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Origin　of　the　Median　Tectonic　Line
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　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Abstract

　　　　The　southem　maginal　region　of　the　HTγLP　Ryoke　metamorphic　belt　is　characterized　by　a

mylonite　zone　and　nappe　structures．　The　tectono－metamorphic　history　in　the　southem　margin　of

the　Ryoke　belt，　and　the　initial　stage　of　formation　of　the　Median　Tectonic　Line（MTL）were

studied　auhe　middle－southem　region　along　the　MTL　in　the　Chubu　district．　Four　phases　of

deformation　can　be　recognized　in　this　region．　The　first　deforrnation（D　1）formed　the　S　l　foliation．

The　stn】ctural　features　of　D　l　can　not　be　clearly　identified．　The　metamorphic　conditions　during

DI　were　assumed　to　be　medium　pressure　in　the．　Mikawa　Plateau．　Extensive　growth　of

porphyroblasts　occurred　after　Dl　and　before　D2（inter－D1－D2）under　non－defomational

conditions．　The　metamorphic　conditions　changed　with　a　remarkable　decrease　in　pressure　from

Dl　to　inter－D1－D2．　The　D2　defomation　was　penetrative　and　involved　pressure－solution，

resulting　in　a　distinct　foliation（S2），　which　is　typically　observed　in　the　Ryoke　metamorphic　rocks．

The　metamorphic　conditions　changed　with　a　distinct　increase　in　temperature　from　inter－Dl－D2

to　D2．　The　oldest　pluton1c　mass　of　the　Older　Ryoke　granites（the　Kamihara　tonalite）was

defbrmed　during　D2．　The　D3　deformation　formed　a　large－scale　recumbent　fold　during　the　earlier

stage　of　D3．　During　lhe　later　stage　of　D3，　the　deformation　was　concentrated　in　the　lower

structurally　portions，　resulting　in　the　formation　of　the　Iarge－scale　mylonite　zones　and　nappe

structures．・The　mylonite　zones　are　developed　horizontally　and　have　a　top　to　the　west　shear　sense．

The　high　temperature　portion　of　the　Ryoke　belt　was　emplaced　onto　the　low　temperature　portion．

The　second　older　plutonic　mass　of　the　Older　Ryoke　granites（the　Tenryukyo　granite）were

emplaced　and　deformed　d面ng　D3．　The　D3　deformation　occu！了ed　with　distinct　decrease　in

temperature　and　pressure．　The　intrusion　of　the　Younger　Ryoke　granite．s　took　place　after　D3．　The

D4　deformation　is　characterized　by　the　forrnation　of　the　nappe　complex　and　crush　rnelange．　The

nappe　stmctures　of　D4　characteristically　contain　the　rocks　fomled　on　the　surface　and　rocks

derived　from　other　terrane・During　the　Iater　stage　of　D4，　the　Ryoke　napPe　complex　was　thnlst

over　the　Sambagawa　rocks・After　the　coupling　of　the　Ryoke　belt　and　the　Sambagawa　belt，　the

high－angle　MTL　was　fbmed　with　a　sinis官al面ke－slip　component，　resulting　in　the　forrnation　of

upright　folds．

　　　　D1，　inter－D　1－D2，　and　D2　are　typical　of　the　Ryoke　belt，　and　are　the　result　of　regional

metamorphic　processes．　Whereas　D3　and　D4　are　characteristic　of　the　southern　margin　of　the

Ryoke　belt　and　rcpresent　a　distinct　decrease　in　temperature　and　pressure．　The　initial　stage　of

the　MTL　is　correlated　with　the　D3　and　D4　tectonism，　and　occurred　with　the　uplift　of　the　Ryoke

bclt　from　depth　and　the　transportation　of　the　Ryoke　belt　toward　the　south．　The　western　portion

of　the　Ryoke　belt　was　uplifted　at　about　90　Ma　and　was　followed　by　the　uplift　of　the　eastern

portion　at　60　Ma．　The　high・angle　MTL　and　the　upright　folds　postdate　the　tectono－metamorphic

proccsses　of　the　Ryoke　belt　and　the　formation　of　the　initial　MTL　as　a　horizontal　shear　zone．
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1．Introduction

　　Since　Lapworth’s（1985）initial　description　of　mylonites

in　the　Moine　Thrust　zone，　it　have　been　recognized　that

mylonite　indicate　zones　of　conccntrated　defomlation．
Mylonitic　rocks　occur　in　all　tectonic　setting　such　as　plate

boundaries　and　plate　inte1iors（Tullis　et　al．，1982）．　They

appear　to　be　generally　associated　with　faults　or　shear

zones．　In　recent　years，　mylonitic　rocks　have　attractcd　much

auention　from　the　vicwpoint　of　their　microstructurcs，
deformation　mecha‘　nisms，　gcome廿y，　and　tectonic　setting．

　　Mylonitic　rocks　are　exposed　along　the　Median
Tcctonic　Line（MTL），　a　major　tectonic　fcaturc　dividing

Southwcst　Japan　into　thc　Inner　and　the　Outcr　Zones（Fig．1）．

Thcse　mylonites　llavc　been　discussed　from　various
viewpoints　for　a　long　time．　The　MTL　has　a　long　and

complicated　history　dating　back　to　the　Late　Mesozoic，　and

even　today　certain　parts　remain　very　active　faults・
According　to　the　Iatest　summary　of　displacement　history　of

the　MTL　by　Ichikawa（1980），　the　initial　stage　of　tlle　MTL

is　interpreted　to　have　been　a　ductilc　shear　zone　in　the

southern　margin　arca　of　the　Ryoke　be1し　During　the　first

half　of　the　1980°s，　the　inltial　shape　of　the　MTL　was

interprcted　to　be　a　strike－slip　fault（e．g．　H争ra　and
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　1983，Yokoyama，1974；Hara　e’al．，1977，1980b；Takag1，

1984，1985，1986）．Recently，　some　important　data　has
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Ryokebeen　collected　from　the　southem　margin　of　the

belt，　clarifying　that　the　mylonite　zone　was　originally

formed　with　a日at－1ying　attitude　by　Ohtomg（1988，
】991），Yamamoto　and　Masuda（1987），　　　　　　’

Masuda　（1988）　and　Sakakibara　et　a1．，
Additionally，　it　was　reported　by　Ohtomo　（1986，

1989），Sakakibara　et　al．（1989），　Hayasaka　et　al．

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Michibayashl　and

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（1989）．

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　1987，

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　（1989）and

Okamoto　et　al．（1989）that　the　Ryoke　metamorphic　and

igneous　rocks　along　the　southern　margin　of　the　Ryoke

belt　were　developed　as　nappes．　These　data　support　the

idea　that　the　MTL　was　developed　with　horizontally　during

the　early　stage　of　its　generation　history・

　　During　the　Cretaceous，　the　Ryoke　belt（composed　of

granites　and　high－temperature　metamorphic　rocks）and　the

Sambagawa　belt（composed　of　high－pressure　metamorphic
rocks）werc　fomcd　separatcly，　at　a　great　distance　from　one

anotllcr．　Specifically，　the．fomer　was　on　thc　continental

side　of　a　volcanic　front　and　the　latcr　was　in　a　subduction

zone，　　Both　metamorphic　belts　wcre　joined　by
subsequcnt　tcctonic　events・　During　late　Crctaccous　or

early　　Paleogene，　　the　　prcsent　　zonal　structure　of

Southwest　Japan　appears　to　havc　bccn　ncarly　completed．

The　formation　of　this　initial　stagc　of　the　MTL　sccm　to　be

a　critical　evcnt　in　the　structural　developmcnt　of
Southwest　Japan．　Recently　accumulated　infomation　on
microfossils，　structurc，　and　radiometric　dating　dcmand　the

reexamination　of　the　initial　stage　of　the　MTL　as　well　as　the

tectonic　proccsses　of　Sou山west　Japan・

　　Until　the　flrst　half　of　thc　l9801s，　studics　of　the　initi　al

・stage　of　the　MTL　had　been　done　mainly　on　the　granite

mylonite．　Howcvcr，　thc　origin　of　tlle　initial　MTL　mus乳

be　understood　　in　　accordancc　　with　　the　geotcctonic

history　of　the　Ryokc　mctamorpllic　beh．　One　of　the　critical

studies　may　bc　to　clarify　thc　．tectono－metamorphic

processes　of　the　southem　marginal　shear　zone　of　tile

Ryoke　belt．　In　this　paper，　I　use　geologic，　metamorphic，

structural　　and　　gcochronological　　data　　to　study　the

tectonics　related　to　the　initial　stagc　of　thc　MTL．　As　the

deformation　of　initial　stage　of　the　MTL　is　interprctcd　to

have　rccorded　dcep－seatcd　deformation　of　thc　Ryokc　belt，

an　analysis　of　the　southern　shear　zone　of　the　Ryokc　belt

has　been　perfomed　in出is　study．　Thc　field　location　of　thls

　study　area　is　situatcd　in　thc塞niddle・southern　part　of　thc

Ryoke　belt　along　the　MTL　in　the　Chubu　districし　In　th1s

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　and　lsarca，　the　MTL　runs　approズimatcly　NE－SW
esscntially　vertica1，　although　there　is　the　another　MTL，

which　is　a　thrust　toward　the　Sambagawa　belt．　This　area

was　not　affected　by　intensc　disturbance　during　Neogene．

Most　of　the　area　is　occupied　by　granites　and　high。grade
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　Distribution　map　of　the　Median　Tectonic　Line　in　Southwest　Japan・　MTL＝

　Tectonic　Line，　TTL＝Tanakura　Tectonic　Line，　ISTL＝Itoigawa－Shizuoka
Tectonic　Line，　ATL＝Akaishi　Tectonic　Line，　UYL＝Usuki－Yatushiro　Line．

gneisses，　as　well　as　the　mylonitic　rocks　that　were　derived

　from　them．　In　the　thrusting　part　sedimentary　rocks，

　volcanic　rocks　and　a　great　volume　of　cataclastig　rocks　are

　also　found．　Sucll　units　are　not　fbund　in　other　areas　along

　the　MTL．　It　must　be　very　important　to　clarify　the

　geologic　meaning　of　the　peculiar　units　in　the　southem

・margin　of　the　Ryoke　belt，　in　order　to　understand　the

tectonlcs　related　to　the　fomation　of　the　MTL．

　　　　In　thls　paper，　I　will　first　analyze　the　metamorphic　and

　deformational　h董story　of　the　shear　zone　along　the　southem

　margin　of　the　Ryoke　belt　in　the　Sakuma　area（Fig．2）．

　Next，　the　mylonite　zone　of　the　Tenryukyo　granite　in　the

　Hoji　Pass　arca　will　be　described　and　discussed　to　clari　fy

　the　profile　of　the　shear　zone（Fig．2）．　Then，　the　macroscopic

　geologic　structures　of　the　southerh　marginal　shear　zone

　and　the　adjacent　high－grade　gneiss　region　wi星1　be　analyzcd

　to　clarify　the　structural　development　related　to　the

　fomlation　of　the　southern　marginal　shear　zone．　Rb・Sr

ages　of　some　of　the，granitic　rocks　were　determined　to

　understand　thcir　origins．　FinaHy，　using　the　metamorphic

and　defomatlonal　history，　as　well　as　the　geologic　struc加re

of　the　Ryokc　belt，　the　fomation　processes　of　the　initial

stage　of　the　MTL　will　be　clarifled　in　tems　of　the

　geotectonic　history　of　Southwest　Japan．　I　will　show　that

　the　initial　stage　of　the　MTL　was　a　flat－1ying　shcar　zone

svhich　was　the　result　of　the　concentration　of　deformation　in

　the　Ryoke　bclt，　as　welI　as　uplift　and　transpo！tation　to　the

　oceanic　side　of　tlle　Ryoke　mctamorphic　belt．

II．　Outline　of　research　history

　　The　MTL　has　a　complicated　displacement　history．

Since　Naumann（1893），　the　displacement　history　of　the

MTL　has　been　described　and　discussed　by　many　authors．

Kobayashi（1941）divided　the　faulting　along　the　MTL　into

the　following　four　phases：the　Kashio　phase　of　late
Mesozoic，　the　Ichinokawa　phase，　the　Tobe　phase，　and　the

Shobudani　phase　of　post－Plio－Plistocene．　The　age　of　the

second　phase　and　that　of　the　third　phase　were　revised　by

Nagai（1958）discovering　middle－upper　Eocene　strata　in

Shikoku－the　Ichinokawa　phase　is　post－Cretaceous－pre－

middle　Eocene　and　the　Tobe　phase　is　post－Eocene　－pre－

Miocene．

　　Recently　Ichikawa（1980）　described　five　stages　of

displacement　along　the　MTL　as　follows－

　Stage　1：early（一”middle曾’）Cretaceous　stage．　Left－lateral

　　　shearing　from　Kyushu　to　Chubu　and　right－1ateral

　　　shearing　ln　Kanto，　forming　an　embryo　syntaxls
structure　in　the　Chubu　and　Kanto　district．

Stage　2：early　Paleogene　stage　（65－50　Ma）．　Left一

1ateral　faulting　from　Kyushu　to　Chubu　accompanied　by

　1cft－1ateral　branch　faults．

Stage　3：Iate　Paleogene　－early　Miocene　stage（50－20

　　Ma）．　Small－scale　reverse　faulting　in　some　regons

　　from　Kyushu　to　Chubu　and　left－1ateral　fauhing　in　the

　　eastern　part　of　the　Chubu　district．

Stage　4：middle　Miocene－Pliocene　stage（15－2　M典）．

　10cal　displacement　of　a　dip・slip　nature．

Stage　5：　1ate　Quaternary　stage．　Right－slip　faulting　in
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Fig．2．　Indcx　map　showing　the　location　of　investigated　areas　in　the　Chubu　district，　which

arc　presented　in　this　paper．　MTLnc　Median　Tectonic　Line，　ISTレItoigawa・Shizuoka

Tecto蕊三c　L三轟e，　ATL＝Akaishi　Toct◎轟ic　L玉ne，　KF＝Komyo　fa磁．

Iy
弩◎甑

　　　the　eastcm　part　of　Shlkoku　a“d　westem　K鷺Penlnsula

　　The　initial　s塾age　of塾he　MTL　ls　clear｝y　fo膿d　l縫ぎocks

ln　the　southem　marginal　area　of　thc　Ryoke　belt　as　ductile

deformation．　Harada（1890）named　the　rocks　of　this　initial

stage，　exp◎sed　al◎織g　the　MTL　l擁　the　upper　reach¢s◎f

Tenryugawa　River，”Kashlo　9擁elss曹㌧　Sl総ce　theR，山e
” Kashio　gnei∬”along　th¢MTL　has　been　studied　by　many
霧eologists　from　thc　Viewpolnt　of　its　protolith，　petrogenesis・

a轟ds繊ctural　rel撮1◎轟ship　給　重h¢　MTL．　Up　t◎　庸c

1970’s，山e　”Kashio　gneiss曹蟹　had　bce総interprcted　as

rocks　　produccd　　by　　protoclastic　deformation　of　granitic

intmsives　along　the　MTL　（e．g．　Sugiyama，1939，1973；

Haya窪撚et　aL，1963；Hayama　a擁d　Ya婁Rada，　1973，　1980）．

But　Echigo　and　Kimura（1973）and　Yoshida　and　Masaoka
（1973）regarded　the鮮Kashio　gneiss鋒as　mylonitic・rocks．

Echlgo　　a織d　　Kimura　　（1973）1謙¢ゴpre紀d　匙h¢
mylo轟嚢iz飢至o織as　not　d懸c　to　strlke－slip　fa糠1ting　but　d嬰e　to

dip－slip　fauhing　resulting　from　maxlmum　compressive
stress　perpendlcular　to　the　MTL．　Additionally　Hara　and

Yokoya1RR（1974）dc象α顎1轟ed　that　graRi｛cs　alGRg　｛he　MTL

as　havlng　two　typcs　of　fo臓a60n，　defined　by　preferred

orientation　of　mafic　minera】s　and　by　preferred　orientation

of　recrystallized　quartz＄ral篇s．　The　form¢r　fo1latio魏，

whlch　ls　in｛erpreted粟◎havo・fOXXRed・d蜘9£he搬ag搬a塾三c

stage，　is　obhque　to　the　latter，　which　is　interpreted　to　havc

dev¢10ped　during　duc田e　shcaring　along　the　MTL．
Addltlo糠a鷲y，　based　o籍thc　fab1壌c　a轟alysis◎f　recrystall三zcd

q麟zgra沁s，　these　w・rker　a！so　showcd　that　the”Kashl◎

gneiSS”iS　a　my10nite・

　　Slnce　　Lapworth響s　　（1885），　　classif三cation　　of

texturally　distinctive　rocks　associated　with　fa磁zoRes・has

been　tried　by　many　authors（e．g．　Watcrs　and　Cambe11，1935；

Hsu，1955；Christie，1960，1963；R¢cd，1964；Spry，1969；
Higgins，1971；Sibson；1977；Tu1蓋董sε∫al．，　1982；Takag蓋，

裏982；Wise　et　al．，1984）．　Up匙o　the　1970曹s，1魏ylo轟1匙e　had

been　thought　to　be　fornled　dominantly　by　cataclasis．

Slnce　then，　sevcral　devebpments　have　allowed　new

i籍sights　int◎　the　formatlon　of　mylonite，　owing　to　new

至RstrumeRts，　s隷ch　as　traRs！擁iss圭◎鍵　elect！℃総　瀟三croscopy，

chemical　analysis　techniques　for　fine－grained　rocks，　and

experimental　defomation　apParaωs　capablc　of
prod犠c三轟9　　dcf《）m｝ati◎職　　r捻董cr◎s樋cturcs三dentical　to　thosc

of　Ratural！y　deformed　rocks．　It　ls轟ow忌e黙cr副y　be恥vcd

that　mylonite　is　the　rcsult　of　crystal　plastic　defbmlation

of　constituont　mincrals　a＄sociatcd　with　dynamic　rccovery

aRd　recrysta！！iz撮10論．

　　　SimultaneQus　w1th　theso　s繊dles　of　faultτocks三轟o由ef

parts　of　the　world，　studies　on　mylonite　have　also　bcgun　by

ぬpa縫csc　gco蓋ogists，　fbr¢xample，　Hara　ct　al．（1973），

Yos顯da　a総d　Masaoka（1973）鋤d　E臨o　c象a！。（1979）．
The　following　studies　lar＄cly　con口うbuted　toこhe　象ectonic

s¢tting　and　formation　111achallisms　of　mylonite　along　the

MTL．　Har縫et　al．　G977，玉980b）pr◎p◎sed　a　movemcnレ

s漁i織picture　of　a　ductile　sheaτzo鵬　（MTL）d瞬轟g
mylonitization．　Kosaka　（1980）dcscribed　many　ductllc・

brittlc　micros廿ucturcs　of　the　mylonitic　rocks　along　major

fa縫Rs　l擁Jap隷轟，　s磐ch　as　t董鴇H縫鴇ga、va　fa雛t，象hc　F縫捻ba　f縦縫衰，

and　the　MTL．　Kosaka（1980）estimatcd山c　physical
conditions　of　deformation　of　thcse　faults　by　comparing

mlcrostructures　froln　high・tcmpcrature　dcfomation
expcri：轟¢蹴s　o織q繊震z　aggrcg撮¢s　with　thosc◎f　Ratura！

nlylonitcs．　Geologic　and　dctailcd　petro＄raphic　studies　of

mylonitic　rocks　along　the　MTL　in　sevcral　regions　havc　a】so

b¢c籍　r艶dc　by　Takaglσ983，王984，三985，1986），　From

象he　Oズlc漁象10轟Of　S鵬象cl｝ing　li織eatiOnS　and　aSym鵬面c

microstructures　observcd　in　the　mylonitcs，　it　was
soggested　by　Hara　and　Yokoyama（1974），　Hara　8fね’．，

（1977，　198◎a）　a轟d　T縫kag量　（1984響！985，蓋986）th畿蓋¢ft－

lateral　strike－slip　shearing　with　a　subordinate　component

of　vertica1－slip　took　place　during　mylonitization・

　　　Hara　et　ai．（1977，1980a）c甜ed　the　mylonlte　zon¢along

㍑MTL，”塾he　s◎uthern　iRargiHal　shear　belt　of亀he　Ryokc

metamorphic　terrane”，　and　proposed　the　following
geotectonic　model　of　the　mylonite　zone　as　the　initial　stage
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right－hand，　echelon　folds

Research　Group　for　the

mylonite　exposed　along
Fossa　Magna　syntaxis　in
of　the　Kanto　Mountains．
determined　that　the

movement，1ike　the
Takagi（1985，

mylonitic　rocks　combined
for　　　　°　　　　　°

tonalite　was　defomed　by
plastic　shear　movement　with

slip　before　the　formation

of　the　MTL．　The　shear　belt　was　produced　through　the

process　of　fomation　of　Fossa　Magna　syntaxis　under．non・

uniform　compression，from　the　side　of　l　the　Pacific　Ocean．

The　stress　conce甜ation　along　the．southern　margin　of　the

Ryoke　beh　responsible　for　the　generation　of　the　shear　belt

occurred　when　Fossa　Magna　syntaxis　was　produced　to　some

extent　and　the　shear　movement　of　dip－direction　began
around　its　axial　zone．　This　is　because　the　major　stmcture

of　the　Inner　Zone　is　characterized　by　left－hand，　echelon，

upright　folds　ln　the　west　wing　of　Fossa　Magna　syntaxis　and

　　　　　　　　　　　　　　　　　　　　　　　　●

　　　　　mylonite　experienced　sinistral

　　　　　　Hiji　tonalite　in

1989）proposed　the　tectonic　setting

　　　tectomc　generatlon　of　the　MTL

　　　　　　　　　　　　　　　　　　　　　　　　deep－seated　sinistral　quasi－

　　　　　　　　　　　　　　　　　　　　　　　　aminor　amount　of　vertical－

　　　　　　　　　　　　　　　　　　　　　　　　of　Fossa　Magna　syntaxis．

HoWever，　this　initial　shape　of　the　mylonite　zone　has　never

been　proven．　All　of　the　previous　work　interpreted　the

mylonite　zone　as　a　strike－slip　shear　zone．　But　the　initial

orientation　of　the　mylonite　zone　appears　to　have　been

differ停nt　fr‘）m　the　previously　proposed　mode1，　according

to　my　detai】ed　geologic　investigation．　It　has　been
determined　that　the　mylonite　zone　was　formed　as　a　flat－

lying　shear　zone　in　the　Mikawaono－Toei，　the　Sakuma，　the

Hoji　Pass　area　（Ohtomo，　1986，　1987，　1988），　the

Misakubo　area（Yamamoto　and　Masuda，1987），’the
Kamimura　area（Michibayashi　and　Masuda，1988），　and
the　Kayumi　area（Sakakibara　et　al．，1989）．　Ohto由o（1987a

＆b）　has　analyzed　the　deformation　and　metamorphic
history　of　the　southern　marginal　shear　zone　of　the　Ryoke

belt．　Thc　deformation　and　metamorphism　in　the　southem

marginal　shear　zone　was　developed　togcther　with　the　central

part　of　the　Ryoke　belt　during　the　earlier　phases．　Later

phase　deformations　occurred　in　a　non－pene廿at董ve　fashion　in

the　Ryoke　belt　and　were　mainly　concentrated　in　the
southern　region，　forming　localized　mylonite　zones．　The

southern　marginal　shear　zones　represent　the　initial　shape

of　the　MTL．　Thc　Ryoke　metamorphic　and　igneous　rocks

along　the　southern　margin　of　the　Ryoke　belt　were　also

developed　as　nappes．　These　have　been　reported　　in　the

Mikawaono・Toei　area（Ohtomo，1986，1989），　the　Kayumi
arca（Sakakibara　et　al．，1989），　the　Asaji　area（Hayasaka　et

al．，1989），and　the　Kosa　area（Okamoto　et　a1．，1989）．

mthe　east　wiηg．　Hayama　and

Hiki　Hills（1985）found　granite

the　MTL　in　the　east　wing　of

the　northeastern　marginal　area

　Takagi　and　Nagahama（1987）
　　　　　　　　　　　　　　　　　　　　　　shear

　　　　　　　　　the　Chubu　district．

　　　　　　　　　　　　　　　　　　　　of　the

with　Ichikawa’s（1970）mode1
　　　　　　　・Specifically，　the　Hiji

adirection　parallel　to　the　arrangement　of　terranes　of　the

Outer　Zone，　cutting　across　the　arrangement　of　terranes　of

the　Inner　Zone（Fig．1）．

　　The　MTL　is　placed　at　the　southem　boundary　of　the　now－

observed　Ryoke　metamorphic　belt．　In　the　westem　half　of

the　MTL，1ate　Cretaceous　marine　sediments（Izumi　Group）
are　ext6nsively　developed，　covering　the　Ryoke　granites　and

mylonites　along　the　MTL．　But　in　the　eastern　part　of　Kii

Peninsula　and　the　Chubu　district，　mylonitic　rocks　along　th　e

MTL　are　well　exposed，　displaying　their　initial
characteristics．　Geological，　structura1’and　petrological

studies　on　the　mylonitic　rocks　along　the　MTL　have　been

carried　out　by　the　author　in　some　areas，　Mikawaono。Toeis

Sakuma，　the　H（’ji　Pass，　and　Tomiyama（Fig．2）．　The　data

from　these　areas　wi11　be　described　and　discussed　fmst．

rv．　Sakuma　area

　　　　　　　　　　　　　　　　A．Outline　of　geology

　　The　geology　of　the．　Ryoke　belt　in　the　Sakuma　area　has

been　studied　by　several　workers．　Geologic　maps　of　the　area

have　been　compiled　by　Hayama　et　al．（1963），　Okusa（1964），

Sugiyama（1973），　Ohtomo（1987a＆b）and　Ui　et　al．（1988）．

Mylonites　exposed　along　the’Urakawa　and　the　Nakabe
routes　have　been　studied　by　Hara　et　o1．　（1977，　1980b），

Hayama　and　Yamada（1980），　Ui　et　al．（1988）and　Takagi

and　Ito（1988）．　The　Ryoke　metamorphic　rocks　were
described　by　Kutsukake（1977）．

　　Figure　3　illustrates　the　geologic　map　and　cross　sections

of　the　Sakuma　area　based　on　the　work　of　the　present　author．

As　shown　in　Figure　3，　there　are　two　lines　of　the　MTL　in　the

study　area．　One　is　a　NE－SW　trending　high－angle　fault

between　Nakabe　and　Kawakami．　The　other　between
Izumrha　and　Kawakami，　is　a　thmst　with　a　NE－SW　trend　and

NW　dip．　The　latter　is　on　the　southem　side　of血e　fomer　and

juts　out量nto　the　Sambagawa　belt．　The　latter　low－angle

thrust　type　MTL　is　cut　by　the　fomer　high－angle　MTL．

Additionally，　both　are　cut　by　NW－SE　trending　high－angl　e

faults．　Rocks　of　the　Ryoke　belt　exposed　in　the　Sakuma　area

are　divided　into　three　units（Fig．3），　the　Aikawa　tonalite，　the

metamorphic　rocks　which　were　derived　from　sedimentary

rocks，　and　the　Tenryukyo　granite．　They　are　all　in　fault

contact　with　or　unconformably　covered　by　the　Eocene－

Miocene　Shidara　Group（Hayashi　and　Koshimizu，1992）．
Around　Izumma，　the　Shidara　Group　covers　both　the　Aikawa

tonalite　and　the　Sambagawa　metamorphic　rocks　across　the

low－angle　thrust　type　MTL，　and　the　distribution　of　the

Shidara　Group　is　cut　by　the　high－angle　MTL

III．　Geologic　setting

　　The　Ryoke　metamorphic　belt　situated　in　the　north　of　the

MTL　is　a　belt　consisting　of　high－temperature　typc
metamorphic　rocks　and　granitic　rocks　of　Cretaceous　age．

This　belt　corresponds　to　the　southem　f『ont　of　Cretaccous

acidic　magmatism　in　the　Inner　Zone　of　Southwest　Japan．

Thc　protoliths　of　the　Ryoke　metqmorphic　rocks　havc　been

genera1！y　intcrpreted　to　bc　a　southem　cxtension　of　the

Jurassic　and　earliest　Cretaceous　accretionary　complexes　of

the　Tamba－Mino　Tcrranc．　In　Kyushu，　however　they
partially　contain　Paleozoic　terranes（Okamoto　6’01．，1989），

proving　thauhe　Ryoke　metamorphic　beh　was　developed　in

　　　　　　　　　　　　　　B．M勾or　geologic　structure

　　In　previous　work（Hayama　et　al．，1963，0kusa，1964，
and　Sugiyama，1973），　the　geologic　structure　of　rocks　of　the

Ryoke　belt　in　the　area　was　regarded　as　a　NE・SW　trending

zonal　structure　along　the　MTL．　Recently，　a　detailed

investigation　of　the　geology　of　this　area（Ohtomo，1987a＆

b）has　deteπnined　that　rocks　of　the　Ryoke　belt　are
developcd　as　nappes．　In　the　area，　the　Aikawa　tonalite　and

the　Ryoke　metamorphic　rocks　form　nappes．　In　the
southwestem　part　of　the　area，　the　Aikawa　to叩1ite　nappe

structura11y　underlies　the　Ryokc　metamorphic　rock　nappe

（Figs．3and　4）．　The　thnlst　between　the　Aikawa　tonalite　and

thc　Ryoke　metamorphic　rocks　is　cut　by　a　backthrust　in　the

west　of　Urakawa．　Additionally，　the　Aikawa　tonalite　nappe
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Fig・4・Photograph　of　the　low－angle　fauIt　divided　the　Aikawa　tonalite　napPe　and　the

Ryoke　metamorphic　rock　napPe．　Cataclasite　of　the　Aikawa　tonalite（TC）is　fault　contact

with　cataclasite　of　the　pelitic　schist（PC）．　The　outcrop　locates　along　the　River　Aikawa　to

the　west　of　lzumma．　SC＝cataclasite　of　the　siliceous　schist．

is　thrust　over　the　Sambagawa　metamorphic　rocks，　forrning

the　low－angle　thrust　type　MTL．　In　the　northeastem　area，　the

Aikawa　tonalite　nappe　is　thrust　over　the　Ryoke
metamorphic　rock　nappe，　which　itself　is　thrust　over　the

Tenryukyo　granite．　These　thrusts　are　assumed　to　be

backthrust．　Cataclasite　zones　are　developed　around　the
nappe　boundaries．　These　zones　are　several　tens　of　meters　in

thickness．　The　nappes　are　folded　in　an　upright　fashion　with

aNE－SW　trend．

　　　　　　　　　　　　　C．Rock　types　and　petrography

l．Ryoke　metamorphic　rocks
　　The　Ryoke　metamorphic　rocks　in　this　area　consist　mainly

of　schists　with　a　subordinate　amount　of　gneiss．　They　are

dcrived　from　sedimentary　rocks　such　as　pelitic，　psammitic，

and　siliceous　rocks　and　show　well－developed　foliations　and

lineations．

　　In　the　northwest　of　Nakabe，　pelitic　and　siliceous　gneisses

crop　out　on　a　small－scale，　being　intruded　by　the　Tenryukyo

granite．　The　foliation　and　lineation　of　the　Tenryukyo

granite　are　parallel　to　the　metamorphic　rocks．　The
Tenryukyo　granite　and　gneisses　underlie　the　schist　nappe．

Mineral　assemblages　of　pelitic　and　psammitic　gneisses：

　　1．cordierite＋biotite＋muscovite＋K－feldspar

　　　　＋Plagioclase＋quartz

　　2．biotite＋muscovite＋K－feldspar＋plagioclase

　　　　＋quartz

　　3．cordierite＋biotite＋muscovite＋plagioclase
　　　　＋quartz

　　4．ganlet＋biotite＋muscovite＋plagioclase

　　　　＋quartz

　　5．biotite＋plagioclase＋quartz
　　Fine－grained　granites，　several　tens　of　meters　thick，　are

interlayered　with　pelitic　gnei∬．　They　all　are　distinctly

mylonitized．　Their　mylonitic　fohation　and　lineation　are

concordant　with　these　of　the　mylonitic　part　of　the

Tenryukyo　granite（Fig．5e，f，g＆h）．　The　fine－grained

granite　appears　to　have　bcen　affectcd　by　the　same　ductile

deformation　as　the　Tenryukyo　granite　and　metamorphic

rocks．

　　The　Ryoke　metamorphic　rock　nappe　consists　mainly　of
pclitic，　psammitic，　and　siliceous　schists．　Intrafolial　folds　are

（、ften　foulld　in　the　nappc（Fig．6）．7【he　stretching　lineation　is

generally　parallcl　to　their　axis．　Mineral　asscmblages　of

pelitic　and　psammitic　schists　are：

　　　1．cordierite＋biotite＋muscovite＋K－feldspar

　　　　＋plagioclase＋quartz

　　2．cordierite＋garnet＋biotite＋muscovite

　　　　＋plagioclase＋quartz

　　3．gamet＋biotite＋K－feldspar＋plagioclase

　　　　＋quartz

　　4．gamet＋biotite＋muscovite＋plagioclase

　　　　＋quartz

　　5．garnet＋muscovite＋K－feldspar＋plagioclase

　　　　＋quartz6．　biotite＋muscovite＋K－feldSpar

　　　　＋plagioclase＋quartz

　　7．silljLrnanite＋biotite＋Plagioclase＋quartz

　　8．biotite＋muscovite＋plagioclase＋quartz
　　Sillimanite，　garnet，　and　cordierite　are　found　as

porphyroclasts．　Some　grains　of　K－feldspar　and　biotite　are

also　texturally　porphyroclastic．　The　schistosity　and
stretching　lineation　are　expressed　by　a　preferred　orientation

of　biotite　and／or　muscovite　flakes．　Mylonitic　textures　such

as　S－C　structures，　pressure　shadows，　and　mica　fish　were

observed　under　the　microscope　（Fig．11）．　　Such
microstructural　evidence　suggests　that　the　metamorphic

rocks　underwent　shear　deformation．　Pelitic　gneisses　are

rarely　found　as　small－scale　lenses　in　schists，　suggesting　that

the　gneisses　are　relicts　which　escaped　shear　deformation．

Mineral　assemblages　of　the　pelitic　gneisses　are：

　　1．sillimanite（fibrolite）＋andalusite＋cordierite

　　　＋gamet＋biotite＋muscovite＋K－feldspar

　　　＋plagioclase＋quartz

　　2．andalusite＋cordierite＋biotite＋muscovite

　　　＋K－feldspar＋plagioclase＋quartz
　　The　stretching　lineation　of　the　schists　has　a　NE－SW　trend

（Fig．5b）．　Along　the　River　Aikawa，　their　schistosity（Fig．

5a）forms　an　ENE－WSW　trending　upright　fold　with　an　axis

that　plunges　toward　the　WSW　at　a　low　angle（Figs．3and

5a）．　Mcsoscopic　open　folds　and　kink　folds（Fig．7）are

observcd　around　the　axial　part　of　the　upright　fold．

2．Aikawa　tonalite
　　The　Aikawa　tonalite（Ohtomo，1990）is　mainly　exposed

from　Takadaira　to　the　south　of　Izumma．　On　the
northwesterri　side　of　the　high－angle　MTL，　the　tonalite　is

situated　under　the　nappe　of　the　Ryoke　metamorphic　rocks

（Fig．　4）．　　On　the　southeastern　side，　it　overlies　the
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Ryoke　metam。rphic　rocks

N　　　　　　　　　　　　　N

N

　　　　

Aikawa　tonalite

N

　　　　　　　　　

Ten「yukyo　granite

N

N

　　　

fine－grained　granite

N

N

on8e

Fig．6．　Sketches　of　the　F3。fblds．

Quartz　vein．

Pelittcユayer

L＝L3－1ineation，　q＝

Fig．5．　Equal　area　plots　for　data　from　the　Sakuma　area．（a）

Schistosity（S3）of　the　Ryoke　metamorphic　rocks．　The
upright　fbld　axis，　defined　by　the　distribution　of　S3，　is

shown　by　the　open　star．（b）Stretching　lineation（L3）of　the

Ryoke　metamorphic　rocks。（c）Mylonitic　foliation（Sm）of

the　Ai1くawa　tonalite．（d）Mylonitic　lineation（Lm）of　tle

Aikawa　tonalite．（e）Mylonitic　foliation　of　the　Tenryukyo

granite　to　the　nonhwest　of　Nakabe．（f）Mylonitic　lineation

of　the　Tenryukyo　granite　to　the　northwes　t　of　Nakabe．（g）

Mylonitic　foliation　of　the　fine－grained　granite．（h）
Mylonitic　lineation　of　the　fine。grained　granite．

Sambagawa　metamorphic　rocks　as　a　nappe．　Around　its

boundary，　the　Aikawa　tonalite　was　affected　by　strong

cataclastic　defomation．　Around　Izumma，　the　Aikawa
tonalite　is　unconfbmlably　covered　with　rhyolitic　tuff　of　the

Shidara　Group，　which　is　cut　by　the　high－angle　MTL．

　　The　Aikawa　tonalite　is　a　mylonitic　rock　derived　from

tonalite　and　granite．　Mylonite　derived　from　tonalite　is

dominant　in　the　area　from　IzUmma　to　Urakawa．　Granitic

mylonite　is　more　abundant　in　the　area　from　Urakawa　to

Takadaira．　Basic　inclusions　are　common　in　the　tonalite．

Mylonite　derived　from　the　tonalite　is　composed　of　quartz，

plagioclase，　bio血e，　homblende，±K－feldspar　with　accessoty

sphene，　allanite，　epidote，　zircon　and　apatite．　The　granitic

mylonite　always　consists　of　quartz，　K。feldspar，　plagioclase

and　biotite　with　the　same　kinds　of　accessory　minerals　as

those　of　the　tonalite．
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Fig・7・（a）（b）Minor　folds　developed　around　the　axial　region

of　the　upright　fold　along　the　River　Aikawa．（c）Equal　area

plots　showing　the　axis　of　the　minor　fold．
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Fig・8・Maxlmum　slze　distribution　of　quartz　grains　in　the

Aikawa　tonalite．
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　　Mylonitic　foliation（Sm）and　lineation（Lm）are
developed　in　strongly　deformed　rocks．　The　Sm　is　defined　by

preferred　dimensional　orientation　of　elliptical
porphyroclasts　and　fluxion　banding　with　elongate　pressure

shadows．　The　Sm　appears　to　be　parallel　to　the　original

compositional　banding．　Intrafolial　fblds　are　often　observed

in　the　mylonites．　Although　the　Sm　and　the　Lm　are　not　so

clear’　in　weakly　deforrned　rocks，　the　basic　inclusions　in　these

rocks　are　elongated，　defining　the　Sm．

　　The　intensity　of　mylonitization　does　not　increase　toward

the　MTL，　but　in　a　northeasterly　direction　along　the　MTL，

based　on　the　size　of　recrystallized　quartz　grains（Fig．8）．

Ultramylonite　is　widely　exposed　between　Urakawa　and
Takadaira．　The　mylonitization　of　the　Aikawa　tonalite　seems

to　decrease　at　lower　structural　levels．

　　The　Aikawa　tonalite　is　strongly　affected　by　cataclastic

deformation　around　the　nappe　　　　　　　　　　　　　’
catac】asite　several　tens　of　meters　thick

the　Sambagawa　metamorphic
deformed　by　cataclasis．

the　nappe　boundary　also　foms
　　　　●　　　　　　　　　　　　●

boundary，　resulting　ln

　　・Mylonit∋s　overlying

rocks　are　remarkably
Acataclasite　zone　situated　around

an　upright　fold．　The

orlentatlon　pattern　of　the　Sm　and　the　Lm　are　illustrated　in

Figure　5c＆d．　Mylonites　overlying　the　Sambagawa
metamorphic　rocks　are　unconformably　covered　with
rhyolitic　tuff　of　the　Shidara　Group．

3．Tenryukyo　granite

　　The　Tenryukyo　granite　is　exposed　in　the　northem　part　of

the　f藍eld　area・　　It　intrudes　into　pelitic　gneisses　to　the

northwest　of　Nakabe，　but　is　typically　in　thrust　contact　with

schists．　It　mainly　consists　of　granite　with　a　subordinate

amount　of　granodiorite．　The　main　rock　facies　is　a　coarse－

grained　biotite　granite　with　K－feldspar　phenocrysts．

Medium－grained　hornblende－biotite　granodiorite　is　a
marginal　facies，　several　meters　thick，　exposed　along　the

wall　boundary．　The　Tenryukyo　granite　is　affected　by

mylonitic　deformation　foming　mylonitic　fbliation　which
cuts　across　the　rock　facies．　The　orientation　pattems　of　the

Sm　and　the　Lm　are　illustrated　in　Figure　5e＆f．

　　　　　　　　D．Deformation　and　metamorphic　history

　　The　succession　of　metamorphism　in　the　regional
metamorphic　belts　has　been　generally　distinguished　on　the

basis　of　the　timing　relations　between　the　growth　of

metamorphic　minerals　and　defomation．　The　tecゆo－
metamorphic　history　of　the　Ryoke　belt　was　first　analyzed

based　on　data　for　microstructures　of　metamorphic　minerals

from　the　southwestern　part　of　the　Mikawa　Plateau，　the

Chubu　district，　by　Seo　and　Hara（1980），　Seo　et　al．（1981），

and　Seo（1985）．　The　Ryoke　southern　marginal　shear　zone

has　been　interpreted　to　have　a　much　more　complicated

polyphase　defomation　history（modified　from　Ohtomo，
1987a＆b），　representing　distinct　episodes　of　deformation

（Dl，D2，　D3，　D4，　etc．）．　The　history　of　mineral　growth　and

deformation　in　the　Sakuma　area　is　summarized　below．

1．Dl
　　In　pelitic　gneisses，　andalusite，　cordierite，　muscovite，　and

K－feldspar　occur　as　porphyroblasts，　containing　inclusions　of

other　kinds　of　minerals（Fig．9a＆b）．　Andalusite，
cordierite，　and　K－feldspar　porphyroblasts　show　a　zoning，

defined　by　inclusion－free　mantles　and　inclusion－rich　cores

（Fig．9a）．　The　inclusion－free　mantles　are　typically　narrow．

Some　of　the　inclusion　minerals，　such　as　muscovite　and

biotite，　have　a　preferred　dimensional　orientation　forming　a

schistosity（S　1）（Fig．9a＆b）．　The　schistosity（S2），

deflected　around　porphyroblasts　and　oblique　to，　and
discontinuous　with，　S　1（Fig．9a＆c），　indicates　that　the

deformation　D　l，　related　to　the　forrn　ation　of　S　l，　occurred

before　the　apPearance　of　the　porphyroblasts．　SI　is　the

earliest　deformation　microstructure　which　was　recognized　in

the　metamorphic　rocks　of　the　area．　Stable　mineral

assemblages’from　the　Dl　event　include　muscovite　and
biotite　in　pelitic　rocks．

2．Inter。D　1－D2

　　Porphyroblastic　growth　of　andalusite，　cordierite，　K－

feldspar，　muscovite，　and　biotite　occurred　after　DI　and

before　D2．　These　porphyroblasts　grew　helicitically　over

earlier　fabrics（S　1）（Fig．9a＆b）．　Inclusion。rich　cores　were

formed　under　static　condition　during　this　inter－D1－D2

phase．

　　The　euhedral　gamets　with　nomal　zoning　have　inclusion－

rich　radial　zones　separated　by　inclusion－free　sectors．　The

inclusions　are　oriented　along　rational　crystallographic

directions．　The　gamets　are　comparable　to　those　described

by　Seo　and　Hara（1983）．　It　can　be　assumed　that　these　gamet

fonned　under　non－deformational　conditions（cf．　Rast　and

Sturt，1957；Seo　and　Hara，1983）．　Stable　mineral
assemblages　in　the　inter－D1－D2　phase　include　andalusite，　K－

feldspar，　muscovite，　biotite，　gamet，　and　cordierite　in　the

pelitic　rocks．　The　inter－D　1－D2　phase　corresponds　to　the

second　phase　in　the　Mikawa　Plateau　after　Seo　and　Hara

（1980）and　Seo　et　al．（1981）．

3．D2
　　The　gneisses　typically　display　a　dominant　foliation（S2）．

S2　is　defined　by　a　preferred　orientation　of　fine－grained

biotite　flakes（Fig．9c）．　The　biotite　flakes　are　generally丘ee

from　inclusions，　unlike　the　porphyritic　biotite．　The

metamorphism　related　to　the　crystallization　of　the　biotite

flakes　occurred　simultaneous　to　the　deformation　related　to

the　formation　of　S2．　　Inclusidn－free　mantles　of
porphyroblastS　such　as　cordierite，　K－feldspar，　and　andalusite

occur　in　a　direction　parallel　to　S2　and　are　typically　absent　in

adirection　norrnal　to　S2，　due　to　pressure　solution．　These

porphyroblasts　also　display　pressure　shadows　which　were

developed　under　a　maximum　compression　direction　normal
to　S2．　Interstitial　cordierite　and　K－feldspar，　which　do　not

contain　inclusions，　also　exist　and　have　elongated　shapes

parallel　to　S2．　Any　lineation　associated　with　S2　is　not

definitive．

　　S2　folds，　as　intrafolial　folds　on　the　mesoscopic　scale，　are

ascribed　to　D2．　　Their　axial　plahe　cleavages　are
characterized　by　concentrat量ons　of　fibrolite（Fig．9d＆e）・

Wintsch　and　Andrews（1987）proposed　a　pressure　solution

process　for　the　development　of　monomineralic　folia　of
fibrolites　that　crosscut　and　anastomose　around　feldspar　and

biotite．　Stable　mineral　assemblages　from　the　D2　event
include　K－feldspar，　muscovite，　biotite，　gamet，　sillimanite，

and　cordierite　in　pelitic　rocks．　D2　in　this　area　corresponds

to　the　fourth　phase　in　the　Mikawa　Plateau　after　Seo　and

Hara（1980）and　Seo　et　al．（1981）．

4．D3
　　Most　of　schists　in　the　southern　marginal　shear　zone

typically　display　a　strong　schistosity（S3），　as　well　as　a

stretching　lineation（L3），　During　the　earlier　stage　of　D3，　S3

was　produced　under　conditions　of　biotite　stability　condition．

In　biotite－muscovite　schists，　biotite　grains　are　divided　into
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folia　ti　on　defined　by　arrangement　of　inclusion　minerals　ill

the　cordierite　porphyroblast．（c）The　S2－foliation　wrapping

around　the　K－feldspar　porphyroblasts．　The　S　1－foliations　in

the　K－feldspar　porphyroblas　ts　have　random　orientation　due

to　the　rotation　during　D2．（d）Fibrolite（fib）foming　axial

plane　cleavage　in　axial　region　of　F2．　Fibrolite（fib）folia

crosscutting　a　porphyroblast　of　cord　ieri　te（cord）．（e）　Folia

of　fibrolite　cutting　an　andalusite（and）porPhyroblast．

Fig．10．　Photomicrograph　showing　preferred　orientation　of

biotite　forming　S3．　Old　biotite　grains（o）have　a　preferred

diln¢nsional　orientation．　While　new　biotite　grains（n）have

both　a　preferred　dimensional　and　lattice　onentatlon．
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two　groups－01d　and　new　biotite　grains（Fig．10）．　The　old

biotite　grains　are　typically　parallelogram　shape　with　rather

ragged　and　ill　defined　grain　boundaries．　They　show

evidence　of　intragranular　deformation　foming　markedly
undulatory　extinction．　Some　of　the　old　biotites　have　their

（（X）1）Plane　oriented　at　high　angles　to　S3（Fig・10）・They　do

not　show　preferred　lattice　and　dimensional　orientation．

While　new　bioti　te　grains　are　thin　fl　akes　with　sharp　grain

boundaries，　elongated　parallel　to（001），　and　have　preferred

dimensional　and　lattice　orientations．　Thus，　it　has　been

concluded　that　the　old　grains　appeared　before　the　D3　phase，

while　the　new　grains　grew　during　the　D3　phase．　According

to　Mancktelow（1979）and　Seo　and　Hara（1980），　it　can　be

further　assumed　that　the　new　biotite　grains　grew　during　a
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　コ　　　　　　　　　　　　　　　　　　　　　　pressure　solution　phase　event　of　the　old　biotlte　gralns・

Microprobe　analyses　of　both　types　of　biotites　showed　that

the　new　grains　are　a　slightly　lower　in　TiO2　than　the　older

grains（Fig．12）．　Perhaps　the　new　grains　grew　under　low曼r

temperature　condition　than　the　older　grains（cf．　Guidott1，

1984）．Stable　mineral　assemblages　in　the　earlier　stage　of
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Fig・12・TiO2－MglFe　diagrams　for　biotite　in　the　metamorPhic　rocks　from　the　Sakuma

area．

the　D3　eve撤1轟c沁de撚羅scov嚢e　a籠d　b沁縫£e至擁魚e　po薮tic

rocks．　Garnet，　K－fe】dspar，　cordierite，　and　andalusit¢，　as

we鷲as　old　biotite　grains，　typlca鷲y　re蒲al難ed　as　re薮cts．

　　Crenulation　folds（F3）of　on　S3　wer¢fomed　durin慕the

later　stage　of　D3（簸g．6）．　Typica鍛y，　in粟he　axlaheglo貸s　of

F3，　S3　is　strongly　crenulatedゴwith　crystals，　such　as

muscovite　and　biotite　in　microllthon　that　are　bent　and

br◎ke轟1籍the　cre閑1atlo轟hlnges（F董9．11a）．　Along　its

crenulation　cleavage　muscovite　has　a　preferred　dimensional

o！嘆e厩a£lo縫．　The　rocks搬◎st　strongly　def6rmed　during　D3

werc　completely　converted　to　muscovite　schist（fig．11d），

These搬糠sco頭e　schists　hav¢asymme　ric　microstrllctures

such　as　pressure　shadows　and　S－C　structures，　typically

fb秘勲d　l登mosω塾heゴ搬yloR董tes（Flg．　U　b＆c）．　The　lowef

structural　portion　of　the　metamorphic　rocks　has　been
eSpecially　strgng！y、　de」fgrmed　d麟鍛g　D3宅◎£ho　s◎uthwest◎f

Izumma．　Muscovite　schists　rarely　contain　ori＆inal　rock
fナa　gra　ei震s　of象he　a益da！纏slte－beari鍛墓9毅e董ss　（F圭9．1！e）．　The

schists　3r¢found　as　a　block　of　ultramylonite　in　the　Aikawa

to録a撫e．　S30f庸e頴讐sc◇v韮紀sch圭s総董s　para韮！e玉重◎the　S搬◎f

the　ultramylonite．　It　seems　probable　that　the　muscovite

schists　a毅d　th¢gltramyloR董給have　bee轟af琵αed　by　D3，

resulting　in　the　formation　of　S3　and　Sm，　respectively．

S糖b董e犠董nera璽asse撚b葦a霧es　deve！oped　d絃τi擁9粟he璽滋er　S鍛ge

of　the　D3　event　include　muscovitc，　chlorite，　and　sphene　in

pe撫lc　rocks．　Mlcr◎probe　a籍alysls　of細scovltes　suggcstS

由at　S3徹Usc◎v三tes　have縫！ower　A1203　co雛e撤由a益the

older　muscovites（Fig．13），　due象010wer　temperature
co籍dl宅1◎総s．　Gar鍛et，　K－feldspar，　cordie魚e，　a籍da至慧site，繍d

biotite　remained　as　relicts，

5．D4
　　The　deformation（）f　th¢D4　phase　is　characte！ized　by

cataclasis．　Thes¢cataclasites　ar¢related　to　the　forrnation　of

napPes，　which　are　shown　in　Figure　3　This　event　was織ot

accor叩anied　by　extensive　recrystamzation　and　growth　of
metamorphic　minerals．　The　unfoiding　of　the　iater画ase

upright　fold　shows　that　the　nappe　piles　have　a　flat－1ylng

structure．　At　this’time，　the　Aikawa　tonalite　was　thrust　over

匙he　Sa斑bagawa　rccks．　Add呈t量o縫aUy，　backthrustS　betweeR

the　Aikawa　tonalite　and　the　schists　and　between　the　schists

aRd　the　TeRrygkyo　gf雄呈塾e　a！s◎◇ccgrred　3fter　the　fb懸a縫o鴛

of　nappe　piles．　Tlle　Aikawa　tonalite，　schists　and　Tenryukyo

graR圭t¢wefe　remarkably　crushed圭R庸e　regio’R’s◎f難ppe
boundaries　and　backthrusts．　Mafic　minerals　and　plagioclase

圭鷲catad＆s圭tes　are　replaced　by　carbcna£e　a織d　day凱i総efa1s．

6．Later　phase　s繊c鉄嬬es

　　Aft¢r　D4，　updght　folding　occurr¢d．　Thls　event　was　not

aCCO搬卿ied　by　extenSive　recryStallimatiOn　n◎r　by　9rOwth◎f

metamorphic　minerals．　Mesoscopic　minor　folds，　which
were　developed　around　th。　axis　of　tl｝e　uprtght　fo！ds（Fig．7），

　
v

30 Al・03（wt7．） 40

Fig．13．　Diagrams　fbr　compositional　va！iation　of　muscovit¢in　the　metamorphic　rocks

from歌he　S　ak慧rと｝a　area．
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Table

area．

1．Relationship　betwecn　stable　mineral　assemblage　and　defもrmation　in山e　Sakuma

Qz・q縫artz・Pl・Pヱagi◎cユase，撫s・聡sc◎vエte，　Bt・biotit¢，
KF訟K－feユdspar，　Cord＝cordler工te，　And昌anda工usite，　Gar雛garnet，
si1鑓siユユi】瞭a籠ite．

are　characterized　by　flexural　s！ip．　These　uprlght　fo！ds　seem

to　have　been　fomed　as　echelon　folds　along　the　high・angle

MTL．

重　　　　　E．Geotcctonic　history　of　the　Sakuma　area

　　The　f◎llowiRg　ge◎象¢αo益董c　hlst◎ry　of山¢Sak糠搬a　area　ls

based　on　the　abov¢data．　　　　　　　°

　　G）Thc　S　l－schistosity　was　formed　dur量轟g　D　L

　　（2）Porphyroblasts　such　as　K－feldspar，　cordierit¢，

　　　　a薮da沁s嚢e，　bl◎tl象¢，　mgscovite，纐d　g縦met　grCW覇d¢r

　　　　non－deformational　condition　during　the　inter－D1－D2

　　　　phase．

　　（3）The　S2－schistosity　and　the　F2－folds　w¢re　formed

　　　　duriRg　D2．　The　D2　d¢f◎r搬ati◎籍scc搬s　to　be
　　　　　　　　　　　　　　　　P¢netratlve　typc・

　　（4）The　S3－schls給sity　a鋒d　the　F3－folds　were　for田ed

　　　　during　D3．　The　defbrmation　of　D3　was　concentrated

　　　　in由eめwer　structural　levcl◎f　the　Ry◎ke播e糖擶◎rp掘c

　　　　rocks　and　the　Aikawa　tonalite　during　the　later　stage　of

　　　　D3．1）30ccurred　durlng　rctro＄radc　mctamorphism．

　　　　The・mineral　assemblages　of　the　rocks　strongly
　　　　　aff¢cted　by　D3　experienced　metamorphism　under　Iow－

　　　　　temperature　conditions，　which　鵬sulted　in　the

　　　　　disappearance　of　the　K一驚ldspar，　cordierite，　anda貰usite，

　　　　　gamet　and　b葦ot量象e．

　　（5）The　nappe　pnes，　as　well　as　the　cataclasite　zonc，　wcre

　　　　　formed　d｛｝ring　D4．　The　low　angle　MTL　thrust優a！o織g

　　　　　which　the　Ryok¢units　thrust　over　the　Sambagawa

　　　　幽me塾a槻◎rp熱lc　rocks，　wα¢foぎ凱ed　d縫r量轟9山e　D4

　　　　　d¢formatiqn．　　Additionally，　the　formation　of
　　　　　backthrusts　with　ca塾ac1asl象o　z◎鋒¢s◎cc糠挿ed　d雛i縫g　D4．

　　（6）The　hlgh。angle　MTL　a、　nd　the　upright　folds　with　NE－

　　　　　SW　treRds　vvere　fbmmed　af｛er　D4．

　　（7）The　Bocene－Miocene　Shidara　Group　unconfomably

　　　　　c◎ve∫¢d　the　Ryoke　撒its　a織d　the　Sa搬bagaw畿

　　　　　metamorphic　rocks．

　　（8）The　hlgh－a鏡glc　MTL　was　dlsplaced　ag隷1擁，籍d　th¢

　　　　　distributioガof’the　Sllidara　Group　was　cut　by　the

　　　　　MTL．

V．H（’ji　Pass　area

　　　　　　　　　　　　　　　A．0磁i総eof　gedogy

　　The【e　are　only　a　fbw　studies　of　thc＄¢010＄y　of　the　Ryoke

beld財he　H（承Pas§area，　G¢◎109三c搬ap曲ave　bee轟
compiled　by　Hayama　et　al．（1963）and　Hayama　and　Yamada

（198◎）．My1◎蕪e，　cxposed　b¢塾we¢銚伽Mho轟s噸Pass　a黙d

Misakubo，　has　also　been　reported　by　Hara　8∫α乙（1980b）．

Rec¢搬1y，　a搬y！◎総i之e　zo籍e　i捻th¢Te縫ズy縫kyo　9総総lte　has

been　studied　by　Ohtomo（1988）．

　　A蓑ew　detailed　gcologic搬ap　of匙he　Ry◎ke　bd塾has　bee鴛

completed　as　shown　in　Figur◎14．　Rocks　of　the　Ryokc　belt

exposcd三漁¢蹴縦co総si§t◎f　a！鴇y！o癩c魚cics　of伽Hijl・

tonalite（Hayama　and　Yamada，1980），　metamorphic　rocks
dcr三vcd　fro蹴sedi擶C籠濾剛rocks，　a轟d　th¢Te織ry縫ky◎graR至te。

The　Ryoke　rocks　are　in　contact　with　the　Sambagawa

瀟etam◎i’1）掘c　r◎cks（Flg．14），　The　bo瀟dary　betwee擁thesc

two　is　th¢MTL，　which　is　a　high－angle　fault　with　a　NB－SW

仔e熟d．NW－SE　tre繭論g　hlgh・ang1¢fa瞭s，　N－Sぴe繭ng，　and

NE－SWぴending　thrusts　cut　across　the　Ryoke　rocks．　There

are　cataclasitc　zo箕es，　sevcra玉mcters　thick，　around　these

tllrusts．　Th6sc　fau1捻aU　scem　to　be　cut　by　the　MTL（Fig．

14）。

　　　　　　　　　　　　　B．M砺or　gcologic　s榔c象讐rc

　　In　prcvious　work（Hayamaαa乙，1963），　thc　gcologic

strllcture　o負he　Ryoke　rocks呈R塾1茎e　area　was　fcg鍵ded　as　a

NE・SW　trending　zonal　structurc　parallelhlg　the　MTL

Recc蹴茎y警ad¢象a謎cd圭RvestigatioR◎f象he　gcdogy（Oh棚醗o，

1988）rovealed　thauhe　Ryoke　rocks　were　developed　as
器pρcs．　My1o磁es　dcrived　f縦獣h¢Hlj　he轟a撫e，　the　Ryok¢

metamorphic　rocks，　alld　the　Tenryukyo　grallitc　arc　arranged

i総鷺apPe　pi！cs，　i轟犠sceτ三di擁g　s臨c繊fa！o罫def　a！肇d　i鋒tectoRic

contact　with　onc　anotller．　There　is　no　cataclasite凱one

aτ◎撒dthe　b◎騰dafies　bctw¢e擁繍ppes。　An　of　the　Rappes

forms　NE・SW住ending　upright　folds．

　　　　　　　　　　　　C．Rock　types　and　petrography

LRyokc靴e臨◎rph三Cズ◎¢ks
　　The　Ryoke　metamorphic　rocks　of　this　area　are　exposed　in

a1◎籍9，轟arrow　afea　alo籍g　thc　MTL　Thcy　m縫in！y　conslst　of

schists　with　a　subordinate　amount　of　gnciss．　They　are

derived　from　sedimentary　rocks　such　as　pelhic，　psammidc，

and　siliceous　rocks．　The　schists　are　of　lowcr－metamorphic
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Fig．14．　Geologic　map　and　cross　sections　of　the　H（）ji　Pass　area．　MTL＝Median　Tectonic

Line．

grade，　having　a　phyllitic　appearance．

　　To　the　north　of　Hagasho，　psammitic　schist，　interbedded

with　thin　siliceous　schist，1ies　on　pelitic　schist．　These

schists　are　widely　exposed　in　this　region，　but　to　the　south

are　only　several　tens　meters　thick　and　are　very　narrow．

These　southern　schists　mainly　consist　of　psammitic　and

s競iceous　schists．　From　S董modaira　to　Sakuma，　they　overlie

the　mylonite　derived　from　the　Hiji　tonalite　and　is

structurally　below　the　Tenryukyo　granite．　The　boundaries

between　the　schlsts　and．these　granites　are　NE－SW鵬nding，

east－dipping　faults．　The　Hiji　tonalite　and　the　Tenryukyo

granite　show　no　intrusive　relationship　with　the　metamorphic

rocks．　They　all　are　considered　to　be　originally　in　tectonic

contact　with　one　another．　Mineral　assemblages　of　pelitic

and　psammitic　schistS　are：

　　1，andalusite＋cordiedte＋biotite＋muscovite
　　　　＋Plagioclase＋quartz

　2．andalusite＋muscovite＋plagioclase＋quartz
　3．gamet＋biotite＋muscovite＋plagioclase＋quartz
　　4．biotite＋muscovite・＋plagioclase＋quartz

　　5．biotite＋plagioclase＋quartz　　　　　　　　　　・

　6．muscovite＋plagioclase＋quartz
　　Awe11－devcloped　schistosity　and　a　stretching　lineation

are　typically　observed　in　the　schists（Fig．16c＆d）．　The
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Fig．15．1’hotom　icro　gra　phs　of　the　metamorph｛c　rocks　of　the

Iloji－Pass　arca．　（a）　Porphyroclasts　of　andalusite　and

cordicritc．　Andalusitc　porphyroclasts　contain　inclusion
millcrals．　Schistosity（S），　defi　ned　by　preferred　dimensional

orielltation　of　muscovite，　wraps　around　the　porphyroclasts．

（b）The　central　dark　grain　is　a　biotite　porphyroclast．

Schistosity　（S），　defined　by　preferred　diInensional　and

lattice　orientation　of　biotite　flakes，　wraps　around　the

porphyroclast．（c）Mica　fish．　and＝andalusite，　cordニ
cordierite，　mus＝muscovite，　bt＝biotite．

Tenryukyo　granite

schistosity　is　mainly　defined　by　preferred　lattice　and

dimensional　orientation　of　muscovite．　In　some　schists，　it　is

also　defined　by　preferred　lattice　and　dimensional　orientation

of　finer　grained　biotite　flakes（Fig．15b）．　Andalusite，　garnet，

cordierite，　and　some　biotite　occur　as　porphyroclasts（Fig．

15a＆b）．　Mylonitic　structures　such　as　S－C　structure，

pressure　shadow，　and　mica　fish（Fig．15c）have　been
observed　under　the　microscope．　Micro－structural　evidences

suggests　that　the　schist　underwent　a　shear　movement．
Crenulation　folds　of　the　schistosity　are　typically　occur　and

their　axes　a∫e　parallel　to　the　stretching　lineation・

　　The　gneisses　are　mainly　exposed　in　a　limited　area　around

Sakuma．　A　gneiss　sample　was　obtained　from　a　point　near

the　Tenryukyo　granite　in　the　north　of　Hoji　Pass．　Mineral

assemblages　of　the　pelitic　and　psammltlc　gnelss　are：

　　1．garnet＋bioti　te＋muscovite＋K－　fe　ldspar

　　　　＋Plagioclase＋quartz

　　2．biotite＋cordierite＋K－feldspar＋plagioclase

　　　　　　＋quartz

　　3．biotite＋muscovite＋plagioclase＋quartz
　　Garnet　occurs　as　a　porphyroblast．　The　gneissosity　is

typically　weak　and　defined　by　preferred　dimensional
orientation　of　biotite．　The　schistosity　of　the　metamorphic

rocks　is　represented　by　an　upright　fold　which　has　a　NE－SW

trend（Fig．16c）．　The　axis　of　the　fold　plunges　toward　the　NE

at　a　low－angle．　The　stretching　lineation　plunges　toward　the

NE　or　SW　at　a　low　angle（Fig．16d）．

2．Mylonite　derived　from　the　Hiji　tonalite

　　The　mylonite　is　exposed　in　a　long，　narrow　area　along　the

MTL　from　Sakuma　to　the　Nihonsugi　Pass．　Hayama　and

Yamada（1980）interpreted　the　mylonite　as　the　mylonitic

N

N

N

Metamorphic　rocks

N

Fig．16．　Equal　area　plots　showing　the　orientation　data　in　the

Hoji　Pass　area．（a）Mylonitic　foliation　of　the　Tenryukyo

granite．（b）Mylonitic　lineation　of　the　Tenryukyo　granlte．

（c）Schistosity　of　the　metamorphic　rocks．（d）Stretching

lineation　of　thc　metamorphic　rocks．
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facies　of　the　Hiji　tonalite　in　their　geologic　map　of　the

Urakawa－Wada　area．
　　The　mylonite　is　mainly　composed　of　ultramylonite’

der董ved　from　to薮aHte　a籍d　gra謎圭te．　The　tonalite搬y叢o織蓋te　is

composed　of　q纏a就z，　plagioclase，　bio£蓋te，　homb1e獄de，±K－

feldSpar，　w油accessory　sphe盤e，　a韮lani　te，　epldo重e，　zircoR，

a難dapat嚢e．　Gra玲1重¢myloRite　typ董cally　coRsists　of　q膿で£z，

K－f¢翼dspar，　p蓋agioclase　a織d　b量otit¢with塾he　sa】me　k圭薮ds　of

access◎ry撚1鑛¢fals　as　those　ef　toRalit¢．　We11－developed

my1◎轟1塾韮c　f◎】iat韮o総（S1n）aRd！三獄e飢韮o総（Lm）are　observed．

13◎th　搬ylo織嚢es　have　been　affected　by　cataclastic
defo】㎜at至on、

3．Tem）㎜kyo　granite

　　The　Granite，　widely　exposed　in　the　arca，　is　the
Te剛kyo　granite，　a　・very　large　plutonic　body　30　km　x　7．5－

2km　with　an　elongated　shape　paraUel　to　the　MTL．　The
granite　in　this　reg董on　cons董sts　of　three　rock　facies（Fl9．14）一

（1）medlum－grained　homb1ende－biotite　granodiorite，　located

on　the　marg董n　of　the　granlte　body，（2）coafse－grained　biotite

gran蓋te，　s三tuated　on　the董r旨s董de　of　the　gfa言践te　b◎dy，　a職d（3）

flne－gra至ned　b董o廿te　granite　dykes．　Tho　granod董◎r量te　facies韮s

ge籍era擁y　蒲asslve　圭益　the　paτt　whlch　is　free　f沁瀟
搬y董0轟嚢韮Z継量0総．It　ma圭益濃y　cO簸S董S総of　plagi◎Clase，　quaτtz，　K－

feldspar，　b圭oti　te，　a轟d　homble鍛de　with　accessory　zircon，

apa撫e，　a燕d　ilmeni粟o．　The　coarse－grained　granite　facies

ma三nly　consists　of　plagioclase，　quartz，　K－feldspar，　and

biotlte　with　accessory　zircon，　apatite，　and　ilmenite．　This

facies　j　s　generally　characterized　by夏arge　porphyritic　K一

個dspar　and　a　low　percentage　of　homb1¢nde．　It　has　a　weak

foliation，　in　the　part　which　is　free　from　mylonitization。　The

価e・grai　ned　gran童te　dykes　ar¢typica11y　oriented　with　a　NE－

SW　trend，　a　west　dip　and　are　subparailel　to　the　boundary

between　the　medium一絃rained　granodiorite　facies　and　the

coarse－grained　gran董te　facies．

　　The　Tenryukyo　gra籠韮te　typica至叢y　co蹴ai矯s　xenoliths　of

metadiabase．　These　xenoliths　have　two　differeRt　fo】㎜s－1）

a轟elongate　fb繍，　w短ch　ls　pa職難eho垂he　fb！ia糠籐of　host

r◎ck，　a籍d　2）around¢d　fb糠．　The　graRite　also　c（》轟繊嚢轟s　rare

pelltlc　a難d　psamm掘c　g織elss　xe獄o舳s．

　　To　the　Rorth　of　the　Mhons魏gi　Pass　and　Sakuma，　the

Tenryukyo　gmnite　is　signif量cantly　affec　ted　by　ductile

deformation，　resulting　in　both　mylonitic　structures　of

constituent　minerals　and　mylonitic　foliation（Sm）and
lineation（Lm）．　The　Sm　is　plott¢d　in　Figures　16a　and　17　and

the　Lm　is　plotted　in　Figure　16b、　The　Sm　is　represented　by

an　upright　fold　with　a　NE－SW　trend，　The　axis　of　the　fbld

pIunges　toward　the　NE－NNE　at　a　Iow　angle．　The　Lm

plung¢s　toward　th¢NE　or　SW　at　a　low　angle．　The
mylonitization　of　the　Te籠ryukyo　granite量s　described　in
detail　in　the　following　section．

　　　　　　　　D。Mylonitizat量o霊of齢丁擁ry櫨yo　9職譲c

LDistribut蓋0擁of　mylonit董C罫ocks

　　The　eastem　po践量o織of　the　N－S鍵e総d董轟9，　east－d三PPi総9

thr継s重co蹴al総s£wo斑ylo磁e　z◎鍛¢s　l総the　graRite．0総e　of

象hese斑ylo総韮te　zo轟es　is　located　in　the搬ed量um篇grained

graRodiorite　facies，　and　thc　oth¢r　zone　is　in　the　coarse騨

grain¢d　granite　facies．　There　is　a　slightly－deformed

medium－grained　granodiorite　facies，　several　t6ns　of　meters

thick，　between　the　two　mylonite　zones．　Figure　24　illustrates

the　distribution　of　the　mylonitic　rocks　in　the　area．　To　the

west　of　the　thrust，　there　is　a　mylonite　zone　in　thc　coarse一

N

Fig・17・Equa1　area　plots　showing　the　erie雛a短on　data　fer

mylonitic　fbliation　of　th¢Te鑓yukyo　granit¢auhe　H（癖i

Pass　area．

grained　granite　facies　along　the　boundary　between　the

coarse－grained　granite　and　the　granodiorite　f議cies．　The

medi登m－grai籠ed　granoφorite　facies　is　not　affected　by

remarkable　my10織i毬c　defbr盈ado登．

　　The　mylonitic　rocks　frequendy　have　a磁s録轟αmy董0謡ic
負》三三a縫o織（S搬）a轟dstr¢tch量籍9三i轟銘ti◎韮（L題）．　The　S搬is

搬esoscopica翌y　dcfi簸ed　by　f1纏xi◎織ba轟di轟9，　elo録ga銭o轟of

q韓a窪z　po◎1s　（Fig・　18b），　a薮d　d蓋搬e捻s至α！al　preferred

㈱ntation　of　elliptical　porPhyroclastS．

　　Figure　17　illustrates　the　0！嘆e蹴ation　patt釘n　of　the　Sm　fbr

the　mylonitic　rocks．　Around　Hagasho，　the　Sm　is
repres¢nted　by　a　NE－SW　trending　upright　fold．　Unfolding

the　upright　fold　symmetrically　around　its　axial　su㎡ace，　the

Sm　forms　a　nearly　fiat－lying　structure．

2．Asymme面c　microstructures
　　Recently　Scveral　types　of　asymmetric　microstmctures
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Fig．18．　Photomicrographs　of　two　quartz　textures－quartz

grains　as　indjvidual　crystals　and’曾 quartz　poor’as　individual

domain　occupied　by　quartz　grains　and　bounded　by　othcr

minerals．　xz　section．（a）Quartz　in　slightly　mylonitizcd

granite．（b）Qua∫tz　in　strongly　mylonitized　granite・Sm＝

mylonitic　foliation，　p1＝plagioclasc，　bt＝biotitc，　hb＝

homblende．

（such　as　pressure　shadows，　displaced　broken　grains，　mica

fish，　and　obliquity　of　elongate　recrystallized　quartz）were

comprehensively　discussed　by　Simpson　and　Schmid（1983），

Lister　and　Snoke（1984），　Hanmer（1984）and　others．　These

microstructures　are　considered　to　be　useful　in　determining

the　sense　of　shearing　in　defomed　rocks．　Takagi（1984，

1985）　and　Takagi　and　Ito　（1988）　described　such
microstructures　in　the　granite　mylonite　along　the　MTL　in

the　Takato　and　Kayumi　areas．　　The　asymmetric
microstructures　are　also　typica11y　observed　in　the　XZ

sections　of　the　mylonitic　rocks　in　the　Hoji　Pass　area．

Asymmetric　pressure　shadows　typically　occur　as”wings曾’on

plagioclase　or　K－feldspar　porphyroclasts．　In　mylonites
derived　from　coarse－grained，　K－feldspar－porphyritic　granite，

asymmetric　pressure　shadows　around　K－feldspar
porphyroclasts　a∫e　typically　observed　both　mesoscopically

and　microscopically．　　Displaced　broken　grains　of
plagioclase　and　K－feldspar　porphyroclasts　are　also　observed

in　the　mylonites（Fig．19a）．　Biotite　or　muscovite　fish　is　not

only　observed　in　the　granite　mylonites　but　also　in　the

mylonites　derived　from　metamorphic　rocks（Fig．15c）．　The

shape　of　recrystallized　quartz　grains　in　these　mylonites　is

typically　equant（Fig．18b）．　The　recrystallized　quartz　grains

rarely　show　elongate　fabrics　oblique　to　the　Sm（Fig．19b）．

　　　Asymmetric　microstructures　which　are　useful　in

determiniIIg　the　sense　of　shear　have　been　analyzcd　at　28

10cations　of　the　Tenryukyo　granite　and　nletamorphic　rock

mylonites．　Unfoldillg　the　upright　folds　which　postdatc　thc

Inylollitizatior1，　the　shear　sense　indicates　that　thc　structural

upPcr　ullits　werc　displaced　to　SW’rclativc　to　thc　1（）wer

structural　units，　although　thcrc　is　orlc　cxccptiol1．

3．Defornlation　of　quartz

　　Thc　quartz　in　the　grallitc　mylonitcs　is　recogllizcd　as

havillg　two　distinct　tcxtures（Sakurai　and　I・lara、1（）79；Hara

et　a1．，　1980a）：　quartz　grain，　as　individual　crystal
disti119uishcd　f1’om　cach　othcr　by　high－al191e　b（、u！）daries、　and

” quartz　poo1”whlch　is　defi　ri　ed　as　illdividual　d・maill

occupicd　by　quartz　grair）s　and　boLm（1cd　mainly　by　othcr

minerals（Fig．18a＆b）．

　　Thc　quartz　Po（）1s　arc　commonly　considcrcd　to　bc　thc

rCSUlt　Of　Illagn1ξ1tiC　Crystallization－｛n（IUCCd　miCro－Stl°UCtUrCs．

illitially　forlllc（l　as　sil191c　quartz　grains　（Fig，　18a）．　Thch’

avcragc　shapcs　arc　assumed　to　bc　aPpr（、xinlatcly
C・mParablC　with　tl1C　Strain　Cllil｝S・id．　Thc　spatial　variati（川

in　thc　averagc　shapcs　of　quartz　p（、01s｝1as　bccn　ar）aly7．c（l　on

outcrops　of　thc　Tcllryukyo　graniteξ110ng　a　route　between　thc

II（、ji　Pass　and　T（）miyama，　h】ordcr　to　dcterlllhe　thc　sPatial

variatioll　of　strain　lnodc　（Fig．20）。　　Nlcasurclncnts　（）f　thc

avcragc　shapes　were　madc　on　7－15p（）ols　in　thc　XZ　planc

and　in　the　YZ　plallc．　Figurc　24　clcarly　shows　thauherc　al・c

two　strongly－mylonitized　regions－olle　in　the　mediun1一

Fig．19．　Photomicrographs（）f　asymmetric　nnicrostructures

in　the　Tenryukyo　granite．　XZ　section．　（a）Asymmctric

pressure　shadows　around　a　K－feldspar　porphyroclast．（b）

Recrystallized　quartz　grains　showing　elongate　fabric
oblique　to　the　Sm．　KfニK－feldspar．
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the　Tenryukyo　granite．

grained　8rano－diorite　facies，　and　the　other　in　the　coarse－

gralned　bioti｛e　gra鋒嚢e　f・ftcies．　The　form¢r　ls　s嚢鷲a£ed　at　a

lower　stmctural　level　and　seelns　to　have　a　higher　strain

搬ag縫韮t讐d¢thaR縫肇e董atter．

　　The　areal　variation　data　for　each　quartz　pool　in　the　XZ

and　YZ　plancs　is　displayed　in・Figure　2L　　These
rneasurcments　were擶飛de◎籍four　rock　types◎f辮edl疑瀟一

grained　granodioritc　faci¢s，　whlch　were　divided　with

reference粟o重he　degfec　of　my蓋o轟嚢izat董o籍：瓢eso－scopica縫y

strongly　mylonitized　rock，　wcl1－mylonitized　rock，

intermcdia｛cly　myloni｛izcd　rock蹴d　wcakly－mylo煎lzed
rock．　Two　s皐mples　were　anaiyzed　for　each　rock　type．　The

shape　of¢ach　pool　is　assum¢d　to　approximate　an　ellipse　and

its　area　has　bee織搬eas縫red　by　5＝nab，where　a　IS嶽e　lORg

diameter　of　the　e川pse　andわis　th¢short　diamete鵡　Figure

2董shows窃滋霊he’ area◎cc縫pled　by　q縫a織z　p◎ols　ls　r¢d疑ced

as　mylonitization　becomes　stronge鵡Under　the　microscope，

the　quartz　po◎！s，、1織　stro織9！y　mylenitized　rock，　are

intcrcalated　with　soMe　thin　l証ycrs，　composed　of　fine－grained

recrystallized　plagioclase　and　Kイbldspar．　This　type　of

microstructgre　董s　轟o象observed　董轟　thc　董1震ermcd董a£¢　a擁d

weakly・mylonitized、rocks．　　Pcrhaps　preSsure　solution
a諺d！Of　dlvls韮o籍of塾h¢qgartz　p◎ds，　by　k董縫k量織9，◎ccurズed

during　mylonitization．

　　The　average　three・dimensional　shapes　of　quartz　pools

are　displayed　o轟aF妻1総葬dla8ram（！962）（Fl9。つ2＞．丁熱ese

defo醐a象め縫
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Fig・22・Flinn　diagram　fbr　quartz　pools

of　the　T¢Rryukyo　gtafti｛C　at　thc　Hqji

Pass　arca，

have　b¢en　estimated　on　the　basis　of　th¢XZ　plane　data　and

YZ　plaRc　da織。　Variols　sl；apcs　of　q縫餓z　p◎o！with　a　wid¢

range　of　k　value　occur　from　samples　oω1e　non－mylonitized

o掌weakly－myloni亀ized　granite。　But　the　avera＄e（蓋縫artz　pool

shapc　fmm　mylonit董zed　granite　is　flattcned　ribbon．　In　thc

mylonites　from　low¢r　structuraUevcls，　quar肱pools　have　k

v絃短cs　ofO．9＜k＜α3．王擁th¢蹴y1o籍韮芝es　f≠◎搬｝疑9寿ef　stWctgra嚢

1¢vels，　they　have　k　values　of　O．8くk＜0．6．　This　sugg¢sts　that

縫肇estraiR　蹴ode　of　qgartzラi轟　山e　dofo】膿a嫉o轟！臨cla｛cd芝o

飼mation　of　the　mylonhic　foliation，　is　of　nattenin＆s廿ain．

According　to　Takeshita　and　Wenk（1988），　quartz
polycrystals　bcc◎溢c　softαd鷲由9肱te繭g　s纏al織ad◎w

t¢mperature　and　during　elongation　strain　飢　high
temperatgre．　To∫沁r糠董（！985）d¢SCribed　thc　straiR撚ode（）f

quartz　in　the　Ryok¢belt　as　an　elongation　strain．　However，

as　already　pointed　out　by　Sakakibara　8∫al．（1989）in　the

Kaygmi　area，　thc　s甑iR　modc　fcr　qg・a1宝z　p◎ols　l鋒this　arca　is

not　an　elongation　s甑in．

　　Quartz　p◎◎呈s至籍the　Te籍ry纏kyo　gr鋤i｛e　typ三caHy　consls象

of　many　quartz　grains　which　were　produccd　by　dynamic

recrystallization　（Fig．18a　＆　b）．　　Th¢　sizc　of　the

ズecrys繊職zed　q縫餓z　graifts　has　bccR搬cas群cd　o籍the　XZ

Planc　in　sevcral　locations・The茸ncan＆rain　size　is　givcn　by

　　　　　　　　　の
　　　　　3＝（na、わ，）ノ・，

　　　　　　　　　i

wh㈱ai　is　the　IOIIg　diarfieter　gf　recrys｛a1！lzed　q饗a織z　g繍，

わ戸sthe　short　diameter　and　n　is　observation　number（50）．

Thc　meaR　graiR　size　clear玉y¢ha織9CS實◎醗象hc轟0穴hWCS繍

margin　of　thc　Tenryukyo　granite　toward　thc・southwestcm

a

b

10．1

4 2 1

rnm

Aspect　ratio　　　〒，

5．O

4．0

3．0

2．o

1。o

斎　や　÷　や　÷　拳　拳　÷　や　季　　や　÷　・←　÷　幸　牽　÷ ÷÷や←や÷÷÷÷や÷　冥貿XXx
COarSe－grame　　granite

medium－grahed　granodiorite，tonalite

Fig．23．　Data　for　recrystallized　quartz　grains　on　the　Tenryukyo　granite．（a）Grain　size（b）

Aspect　ratio．
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Fig．24．　Distribution　of　the　strongly　mylonitized　zones（dotted　area）and　the　quartz　c－axis

fabrics　of　the　Tenryukyo　granite　at　the　H〔oji　Pass　area．

margin（Fig．23a），　with　an　abrupt　decrease　at　about　500　m

from　the　southeastern　boundary．　Additionally　from　this

location　the　mean　grain　size　seems　to　decrease　slightly

toward　the　southeastern　boundaryL　This　result　is　essentially

the　same　as　that　by　Hara　et　al．（1977，1980b）and　Takagi

（1984，1985）．

　　Figure　23b　illustrates　the　distribution　of　the　mean　aspect

ratio（r）of　recrystallized　quartz　grains．　The　mean　aspect

ratio　is　givcn　by

　　　　　　　　ロ
　　　　　揖（Σoノわ、）1”・

　　　　　　　　　‘

where　ai　is　the　long　diametcr　of　the　recrystallized　quartz

grain，わ戸s　the　short　diameter，　and　n　is　the　observation

number（50）．　The　ratio　seems　to　be　almost　constant　over　the

entirc　granite　mass．　The　shapc　of　quartz　is　essentially

equidimensional　and　polygona1，　correlating　with　P－type

quartz　defined　by　Masuda　and　Fujimura〈1981）（Fig．18a＆
b）．This　result　is　the　same　as　Takagi’s（1984，1985）．

　　The　strain　modes，　inferred　from　the　distribution　of　the

aspect　ratio　of　quartz　grains，　do　not　apPear　to　correspond

wi出those　detemined　by　the　average　three－dimensional

shapes　of　quartz　pools．　As　elongated　quartz　grains，　which

are　oblique　to　the　Sm，　are　rarely　observed　in　P－type　grains

（Fig．19b），　it　is　inferred　that　the　P－type　quartz　grains　have

been　transformed　by　resetting　of　the’finite　strain　clock’due

to　recrystallization　in　dle　later　stage．

4．c－axis　fabrics　of　recrystallized　quartz

　　Quartz　pools　in　the　Tenryukyo　granite　consist　of　many

quartz　grains　Which　were　produced　by　dynamic
recrystallization（Fig．18a＆b）．　Some　c－axis　fabrics　of
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these　qUartz　grains　are　given　in　Figure　24．　They　show　a

dominance　of　crystal　plastic　processcs　during　the
deformation　of　the　quartz．

　　The　types　of　c－axis　pre　fe　rred　orientation　depend　on－（1）

the　intracrystalline　deformation　mechanisms（i．e．　operative

sHp　systems　and　relative　importance　of　climb　and　cross－

slip），（2）the　deformation　regime，　and　（3）the　intensity　of

de　fo　rm　ation（cf．　Lister　and　Hobbs，1980）．　In　order　to

determine　tvhether　defornlation　was　coaxial　or　non－coaxial

and　to　understand　the　variations　in　the　deformat玉on
in電ensity，　a　c－axis　fabric　analysis　of　quartz　grains　was

undertaken　on　some　of　the　Tenryukyo　granite　mustrated　in

Figure　24．

　　In　strongly－mylonitized　zones，　quartz　grains　display

single　girdles　or　incomplete　type　I　crossed　girdles　with

dominant　girdle51cading　to　a　markcd　asymmetry　with
respect　to　the　Sm（Fig．24）．　Specifically，　the　c－axis　fabrics

from　the　samples　of　the　lower　strongly　mylonitized　zone　in

the　southwest　of　the　Hoji　Pass　are　strongly　asymmetrical

with　respect　to山e　Sm．　Some　of　these　secm　to　be　associated

with　a　Y－maximum．　However，　the　c－axis　fabrics　from　the

samples　of　the　weak】y　myloniti　zed　zone　do　not　show　any

distinct　pauern．　Apreferred　orientation　of　the　c－axis

becomes　more　intense　with　increasing　shear　strain　and　finite

strain　toward　the　strongly－my】onitized　zones，　showing　a

gradual　change　of　the　fabric　pattem（Fig．24）．　By　analogy

with　other　fabric　studies　in　non－coaxial　environments（e．g．

Burg　and　Laurent，1978；Lister　and　Price，1978；Lister　and

Williams，1979；Lister　and　Hobbs，1980；Behrmann　and
Platt，1982；Bouchez　et　o1．，1983；Simpson　and　Schmid，

1983；Evans　and　White，1984；Lister　and　Snoke，1984，　etc．），

the　sense　of　c－axis　fabric　asymmetry　in　these　rocks　with

respect　to　the　mesoscopic　fohation　indicates　a　lefトlateral

shear．　This　sense　of　shear　is　consistent　with　the　other

asymmetric　microstructures　wl】ich　have　been　described．
Quartz　fabrics　from　other　areas　of　the　Ryokc　belt　have　been

analyzed（Hara　and　Yokoyama，1974；Hara　et　al．，1977，

1980b；Hayashi　and　Takagi，1987；Sakakibara　et　al．，1989），

with　essentially　the　same　result　as　this　study．

　　The　fabric　paUerns　in　this　region　suggest　that　the

prismatic　plane，　as　well　as　dle　basal　and　the　rhombic　planes，

playcd　an　important　role　in　an　active　glide　system　during

deforrnation　of　quartz　in　the　Ryoke　belt（Lister　and　Hobbs，

1980）．This　result　agrees　with　data　from　Sakakibara　et　al．

（1989）．

　　Sakakibara　et　al．’s（1989）work　in　the　Kayumi　area

suggest　that　the　strain　modes　inferred　from　the　c－axis　fabrics

in　this　area　do　not　correspond　with　those　defined　by　the

average　three－dimensional　shapes　of　quartz　pools．　As
previously　discvssed，　the　quartz　fabric　pa賦ern　is　sensitive　to

changes　in　movement　during　the　closing　stages　of
defbrmation．　Thus，　the　analyzed　c－axis　fabrics　may　only　be

the　result　of　the　later　stage　defomlation　of　mylonitization　of

the　Tenryukyo　granite．

5．Profile　of　the　mylonite　zone　in　the　Tenryukyo　granite

　　On　the　basis　of　the　analysis　of　the　s廿ain　mode　of　quartz

pools，　the　distribution　of　the　average　grain　size，　the　quartz

aspect　ratio，　and　the　quartz　c－axis　fabrics，　the　profile　of　the

mylonite　zone　in　the　area　is　explained　as　follows．　The　basal

portion　of　the　Tenryukyo　granite　forms　a　non－uniform

horizontal　shear　zone，　which　expcrienced　a　top　to　the

southwest　shear（Fig．25）．　This　non－uniform　shear　zone

macroscopically　consists　of　two　parallel　strongly

SW E

τヒ∋nryukyo

　　　granite

shear

　　zone

schist

Hiji　tonatite

Fig．25．　Schematic　diagram　showing　the　development　of
shear　zones　of　the　Tenryukyo　granite　in　the　Hoj°i　Pass　area．

mylonitized　zones．　The　strain　mode　is　approximately　one　of

flattening，　based　on　the　average　shapes　of　quartz　pools。

According　to　the　data　for　the　c－axis　fabrics　and　grain　size

reduction　of　recrystallized　quartz，　the　deformation　in　the

later　stage　became　simple　shear　and　was　concentrated　in　the

southwestern　margin　of　the　Tenryukyo　granite．　The

Tenryukyo　granite　was　tectonically　emplaced　on　the
metarnorphic　rocks．

　　　　　　　　E．Geotectonic　history　of　the　Hqli　Pass　area

　　The　following　tectonic　history　of　the　area　is　based　on　the

gcological　and　structural　data　discussed　above．

　　（1）The　Tenryukyo　granite　intruded　into　the　gneisses．

　　（2）The　Tenryukyo　granite　was　strongly　mylonitized

　　　　forming　a　nol1－ullifonn　horizontal　shear　zone．　The

　　　　deformation　was　mostly　concentratcd　in　a　narrow

　　　　zones　of　thc　basal　part　of　the　granite．　The　upper

　　　　structurally　portioll　was　displaccd　toward　the
　　　　southwest　along　the　hodzontal　shear　zone．　The　Ryoke

　　　　metamorphic　rocks　were　affected　by　deformation　at

　　　　low　temperaulre　condition　w1】ich　rcsulted　in　the

　　　　disappcarance　of　gamet　and　andalusite．　　The

　　　　mylonitizatioll　occur1’cd　during　rctrograde
　　　　metamolpllism　and　the　fomation　of　nappe　suuctures．

　　　　This　deformation　is　comparable　with　D3　in　the

　　　　Sakuma　area．

　　（3）Upright　folds　with　a　NE－SW　trcnd　wcrc　formcd．

　　（4）Thrust　with　a　N・・S　trcnd　and　high－anglc　faults　with　a

　　　　NW－SE廿cnd　occurrcd．　Finally，　thc　MTL　fomed，
　　　　cutting　across　the　other　faults．

VI．　Hiraoka－Tomiyama　area

　　　　　　　　　　　　　　　　A．Outline　of　geology

　　Thc　Hiraoka・Tomiyama　area　is　Iocated　approximately　4

km　from　thc　MTL．　According　to　the　metamorphic　facics

map　of　Suwa（1961），　the　central　culmination　axis　of　the

Ryoke　metamorphic　belt　is　located　in　this　area．　Geological

and　petrological　studics　of　the　Ryoke　belt　arα1nd　Lakc

Sakuma　have　beell　performed　by　many　workers．　The
Plutonism　Research　Group　of　Hokkaido　University（1964，

1965）　have　studied　the　geologic　　structure　of　the
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Fig．27．　Geologic　map　and　cross　sections　of　the　Hiraoka－Sakuma　area・（compiled　from

Togashi（1987）；Yamada　et　al・（1974）；Fig・26・in　this　paper）・MTL＝　Median　Tectonic

Line，　ATL＝　Akaishi　Tectonic　Line．
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area肋m　Nakaizamurai　to　Tomiyama

　　　　　　　　　　　　　　B．Major　geologic　stmcture

　　In　previous　work（the　Plutonism　Research　Group　of

Hokkaido　University，1964，1965），　the　geologic　structure

of　the　Ryoke　rocks　in　the　area　had　been　characterized　as　a

flat－lying　structure　of　the　metamorphic　rocks　and　the
Kamihara　tonalite，　with　a　steeply　dipping　structure　of　the

Tenryukyo　granite．　Togashi（1987）has　pointed　out　that　the

metamorphic　rocks，　the　Kamihara　tonalite，　and　the
Tenryukyo　granite　have　a　stratified　stmcture，　fbming　a

NNE－SSW　trending　upright　fold．

　　Figure　26　is　a　geologic　map　from　the　area　around　Lake

Sakuma・between　Nakaizamurai　and　Tomiyama．　Figure　27

is　a　geologic　map　along　the　Rlver　Tenryugawa　between

Hiraoka　and　Sakuma　compiled　from　the　data　of　my
investigation，　Togashi（1987）and　Yamada　et　aZ．（1974）．　In

northem　Nakaizamurai，　a　stratified　structure　exists　with　the

Kamihara　tonalite　overlying　the　metamorphic　rocks，　and

Tenryukyo　granite　lying　above　the　Kamihara　tonalite．　But，

in　southem　Tomiyama，　the　Tenryukyo　granite　lies　below　the

metamorphic　rocks．　In　this　region，山e　Ryoke　rocks　fom　a

metamorphic　and　granitic　rocks　around　Lake　Sakuma．

Geological，　petrological，　and　Rb－Sr　geochronological
studies　of　the　granitic　rocks　exposed　in　the　Niino　area，　in　the

northern　part　of　the　Hiraoka－Tomiyama　area，　were
perfomed　by　Kagami（1968，1973）．　The　petrography，
chemistry，　and　mineralogy　of　the　metamorphic　rocks　in　this

area　were　also　described　by　Kutsukake（1977）．　The

metamorphlc　grade　in　the　Hiraoka－Kadotani　area　was

examined　in　detail　from　petrological　data　of　the
metamorphic　minerals　in　pelitic　gneisses　by　Yokoi（1983）．

Recently，　the　geologic　structure　of　the　older　granite　and

metamorphic　rocks　in　the　Hiraoka　area　was　also　analysed　by

Togashi（1987）．　Additionally，　Ohtomo（1991）has　recently

studied　the　geologic　structure　of　the　Hiraoka－Sakuma　area，

concluding　that　the　nature　of　the　deformation　relates　to　the

formation　of　the　southem　marginal　shear　zone．　The　Ryoke

rocks　exposed　in　the　Tomiyama　area，　are　dividcd　into　four

units（Fig．26）－metamorphic　rocks（derived　from
sedimentary　rocks），　the　Kamihara　tonalite，　fine－grained

leucogranite，　and　the　Tenryukyo　granite．
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Fig。29．　Photomicrographs　of　pelitic　gneisses　with
andalusite（and），　sillimanite（sil），　and　fibrolite（fib）in　the

Hiraoka－Tomiyama　area．（a）Sillimanite　occurs　in　contact

with　andalusite　and　was　converted　from　andalusite．（b）

Fibrolite　occurs　with　K－feldspar（kf）．　cord＝cordierite，

bt＝biotite，　mus＝muscovite．

recumbent　fold　with　a　N－S　trending　axis　and　a　W　dipPing

axial　plane．　The　axis　of　recumbent　fold　is　not　parallel　to　the

NE－S．　W　stretching　1ineation（Figs．28　and　35）．　NE－SW　and

ENE－WSW　high－angle　faults　were　produced　after　the
formation　of　the　recumbent　fold．

C．Rock　types　and　petrography

1．Ryoke　metamorphic　rocks

　　The　Ryoke　metamorphic　rocks　are　surrounded　by　the

Tenryukyo　granite　and　are　widely　exposed　in　the　central

part　of　the　Hiraoka－Sal（uma　area（Fig．27）．　They　mainly

consist　of　pelitic　gneisses　with　a　subordinate　amount　of

siliceous　gneisses　and　basic　metamorphic　rocks．　Siliceous

gneisses　contain　some　psammitic　gneisses．　We11－developed

gneissosity　and　stretching　lineation　are　typical　of　these

gneisses．　　Intrafolial　folds　exist　and　have　axes　that　are

parallel　to　the　stretching　lineation（Fig・33）・

　　The　mineral　assemblages　of　pelitic　gneisses　are：

　　1．sillimanite±andalusite＋cordierite

　　　　＋biotite＋muscovite＋K－feldspar＋plagioclase

　　　　＋quartz

　　2．sillimanite±andalusite＋biotite＋muscovite

　　　　＋K－feldspar＋plagioclase＋quartz

　　3．cordierite＋gamet＋bioti　te＋muscovite

　　　　＋K－feldspar＋plagioclase＋quartz

　　4．cordierite＋bioti　te＋muscovite＋K－feldspar

　　　　＋plagioclase＋quartz

　　6．gamet＋biotite＋muscovite＋K－feldspar
　　　　＋plagioclase＋quartz

　　3．biotite＋muscovite＋K－feldspar＋plagioclase

　　　　＋quartz

　　7．biotite＋1丁1uscovite＋plagioclase＋quartz
　　Andalusite、　cordierite，　sillimanite，　and　gamet　are　found

as　porphyroblasts．　　Sillimanite　occurs　in　contact　with

andalusite　and　its　crystallographic　c－axis　coir】cides　with　that

of　andalusite　in　the　south、、・estern　part　of　the　fie】d　area（Fig・

29a）．　In　contrast　to　this，　fibrolite　is　Ilot　in　colltact　with

andalusite　and　sillimanite，　but　occurs　with　K－fel（lspar　in　the

north－western　part　of　the　area（Fig．29b）．　According　to

Yokoi（1983），　sillimallite　was　col1、・erted　from　andalusite，

but　fibrolite　was　prod匙1ced　by　decomposition　of　muscovite

with　quartz（Yokoi，1983）。　Additionally，　the　distribution

coefficient　of　Fe　alld　Mg、　between　biotite　and　cordierite，

dec！’eases　contimlously　from　the　south－eastern　region　to　the

ri　orth　westerri　rcgioll．　Therefore　Yokoi（1983）concluded

that　the　metamorphic　grade　increases　from　the　southeast　to

the　northwest　ill　the　Hiraoka－Kadotani　area．　This　suggests

that　the　downward　stlのuctural　increase　of　t｝le　metamorphic

grade　is　hannonic　with　the　major　geologic　stnlcture．

　　Pelitic　gnei∬es　typically　sho、K・agneissosity．　The

gneissosity　is　mainly　defined　by　preferred　dimensional　and

lattice　orientations　of　strongly　elongated　platelets　of　biotite・

This　is　comparable　with　the　S2　foliation　ill　the　Sakuma　area．

Intrafolial　folds　are　frequently　open　or　tight　in　shape　and

observed　in　the　hinge　area　of　the　recumbent　fold．　They　are

not　accompanied　by　axial　plane　cleavage　but　by　a　stretching

lineation，　which　is　well－developed　around　the　hinge　of　the

recumbent　fold　but　relatively　ambiguous　clear　developed　in

the　northem　area．

　　Figure　34　shows　quartz　c－axis　fabrics　of　a　folded

siliceous　gneiss．　The　quartz　c－axis　fabric　in　the　fold　limb

shows　random　orientation，　but　in　the　hinge　have　a　pattem

that　is　mainly　related　to　crystal　plastic　processes　during　the

folding．　The　pattem　of　the　latter　indicates　that　the　lineation

corresponds　to　the　X－direction．

2．Kamihara　tonalite

　　The　Kamihara　tonalite　is　mainly　exposed　in　the　area　from

Hiraoka　to　Niino．　It　is　a　sheet－like　body　intercalated　with

pelitic　gneisses．　According　to　Togashi（1985，1987），　the

Kamihara　tonalite　is　mainly　composed　of　medium－grained

hornblende－biotite　tonalite　with　subordinate　amounts　of

homblende－biotite　granite　and　granodiorite　with　K－feldspar

porphyroblasts　which　were　formed　by　metasomatism　of　the

Tenryukyo　granite。　The　Kamihara　tonalite　consists　mainly

of　plagioclase，　quartz，　biotite，　hornblende，　clinopyroxene，

±K－feldspar　with　accessory　zircon，　allanite，　apatite　and

ilmenite．

　　This　tonalite　has　a　well－developed　gneissosity　which　is

parallel　to　that　of　the　surrounding　gneisses（Figs．31　and

32a）．　The　tonalite　gneissosity　is　characterized　by　an

elongation　of　the　basic　inclusions　and　an　alignment　of　the

mafic　minerals（Fig．30a＆b）．　Mafic　minerals　such　as

biotite　and　hornblende　fom　aggregates　and　have　a　shape

alignment　as　a　result　of　the　defomation．　The　quartz

domains　are　weakly　elongated．　The　Kamihara　tonalite
around　Uedaira，　near　the　axis　of　the　recumbent　fold，　does

not　only　have　a　strong　gneissosity　but　also　a　stretching

lineation　which　is　defined　by　an　elongation　of　quartz

domains　and　aggregates　of　mafic　minerals．　The　stretching
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Fig・30・Photomicrographs　of　the　Kamihara　tonalite．（a）（b）The　typica1　Kamihara　tonalite

with　gneissosity（S）defined　only　by　shape　orientation　of　mafic　minerals．（c）（d）The

Kamihara　tonalite　involved　in　the　axial　region　of　the　recumbent　fold　shows　we11－

developed　gneissosity（S）．　（a）（c）open　nicols，（b）（d）crossed　nicols．

lineation　of　the　Kamihara　tonalite　is　parallel　to　that　of　the

gnejsses（Figs．28　and　32b）．　Near　the　axis　of　the　recumbent

fold，　strongly－defomed　facies，　with　several　cm　in　thickness，

were　occurred　in　the　Kamihara　tonalite（Fig．30c＆．d）．

According　to　Kagami（1968），　there　are　neither　facies

variations　in　the　Kamihara　tonalite　near　the　wall　rocks，　nor

veins，　derived　from　the　Kamihara　tonalite，　in　the　wall　rocks．

3．Tenryukyo　granite

　　The　Tenryukyo　granite　is　widely　exposed　in　the　Hiraoka－

Sakuma　area（Fig．27）．　It　is　a　large　body，36　Km　x　7．5－2

Km，　and　is　elongated　parallel　to　the　MTL．　Unfolding　the

recumbent　fold，　it　is　considered　to　be　a　large　sheet－1ike

body．

　　The　Tenryukyo　granite　in　this　area　consists　of　coarse－

grained　biotite　granite　and　medium－grained　hornblende－

biotite　granodiori　te　and　tonalite．　The　coarse。grained　biotite

granite　characteristically　contains　porphyritic　K－feldspar．

These　lithofacies　grade　jnto　each　other．　The　Tenryukyo

granite　often　includes　xenoliths　of　metadiabase　and
gneisses．　Most　of　them　are　rounded．　The　Tenryukyo
granite　mainly　consists　of　plagioclase，　quartz，　K－feldspar，

bioti　te，　and　hornblende　with　accessory　zircon，　apatite，　and

ilmenite．　Foliation　is　developed　in　the　axial　part　of　the

recumbent　fold　and　around　the　boundary　of　the　Tenryukyo

granite．　It　is　defined　by　the　arrangement　of　elongated　quartz

pools　and　of　bioti　te　flakes．

4．Fine－grained　leucogranite

　　The　fine－grained　leucogranite　is　mainly　exposed　in　the

areas　around　the　axis　of　the　recumbent　fold　and　between　the

Tenryukyo　granite　and　the　gneisses　（Fig．26）．　The

leucogranite　intrudes　the　Tenryukyo　granite，　Kamihara

tonalite，　and　gneisses．　Xenoliths　of　surrounding　gneisses

are　typical．　Many　of　them　are　partly　assimilated　by　the

leucogranite．

　　The　leucogranite　mainly　consists　of　quartz，　K－feldspar，

plagioclase，　biotite，　and　muscovite　with　accessory　zircon，

apatite　and　ilmenite．　Cordierite　also　exists　in　minor

amounts．　The　foliation　in　the　granite，　which　is　weakly

developed（Fig．32e），　is　defined　by　the　arrangement　of
bioti　te　and　xenoliths，　and　seems　to　be　parallel　to　the　mass

boundary．

D．Deformation　history　of　the　Hiraoka－Sakuma　area

　　On　the　basis　of　the　geological　and　structural　features

mentioned　above，　two　deformation　phases　can　be
distinguished：1）”the　first　phase”，resulting　in　the　formation

of　the　gneissosity；　and　2）”the　second　phase”，　resulting　in

the　formation　of　the　recumbent　fold．

　　The　first　phase　deformation　is　related　to　the　formation　of

agneissosity　of　the　metamorphic　rocks．　The　gneissosity　is

defined　by　a　preferred　dimensiona1　and　lattice　orientation　of
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Fig・31・Index　map　fbr　the　location　of　the　data　described　in　the　diagrams　a　to　k　and　equal

area　plots　showing　the　orientation　data　for　the　metamorphic　rocks　of　the　Hiraoka－

Tomiyama　area・（a），（c），（d），（f），（h）and（k）are　of　gneissosity．（b），（e），（9）and（i）are　of

stretching　lineation．（1）is　of　minor　fbld　axes　around　Ozore。Kadotani．
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Kamihara　tonalite

L N

Pelitic　layer

Siliseous　layer

Fig．33．　Sketch　of　an　intrafblial　fbld　of　the　metamorphic

rocks　of　the　Tomiyama　area．　L＝stretching　lineation．

Tenryukyo　granite

Leucogranite

L N

S N

Fig．32．　Equal　area　plots

showing　the　orientation

data　for　the　Kamihara
tonalite，　the　Tenryukyo

granite　　　and　　　the
leucogranite．（a），（c）and

（e）are　of　the　foliation．（b）

and（d）are　of　stretching

lineation．

Fig．35．　Schematic　diagram　showing　the　orientation　relation

of　some　structural　elements　in　the　recumbent　fbld　of　the

Hiraoka－Sakuma　area．　The　axis　of　the　recumbent　fbld　is

not　parallel　to　the　stretching　lineation，　or　the　axis　of　the

intrafblial　fbld．

biotite　flakes　which　are　free　from　inclusions．　There　is　no

lineation　of　the　gneissosity．　The　metamorphism，　related　to

the　crystallization　of　biotite　flakes，　occurred　s㎞ultaneous　to

the　deformation　related　to　the　formation　of　the　gneissosity．

On　the　basis　of　the　defbrmation　history　analyzed　in　the

Sakuma　area，　the　gneissosity　and　its　genesis　are　correlated

with　S2　and　D2，　respectively．　Pelitic　rocks　mainly　contain

andalusite，　sillimanite，　K－feldspar，　cordierite，　biotite，　and

muscovite．　The　metamorphism　associated　with　the

L

L

Fig．34．　　Sketch　of　an
intrafblial　fold　of　a　siliceous

gneiss　of　the　Tomiyama　area

and　c－axis　fabrics　of　quartz

grain　in　the　fold．　　L＝
stretching　lineation．
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量

Kami

8iliceous

†

Fig．36．

area．

Schematic　diagram　of　a　profile　of　the　recumbent　fbld　in　the　Hiraoka。Sakuma

b

C

Kamihara
　tonilite

Gneiss

Gneiss

TenryukyO　granite

　　　　　　Schists一一v；v　：、＝一一゜’一嚇。一一　・

Tonalite　mylonite

司Shear
　　zone

Fig．37．　Schematic　diagram　showing　the　stages　of　the

formation　of　the　recumbent　fold　of　the　Hiraoka－Sakuma

area．（’a）The　Kamihara　tonalite　and　the　Ryokc

metamorphic　rocks　（gneisses）deformcd，　forming
gneissosity　（b）The　Tenryukyo　granite　intruded　into　the

Ryoke　metamorphic　rocks（gneisses）and　the　Kamihara
tonalite　as　a　sheet－1ike　bgdy．（c）Recumbent　folding．（d）In

the　lat畔r　stage　of　the　formation　of　the　recumbent　fold，　a

non－uniform　shear　zone　was　produced　along　its　lower　limb，

giving　rise　to　tectonic　contact　with　the　underlying
metamorphic　rocks（schists）and　tonalite　mylonite．

fomation　of　the　gneissosity　occurred　under　upper
amphibolite　facies　and　is　correlated　with　a　period　of　the

highest　temperature　of　the　Ryoke　metamorphism．
According　to　Yokoi（1983），　fibrolite。bearing　pelitic　gneisses

occur　extensively　in　the　northwestem　area，　exccpt　for　those

adjacent　with　the　Tenryukyo　granite．　Additionally，　the

dis廿ibution　coefficient　of　Fe　and　Mg　between　biotite　and

cordierite　decreases　from　the　southeast　to　the　northwest．

These　facts　show　that　the　metamorphic　grade　increases　from

the　southeast　to　the　northwest．　Specifically，山e　downward

structural　increase　in　the　metamorphic　grade　is　harmonic

with　the　major　geologic　structure　of　the　metamo叩lhic
rocks　surrounded　by　the　Tenryukyo　gtanite．

　　The　well－developed　gneissosity　of　the　Kamihara　tonalite

is　approximately　parallel　to　and　continuous　with　that　of　the

surrounding　metamorphic　rocks（Togashi，1987），　suggesting

that　the　gneissosity　of　the　Kamihara　tonalite　and
metamorphic　rocks　was　fomed　in　the　same　deformation
phase．　The　Kamihara　tonalite　is　interpreted　to　have　in口uded

the　Ryoke　metamorphic　rocks　before　or　during　D2．

　　The　second　phase　defomlation　in　the　Hiraoka－Sakuma

area　resulted　in　the　formation　of　a　recumbent　fold　of　the

Tenryukyo　granite．　S2，　stretching　lineation　and　axis　of

intrafolial　folds　are　plotted　in　Figures　28，31and　32．　The

fold　axis　of　the　rccumbent　fold　has　N－S　trend　and　gently

plunges　toward　the　north．　In　the　southem　part　of　the　arca，

the　stretching　lineation　is　well・developed　unlike　in　other

areas．　As　the　Plutonism　Rescarch　Group　of　Hokkaido

Univcrsity（1964，1965）pointcd　out，　gncisses　have　two
types　of　lincations　wllich鵬nd　to　N－S　alld　NE－SW．　The

stretching　lincation　of　gneisses　and　of　the　Kamihara　tonalite

runs　generally　NE－SW．　In　the　Tenryukyo　granite，　the

lineation　trends　in　some　placcs　to　N－S，　parallcl　to　the　axis

of　the　recumbent　fold．　The　NE－SW廿ending　lineation　is

interpreted　to　be　related　to　tlle　maximum　elongadon　during

the　fblding．

　　In　the　Misakubo　and　the　Sakuma－Hoji　Pass　areas，　the

southern　marginal　shear　zonc　is　developed　on　thc　lower

limb　of　the　recumbent　fold（Figs　27　alld　36）．　The　lineation

in　the　southem　shear　zone　is　subparallel　to　the　stretching

lineation　in　the　gneisscs　in　thc　Hiraoka－Tomiyama　area．

The　recumbent　fold　and　the　shear　zone　seem　to　have　grown

progressively　in　the　same　movement　picture．　The　earliest

stage　of　formation　of　the　recumbent　fold　was　followed　by

that　of　the　shear　zone　on　its　lower　limb，　and　that　of
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闘deぎ！ying　gedog董ca璽structure（F三g．37）．　Thc　fb磁a藪o織of

the　recumbent　foldjs　correlatcd　to　thc　D3　cvcnt．

VII。　Mlkawa◎籍o－Toel　area

　　　　　　　　　　　　　　　　A．0蛆1籍¢of　g¢dogy

　　In　the　Mikawaono－Toei　area，　the　MTL　is　a　sharply

c獄rved　line，　and　the　Ryoke　belt　j戯s　o厩　o蹴o　the
Sambagawa　belt（Fig．38）．　In　this　area，　pre－Miocenc　rocks

of　the　Inner　Zon¢are　exposed　in　a　long，　narrow　arca

bounded　by　faults．　Thc　juttln8　domain　ls　separated　on　the

northwest　from　th¢Eoc¢ne－Miocenc　Shidara　Group　by山e

Hosokawa　fault，　a織d　o籠the　southeast　f沁擶由c　Sambagawa

metamorphic　rock＄by　the　MTL　and　th¢Kanayama　thrust
（Ohtom◎，韮99◎）．！鋒薦s　a驚a　betwe¢捻N《》saka　aRd　Toei　a轟d

alon喜the　Hosokawa　fault，　the　pre－Miocene　rocks　are
慧轟c◎轟fbワ籍ab！y　e◎vcred　by塾｝茎¢Sh韮dara　Group．

　　The　geology　of　the　jutting　domain　has　becn　s田dicd　by

S縫量給（叢955），Ul（王980），　Hafa　et　at．（王980b），　Yamada　et　al．

（1987），Ui　8∫a’．（1988）and　Ohtomo（1986，1989，1990），

aRalyz韮惣9嚢s　c◎搬plicatcd　Rature．　Sa量£o（1955）P◎i織象ed　o雛t

that　rocks　of　this　area　consist　o紬c　Suyama　Fomation，山o

Koc短Forrna｛ion，　a轟d　my！oRitcs　d¢r三vcd　fr◎m量9轟e◎縫s鋤d

sedimcntary　rocks．　Ui（1980）studied　the　area　between

Mikawaono　and　Kurosawa，　showing象he　distribution　of
v・ar’ious　rock　units－thc　Atera　Nanataki　conglomerate，　the

Suyama　pyroclastlc　rocks，　the　Kochi　Formation，　and｛granite

cataclasite．　He　ca難cd　the　arca　between　thc　H◎sokawa飴瞭

and　the　MTL，　a　lentlculaピ’disturb¢d　zone”，　because　of　the

c◎mpl　icated　ass◎c漉o識of㈱va嶽o縫S紛cks．　Hara　eS　al．

（1980b）divided　rocks　in　thc　Suyama　district，　into　the

Kochi　Fo】醗ad◎総，　mylORitizcd　Ry◎kc　！・ocks，　a簸d　the

Suyama　Fomation。　Yamada　et　al．（1987）divided　rocks　in

the　area　betweeR　MIkawa◎轟◎a嚢d◎hshi搬a，　i蹴o｛he　At¢ra

Nanataki　conglomcrat¢，　th¢Suyama　pyroclastic　rocks，

cataclas｛ic　rocks　dcr茎ved　fr◎搬the　Ml魏hasl践graRite　a捻d

the　Kiyosaki　granite，　mylonite　derived　from　the　Hiji

granodlorite，　and　the　Kochl　Fom董銚lon．　Flss至◎籍セack　ag¢s

of　zircons　of　thc　Suyama　pyroclastic　rocks　havc　be¢n

measured　to　bc　65　Ma．　Addltlona11y，　Ohtomo（1990）
dlvided　r・cks　in　thc　jutting　domal漁t・8uni総（Fig．38）・

thc　Aikawa　tonalite，　the　Nanasatoisshiki　Formation，　thc

S雛yama　pyr◎clastic　rocks，由c　Asakawazawa　gra縫ite，　thc

Asak議waz縫wa　Fo磁a蟻◎擁，　the　Ohshima　graR致c，　c潔adas鯉es，

and　the　Atera　Nanataki　conglomcratc．　The　8eolo＄ic　map

a轟dαoss　s¢cd◎論s　ef　the　Mikawao轟◎－T㏄1蹴a紅c　show総1轟

Figure　38。

　　　　　　　　　　　　　　B．M｛ijor　geologic　structure

　　Hara　et　aム（1980b）pointed　ouuhauhe　MTL　in　the　area

is　inclincd　toward　the　north　at　low　a鷺91es．　Rccently　a

dctailcd　investigation　of　thc　geology　of　this　area（Ohtomo，

1986，1989，1990）has　revealed　that　prc－Ml◎cc織e　r◎cks，

expcct　for　the　Atera　Nanataki　conglomcratc，　ar¢pilcd　as

mappcs．　A紛凱d　S雛y臓搬a，象hc　Na轟as継◎lssl董lk董For蹴a縫◎轟，

the　Suyama　pyrocla5tic　rocks，　cataclasitcs　and　thc　Ohshima

graftitc　aτ¢arraRgcd至織籍appc　p難cs　i薮asce籍di轟g　Ofde！喚。　1擁

the　area　fmm　Ohshima　to　Toei，　the　Aikawa　tonalite，　the

cataclasites，ミhe　Asak哉wazaw蕊graRi象¢，　th¢Asakawaz謎wa

Fomation，　and　the　Ohshima　granitc　arc　also　piled　as　nappes

三擁asceRdiRg　crdcr．　The　p難e轟aρpes　wcrc　t㎞s象◎veズ由e

Sambagawa　metamorphic　rocks．　The　pile　nappc　units　and
thcir　basa！　thrust　wcrc　rcspcctively　named　t！le　Ryoke　napPe

complcx　and　the　Kanayama　thmst　by　Ohtomo（1990）．　The

Ryoke　nappe　c◎mplex　is　unconformably　cover¢d　by　the

Atcra　Nanataki　conglomeratc．　AII　of　the　nappes　form　E－W

trcnd1ng　up！ight　folds．　The　half　wavひlength　of象he　fblds

rangcs肋m　severai　hundrcds　of　metcrs　to　l㎞（Fig．38）．

Aschematic　profile，　Clisplaying　the　tectonic　supcrposition　of

the　Ry◎ke　napP¢complex　and　the　Sambagawa　be蓋t　in　this
area，　is　illustrat¢d　in　Figure　39．

C．Rock　types　and　petrography

1，Aikawa　tonalite

　　The　Alkawa　t◎総a1itc（Oh重◎癬◎，王990），　is瀟ai轟！y　eXPGsed

from　the　south　of　Nosaka　to　Kawakami　and　to．the　east　of

Ohshl斑縦．　Add滅o轟a！ly，◎轟thc轟◎貸h　sidc　of　the獄osok縫wa

fault，　it　is　exposcd　only　in　a　sma11　area，　and　is

疑轟co捻f（毛】r搬ab！y　covcrcd　by　t熱e　Sh三d＆f縫　Gf◎鷲P，2　k撚

northcast　of　Ohshima。

　　The　Alkawa　t◎舩1i象e　is　co搬posed　of　my1◎n滅c　rocks，

mainiy　dcrived　from　tonalite　with　subordinatc　granite．

Basic　inclusions　are　typically　observcd　in　tonalitc．　Thc

t徽撫c　mylonite　is　compos¢d　of　qu・artz，　plagiociase，　bloti象e，

homblendc，±K－fcldspar　with　accessory　sphcnc，　allanite，

cpldαe，　zircofi　aftd　apatite．　Thc　gran三縫c　mylo謡c　c◎fisists

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Ohshima　granite

　　　　　　Hos◎kawa　　　　　　　　　Asaka職za職F◎踊a雛◎織
　　　　　　　　　Fault　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Asakawazawa　granit＄

1周一一N＿　　　　　　　響　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　l　　　　　　　t　　　　　　　　‘　　　　　　　　　　　　　　　　　　　　’

鰯
翫。蟻蕪姦1癒霧猛ζ二一㈱辮壽三藤葬螢　　　　　　　　　写灘鵬灘糊’　　　　　　　　　轟懲織蓬
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secdo轟◎£　the　Mikawaono－
Toei　area
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Fig．40．　Photomicrograph　of　a　granite　mylonite　in　the

Aikawa　tonalite．　K－feldspar　and　plagioclase　porphyroclasts

are　surrounded　by　fine，　recrystaHized　grains　of　feldspar　and

quartz．　kf＝K－feldspar，　p】＝plagioclase．

of　quartz，　K－feldspar，　plagioclase，　biotite　with　the　same

kinds　of　acce∬ory　minerals　as　those　of　the　tonalite．

　　In　the　strongly　defomed　rocks，　mylonitic　foliation（Sm），

defined　by　a　dimensional　preferred　orientation　of　elliptical

porphyroclasts（Fig．40），　and　fluxion　banding，　with
elongated　pre∬ure　shadows，　are　developed．　The　Sm　is

usually　parallel　to　the　original　compositional　banding．
Basic　inclusions　are　elongated　parallel　to　the　Sm．　Intrafolial

folds　arc　often　observed　in　the　banded　mylonites．　Axial

planes　of　the　folds　and　elongation　directions　of　the
recrystallized　quartz　grains　a二round　their　hinges　are　parallel

to　the　general　trend　of　the　Sm，　suggesting　that　the　illtrafolial

folds　formed　during　mylonitization．　The　stretching

lineation　（Lm）is　defined　by　preferred　dimensional
orientation　ofbiotite．　But　in　weakly　defomed　rocks，　the

Sm　and　the　Lm　are　not　clear．

　　ANE－SW　trending　fault　runs　through　Nosaka．　The
tonalite　mylonites　with　a　small　amount　of　granitic　mylonite

are　exposed　on　the　northern　side　of　the　fault（Fig．41a）．　The

intensity　ofmylonitization　increases　toward　the　east　and　the
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Fig，41．　Geologic　　map　showing　the
hthological　facies　variation　（a）　and　equal

arca　plots　showing　the　mylonitic　foliatioll　of

thc　Aikawa　tollalite．　（b）Data　from　the

northcm　side　of　a　NE－SW　trending　fault

through　Nosaka．（c）Data　from　the　southern

sidc．　　Solid　star　shows　the　orientation
dircction　of　the　axis　of　the　upright　fold．
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A3akawazawa　formation Asakawazawa　granite Ohshima　granite

S N

Nana8atoi8shiki　formation

S N L N

Fig．42．　Equal　area　plots　showing　the

orientation　data　for　the　Mikawaono－Toei

area．（a）Schistosity　of　the　Asakawazawa

Formation．（b）Mylonitic　foliation　of　the

Asakawazawa　granite．（c）Mylonitic
foliation　of　the　Ohshima　granite．（d）

Schistosity　of　the　Nanasatoisshiki
Formation．（e）Stretching　lineation　of　the

Nanasatoisshiki　Foation．　Open　star＝the

upright　fold　axis　defined　by　the
distribution　of　foliation．

west．　Strongly－mylonitized　rocks　are　exposed　along　the

MTL．　Granitic　mylonites　are　more　extensively　exposed　on

the　southem　side　of　the　fault（Fig．41a）．　In　general，

mylonitization　on　the　southern　side　of　the　fault　is　stronger

than　in　the　nonhern　side．　In　the　eastern　part　of　Ohshima，

ultra－mylonite　is　exposed　separately　in　the　cataclasite　zone．

On　the　northem　side　of　the　fault　in　Nosaka　and　the　east　of

Ohshima，　rhyolitic　tuff　of　the　Shidara　Group　unconformably

covers　the　Aikawa　tonalite（Fig．38）．

　　The　Aikawa　tonalite　is　underlain　by　the　cataclasite　zone

to　the　south　of　Nosaka　and　to　the　east　of　Ohshima．　To　the

south　of　Nosaka，　the　lithologic　arrangement　of　the　Aikawa

tonalite　is　distinctly　cut　by　the　cataclasite　zone（Fig．41a）．

The　uppemnost　part　of　the　Aikawa　tonalite　near　the
cataclasite　zone　is　affected　by　cataclastic　deformation．　This

evidence　shows　that　the　Aikawa　tonalite　is　in　thrust　contact

with　the　cataclasite　zone．

　　Figure　41b＆cillustrates　the　orientation　pattern　of　the

Sm　on　the　nonhern　and　the　southern　sides　of　the　fault．　The

Sm　of　the　fommer　trends　to　the　NE－SW　and　dips　toward　the

north　or　the　south．　　　　　　　　　　　　　　　But　the　Sm　of　the　latter　plotS　on　a　great

・i・cl・・1・th・g・・1・gi・m・p（Fig．41・），　th・1ith・1・gi，

arrangement　of　the　Ail（awa　tonalite　and　the　foliation　of

cataclasite　overlying　the　tonalite（Fig．46）also　form　a　NE－

SW　trending　antiform，　which　plunges　toward　the　NE　at　a

low　angle．　From　these　facts，　it　is　concluded　that　the　Aikawa

tonalite　and　cataclasites　fom　an　upright　fold　after　the

fornation　of　the　cataclasite　zone．

2．Nanasatoisshiki　Fomlation

　　The　Nanasatoisshiki　Fomation（Ohtomo，1990），　is

黙蟷，瓢瀧翻盛惚盤S藩1畿
by　Saito（1955），　Ui（1980），　Hara　et　al，（1980b），　and　Yamada

et　al．（1987）．　However，　the　Kochi　Formation（Saito，1955），

舗儲1撚瀧d鴉1笥「諜bツ朧・謙l
Additionally，　the　Kochi　Formation　exposed　around　Kochi

conslsts　of　cataclasites　derived　from　sedimentary　mcks　and

　　　　　　　Ohtomo（1990）separated　the　non－metamorphosedgranlte．

sedimentary　rocks（sandstone，　mudstone，　and　conglomerate）

from　the　cataclasites，　and　callcd　them　the　Nanasatoisshiki

Fomation．
　　To　the　east　of　Suyama，　the　Nanasatoisshiki　Formation

f・・m・athin　napP・i・t・・ca1・t・d　i・th・S・mb・g・w・

metamorphic　rocks（Fig．38），　and　mainly　consists　of

sandstone　with　subordinately　mudstone．　　Around
Nanasatoisshiki，　it　is　exposed　between　dle　MTL　and　the

cataclasite　zone（Fig．38），　and　is　composed　of　mudstone　and

conglomerate．　The　bedding　of　the　Nanasatoisshiki
F？rmation　is　represented　by　NE－SW　trending　upright　folds

wlth　half　wavelengths　of　100　m（Fig．42d）．　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　The　sandstone

of　the　Nanasatoisshiki　Fomation　is　li山ic　arenite．　De廿ital

grains　of　sandstone　are　composed　of　quartz，　plagioclase，　K。

feldspar，　garnet，　allanite，　granite，　mudstone，　siliceous

mudstone，　sandstone，　chert，　psammitic　schist，　and　altered

volcanic　rocks，

　　We11－developed　foliation　and　lineadon　are　observed　in

most　places．　In　the　sandstone，　fbliadon　and　lineation　are
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defined　by　the　elongated　shape　of　the　detrital　grains，　the

anastomosing　cleavage　folia，　and　the　shape　orientation　of

the　white　mica（Fig．43a＆b）．　The　detrital　grains　are

clearly　elongated　parallel　to　the　lineation．　The　lineation　is

especially　we11－developed　in　the　mudstone　that　is

intercalated　in　the　sandstone．　On　the　plane　parallel　to　the

lineation，　mica　beards　are　closely　intergrown．　Mica　flakes

1n　these　beards　are　fine－grained　white　mlca，　strongly

oriented　parallel　to　the　mean　cleavage　direction．　In
mudstone，　the　foliation　is　defi　ned　by　cleavage　seams　and　a

preferred　lattice　orientation　of　white　mica．　Recrystallized

minera】s　and　peak　widths　at　the　half　height　of　the
carbonaceous　matehal（Fig．49　and　50a）indicates　that　the

Nanasatoisshiki　Formation　was　metamorphosed　under
pumpellyite。prehnite　facies．

　　The　conglomerate　to　the　south　of　Ohshima　consists　of

pebbles　of　sandstone（arkose），　siliceous　mudstone，　non－

defomed　granite，　plagioclase－porphyry，　andesite　lava，

rhyolitic　tuff，　recrystallized　chert，　and　quartz　rock　of

recrystallized　grains．　The　cleavage　is　quite　weak】y－

developed．

　　The　quartz　veins，1ess　than　l　cm　thick，　are　typically

observed　in　sandstone　and　mudstone．　The　veins　are　folded

with　their　axial　surface　parallel　to　the　mean　cleavage

direction．　The　prehnite　veinlets　are　also　observed　under　the

microscope．　The　above　geologicεd　observation　suggests　that

the　Nanasatoisshiki　Formation　was　deformed　under　low－

temperature　conditions，　resulting　in　the　formation　of

cleavage　folia　and　seams　due　to　pressure　solution
mechanisms．

3．Suyama　pyroclastic　rocks

　　The　Suyama　pyroclastic　rocks（Ui，1978），　are　a　part　of
”

the　cataclastic　rocks　derived　from　igneous　rocks”by　Saito

（1955）and”mylonitized　Ryoke　rocks”by　Hara　et　al．
（1980b）．　Ui（1977），　Nakai（1977），　and　Suzuki　and　Kato

（1978）　found　acid　pyroclastic　rocks　in　曾’the　cataclastic

rocks”by　Sai　to（1955）．　Nakai（1977）correlated　these　to　the

Sen－nan　rhyolites　in　the　Kii　Peninsula．　According　to

Yamada　et　al．（1987），　the　fission－track　ages　of　zircons　from

the　Suyama　pyroclastic　rocks　gave　ages　of　65．2±3．9　Ma　and

58．0±3．9Ma．　Both　of　these　ages　are　considerably　younger

than　the　age　of　the　Sen－nan　Rhyolites．　The　age　data　of　the

Suyama　pyroclastic　rocks　were　interpreted　in　tems　of　the

eastward　migration　of　the　late　Cretaceous　acid　volcanism　in

the　Ryoke　belt（Yamada　et　al．，1987）．

　　The　Suyama　pyroclastic　rocks　are　exposed　around
Suyama（Fig．38）．　Their　distribution　is　bounded　by　the

f

■・0。lmm

Fig．43．　Photomicrographs　of　the　Nanasatoisshiki　Formation　and　the　Suyama　pyroclastic

rocks．（a）（b）1）eformcd　sandstonc　in　the　Nanasatoisshiki　Fomlation．　XZ　section．（a）The

anastomosing，　dark　cleavage　folia　wrap　around　the　detrital　graills．（b）The　mica　beards

fomed　between　detrital　grains・Mica　fiakes　in　the　beards　are　strongly　oriented　parallel　to

the　mean　cleavage　direction．（c）（d）Rhyolitic　tuff　il、　the　Suyama　pyroclastic　rocks．（c）

Rarely　observed　welded　texture・（d）Typically　massive　tuff．　qz＝quartz，　kf＝K－feldspar，

P1ニPlagioclase，　bt＝biotite．
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Fig．44．　Geologic　map　and　cross　section　showing　the　disnibution　of　mylonitic　facies　of

the　Ohshima　granite．

MTL　on　the　southern　side，　and　cut　and　underlain　by　the

cataclasite　zone　on　the　northern　side．　The　Suyama
pyroclastic　rocks　are　unconformably　covered　by　the　Atera

Nanataki　conglomerate（Fig．38）．　They　consist　mainly　of

rhyolitic　tuff．　They　seem　to　be　massive　and　frequently

contain　accidental　rock　fragmentS，　sandstone，　and　siliceous

mudstone．　It　is　unusual　to　observe　a　welded　texture　in

them．　The　Suyama　pyroclastic　rocks　are　affected　by

thermal　metamorphism，　resulting　in　the　formation　of
muscovite　as　a　metamorphic　mineral　and　mosaic　textures　of

quartz　and　feldspar　in　the　matrix．　Granite　porphyries，　found

to　the　north　of　Suyama，　are　inferred　to　be　small　masses

intruded　into　the　Suyama　pyroclastic　rocks．　Their　matrix

also　has　a　mosaic　texture　of　quartz　and　feldspar，　and　the

grain　boundaries　between　phenocryst　and　matrix　are
complicated　and　not　clear．　The　granite　porphyries　are　also

metamorphosed．
　　After　the　thermal　metamorphism，　the　Suyama　pyroclastic

rocks　and　associated　the　granite　porphyries　underwent

distinct　cataclastic　deformation．　Some　cataclasite　zones，

several　tens　of　meters　thick，　were　formed　in　the　Suyama

pyroclastic　rocks．

4．Asakawazawa　granite

　　The　Asakawazawa　granite（Ohtomo，1990），　is　mainly
exposcd　to　the　south　of　Ohshima　along　the　Hosokawa　fault

（Fig．38）．　It　had　been　regarded　as　a　part　of”the　cataclastic

rocks　derived　from　igneous　rocks”by　Saito（1955），”granite

cataclasite”by　Ui（1980），”mylonitized　Ryoke　rocks冒冒by

Hara　et　al．（1980b），　and　mylonites　derived丘om　the　Hiji

granodiorite　by　Yamada　et　o1．（1987）．　The　Rb－Sr　whoIe－

rock　isochron　ages　are　152　Ma　and　62　Ma（Fig．55）．　This

age　problem　of　the　granite　will　be　discussed　in　the　fbllowing

sectlon．

　　The　Asakawazawa　granite　forms　a　nappe（Fig．38）．　The

Asakawazawa　granite　nappe　underlies　both　the
Asakawazawa　Formation　and　the　Ohshima｛granite　nappes，
and　is　cut　by　the　underlying　cataclasite　zone（Fig・38）・

　　The　Asakawazawa　granite　mainly　consists　of　granite
with　subordinate　tonalite．　It　has　a　mylonitic　foliation（Sm）

and　lineation（Lm），　and　consists　of　quartz，　K－feldspar，

plagioclase，　and　biotite　with　accessory　zircon，　apatite　and

opaque　minerals．　Most　of　the　biotite　was　replaced　by

chlorite．　The　Sm　is　characterized　by　layering　of　altemating

quartz　and　feldspar　layers（Fig．45a）．　The　quartz　has　we11－

developed　ribbon　structures　with　some　recrystallized　new

grains（Fig，45c）．　The　ribbon　boundaries　are　irregular　and

serrate．　The　elongate　grains　are　oriented　oblique　to　the　Sm．

Plagioclase　and　K－feldspar　are　recrystallized　to　a　fine－

grained　mosaic　with　subgrains　along　the　host　grain　margin

（Fig．45b），　suggesting　that　the　recrystallized　grains　formed

by　a　progressive　misorientation　of　subgrains．

　　Figure　42b　is　aπ一diagram　for　the　Sm　of　the
Asakawazawa　granite．　The　orientation　pattern　indicates　a
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Fig．45．　Photomicrographs　of　the　Asakawazawa　granite　and　mylonitic　facies　of　the

Ohshima　granite．（a。c）Granite　mylonite　in　the　Asakawazawa　granite・（a）The　Sm
defined　by　layering　of　quartz　and　K－feldspar・（b）K－feldspar　layer・Fine，　recrystallized

grains　with　subgrains　wrap　around　porphyroclasts・（c）Qua∫tz　layer・Ribbon　boundaries

are　irregular．（d－f）Granite　mylonite　in　the　Ohsh㎞a　granite・（d）The　Sm　defined　by　an

elongation　of　quartz　and　K－feldspar　domains．（e）Grain　size　reduction　of　K。feldspar

grains　due　to　microcracking　and　microfaulting・Fine，　recrystallized　chlorite　in　a　quartz

domain　have　a　preferred　orientation．（f）Quartz　layer．　Grain　size　reduction　due　to

defomation　bands．　kf＝K－feldspar，　Qz＝quart7．，　chl＝chlori　te．

fold　structure　with

WNW．
an　axis　gently　plunging　toward　the

5．Asakawazawa　Formation
　　The　Asakawazawa　Formation（Ohtomo，1990），　is　mainly

exposed　to　the　south　of　Ohshima　（Fig．38）．　　It　has　been

rcgardcd　as　a　part　of”the　cataclastic　rocks　derived　from

sedimentary　rocks”by　Saito（1955），　part　of　the”granite

cataclasite”by　Ui（1980），　part　of”mylonitized　Ryoke

rocks’曾by　Hara　et　o1．（1980b），　and　part　of　the　Kochi

Formation　by　Yamada　et　al．（1987）．

　　The　Asakawazawa　Formation　forms　a　nappe，　and　is
composed　of　pelitic　and　siliceous　schists．　We11－developed

schistosity，　defined　by　preferred　oricntation　of　very　fine一
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Fig．46．　Equal・・ea　pl・t・sh・wi・g　th・・「i・nt・d・n　f・・f・li・匠・n・f血e　cataclasd…ck・・f

the　M逓（awaono－Toei　area．（a）Synopdc　diagram・（b）Data　for　the　eas¢m　part　of　Ohshima・

（，）D・ta　a1・ng　th・MTL　f・・m　Nana・at・isshiki　t・N・・ak・・（d）Dt・f・・th…u血w・・t・m

part　of　Nanasatoisshild．（e）Data　around　Mt．　Kanayama．

grained　flaky　minerals　such　as　muscovite　and　chlorite，　is

distinctly　observed．　The　schistosity　seems　to　be　parallel　to

the　bedding　plane　in　most　areas，　and　seems　to　be　parallel　to

the　Sm　of　the　Asakawazawa　granite．　Because　of　its　mineral

assemblages　and　peak　widths　at　half　heights　of
carbonaceous　materials　（Figs．49　and　50a），　the
Asakawazawa　Fomation　is　interpreted　to　have　been
metamorphosed　under　middle－upper　greenschist　facies
condition．　The　Asakawazawa　Formation　appears　to　have

undergone　mylonitization　with　the　Asakawazawa　granite．

6．Ohshima　granite
　　The　Ohshima　granite（Ohtomo，1990），　is　exposed　along

ridges　from　southern　Ohshima　to　Kochi．　It　has　been
regarded　as　a　part　of”the　cataclastic　rocks　derived　from

igneous　rocks門　by　Saito　（1955），　part　of　the　”granite

cataclasite”by　Ui（1980），　part　of”mylonitized　Ryoke
rocks”by　Haraθ’01．（1980b），　and　part　of　the　cataclastic

rocks　derived　from　the　Mitsuhashi　granite　by　Yarnada　et　al．

（1987）．

　　The　dis口ibution　pattem　of　the　Ohshima　granite（Fig．38）

indicates　that　it　foms　a　nappe　over　the　Asakawazawa
Formation　and　the　Asakawazawa　granite．　It　is　a　coarse－

grained，　massive　biotite　granite．　The　Rb－Sr　mineral　age　of

the　feldspars　in　the　Ohshima　granite　is　79　Ma（Fig．53）．

This　age　problem　w川be　discussed　in　the　later．　The

Ohshima　granite　mainly　consists　of　quartz，　K－feldspar，

plagioclase，　and　biotite　with　accessory　zircon，　apatite，　and

opaque　minerals．　Though　quartz　grains　show　undulatory

exdnction，　the　upPer　portion　of　the　granite　napPe　has　a　non－

deformed　texture．　Thus　the　Ohshima　granite　is　interpreted　to

have　been　mylonitized　along　the　nappe　boundary（Fig．44）．

The　strongly　mylonitized　rocks　frequently　have　a　mylonitic

foliation（Sm）．　The　Sm　is　defined　by　an　elongation　of

quartz　domains　and　by　a　layering　of　quartz　and　feldspars

domains（Fig．45d）．

　　Quartz　grains　are　deformed　predominantly　by
intracrystalline　slip，　producing　a　well－developed　ribbon

structure　with　deforrnation　bands　at　a　high　angle　to　ribbon

boundaries（Fig．45f）．　Plagioclase　and　K－feldspar　gralns

show　grain　size　reduction　by　microcracking　and
microfaulting（Fig．45e）．　Microfaults　oc釦r　at　a　high－

middle　angle　to　the　Sm．　The　progressive　rotation　of

microfault－blocks　resulted　in　a　greater　physical　separatlon

of　feldspar　fragments　along　the　Sm　with　an　increase　in　the

bulk　s廿ain．　In　the　strongly－deformed　rocks，　biotite　has

disappeared　and　fine－grained　chlorite　and　sericite　were

produced　with　their（001）planes　subparallel　to　the　Sm（Fig．

45e）．　Mylonites　of　the　Ohshima　granite　appear　to　have　been

produced　under　lower－greenschist　facies　condition　during　a

napPe－forming　event．

7．Cataclasite　zone

　　Cataclasites　are　widely　exposed　in　this　area．　They　form　a

zone　which　is　several　hundred　meters　thick（Fig．38）．　Some

small　scale　cataclasite　zones，　several　tens　of　meters　thick，
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Fig．47．　Photograph　and　photomicrographs　of　cataclasites　in　the　Mikawaono－Toei　area．

（a）Granite　cataclasite（GC）included　in　cataclasite　of　clastic　rocks（CC）。（b）Cataclasite

derived　from　granite　porphyry．（c）Cataclasite　of　pelitic　rock（PC）included　in　granite

cataclasite（GC）．

were　fomed　locally　in　the　other　nappes．　Ui（1980）called

the　cataclasites　zone　around　Mt．　Kanayama　a”chaotic
body”，　because　it　is　not　a　bedded　sequence　of　sedimentary

rocks　but　a　tectonically　disturbed　body．　T｝1e　original　rocks

of　the　cataclasites　consist　of　various　rock　types－granite，

granltic　mylonite，　pyroclastic　rocks，　granite　porphyry，

pelitic　schist，　sandstone，　mudstone，　and　conglomerate．　The

cataclasites　of　granite，　pyroclastic　rocks，　and　mudstone　are

predominant，　and　of　granitic　mylonites　are　also　usua11y

found．

　　Figure　46　displaysπ一diagrams　for　the　foliation　defined

by　compositional　banding，　orientation　of　slabs，　and　cleavage

in　the　cataclasite　zone．　The　orientation　pattems　indicate　a

fold　structure　with　an　axis　gently　plunging　toward　the　NE．

　　The　cataclasites　consist　of　a　coarse－grained　clasts　and

fine－grained　matrix．　Some　clasts　are　also　cataclastic　rocks．

These　range　from　a　few　m川imeters　to　several　hundreds　of

meters　in　length（Fig．47）．

　　The　exact　contact　between　the　cataclasite　zone　and　the

Aikawa　tonalite，　the　Asakawazawa　granite，　the
Asakawazawa　Formation，　the　Ohshima　granite，　the
Nanasatoisshiki　Fomation，　and　the　Suyama　pyroclastic
rocks　has　not　been　located，　but　the　distribution　of　the

cataclasi　te　zone　apPears　to　be　oblique　to　the　structural　trend

of　the　nappe　piles．　The　cataclasite　zone　is　unconformably

covered　by　the　Atera　Nanataki　conglomerate．

　　Catac1asites　derived　from　granite　are　pale　green　or　white

and　ma∬ive　in　appearance．「1’hese　consist　of　fragments　of

minerals　and　rock　fragmentS　in　a　fine－grained　matrix．　The

shapes　of　the　fragments　are　mostly　angular　to　subangular，

but　are　locally　subrounded（Fig．47c）．　The　fi　ne－grained

matrix　is　a　material　in　which　granite　has　been　cmshed　to

very　small　fragments．　Cleavage　lamellae　are　not　typically

developed　in　the　matrix，　though　only　weakly－developed

cleavage　lamellae　are　locally　observed．　The　matrix　is
typically　replaced　by　calcite．

　　Cataclasites，　derived　from　granite　mylonites　and　acidic

pyroclastic　rocks，　are　white　and　massive　in　appearance．

These　consist　of　rock　fragments　in　a　fine－grained　matrix．

The　shapes　of　the　fragments　are　mostly　angular　to
subangular　but　are　locally　subrounded．　The　fine－grained

matrix　is　a　material　in　which　granite　mylonite　or　pyroclastic

rocks　has　been　crushed　to　very　fine　fragmentS．　Cleavage

lamellae　are　not　commonly　developed　in　the　matrix．　Most

of　the　cataclasites　derived　from　acidic　pyroclastic　rocks

were　affected　by　remarkable　silicification．　The　matrix　has

been　partia11y　replaced　by　calcite．

　　Cataclasites　deri　ved　from　Inudstone　and　sandstone　have　a

block－in－matrix　structure，　containing　various　clasts　in　a

mudstone　or　sandstone　matrix．　The　clasts　are　rounded　to

subrounded，　and　consist　of　granite，　granitic　mylonite，

pyroclastic　rocks，　granite　porphyry，　and　their　cataclasites．

The　fine－grained　matri　x　is　a　material　in　which　mudstone　and

sandstonc　has　been　crushed　to　very　small　fragments．　The

matrix　was　injected　along　fractures　of　the　clasts．　The

cataclasites　with　an　unfoliated　matrix　occur　in　some　places，
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Fig，48．　Lithologic　map　showing　the

distribution　of　original　rocks　in　the

cataclasite　zone　around　Mt．
Kanayama（K）．

having　an　appearance　like　a　pebbly　mudstone．　Most　of　the

cataclasites　have　a　well－developed　foliation．　The　foliation

is　defined　under　the　microscope　by　cleavage　lamellae．　The

clasts　are　blocks　or　slabs　and　have　a　pinch　and　swell

structure，　as　well　as　boudinage．　The　long　axes　of　the　Clasts

are　oriented　parallel　or　subparallel　to　the　foliation　of　the

matrix．　The　matrix　behaves　in　a　more　ductile　way．　The

clasts　are　usually　white　and　massive．　Because　they　have

been　greatly　altered，　their　origin　is　difficult　to　determine．

The　clasts　appear　to　have　been　derived　from　the
Asakawazawa　Formation，・the　Asakawazawa　granite，　the

Suyama　pyroclastic　rocks，　and　the　Ohshima　granite．
Carbonate　and　clay　minerals　occur　in　the　matrix．

　　Figure　48　is　a　detailed　lithologic　map　of　the　original

rocks　of　cataclasites　around　Mt．　Kanayama．　Although

granite　cataclasites，　pyroclastic　rock　cataclasites，　and

clastic　rock　cataclasites　seem　to　be　piled　from　upper　to

lower　structural　leve1，　granite　cataclasites　and　pyroclastic

rock　cataclasites　are　developed　in　an　interfingered　fashion，

and　are　intemlingled　with　clastic　rock　cataclasites．　This

complex　structure　can　be　observed　from　the　mappable　to　the

microscopic　scale．　The　cataclasite　zone　is　interpreted　to　be

acmsh　melange．

8．Atera　Nanataki　conglomerate

　　The　Atera　Nanataki　conglomerate　was　originally　called

the　Nanataki　conglomerate　by　Yoshida　and　Suzuki（1952）．

Since　then，　Saito（1955）named　this　fomation　the　Suyama

Formation，　and　Ui（1980）called　it　the　Atera　Nanataki

conglomerate，　describing　the　characteristic　features　of　this

formation．　Ui（1980）correlated　the　Atera　Nanataki
conglomerate　to　the　Upper　Cretaceous　Subgroup　of　the

Izumi　Group　with　reference　to　its　lithologic　features．

Following　Ui（1980），　conglomerates　around　Suyama　are
called　the　Atera　Nanataki　conglomerate　in　this　paper．

　　The　Atera　Nanataki　conglomerate　is　composed　mainly　of

conglomerate　with　subordinate　amounts　of　sandstone．　The

clasts　are　mostly　of　pebble　to　cobble　size，　sometimes

attaining　boulder　size．　They　are　rounded　or　subrounded，　are

i11－sorted，　and　are　composed　of　rhyolitic　and　rhyodacitic

tuff，　andesite　lava，　granite　porphyry，　massive　granite，

gabbro，　arkose　sandstone，　mudstone，　and　siliceous　rocks．

Clasts　of　acidic　tuff，　granite　porphyry，　and　sedimentary

rocks（especially，　sandstone）are　predominant．　Most　of

acidic　tuff，　granite　porphyry，　and　mudstone　have　been

affected　by　thermal　metamorphism，　resulting　ln　the
formation　of　metamorphic　minerals　such　as　cordierite　and

garnet・ The　siliceous　mudstones　include　radiolarian
remains，　which　were　converted　to　quartz　aggregates，　due　to

thermal　metamorphism． There　are　various　kinds　of

sandstone　gravels　such　as　massive　sandstone，1amihated

sandstone，　and　deformed　sandstone．　Some　sandstones，

which　are　deformed　forming　cleavages，　resemble　the
Nanasatoisshiki　Formation．　Some　gravels　of　acidic　tuff　and

granite　porphyry　seem　to　have　been　derived　from　the

Suyama　pyroclastic　rocks．　Gravels　from　coarse－grained，

massive　granite　are　often　found　at　the　northern　margin　of

the　conglomerate．　Gravels　of　granite　mylonite　and　gneiss

have　not　been　found．　　Clasts　of　basic　schist　like　the

Sambagawa　metamorphic　rocks　are　only　found　in　a　few

locations　along　the　Atera　River．　The　matrix　of　the
conglomerate　is　generally　arkosic　arenite．　The　Atera

Nanataki　conglomerate　is　dark　reddish　in　color，　due　to

volcanic　rock　fragments　with　a　large　amount　of　reddish

opaque　minerals．　Ui（1980）stated　that　the　Atera　Nanataki

conglomerate　is　about　400　m　thick．　It　unconformably　lies

on　the　Suyama　pyroclastic　rocks　and　the　cataclasite　zone　to

the　east　and　north　of　Suyama　and　around　the　Atera　River．

　　Yoshida　and　Suzuki（1952）and　Saito（1955）pointed　out

that　the　conglomerate　contains　pebbles　derlved　from　the

Sambagawa　metamorphic　rocks，　However，　such　pebbles
can　not　be　found　except　for　a　small　amphibolite．　There　is

no　sufficient　evidence　that　the　conglomerate　unconformably

lies　on　the　Sambagawa　metamorphic　rocks．　Around　the
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Fig．49．　Representative　X－ray　diffractograms　of　carbonaceous　material　in　pelitic　rocks　of

the　Asakawazawa　Formation　and　the　Nanasatoisshiki　Formation．　Numbers　in　the　squares

are　peak　widths　at　half　height　in　degrees　2e．　Zi＝　zircon，　An＝　anatase．

Atera　River，　the’Atera　Nanataki　conglomerate　lies　on　the

cataclasite，　which　overlies　the　Sambagawa　rocks．　The　basal

part　of　the　conglomerate　is　not　disturbed．　　The
sedimentat董on　of　the　Atera　Nan．ataki　conglomerate　appear　to

have　occurred　after　the　cataclasite　zone　was　emplaced　on

the　Sambagawa　rocks．　The　Suyama　pyroclastic　rocks，

unconfomably　covered　by　the　conglomerate，　have　fission

track　ages　of　65　and　58　Ma．　The　sedimentation　of　the

conglomerate　seems　to　have　occurred　after　latest
Cretaceous，　probably　in　Paleogene．　Ui’s（1980）opinion　that

the　Atera　Nanataki　conglomerate　is　correlated　to　the　Upper

Cretaceous　lzumi　Group　is　thus　in　question．

9．Eocene－Miocene　Shidara　Group
　　　In　this　area，　rhyolitic　tuff，　tuff　breccia，　sandstone　and

shale　of　the　Shidara　Group，　as　well　as　andesite　dykes，　are

exposed．　A】10f　the　Shid，ara　Group　have　been　known　as

middle　Miocene　formation．　Recently，　the　lower画of　the

Shidara　Group　was　determ董ned　to　be　the　Paleogene
fomation　by　evidences　o笛sslon－track　ages　of　Oligocene

from　　　　　rhyolitic　　　　　　　　　　　　　tuff　and　Eocene　molluscs（Hayashi　and

Kosllimizu，1992）．　Around　Ohshima　and　Kurinokishiro，　the

pyroclastic　rocks　uncon　fo　rrn　ably　lie　on　the　cataclasite，　the

Asakasvazawa　Formation，　the　Asakawazawa　granite，　and　the

Aikawa　tonalite（Figs．38，41a　and　44）．　While　sandstone，

shale．　and　rhyolitic　tuff　unconformably　covers　the
cataclasite　around　Hosokawa（Figs．38　and　48）．　There　are

some　andesite　dykes　which　intruded　into　th鳩　nappes．

　　　　D．Graphitization　of　carbonaceous　material　in　the

Asakawazawa　Formation，　the　Nanasatoisshiki　Formation
　　　　　　　　　　　　　and　the　cataclasite　zone

Sedimentary　rocks　gencrally　contain　carbonaceous

materia1．　The　carbonaceous　material　recrystallizes　to　form

graphite　’　structures　with　an　increase　in　diagenesis　and

metamorphism．　Studies　of　the　transformation　is　called

graphitization．　The　carbonaceous　material　in　regional　and

contact　metamorphic　rocks　has　been　done　by　many　workers

（e．g．　Landis，1971；Grew，1974；Tagiri＆Tsuboi，1979；

Tagiri，1981，1985；Itaya，1981；Okuyama－Kusunose＆
Itaya，1987），because　of　the　usefulness　of　the　graphitization

process　as　an　indicator　of　relative　metamorphic　temperature

（in　the　greenschist　facies　and　Iower。temperature
metamorphic　rocks）．

　　The　Asakawazawa　and　the　Nanasatoisshiki　Formations

of　the　nappe　complex　appear　to　have　been　metamorphosed

at　low－grade，　resulting　in　the　formation　of　white　mica　and

chlorite　as　metamorphic　minerals．　Biotite　does　not　occur．

Graphitization　of　carbonaceous　material　in　the
Asakawazawa　forrnation　and　the　Nanasatoisshiki　formation

were　analyzed　to　determine　their　metamorphic　grades．

Additionally，　graphitization　of　cataclasite　derived　from

pelitic　rocks　were　analyzed　to　discern　their　origins．

Carbonaceous　material　was　separated　from　silicate　minerals

by　a　method　modified　after　Itaya（1981）and　Tagiri（1981，
1985）．

1．Analytical　method

　　The　X－ray　powder　diffractometer　was　controlled　as

follows－aCu・Kαof　20　KV　15mA，　a　Ni－filter，　a　1°－0．3mm－

1°slit，　a　scannillg　rate　of　1°1mln，　and　a　chart　speed　of　10

mm！min．　The　doo20f　graphite　was　measured　and　the

diffractomcter　was　nln　between　15°and　35°．　The　peak－

valuc（2θ）　and　the　half　height　width　of　thc　carbonaceous

material　were　obtained　from　each　X－ray　diffractogram．

Each　diffractogram　was　calibrated　with　a　silicon　standard．

The　2θposition　and　width　of　the（002）refraction　were
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Table　2L　X－ray　data　of　carbonaceous　material　from

pelitic　rocks　in　the　Asakawazawa　Formation，　the
Nanasatoisshiki　Formation　and　the　cataclasite　zone．

sample
No．

20 deo2 Peak　width
（　　20）

Asakawazawa　Formation

AsF－1
AsF－2
AsF－3
AsF－4
AsF－5
AsF－6
AsF－7
AsF－8
AsF－9
AsF－10
AsF－11
AsF－12

26．50
26．50
26．50
26．50
26。50
26．50
26．40
26．50
26．45
26．55
26．40
26．45

Nanasatoisshiki

NF－1　　　25．20
NF－2　　　25．10
NF－3　　　25．50
NF－4　　　25．10

Cataclasite　Zone

CZ－1
CZ－2
CZ。3
CZ－4
CZ－5
CZ－6
CZ－7
CZ－8
CZ－9
CZ－10
CZ－11
CZ－12
CZ－13
CZ－14
CZ－15
CZ－16

26．55
24．90
25．10
26．55
24．90
25。22
25．20
24．70
25．70
24．40
26．20
26．01
25．90
25．25
26．60
26．50

6
6
6
6
6
6
8
6
7
6
8
7

3
3
3
3
3
3
3
3
3
3
3
3
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measured　at　half　the　peak　height　on　the　diffractogram．　The

interPlanar　spacing　doo2　was　calculated　from　the　2e　values．

2．Result

　　Typical　X－ray　diffractograms丘om　15°to　35°20　Cu－Kα

of　the　carbonaceous　mate！ial　in　the　Asakawazawa　and　the

Nanasatoisshiki　Formatlons　are　shown　in　Figure　49　The

locations　of　the　samples　from　the　Asakawazawa　and　the

Nanasatoisshiki　Fomations　and　their　peak　width　at　half
height　ln　2e　arc　shown　in　Figure　50a．　The　data　of　2θ，dOO2，

and　peak　width　at　half　height　in　2θare　given　in　Table　2．

The　acid　insoluble　mineral　is　mostly　zircon，　which　is　fbund

in　most　of　thc　samples．　Anatase，　n】tile，　and　toumlaline　are

found　in　some　samples．

　　From　the　Asakawazawa　Formation，　the　diffraction
pattern　of　the　carbonaccous　matcrial　has　only　one　sharp

（002）peak　of　graphite　located　at　a　higher　2e　with　a　swelled

background（Fig・49）・Its　peak　width　at　half　height　and　doo2

range　from　O．4（2e）to　O．9（2θ）and　from　3．36A　to　3．38A，

respectively．

　　In　Figure　49，　the　diffraction　patterns　of　carbonaceous

mate．rial　in　the　Nanasatoisshiki　Forrnation　have　two　peaks－

one　is　a　sharp　peak　corresponding　to（002）peak　of　we11－

ordered　graphitc，　and　the　other　is　a　diffuse　peak　located　at　a

lower　2θ　than　the（002）peak．　For　the　diffusive　peak，　its

　やeak　width　at　half　height　and　dOO2　range　ffom　4．9（2e）to

　7．1（2θ）and　from　3．49A　to　3．55A，　respectively．　Th6　sharp，

　but　weak，（002）peak　of　graphite　in　the　Nanasatoisshiki

　Formation　can　be　at口ibuted　to士elict　wel1－ordered　graphite

　of　detrital　origin．　The　presence　of　both　a　sharp　and　diffuse

　peak　in　the　X－ray　diffractogram　was　also　reported　for

　carbonaceous　material　in　some　Japanese　Paleozoic　slates

（Fujinuki　et　al．，1974），　Mesozoic　shales（Tagiri＆Tsuboi，

　1979），and　the　Sambagawa　metamorphic　rocks（ltaya，
ユ981）．Mixing　of　the　detrital　well－ordered　graphite　in　the

pelidc　rocks　of　the　Nanasatoisshild　Formation　suggests　that

the　carbonaceous　material　was　supplied・from　high－
temperature　metamorPhic　rocks．　　　　　　　　　　　　　・

　　　Histograms　of　peak　width　at　half　height　from　X－ray

dif行actograms　in　the　Asakawazawa　Formation・and　the

Nanasatoisshiki　Formation　are　shown　in　Figure　50c．
Distribution　of　dOO20f　carbonaceous　material　in　the

Asakawazawa　Formation　is　entirely　different　from’血at　in

the　Nanasatoisshiki　Formation

　　　The　graphitization　of　carbonaceous　material　chiefly

depends　not　on　the　pressure　but　on　the　temperature　and　the

duration　of　metamorphism．　　In　the　Sambagawa
metamorphic　belt，　the　carbonaceous　material　in　the　pelitic

schists　approaches　wel1－ordered　graphite　only　at　a
temperature　near　the　biotite　isograd（Itaya，1981）．　In　other

regional　metamorphic　terrains，　the　Wakadpu　schists　in　New

Zealand（Landis，1971）and　rocks　in　the　Narragansett　basin

of　New　England，　U．S．A．（Grew，1974），　we11－ordered

graphite　appears　at　a　metamorphic　grade　corresponding　to

the　biotite　zone．　On　the　other　hand，　in　the　Miyatnori　contact

aureole　in　Northeast　Japan，　well－ordered　graphite　appears

only　in　the　sillimanite　zone．

　　　　In　the　Asakawazawa　Fomation，　the　carbonaceous
material　is　well－ordered　graphite　or　slightly　less　ordered

graphite．　It　suggests　that　the　metamorphic　grade　in　the

Asakawazawa　Formation　is　correlated　w量th　the　upper　to

middle　greenschist　facies，，as　compared　with　the
graphitization　of　carbonaceous　material　in　the　Sambagawa

metamorphic　rocks　by　Itaya（1981）．　On　the　other　hand，　the

diffraction　pattern　of　the　Nanasatoisshiki　Formation　mainly

has　a　diffuse　peak，　and　shows　that　the　carbonaceous

material　consists　of　a　mixture　of　sma11　grains　of　different

crystallinity．　The　crystallographic　data　obtained　through　the

bulk　X－ray　diffraction　can　be　considered　as　average　values，

and　suggest　that　the　crysta11inity　of　carbonaceous　material　is

weak．　It　suggests　that　the　metamqrphic　grade　in　the

Nanasatoisshiki　Fomation　can　be　correlated　with　prehnite－

pumpellyite　facies．

　　The　locations　of　the　samples丘om　the　cataclasite　zone

and　their　peak　width　at　halfheight　are　shown　in　Figure　50b．

The　data　of　2e，dOO2，　and　peak　width　at　half　height　are　given

in　Table　2．　A　histogram　of　peak　width　at　halfheight　of　the

carbonaceous　material　from　pelitic　rocks　of　the　cataclasite

zone　is　shown　in　Figure　50c．　Its　peak　width　at　half　height

and　dOO2　range　from　O．5（2θ）to　8．9（2θ）and　from　3．36A　to

3．58A，　respectively．、This　suggests　that　pelitic　rocks　with

various　degrees　of　graphitization　occur　in　the　cataclasite

zone．　It　can　be　inf巳rred　that　some　of　the　pelitic　rocks　with

well－ordered　graphite　were　derived　from　the　Asakawazawa

Formation，　and　those　with　the　diffuse　diffraction　peaks　were

derived　from　the　Nanasatoisshiki　Fomation，　But　some
pelitic　rocks　have　moderate　diffraction　peaks，　the　origin　of

which　remains　unknown．　As　the　pelitic　rocks　are　associated

with　cataclasites　derived　from　acid　volcanic　rocks，　it　might
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be　concluded　that　the　original　rocks　were　affected　by

therrnal　metamorphism，　simultaneous　with　the　Suyama
pyroclastic　rocks．　The　data　for　graphitization　of　the

cataclasite　also　supPorts　the　conclusion　that　the　cataclasite

zone　i．s　a　crush　melange　which　includes　various　kinds　of

rocks．

E．Rb－Sr　ages　of　the　Ohshima　granitc，　the　Aikawa

　　　　　tonalite　and　Asakawazawa　graniこe

　　Some　granitic　rocks，　the　Ohshima　granite，　the　Aikawa

tonalite，　and　the　Asakawazawa　granite，　are　found　in　the

Ryoke　nappe　complex　in　the　Mikawaono。Toei　area．　Rb・Sr

whole－rock　and　mineral　isochron　ages　of　the　granitic　rocks

were　measured　to　determine　thcir　origins．

1．．Analyzed　samples

　　Samples　from　the　Ohshima　granite，　Aikawa　tonalite，　and

Asakawazawa　granite　were　co1！ected　at　the　locations　shown

in　Figurcs　51　and　52．　A　whole－rock　sample　was　analyzed

from　the　Ohshima　granite．　This　sample　was　slightly－

deformcd　as’evident　by・the’dcformation　lamellae　in　quartz．

Some　biotites　were　replaced　by　chloritc．　K－feldspar　and

plagioclase　were　separated　from　this　sample　for　age

determination．

　　Two　samples，　AiT－1　and　AiT－2，　were　taken　from　the

Aikawa　tonalite．　Both　have　a　compositional　layering　with

thicknesses　of　about　several　cm，　and　a　mylonitic　structure．

The　mylonitic　foliation　is　subparallel　to　the　layering．　The

AiT－1　sample　is　dMded　into　five　whole－rock　samples（AiT－

1A－E），　which　were　each　collected　from　difCerent　layers．

The　layer　from　AiT－1Alooks　like　a　dyke，　which　may　have

predated　the　mylonitization，　as　infヒrred　from　the　granitic

mylonite　inclusions　and　dle　continuous　mylonidc　foliation．

Awhole－rock　sample，　AiT・2A，was　taken　from　the　sarnple

AiT－2，　for　measuring　a　mineral　isochron　age．　K。feldspar

and　plagioclase　wcre　separated　from　thc　AiT－2A　layer．

These　mineral　samples　are　composed　of　a　mix加re　of
porphyroclasts　and　fine，　recrystallized　grains．　A　wholc－rock

sample　of　AiT－2B，　was　also　analyzed．

　　Nine　whole－rock　samples　of　the　Asakawazawa　granite

were　analyzed．　Five　samples（AsG。2，4，5，6and　15）were

taken　from　the　uppcr　portion　of　the　nappe（Fig．52）．，Two

minerals（plagioclase　and　K－feldspar），　which　wcre　separated

f『om　AsG－5，　were　also　analyzcd．　The　lower　pordon　of　the

nappe　is　strongly　affected　by　cataclastic　deformation　which

postdated　the　mylonidzadon．・In　order　to　invesdgate　the

effect　of　cataclastic　deformation，　four　samples（AsG－7，8，

11and　12）wcre　also　co】lected　from　the　lower　cataclastic
　　　の
poruon・

2．Analytical　techniques

　　The　seventeen　wholc－rock，and　six　mineral　samples，

described　above，　were　analyzed　isotopically．　Rb　and　Sr

concentrations　were　determined　by　X－ray伽orescence　and
by　isotopic　dilution　method　using　a　87Rb－86Sr　mixed　spike．

Rb　and　Sr　were　separated　following　the　procedures

described　by　Kagami　et　al．（1982，1987）．。　Mass
spectrometric　analyses　were　made　using　a　MAT261　mass
spectrometer　in　the　Institute　fbr　Study　of　the　Earth’s　Interior

at　Okayama　University．　The　87Sr186Sr　ratios　were
normalized　to　86Sr188Sr＝0．1194．
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Table　3．　Rb－Sr　data　of　the　Ohshima　granite，　the　Aikawa　tonalite　and　the　Asakawazawa

　　　　granlte・

sample Rb（ppm） Sr（ppm） 87Rb／曾6Sr　8〒Sr／96Sr（2σ）畳

Ohshima　granite
Q1－12
Q1－12
Q1－12

Whole－rock
K－feldspar
Plagioclase

90．3
281。9
69．2

174．3
131．4
272．3

1．4988
6．2135
0．7352

O．70890（2）
0．7］．419（1）

0．70801（2）

Aikawa
AiT－1A
AiT－1B
AiT－1C
AIT－ID
AIT－1E
AiT－2A
AiT－2A
AiT－2A
AiT－2B

tonalite
Whole－rock
Whole－rock
Whole－rock
Whole－rock
Whole－rock
Whole－rock
K－feldspar
Plagioclase
Whole－rock

　53．0

67．2
　60．0

　75．9

78．0
94．3

122．7
37．4
90．0

315．0
195．1
338．9
190．3
192．2
231．4
254．8
187．5
405．9

0　．’　4870

0．9967
0．5122
1．1535
1．1745
1．1795
1．3939
0．5766
0．6419

，　0．70748（3）

　　0．70818（3）

　　0。70762（2）

　　0．70831（1）

　　O．70826（2）

　　0．70900（1）

　　0。70931（2）

　　O．70852（2）

　　O．70865（2）

Asakawazawa
AsG－2
AsG－4
AsG－5
AsG－5
AsG－5
AsG－6
AsG－7
AsG－8
AsG－11
AsG－12
AsG－15

　　granite
Whole－rock
Whole－rock
Whole－rock
K－feldspar
Plagioclase
Whole－rock
Whole－rock
Whole－rock
Whole－rock
Whole－rock
Whole－rock

111．2
75．5
86．6

266．9
39．1
69．1
94．6
64．4
64．5骨蔓

103．5競
71．9誉聾

188．2
325．1
209．8
173．9
182．8
171．8
150．5
368．6
232．6畳蔓

280．9競
207．3誉管

1．7094
0．6721
1．1936
4．4426
0．6188
1．1639
1．8190
0．5053
0．8023
1’．0661

1．0035

0．70970（2）
0．70750（1）
0．70850（1）
0．71132（2）
0．70791（2）
O．7085i（1）
0．70873（1）
O．70758（1）
0．70785（2）
0．70806（1）
O．70800（2）

　聾　　Numbers　in　parentheses　for’the　s　7　Sr／96Sr　ratios　refer　to　the　2σ
error　in　the　last　dlgit・　誉穏　Rb　and　Sr　by　XRFS；　others　by　isotopic
dllusion．

Fig・52・Location　map　of　the　analyzed　Rb　and　Sr　samples　from　the　Asakawazawa　9ranite

（AsG）．
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Fig．53．　Rb－Sr　isochron　diagram

for　the　Ohshima　granite．

　　The　Sr　isotopic　ratios　for　NBS987　were　measur同d　seven

times　during　this　study．　　The　average　ratlo　was
O．710252±0．㎜15（ib）．　Rb－Sr　whole－rock　isochron　ages

wcre　calculated　using　the　equation　of　York（1966）and

λ87Rb＝1．42×1Q・11y・1（Steiger　and　t証ger・1977）・

3．Results
　　The　Rb－Sr　data　are　given　in　Table　3　and　isochron

diagrams　in　Figures　53，54　and　55．　The　following　age

calculations　have　been　made：

a．Ohshima　granite
　　Mineral　samples（K－feldspar　and圏plagioclase）and　a

whole－rock　sample　fom　an　isochron　which　indicates　an　age

of　79．3±0．9　Ma　with　a　MSWD（mean’square　of　weighted
deviates）of　O．0169　and　a　Srl（87Sr／86Sr　initi　al　ratio）of

O．70719±0．㎜4（ib）．

b．Aikawa　tonalite
　　As　AiT－1A　looks　like　the　mylonite　derived　from　a　dyke

before　myloniti7．ation，　the　data　of　AiT－IAis　excluded毛rom

the　regression．　The　four　remaining　data　of　sample　AIT－1

define　an　isochron　age　of　72．3±14．1　Ma（MSWD＝0．0717）

with　a　Srl　of　O．70711±0．00020（2σ）．　The　data　of　the　whole－

rock　sample　AiT－2A　and　mineral　samplcs　of　K－feldspar　and

plagioclasc　define　an　isochron　age　of　65．9±14．6　Ma

（MSWD＝0．1969）with　an　SrI　of　O．70801±0．00017（2σ），

The　data　of　AiT－2B　also　plot　near　the　mineral　isochron．

There　are　very　large　2σerrors　on　the　intercept・　Thus　dlese

ages　overlap　with　one　another　at　2σ1eve1．

c．Asakawazawa　granite
　　The　whole－rock　samples　fall　into　two　distinctive　groups．

One　group　defines　an　isochron　corresponding　to　an　age　of

151．6±18．3Ma（MSWD＝0．2748）with　an　SrI　of
O．70597±0．00031（2σ），whereas　the　other　group　gives　an

good－fit　isochron　indicating　an　age　of　61・．5±1．4　Ma

（MSWD＝0．0157）and　an　Srl　of　O．70714±0．㎜2（ib）．　The

former　was　taken　from　the　upper　portion　of　the
Asakawazawa　granite　nappe，　the　latter　from　the　lower

portion　affected　by　cataclastic　deformation・

　　The　data　of　the　mineral　samples（K－feldspar　and
plagioclase）and　the　whole－rock　sample　for　AsG－5　define　an

isochron　age　of　62．2±3．O　Ma（MSWD＝0．1344）with　an　SrI

1
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g
e
／
」
S
L
°
°

．711
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Fig．54．　Rb－Sr　isochron　diagram

for　the　Aikawa　tonalite．
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Fig．55．　Rb－Sr　isochron　diagram

fbr　the　Asakawazawa　granite．

of　O．70740±0．00011（2σ）．　This　is　similar　to　the　age

obtained　from　the　whole－rock　isochron　age　of　the　lower

cataclastic　portion　of　the　granite．

4．Interpretation’of　Rb－Sr　isotopic　ages　of　the　granitic　rocks

a．Ohshima　granite

　　The　mineral　isochron　age　of　79．3　Ma　was　obtained　for

the　Ohshima　granite．　Mineral　ages　represent　either　the　time

of　crystallization　of　a　minera1，　the　cooling　to　a　temperature，

at　which　point　the　mineral　becomes　a　closed　system，　or　a

】ater　metamorphic　event．　As　the　analyzed　samp】e　escaped

from　mylonitlzation　along　the　nappe　boundary，　its　mineral
age　of　79．3　Ma　is　considered　to　represent　either　the　time　6f

crysta川zation　or　that　of　cooling．　The　non－mylonitized　part

of　the　Ohshima　granite　is　generally　massive　without
gneissose　structure，　which　is　characteristic　of　the　older

Ryoke　granites．　The　Srl　of　O．70719for　the　granite　is　within

the　range　for　that　of　other　Ryoke　granites．　Thus，　the

Ohshima　granite　is　regarded　as　one　of　the　younger　Ryoke
　　　　　コ

graPltes．

b．Aikawa　tonalite

　　Amineral　isochron　age　of　65．9　Ma　and　a　whole　rock

isochron　age　of　72．3　Ma　were　obtained　for　di脆rent　samples

of　Aikawa　tonalite．

　　There　ls　a　possibility　that　the　whole　rock　isochron　age　is

closeIy　related　to　the　time　of　formation　of　a　suit　of

comagmatic　rocks　in　the　Aikawa　tonalite．　But　it　is　doubtful

tha¢it　actually　recorded　this　date　because，　under　upPer

amphibolite　facies　condition，　the　Aikawa　tonalite　underwent

mylonitic　defomation　involving　dynamic　recrystallization

and　drastic　grain　size　reduction．　　Such　deformation

increas6s　intracrystalline　strain　energy　and　enhances
intracrystalline　diffusion（Cohen，1970；Brodie，1980　etc．）．

AdditionaUy，　grain　size　reduction　may　greatly　increase

dlffusion　along　graill　boundaries（（≠Beach，1980）．

　　In　the　Takato　area　K－Ar　ages　from　56　to　38　Ma’havc

been　reported　for　the　Hiji　tonalite（mylonite）which　is

correlated　with　the　Aikawa　tonalite（Shibata　and　Takagi，

1988）．But　the　K－Ar　ages　of　the　Katsuma　quartz　diorite，

which　intruded　the　Hiji　tonalite　subsequent　to
mylonidzadon，　are　70　Ma（homblende）and　63　Ma（biodte）．

Because　of　a　whole　rock　Rb－Sr　age　of　about　90　Ma　fピom　dle

non－mylonitized　Hiji　tonalite　from　a　selected　area（Yamana

et　al．，1983），　the　main　stage　of　mylonitization　is　interpreted

to　have　occurred　between　90－70　Ma（Shibata　and　Takagi，

1988）．　Additionallyl　a　non－deformed　younger　Ryoke
granite　of　87．7　Ma　intruded　into　mylonite　in　AwゆIsland，

mylonitization　is　considered　to　have　occurred　before　87．7

Ma（Takahashi，1992）．　I　thus　cannot　regard　the　isochron

ages　of　72．3　Ma　and　65．9　Ma　as　mylonitization．ages．　The

AiT－2　sample，　carrying　the　mineral　isochron　age　of　66　Ma，

contains　low－grade　mineral　alterations（for　example
saussuritlza【ion　of　plagioclase　and　chloritizat童on　of　biotite）．

These　ages　may　haVe　been　produced　by　a　resetting　of　the

Rb－Sr　isotopic　systems　due　to　a　low－grade　geological　event

aftermylonitization．　An　exact　interpretation　of　the　age　data

丘om　the　Aikawa　tonalite　remains　undetermined．

c・Asakawazawa　granite

　　　The　whole－rock　age　of　151．6　Ma　from　the　upper
mylonitic　portioh　is　considered　to　be　related　to　the　time　of

mylonitization　according　to　the　following　argument．　The

analyzed　Asakawazawa　granite　has　a　penetrative　mylonitic

deformation，　which　resulted　in　dynamic　recrystallization　of
　　　　　　　　　　　　　　　　　　　　　　ゆ　　　　　　　　　　　　　　　　　　　　　ロ

」ts　const1加ent　mmerals　and　drastic　grain　size　reduction．

Both　plagioclasc　porphyroclasts　and　dynamica1】y
recrystallized　plagioclase　in　the　granite　facies　have　the　same，

chemical　composition　（An13－17）．　The　cores　of　the

plagioclase　in　the　granitic　rocks　of　the　Ryoke　belt　generally

have　an　content　of　more　than　30　percent（e．g．，　Yamada　et

o1．，1977）．　The　chemical　composition　of　the　plagioclase　in

the　Asakawazawa　granite　may　have　gready　changed　during

mylonitization．　The　K－feldspar　porphyroclasts　have　a

composition　of　Or84．97，　while　the　dynamically
rccrystallized　K・feldspar　have　Org4．97　compositions．1The

latt・・．・1s・・h・ng・d・・mp・siti・n　d・・i・g　my1・nitizati・n．　A・

mentloned　above，　the　mineral　constituents　in　the
Asak・wazaw・g・anite　apPears　t・have・nd・・g・ne
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modification　in　their　chemical　compositions　during
mylonitization，　due　to　intracrystalline　diffusion．　Diffusion

along　grain　bounda’ ries　also　may　have　becn　greatly
increased　by　grain　size　reduction（cf．　Beach，1980）．　Thus，

the　process　of　mylonitization　may　have　induced　resetting　of

the　Rb－Sr　whole－rock　system（cf．　Smalley　et　at．，1983）．

However，　the　time　of　intnlsion　is　not　likcly　to　be　much

o】der　than　151．6　Ma，　because　dynamic　recrystallization　of

plagioclase　occurs　at　a　tempcrature　higher　than　500°C（cf．

Tullis　and　Yund，1977），　and　the　granite　was　still　at

relatively　high　temperature　during　the　mylonitization．
Based　on　these　ideas，　it　can　be　assumed　that　the　time　of　the

intrusion　of　the　Asakawazawa　granite　is　late　Jurassic．

　　Additionally，　the　whole－rock　age　of　61．5　Ma　from　the

lower　cataclastic　portion　of　the　Asakawazawa　granite　is

remarkably　younger　than　the　one　from　the　upper　mylonitic

portion．　According　to　Smalley　et　al．（1983），　the　Rb－Sr

whole－rock　system　can　be　reset　evcn　by　relatively　low－grade

geological　events．　The　whole・rock　age　of　61．5　Ma　is

considercd　to　be　related　to　the　resetting　of　the　Rb－Sr　whole－

rock　system　during　cataclastic　deformation　following　the

fomation　of　the　nappe　complex．　The　minerals，　which　were

separated　from　AsG－5　yield　an　isochron　age　of　62．3　Ma．

The　mineral　age　from　the　upper　mylonitic　portion　of　the

Asakawazawa　granite　is　similar　to　the　whole－rock　age　from

the　lower　cataclasite．　The　mineral　isochron　age　of　62．4　Ma

may　also　be　a　result　of　a　resetting　of　the　Rb－Sr　system．

The・re・fo・re，　it　is　interPreted　that　the　jointing　of　the　Ryoke　belt

and　of　the　Sambagawa　belt，　which　followed　th6　formation

of　the　Ryoke　nappe　complex，　occurred　at　the　time　of　early

Paleogene．

　　　　E．Geotectonic　history　of　the　Mikawaono－Toei　area

　　The　fo1】owing　geotectonic　history　of　the　Mikawaono－

Toei　area　is　based　on　the　above　data．

　　（1）The　Asakawazawa　granite　was　my；onitized　during

　　　　the　latest　Jurassic　age．　The　Aikawa　tonalite　was・

　　　　mylonitized　before　72　Ma．　The　intrusion　of　the

　　　　Ohshima　granite　occurred　at　about　79　Ma．　The
　　　　Suyama　pyroclastic　rocks　were　produced　at　about　65

　　　　Ma．

　　（2）The　Asakawazawa　Formation，　the　Asakawazawa
　　　　granite，　the　Aikawa　tonalite，　the　Ohshima　granite，　the

　　　　Suyama　pyroclastic　rocks，　and　the　Nanasatoisshiki

　　　　Formation　were　transported　as　nappes，　resulting　in　the

　　　　fomation　of　cmsh　melange　and　thrusting　ofthe　nappe

　　　　complex　over　the　Sambagawa　belt．

　　（3）The　Atera　Nanataki　conglomerate　was　deposited　on

　　　　the　Ryoke　nappe　complex．

　　（4）NE－SW甘ending　up屯ht　fblds　were　fbrmed．

　　（5）The　Eocene－Miocene　Shidara　Group　unconformably

　　　　covered　the　Ryoke　rocks　and　the　Sambagawa
　　　　metamorphic　rocks．

　　　（6）The　Hosokawa　faults，　with　a　NE－SW　trend，　was

　　　　fomed．

VIII．　Tectonic　synthesis　and　P－T－D　path　of　the　Ryoke

　　　　　　　　　　　　　　　　　　belt

　　As　mentioned　before，　the　geotectonic　history　of　the

southem　margin　of　the　Ryoke　belt　has　been　described　and

discussed　in　the　Sakuma，　the　Hoji　Pass，　the　Tgmiyama

Hiraoka，　and　the　Mikawaono－Toei　areas（Ohtomo，1986，

1987a＆b，1988，1989）．　The　tectono－metamorphic　proccss

of　the　main　Ryokc　bch　had　becn　described　by　Seo　and　Hara

（1980），Seo　et　al．（1981），　Seo（1985）and　Nureki　et　at．

（1982）and　Yuhara（1990）．　In　this　chapter，　the　tectono－

metamorphic　history　of　the　Ryoke　belt　will　be　discussed　on

the　basis　of　the　metamorphic　and　sructural　data　of　the　main

and　the　southem　marginal　regions．

1．Dl

　　Dl，　related　to　formation　of　thc　S　l－schistosity，　is　the

earliest　phase　dcfo叩ation　in　the　Ryoke　belt．　Thc　S1－

schistosity　is　recognized　as　preferred　dimensional
orientation　of　inclusion　minerals　in　porphyroblasts・K－

feldspar，　cordierite，　and　andalusite．　SI　indicatcs　that　a
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　いmetamorphism　associated　with　the　DI　tectonism　occurred
before　the　fonnation　of　these　porphyroblasts．　The　structural

featurcs　correlated　with　S　I　were　described　in　detail　in　the

Mikawa　Plateau（Seo　and　Hara，1980；Seo　et　al1，1981）．

They　were　also　dcscribed　in　the　Shishijima　area，　Seto　Inland

Sea（Nureki　et　al．，1982），　the　Sakuma　area（Ohtomo，1987a

＆b；this　study），　and　the　Ina　area（Yuhara，1990）．　Seo　et　al．

（1981）found　that　staurolite　has　a　preferred　dimensionaレ

orientation　with　othcr　inclusions　in　biotite　and　andalusite

po】叩hyroblasts．　The　mineral　assemblages　in　pelitic　rocks

during　the　Dl　phase　include　biotite＋muscovite＋plagioclase

＋quartz　in　the　Sakuma　area，　staurolite＋biotite＋gamet　in　the

Mikawa　Plateau，　and　biotite＋muscovite＋plagioclase＋quartz

in　the　Shishi－jima　area．　Though，　staurolite　is　only　found　in

the　Mikawa　Plateau　in　the　Ryoke　belt，　Seo　et　al．（1984）

assumed　that　staurolite　was　present　during　the　D　I　phase，

because　the　zincian　hercynitc　in　pelitic　gneisses　was

recrystallized　at　the　expense　of　staurolite，　based　on　the

microscopic　structure　and　the　chemistry　of　the　hercynite　and

the　presence　of　sillimanite　in　the　Uo・shima　arca，　Seto　Inland

Sea．

　　From　the　Fe2＋－Mg2＋distribution，　betwecn　gamet　and

staurolite　（Perchck，　1977），　included　in　andalusite

porphyroblasts，　tlle　metamorphic　temperature　and　pressure

of　DI　have　been　estimated　by　Sco（1985）to　be　490　to

520°Cand　3．3　to　3．8　Kb．　But　thc　mineral　assemblage　of

staurolite，　gamet，　biotite，　muscovite，　and　quartz　and　the　lack

of　andalusite　and　cordieritc，　appear　to　be　comparable　with

medium－prcssure　Barrovian　metamorphism．　Additionally，
on　the　base　of　the　fact　that　fibrolite　was　formcd　after　S　1　and

before　the　for血ation　of　porphyroblasts，　Sco　et　o1．（1981）

pointed　out　that　the　first　phase　mctamorphism　with　D　l　was

皿edium－pressure　metamorphism（Fig．56）．

　　SI　has　bccn　observcd　not　only　in　the　main　Ryoke　belt・

the　Mikawa　Plateau，　Seto　lnland　Sea，　and　thc　Ina　area，　but

also　in　the　southcrn　margin　of　thc　Ryoke　belt，　the　Sakuma

area．　S　1　scems　to　be　a　charactcristic　dcformation　phase　of

the　Ryoke　beh，

2．Inter－D1－D2

　　Extensive　growth　of　porphyroblasts　occurred　after　D　l

and　befbre　D2．　Means　and　Patcrson（1966），　Etheridgc　880’．

（1974）and　Tullis（1976）showed　experimentally　that　biodte

flakes　w　　　　　　　hich　appear　under　defomadon　condiほon　have　a

dimensionally　preferred　orientation　witl曲eir（001）nomal

to　the　axis　of　maximum　shortening．　Seo　and　Hara（1980）

showed　thaUhe　Iattice　fabrics　fbr　the　biotite　porphyroblasts

（A－biotite）produced　during　the　inter－D1－D2　phase　is　not

coincident　with　their　dimensional　fabric，　which　shows　a
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distinct　preferred　orientation　parallel　to　the　wrapped

schistosi　ty（S2）．　From　these　microstructures　of　the　biotite

porphyroblasts，　Seo　and　Hara（1980）『suggest　that　the

porphyroblasts　grew　under　non－defomational　conditions．

　　The　metamorphic　features　correlating　to　the　growth　of

the　biotite　porphyroblasts　in　the　Mikawa　Plateau　have　not

only　been　observed　in　the　southem　margin，　but　also　in　other

areas　of　the　Ryoke　belt．　The　reported　mineral　assemblages

of　porphyroblasts　during　the　inter－D1－D2　phase　include

andalusite＋cordierite＋K－feldspar＋garnet＋biotite　in　the
Mikawa　Plateau（Seo　et　at．，1981），　andalusite＋cordierite＋K－

feldspar＋gamet　in　the　Sakuma　area（Ohtomo，1987a＆b；
this　paper），　and　sillimanite＋andalusite　in　the　Hiraoka－

Kadotani　arca（Yokoi，1983）．　From　the　Fe2＋－Mg2＋

distribution　betwecn　cores・of　garnet　grains　and
porphyroblastic　biotite　grains（げ．　Thompson，1975；
Perchuk，1977），　the　metamorphic　conditions　of　this　phase

has　were　estimated　by　Seo（1985）to　be　about　500－550°C

and　3Kb．　According　to　Seo（1985）and　Seo　et　o1，（1981），

the　unusual　fibrolite　is　included　in　andalusite
porphyroblasts．　It　is　clear　that　the　fibrolite　predates　the

metamorphism　of　the　inter　D　l－D2　phase．　It　does　not　show

prcferred　dimcnsional　orientation　unlike　the　cases　of　other

inc】usion　minerals　formed　during　the　DI　phase．　Seo　et　al．

（1981）suggested　that，　when　passed　from　the　first
metamorphic　phasc　of　DI　to　the　second　metamorphic　phase

of　inter－D1－D2，　the　metamorphic　condition　changed　through

the　sillimanite　stability　field　and　that　the　appearance　of

staurolite　occurred　as　a　rcsult　of　the　reaction　of

chlorite＋muscovite＝staurolite＋biotite＋quartz＋H20

（Hoschek，1969）in　the　kyanite　stabi1董ty　field．　It　is　infbrred

that　the　metamorphic　conditions　changed　with　the
rcrharkab！e　decreasing　of　pressure　from　the　D　I　phase　to　thc

inter－D　1－D2　phase（Fig．56）．

3．D2
　　Adistinct　foliation（S2）is　now　typically　observed　in　the

Ryoke　mctamorphic　rocks．　In　biotite　gneiss　and　schists，　S2

is　characterized　by　a　prcf6rred　dimensional　and　lauice

orientation　of　biotite．　Seo　and　Hara（1980）discussed　the

development・process　of　schistosity　in　biotite　schist　in　the

Mikawa　Plateau．　Thc　formation　of　C－biotitc　fi　akes【sma11

recrystallized　biotites　found　in　A。biotite　flakes（biotite

porphyroblasts　produced　during　the　inter　D1。D2　phase）｝，

was　induced　by　their　intra－crystalline　slip－deformation　in

the　third　phase．　In　the　fourth　phase，　B－biotite　and　muscovite

flakes，　which　show　preferred　lattice　and　dimensional
orientation　defining　the　schistosity（S2），　resulted　from　the

deformation　with　pressure　solution　under　maximum
compression　normal　to　S2．　The　shift　of　deformation
mechanisms　from　the　third　phase（formation　of　C－biotite）to．

the　fourth，phase（fomation　of　S2）is　considered　to　have

occurred　with　a　decrease　of　strain　rate（Seo　and　Hara，1980）．

　　The　D2　deformation　was　penetrative　and　was
accompanied　by　pressure。solution．　It　occurred　through－out

the　Ryoke　belt　and　produced　a　penetrative　foliation（S2）

without　lineation．　Biotite　and　muscovite　formed　during　the

D2　phase　have　a　preferred　dimensional　and　Iattice
orientation．　Gamet　and　K－feldspar，　without　S　l　inclusion

mincrals，　crystallized　in　elongated　shapes　parallel　to　S2．

Inclusion－free　mantles　of　porphyro－blastic　K。feldspar，

biotite，　and　muscovite　were　also　developed　nomal　to　S2。

The　D2　deformation　was　associated　with　the　formation　6f

the　F2　fold．　In　hinges　of　microscopic　F2　fold，　axial　plane，

cleavage　of　fibrolite　was　rarely　produced，　resulting　from

pressurc　solution．

　　Alarge－scale　conversion　of　the　geologic　structure　in

the　Ryoke　belt　occurred　during　the　D2　phase．　For　example，

in　the　Mikawa　Plateau，　metamorphic　rocks　of　the　andalusite

zone　presently　overlie　those　of　the　sillilnanite　zone．　This

structural　arrangement　was　produced　during　the　third　phase

（an　earlier　stage　of　D2　in　this　paper）between　the．second

metamorphic　phasc（inter－D1－D2　in　this　paper）and　the

fourth　met，rmiorphic　phase（D2　in　this　paper）（Seo　and　Hara，

1980）．During　the　first　and　second　metamorphic　phase（Dl

and　inter－Dl－D2　in　this　paper），　the　metamorphic　mineraI

assemblage　of　the　andalusite　zone　provides　a　higher
metamorphic　temperature　than　the　sillimanite　zone．　Rocks

from　the　andalusite　zone　were　placed　in　a　lowgr　tectonic

position　than　the　sillimanite　zone．

　　Using　various　geothermonheter　and　geobarometer，　the

mctamorphic　conditions　of　D2　have　been　estimatcd　by　Seo

（1985）to　be　420－5300C　in　thc　low－grade　part　and　about

600°C　and　2．5－3Kb　in　the　high－grade　part　of　the　Mikawa

Platcau．　Similar　metamorphic　conditions　have　been
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estimated　by　many　investigators（for　example，　Ono，1977a

＆b；Kutsukake，1977；Hayama，1981；Morikiyo，1984，
1986；etc．），　though　they　did　not　analyzed　the　timing　of

appearance　of　minerals．　Ono（1977a＆b），　Hayama（1962，

1964）and　Seo（1985）assumed　thauhe　mctamorphism
during　the　D2　phase　occurred　under　Iow・pH20　conditions．

The　metamorphism　during　the　D2　phase　rcached　higher－
amphibolite　facies　condition　in　the　culmination　field．　It　is

assumed　that　the　metamorphic　conditions　changcd　with　the

distinct　increasing　of　temperature　from　the　inter－D1・D2

phase　to　the　D2　phase（Fig．56）．　The　Kamihara　tonalite

around　Hiraoka，　which　is　correlatcd　with　the　first　phase

granitic　mass　of　plutonism　of　the　Ryokc　bclt　was　dcfomed

with　the　surrounding　metamorphic　rocks　during　the　D2

phase．

4．D3
　　The　D3　deformation　is　related　to　the　formation　of　the

largc－scale　recumbent　fold　and　the　large・scale　ductilc　shear

zoncs．　The　recumbent　fold，　which　was　fomled　in　the　early

stagc　of　D3，　is　developcd　with　a　N。　NNE。trcnding　axis　and

aW・dipping　axial－plane　in　the　Hiraoka・Tomiyama　area，

involving　the　older　Ryoke　granitcs・the　Kamihara　tonalite

（the　first－phase　granitic　mass　of　the　Ryoke　belt）and　the

Tenryukyo　granite（the　second－phase　granitic　mass）．　The

Tcnryukyo　granite　was　defornied　by　D3　but　not　by　D2，

suggcsting　that　it　was　emplaced　during　the　period　betw㏄n

the　D2　phase　and　the　D3　phase．　The　formation　of　the

recumbent　fold　was　associatcd　with　a　maximum　clongation

shown　by　the　NE－trcnding　strctching　lincation，　which　is

oblique　to　the　NNE－trending　fold　axis．

　　During　the　latcr　stage　of　D3，　the　dcformation　was

concentrated　to　the　lower　portion　of　structural　levcl

resulting　in　the　formation　of　a　ductilc　shear　zone．　　It

occurred　undcr　amphibolite　facies　to　lower・greenschist
facics　condition．　Thc　ductile　shear　zone　is　considcrcd　to　be

ahorizontal　shcar　zone　with　top　to　the　west　shear　in　the

Kayumi　arca，　the　Kii　Peninsula（Sakakibara　et　o1．，1989），

and　with　top　to　soutllwcst　shear　in　thc　Chubu　district

（Ohtomo，1987a，1988；Yamamoto　and　Masuda，1987；
Michibayashi　and　Masuda，1988；ctc．）．　As　the　MTL　in　the

Chubu　district　was　bcnt　during　Miocene，　the　shear　sense　of

both　regions　havc　bccn　regarded　to　be　same．　In　the　latest

stagc　of　D3，　nappe　structurcs　were　formed　in　the　southcm

margin　of　the　Ryoke　belt．　In　the　Hoji　Pass　area，　the

Tenryukyo　granite　nappe　overlies　the　lower－grade
me愉morphic　rock　nappe　which　overlies　the　granite　and

tonalite　mylonite　nappe．　The　metamorphic　condition　during

thc　D3　phase　changed　from　amphibolitc－facies　to　lower－

greenschist　facies（Fig．56）．　Namely　D30ccurred　with　a
distinct　decrease　of　temperature　and　pressure．

5．D4
　　The　D4　deformation　is　ch　aracteri　7ed　by　the　formation　of

the　nappe　complex　and　the　crush　melange．　The　def（）rmation

structures　dudng　the　D4　phase　are　clearly　found　in　the

Mikawaono－Toei　area　and　the　Sakuma　area．

　　During　the　early　stage　of　D4，　the　nappe　comp】ex　was

fomed　in　cataclastic　fashion．　In　the　Sakuma　area，　the

metamorPhic　rock　nappe　is　in　cataclastic　thrust　contact　with

the　granite　and　tonalite　mylonite　nappe（the　Aikaw負
tonalite）．

　　In　the　Mikawaono－Toei　area，　tonalite　mylonite（the

Aikawa　tonalite），　non－metamorphic　rocks（the　Nanasato一

isshiki　Formation），　pyroclastic　rocks　of　upper　Cretaceous

age（the　Suyama　pyroclastic　rocks），　granite　lnylonite　of　152

Ma（the　Asakawazawa　granite），　pelitic　schist（the
Asakawazawa　Formation），　and　granite　of　upper　Cretaccous

age（the　Ohshima　granite）form　nappe　pilcs．　During　nappe

forming　events，　the　79Ma　Ohshima　granite　formed　a
mylonite　zone　under　the　lower　greenschist　facies　conditions，

along　the　nappe　boundary．　A　strongly。developed　cleavage

was　formed　in　the　Nanasato－isshiki　Formation　under
prehnite－pumpel．1ite　facies　conditions．　This　cvidence

suggests　that　thc　nappe　complex　was　formed　at　a　shallow

crusta1】eve1．

　　During　the　later　stage　of　D4，　the　nappe　piles　were　thrust

over　the　Sambagawa　metarnorphic　rocks，　with　the　fonnation

of　crush　mclange　in　the　Mikawaono・Toei　atea．　The　Aikawa

tonalite　directly　overly　the　Sambagawa　metarnorphic　rocks

in　Izumma　to　Kawakami．　　In圏the　Sakuma　area，
backthrusting　also　occurred　at　this　stage．　The　sense　of

thrusting　during　the　D4　phase　has　not　been　yet　dcterniincd．

the　D4　event　was　not　accompanied　by　remarkable
recrystallization　and　grain　growth　of　consdtuent　mincrals，

although　only　carbonate　and　clay　minerals　were　produced　in

the　crush　melange．　The　D4　dcformation　is　characterized　by

cataclastic　features．　The　fomation　of　cn】sh　melange　is

considered　to　havc　occurred　during　the　latest　Crctaceous，　on

the　basis　of　the　whole　rock　isochron　age　of　the　cataclasite

derived丘om　the　Asakawazawa　granite．

6．D5（fonnation　of　the　high　anglc　MTL　and　upright　folds）

　　After　the　thrusting　widl　the　fonnation　of　crush　melange，

a　high－angle　fault　and　upright　folds　were　formed．　The　high－

angle　fault　is　tlle　main　fault　of　the　present　MTL．　The

upright　folds　are　comparable　with　the　folds　widely
developcd　in　Soutllwcst　Japan．　Thelr　axiahrace　have　a　left－

hand　arrangemc爪to　tlle　main　thc　MTL　fault（e．g．　Hara　et

at．，1977，1980b）．　It　is　interprcted　that　the　upright　folds

werc　devcloped　as　cchelon　folds　with　a　left－1ateral　strikc－

slip　component　rclated　to　the　high－angle　MTL．In　the
wcstern　part　of　Kii　Peninsula，　cchelon　folds　are　devcloped

with　other　defonnation　structures　such　as　echelon　faults，

boudinage　structures，　and　shear　zones　in　the　Izumi　Group

（Miyata，1980；Miyata　et　a’．，1980）．　In　the　Chubu　district，

the　fonnation　of　the　upright　folds　prcdate　the　sedimentation

of　the　Eocene－Miocene　Shidara　Group．　In　the　westem　Kii

Peninsula，　the　event　took　place　after　the　scdimentation　of

the　Izumi　Group（80・65　Ma）and　before　middle　Miocene

（probably　before　middle　Eocene）（Ichikawa，1980）．
Previous　work　suggest　that　the　MTL，　with　a　lefこ。1ateral

strike－slip　component，　was　fomled　during　Paleogcnc（pre・

nliddle　Eoccne）．

　　　The　upright　folds　are　not　accompanied　by　the
development　of　axial。plane　cleavages　and　remarkablc
recrystallization　of　constituent　minerals．　They　fbmed　by

flexura1－slip．　Minor　faults　also　typically　occur　along　thcir

axial－plane．　The　upright　folds　postdate　tlle　tcctono－

metamorphic　proccss　of　the　Ryoke　belt．

VIIII．　Tectonic　lmplications

A．Origin　of　the　older　rocks　along　the　MTL

　　Recently，　some　older　rocks　have　been　discovered　in

some　places　along　the　MTL．　Permian　granite　and　its

related　metamorphic　rocks，　accompany　Late　Cretaceous
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sediments，　as　nappes　overlying　the　Sambagawa
’metamorphic　rocks，　have　been　discovered　in　the　northem

margin　of　the　Kanto　Mountalns（Ono，1983；Hayama　and
Research　Group　for　the　I｛iki　Hills，1985；Hay3ma　et　o1．，

1987；Takagi　et　al．，・1989）．　In　the　Mikawaono－Toei　area，　the

Chubu　district，　the　Asakawazawa　granite，　with　a
mylonitization　age　of　152　Ma　has　been　discovered（Ohtomo

and　Kagami，1990；this　paper）．　The　granite　is　a　member　of

nappe　comp】ex　in　southem　margin　of　the　Ryoke　belt．

　　1’n　the　Salnbagawa　metamorphic　belt　on　western　Shikoku，

the　Karasaki　mylonite　contains　160Ma　relict　amphibolite，

and　is　intermingled　with　the　Futami　nappe　schists，　which　are

situated　in　the　uppermost　structural　level　of　the　Sambagawa

megaunit（Takeda　et　al．，1987）．層According　to　Hara　etα’．

（1990），the　Futami　nappe　and　the　Karasaki　mylonite　were

甘ansported　onto　the　Sambagawa　schists　during　the　earlier

stage　of　the　Ozu　phase．　Additionally，　the　older　rocks　have

been　discovered　even　in　the　Ryoke　belt．　Kagami　etα1．

（1987）detemined　that　the　arc－type　gabbro　and　metadiabase

in　the　Ryoke　belt　of　Kii　Peninsula　and　Seto　Inland　Sea，　are

of　Pemian　age．
　　　Most　of　the　original　rocks　of　the　Ryoke　metamorphic

rocks　are　of　Late　Jurassic－earliest　Cretaceous　accretionary

complexes　of　the　Mino－Tamba　Terrane．　The　Ryoke
metamorphism　has　therefore　been　considered　to　have

occurred　during　middle－1ate　Cretaceous　before　the
sedimentation　of　the　Cretaceous　Izumi　Group．　However，

the　original　rocks　of　the　Sambagawa　metamorphic　rocks

have　been　assumed　to　be　accretionary　complexes　of　Early

Cretaceous　age　by　Hara　et　at．（1990）．　Thus，　it　can　be

concluded　that　the　older　rocks，　disUibuted　along　the　MTL，

were　obviously　formed　befbre　the　end　of　the　sedimentation

of　the　original　rocks　of　the　metarnorphic　rocks　on　both　sides

of　the　MTL．

　　Hayama（1989，1991）have　pointed　out　that　these　older

rocks　were　developed　as　continenta1，　Paleo－Ryoke　land．

The　Paleo－Ryoke　land　was　first　proposed　by　Ichikawa
（1964）to　have　been　developed　along　the　southem　sideρf

the　Ryoke　belt．　Additionally，　Hara　et　al．（1990，1991）

pointed　out　that　the　plutonism　and　tectonism　related　to　the

Karasaki　mylonite　occurrcd　in　the　Paleo－Ryoke　land．　It

was　also　suggestcd　that　the　overlying　napPes　containing　the

Karasaki　mylonite　were　transported　onto　the　Sarnbaga曽a

schists，　when　the　structural　relationship　between　the

Sambagawa　Terrane，　and　the　northern　Chichibu，　and

Kurosegawa　Terranes　was　produced　during　the　earlier　stage
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Table　4．　K－Ar　agcs　and　Rb－Sr　mineral　ages　of　biotite，　muscovitc，　K・fcldspar　and

h◎mb！e轟de　f拍瀟thc斑c象amorphic　recks，　Older　gtamite，　a盤d　Yo凱geぎg欝a謡c　l猷h¢Ryokc

belt　from　Yanai　to　Chubu（compiled　from　Geological　Survey　of　Japan，1982；Okano，

1982，0ka轟o　a矯d　H◎益魏隷，1983；Sa鑑o　et　al．，1991；Sh三bata　a籍d　Takag至，1988；Takahashl，

1992；Uchiumi　8’o’．，1991）．　bt＝biotite，　mus瓢muscovitc，　kf識K・fbldspar，　hb篇homblende．

韮嚢eta羅◎rphic rock ◎lder granite YQ犠nger granまte

K－Ar　age Rb－Sr　age K－Ar　age Rb－Sr　age K－Ar　age Rb－Sr　age

Yanai 一 95，102（bt） 一 90－9工（bt） 84，85（bt） 87，89（bt）

92（臓s）

Takanawa 一 一 一 一 87（b鶏） 輔

Peninsula

oaster轟 一 鱒 一 一 75－87（bt） 鱒

Shlkoku
70．80－86

Awaji
　　　工sland

，　　脚 牌 72－88（bt）
89（hb）

84（bt）99（kf） 　　　　　（B駕）

88，90（Hb）
鱒

Kii
Pe！践nsula

一 一 一 71（kf） 69．73－77，
98（bt）

69，81（bt）70－7工（脳s）71，83（kf）

western
　　　　Chubu

63－68（bt） 68（bt） 7◎（艦s》 80（瀟us） 62－71（bt）
73（hb）

73（bt）

¢astern
　　　　Chubu

64，68．88
（bt）

55－70（bt） 52－65（bt）66，72（hb） 61－69．83
（bt）

58－65（bt）
71（hb）

58－66（bt）

of　the　Ozu　phasc．　While　Maruyama　et　a乙（1990），　Isozaki

a捻dM購ya搬a（1990），錨d！sozaki　8ご召∫・（ユ991）proP◎s¢d

thc　tectonic　modchhauh¢Chichlbu　and　the　Kurosegawa
T¢汀a轟¢sof　t葦肇e◎凱cτZo鑓e◎f　So慧thwest　Japa轟arc　derived

from　the　Inncr　Zone，　the　Chichibu　terran¢（except　for山e

Samb◎sa縫bdt）is　a　so滋hcm　c◎轟ti織uatio擁◎f宅hc　Mi轟◎一
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　の
Tamba　termne，　and　the　Kuroscgawa　terrane　ls　a　tcctomc
o賛tller　of　the　Paleozoic　t¢rra籍cs．　But　the　Pe面舗a籍d

Jurassic　rocks　along　the　MTL　are　structurally　located

bctween伽Ryoke鋤d　the　Sambagawa　te綻ane一廊c　Pa！eo－
Ryoke　land．　Addidonally，　the　basic　rocks　of　250　Ma　are

indudcd　in　Ule　original　rocks　of　th¢Ryoke　metamorphlc

rocks，　and　the　older　rocks　alon＄the　MTL　are　mixed　with

the　Ryoke　rocks　i旧h¢Mikawaono－Toei　area．　It！】as　becn

ass“m¢d　that　the　Kurosegawaτocks，　as　napPes　of　the

uppemost　structural　Ievel　of　the　Outer　Zone，　are　not

dcズived　fr◎搬出e　1薮薮eごZo薮c，　b魏t宅he　Paleo－Ryoke！a総d

（Hara　8f　o’．，1991）．　The　origin　of　the　oldor　rocks　along　the

MTL薫s　ass継瓢cd　to　have　bcc織deぎlved　fro撚竃he　Pa！eo－

Ryokc　land．　Collision　of　a　continent（Palco・Ryok¢1and）

a嶽d窒h¢J雛assic　acα¢do轟aτy　co盈P叢ex　of匙he　I擁籍er　Z◎織c

have　becn　also　proposcd　by　Ichikawa（1981），
Komats慧（1988）a籠d◇thcr　w◎rkers．　Tl｝c・fcrmati◎識ofミhc

152Ma　Asakawazawa　granite　is　considcred　to　clcarly　show

that　the　Ryoke　be嚢wa§the盛dd　ohho　co難lsio籍◎f　tl鴇

Tamba－Mino　Terrane　and　the　Paleo－Ryoke　land．

B．Tirhe　of　mylonitiza匠on

　　Th¢fbrmati◎籍of　the　so犠them溢aτgl総al　shear　z◎轟c◎f　the

Ryoke　belt　has　been　assumed　to　hav¢occurrcd　during　early

Latc　Cretaceous　age　after　the　l蹴ruslon　of　the　o王（王cr　Ry◎kc

granites，　and　before　the　intrusion　of　the　younger　Ryoke

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　．Thegranit¢and　the　sedimentation　of　the　Izumi　Group
exact　rad1o瓢eUic　ages，　showin慕the　inむrusion　of　the　older

granite，　have　not　yet　been　determined．　From　the　Yanai

dis繍三ct・t◎由c　Ch慧b縫dis鍵i¢ちK－Af　ages◎f　the　dder　Ryoke

granites　are　th¢sam¢as　the　surrounding　mctamorpllic　rocks

（Tab！e　4）．　Both　agcs　ar¢i鷺feπ¢d給bo　c◎di籍g　agc．　K。Ar

ages　of　the　older　Ryok¢granites　arc　often　youngcr　than

象hosc◎f　thc　S鎌一y◎graR1象cs，　w掘ch　i撚懲dcd　thc　Ryok¢

granites，（e．g．　Okano　and　Honma，1983）．　In　thc　Takato

area，　the　Chubu　dls謎ict，　K－Ar　ages　of　the　mylonite，　de嶽vcd

from　the　oldcr　Ryoke　granitcs（Shibata　and　Takagi，1988），

and　Rb－Sr　mincrai　ages　of　bi◎嵐c　of　thc　Ryokc　mctamorphic

rocks（Okano，1982）ar¢younger　than　the　youn＄cr　Ryoke
granites　which　wcrc　not　affcctcd　by　mylonitization．　This

ev1dcnce　a！so　sug＄csts　集hat　radio1uetric　agcs　of　the　dder

granites　do　not　show　their　formation　age，　bu田1eir　cooling

age・

　　Figur¢57　shows　K－Ar　and　Rb－Sr　agcs　of　thc　o！dcr　Ryokc

gra織1象es，象he　youRgcr　Ryokc　gra織蝕es　aRd山c：蕊αar疑orphic

rocks，　Except　for　the　Rb・Sr　wholcイock　agcs　of　thc　younger

grani象cs，1捻◎st◎f由cm　ra捻gc　fr◎m　70　to　60Ma．　F◎r象hc

youngcr　granitcs，　Rb・Sr　who】c－rock　agcs，　as　thc　time　of

e搬P玉aceme滋，　arc《）装de∫象h繊K－Ar　a轟d　Rb－Sr　mincral　ages・

These　facts　suggesω1at　70・60　Ma　was　the　time　of　cooling

relatcd£o纏p薮ftiR9．　F∫◎矯the　Ya籍a量dls頃α匙o　t難e　C熱ぬミ馨

district，　the　cooling　ages　Show　an　oastward　younging
po！arlty．　Th犠s，　lt　c醗　b¢　ass縫瓢¢d　£h欲　象1蔵¢　Ry◎k¢

metamorphic　field　was　upliftcd　auhc　carll¢r　smge　in　the

weste瀟謎ごca　th餓in　the　cas｛¢m　ar¢a．　IR　the　Chgbu　district，

K－Ar　ages　and　Rb・Sr　mineral　agcs　of山¢Ryoke　rocks　rangc

fro瀟70象060　Ma．1簸皇he　Mik縦wa◎簸o－T◎ei　area，　c紺sh

melange　was　fbnned　at　about　62　Ma．　This　fact　su8gests　that

毛he搬e粟a搬◎rph至c燕¢！d　of象he　Ry◎kc】瞭c捻蒲◎q》h董c粟c！了囎c　l轟

the　Chubu　district　was　greatly　uplifted　during　the　D4　phasc．

Th¢雛p薮瓢轟g　of由¢Ryokc矯cta瀟o紅phlc　fle！d　l総the　Ya縫al

district　occurred　at　about　90　Ma　on　the　basis　of　the　cooling



Origin　of　the　Median　Tectonic　Line

Stage　1｛Late　Jurassic－earliest　Cretaceous⊃

St6ge　2‘Early　Cretaceous》

Stage　3（late　Early　Cretaceous－early　LatρCretaceous｝

’

Stage　4⊂early　Late　Cretaceous｝

Stage　5｛late　Late　Cretaceous｝

Fig．58．　Diagrams　showing　the　tectonic　evolution　of　Southwest　Japan　during　late　Jurassic

to　early　Paleogene・
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Stage　6（latest　Late　Cretaceous－earliest　Paleogene｝

Stage　7‘earl

Fig．58．　co搬i蹴三ed．

a＆cs．　On　the　Awaji　Island，　non－mylonitized　87．7　Ma（K－Ar

a霧e）yo糠総ger　Ry◎k¢graRi｛c　l蹴践三ded　t｝鴇搬y！◎轟1象e，　a縫d乳he

mylonitization　has　also　bcon　assumed　to　be　older　than　87．7

Ma（Takahashi，1992）．　Thc　Ryoke　metamorphic　field　in　the

Ya総al　dlstrlc｛a難d　Aw勾l　ISIand瀟ay　have　bee舞縫pllf象ed

during　the　D3　phas¢、　Iil　the　western　part　of　the　Ryoke　belt，

塾hc撚ai霧糊pl韮f｛iRg　s塾agc　ls　c◎茎叩arablc　w韮th搬yloRitizaticR

in　the　southem　marginal　shear　zone．The叩1ifting　of　the

Ryoke　metamorphic　5eld　began　at　abo厩90　Ma．

C，Gcotectonic　history　of　the　Ryoke　belt

　　The　fo繍a縫o難of由e　Ryoke搬e塾a搬o！phic　belt　a総d◎r玉gi轟

of　the　MTL　in　thc　tectonic　history　of　Southwcst　Japan　may

伽sbe　s縫！難廊zed　as　fb銭ows，（晦58）・

　　Stagc　1（Late　Jurassic。earliest　Cretaceous）

　　This　stage　is　rep欝csentcd　by　the　fomation　of　accr¢tionary

c◎r曜¢xes紬c　Ml籍o－Tamba　Tcrra職o）of　L滋e　J縫rasslc．

¢arlicst　Cremceous　ages　in　the　southem　front　of　Asia（the

Hlda　¢o搬1縫¢搬）．　　The　o∫圭gl総1∫ocks　of　th¢　Ryoke

metamorphic　rocks　are　part　of　the　Mino－Tamba　Terrane．

The　formatlon　of　the　accrctionary　complex　continued　to

car！iest　Early　Cretaceous（Wakita，1988＞．　Thls　was
fo110w¢d　by　the　collision　of　th¢Palco－Ryoke　land，　where

g蘭1霊ei撚msio嚢a縫d搬ylo諏伽io盤d雛i縫g細asslc　agc
occurr¢d，　foming　the　Asakawazawa　granite　mylonite　and

Karasaki　My1◎諏e．1財he　so漁em　fro蹴of齢Pa1e◎－
Ryoke　land，　accretionary　complexes　of　Jurrasic－1ate

Cretaceous　ages（the　Chichibu・Shimanto　Terranes）wcre
produc¢d，

　　Sta畠e　2（Early’Cretaceous）

　　This　s£ag¢量s　represcftted　by　the　cdHs蓋◎簸Gf偽o　Pale◇。

Ryoke】and　with　the　continental　margin　of　Asia，　which

occurr¢d　at　the　ending　of　the　formation　of　th¢Ml簸o－Tamba

Tc汀a“e　and　the　fbrmatlon　of　napPe　piles　of　the　terranes　in

the　Inn¢r　Zone．

　　The　ear1y　Cretaceogs　Tedori　Grogp糊c◎轟fo繍ably
covering　the　Hida　Terrane，　contains　8ravels　derived　from

庸eJurasslc　accrct董o録ary　co羅P肇ex（Sε蒙量da，玉987；Take疑chi

and　Takizawa，1990）．　Tllis¢vidence　su＄gcsts　tllat　the
fo！顎撮三〇轟◎f由c　H　lda織apPc　a！so　occurrcd　d縫rl轟g　Early

Cretaceous　befor¢the　Jurassic　accretionary　complex
furnishcd　th¢fragments　to　thc　Tedori　Group．　Hara　8fα’．

（！99ユ）s縫99¢s象ed縫臓t由¢轟apPc　p難cs◎f塾hc｛erraRes　i　R象難c

Inner　Zonc　and　Hida　nappe　werc　formcd　by　tllc　collision　of

the　palco－Ry◎kc！鰭d　l縫象hc¢o総tl謎e擁繊1撚aτ81縫of　Asia．

　　Thc　tectollic山ickcning　of　the　Inncr　Zα1e　was　induced

by　thls　collision．　Thc　mctamoΦhism　associatcd　with　D　I　in

the　Ry◎kc燃am◎rPhic　r◎cks　ls　assume出o　be　ascrlbed　to

this　tectonic　thickcnillg，　During　thc　D　1・・D2　phase　after

£hese㈱鵬重he　Ry◎ke鰍amo軸lc薮eld　was　llplift¢d
under　static　conditions．

　　Stage　3（丑atc】巳ady　Crctaceous－carly　La毫c　Cretaccous）

　　This　stagc　is　rcpresentcd　by　intcllse　magmatlsm　related　to

the　oldcr　Ry。kc　granitcs　and　m¢t㎜oΦhism　associatcd　with

象hc　D2　de｛brmatiOi｝．

　　Sta＆e　4（carly　Late　Crcmceous）

　　Th三s　s歌ag¢量s　character三zcd　by塾he糠P蓋量f縫r塞9◎f嶽c　Ryokc

metamorphic　belt．　The　timo　of　uplifting　sllown　by　the

cooling　ages　of　thc　Ryok¢rocks　appears　to　have　begun飢an

carller　agc　l織由e　western　part　of　the　Ryoke　belt由猟1轟the

eastern　parし　Thc　uplift　of　th¢Ryoke　belt　occurrcd　with

scgthward象hrgstiR9，　wl三i¢h　C◎縦ai簸ed　a　1aτgc　siRistral

componenしThe　thrusting　formed　the　rccumbent　folds　and
象he　s◎凱hcm　marglnal　shear　zo織e・Teαo轟lcs　of　this　s象age

have　becn　describcd　by｝laraαa’．（蒙991）as　the　Fd－phase

forming　largc・scalc　dra＆folds　in　thc　Yanai　ar¢a．　The
’Ryoke　mc｛amorPhic　bclt　was　transp◎織¢d　a　long　way　toward

the　south　during　this　sta＆e．　The　cemral　hi＆h－temperature

卿◎f　this　bcl｛　was　emp！accd◎滋◎thc・AOR一鰍蹴◎甲hlc

and　weakly　metamorphosed　rocks　of　its　southem　ou熔ide
（Fig．58），

　　Sta＄c　5Gate　Late　Cretacco“s）

　　This　stag¢is　represented　by　the　intrusion　of　the　youn8er

Ryoke　gτa磁e」轟掘S　S塾age，　the擶ost　i麟e贈撚ag蹴atis搬

extended　to　all　over　th¢Inner　Zone　accompanying　the

southward醜輔o織o軸e　ma＄ma縫c肋搬（Fl9．58）．　Thls
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event　is　assumed　to　be　related　to　the　subduction　of　the　Kula。

Pacific　ridge　at　about　85－80　Ma　which　was　pointed　by
Kiminami　et　al．（1990）．

　　Stage　6（latest　Late　Cretaceous－earliest　Paleogene）

　　The　earlier　part　of　this　stage　is　represented　by　the

southward　thrusting　of　the　Ryoke　belt　and　Paleo－Ryoke　land

from　the　Inner　Zone　to　the　Outer　Zone．　The　intense

uplifting　of　the　Ryoke　metamorphic　field　occurred　with　the

formation　of　nappe　complex　and　crush　melange　at　the　later

part　of　this　stage．　The　rocks　of　the　Paleo－Ryoke　land，

situated　in　the　area　between　the　Ryoke　metamorphic　terrane，

the　Sambagawa　metamorphic　terrane，　and　the　Upper
Cretaceous　sediments，　were　transported　onto　the　Jurassic－

Cretaceous　accretionary　complexes　of　the　Outer　Zone，

forming　the　Kurosegawa　Terrane　nappes．

　　Stage　7（early　Paleogene）

　　This　stage　is　represented　by　the　forrnation　of　the　high－

angle　MTL．　Left－lateral　snike　slip　faulting　along　the　MTL

was　associated　with　echelon　folding．　The　faulting　occu導ed

before　the　sedimentation　of　the　Eocene　Kuma　Group．

Acknowl．edgementS

　　Iw董sh　to　express　my　sincere　thanks　to　Professor　Ikuo

Hara　of　Hiroshima　University　for　many　useful　discussions

and　helpful　suggestions　of　the　problems　both　in　the　field　and

Iaboratory，　and　for　his　critical　reading　of　the　manuscript．

Special　thanks　are　due　to　Dr．　Yasutaka　Hayasaka　of

Hiroshima　University　for　many　discussions　about　tectonics

and　technical　advice　in　the　analytical　work，　and　Professor

Toshihiko　Shimamoto　of　Earthquake　Reserch　Institute，
University　of　Tokyo　for　his　helpful　advice．　Thanks　are　also

due　to　Professor　Yuji　Okimura，　Professor　Setsuo　Takeno，

Professor　Satoru　Honda，　and　Mr．　Yasuhiro　Sakurai　of

Hiroshima　University，　Professor　Tetsuo　Yamada　and
Professor　Yoshimasu　Kuroda　of　the　Shinshu　University　for

their　helpful　advice　and　encouragement．　Ialso　wish　to

thank　Dr．　Hiroo　Kagami　of　lnstitute　for　Study　of　the　Earth’s

Interior，　Okayama　University，　for　his　help　and　technical

advice　in　the　analytical　work．　I　would　like　to　thank　the

mem　bers　of　the”Petrologist　Club”of　Hiroshima　University

for　their　discussion　and　helpful　advice，　Mr．　Asao　Minami

for　his　tecnical　assistance，　and　Mr．　Akito　Magai　and　Mr．

Kazuo　Uemura　for　preparing　thin　sections．　I　am　grateful　to

my　parents　for　both　their　hearty　and　financial　support

throughout　the　course　of　this　work．　Thanks　are　also　due　to

Alison　Lochhead　of　Earthquake　Resarch　Institute，
University　of　Tokyo，　for　correcting　the　Ehglish．　Finally，　I

thank　Mr．　Kazuhiko　Murakami，　Mrs．　Hiroko　Murakami，

and　hostelers　of　the　Sakuma　Yoshizawa　Youth　Hostel　for
their　kind　assistance　during　my　days　in　the　field．

References

Beach，　A．，1980，　Retrogressive　metamorphic　processes　in

　　shear　zones　with　special　ref¢rence　to　the　Lcwisian

　　Complex．　Jotir．　Strt’c．　Geol．，2，257－263．

Behrmann，　J．　H．　and　Platt，　J．　P．，1982，　Sense　of　nappe

　　emplacement　from　quartz　c－axis　fabrics；an　example
　　from　the　Betic　Cordilleras（Spain）．　Earth　Planet．　Sci，

　　Lett．59，208－215．

Brodie，　K．H．，1980，Variations　in　mineral　chemistry　across　a

　　　　shear　zone　in　l）hlogopite　Peridotite．」∂ur．　Struc．　Gθ01．，2，

　　　　265－272．

　Bouchez，　J．　L，　Lister，　G．　S．　and　Nicolas，　A．，1983，　Fabric

　　　　asymmetry　and　shear　sense　in　movement　zones．1．　Geo．

　　　　Rdsch．72，401－419．

　Burg，　J．　P．　and　Laurent，　P．，1978，　Strain　analysis　of　a　shear

　　　　zone　in　a　granodiorite．　Tectonophysiρs，47，15－42．

Cohen，　M．，1970，　Selfdiffusion　during　plastic　defomlation．

　　　　Tran、s．　Jpn．1’lst．ルfet．，11，145－151．

Christie，　J．　M．，1960，　Mylonitic　rocks　of　Moine　’thrustZone

　　　　in　Assynt　region，　north－west　Scotland．7）・ans．　Geol．　Soc．

　　　　Edi，ib．，18，79－93．

Christie，　J．　M．，1963，　Moine　Thrust　zone　in　Assynt　region，

north－west　Scotland．　Univ．　Cα好Publs．8eol．　Sci．40，

　　　　345－419．

Echigo，　H．　and　Kimura，　T．，1973，　Minor　geologic　structufes

　　　　of　the　cataclasitic　rocks，　including　mylonites，　along　the

　　　　Median　Tectonic　Line　in　the　eastern　Kii　Peninsula，

　　　　Southwest　Japan．77ieルfedian　Tectonic　Li’昭（Sugiyama

　　　　R．ed．），　Tokai　Univ．　Press，115－137．＊＊

Ehiro，　M．　Otsuki，　K．　and　Fukutome，　T．，1978，　Largr・scale

　　　　faulting　and　MTL　of　Cretaceous－Paleogene　around
　　　　Japanese　Island．ルfTL，　No．3．169－183．＊

Etheridge，　M．　A．，　Peterson，　M．　S．　and　Hobbs，　B．　E．，1974，

　　　　Experimentally　produced　preferred　orientation　in
　　　synthetic　mica　aggregates．　Contr．ルfineral．　Petrol．，44，

　　　275。294．

Evans，　D．　J．　and　White，　S．　H．，1984，　Microstructural　and

　　　fabric　studies　from　the　rocks　of　the　Moine　Nappe，

　　　Eriboll，　NW　Scotland．　Jour．　Struc．　Geol．6．369・389。

Flinn，　D．，1962，0n　folding　during　three　dimensional

　　　progressive　defomation．　C．ノ1　Geol．　Soc．　LOnd．118，

　　　385－428．

Fujinuki，　T．，　Katada，　M．，　and　Suzuki，　K．，1974，

　　　Carbonaceous　matter　in　Perrnian　slate　from　the　southern

　　　Kitakami　mountain．ノottl・．　Geol．5「oc．ノ4ρan，80，619－

　　　625．

Geological　Survey　of　Japan，1982，　Radiogenetic　age　map．

　　　Granitic　rocks．　Geological　atlas　of　Japan，66－75．

Grew，　E．　S．，1974，　Carbonaceous　material　in　some

　　　metamorphic　rocks　of　New　England　and　other　areas．
　　　Jour．　Geol．82，50－73．

Gudotti，　C．　V．，1984，　Mica　in　mctamorphic　rocks．　Reviews

　　　ill〃iineralo8y，　Vo1．13．　Bailey　S．　W．　edt．　Min．　Soc．

　　　Amer．357－467．

Hanmer，　S．　K．，1984，　The　potential　use　of　planar　and

　　　elliptical　structures　as　indicators　of　strain　regime　and

　　　kinematics・f　tect・nic・fl・w．　G・・1．・Surv．　can．　Paper・84－

　　　1b，　　　　　　133－142．

Hara，1．　and　Yokoyama，　S．，1974，　Defomation　of　Ryoke

　　　granitic　rocks　during　the　generation　of　the　Median

　　　Tectonic　Line．　Basement　cernplexes，　No．1，9－14．＊

Hara，1．，　Takeda，　K．　and　Kimura，　T．，1973，　Preferred　lattice

　　　orientation　of　quartz　in　shear　deformation．　Jour．　Sci．

　　　Hirosiii〃1α伽v．　Ser．　C，7，1－11．

Hara，1．，　Sakurai，　Y．，　Arita，　S．　and　Paulitsch，　P．，1980a，

　　　Distribution　pattern　of　quartz　in　granites－evidence　of

　　　their　lligh－temperature　deforrnation　during　cooling．ハ1．

　　Jb．ルfi，ler．ル〃1．　H．1，20－30．

Hara，1．，　Shqli，　K．，　Sakurai，　Y．，　Yokoyama，　S．　and　Hide，　K．，

　　　1980b，　Origin　of　the　Median　Tectonic　Line　and　its　initial

　　shape．ルfe〃1．　Geol．50c．ノ吻αη，　No．18，27－49．

Hara，1．，　Yamada．　T．，　Yokoyama，　S．，　Arita，　M．　and　Hiraga，

　　Y．，1977，Study　on　the　southem　marginal　shear　belt　of



666 Yukiko　OHTOMO

　　　the　Ryoke　metamorphic　tcrrain．α1’kyπKa8aku（Ear〃l

　　　Science），31，204－217．＊＊

　Hara，1．，　Sakurai，　Y．，　Okudaira，　T．，　Hayasaka，　Y．，　Ohtomo，

　　　Y．and　Sakakibara，　N．，1991，　Tectonics　of　the　Ryoke

　　　　belt．　Excursion　guidebook　in　98〃i　An’1．ル1eet．　Gω’．∫oc．

　　　Japan，1－20．＊

　Hara，1．，　Shiota，　T．，　Hide，　K．，　Okamoto，　K．，　Takcda，　K．，

・　　Hayasaka，　Y．　and　Sakurai，　Y．，1990，　P－T－t－D　path　of　the

　　　　Sambagawa　metamorphic　rocks　in　Ccntral　Shikoku．
　　　　Ch’kyu　Mo’ithly，12，419－424。＊

　Harada，　T．，1890，　Die　japanishcn　Inseln，　ein　topographischc・

　　　　geologische　Uberschct．　Verla8　vo’i　Paul　Parの’，126p．

Hayama，　Y．’，　1962，　Mutual　relations　between　the　Sangun，

　　　　the　Sambagawa，　and　the　Ryoke　metamorphic　belts　in

Southwest　Japan．　Chikyu　Ka8aku（Earth　Science），
　　　　No．63，25－32．＊＊

Hayama，　Y．，1964，　Progressive　metamorphism　of　pelitic

　　　　and　psammitic　rocks　in　the　Komagane　district，　Nagano

　　　　Pref．　central　Japan．　Jour．　Fac．　Sci．　Univ．　Tokyo，　Sec．　II，

　　　　15，321－369．

　Hayama，　Y．，1981，　Depth　of　metamorphism　and　granite

　　　　cmplacement　in　thc　Ryoke　belt．　Tectonics　of　paired

　　　　〃leta〃torphic　belts（Hara，1．　ed．），73－76．

　Hayama，　Y．，1989，　Pre－Jurassic　basement　metamorphic

　　　　rocks　in　the　Inner　Belt　of　Southwest　Japan．　DELP
　　　　P’め’icatio’1，　No．28，39－41．

　Hayama，　Y．，1991，The　restoration　of　the　Paleo－Ryoke　land．

　　　　ノbur．　Geot．∫oc．ノOρan，97，475－491．＊＊

　Hayama，　Y．　and　Rescarch　Group　for　the　Hiki　Hills，1985，

　　　　Metamorphosed　garnet　bearing　granite　discovercd　from

　　　　the　east　of　Yorii，　Saitama　Prefecture．　Abst．92thんm．

　　　　Meet．　Geol．　Soc．　Japan，352．＊

　Hayama，　H．　and　Yamada，　T．，1973，　Some　considerations　on

　　　　the　Medlan　Tectonic　Line　of　the　Kashio　Phase　in　the

　　　　light　of　the　Ryoke　plutonic　history．　Theルted’an　Tctonic

　　　　Li’le（Sugiyama　R．　ed．），　Tokai　Univ．　Press，1－7．＊＊

　Hayama，　H．　and　Yamada，　T．，1980，　Median　Tectonic　Linc

　　　　at　the　Stage　of　its　origin　in　relation　to　plutonism　and

　　　　mylonitization　in　the　Ryokc　beh．ル1e〃t．　Geol．　Soc．

　　　　ノapan，　No．18，5－26

　Hayama，　Y．，　Shibata，　K．，　Uchiumi，　S．，1987，　Radiometric

　　　　age　and　its　meaning　of　the　Kawaiyama　quartz　diorite　in

　　　　Shimonita，　Gunma　Pref．！lbst．94〃：！lnn．ルfeet．　Geot．

　　　　Soc．　Japa’1，467．＊

　Hayama，　Y．，　Miyagawa，　K．，　Nakajima，　W．　and　Yamada，　T．，

　　　　1963，The　Kashio　Tectonic　Zone，　Urakawa　to　Wada

Arca，　Central　Japan．　Chikryu　Ka8aktt（Earth　Science），

　　　　No．66，23・31．＊＊

　Hayasaka，　Y．，　Hara．1．　and　Yoshigai，　T．，1989，　Nappe

　　　　structure　of　the　Asaji　metamorphic　rocks，with　special

　　　　reference　to　geological　strし1cture　of　the　basement

　　　　complexes　in　Kyushu．ルtem．　Geo’．∫oc．　Japan，　No．33，

　　　　177－186．＊＊

　Hayashi，　M．　and　Takagi，　H．，1987，　Shape　fabric　of

　　　　rccrystallized　quartz　in　the　mylonites　along　the　Median

　　　　Tcctonic　Line，　southem　Nagano　Prefecturc．ノOur．　Geol．

　　　　Soc．　Japa？i，93，349－359．＊＊

　Hayashi，　T．　and　Koshimizu，　S．，1992，　Fission－track　ages　of

　　　　the　Shitara　Group　in　the　northeastern　part　of　Aichi

　　　　Prefecture　and　the　Eocene　molluscs　from　its　lowermost

　　　　Nagashino　Fomation．　Jou”．　Geot．　Soc．　Japan，98，901－

　　　　904．＊　　　　　　　‘

　Higgins，　M．　W．，1971，　Cataclast’c　rocks．　Prof．Pap．　U．S．

　　　　Geo1．　Suv．，687，97P．

Hoschek，　G．，1969，　The　stability　of　staurolite　and　chlo！itoid

　　and　their　significance　in　metamorphism　of　pclitic　rocks．

Contr．　Minerαt．　PetroL，22，208－232．

Hsu，　K．　J．，1955，　Granulites　and　mylonites　of　thc　rcgion

　　about　Cucamonga　and　San　Antnio　Canyons，　San　Gabricl
　　　Mountains，　Califomia．乙1’liv．　Calif．　Publs．　Gω’．　Sci．，30，

　　　223－352．

Ichikawa，　K．，1964，　Tectonic　status　of　the　Honshu　Major

　　　Belt　in　Southwest　Japan　during　the　Early　Mesozoic．

Jour．　Geosci．，　Osaka　Univ．，8，71－107．

Ichikawa，　K．，1970，　Some　Geotectonic　problems　conccrning

　　the　Paleozoic－Mesozoic　geology　of　Southwcst　Japan．

　　1sland　Arc　and　Ocean（Hoshino，　M．　and　Aoki，　H．　ed．）

　　Tokai　Univ．　Press，193・200．＊＊

Ichikawa，　K．，1980，　Geohistory　of　the　Median　Tecto口ic

　　Line　of　Southwest　Japan．　Mem．　Geol．　Soc．　Japan，18，

　　　187－212．

Ichikawa，　K．，1981，　Closure　of　the　Jurassic　Sea　in　and

　　around　the　Ryoke－Sambagawa　region．　Tectonics　of
　　paired〃me　tamo　rphic　belts（Hara，1．　ed．），113－116・

Isozaki，　Y．　and　Maruyama，　S．，1990，　New　model　of
　　geotectonic　evolution　of　the　Japanese　islands．　1！Lbst．

97th　An｝i．　Meet．　G¢ol．　Soc．　Japan，356．＊

Isozaki，　Y．，　Maruyama，　S．　and　Itaya，　T．，1991，Structure　of

　　the　Soutllwest　Japan　Cordillera．　Abst．98thんm．　Meet．

Geol．　So　

c．　Japan，14－15．＊

Itaya，　T．，1981，　Carbonaceous　matcrial　in　pelitic　schists　of

　　the　Sanbagawa　metamorphic　belt　in　ccntral　Shikoku，

　　Japan．・乙ithos，14，215－224．

Kagami，　H．，1968，　Granites　of　the　Niino　district，　Nagano

　　Prefecture，　Central　Japan．　ChikYμ　Ka8aku　（Eartlt

　　Scieiice♪，22，232－239，287－294．＊＊

Kagami，　H．，1973，　A　Rb－Sr　geochronological　study　of　the

　　Ryoke　granites　in　the　Chubu　district，　central　Japan．

　　ノOur．　Geol．　Soc．ノφω179，1－10．

Kagami，　H．，　Iwata，　M．，　Sano，　S．　and　Honma，　H．，1987，　Sr

　　and　Nd　isotopic　compositions　and　Rb，　Sr，　Sm　and　Nd

　　concentrations　of　standard　samples．　Technical　Rep．1SEl

　　　Okaya〃laひ’liv．　Ser．　B，4，16p．

Kagami，　H．，　Okano，0．，　Sudo，　H．　and　Honma，　H．，1982，

　　　Isotope　analysis　of　Rb　and　Sr　using　a　fullautomatic

　　　thermal　ionization　mass　spcctrometer．　OkaYa〃la
　　　Dai8aku　O’lsell　Kenk），Rsho　Hokoki‘52，51－70．＊

Kagami，　H．，　Tainosho，　Y．，　Iizumi，　S．　and　Hayama，　y．，1987，

　　　Rb！Sr　and　Sm1Nd　ages　of　Ryoke　gabbroic　rocks　from

　　　Kajishima．　Abst．94thんltl．　Meet．　Geol．　Soc．　Japan，

　　　458．＊

Kimihami，　K．，　Miyashita，　S．　and　Kawabata，　K．，1990，

　　　Migration　of　ridgc－trench－trcnch　triple　junction　along

　　　thc　Japan　margin　during　thc　latc　Crctaceous　to　early

　　　Palcogcnc．　Abst．97〃l　A’1’1．ルleet．　Geol．∫oc．　Japa’1，

　　　156．＊

Kobayaslli，　T．，1941，　The　Sakawa　orogenic　cycle　and　its

　　　bearing　on　the　origin　of　thc　Japancse　Islands．　Jour．　Fとεc．

　　　Sci．，1mp．こノ’liv．　Tok＞，o，（2），5，219－578．

Komatsu，　M．，1988，　Composition　and　structure　of　lower
　　　crust　under　island－arc．　κとziYoルlon〃lliソ，21，97－104．＊

Kosaka，　K．，1980，　Fault－related　fabrics　of　granitic　rocks．

　　　Jour．　Fac．　S（ゴ．，こノ’liv．　Tokyo，　Sec．　II，20，77－115．

Kutsukake，　T．，1977，　Petrological　studies　on　the　Ryoke

　　　metamorphic　rocks　in　the　Toyone－mura　area，　Aichi

prefecture，　Japan．　Mem．　Fαc．　Sci．，　Kyoto　Univ・Ser・

　　　Geol．　andルfi｝ieral．，43，49－110．

Landis，　C．　A．，1971，　Graphitization　of　dispersed



◎rl9至轟o實he　Medla羅T¢ct幡c　L1轟e 667

　　　　carbonaceous　mat¢rial　in　metamorphic　rocks．　C・ntr．

　　　　Mineral．」Petrel．，30，34。45．

　Lapworth，　C．，1885，　The　Highland　controversy　in　British

　　　　geolOgy：i総causes，　corce，　and・conS¢q魏e轟Ces．　Nature，

　　　　32，558－559．

　Lister，　G．　S．　and　Hobbs，　B，　E．，1980，　The　simulation　of

　　　　fabr至c　developmePt　dgr董鷲9　P裏as縫c　d¢勲）rmat嚢◎蕪a籍d．嚢s

　　　　application　to　quartzit¢：the　effect　of　defomation
　　　　hls建ory．ノ∂ur．　Struc．　Gεo乙2．355－370．

　Lister，　G．　S．　and　Price，　G．　P．，1978，　Fab点c　development　in

　　　　aquartz－feldspar　mylonit¢．　Tectonophys’c5，49，37－78．

Lls建er，　G．　S．　a轟d　S益oke，　A．　W．，1984，　S－C擶ylo譲es．ノbiir．

Str・uc．　Geoi．6，617－638．

Llster，　G　S．　a燕d　Wml繍s，　P。　E，1979，　Fab擁c　deve1◎p1擁e撚

　　　　in　shear　zones：　theor¢tical　controls　and　observed

・　　　pheR◎r糠e縫a．ノ∂潔乙Struc．　Geol．1．283－297。

Mancktelow，　N．　S．，1979，　The　development　of　slaty

　　　cleavage，　Fleurieu　P¢ninsula，　South　Australia．
　　　　TectonρphYsics，58，　1－20．

Maruyam訊，　S．，　Isozaki，　Y。　and　Sohma，　T．，1990，　New

　　　vers董o縫of　g¢◎tectOR韮c　dlvls韮◎R　of　the　JapaRese韮s！a轟ds，

　　　and　a　new　orogenesis．！lbst．97th　Ann．ルfeet．　Geol，50c．

　　　ノとzpan，34－35．＊

Mas雛da，　T．　a織d　F睡rn疑ra，　A．，霊98璽，　Mlcros腕伽ral

　　　devebpment　of　fine－grained　quartz　aggregates　by
　　　syRtect◎嚢icズec1ysta叢簸zatio轟．7セ‘tθn《｝pkysics，72，105－

　　　　128．

Me縫総s，　W．　D．　and　Paters◎籍，　M　S．，1966，　Exp¢6盈e蹴s◎擁

　　　prefbrred　orientatlon　of　platy　minerals。（】ontr．ル伽eral．

　　　Pθ吻1．，13，108－133．

Michibayashi，　K錨d　Mas秘da，　T．，璽988，　The　Ryoke
　　　mylonites　in　the　Kamimura　district，　th¢southem　part　of

Naga犠◎Prefec雛τ¢．　Aわ鋸．95魚A撒．　Meet．　Geol．　Soc．

　　　ノOPan，469．＊

Miyata，　T．，1980，　Wr¢nch　Fault　Teαonics　of　the　Mcdian

　　　Tectonic　L沁e　a論d　deformation◎f　the　Cretaceo魏s　1zumi

　　　Group　in　w¢st　Kinki，　Southw¢st　Japan．　Jour．　Gω∫c式

　　　05β舷αぴ砺∫v。，22，65－U4．

Miyata，　T．，　Ui，　H．　and　Ichikawa，　K．，’1980，　Paleogene　Ieft－

　　　lateral　wre織chl総g　o縫匙hc　Medla総Teαo織lc　Ll織e　l総

　　　Southwest　Japan．ルfρ〃1．　G80乙50c．ノねpan，1851－68．

Morikiyo，　T．，1984，　Carbon　isotopic　study　on　coexisting

　　　ca璽cl窒e繍d　graphit¢董嚢the　Ryoke搬eta】morphic　rocks，

　　　northem　Kiso　dis廿ict，　central　Japan。　Coπ〃．1レ伽eral．

　　　1》etreム，87，25董。259．

Morikiyo，　T．，1986，　Hydrogen　and　carbon　isotopic　studies

　　　o爪he　graphite－bearing　mctapelites　in　the　northern　Kiso

　　　distr董ct　of　cer疲ra嚢Japan．（：bだ∫r．ルfineral．　Petrol．，94，

　　　165－177．

Nagai，　K．，董958，　The　Mcdla籍Disl◇catlOR　Liie　iR　Western

ShikQku．　J1‘わ㍑塁εεP㍑わ．　Comn．　Pr（ザ：H．　F！づirr置o重o，282一

　　　288．＊＊

Nakal，　Y．，1977，　Report　of　thc　field　excursion　to　the　Median

　　　Tectonlc　Lin¢in　Mikawa・Ono．ルfTL，　No．2，91－92．＊

Nak砥Y．，1982，　The　Busetsg　graRite　l織出c　Ry◎ke　belt，

Central　Japan．　A　

bs重．89tll　Aη，1．　Meα．　Geo星．　Soc．　Japan，

　　　404。＊

Naumann，　E，1893，　Neuc　Beitmge　zur・Geologic　und
　　　Geographle　Japa簸s。　Pctermanns　Mltし，　Erganzun8sheft，

　　　玉08．

Nozawa，　T．，1970，　Isotopic　ages　of　Late　Cretaceous　acid

　　　r◎cks韮n．Japanese　Isla轟ds；Swnmary　a織d嚢◎£¢s圭轟1970．

　　　ノθε‘r．Geol．　Soc．　Jalフan，76，493－518．＊＊

N雛総kl，　T．，　Asami，　M．　S短ba捻，　T．翻d　Ohlra，　K．，！982，　The

　　　Ryoke　Belt　of　the　so凱hwestem　part　of　Shiaku・shoto

　　　afea　i轟　the　Set◎鱒縫aikai　I！｝laRd　Sea．ノ∂ur．　Gec》1。　Soc．

　　　Japan，88，499－510．＊＊　　　　　　　　’

Ohtemo，　Y．，1986，　S蜘cture　of　the　shear　zone　alo轟g山¢

　　　Medlan　Tectonic　Li舵aro鷲nd　the　Aichi－Shizuoka
　　　Pref¢cture　border．　Abst．93〃1　Ann．ルfeet．　Gθ01．∫oo．

　　　ノOpan，549．＊

Ohtomo，　Y．，1987a，　Structure　of　the　shear　zone　around　the

　　　Medla轟Tecto轟lc　Ll籍e◎f　Sak縁拠a　dlstrlct。肋st。94ぬ

Ann．　Meet．　Geol．　Soc．」αραη，580．＊

Ohtomo，　Y．，1987b，　Tectonism　and　m¢tamorphism　of　the
　　　Ry◎ke瀟e£蹴◎1’1）h峯c　belt，　CeRtral　Jap縫蓑．ノ聖わ5ま．41st〆Snn．

ルleet，　A　

sso．　Gεo乙Coll．　Japan，178－183．＊

Ohtgmo，　Y．，1988，　Myl◎RitizatioR◎f　the’TeRrygkyo　gτanite

　　　in　the　Ryoke　metamorphic　belt，　Central　Japan．　Abst．

　　　95thノ隻nn．ルfeet．σε01．　Soc．ノOPan，470．＊

Ohtomo，　Y．，1989，　Nappe　stmctures　along　southem　margin

　　　of　the　Ryoke　belt　around　th¢　Aichi－Shizuoka
　　　Prefectgre　b◎rder．〆ibst．96th　Ann．ルfεε∫．σεoJ．50c．

　　　ノヒalフan，394．＊

Oh室o搬o，　Y．，三990，　Defo漁a象1◎簸styles　a轟d　tectonics　of

　　　granitic　rocks　of　the　Ryoke　belt（V）Cataclasite　of　the

　　　Median　T¢ctonic　Line．　Chiky．ルfonthly，12，473－
　　　477．＊

Ohtomo，　Y．，1991，　Tectonics　of　the　Ryoke　metamorphic
　　　belt　pr◎d縫ced重he　fer醗atio轟of搬y蓋◎銭韮te　z◎簸e．！il》st．98ごタ塞

A4n．　Meet．　Geol．　Soc．　Japαn，314．＊

Ohω孤o，．Y．　a織d　Kagam　l，　H．，1990，　Rb－Sr　ages　of　grani縫c

　　　rocks　from　the　Ryoke　napPe　complex．∠4わst．97thんm．

Meet．　GeoL　Soc．　Japan，355．＊

Oka搬αo，　K，　H徽，　L　a擁d　S慧z§ki，　M．，1989，　A　pτel㎞董Rary

　　　report　on　geological　structurc．on　the　Manotani－Higo

　　　mctamorPhic罫◎cks　o負he　Kosa　distrlct，　Kygsh9。〃e〃L

　　　G80乙50　c．　Japan，　No．33，187－198．＊＊

Okano，　0。，　1982，　Sr　isotopic　ratios　of　the　Hissori

　　　grar｝odi◎r三te◎f　the　Ry◎ke　belt　in　the　Komagane　district，

Nagano　Prefecture．　Abst．　Joint　Ann．　Meet．，　Soc．　Minin8

　　　Geol．」の4π，　Minerfil．5θc．　Japan　axd　Jap6K　A∬oc．

Mineral．　Petrot．　Econ．　Geol．，Tsukuba，88．

Oka擁o，0．　and｝10nma，　H．，1983，　StroRtium童sotopic
　　　compositions　of　the　Ryoke＆ranites　from　the　Yanal
　　　District　and　the　Hiroshima　granites．ルfA　GMA，　No．67，

　　　玉23428．＊

Okusa，　S．，1964，　Geology　betweerl　Sakllma　Dam　and　Ikeba，

　　　ceRtral　Jap縫！1．　Cノ塞薩ソ；；Ka8akuでEartゐScience♪，　No．74，

　　　17－2L＊＊

Okuyama－Kus囎os¢，　Y．，　】987，　Transforma塾1◎n　of
　　　”CarbOnaceOus　material’婁一PCtrdOgy　Of　graphitiZatiOn．

　　　Ch　ishitsti’紹w5，　No，392，56－63．＊

0轟o，A．，1977a，　Temperatgτe錨d　pressgre◇f重he　Ryok¢

　　　gneisses　estimatecd．　by　garneトcordierit¢
　　　geothermgmeter．ノ0ご‘r．　Japan．湾∬ec。〃in．　Pet．　Econ．

　　　G801，72，114－117．

Ono，　Aり1977b，　Petrologic　study　of　the　Ryoke　metamorphic

　　rocks圭轟癒c　Tak滋o　Sh衰（）jiri　arca，　CeRtral　Japa轟．　le　itr．

　　ノOParl。　A∬oc．ル1’η．　Pet．　Econ．　Geol．72，453－468．＊＊

0織◎，A．，1983，　K－Aぎage　of出e　K圭RshozaR　q鷲罎z　dl◎撤e・

　　丘om　the　Kanto　Mountains．ノ∂t‘r．ノ¢ρoη．　A∬o‘．　M’n．

Petre．　Econ．　Geol．，78，38・39．＊＊

Perchuk，　L．　L．，1977，　Ener8etξご56ゾ8eolo8ical　processes．

　　（Saxena，　S．〕K．　and　Bhattachariji，　S．　cd．），　Spring－verlag．，

　　285－352．

P】utonism　Research　Group　of　Hokkaido　University（
　　Kobayashi，　H．，　Kizakl，　K．，0厩a，　Y．，　H韮τal，　Y．，　Kl矯，　C．



668 Yukiko　OHTOMO

　　W．ザSoma，　T．，　Nochi，　M．，　Yoshida，　M．　and　Tsuchiya，

　　T．），1964，Tectonics　of　the　metamorpllics　and　granites

　　near　the　Lake　Sakuma，　Nagano　Pre　fecture．　Tectonics　of

　　the　Ryoke　metamorphic　belt　in山e　central　Japan－part　1．

　　JTour．　Geol．　Soc．　Japon，70，446－459．＊＊

Plutonism　Research　Group　of　Hokkaido　University（
　　Kobayashi，　H．，　Kizak董，　K．，　Ohta，　Y．，　Kim，　C．　W．，　Soma，

　　T．，Y．，　Hirai，　Nochi，　M．，　Yoshida，　M．　and　Tsuchiya，　T．），

　　　1965，General　tectonic　geology　of　thc　Ryoke
　　metamorphic　belt　of　central　Japan。。Tectonics　of　thc

　　Ryoke　metamorphic　belt　of　central　Japan　part　II・．」α‘r．

　　Geol．　Soc．ノOPan，71，93－99．＊＊

Rast，　N．　and　Sturt，　B．　A．，1957，　Crystallographic　and

　　geological　factors　in　the　growth　of　garnets　from　Central・

　　Perthshire．」～ねfε478，179，215．

Reed，　J．　J．，1964，　Mylonites，　cataclasites　and　associated

　　rocks　along　the　Alpine　Fault，　South　Island，　New

　　Zealand．　N．　Z／OUr．　Geot．　Geoph．，7，645－684．

Saida，　T．，1987，　Triassic　and　Jurassic　radiolarians　in　chert

　　clasts　of　the　Tetori　Group　in　Tamodani　area　of　Izumi

　　　Vmage，　Fukui　Prefecture，　central　Japan．ノour．　Geot．

　　Soc．ノapalt，93，57－59．＊

SaitQ，　M．，1955，εxp！α襯ory　text　of　the　seolo8icat　map（ガ

　　ノapan．36P”and　Mikawa・0’iO　sheet（scale　1’50，000♪．

　　Geo1．　Surv．Japan．＊

Sakakibara，　N．，　Hara　I．　and　Ohtomo　Y．，1989，　Deformation

　　　of　granitic　rocks　in　the　Ryoke　belt（1）Deformation

　　　styles　of　quam．．　DE乙P　pt‘blication　No．28，47－51．

Sakurai，　Y．　and　Hara，1．，1979，　Studies　on　microfabrics　of

　　　granites，　with　spccial　reference　to　quartz　fabric．ルfem．

　　　Gθ01．∫oc．ノのαη，17，287－294．＊＊

Sato，　K．，　Uchiumi，　S．　and　Shibata，　K．，1991，K－Ar　ages　of

　　　the　Mitsuhashi　granitoid　pluton　in　the　Ryoke　belt，

ccntral　Japan．　Abst．98tl；Ann．　Meet．　Geol．　Soc．　Japan，

535・＊onics　of　paired　metamorphicわelts（Hara，　L　ed．），

　　　65－72．

Seo，　T．，1985，　Thc　study　of　the　Ryoke　metamorphism　in

　　　view　of　metamorphic　history　and　conditions－as

　　　川ustrated　in　the　metamorphic　terrain　of　the
　　　southwestern　part　of　Mikawa　Plateau．　Jour．　Sci．
　　　1／iroslii〃laこノ’liv．　Ser．　C，25，93－155．＊＊

Sco，　T．　and　Hara，1．，1980，　The　development　of　schistosity

　，in　bioti　te　scbists　from　southwestem　part　of　Mikawa

　　　Plateau，　Central　Japan．　Jour．　Geol．　Soc．　J6【pan，86，817－

　　　826．

Seo，　T．　and　Hara，1．，1983，　Gamet　in　a　biotite　schist　from

　　　southwestem　part　of　Mikawa　Plateau，　Central　Japan．
　　　Jour．　Sci．　Hirosliitna　Univ．　Ser．　C，8，43－50．

Seo，　T．，　Yokoyama，　S．　and　Hara，1．，1981，Metamorphism

　　　and　tect，onism　of　the　Ryoke　metamorphic　belt．
　　　Tectincian　hercynite　from　the　Ryoke　Zone　in　the　Seto

lnland　Sea　area．　Jour．　Japan　Assoc．　Min．　Pet．　Econ．

　　　Geol．79，498－502．＊＊

Seo，　T．，　Yokoyama，　S．　and　Suzuki，　M．，1984，　Zincian

　　　hercynite　from　the　Ryoke　Zone　in　the　Seto　Inland　Sea

　　　area．，Jour．　Japan　Assoc．　Min．　Pet．　Econ．　Geo1．79，498－

　　　502．＊＊

Shibata，　K．　and　Ishihara，　S．，1979，　Rb。Sr　whole　rock　and　K－

　　　Ar　mineral　ages　of　granitic　rocks　in　Japan．　Geochetn．

　　　Jour．13，113－119．

Shibata，　K．　and　Takagi，　H．，1988，　Isotopic　ages　of　rocks　and

　　　intrafault　materials　along　the　Median　Tectonic　Line－an

　　　example　in　the　Bungui－t6ge　area，　Nagano　Prefecture．

Jour．　Geol．　Soc．　Japαn，94，35－50．＊＊

Shibata，1く．，　Uchiumi，　S．　and　Nakagawa，　T．，1979，　K－Ar　age

　　results－1．Bu〃．　Geol．　Surv．」とzp4’1，30，675－686．＊＊

Sibson，　R．　H．，1977，　Fault　rocks　and　Fault　mcchanisms，

　　Jour．　Geol．　Soc．乙ond．，133，191－213．

Simpson．　C．　and　Schmid，　S．　M．，1983，　An　evaluation　of

　　criteria　to　deducc　the　sense　of　movemcnt　in　shearcd

　　rocks．　Bu〃．8eol．　Soc．　A’n．94，1281－1288．

Smalley，　P．C．，　Field，　D．　and　Raheim，　A．，1983，　Resctting　of

　　Rb－Sr　whole－rock　isochrons　during　Svcconorwegian

　　low－grade　events　in　the　Gjerstad　augcn　gneiss，
　　Telemark，　southern　Norway．　Isotope　Geol．．，1，269・282．

Spry，　A．，1969，ルfeta〃torpltic　textures．　Pergamon　Int．　Libr．，

　　350p．

Steiger，　R．H．　and　Jh’ ger，　E．，1977，　Subcommission　on
　　geochronology：convention　on　the　use　of　decay　constant

　　in　geo・and　cosmochronology．　Earth　Planet．　Sci．乙ett．

　　36，359－362．　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　・

Sugiyama，　R．，1939，　Studies　on　the　Rocks　developcd　along

　　the　So・Called”Median　Line曾゜Part　I．　Jour．　Geol．∫oc．

　　ノOPan，46，169－187．＊

Sugiyama，　R．，1973，　Petrogenesis　of　the　Kashio　Gneiss　and

　　the　Mcdian　Tectonic　Line．　Theルfedian　Tectonic　Line
　　　（Sugiyama　R．　ed．），　Tokai　Univ．　Press，365－389．＊

Suwa，　K．，1961，　Petrological　and　geological　studies　on　the

　　　Ryoke　metamorphic　belし」α‘r．　Eart／l　Sci．，　Na80ya．

　　　こノ’liv．，9，224－303．

Suzuki，　Y．　and　Kato，　H．，1978，　Geology　of　the　Suyama

　　　weldcd　tuff　in　the　Suyama　arca，　Aiclli　Prefecture．　No’li，

　　　No．10，32・37．＊

Tagiri，　M．，1981，Measurement　of　the　graphitizing－degree

　　　by　the　X。ray　powder　diffractometer．　Jotir．ノ4ρan．／A∬oc．

　　ル伽．」Pet．」Econ．　Geol．76，345－352．

Tagiri，　M．，1985，　Petrochemistry　of　graphite－
　　　recrystallization　of　carbonaceous　material・．　Chikyu
　　　ルfOiuhlLソ，8，39．45．＊

Tagiri，　M．　and　Tsuboi，　S．，1979，　Mixed　carbonaceous

　　　material　in　Mcsozoic　shales　and　sandstones　from　the

　　　Yamizo　mountain－sys　tem，　Japan．　Jour．　Japan．！lssoc．

　　　ルfin．　Pet．　Eco’1．　Geol．74，47－56．

Takagi，　H．，1982，0n　the　definition　of　mylonite　and　the

　　　classification　of　mylonitic　rocks．　Gaki｛ノutu　Kenkyu

　　　（Science　Ref．　），　Schoot，　Edttc．，　WaSeda　Uiiiv．（Bio　＆

　　　Gωひ，31，49－57．＊＊

Takagi，　H．，1983，　Cataclastic　defomation　on　mylonitic

　　　rocks　along　the　Median　Tectonic　Line－Examples　ill

　　　Kami－Ina　district，　Nagano　Prefecture．　Gakt｛ノutu　Kenkyu

　　　（Science　R4♪，　SC／iool，　Edt‘C．，．　Waseda　Uniり．（Bio＆

　　　Geol），32，47－60．＊＊

Takagi，　H．，1984，　Mylonitic　rocks　along　the　Median

　　　Tectonic　Line　in　Takato・Ichinose　Area，　Nagano
　　　Prefecture．　Jot‘r．　Geol．　Soc．ノOPan，90，81－100．＊＊

Takagi，　H．，1985，　Mylonitic　rocks　of　the　Ryoke　belt　in　the

　　　Kayumi　arca，　eastern　part　of　the　Kii　Peninsula．　Jour．

　　　Geol．　Soc．　Japa｝t，91，637・651．＊＊

Takagi，　H．，1986，　Implications　of　mylonitic　microstructures

　　　for　the　geotectonic　evolution　of　the　Mcdian　Tectonic

　　　Line，　central　Japan．ノ∂μr．　Struc．　Geol．8．3・14．

Takagi，　H．，1989，　Mylonitic　microstructures　and
　　　geotectonic　evolution　of　the　Median　Tectonic　Line．

　　　Structi‘ral　Geolo8y（Joumal　of　the　Tectonic　Research

　　　Group　in　Japan），　No．33，1－11．＊

Takagi，　H．　and　Ito，　M．，1988，　The　use　of　asymmetric

　　　pressure　shadows　in　mylonites　to　determine　the　sense　of

　　　shear．　Jottr．　Struc．　Geol．10．347＿360．

Takagi，　H．　and　Nagahama，　H．，1987，　The　Ryoke　Belt　in　the

　　　Hiki　Hills，　northeastern　marginal　area　of　the　Kanto



Origin　of　the　Median　Tectonic　Line 669

　　　Mountains．」∂ur．　Geol．50c．」ゆoπ，93，201。215．＊＊

Takagi，H．，　Shibata，　K．，　Uchillmi，　S．　and　Fujimori，　H．，1989，

　　　K－Ar　ages　of　granitic　rocks　in　the　northern　Marginal

　　　area　of　the　Kanto　Mountains．ノ∂ttr．　Geol．　Soc．・AJapan，

　　　95，369－380．＊＊

Takahashi，　Y．，1992，　K－Ar　ages　of　the　granitic　rocks　in

　　　Awaji　Island　－with　an　emphasis　on　timing　of
　　　mylOnitiZation一ノ∂llr．　Japan∠4∬0ご．ルfin．　Pet．　ECOn．

　　　Gθ01．87，291。299．＊＊

Takeda，　K．，　Hide，　K．’and　Hara，1．，1987，　Mylonitic　rocks　of

　　　the　Karasaki　Formation　in　the　Sambagawa　belt，　westem

Shikoku．　Abst．94　th　Ann．　Meet．　Geol．　Soc．　Japan，495．＊

Takeshita，　T．　and　Wenk，　H．　R．，1988，　Plastic　anisotoropy

　　　and　geometrical　hardening　in　quartzites．
Tectonoρhysics，　149，　345－361．

Takeuchi，　M．　and　Takizawa，　F．，1990，　The　Tediri　Group　in

　　　the　upper　reaches　of　the　Kurobe　River（part　1），
　　　stratigraphy　and　composition　of　clastic　rocks．　Abst．97〃1

　　　〆lnn．ルfeet．　Geo’．∫oc．ノ6pan，145．＊

Thompson，　A．　B．，1975，　Mineral　relations　in　pelitic　rocks．

　　　II．　Calculation　of　some　P－T－X（Fe－Mg）phase　relation．

Amer．　Jour．　Sci．，276，425－454．

Togashi，　H．，1985，　Struc加ral　relationships　among　the　older

　　　Ryoke　granitic　rocks　and　the　Ryoke　metamorphic　rocks，

　　　and　their　hydrogen　isotopic　characters　in　the　Tenryu－

　　　mura　area，　Nagano　Prefecture，　central　Japan．（MS．）

　　　Master　Tliesis　of　Shinshu　Univ．＊＊

Togashi，　H．，1987，　Structure　of　the　Older　granites　in　the

　　　Hiraoka－Kamihara　d董strict，　Central　Japan．　Abst．94〃1

Ann．　Meet．　Geol．　Soc．　Japan，464．＊

Toriumi，　M．，　1985，　Two　types　of　ductile
　　　deformation！regional　　metamorphic　　belt．
　　　Tectonopltysics，113，307－326．

Tullis，　T．　E．，1976，　Experiments　on　the　origin　of　slaty

　　　cleavage　and　schistosity．　Geol．　Soc．んη．　Bu〃．，87，745－

　　　753．

Tullis，　J．　and　Yund，　R．　A．，1977，　Experimental　deformation

　　　of　d！y　Westcrly　granite．ノour．　Geophys．　Res．82，5707－

　　　5718．

Tullis，　J．，　Snoke，　A．　W．　and　Todd，　V．　R．，1982，　Penrose

　　　Conference　report　on　significance　and　pertogenesis　of

　　　mylonitic　rocks．　Gθ0108），，10，227－230．

Uchiumi，　S．，　Uto，　K．　and　Shibata，　K．，1990，　K－Ar　age

　　　results－3－New　data　from　the　Geological　Survey　of
　　　Japan－．、Bu〃．　Gω1．　Sttrv．　Japan，41，567。575．

Ui，　H．．1977，　The　stratigraphical　relation　among　the　Atera

　　　Nanataki　Conglomerate，　the　Kochi　Fomnation，　and
　　　pyroclastic　rocks．ルITL，　No．2，93－96．＊

Ui，　H．，1978，　Geology　near　Mikawa－ono，　Horaicho，
　　　MinaMi－Shidara－Gun，　Aichi　Pre　fectu　re．　MTL，　No．3，

　　　111。114．＊

Ui，　H．，1980，　Geological　structure　along　the　Median

　　Tectonic　Line，　east　of　Mikawa－Ono，　Central　Japan．

　　〃em．　Geo’．50c．ノOpan，　No，18，69－78．

Ui，　H．，　Arata，　S．，　Furuichi，　S．　and　Nishida，S．，’ 1988，

　　Mylonitic　rocks　along　the　Median　Tectonic　Line　near

　　the　Aichi－shizuoka　prefecturc　border－　Quartz
　　crystallinity　lndex　and　observation　by　SEM．
　　Strttctural　Geology（Jo’irnal　of　the　Tecto’lic」Researc／1

Group　in　Japan），　N　o．33，39－57．＊

Wakita，　K．，1988，　Early　Cretaceous　melange　in　the　Hida－

　　Kanayama　area，　central　Japan．　Bu〃．　Gθ01．　St‘rv．　Japan，

　　39，367－421．

Waters，　A．　C．　and　Campbe11，　C．　D．，1935，　Mylonites　from

　　　the　San　Andreas　fault　zone．ノ1〃ler．　Jour．　Sci．，29，473－

　　　503．

Wintch，　R．　P．　and　Andrews，　M．　S．，1987，　Defonnation

　　　induced　growth　of　si11imanite：”stress”minerals
　　　revisited．　Jour．　Gω108y，96，143－161．

Wise，　D．　U．，　Dunn，　D．E．，　Engelder，　J．　T．　Geiser，　P．　A．，

　　　Hatcher，　R．　D．，　Kish，　S．　A．，　Odom，　A．　L．　and　Schamel，

　　　S・，　1984，　Fault－related　rocks：　Suggestions　for

　　　teminology．　Geolo8y，12，391－394．

Yamada，　N．，　Nakai，　Y．　and　Danhara，　T．，1987，　Fission－track

　　　ages　of　the　Sennan　Rhyolites　and　the　Suyama
　　　Pyroclastic　Rock　from　the　southern　margin　of　the　Ryoke

　　　Belt，　Southwest　Japan．　Jour．　Geol．∫oc．　Japan，93，287－

　　　299．＊＊

Yamada，　N．，　Nozawa，　T．，　Hayama，　Y．　and　Yamada，　T．，

　　　1977，Mesozoic　felsic　Igneous　activity　and　relat6d

　　　metamorphism　in　central・Japan－From　Nagoya　to
　　　Toyama－Guidebook　for　excursion　4．　Geo1．　Surv．　Japan．

Yamada，　N．，　Katada，　M．　and　Sakamoto，　T．，1974，　The

8eolo8icat　∫｝leet一η1αP　”Toyoltash量韓，　scαこe　1ご200000＿

　　　Geo1．　Surv．　Japan．

Yamamoto，　H．　and　Masuda，　T．，1987，　Horizontal　ductile

　　　shearing　in　the　Ryoke　Mylonites，　in　the　Misakubo　area，

　　　northwest　Shizuoka　Prefecture．　Abst．94th　Ann．ルfeet．

Geol．　Soc．　Japait，579．＊

Yamana，　S．，　Honma，　H．　and　Kagami，　H．，1983，　Sr　and　Nd

　　　lsotoplc　ratlos　of　granites　and　basic　rocks　from　the

　　　Ryoke　belt．　MAGMA，No．67，135－142．＊

Yokoi，　K・，1983，　Fe203　content　of　co－e文isting　andalusite

　　and　sillimanite　in　the　Ryoke　metamorphic　rocks
　　・ccurri・g　i・th・Hira・ka－K・d・ya　a・ea，　centr・1　J・pan，

Jour．　Japan．　Assoc．　Min．　Pet．　Econ．　Geol，78，246－254．

York，　D．，1966，　Least－squares　fitting　of　a　straight　line．　Can．

　　Jour．　Ph　ys．44，1079－1086，

Yoshida，　M．　and　Masaoka，　K．，1973，　Mylonitic　rocks

　　around　the　Median　Tectonic　Line　in　Kinki　district，

　　Japan．　Part　1．　The　lithology　of　mylonitic　rocks　and　their

　　geologic　situation．　　Tlie　Median　　Te　ctonic　」Line

　　（Sugiyama　R．　ed．），　Tokai　Univ．　Press，149－178．＊＊

Yoshida，　S．　and　Suzuki，　J．，1952，　The　geological　structure

　　　of　the　Tertiary　Shidara　Group　in　Aichi　Prefecture－

　　　especia11y　on　the　Nanataki　Congrlomerate．ノOur．　Geol．

　　　∫oc．　Japan，58，305．＊

Yuhara，　M．1990，　Deformation　and　metamorphism　of　the
　　　Ryoke　metamorphic　belt　in　Ina　district，　Nagano．　Abst．

97th　Ann．　Mee’t．　Geol．　Soc．　Japan，465．＊

＊in　Japanese

＊＊in　Japanese　with　English　abstract

Yukiko　Ohtomo
　　　　　　Earthquake　Research　Institute，
　　　　　　University　of　Tokyo，　Tokyo，113，

　　　　　　Japan



、


