granite, the granite from which the specimen
R-4188 was collected may have been contaminated with the pre~existing

basic rocka. The possibility that the hornblende contained excess Ar“o



is considered.

Thé RdySr age 130 m.y. is obtained on biotite of the Omine quartz diorite,
which is considerably older than the Rb-Sr ages on biotitesof the granitic
rocks in this district. Judging from the fact that this quartz diorite
intrudes into the Palaeozoic formation in shape of stock and gives contact
metamorphism to it, the Rb-Sr age 130 m.y. may indicate the time of the em-
placement of this quartz diorite.

That the location of the quartz diorite is isolated from any other grani-
tic rock in this district and that this rock is quartz dioritic in nature,
may indicate the fact that the quartz diorite magma had no relationship
with other granitic magma in this district.

In connection with this rock, small quartz diorite masses , for example
the Kurama quartz diorite, near Kyoto City. are developed in the Palaeozoic
formation (Tamba zone) These cuartz diorites have been considered by geo-
logists to be related to the granite developing around the quartz diorite
masses; these quartz diorites are aporoximately contemporaneous with the
granite. The result obtained in this study. however, suggests that the
quartz diorite masses in Tamba zone may have genetical relation with the
Omine quartz diorite in this district and may have been an intrusion
preceding that of the granite develovping around the quartz diorite masses.

These quartz diorites, the author considers, may be related to the diaba-
se and the nogitic rock which intruded into the Ryoke metamorphic terrain.

The Rb-Sr age on biotite 156 m.y.,obtained from R-4303, is open to ques-
tion; this specimen was collected at a large quarry situated lkm south of
the agawara station, Kansai Line. The specimen looks quite fresh in appea-

. P N S~ N . .
rance and biotite shows no sign of alter ation by microscopic observation.

But at the quarry., quartz was observed to be stained to pale reddish-brown

color in a considerable part of the granite expoecure. This fact suggests
that the granité@ay have suffered alteration by liydrothermal solution.
Consequently this was discarded from the interpretation. R-4226 was co-
llected from the quartz dioritic rock which is considered to be a hybrid
rock derived from intrusive basic rock.
The Rb-Sr age on biotite is 111 m.y., which is approximately concordant

with these obtained on the granitic rocks.

SY
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TABLE 4

Analvtical data

87+ 87% .. 87
Sample Mineral Arbo‘ Ar“o‘/Ar“o K s sSr sr ' /Sr P:
ppm percent ppm ppm po
R-4301 Biotite 26.26 0.215 0.11 410
30,67 0.225 0.10 453
R-4302 Biotite B.32 0.339 0.37 893
R-4304 Biotite 4y.68 0. 316 0.084 694
43,46 0. 302 0.091 715
R-41%8 Biotite 0.0346 0.77 .93 6.63 0.171 0.26 49§
463
Hornblende 0.00531 0.76 0.490

R-4286 Biotite 2.53 0.206 0.53 572
523
R-4226 Biotite 6.28 0.148 0.25 337
R-4303 Biotite 5.80 0.235 0.37 383

6.41 0.227 0. 34

P B Y
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IIT. Middle district (Nara-Sakurai district)

Geological setting

This district is located in the east of Nara basin and trends from north
to south. This area, comprising the western margin of the "Yamato plateau"
gsorresponds to the southern extension of the Kasagi district and to the
western extension of the Tkoma-Kongo district.

A reconnaissance study was made on this area by Nakajima et al. (1956).
More recently, this district was fully investigzated by Yoshizawa et al.
(1965b). This district comprises mainly granitic rocks, basic metamorphic

rocks and metamorphic rocks of sedimentary origin.

The eastern part of this district is covered widely by the Muro volcanic
rocks and sediments in Tertiary age. Generally speaking, the northern
part of this district is occupied by banded gneiss and fine-grained gra-
nite, the central part by granitic rocks and basic metamorphic rocks and
the pouthern part by gneissose granodiorite.

The banded gneise (Tahara-Takamado block] develops widely in the eastern
@art of Nara City, having a complex folding structure. This banded gneiss
biock is assumed to be the western extension of the banded gneiss block

S¢



which constitutes the Kasatori mountain range in the southeast of Ueno City.

In the northern and eastern region of the Tauhara-Takamado banded gneiss
block,fine-grained granite develops widely. #specially the fine-grained
granite block located in the eastern region of the banded gneiss block,
constitutes the largest block among the fine-~grained granite masses in the
Kinki Ryoke metamorphic terrain.

In the southern region of the banded gneiss block, hornblende-biotite
granite which is presumably equivalent to the Yagyu granite, develops widg-
iy. although this granite contains a considerably large amount of basic rIck
inclusions of various sizes, differing from the yagyu granite which is con-
siderably scanty in this kind of inclusions.

This granite reveals a S-shaped fold structure. But this fold structure
is considered to show a sort of flow structure which was formed at the
intrusion of this granite.

A large metanorite block, similar to the Tkoma metanorite body, occurs at
Mt.Miwa, trending approximately N70°w.

Around Sakurai City. the hornblende-biotite smeissose granodiorite remarka-
bly foliated, is widely distributed. In the southern region of the gneiesbse
granodiorite, the hornblende-biotite granodiorite develops;whi¢h is equiva-
lent to the g:anodiorite of Mt.Kongo area, extending to the '"Median tectonic
Zone".

A large vegmatite, ranging lkm x lkm wide, occurs in the vicinity of Nara
City, intruding into the basic metamorphic rock body. This pegmatite has
been mined for raw materials for glass industry. It may have derived from
the Yagyu granite developing in this region. Brief descriptions, except for

the basic metamorphic rocks from which no specimens were taken.

1. 3anded gneiss [Tahara-Takamado block)

This banded gneiss block consists of nsammitic and velitic banded gneiss
containinéEillimanite in the case of the pelitic gneiss,which can often be
recognized easilv with the naked eye. The mineral assemblage in the pelitic
gneiss is almost identical with that of Mt.Matsuo block. A large amount of

graphite is contained in the pelitic gneiss.

2. Fine-grained granite
Fine-grained granite, when closely associated with the banded gneiss,
usually becomes garnet bearing two mica granite. In the north of Mt.Miwa
the two mica granite is remarkably foliated and is concordant with the

accompanying banded gneiss in structure. At Fukagawa, where R-4305 was 4



collected, this granite is a fine-grained biotite granite which is non-

foliated and quite homogeneous in rock facies throughout the body.
3. Hornblende-biotite granite

Although the typical Yagyu granite is coarse-grained and fairly homogene-
ous in its appearance, the granite in this district is considerably varied
in its rock facies. Generally it is coarse- to medium-grained and weakly
foliated. The granite occasionally turns into medium-grained biotite gra-
nite, when it approachs a large basic rock body. R-3335 was collected

from this phase.
4. Hornblende-biotite gneissose granodiorite

This rock is dark colored, remarkably foliated and contains a large
amount of hornblende. It is quite similar to the gneissose granodiorite

occurring at Hiraiwa in the western district.

5. Pegmatite
The pegmatite found at Obara in the east of Sakurai is small in its
scale and intrudes into the fine-grained granite which is quite varied
in its rock facies. The minerals contained in this pegmatite are musco-
vite, microcline and quartz. The pegmatite found at Takai consists of
biotite, muscovite, microcline, garnet and quartz. Biotite is of green

variety. Both muscovite and biotite are typical "book mica".

Discussion on age measurement

Seven samples were collected and analyzed. The results of the age deter-
minations and the data are presented in tables 5 and 6, respectively.

A suite of pegmatitic minerals were obtained from the pegmatite mine at
Takai. Both muscovite and biotite are large crystals, reaching to S~8cm
in diameter. Microcline is a good shaped crystal, approximately 1S5cm long
and 8cm wide at the maximum, showing perthite texture under the microscope.

It is commonly considered that mestly reliable ages are those measured on
pegmatitic minerals. The minerals of the Takai pegmatite are highly radio
genic in Sr87 as is seen in Table 6. Consequently it is expected that a
high precision of determination could be achieved.

The Rb-Sr ages on microcline and muscovite of the Takai pegmatite are

95 m.y. and 93 m.y. respectively, which are in excellent agreement.

6¢(
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TABLE 5
Age determination from the Nara-oakurai district
P
- N . . . Agerent age (m.y.)
sSample ltock Locality Mineral E-Ar Rb-Sr
R-4006 Pegmatite Takai Biotite 72
tuscovite 93
Potassium 95
feldspar
R-4005 Banded gneiss Takamadoyama Biotite 72 101
1luscovite 97 1oz
R-4305 .ine-grained Fukagawa Biotite 105
granite
R-3662 Gneissose biotite North of Biotite 95
grenodiorite Mt .Miwa
R-3335 Hornblende-biotite North of Biotite 109
granite Hase
R-4311 Pegnatite Obara uscovite 71
R-4300 Gneissose hornblende- Asako Biotite 106
biotite granodiorite
Hornblende 131

T T S Eat T T e o A AR R o AT T

The concordant pegmatite ages are interpreted as both the age of injec-
tion of the pegmatite and the age of the end of metamorphism and plutonism
of the terrain, because the pegmatites presumably were emplaced near the
end of the metamorphism and plutonism.

Thus the concordant Rb-Sr ages obtained on the microcline and muscovite
of the Takai pegmatite indicate that the metamorphism and plutomic activi-

ty had ended approximately 90 m.y. ago in the Ryoke metamorphic terrain in

the Kinki district. )
One more pegmatite sample collected at Obara yielded the Rb-Sr age 72 m.y.

on muscovite. This age is slightly younger than that of the Takai pegmatite.

It is assumed that the pegmatite activities in this terrain had continued
up to approximately 70 m.y. ago, although they may not have been intensive.
The Rb-Sr age on biotite of the Takai pegmatite is 72 m.y., which is

slightly discordant with those on other co-genetic minerals. A quite simi-

lar phenomenon has been reported by Hayase (1961). He measured the Rb-Sr

ages on biotite and muscovite of the pegmatite, collected at Mikawamiyazaki,
Aichi Prefecture, in the Ryoke metamorphic terrain in the Chubu district and
obtained the Rb-Sr age 101 m.y. on muscovite and 40 m.y. on biotite.

More recently, Zartman (1964) reported anomalously low Rb-Sr ages on
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pegmatitic biotite of the Lone Grove granitic pluton in the Llano Uplift,
Texas. The average Rb-Sr age on microcline, muscovite and biotite of the
granitic rocks of the Lone Grove pluton is 1020 m.y., while the Rb-Sr ages
range 955 m.y. to 655 m.y. for the biotite in the pegmatite.

Co-genetic microcline from the pegmatite yielded normal Rb-Sr age. As for
the low Rb-Sr age on pegmatitic biotite, it is most probable that the loss
of daughteﬂélement has produced these low Rb-Sr ages. However, the mecha-
nism responsible for these low Rb-Sr age is not known exactly.

He suggested it is possible for the rubidium so to distort the crystal
lattice that the mineral becomes extremely unstable to strontium migration,
from the fact that the biotite have highest rubidium content.

It may be noted that the biotite in the Takai pegmatite has very high r
rubidium content compared with the co-genetic microcline and muscovite.

The Rb-Sr ages on biotites of four granitic rocks in this district are
well summarized to 115-95 m.y. R-3662, on which the Rb-Sr age 95 m.y.
was obtained, is femarkably foliated biotite gneissose granodiorite. Gar-
net veins are often obserwed to develov in this granodiorite.

R-4300 was collected fram the hornblende-biotite gneissose granodiorite
which is considered to be the eastern extension of the Hiraiwa gneissose
granodiorite in the western district. The K-Ar age 131 m.y. on hornblende
of R-4300 is slightly discordant with the Rb-Sr age 106 m.y. on co-exist-
ing biotite. This K-Ar age on the hornblende may be interpreted as the
maximum age of the granodiorite emplacement.

The K-Ar age and Rb-Sr ages on bibtite and muscovite of the banded gneias
sample R-4005, revealed discordant age pattern. The discussion about the
results will be given together with those obtained with the eastern district,



Sample

R-4006

R-4005

R-4305
R-3662
R-3335
R-4311

R-4300

TABLE

6

Analytical data

4o* Lo

Mineral Ar Ar
ppm

Biotite

Muscovite

K-feldspar

Biotite 0.0391

Muscovite 0.0569

Biotite

Biotite

Biotaite

Muscovite

Biotite

/Aruo

Hornblende 0.00442 0.63

T T T A g U R G SRSl sk s

e AT

¥ Sr
percent ppm

3.21
2.66
2.69

Sr87.

ppm

2.420
0.581
0.583

0.453

0.247
0.236
0.169

0.238
0.213
0.208
0.771

0.193

Sr87°/sr87 Rb
ppm
0.92 7630
0.76 1596
0.76 1592
1479
0.82 1224
0.59 622
0.52
0.077 266
0.099 574
0.56 569
0.49 485
0.83 2764
0.33 467
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Eastern district (Ueno-Nabari district)

Geological setting

In the southeastern region of lUeno City, a large area of metamorphic rocks
of sedimentary origin develops. This metamorphic rock block forming the
Nunobiki mountain range, runs nearly N-S and is the largest metamorphic
sedimentary rock block exposed in the whole Kinki district. A large part
of the metamorphic rocks consists of banded gneiss. The northern part of
the block consists of schistose hornfels. Most of the banded gneiss in, this
block is derived from psammitic sediments, interbeded with pelitic sediments.

In general, the mineral assemblage observed in the pelitic banded gneiss
is as followst sillimanite-cordierite-garnet-biotite-muscovite-potassium-
feldspar-plagioclase-quartz

In the interior of this metamorphic rock block, no granitic rocks were
observed to intrude, except for fine-erained granites of small scale.

Consequently it is assumed that this banded gneiss block is least affected
by the granitic intrusions, among those in the Kinki district. The granite
exposure nearest to the banded gneiss block, is approximately S8km aprt from
this block. Two banded gneiss bodies from which R-4307 and R-4306 were
collected, occur near Joryu and Nacsase respectively, in the eastern region
of Nabari City. They both occur in the hornblende-biotite gneissose grano-
diorite which is distributed widely in this region.

No granite such as Yagyu cranite develops in this region, though fine-

grained granite is distributed considerably.

Discussion on age measurement

Five banded egneiss samples, all of which are sillimanite gneiss, were
collected from this district. The age measured in this district and the
analytical data are presented in tables 7 and 8.

R-4308, R-4309 and R-4310 were collected from the Runobiki banded gneiss
block, which was chosen as the location for sample collecting to get spe-
cimens free from the influence of granitic intrusiong this block consists
almost entirely of the banded gneiss in which effects of the granitic
intrusion are expected to be slichtest.

As is shown elsewhere (1965b), however, the banded gneiss block as a whole

has a low angle dipping. As a result, although the present exposure on the
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surface, lqoka quite vast horizontally, the vertical thickness of the banded
gneiss body may not be large. Granites may exist beneath the banded gneiss,
not so far from it, although the granite exposure occurs as far as 8xm apart
from the banded gneiss body. Consequently, it is assumed that the buhdﬁd
gneiss body have been influenced by gramites more or less.

TABLE 7
Age determination from the Ueno-Nabari district
Agerent age (m.y.)

Sample Rock Locality [1ineral K-Ar Rb-ST
R-43060 Banded gneiss Nagase Biotite 181
R-43%07 Banded gneiss Joryu Biotite 103
R-4308 Banded gneiss Nunobiki Biotite 108
R-4309 Banded gneiss Nunobiki Biotite 71 192

Muscovite ol 231
R-4310 Banded gnesiss nunobiki Biotite 107

The K-Ar age measurements on biotite and co-existing muscovite of R-#309
indicate 71 m.y. and 61 m.y. resvectively, which are in good agreement with
each other. On the other hand, they are discordant with the Rb-Sr age on
both biotite and muscovite of this specimen; the K-Ar ages are considerably
younger than the Rb-Sr ages on both the granitic rocks and the banded gneiss

in this didtriet and others. To account for the result, the following two
possibilities may be consideredt

1. The K-Ar age on this sample reflects only the "cooling history"™ of the
banded gneiss; the banded gneiss had uplifted 60-70 m.y. ago. Until that
time, the banded gneiss had been in high temperature, sitting in the deeper
sone, enough to expel the accumlated Ar The K-Ar age may represent the
time elapsed esince, by rapid uplifting, the temperature had been lowered to
a degree at which no more Ar“o liberation occurred.
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2. The banded gneiss, now exposed on the surface, has been affected with
thermal influence by some granitic activities. The temperature of the
banded gneiss is considered to have been raised high enough to diffuse the
Aruo from the minerals.

As to these two possibilities, the author considers as follows:

The K-Ar ages on muscovite and co-existing biotite from two banded gneiss
specimens, R-4309 and R-4005,are approximately 70-60 m.y., except for one
muscovite of r-4005. These results are practically identical to the K-Ar
age 69 m.y. on biotite of the Yagyu granite (R-4183). In the northwestern
part of the Ryoke metamprphic terrain in the Chubu district, the Inagawa
granite and the Naegi granite develop widelv, as mentioned previously.

Shibata et al. reported the F-Ar age measurements on these granites. The
K-Ar age on biotite of the Naegi granite is 64-68 m.y., whereas that from
the Inagawa granite is 65%-72 m.y., indicating seemingly no difference
between the time of the emplacement of these two granites.

As to the geological relatinn between the Inagawa granite and the Naeri
granite, they stated, judging from their relation to the Nohi rhyolite,

". .. this (Nohi rhyolite) is a thick volcanic formation, conasisting main-
ly of welded rhyolitic tuff and is distributed over a wide area to the north
west of the Ryoke belt. At its southern margin, the Nohi rhyolite comes
into contact with members of the Ryoke sgit where it covers uncomformably
the Inagawa granite. 1In many localities, however. the rhyolite is intru-
ded by the Naegi granite, which leads to the conclusion that there is diff-
erence in age between the Inavawa and Naegi granites and that the former is
the older of the two.'" Judging from these geological relations quoted
above, it is assumed that the K-Ar aze of the Tnagawa granite may represent
the time of the granitic activity which occurred approximately 60-70 m.y.
ago, as shown by the intrusion of the Naegi granite; biotite may have lost
radiogenic Arun through the 4iffusion by the thermaﬂ?vent which had occurred
60-70 m.y. ago. Accordin~ to Katada et al. (195%), the Inagawa wgranite is
corrlated to the Yagyu granite in the Kinki district. The Naegi granite

is a tyvical shallow emplaced granite body and may be correlated to the
Tanokemi and Suzuka granite in the Kihki district, from their petrogra-
phical similarities. That the K-Ar age on the Yagyu granite is apvroxi-
mately identical with those on the Naegi and Inazawa granites, may indicate
that there existed a granitic activity which emplaced the Naegl granite in

the Chiibu district and the Tanokami-Suzuka-Hira <ranites in the Kinki distriel,



Thus the K-Ar ages obtained from the Nunobiki banded gneiss blosk: may
also indicate the thermal event which had occurred 70-60 m.y. ago.

- _ L TR
1
i

TABLE 8
Analytical data

Sample Mineral Aruo' Arl'bo./‘lu-l‘o X sroT Sr87. Sr87./5r87 Rb

Ppm percent ppm prm ppO®

R-4306 Biotite 8.36 0.208 0.26 291

R-4307 Biotite 6.53 0.163 0.26 4ok

R-4308 Biotite 5.60 0.238 0.38 559

R-4309 Biotite 0.0407 0.86 7.91 6.06 0.190 0.31 251

Muscovite 0.0406 0.87 9.16 4o, 72 0. 200 0.066 220

R-4310 Biotite 4,52 0.211 0.40 500
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Total rock analyses

Total rock analyses on the granitic rocks and the banded gneisses were
attempted. The rock svecimens usually fist-sized, were crushed in a steel
mortar and sieved to pass through 100 mesh screen. About 1 gram of the
powdered sample was taken and treated with the identical chemical procedure
as the mineral samples, except that it was not spiked.

The isotopic composition of reaxent Sr(NOs)2 [Merck G.R.] was measured
periodically during the course of the study and the performance of the
isotopic analyses on unspiked total rock samples were monitored.

In the later stage of the study, a strontium isotope standard [SrCO3
Eimer and Amend lot No. 492327)] was supplied by Dr. L.T.Aldrich of DTM
and was also measured for its isotopic composition. The results of the
isotopic analyses made on both Sr(N03)2 and SrC05 reagents are presented
in Table 9.

—— AR AT v —
TABLE 9
Isotopic abundance of Merck G.R. Sr(NO§)2
86/58 87/86 87/865* Date
1. .1193 .715 .715 5/22/63
2. .1191 714 L7153 6/1/6%
3, .1190 714 .713 11/4/6%
4, .1205 .714 717 11/2/63
5. .1193% .716 .716 1/9/c4
6. .1195 713 .71% 1/8/64
Mean .1195 714 .715

7 =+.0002 §=*.001 6=+.001
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; Table § continueq

Isotopic abundance i
of SrCO0;  ( Eimer and Amend 1lot. 492327 )

86/88 87/86 87/86_* Date
1. .1206 .707 711 2/18/64
2. .1215 .705 711 2/20/64
3. .1206 .707 711 2/24 /64
4. 1204 .710 713 2/22/64
5. .1190 .71% 712 2/26 /64
Mean <1204 .708 712

* The measured Sro//srS6 i
Sr86/5r88 retios ioro li;Zlosdwere °°§§e°t§g by adjusting the
T . and the Sr~'/Sr°° rati
that amount. 10s by half

8 8
The Sr 7/Sr 6 ratio on four granitic rocks and four banded gneisses have

been measured to test the feasibility of making age measurements by the

total rock method. The analytical results are presented in Table 19.

The principle of this method is based on the assumption that rock as a

whole may remain in closed system with respect to radiogenic Sr 7; that
7 . . . .
8 tends to remain in the rock as a whole even if mineragls are in

means Sr
»
87 Thus the total rock Rb-Sr age could be highly infor-

open system to Sr
mative, if they were obtained on several different lithologic phases of the

same rock body in which they are of different Rb/Sr ratio.

It is essential in the total rock Rb-Sr age measurement to know the

initial Sr87/Sr86 ratio in the system. Consequently, for this method to

the following conditions must be fulfiled; spreads of the

be successful,

Sr87/Sr86 ratio and Rb/Sr ratio are .obtained with a number of samples of
same rock body. sufficient to construct a isochron from which the initial
3r87/5r86 ratio is determined. 86

8 .
But unfortunately. favorable Sr 7/Sr ratioswith sBufficient spreads

were not obtained with the analyzed samples:

8
The spread in the Sr 7/er'8‘6

ratio is so small that no precise age is expected to be obtained,



Sample

R-4501
rR-4286
R-4303%
R-4305

wam ,le

R-2253
R~-4005
R=43%06
R-4307

TABLE 10

Granitic rock

Locality

Omine
Sukawa
Cgawara
Fukagawa

Banded gneiss

Locality

Matsuo-yama
Takamado-yama
nNagase

Joryu

£6/38

.1184
.1195
.1198
L1177

86/88

.1189
.1208
.1204
.1203

Sr isotope analyses on total rock samples

87/8%

7076
.7118
L7149
.7125

87/86

.7248
.7218
.722%9
.716

87/86n

. 7046
7121
.7161
L7074

8‘7/86n

-7233
L7261
<7259
.719

Late

1/20/64
1/24/64
1/21/64
1/25/64

Date

1/10/64
1/15/64%
1/10/64
1/14/64

Along with the isotonic analyses of strontium using mass spectrometer,

semi-quantitative X-ray fluorescence analyses were carried out on a number

of total rock samples to estimate their Rh/Sr ratio.

The analyses were

made on a Norelco X-ray spectrometer with a fluorescence attachment.

The experimental conditions were as follows:

Norelco X-ray spectrometer with W-target tube
Tube run at SOKV

30mA
LiF analyzing crystal

.005 x 4" source and receiving collimator

GM Tube detector

Scanning time 1°/min

Typical spectrum recorded are presented in Fig. 7. The X-ray fluorescence

atudy revealed unfavorable Rb/Sr ratio: the samples analyzed usually con-

tained a large amount of strontium compared with rubidium, the Rb/Sr ratio

being small. Thus high content of strontium in these granitic rocks made

the total rock analyses unsuccessful.

T0



Fig. 7

X-ray fluorescence chart of total rock eaﬁblei

The Sr87/Sr86

several rock specimens were measured to test the possibility of the use

ratiosin potassium feldspars which were separated from

of this mineral for the Rb-Sr age measurement. The results are presented
in Table 11. The Sr87/Sr86 ratio is expected to be considerably high as a
regult of enrichment of radiogenic Sr87. if potassium feldspar had not
contained much "normal" strontium compared with rubidium.

The Sr87/Sr86 ratios measured on four potassium feldspars are very close
to the Sr87/Sr86

of "normal" strontium, compared with rubidium. Thus the enrichment of

ratio of "normal" strontium, as a result of high content

radiogenic Sr87 was masked bv a large amount of "normal" strontium in these

potassium feldspars. No Rb-Sr age determinations were carried out on pota-

ssium feldspars, except for one pegmatitic potassium feldspar which contained

86

only small amount of '"normal' strontium and had a high Sr87/8r ratio.

TABLE 11

Sr isotope analyses on potassium feldspar

Sample Locality 86/88 87/86 8’7/86n Date

R-2099 south of L1178 .718 715 12/14/63%
Mt .Ikoma

R-2117 South of .1196 .712 L713 12/12/6%
Mt .Ikoma

R-3%33%5 North of .1139 .718 .716 12/13/¢e3
Hase

R-4006 Takamad o-yama L1191 .717 716 12/11/63%

T



Discussion

The results of the present study indicate that the metamorphism and the
pPlutonic activity in the Ryoke metamorphic terrain had occurred almost
throughout the Cretaceoue period ranging from 130 m.y. to 70 m.y., culmi-
nating in 110-90 m.y. in which most of the metamorphic rocks were produced
and the granitic rocks were emvlaced.

ﬁ:ﬂfo the granitic rocks in the Rvoke metamorphic terrain, the opinion
hasAprevailing that two distinct different igneous intrusions in age had
taken place in this terrain. The granitic rocks in this terrain thus have
been divided into two groups; the "older" and the "younger"

The Rb-Sr acges on biotite from several kinds of granitic rocks in the

western part of the Kinki Ryoke metamorphic terrain are summarized in
Table {2

TABLE 12

The Rb-Sr age of the granitic rocks in the

western part of the Kinki Ryoke metamorphic terrain
"younger" granitic rock "older" granitic rock
Sample Locality age(m.y.) Sample Locality age(m.y.)
R-4188 Narukawa 86 R-2014  Takayasu 98
R-2099 South of 94 R-1100 Hiraiwa 10%
Mt .Ikoma
R-4304 Nakamura 111
R-2117 South of 113
Mt .Ikoma R-43%02 North of Koya 96
R-3%35 North of 109 R-4286 Sukawa 91
Hase R-4305  Fukagawa 105
R-4300  Asako 106
R-3662 North of 95
Mt.Miwa

They are well grouped in the range 110-90 m.v. No intrusion-time-gap
is observed between the so-called '"older" and "younger'" granitic rocks in
this district. The K-Ar ace 115 m.y. on hornblesnde, is obtained from the
gneissose granodiorite which is considered to be the "older" granitic
rock. The K-Ar age on hornblende is approximately concordant with the Rb-
Sr age 103 m.y. on co-existing biotite. This result also supports the view
that no great difference had existed in the time of the emplacement between
the "older" and the "younger" granitic rocks. Most of the granitic rocks

in this district had intruded successively in the period ranging approxi-



mately 110-90 m.y.

The resultes of the age measurements on mica of the banded gneiss reveal¥d
a quiée complicated age pattern, compared with that of the granitic rocks
which are well converged in the range 110-90 m.y.

The Rb-Sr age on muscovite is always discordant with that ok co-existing
biotite. One muscovite (R-4309) yielded the aé;rent Rb-Sr age as large as
231 m.y., when calculated in the customary manner; the usual method of
calculation assumes that the isotopic composition of the initial strontium

86 = -708.

There is, however, no guarantee that this condition was fulfiled fer the

8
has "normal" strontium isotopic composition, namely Sr 7/Sr

banded gneiss which was derived from pelitic sediments. Compared with
biotite, muscovite contains a large amount of '"normal' strontium as seen

in the analytical data, inspite of the fact that no strontium-rich minerals
are observed in muscovite bv thin section study The hich content of "nor-
mal" strontium in muscovite samples could not be reduced by further puri-
fication procedures. Therefore, it is assumed that muscovite itself
contains a large amount of "normal" strontium.

This may indicate that much more strontium had been introduced into
muscovite than biotite, when these minerals were formed by recrystalliza-
tion in metamorphism. The introduced strontium may not have '"normal'"
strontium isotopic composition, but have been enriched in Sr87. because
of partial retention of radiogenic Sr57 accumulated prior to the metamor-
phism. It is assumed that the strontium isotope homogenization had not
been achieved at the time of the metamorphism.

This assumption may be supvorted by the following fact: R-4309 and R-4310
were taken from the road cut exposures along the identical road. Two expo-
sures are only a few hundred meters apart. The Rb-Sr ages on biotite of
these two samples are 192 m.y. and 107 m.y. respectively.

It may be quite unreasonable to assume that the banded gneiss had expe-
rienced two metamorphism which occurred at 192 m.y. and 107 me.y.

This fact may be assigned to the incomplete strontium isotope homogeni-
zation at the metamorphism. Of seven Rb-Sr ages on biotite, four of them
are well converged to approximately 100 m.y. as is seen in Table 13, which

suggests that the banded gneiss had been produced by the 100 m.y. meta-

morphism.
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TABLE 13

The kb-Sr age of the banded gneiss

Sample Locality Mineral age (m.y.)
R-4005 Takamadoyama Biotite 101
R-4307 Joryu Biotite 103

‘ R-4308 Nunobiki Biotite 108

\ R-4310 Nunobiki Biotite 107

This is also compatible with the fact that the granitic rocks in this
district had intruded in the period ranging 110-90 m.y.

In the Palaeozoic formation, i.e., Tamba Zone, which is situated in the
north of the Ryoke metamorphic terrain, granites which have been known as
the "Cretaceous granite’ among geologists, develop widely. Yoshizawa et al.
(1965a) divided the granites in this region into the following two groupst

1. Hira-Suzuka-Tanokami group
2. Hiei-Mikumo (Shicaraki) group

The granites of group l. usually accompany many pegmatites, intrude into
the Palaeogoic strata discordantly with its structure and give contact
metamorphism to the Palaeozoic strata. These granites are typical "granite"
which are medium- to coarse-grained and are considered to have intruded at
a shallower depth. The granites of group 2. accompany almost no pegmatite
and intrude into the Palaeozoic strata, being approximately concordant with
its structure and give also contact metamorphism.

These granites are usually adamelliti¢c in their rock phase. A samll
amount of hornblende is observed rarely in these granites. These two types
of the granites were considered to be of co-magmatic origin. The granites
of group 1. may have intruded to a shallower depth at a more or less later
stage than the granites of group 2. The depth difference and the emplacement

time-gap between these two granites may be small.



On these granites, the aze measurements were made by Hayase (1961). The

results are as follows:

Rock Mineral Rb-Sr K-Ar i
Hiei granite biotite 93 90
Suzuka granite muscovite 78 61 (in m.y.)

(Yunoyama pecmatite)

A8 to the relation of these '"Cretaceous granite' to the granite in the
Ryoke metamorphic terrain, the following geological relations have been
made known!34)

l. At Suzuka Pass, Mie Prefecture, mylonitic rocks exist between the
Ryoke granite (Yaevu granite) ani the Suzuka granite, running app-
roximately N70°E.

2. In the region of the northwest of Ueno City, the Yagyu granite is
fransifional into the '"Cretaceous granite'" in its rock facies,
tﬁﬁugh the mylonitic rock which is assumed to be the western exten-
sion of the above-mentioned mylonitic rock.

The time of the emplacement of the Hiei granite is almost contempora-
neous with the granite in the Ryoke metamorphic terrain (Yagyu granite).

Therefore the Hiei-Mikumo (Shigaraki) granite, i.e., the "Cretaceous
granite" and the Ryoke granite may be co-magmatic, judging from both geo-
logically and geochronologicallyv. although the depth of the emplacement
may be different. The granites of group l. are of a later stage emplace-

ment than the granites of group 2. and the Ryoke granite.
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Conclusion

1. The geology in the western marginal part of the Ryoke metamorphic
terrain in the Kinki district is summarized as followst

This area consists almost entirely of granitic rocks, with only a small
amount of metamorphic rocks of sedimentarv origin, compared with the east-
ern part of the terrain which has a good development of the metamorphic
rocks of sedimentary origin. The geological structure indicated by gnei-
ssose granodiorite and fine-grained granite is monoclinal, dipping north-
ward throughout the western district. The Katsuragi granodiorite which is
quite homozeneous in rock facies and carries no inclusions throughout the
body. may represent the core vart of the metamorphic terrain in the western
district. The granodiorite developing in the southern part of this district
has suffered shearing to various degrees.

2. With 24 samples of pecmatites, granitic rocks and banded gneisses
collected from the yoke metamorphic terrain in the Kinki district, main-
ly from the western part of the terrain, the age measurements were carried
out by both the Rb-Sr and K-Ar m=thods.

The Rb-Sr ages on biotites of the granitic rocke in this district are
well converged into 110 m.y - 90 m.y., with several exceptions. The K-Ar
age 115 m.v. on hornblende which is avoroximately concordant with tHe Rb-Sr
age 103 m.y. on co-existing biotite, is obtained on the gneissose granodio-
rite which was considered to be the "older'" granitic rock. These facts
suggest that there is no intrusion-time-gap among the granitic rocks and
that most of the granitic rockgéad been emplaced successively 110 m.y.-

90 m.y. ago.

The quartz diorite which yielded the Rb-Sr age 130 m.y. may have been an
intrusion preceding those of the granitic rocks in the Ryoke metamorphic
terrain in the Kinki district.

3. The age measurements on biotite and muscovite of seven banded gneiss
samples revealed a distinct discordance among them; the Rb-Sr ages on
biotite and muscovite have a wide scatter ranging from 231 m.y. to 10l m.y.

The wide scatter of the Rb-Sr ages shows that a complete homogenization
in strontium isotope had not been achieved at the time of the metamorphism
in these banded gneisses. Judging from the fact that the age of the emplace-

ment of the granitic rocks is considered to be approximately 110 m.y.- 90 m.y.,



the banded gneiss may have becen produced by the 110 m.y.- 90 m.y. metamor-
phism. The K-Ar age measurements yielded a considerably younger ages than
the Rb-Sr ages on them, although a fairly good agreement was obtained among
them. The K-Ar age on banded gneiss may represent the time of the granitic
activity which occurred 70 m.y.- 60 m.y. ago.

L. The Rb-Sr ages on muscovite, biotite and potassium feldspar of the
pegmatites in this district are 90 m.y.- 70 m.y. Thia means that the meta-

morphism and plutonism had ended approximately 90 m.y.- 70 m.y. ago in the
terrain.

77

5. As to the relation between the granites in the Ryoke metamorphic terrain

and the "Cretaceous granite'" in the Tamba Zone, both of the granites are con-

sidered to be co-magmatic and in gradual change in their rock faeies: The

latter may have been emplaced in a shallower depth than the former.
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