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Southwest　Japan，　with　Specia1　Reference　to　Extensional　Deformation　in　the
　　　　　　　　　　　　　　　　　　　　　　　　　　　Ryoke　Metamorphic　Belt
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with　12　figures

（Received　November　30，1994）

　　　ABsTRAcr：The　Ryoke　metamorphic　rocks　in　the　Yanai　district，　southwest　Japan　show　geological　and

rock　structures　produced　by　three　different　phases　of　ductile　deformation．　During　the　first　phase（D，），　a

distinct　foliation　parallel　to　lithologic　layering　was　formed　under　the　thermal　peak　conditions　during　the　low－

pressure　facies　series　Ryoke　metamorphism，　which　is　ascribed　to　the　sheet－1ike　intrusion　of　the　older　Ryoke

granites．　The　second　phase　deformation（D，）led　to　the　formation　of　mylonitic　shear　zones　and　nappes．　The

deformation　of　the　third　phase（D，）was　responsible　for　the　formation　of　the　upright　folds　with　E－W　trending

　　　ゆ

　　　In　the　metamorphic　rocks　of　the　Tsuzu　area，　which　is　placed　in　the　northern　part　of　the　Yanai　district，　are

often　found　melt－filled　fractures　of　minor　scales，　which　cut　across　their　foliation．　The　deformation　related　to

the　formation　of　these　melt・filled　fractures　resulted　commonly　from　the　foliation　parallel　extension．　The

overall　movement　picture　inferred　from　the　melt－filled　fractures　appears　to　be　of　the　shear　sense　for　the　top　to

the　north．　The　formation　of　the　melt－filled　fractures　was　responsible　for　the　intrusion　of　the　older　Ryoke

granites．　Asymmetric　textures　such　as　extensional　crenulation　cleavage（ECC）and　rotation　of

porphyroblasts，　which　grew　under　the　thermal　peak　of　the　low。pressure　facies　series　metamorphism，　are　also

formed　in　the　metapelites．　The　shear　sense　read　from　the　asymmetric　textures　is　the　top　to　the　north，　though

fairly　dispersed．　Th董s’is　harmonic　with　the　overall　movement　picture　inferred　from　the　melt－filled　fractures．

’lherefore　it　can　be　said　that　the　overal1　movement　picture　of　the　D且deformation　of　the　metamorphic　rocks　in

the　Tsuzu　area　during　’and　immediately　before　the　intrusion　of　the　older　Ryoke　granites　appears　to　have　been

of　the　same　style　of　extension　tectonics．　Consequently，　the　D，　deformation　occurred　under　extensional　stress

regime　and　the　older　Ryoke　granites　intruded　in　extensiona1　fracture　zones　at　intermediate　ctUstal　depths．

The　nappes　of　the　metamorphic　rocks　and　older　granites　were　fbrmed　during　the　D，　defommation　probably

under　compressional　stress　regirrte・
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1．INTRODUCTION

　　　Granitic　rocks　are　a　major　constituent　of　the　continental

crust．　Since　these　are　commonly　intrusion　bodies　of　large

volumes，　their　emplacement　mechanisms　have　so　far　becn

discussed　by　many　a叫hors　as　so・called‘‘space　problcm”（cf．

Patcrson　et　al．，1991）．　Traditionally　two　main　emplacement

mcchanisms　have　been　emphasized：1）forccful　intrusion，

whereby　buoyancy－drivcn　magmas　physically　push　thc　crust

aside，　giving　rise　to　granitic　diapirs　and　balloons（e・9・Brun　and

Pons，1981；Sakurai　et　al．，1983；Bateman，1985；Ramsay，

1989）；and　2）passive　emplacemcnt　related　to　tectonic　cavity

opening　such　as　great　fault　and　cauldron　subsidence　with

stoping（e．g．　Bussell　e’a’．，1976；Pitgher，1979；Bouchez　and

Diot，1990）．　Guinebcrteau　et　a’．（1987），　Hutton（1982），

Toyoshima　and　Hara（1989），　Hutton　e’al．（1990），　and　Shimura

（1992）have　suggcsted　that　granitic　magma　intruded　in　the

spaccs　created　by　transcurrent　fault，　extensional　shear　zone，　and

subhorizontal　f「acture　zone．　Hutton（1988）suggested　that　the

emplacemcnt　mechanism（fbrccful　or　passive）depends　on　the

ratio　bctwcen　the　mtc　of　buoyant　uprise　of　magma　and　that　of

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　
tectontc　cavlty　opcnmg・
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　　　The　Ryoke　metamorphic　belt，　southwest　Japan（Fig．1a）is

mainly　composed　of　Cretaceous　low－pressure　type

metamorphic　rocks（the　Ryoke　metamorphic　rocks）and

contemporary　granitic　rocks（the　Ryoke　granites），　and　then　has

been　regarded　as　a　typical　example　of　low－pressure　type

metamorphic　belts（e．g．　Miyashiro，1961）．

　　　The　Ryoke　granites　have　been　divided　into　sheet－1ike

bodies，　those　are　the　older　Ryoke　granites，　and　stock－1ike

bodies，　those　are　the　younger　Ryoke　granites，　on　the　basis　of

their　intrusion　forms　and　of　timing　of　their　intrusion（e．g．

Koide，1958；Okamura，1960；Ryoke　Research　Group，1972，

1974；Hara　et　a’．，1980，1991；Okudaira　et　al．，1993）．　Haraθ’

al．（1991）and　Okudaira　et　al．（1992，1993）suggested　that　the

older　Ryoke　granites　appear　to　have　intruded　as　sheet－like

intrusions　along　north　dipping　fracture　zones　oriented　at　low

angles．　While　Hayashi（1994）suggested　thauhe　Hiroshima

granites　in　the　Togouch－Yuu－Takehara　district，　which　are

shallow　facies　of　the　Ryoke　granites　and　have　the　N－S

dimension　of　ca．50　km　on　the　ground　surface，　appear　to　be

τelated　to‘‘lateral　magma　movement”along　shallow　shear　zone

with　low　angle　dip．　Sakurai　and　Hara（1988）indicated　that　the

younger　Ryoke　granite　as　stock－1ike　body　intruded　forcefully

based　on　the　structural　analysis　of　related　rocks．

　　　In　this　study，　we　will　describe　firstly　the　deformation

structures　related　to　the　intrusion　of　the　older　Ryoke　granites　in

the　Yanai　district．　Secondary，　we　will　propose　a　new

emplacement　mechanism　of　the　older　Ryoke　g縦mites　which　is

associated　to　extensional　tectonics　in　the　Ryoke　metamorphic

belt．

pressure　facies　conditions，　and　then　they　were　further　heated

under　low・pressure　facies　conditions．　The　metamorphic　rocks

can　be　divided　into　four　metamorphic　zones　for　minerals

crystallized　under　the　MI　metamorphism：biotite　zone，

cordierite　zone（460。590℃，2．5－3．5　kbar），　sillimanite　zone

（620－720℃，3．5・4．5kbar），　and　gamet　zone（720－810℃，5．0

－ 6．5kbar）．　These　zones　are　arranged　in　thermally　harmonic

fashion　around　the　sheets　of　the　older　Ryoke　granites．

　　　The　older　granites　and　metamorphic　rocks　show　rock

structures　produced　by　deformation　of　two　major　phases

（Okudaira　et　al．，1993）；the　earlier　and　later　phases　are

respectively　called　D置and　D2．　A　distinct　fbliation　paralleho

lithologic　layering　of　these　rocks　was　formed　at　the　former

phase　under　the　thermal　peak　during　the　M！metamo1phism．

The　initial　orientation　pattern　of　the　metamorphic　zones　of　M，

phase　and　the　granite　sheets　is　destroyed　by　recumbent　fblding

and　thnlsting　of　the　D2　phase．　It　has　been　roughly　assumed　that

the　intrusion　of　the　older　Ryoke　granites　is　probably　related　to

the　D軍phase　deformation（Okudaira　et　al．，1993）．　After　the　D2

phase，　the　deformation（D，），　which　formed　a　series　of　sinistral

en　echelon　upright　fblds　anywhere　in　the　Ryoke　metamorphic

belt（Haraθ’al．，1980，1991），　also　occurred　in　the　Yanai

district．　After　the　Ml　metamorphisM　and　D，　deformation，

stock－1ike　intrusions（the　younger　Ryoke　and　Hiroshima

granite等）locally　thermally　affected　their　surrounding　rocks（M2

metamorphism）（Okudaira　et　al．，1993）．

III．　DEFORMATION　RELATEI）TO　THE　INTRUSION
　　　　　　　OF　THE　OLDER　RYOKE　GRANITES

’

II．　OUTLINE　OF　GEOLOGY

　　　The　Yanai　district（Fig．　lb）is　mainly　underlain　by　the

Ryoke　metamorphic　rocks　and　their　associated　granitic　rocks　of

middle　Cretaceous　time（e．g．，　Nureki，1960；Okamura，1960；

Higashimoto　et　al．，1983；Nishimura　et　al．，1985；Hara　et　al．，

1991；Ikeda，1993；Okudaira　et　al．，1993；Miyashita　and

Komatsu，1993，1994；Fabbri，1994）．　On　the　basis　of　their

intrusion　forms，　the　granitic　rocks　have　been　dMded　into　two

categorics：sheet－like　granites（the　older　Ryoke　granites）and

stock。like　granitcs（the　younger　Ryoke　granites　and　the

Hiroshima　granitcs）（Higashimoto　et　al．，1983；Hara　et　bl．，

1991；Okudaira　et　al．，1993）（Fig．1b）．　Because　their

mineralogical　and　chemical　features　indicate　metaluminous　I－

type　granitoid，　thcy　are　not　considered　to　have　been　in　situ

generated　from　middle　crustal　rocks　but　derived　from　lower

crust　and　upper　mantle（Honma，1974；Kagami　et　al．，1992）．

　　　The　mctamorphic　rocks　are　mainly　derivcd　from　pelites，

psammites，　and　chcrts　with　a　subordinate　amount　of　calcareous

and　basic　rocks，　which　are　considered　to　belong　to　the　Jurassic

accretionary　complex（thc　Kuga　Group：Higashimoto　et　a’．，

1983）．They　werc　regionally　metamorphosed　at　two　phases（M。

and　M，）during　a　sequcnce　of　thc　Ryokc　mctamorphism

（Okudaira　et　al．，1993，1994a）．　The　formcr　was　a　nearly

medium・prcssurc　facics　scries　mctamorphism（ca．30°C　l　km）

and　the　latter　was　low・pressurc　facies　series　one（ca．40－50℃！

km）．　Thc　Ryokc　mctamorphism　thcrcfore　is　probably

concluded　that　firstly　thc　rocks　wcrc　heated　undcr　mcdium一

　　　In　order　to　clarify　the　movement　picture　of　the　D，　phase

deformation　which　is　probably　related　to　the　intrusion　of　the

older　Ryoke　granites，　we　analyzed　the　geological　structurbs　of

the　Tsuzu　area，　because　in　the　area　is　only　weakly　found　the

effects　of　the　D，　phase　deformation．

A．GEOLOGICAL　STRUCTURES　OF
　　　　　　　THE　TSUZU　AREA

　　　In　the　Tsuzu　area（Fig．2），　there　are　the　o！det　and　younger

Ryoke　granites，　the　Tengatake　and　Nagano　migmatites（after

Higashimoto　et　al．，1983；Okudaira　et　at．，1993），　the　Hiroshima

granites，　and　the　Ryoke　metamorphic　rocks　as　main　constituent

rocks。　In　the　Tsuzu　area　the　metamorphic　rocks　have　a　distinct

foliation，　which　appears　to　be　in　general　parallel　to　the

lithologic　laycring。　Thc　Tengatake　and　Nagano　migmatites

dcveloped　as　zoncs　in　the　metamorphic　rocks　are　intrusive

bodies　bclonging　to　the　membcr　of　the　older　Ryoke　granites

（Okudaira　et　al．，1993）．　The　migmatites　are　developed　cutting

across　thc　lithologic　layering　and　foliation　at　low　angles　and

across　the　lower　level　of　lithostratigarphy　toward　the　north（Fig．

3）．In　the　migmatites，　there　are　many　metamorphic　xenoliths

with　an　agmatic　structure（see　Fig．4　in　Okudaira　et　al．，1993）．

　　　Thc　gcological　structure　shown　by　the　lithologic　layering

and　foliation　in　thc　arca（northcm　block）on　the　north　of　the

EW　trcnding　Tsuzu　fault　is　characterized　by　an　open　upright

anti　f（）rm　with　a　fold　axis　gcntly　plunging　toward　ESE，　though

slightly　disturbed　by　high・anglc　faults（Figs．2，3，　and　4a）．　The
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Fig．2．　Geological　map　ofthc　Tsuzu　a1ea．1：alluvium．2：Hiroshima　granites．3：youngcr　Ryokc　gmnitcs．4：01dcr　Ryokc　granites．5：Tcngatakc　and

　　　　　Nagano　migmati敦es．6：metape聴tes　and　mctapsammitcs．7：mctacherts．　Closcd　squarcs　indicate　locations　of　samples　using　pctrologically

　　　　　cstimate　of　metamorPhic　temperatures．

temperature　variation　in　the　cordierite　zone
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　　　　　cordierite　zone．

fbld　axis　is　placed　near　position　Z－51（Figs．2and　3）．　In　the

area（southern　block）on　the　south　of　the　Tsuzu　fault　the

lithologic　layering　and　foliation　are　as　a　whole　dipping　at　low

to　moderate　angles　toward　the　north（Figs．2，3，　and　4b），　though

locally　folded　in　mcsoscopic　scale．　Theπ・diagram（Fig．4）for

thc　foliation，　which　is　characterized　by　a　broad　singlc　great・

circle　girdle，　suggests　the　development　of　mcsoscopic－scale

folds　with　the　axes　flat－lying　in　a　trend　of　WNW－BSE（fold　axis
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　b N

Fig。　4．　Equal　area　plots　of　structural　data　for　the　metamorphic　rocks　in　the　Tsuzu　area．　a）northern　block．　b）southern　block．

（D3）in　Fig．4）．　Such　fblds　are　fbund　in　upright　fねshion　in　many

o縫tcrops．　Th¢uprゆt　folds　9f　var1o縫s　s。al¢s韮n　the　Rorthera

and　southern　blocks　are　comparable　with　the　upright　fblds

devel◎pe“蓋総韮e蝕a轟d　fa曲lo猷hro縫gh◎ut　tke・Pa！e◎z◎至c－

Mesozoic　accretionary　complexes　and　the　Ryoke　nietamorphic

belt　9f　tke　IRner　Z◎総e　of　so槻hwest　Japan，　whlch　p◇s繊重ed癒e

intrusion　of　the　older　Ryoke　granites（e．g．　Hara　e’a乙，1980）．

鍮eral　As§¢紬13霧6

MsうBt A
M＄争BtかCrd　l÷κf＄ o
臨÷8t◇Crd萎÷1（総÷ム轟ご o
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B．METAMORPHIC　ZONATION　IN　THE　TSUZU　AREA

　　　In　the　Tsuzu　area，　the　Ryoke　metamorphic　rocks　mainly

s縫撫e曲o鋸w◎d豪撫e滋搬e繍◎噛1§矯s（M、a総dM、）a総d

those　located　near　the　younger　Ryoke　and　Hiroshima　granites

were　addi｛ionally識c塾ed　by伽M、㈱£a搬orphism（Ok縫戯ra

e’at．，1993）。　This　area　can　be　divided　into　two　metamorphic

Z◎籠es（竈為e　bl◎ξ茎蒙e　a織（至CO罫dler髭e　zO轟es＞1籍案ems◎f縫｝e　mi無eral

pamgeneses　of　pelitic　and　psammitic　rocks　fbmed　during　M曇

metamorph董sm（Ok糠dalra　8’a！．，1993）。　T熱e　typica韮謡織eral

assemblages　are　as　fbllows：

　　　Bio嫉te　zone：

　　　　quartz÷Plagioclase÷biotite＋muscovite，

　　　Cordierite　zone：

　　　　q纏a！｛z4・plagl◎clasc÷bio撫e÷muscov致c＋Kイ壱ldspar÷

　　　　cordierite±aluminosilicate．

　　　Ga罫轟e象crysta茎s　aτe難o象f6疑轟d　as　s鑑ab嚢e登盛織era！韮織the

metapelites　and　mcmpsammites，　although　th6y　arc　often　fl）und

l籍le縫cos㈱¢o糠¢鶏薩19絹臣a撫e§．　Tl｝ls　ebse陥t沁R　suggests　tha｛

the　crystallization　of　the　garnαs　resulted　from　assimil飢ion

bc蒙wee轟象he搬e繍orp短c　7㏄ks認g掌翻薦¢鵬重¢rials（Owad3，

1989）．The　regional　memmorphic　zon飢ion　is　shown　in　Fig．5．

It三s精o重d董s繊rbed　aro縫轟d欲e　Te轟ga綴ke翻d　Naga縫o

migmatites，1ike　th¢cas¢s　which　havc　been　described　in　the

Ry◎ke矯e象a瀟o】窪）！蟻c　be！t　of獄鋤y◎ther　dis縫1αs（e．9．　Kolde，

1958；Kutsukake，1977；Seo　8’α’．，1981）．　Okudaira　et　al．

Fl9．5．　Dlagram瀦lustrating　the　distribution　of　mineral　assemblages

　　　crystallized　under　the　M　l　metamorphism．αos¢d　triangle

　　　r¢卿se継s蒲繍ぬs§erablage§Sllch・as㈱鍵zやlagl◇clase÷
　　　bio轍e＋muscovit¢±andalusite　Sk　cordierite　resulted　from　th¢M2

　　　　搬e象a！捻or韮）his鵬・

（1993，1994a）have　point¢d　out　thaUhe　low－pressure　facies

serles　M鼻瀟e繊矯◎rphls蹴is　ascribed給the　sheet－llk¢1轟榔slo織

of　the　older　Ryoke　granit¢s．　Fi8ure　5　also　represents　contact

a鷲τeo韮c　resu致ed　from　葦織廿秘s韮or竃of婁熱¢y◎慧織ger　Ryoke　and

Hiroshima　granites（M2　isograd　in　Fig、5）．　The　aureole　is　ca．

5◎Omin　width　and　is　charaαerセcd　by　textures　of　overprlnt　of

ncw　crysta！s，　such　as　muscovi重e，　andalusi重e，　and　co繭erite．
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Y

Fig．6．　a）Photograph　showing　the　structure　of　melt－filled　fractures　around　the　Nagano　migmatite．　b）Sketched　profile　of　photograph（a）．　dot：granitic

　　　　　part．　strip：metapelite．　c）Photograph　showing　the　structUre　of　melt－filled　fractures　around　the　older　Ryoke　granite．

　　　Metamorphic　minerals　in　the　metapelites，　which　were

crystallized　under　the　peak　metamorphic　condition　during　the

M，phase，　are　available　to　estimate　its　temperature　condition

using　the　garnet－biotite（Holdaway　and　Lee，1977；Perchuk，

1977），garnet－cordierite（Holdaway　and　Lee，1977；Perchuk，

1977），and　two－feldspar（Stormer，1975；Stormer　and　Whitney，

1977；Haselton　et　al．，1983）geothermometers．　The　inset

diagram　in　Fig．3represents　the　temperature　variation　in　the

cordierite　zone　which　grades　into　the　biotite　zone　to　the　north，

and　the　garnet　zone　to　the　south（Okudaira　et　al．，1994b）．　The

metamorphic　temperature　estimated　for　sample　Z－5110cated

north　of　the　Tsuzu　fault　is　significantly　lower　than　those

estimated　for　the　samples　located　south　of　the　fault（Fig．3）．　In

the　southern　block，　the　temperatures　of　samples　F－8，　E－23，　and

E。7are　slightly　lower　than　those　of　samples　S－1，F－11，and　F－

13（Fig．3）．　Overal1，　the　metamorphic　temperatures　increase

from　north　to　south　with　decrcasing　structural　lcvcL

　　　　　　　　　　　C．MOVEMENT　PICTURE

OF　D　PHASE　DEFORMATION　IN　THE　TSUZU　AREA
　　　　　　1

　　　In　the　metamorphic　rocks　of　thc　southcrn　block　and　thc

southern　part　of　thc　northcrn　block　arc　ohen　lbund　mclt－fillcd

fractures　of　minor　scalcs，　which　cut　across　thcir　foliation（Fig．

6）．Such　melt－filled　fractures　arc　parallel－subparallcl　to　and

oblique　to　the　foliation，　and　thc　constituent　mincrals　and　minor

stmctures　in　and　around　them　suggest　that　thcy　werc　developed

by　shearing　along　the　foliation　during　the　MI　phase．　The

foliation－paralle1～－subparalie且fractures　and　foliation－oblique

fractures　are　respectively　comparable　with　the　principle

N

shear　direction

planplane　of　Riedel　shear　R　7

　　　　　　　　　　　　　　　　　　　foliation

Fig．7．　Diagram　showing　the　shcar・direction（arrows）of　thc　melt－fillcd

　　　　　fractures　in　the　metapelites　around　the　Iwakuni　Ccntury　Golf

　　　　　Course．　Thin　solid　girdles，　thick　solid　girdlcs，　and　dashed　lines

　　　　　represent　foliation，　plane　of　Riedel　shear　R　1，and　intersection

　　　　　between　the　former　two，　respectively．　Lower　hemisphere　equal

　　　　　area　prOJectlon・



Emplacement　Mechanism　of　the　Older　Ryoke　Grani　tes 363

displacement　shear　Y，　the　Riedel　shear　R且，　and　the　extension

fracture　T（after　Skempton，1966；Logan　et　al．，1979；Bartlett　et

al．，1981；Shimamoto，1989）．　The　deformation　related　to　the

formation　of　these　melt－filled　fractures　resulted　commonly

from　the　foliation　parallel　extension，　as　inferred　from　the

orientation　pattern　of　the　fractures（Hara　et　al．，1991）．

　　　The　melt－filled　fractures　appear　to　be　especially　strongly

developed　near　the　migmatites　and　the　older　granites（Hara　et

al．，1991；Okudaira　et　al．，1993）．　The　metamorphic　xenoliths　in

the　migmatites，　which　are　mainly　metapelites，　commonly　have

many　melt－filled　fractures　which　are　not　traced　toward　their

Fig．8．　Microphotograph　showing　the　ax　ial　plane　cleavage　of

　　　　　crenulation　type　of　D　l　fold　is　masked　by　the　K－feldspar

　　　　　porphyroblast・

surrounding　granitic　parts．　his　clear　that　the　xenoliths　of

various　scales　in　the　migmatites　were　derived　from　fractured

blocks　of　metamorphic　rocks．　Okudaira　et　al．（1993）have　been

clarified　that　some　metamorphic　xenoliths　came　from　the　much

greater　depth　zone　than　the　surrounding　metamorphic　rocks．

Therefore，　the　migmatites　have　been　considered　by　Okudaira　et

al．（1993）to　be　intrusives　along　fracture　zones，　which　are　of　the

same　generation　as　the　melt－filled　frac加res　of　the　surrounding

metamorphic　rocks．　The　overall　movement　picture　inferred

from　the　melt－filled　fractures　appears　to　be　of　the　shear　sense

fbr　the　top　to　the　north（Fig．7）．　The　migmatites　are　developed

cutting　across　the　lower　structural　level　toward　the　north　as　is

obvious　in　Figs．2and　3．　The　deformation　related　to　the

forrnation　of　the　fracture　zones，　which　were　responsible　for　the

intrusion　of　the　migmatites　and　therefore　of　the　older　Ryoke

granites，　would　be　assumed　to　be　of　extension　type．

　　　The　foliation　of　the　metamorphic　rocks　in　the　Tsuzu　area

shows　intrafolial　folds　of　mesoscopic　to　minor　scales．　Their

axial　trends　are　commonly　NS～NNW－SSE，　though　highly

dispersed（fbld　axis（D且）in　Fig．4）．　Figure　8　shows　the　time－

relationship　between　the　porphyroblastic　growth　of

metamorphic　mineral　crystallized　during　the　thermal　peak　of

the　M豊metamorphism　and　the　D且folding　of　intrafolial　style．

This　figure　indicates　that　the　axial　plane　cleavage　of　crenulation

0．30

Tio．25

」
緯凹

ロECC－forming　Bt

■fo髄ation－forming　Bt

口

　　　0．20
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　0．6　　　　　　　0．5
　　　　　　　　　　　　　　　　　　　　　　　　　　XFe

Fig．10．　Ti　versus　XFe【Fe！（Fe＋Mg）］　for　biotite　in　metapelites　from　the

　　　　　biotite　zone．　Numbers　of　ions　on　the　basis　of　22　oxygens．

1mm 2mm
Fig．9．　Micr・ph・t・graphs　sh・wing　asymmctric　textures　in　metapelites・f・the・bi・tite・and・c・rdie「itc　z・nes・Plane－p・larized　light・

　　　　　a）extensional　crenulation　cleavage．　b）rotation　of　cordierite　POrPhyroblast・See　text　fbr　details・
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type　of　D，　fbld　is　masked　by　the　K・feldspar　porphyroblast．　It

can　be　said　that　the　intrafolial　folds　with　NS　N　NNW・SSE

trending　axes　apPear　to　be　parallel　to　the　shear　direction

inferred　from　the　melt・filled　fractures，　which　is　the　top　to　the

north，　during　and　immediately　before　the　M，　metamorphism．

　　　Asymmetric　textures　such　as　extensional　crenulation

cleavage（ECC；Platt　and　Vissers，1980）（Fig．9a）and　rotation

of　porphyroblasts（Fig．9b）such　as　cordierite　and　K・feldspar，

which　were　crystallized　during　the　M，　metamorphism，　are　often

recognized　in　thin　section　of　metapelites．　These　asymmetric

Fig．11．Diagram　showing　the　shear　sense　of　the　asymmetric　texture　in

　　　　　metapelites（closed　arrows）．

textures　are　considered　in　relation　to　the　M巳metamorphism．

Figure　10　illustrates　the　chemical　compositions　of　the　foliation－

forming　biotite　and　the　ECC－forming　biotite，　suggesting　that

the　former　and　the　latter　formed　under　the　same　metamorphic

condition，　which　corresponds　to　the　condition　of　M重

metamorphism．　The　shear　sense　read　from　the　above－

mentioned　asymmetric　textures　is　top　to　the　north，　though　fairly

dispersed，　as　shown　in　Fig．11．　This　is　harmonic　with　the

overall　movement　picture　inferred　from　the　melt・filled　fractures

（see　Figs．7and　11）．　As　mentioned　above，　the　formation　of　the

melt－filled　fractures　was　responsible　fbr　the　intrusion　of　the

older　Ryoke　granites　and　for　the　M且metamorphism．　Therefbre

it　can　be　said　that　the　overall　movement　p五cture　of　the　D，

deformation　of　the　metamorphic　rocks　in　the・　Tsuzu　area　during

and　immediately　before　the　intrusion　of　the　older　Ryoke

granites　was　of　the　same　style　of　extension　tectonics．

IV．　CONCLUSION

　　　Recently，　Miyashita　and　Komatsu．（1993，1994）indicated

that　the　deformation　related　to　the　formation　of　foliation　in

metamorphic　rocks，　which　has　a　top　to　the　north・v　northwest

sense　of　shear，　is　of　extension　type．　In　this　study，　we　also

concluded　that　the　D、　deformation　was　operated　under

extensional　stress　regime　and　that　the　older　Ryoke　granites

intruded　in　extensional　fracture　zones　at　intermediate　crustal

depths．　The　tectonic　model　for　the　emplacement　of　the　older

Ryoke　granites　is　illustrated　in　Fig．12．　The　extension　tectonics

occurred　with　the　tensional　stress　approximately　normal　to　the

general　trend　of　the　Ryoke　metamolphic　belt．　Following　the

tectonics，　the　Ryoke　metamo1phic　belt　suffered　compressional

deformation（D，　deformation）which　was　related　to　the

formation　of　nappes　transporting　toward　the　WSW　or　SW

（Okudaira　et　al．，1992，1993）．

N S

　series

s

Fig．12．　Tectonic　mOdel　for　the　emplacement　of　the　older　Ryoke　granites．
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