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ABSTRACT   

TheP－TconditionintheShimantoaccretionarycomplex，SOuthwest   

Japanwasdeterminedbycombiningthevitrinitereflectancewith   

homogenizationtemperatureofthefluidinclusionanalysis・Lowgrade   

metamorphismwasdiscussedconcemlngtheaccretionarycomplex  

development・ThisisthenrstreportonthequantitiveP－Tpathinthe   

accretionarycomplex．  

TheCretaceousShimantoaccretionarycomplexisseparatedffom   

theJurassicChichibuaccretionarycomplexonthenorthbythe   

ButsuzoTectonicLine（BTL）andisseparatedfromtheTertiary   

ShimantoaccretionarycomplexonthesouthbytheAkiTectonicLine   

（ATL）．Thecomplexiscomposedmostlyoftrench－fillsediments，   

Slope－basinsedimentsandmelanges・Theagediffbrencebetweenthe   

OCeanicrockblocksandblackshalematrixinthemelangedecreases   

SOuthward丘omtheJurassictoTertiarycomplex・Thistrendimplies   

thataspreadingridgeapproachedtothetrenchdurlngaCCretionary   

COmPlexfbrmation・Mid－OCeanic－ridgebasalt（MORB）－tyPeblocksare  

thoughttobeuncommoninmostofthemelangesinJapan，butthe   

youngestmelangeintheCretaceousShimantoBeltischaracterizedby   

PreSenCeOfMORB－typebasaltblockswithoutpelaglCSediment． ●  

Vitrinitereflectanceisaresponsiveindicatorforthethermal  
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diagenesis，andthefluidinclusionwithintheveinmineralpreserveS   

●■ thesameconditionsofthevolumeanddensltyattraPPlng．The   

isochorethatistheinternalP－Tgrowthlinewithinthefluidinclusion   

isobtainedfromthehomogenizationtemperaturebyheating   

experiment・Theintersectionofthemaximumtemperatureandthe   

isochoreindicatesthemaximumpressurelimitofthefluid・The   

PreSSureOftheeachstageofthemethane－richandwater－richnuid   

trapplngareeStimatedbythisP－Tintersectionandthenthepaleo－ ●  

geothermalgradientisobtainedfromtwodifftrentsamplesfromthe   

SamegeOloglCunit．  

ThethermalstruCturalanalysISOftheChichibuandShimanto   

accretionarycomplexinthewesternShikokuIslandbythevitrinite   

reflectanceindicatedthatthethermalstruCtureisindependentofthe   

geologlCStruCture．Therepeatedsouthwardincreasetrendofthermal ●  

StruCturepenetrateSalltheformationsandmelangeseventheshelf   

Sediments・Thisindicatesthatthecomplexessufftredthermaloverprint   

after accretion．   

Itwasrevealedbythepresentstudythatthefluidofmethaneand   

WaterSeParatelymlgratedatdi蝕rentP－Tstagesduring   

metamorphism．Judgingfromthemodeofoccurrenceofthevein   

mineralsandcorrelationofthehomogenizationtemperatureofthe   

Water－richfluidinclusionwiththevitrinitereflectance，thewater－rich  
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fluidwastrappedatlaterstagethanthemethane－richfluid．The   

methane－richnuidwastrappedintoquartzveinmineralunderhigher   

PreSSureOf～260MPawithlowergeothermalgradientof～24OC此mat   

theearlystagethanthewater－richfluidof～125MPawiththehigher   

geothermalgradientof50－OC化matthelaterstage・Thislatestage   

geothermalgradientincreasestrenchward，anditbecomesover90   

0C此mintheOkitsuMelange．  

TheOkitsuMelangesuffbredmuchhighertemperaturethanthe   

SurrOundingstrata，andwasconsideredtobefbrmedconcurrentlywith   

theKula－Pacincridgesubductionwithremarkablefbrmationofmany   

Smallquartzveins．Thehighheatmightbetransferredbynuid   

mlgrationinthetoeoftheaccretionaryprlSm．Thiseventoccurredas ●  

thethermaloverprlntinthelatestage．  

Thepaleo－heatflowestimatedfromtheP－Tconditionsisconsistent   

Withtheheatflowestimatedfromtheageoftheslabfbrthetwo   

StageS．Theresultssuggestthattheheatlngbytheshbisde鎖nitely   

effectiveforthemetamorphismintheaccretionaryPrlSmeVenbycold   

platesubduction．Inconclusion，themetamorphismintheShimanto   

accretionarycomplexwasevolvedwiththechangeofthethermal   

COnditionoftheslab，andbothfluidsofmethaneandwaterrecorded   

theP－Tconditionsduringaccretionandlaterthermalevent，   

respectively・  

Viii   



Chapterl   

INTRODUCTION  

IsucceededindeterminlngtheP－Tconditionsofvariousplaceinthe  

CretaceousShimantoaccretionarycomplexinthewestemShikokuIsland，   

SOuthwestJapanbyuslngthevitrinitereflectanceandthehomogenization  

temperatureofthefluidinclusionwithinthequartzandcalciteveins・   

Furthermore，Icoulddiscussthepaleo－heatflowandquantityofupliftofthe   

COmPlexobtainlngdifftrentP－TconditionsfromthedifftrntPlacewithinthe   

Sameunitofthecomplex．Twostgaesoffluidinclusionswerealsoinftrred   

h’Omdifferentveingeneration，andtheP－Tconditionsandtheirtectonic   

implications，Onefbrtheearly，theotherfbrthelatestagewerealsodiscussed・   

ThisisthefirststudyoftheP－Tpathintheaccretionarycomplex・  

AlthoughthestruCturalanalysisofmelange（Hsu，1968；Moorand   

Wheeler，1978；Cowan，1985；KimuraandMukai，1991etc．），thermal   

StruCturalmodelingbysimulation（Dumitruetal．，1985）andmetamorphic   

faciesanalysisoftheexoticblocks（Cowan，1974；SampleandMoor，1987；   

ToriumiandTeruya，1988）havebeeninvestigatedinaccretionarycomplexin   

Variousareas，theP－Tpathwasnomorethanspeculation．Vroliik（1987；   

1988）discussedthethermaleffbctbywarmfluidmigrationwithintheKodiak   

accretionaryprlSmtOebasedonthemethane－richfluidinclusionstudy．   

However，ltisnotclearthethermalstruCtureanditstectonicslgnificance．  
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Overalastfewyears，aCOnSiderablenumberofstudieshavebeenmadeon   

estimationofthemaximumtemperatureoftheaccretionarycomplexbythe   

Vitrinitereflectanceandillitecrystallinity，anditisknownthattheShimanto   

accretionarycomplexunderwenthightemperature（Aiharaetal．，1987；Mori   

andTaguchi，1988；DiTullioetal．，1993）．Sakaguchietal．（1992，1994，1996），   

Underwoodetal．（1992，1993）andHibbardetal．（1993）pointedoutthatthe   

Shimantoaccretionarycomplexhassufftredthermaloverprlntbytheyoung   

Platesubduction・However，thesediscussionshavesomedifncultproblemsthat   

themaximumtemperatureincludesvariousfactorssuchasburialdepth，   

Changeofgeothermalgradientandthermalefftctofigneousactivity．  

ThefluidexpulsioninthepresentNankaiaccretionaryPrlSmiswell   

known，anditstectoniccontextwasdiscussed（ChamoトRookeetal．，1992）．   

AlthoughtheheattransftrtothetoeoftheaccretionaryprlSmbythefluidwas   

SuggeStedfromtheheatflowdistributionalsointheNankaiaccretionary   

Prism（AshiandTaira1993），littleisknownaboutthecircumstanceofthe   

fluidflowintheancientShimantoaccretionarycomplexonland■  

ThedataoftheP－TconditiondunngfluidtrapplngWithinveinmineral   

Offerthekeytounderstandingthesesu旬ects．Inthisthesis，eaChfluidof   

methaneandwaterwasfoundwithintheveinminerals，anditwasrevealed   

thattheyweretobetrappedatdifftrentstagesduringmetamorphism．Then   

becomespossibletoknowthethermalevolutionandnuidmlgrationatthose   

times．Asaresult，theP－Tpath，Paleo－heatflowdistributionandtheirrelation  
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WithfluidmlgrationintheShimantoaccretionarycomplexwereobtainedfbr   

acasestudyinthewesternShikokuIsland，anditwasproposedthatthe   

metamorphismoftheaccretionarycomplexisdominantlycontrolledbythe   

thermalconditionofthesubductlngPlate．  
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Chapter2   

GEOLOGIC SETTING   

TheCretaceousShimantoaccretionarycomplexisseparatedf王omthe   

JurassicChichibuaccretionarycomplexonthenorthbytheButsuzoTectonic   

Line（BTL）andisseparatedfromthe・TertiaryShimantoaccretionarycomplex   

OnthesouthbytheAkiTectonicLine（ATL）．  

TheCretaceousShimantoaccretionarycomplexiscomposedoftwogroups，   

thelowerCretaceousShirtjogawaandupperCretaceousTaishoGroups・The   

TertiaryShimantoaccretionarycomplexiscomposedoftwogroups；the   

EocenetolowerOligoceneHataandupperOligocenetolowerMioceneNabae   

Groups．Thereisasedimentaryagedifftrenceofseveraltensofmillionof   

yearsbetweenthesegroups．  

Themostpartofthecomplexconsistentsofdominantsedimentofthe   

trench－fillfacies，howeverthreeunitsofmelangefaciesoftheYokonami，   

KureandOkitsuMelangesareinterleavedwithintheTaishoGrouplnthe   

Cretaceouscomplex（Tairaetal．，1980）．Moreover，theshelfandfbrearc   

faciesoverliethesecomplexesunconfbrmably；theyaretheCretaceous   

MonobegawaGroupandTorinosuGroupontheChichibuaccretionary  

COmPlex，DoganaroFormation，UwagumiFormationandUwqlmaGroupon ■●   

theShirjogawaGroup，andtheMioceneMisakiGroupontheNabaeGroup  

（Okamura，1992；Morino，1993；Kimura，1985）（Fig．1．）  
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COmplex，WeSternShikoku・TheCretaceousunitisdividedfromtheJurassicunitbytheButsuzo  

tectonicline（BTL）anddividedfromtheTertiaryunitbytheAkitectonicline（ATL）・The  
CretaceousunitiscomposedoftwoGroupsoflowerCretaceousShirtjogawaandupperCretaceous  
Taisho－TwohundredsofvitriniteweresampledfromallthefbrmationsandmelangeSalongthe  
COaStalareaofTosabayandShimantOriversystemarea・Thevitrinitereflectancedataofopen  
CirclesarefromOhmori（1994）．  

－5－   



Thesedimentsofthetrench－fi11，fbrearcandshelffacieshavecoherent   

turbiditesequenceandtightlyfoldedstruCture・Incontrast，themelangefacies  

SufftredstrongdefbrmationandincludesexoticoceaniccruStalblocks・The   

agediffbrencebetweentheoceanicrockblocksandblackshalematrixinthe  

melangedecreasessouthwardfromJurassictoTertiarycomplex（Tairaetal・，   

1988）．Thistrendmayimplythataspreadingridgehadapproachedtothe   

trench．Mid－OCeanic－ridgebasalt（MORB）－tyPeblocksareuncommoninmost   

OfthemelangesinJapan（OgawaandTaniguchi，1989；Sakamotoetal・，1993），   

buttheyoungestmelangeintheCretaceousShimantoBeltischaracterizedby   

PreSenCeOfMORB－tyPebasaltblockswithoutpelagicsediment（Kiminamiand   

Miyashita，1992；Kiminamietal．，1992）．   

InthesouthernmostportionoftheTertiarycomplex，theAshizuriGranite   

intrudedintotheShimizuFormationat14m．y．B．P．（ShibataandNozawa，   

1968；Takahashi，1980）（Fig．2），andgavecontactmetamorphismtothe   

SurrOundingstrata．  
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Chapter3   

METHODS  

3.1 Vitrinite reflectance analysis 

Twohundredofcoalsfbrvitriniterenectanceanalysisweresampledinthe   

WeSternCOaStalareaoftheTosaBayandtheinlandareaalongtheShimanto   

Riversystem（Figs・1and2）・Ipickedupthecoalconcentratedlayerandcoal   

fragmentfromthebothsandstoneandblackshale（Figs．3aand3b）．Thecoal   

fragmentsareinterleavedwithclasticgrains（Figs．3cand3d）．  

Thevitrinitesweresampledfromallthefacies，COnCentratinginthe   

SlgnificantareassuchasaroundtheBTL，YokonamiMelangeandOkitsu   

Melange・InthecaseoftheYokonamiMelange，thevitrinitesweresampled   

bothfromthesandstoneblockandblackshalematrix．  

Vitriniterenectanceisaresponsiveindicatorfbrthethermaldiagenesis．   

There月・eCtanCemeaSurementWaSCamiedoutinaccordancewiththeJapanese   

IndustrialStandard，uSlngtheLeitzeOrtholuxmicroscopeequlPPedwitha   

Photomultiplier・ThediagramofthemeasurlngdeviceisshowninFigure4．Ⅰ ●   

CalibratedthereflectancebythestandardoftheBerryandAssociateCompany  

underthegreenlight（546nm．）（Fig．4）．Idiscriminatedbetweenthevitrinite   

andtheothermaceralsunderthemicroscope（Fig．3d）．  

Foreachsample，ahundredofthevitriniteparticlesweremeasuredon  

－8－   
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galvanometer  

Figure4・Diagramofthemeasunngdeviceandappearencefbrvitrinite  
reflectance・Thevitrinitereflectancewasmeasuredbythephotomultiplier  
Withgreenlightof546rLminwavelength・  

＿10－   



threetypesreflectancesofrandommean（Rm），maXimum（Rmax）and   

minimum reflectance（Rmin）duringtherotationofthestageunderthe   

POlarizlng－microscope．AlthoughtheRmaxisatruereneCtanCefbrmaturation   

Vitrinite，themostofstudiesfbrthemaximumtemperatureestimationusedthe   

Rm，isobtainedonthestagewithfixedposition．Therefbre，IusetheRmax   

fbranalysISOfthermalstructureandtheRmfortheestimatingthemaximum   

temperature・  

Barker－s（1988）methodforestimatingthemaximumtemperatureis   

accuratefbrsamples丘omtheShimantoaccretionaryCOmPlex（Laughlandand   

Underwood，1993）．Iestimatedthemaximumtemperatureh：Omthemean   

VitrinitereflectanceaccordingtotheequationofT（OC）＝148＋（104［ln   

％Rm］）withtheerrorof士300C．  

3・2FluidinclusionanalysIS                                                                                            ■   

Twenty－fivequartzandcalciteveinsaresampledwiththesameoutcropof   

thevitrinitefromthethreeofthetufbiditeunitsandtwoofmelangeunits；   

SuChasSusakiFormation，ShimotsuiFormation，NonokawaFormationbrthe   

fbrmerumits，YokonamiMelangeandOkitsuMelange．fbrthelatterunits．The   

Veinsthatiscomposedmanyofsma11veinsareparallelorsub－Parallelwith   

thelayer（Fig．5a）・Theyarecomplicated，anditisnoteasytoidentifythe  

ー11－   
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fbrmationorderofeachvein・However，itisknownthataquartzwas   

depositedearlierthancalcite，becausethequartzcrystalstendtobeeuhedral   

Withthecombstructure，andthecalcitecrystaltendstobeanhedral．  

Thefluidinclusionswithinthedoublepolishedrockwaftrwere   

experimentedbytheheatingandcoolingstageoftheLinkamTHM－600（Fig．   

6）withtheerrorof50C．Thedevicewascalibratedbythemelting   

temperatureoftheDyphenylamine（540C），PhenoIphthalein（2620C）and   

PotassiumDichromate（3960C．）  

Thetwotypesfluidinclusionsareobserved；theoneisofonephaseandthe   

Otherisofphasesofliquidandvaporfluidinclusionsintheroomtemperature   

（Fig・7a）．Ingeneral，theonephasenuidinclusionoccurswithinthequartz   

Veinsanddatkerthantheother，andisdividedintotwophasesinthecooling   

experimentlowerthan－100OC（Fig．7cand7d）．Thephasesdiffbrin   

COmPOSition；theearlytypeiswaterrichandthelatertypeismethane－rich・   

Thedetaildiscussionaboutthefluidcompositionisshownlater．  

Theliquidandvaporwithinthefluidinclusionarehomogenizedby   

heatlng・Internalpressureofthefluidinclusionincreasesalongtheisochore   

afterhomogenization（Fig．8）．TheP－Tconditionduringnuidtrappingplots   

SOmeWherealongtheisochore，andtheintersectionoftheisochoreand   

maximumtemperatureindicatestheupperlimitofthepressureconditionfbr   

thefluid・ThegeothermalgradientduringfluidtrapplnglSeStimatedfromthe   

diffbrenceoftheP－Tconditionbetweentheseafl00randfluid．Iusedthe  

－13－   



drY Nz  
gas in gas out  

Window  siIver thermal block  

with resistance heater  2 cm  

Shepherd（1981）  

Figure6・Diagramoftheheatingstageandappearence・Thefluidinclusions  
wereexperimentedbytheheatlngandcoolingstageoftheLinkamTHM－600  
Withtheerrorof50C．  
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fundamentaldatafbrcalculationoftheisochoresbyShepherdetal．（1985）  

fbrwater－richnuidandSaxenaetal．（1987）fbrmethane－richfluidwith   

COmPuterPrOgrambyBrownandHagemann（1989）．  

3・1In丘aredmicrospectroscopy   

Theinclinationoftheisochorechangesbythefluidcompositionandthe   

COnCentrationofthesalt・Iobtainedthembythein丘aredspectrumandmelting   

temperatureofthenuid．  

Theinftaredspectrumisobtainedfromclearandlargenuidinclusion．The   

fburier－tranSforminfraredmicrospeCtrOSCOPyyieldsthemolecularstructural   

infbrmationonindividualnuidinclusionlargerthan50iLminsize．Some   

PartSOfspectralrangesaremaskedbythestronglyabsorptionofhostmineral．   

ThenuidcompositionisinferredfromtheremalnlngSpeCtrum．The   

SyStematicdiagramandappearanceofmeasunngdeviceareshowninFigure   

9・Owingtotheinfraredbeampassesthroughtheair，itisimpossibleto   

researchthecarbondioxide．Thecarbondioxideabsorbsstrongly，and   

nuctuationislargerthantheothergaseswithintheair．  

TheinfraredspeCtrumSOfthetwotypesoffluidinclusionsareshownin   

theFigures10and11．Thetwophasesfluidinclusionintheroomtemperature   

absotbsspectrumOfthewater（Fig．10）．ThespectrumOfthetwophasesnuid  

ー1アー   
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FigurelO・In丘aredspectrumOfthewater－richfluidinclusion・Theinfraredwasabsorbed  
Onthebandofthewater（H20）typically．  
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Figurell．InfraredspectrumOfthemethane－richnuidinclusion．Itwasfbundthatthe  

Weakabsorptionbandonthemethane（CH4）andnegativeabsorptionbandontheCO2  
andcafbondioxide（CO2）．ThisindicatethatthisfluidinclusionisrichinCH4andpoorof  
H20andCO2．Theweakabsorpt10nbandofCH4maybeowlngtOthelowdensity・  

－ユ0－   



inclusionintheroomtemperatureischaracterizedbytheabsorpt10nbandof   

WatertyPICally・Inaddition，theweaklyabsorpt10nandthepeaktransmittance   

Oftheinfraredarefoundnearthebandofcarbondioxide．Thisindicatesthat   

thisareinfluencedsufftringbythefluctuationofthecarbondioxideinthe   

laboratoryduringmeasurlng・TheinfraredspeCtrumOftheothertypefluid   

inclusionischaracterizedbytheweaklyabsorptionbandofmethane（Fig・11）   

andnegativeabsorptionbandofwaterandcarbondioxide・Thisindicatesthat   

thefhidinclusionofthistypeisrichinmethaneandpoorofthewaterand   

Carbondioxide．Theweakabsorptionofthemethanebandmayindicatethe   

lowdensityofthefluid．  

TbesaltconcentrationofthewaterィichⅢuidinclusionwascalculated打om   

themeltingtemperaturebycoolingexperiment・ThedissoIvedsaltlowersthe   

freezlngPOintofthewater．Themeltingtemperaturesofthewaterwithinthe   

inclusionsarefrom－1．4to－0．20C．ThesecorrespondwithO．3％to2．4％of   

COnCentrationfbrNaCl（Potteretal．，1978；Sasada，1989）．Thefluidhaslower   

Salinitythantheseawater．  

－21－   



Chapter4   

RESULTS  

4．1．ThermalstruCtureOftheChichibuandShimantoaccretionarycomplexes   

AstheresultsofthemeasurementoftheRmaxvalue，ShowninTablel   

dataffomthisarearangefromO．9％to5．7％．TheextraordinaryhighRmax   

Values，OVer4％inthesouthernmostpartofthisarea，mightbeduetothe   

COntaCtmetamOrPhism．  

ThesouthernmOStCretaceousunitintheinlandareaandthemostpartof   

theTertiaryunitinthecoastalareahavehigherRmaxvaluesabove3％（Fig・ 

2）thantheothernorthernareaS．Amongthem，thehighestRmaxvalueof   

5．7％isintheShimizuFormationneartheAshizuriGranite．Idemarcatedthe   

boundaryofthecontactmetamorphosedreg10n，aPPrOXimately20－50kmin   

Width，byasharplineasinFigure2；aStheRmaxvaluesuddenlyincreasesto   

thesouthftomtheline．Inthisreg10n，SiteofhighRmaxisscatteredwithouta ●   

Characteristicincreasetrend，andmanyofthickquartzveins，5－10cmin   

Width，ubiquitouslyoccur・FurthermOre，thishighRmaxreg10niswiderthan   

theareainsideofthebiotiteisograd（Tokunaga，1992），andtheregion   

● boundaryisdiscordantwiththegeologlCStruCtureS．Althoughthisreg10n   

mighthavesufferedthermalefftctfromtheigneousactlVlty，itseemsthatthe   

heatsourceofthisreglOnisnotonlytheAshizuriGranite，becausethehigh  

－22－   



Tablel．Thelistofthevitriniterenectanceresults．  

SampleNo．  Rm Rmax Rmin  SampleNo．  Rm Rmax Rmin  SampleNo．  Rm Rmax Rmin  Samp始No・  Rm RmaxRmin   
AWlOO4  1．801，87 1．72  OK623  1．751．88 1．59  OZlO16  1．331．36 1．27  TNNlO13  1．50   
AWlOO6  1．501．55 1．45  OK627  1．801．89 1．67  OZlO19  2．47 2．61 2．46  TNNlO14  1．50   
AWlOO7  1．541．58 1．50  OK633  2．39 2．47 2．31  OZlO21  2．03 2．18 1．90  TNNlO15  1．90   
AWlOO8  1．871．94 1．76  OK636  2．31 2．40 2．15  SDlOOO  1．85 1．911．82  TNNlO16  ・ 2．00   
AWlOll  1．891．97 1．81  OK644  2．02 2．13 1．88  SDlOO6  1．24 1．26 1．15  TNNlO17  1．90  一   
AWlO12  1．99 2．10 1．92  OK647  1．94 2．011．82  SGCOOOl†  －  0．70  TNNlO25  2．25 2．39 2．13   
AWlO13  1．941．99 1．86  OK652  1．751．85 1．56  SGCOOO9†  －  0．80  TSlOOO  1．97 2．07 1．89   
AWlO14  1．861．98 1．77  OK660  1．85 2．011．70  SGCOOlO†  －  0．90  TSlOOl  1．731．811．66   
AWlO15  2．22 2．34 2．08  OK663a  1．821．92 1．72  SKlO42－  1．20 ・   TSl002  1．751．83 1．64   

AWlO16  1．89 2．03 1．75  OK663b  1．791．99 1．61  SKlO43★  1．26 ・   TTOOl★  1．15  －   

旧1015   － 1．30 1．15  OK672  2．112．15 1．96  SKlO47★  0．98  －   TTOO2★  1．02  －   

旧1016  － 1．30 1．19  OK675  2．13 2．24 2．01  SKlO48★  1．08  －   TTlOOl★  2．31   

旧1020  1．50 1．35  OK678  2．35 2．47 2．18  SKlO58★  1．15  一   TZCOOO3†  － 1．40  一   

KBlOOO  2．04 2．10 1．93  OK682  2．33 2．47 2．20  SKlO61★  1．12  －   TZCOOO4†  1．90   

KBlOOl  2．07 2．211．95  OK754  2．36 2．50 2．22  SKlO63★  1．03 ・   YHlOOO  2．37 2．49 2．26   

KRlOOO  2．17 2．26 2．01  OK755  2．25 2．33 2．04  SKlO65★  0．95 ・   YHlOOl  2．03 2．14 1．91   
KRlOOl  2．29 2．46 2．14  OK801  2．913．02 2．79  SKlO66★  0．75  －   YHlOO7  1．791．911．71   
KRlOO2  1．151．20 1．10  OK805  3．24 3．45 3．14  SKlO72★  1．08 ・   YHlO12  1．711．80 1．63   
KRlOO3  1．141．17 1．11  OK831  2．86 2．96 2．75  SKlO73★  1．09  －   YHlO15  1．891．76 1．62   
KRlOO4  1．401．46 1．34  ONlOOO  4．96 5．60 3．80  SKlO74★  1．42  －   YHlO15  1．691．76 1．62   
KRlOO5  1．261．311．21  OYlOO4  3．05 3．26 2．83  SKlO87★  1．31   YKlOO5  2．79 3．14 2．51   
OB10001  －  5．70  OYlOO9  2．95 3．11 2．76  SKlO90★  1．48  －   YKlOO7  2．68 ・   
OGlOOO  1．061．08 0．98  OYlO17  3．24 3．58 2．79  SKlO98★  1．19  －   YKlOO8  2．813．07 2．63   
OK500  1．94 2．111．84  OYlO26  2．72 2．88 2．55  SKlO99★  0．99  －   YKlOlO  2．63  一   
OK521  2．97 3．21 2．75  OYlO28  3．13 3．26 2，92  SKllOl★  1．17  一   YKlOll  2．53 2．73 2．33   
OK531  2．67 2．86 2．59  OYlO31  3．21 3．40 3．07  SKllO2★  0．99  －   YKlO16  2．34  －   
OK534  1．98 2．16 1．78  OYlO32  3．27 3．52 2．91  SKllO3★  1．06  －   YKlO32  2．21   
OK541  2．36 2．62 2．18  OYlO45  3．13 3．38 2．86  SKllO6★  1．07  －   YKlO33  2．32 ・   
OK542  2．56 2．67 2．38  OYlO46  3．20 3．49 2．90  SKllO7★  1．21   YKlO35  2．27  －   
OK543  2．13 2．25 2．00  OYlO47  2，88 3．18 2．66  SKll12t  1．12 ・   YKlO37  2，20  －   
OK545  2．112．28 1．92  OYlO48  2．93 3．01 2．85  SKll13★  0．99  －   YKlO38  2．06   
OK547  2．18 2．46 1．99  OYlO53  2．35 2．55 2．18  SK1200  1．211．27 1．17  YKlO38B  2．05 2．13 1．96   
OK550  2．67 2．71 2．38  OYlO56  2．00 2．111．86  SK1201  1．411．52 1．36  YKlO39  1．96 2．08 1．84   

OK552  2．67 2．77 2．59  OYlO59  2．47 2．60 2．31  SKCOOO5†  －  0．80  －  YKlO42  1．911．91   
OK565  2．16 2．28 2．04  OYlO61  3．14 3．34 2．90  SSOOl★  1．14  一   YKlO43  2．713．01 2．44   

OK566  2．17 2．38 1．99  OYlO62  2．27 2．38 2．18  SS603  0．86 0．89 0．82  YKlO44  2．713．01 2．44   
OK567  2．34 2．48 2．18  OYlO62f  2．78 3．09 2－56  SS604  1．251．36 1．18  YKlO54  3．06 3．30 2．81   
OK569  2．56 2．67 2．40  OYlO64  2．713．06 2．47  SS810  1．531．60 1．45  YKlO55  2．89 3．32 2．60   
OK570  2．45 2．60 2．30  OYlO65  2．87 3．12 2．66  SS612  1．241．28 1．20  YKlO56  2．77 3．09 2．55   
OK573  2．25 2．44 2．09  OYlO66  2．87 3．06 2．65  SS613  1．411．44 1．35  YKlO61  2．612．80 2．42   
OK575  2．17 2．38 2．00  OYlO67  2．813．00 2．61  TNlOOO  1．191．22 1．14  YKlO66  2．60 2．89 2．42   
OK577  2．24 2，44 2．08  OYlO74  2．51 2，67 2．36  TNlOOl  1．271．32 1．2さ  YKlO69  2，67 2．88 2．52   
OK579  2．62 2．85 2．38  OYlO75  2．46 2．77 2．28  TNlOO2  4．62 5．35 3．98  YKlO88  2．53 2．80 2．34   

OK580  2．74 2．94 2．51  OYlO78  2．012，09 1．91  TNlOO4  2．98 3．20 2．78  YKlO89  2．76 3．05 2．37   
OK583  2．48 2．78 2．27  OYlO7g  2．25 2．35 2．14  TNlO18  3．77 4．12 3．41  YKlO93  3．00 3．33 2．72   
OK588  2．16 2．30 2．02  OYlO81  2．34 2．54 2．21  TNlO21  3．18 3．42 2．80  YKlO94  2．93 3．13 2．64   
OK597  1．871．97 1．77  OYlO83  1．95 2．09 1．81  TNlO22  3．96 4．67 3．34  YKlO96  2．73 3．00 2．53   
OK602  2．07 2．17 1．97  OYlO84  2．12 2．18 2．04  TNlO25  3．73 4．50 3．26  YKlO99  3．02 3．10 2．65   
OK605  1．98 2．111．89  OYlO85  1．701．77 1．61  TNNlOO3a  1．251．30 1．24  YKllO8  2．99 3．27 2．70   
OK607  1．781．84 1．67  OZlOOl  1．111．17 1．06  TNNlOO4  1．511．56 1．45  YKll15  2．75 3．03 2．42   
OK610  1，92 2．00 1．81  OZlOO5  1．061．14 1．00  TNNlOO6  1．591．67 1．51  YKll17  2．60 2．97 2．30   
OK614  2．012．18 1．83  OZlOO6  3．03 3．36 2．74  TNNlOO7  1．521．56 1．46  YKll18  ，2．73 2．82 2．41   
OK617  1．491．56 1．40  OZlOO8  3．27 3．56 2．97  TNNlOO9  1．481．511．43  YKl120  2．80 3．11 2．37   
OK619  1．411．48 1．33  OZlOlO  1．861．93 1．77  TNNlOll  － 1．90  －  YKl121  2．32 2．45 2．21   
OK621  1．631．73 1．51  OZlOll  1，861．96 1．77  TNNlO12  ・ 1．60  －  

＊Ohmori（1994   

†Okano（1992）   



temperaturearoundtheAshizuriGraniteisnotconcentric．TheearlyMiocene   

MisakiGroup（Kimura，1985），OlderthantheAshizuriGranite，aVOids   

extraordinaryhightemperatureinsplteOfthegroupoverlyingthehighRmax   

reg10n・Itislikelythatthelatentigneousbodyorlocalizedhydrothermal  

activitymightmakesuchanun－COnCentrichighRmaxfeglOn・Idispensedthis  

reg10nftomthefb1lowlngdiscussion．  

ThesamplingpolntS，Rmaxvaluesandgeneraltrendofthenon－COntaCt   

metamorphosedareaareshowninFiguresland12・Atthebeglnnlng，Iwi11   

examinethedetailedthermalstructureofsomeselectedareasuchasaround   

theYokonamiMelangeandBTL．  

TheRmaxvaluesoftheYokonamiMelangeandsurroundingstratainthe   

GoshikigahamaareaareshowninFigure13．Theboundarybetweenthe   

YokonamiMelangeandSusakiFormationisnotonlythelithologicboundary   

butalsothechronologlCalboundary．Thereareseveraldecadesofmillion   

yearsofagedifftrencebetweentheShinJOgaWaGroupandTaishoGroup   

（Okamura，1991）・However，theRmaxinYokonamiMelangedoesnotdifftr   

Withthesurroundingstrata．Inaddition，bothsandstoneblocksandblackshale   

matrixwithinthemelangeunitshaveequalRmaxvalueseachother（Fig．13）．   

ThesameobservationisappliedintheAwaarea，WeSterneXtenSionofthe   

Goshikigahamaarea，althoughtheRmaxvaluesarelowerthanthe   

Goshikigahamaarea．Similarly，theKureMelangehasequalRmaxwiththe   

ShimotsuiFomation（Fig．12）．Asaresult，general1ytheRmaxvalueinthe  

ー24－   
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3．5  Ro（％）2．5   

Susaki Formation 
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Figure13・DetailedthermalstruCturearOundtheYokonamiMelnage・  
maximumvitrinitere月・eCtanCe（Rmax）valuebetweenthemelangeand  

The  
the  

SurrOundingtrenchfaciesiscontinuous．Inaddition，bothsandstoneblocksand  

blackshalematrixwithinmelangehasequalRmaxvalueeachother・  
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melangeandsurroundingstrataareofthesamelevelexceptfbrtheOkitsu   

Melange．  

TheRmaxvalueoftheJurassictoCretaceousrocksintheinlandareanear   

theBTLisshowninFigure14．ThetrendofRmaxiscontinuous，although   

thisareaiscomposedofsedimentsofvariousfaciessuchastheJurassictrench   

facies，Cretaceoustrenchfacies，CretaceousfbrearcfaciesandCretaceousshelf   

facies・TheRmaxincreasesfroml・2％tol・8％，Penetratingthroughouta11the   

Variousfacies，ageSandBTL．Thus，theimportantpointisthatthethermal   

StruCtureisindependentofthegeologlCStruCture，andeventheshelffacies   

Sufferedhightemperature．TheRmaxvaluesofl．2－1．4％intheMonobegawa   

andTorinosuGroupsareashighasinthesurroundingJurassicfbrmationof   

theChichibuaccretionarycomplex．  

Next，IwillconsiderthethermalstruCtureftomawiderpointofview・In   

thecoastalarea，thetrendoftheRmaxvalueischaracterizedbytherepeated   

SOuthwardincreasewitharemarkablespikeattheOkitsuMelange．Schematic   

CrOSSSeCtionwithRmaxisshownatbottomofFigure15．ThevalueofRmax   

increasescontinuouslyfromtheBTLtotheKureMelange，froml．0％to   

2．2％．ThissouthwardincreasetrendisregardlessofthegeologlCStruCture．   

ThevalueoftheRmaxdropsrapidlytol．1％atthesouthoftheKure   

Melange，andincreasessouthwardagainto2．2％．Thisthermalboundary   

disagreeswiththechronologicalandmqjortectonicboundaries（Fig．15）．The   

KureMelangeandNonokawaFormationthatareonbothsidesofthisthermal  

－27－   



Figure14．DetailedthermalstruCturearOundtheBTL．Detailedthermal  
StruCturearOundtheBTL．Thethermalstructureiscontinuously，eVenthough  
therearevarioussedimentssuchasmiddleCretaceousfbrearcsedimentand  
upperCretaceousshelfsedimentontheJurassictolowerCretaceoustrenchⅢ1  
Sediment．ThisindicatesthatthethermalstruCtureWaSfbrmedafterthe  
accretion．  

一28－   
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boundaryarecontemporary（Tairaetal．，1980）．  

Thus，SeaWardincreasetrendoftheRmaxmaybeubiquitousthroughout   

theChichibutoShimantoaccretionarycomplexeswholeinsouthwestJapan・   

ThesimilartrendwasalsoreportedintheeasternShikokuandKyushuareaS   

（MoriandTaguchi，1988；Murata，1996；Kumon，1992；Ohmorietal．，1994）・   

However，thesouthofinlandareainwesternShikokuhassouthwarddecrease   

trendexceptlOnally．TheRmaxintheinlandareaincreasessouthwardfrom   

l・1％intheJurassicChichibucomplexto2．5％inupperCretaceouscomplex   

andthendecreasestol．2％（Figs．1and2）．  

OnlytheOkitsuMelangedoesnotintegrateintothecontinuousthermal   

StruCture．TheOkitsuMelangehasmuchhigherRmaxthanthesurrounding   

Strata（Fig．16）．TheRmaxvalueincreasesrapidlyto3．1％ontheboundary   

WiththeOkitsuMelangeoflkminwidth（Fig．16）．InthesouthoftheOkitsu   

Melange，theRmaxismaintainedahighvalueof2．0％exceptaslight   

decreaseontheATL（Fig．15）．   

ItbecomesclearthattheJurassictoCretaceousunitshaveasimpleshapeOf   

thethermalstructureregardlessoftheearly－PhasegeologlCStruCture．The   

Rmaxalsochangesalongthestrikeoftheformations．ForexamPle，theRmax   

ValueoftheYokonamiMelangeandsurroundingstrataincreaseseastwards   

froml．6to2．8％（Fig．12）（Sakaguchi，1996）．  

TheschematicthermalstruCtureOfthebeltsexceptcontactmetamoIPhosed   

reglOnisshowninFigure17．ThethermalstruCtureOfthisareacanbe  

ー30－   



Figure16・DetailedthermalstructurearoundtheOkitsuMelnage・TheRmax  
Valueincreasesrapidlyto3・1％ontheboundarywiththeOkitsuMelangeofl  
kminwidth．  
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Classifiedintofburthermalblocksbythermalcontinuity；thenorthernPart，   

SOutherncoastalpart，SOutherninlandpartandtheOkitsuMelange（Fig．17）．   

ThesethermalblocksexcepttheOkitsuMelangearesimilareachotherinthe   

Shapeandsize，10to15kminlength．However，Onlythesoutherninlandblock   

hasnorthwardincreasetrend．Theimportantpointtonoticeisthattheheight   

OfthismodelillustratestherelativequantityoftheupliftexcepttheOkitsu   

Melange，becausetheOkitsuMelangehasanextraordinarilyhighgeothermal   

gradient（Sakaguchi，1996）．  

4・2・Homogenizationtemperatureofthewater－richfluidinclusions   

VeinsoftheYokonamiMelangewereco11ectedfromboththeAwaand   

Goshikigahamaareas．Eachveiniscomposedofcalciteandquartzsmallveins，   

however，thehomogenizationtemperaturevaluesareconsistentthroughoutal1   

thedirectionsandallthemineralsinthesamearea．Allthehistogramsofthe   

homogenizationtemperaturevaluesarewe11concentrated，andthevalues   

differfromlocationtolocation．Ingeneral，theareawithhigherRmvalues   

hashigherpeakvalueofhomogenizationtemperature（Fig．18）．This   

COincidenceindicatesthatthemostoffluidinclusionsweretrappedduringthe   

Peakofthethermalhistory．Moreover，thesouthernareahashigher   

homogenizationtemperaturethanthenorthernareawiththesameRm，  

－33－   
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Yokonaml Melange 
（Åwaarea）  
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Figure18・Sarnplingpolntandhomogenizationtemperatureofthewater－richandmethane－richnuidinclusions・A  
quartzandcalciteveinsamplingsiteandthehomogenizationtemperature（Th）ofthewater－richandmethaneqrich  
nuidinclusions．Ingenerally，theareawithhighermeanVitriniterefkctance（Rm）hashigherThofwater－richnuid  
inclusion．  
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SuggeStlngthatthesouthernareaSuffbredhightemperaturewithlow   

PreSSure・  

Thepeakvaluesofthehomogemizationtemperaturehistogramsare120OC  

intheSusakiFormation，1400CintheAwaarea，1800CintheGoshikigahama  

areaoftheYokonamiMelange，1500CintheShimotsuiFormation，170OCin   

thenorthernNonokawaFormation，2100CinthesouthernNonokawa   

Formationand210－2200CintheOkitsuMelange（Fig．18）．  

4・3・Homogemizationtemperatureofthemethane－richfLuidinclusions   

Thehomogenizationtemperatureofthemethane－richfluidinclusionswere   

measuredintheYokonamiMelangeandsurroundingstrataoftheSusakiand   

ShimotsuiFormation・ThenuidinclusionsfromtheYokonamiMelangewere   

measuredintheAwaareaandGoshikigahamaarea．Ingeneral，thequartzthat   

invoIvesmethane－richnuidinclusion，doesnothavepnmarywater－richfluid   

inclusion，butthesecondary（Fig．7b）．Thehomogenizationtemperaturesof   

themethane－richfluidinclusionvaluesareCOnSistentthroughouta11the   

directionsandallthemineralsinthesameareaaSSameaSWater十richfluid   

inclusions・Allthehistogramsofhomogenizationtemperaturevaluesindicate   

thesamepeakof－1000CwithqulteCOnCentrationexceptGoshikigahamaarea   

Of－120OC・Therelationshipbetweenthehomogenizationtemperatureand  

ー35－   



Vitrinitereflectanceisfbundinthewater－richfluidinclusions，butnotinthe   

methane－richnuidinclusions．  

Allthemethaneqrichfluidinclusionshavethesamehomogenous  

temperaturewithinthesamesample，butonequartzgraininvoIvesthe   

inclusionsthathavevarioushomogeneoustemperatures．Thehomogenous   

temperatureOfthemincreaserimwardofthecrystalfromNlllOCto－990C   

（Fig．19）．ThisquartzgrainislessthanO．5mminsizeandthesefluid   

inclusionsarescatteredinsideofO．1mmsquare．Thischanglngtrendofthe   

homogenizationtemperaturewithintheonemineralgrainindicatesthatthis   

CryStalgrewduringtheP－Tevolutionofthenuid．  
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Figure19・Changlngtrendofthehomogemizationtemperatureofthemethane－  
richfluidinclusionwithcrystalgrowth．   



Cbapter5   

DISCUSSIONS  

5・1・EstimationoftheP－Tconditionsandpaleo－geOthermalgradient  

Firstofall，Iwi11determinetheP－Tconditionsofthefluids，Whichas   

fundamentaldatafbrthefo1lowlngdiscussions．Asmentionedintheprevious ●  

Chapter，theP－TconditiondurlngfluidstrapplnglSObtained丘omthemethod ●  

Ofintersectionoftheisochoreandmaximumtemperature，andtheresultsare   

ShowninTable2andFigure20．Asanoppositiontowater－richfluid，forthe   

methane－richfluidnotonlythemaximumlimitbutalsominimumlimitofthe   

trapplngP－Tcondition，becausetheisochoreofthemethanecrossestheaxisof   

theOOCthatisthelowesttemperatureforthesedimentbelowseanoor・  

TheobtainedmaximumP－Tconditionsofthewater－richnuidisdifftrent   

betweenthenorthernthermalblockandsoutherninlandthermalblock．The   

Valueisfrom190（±30）OC／95（±50）MPato250（±30）OC／125（±40）MPain   

thefbrmerareaandfrom175（±30）OC／10（±50）MPato265（±30）OC／80   

（±40）MPainthelatterarea．AmongthesouthernCOaStalthermalblock，the   

ValueoffluidtrapplngPreSSureintheNonokawaFormationislowerthanthe   

error．ThisindicatesthatthesouthernCOaStalthermalblocksufftredhigher   

geothermalgradientorthemodeofheatingwasdifftrfromthenorthern   

thermalblock．  
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Ontheotherhand，theP－Tconditionofthemethane－richⅢuidwasfrom   

OOC／75MPato250（±30）OC／260（＋20）MPa，althoughthedatawere   

Obtainedfromonlythenorthernthermalblock（Fig．21andTable3）・The  

trapplngPreSSureOfthemethane－richfluidishigherthanthewater－richfluid，  

andthereisnoP－TdiffbrencebetweentheYokonamiMelangeandthe   

SurrOundingstrataineitherfluids．  

Thegeothermalgradientisestimatedn・OmtheP－Tdiffbrencebetweenthe   

Seafl00randdeeperportionbelowseanoor・Letusconsidertheproblemof   

theP－Tconditionintheseafl00randburialdepthoftherock・  

ThelinethatJOlnSeaChpointoftheupperP－Tlimitofthewater－rich   

fluidofthenorthernthermalblockinFigures20and21，doesnotpass   

throughtheorlglnOfthecoordinates．ThislinecutstheOOCaxisat～20MPa・   

Thisresultcanbeexplainedbythepressureexertinga2000mcolumnofsea   

wateroverthesediment．  

Ipresumedthebulkdensityandthepore－fluidpressureas払Ilows．The   

bulkdensityoftheNankaiaccretionaryprlSmfromseafl00rtO1300mbelow   

Seafl00r（mbsf）isl．5to2．5g／cm3（Tairaetal．，1991）．Thebulkdensity   

underthe1300mbsfbelowtheseafl00rispresumed2．5g／cm3，becausethat   

OftheShimantoBeltatpresentis2・6g／cm3（Hada，1988）．Thepore－fluid   

PreSSureincreaseswithdepth（ShiandWang，1985）andrisesto90％of   

lithostaticpressureasexemplinedatthedecollementzoneinthepresent   

BarbadosaccretionaryprlSmat600mbsfwitheffectivepressureonly8MPa  
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200  3000C  100  

Figure21．P－Tconditionduringthemethane－richfluidtrapplng・Themethanewastrappedathigher  
PreSSureOf75－260MPawithlowgeothermalgradientofJ30C／kmthanthewatertrapplngCOndition．  
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（Mooreetal．，1995）．Eventhoughthedecollementzoneisunique，thepore   

fluidpressureinthedeeperportion，OVer80MPaasthisarea，mayCloseto   

lithostaticpressure．Ipresumedthatthepore－fluidpressurewas90％of   

lithostaticpressure．  

Thelowerlimitsofthepaleo－geOthermalgradientsduringwater－rich   

fluidtrappingareestimatedas45（＋31／－11）OC／kmto54（＋60／－12）OC／kmin   

thenorthernthermalblock，and over90（＋91／－29）OC／kminthesouthern   

COaStalthermalblock（Fig．21andTable2）．Thegeothermalgradientinthe   

SOuthernCOaStalthermalblockishigherthanthenorthemthermalblock．   

Amongthem，thegeothermalgradientintheNonokawaFormationistoohigh   

toestimatebythismethod，becausetheobtainedfluidpressureislowerthan   

the error．  

Iinftrthatthewater－richnuidwastrappedduringpeakheatlng，because   

theincreasetrendofthehomogenizationtemperaturehascorrelationwiththe   

Rm．Moreover，themaximumP－Tconditionofthefluidofthea11formations   

inthenorthernthermalblockareplottedonthesamelineofapproximately50   

QC／km・Namely，rOCksinthenorthernthermalblockreachedthemaximum   

temperatureunderlowpressureenvironmentatthesametimeandthe   

Circulationofthewater－richnuidoccurredwithintheaccretionaryprlSmat   

thattime．  

Thusthevaluesofgeothemalgradientsareatleasttwicetimeshigher   

thanthenormalgeothermalgradient■Letusexaminethevalidityofthisresult  
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I lateCretaceous 
〟53mⅥ〝m2  

BTL ShinjogawaGr・methane－richfluid  

く57t61m仙  

II～Eocene  

lOOmVWm2rLt＝闇艦二二ML－・－・”・－－ナ 200－mVWm2  

SambosanGr．  
ShinjogawaGr・  

TaishoGr．  HataGr．  

Figure22・ThermalevolutionintheCretaceousShimantOaCCretionarypnsm・   



fromdifferentialpolntOfview・  

Hibbardetal・（1993），Chijiwaetal．（1988）andSuzukietal．（1982）   

estimatedpaleo－geOthermalgradientoftheslopebasinsedimentsinthe   

Shimantoaccretionarycomplexbasedonthemaximumtemperatureand   

thicknessoftheslopebasinsediment・Thoughthismethodcanbeusedonlythe   

Slopebasinwiththesuppositionoftheburialdepth，itmustbecheckedonthe   

Validityofestimation．ThegeothermalgradientoftheMonobegawaand   

TorinosuGroupsas40to45OC／kmisestimatedbythisway，basedonthe   

randomRmofl．1tol．3％asit，COrreSPOndsto160－1800Cand4kmof   

assumedburialdepthwhichisthethickestfbrslopebasin（Hibbardetal．，   

1993）．Thisgeothermalgradientisclosetotheaboveresult．  

Next，Iwi11discussthethermalenvironmentduringmethane－richnuid   

trapplng・Itishardtodeterminedthegeothermalgradientduringmethane－   

richfluidtrapplngCloselyasopposedtothewater－richfluidinthenorthem   

thermalblock，becausethemethanemightbetrappedatdi鮎rentialstageof   

Peakheating．TheobtainedbroadresultthatfromOOC／kmto33OC／kmcan   

beconnnedbyotherinfbrmation．Theobtainedupperlimitofgeothermal   

gradientintheGoshikigahamaareaof240C／kmislowerthantheAwaarea   

Of3lOC／kminsplteOfthesameunit．Itislikelythatthereisnodifftrencein   

geothermalgradientwithinthesameunitduringthesameStage．Theresultin   

theGoshikigahamaareamaybenearertothetruePaleo－geOthermalgradient   

andP－Tconditiondurlngthemethane十richfluidtrapplnginYokonami  
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MelangethantheresultintheAwaarea・Additionallytothis，thegeothermal   

gradientlowerthan50C／kmisunknownintheearth．Therefbre，thepaleo－   

geothermalgradientatthestageofmethaneqrichfluidtrapplngisftom50C／   

kmto240C／kmwith errorof3OC／km．  

5．2．P－TpathintheShimantoaccretionarycomplex   

Itwasobservedinpreviousdiscussionthatthewater－richfluidwas   

trappedatpeakheatingstagewithhighgeothermalgradientunderthelower   

PreSSurethanthemethane－richfluidtrapplngCOndition・Thisillustratesthat   

theeachfluidrecordsthedifftrentialstageofmetamorphism．Iwouldliketo   

discusstheP－TpathinthenorthernthermalblockfromtheP－Tconditionof   

eachfluid．  

Judging丘omthefbllowlngeVidence，aSWehaveseen，themethane－rich   

nuidwastrappedatearlierstagethanwater－richfluid・Firstly，thethermal   

StruCtureisindependentofthegeologlCStruCture・Thisdemonstratesthatthe ●  

thermalstruCtureWaSformedbyoverprlntaftertheaccretion・Tosumup，the   

Shimantoaccretionarycomplexreachedthepeaktemperatureatfarlater   

Stage・Secondary，theincreasetrendofthehomogenizationtemperatureofthe   

water－richfluidinclusioniscorrelatedwiththeincreasetrendofRm．This   

indicatesthatthewateトrichfluidwastrappedduringthepeakheatlng・  
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Thirdly，themethane－richfluidwastrappedunderthehigherpressurethanthe   

Water－richfluid．Final1y，themethane－richnuidinclusionoccurswithinthe   

quartzgrainthathascombstructure，andthecalciteveinwithwater－richnuid   

inclusionisdepositedbetweenthequartzgrain・ThusresultedtheP－Tpathis   

ShowninFigure22．TherockreachedtothehighestpressureofllO－260MPa   

undergeothermalgradientlowerthan240C／km，andthenunderwentpeak   

heatlngWithincreaseofgeothermalgradientto50OC／kmat95－125MPa・  

Next，Iwilldiscussthepeakheatlngtime．Itwasrevealedthatayoung   

PlatesubductedbeneaththeShimantoaccretionaryprlSmatleasttwiceasthe   

latestCretaceoustoEoceneKula－PacificplateandmiddleMioceneShikoku   

basinbasedonthepaleo－magneticdataoftheoceamicplateandradiolarianage   

dataonthetopofit（SenoandMaruyama，1984；Seno，1988；Hibbardand   

Karig，1990，Engebretsonetal．，1985；MaruyamaandSeno，1986；Byrneand   

DiTu11io，1992，Tairaetal．，1988）．0verall，themiddleMioceneeventwas   

muchmorepronounced，WithgraniticplutonismandvoIcanismoccurnng   

throughoutsouthwestJapan；however，thepre－Mioceneradiometricagedata   

WererePOrtedinCretaceousShimantoaccretionarycomplex．  

Hasebeetal．（1993）andTagamietal．（1995）pointedoutthatthewhole   

Cretaceousunitwascooledbelow2600Cyoungerthan70Mabasedonthe   

Zirconfissiontrackdating．K－Aragewasreportedinthisareaat55－56Ma   

（Agaretal．，1989）and67MainKiipeninsula（Kurimoto，1993）．Ientirely   

disagreewiththeinterpretationthattheseepISOdiccoolingageimplythe  
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exhumationage（Hasebeetal・，1993；Tagamietal．，1995）．Theseareheating   

ages，becausepaleontologlCaldataarediscordantwiththeepISOdicexhumation ●  

hypothesis．  

TheDoganaroFormation，OVerlyingonthenorthernmOStPOrtionofthe   

ShidogawaGroup，1SCOmPOSedofHauteriviantoBarremianlowersiliceous   

memberandAptiantoAlbianuppercalcareousmember．Thebenthic   

fbraminiftradataindicatethatthelowermemberisdepositedbelowtheCCD，   

andtheuppermemberisdepositedatsha1lowerthantheCCD（Okamura，   

1992）．ThismeansthatthebasementoftheSh叫ogawaGroupwasuplifted   

fromHauteriviantoAlbianthroughtheCCD．Thesimilarobservationapplies   

intheUwglmaGroup，OVerlaylngOnthesouthoftheCenomanianShirtjogawa   

Group，WaSdepositedabovetheCCDfromConiaciantoCampanian（Tairaet   

al．，1980；Okamuraetal．，1991）．Thisresultleadstotheconclusionthatthe   

ShidogawaGroupwasexhumedcontinuouslythroughoutCretaceousperiod・   

ThewholeCretaceousShimantoaccretionarycomplexwasheatedatlatest   

CretaceoustoEoceneandmightavoidfromtheMiocenethermalefftctdueto   

thepre－Mioceneupliftanderosion・ThethermalhistryintheShimanto   

accretionarycomplexwasi11ustratedinFigure23・  

5．3．ThermalinteractionbetweentheoceaniccruStandaccretionarycomplex  

－EstimationofnuidflowatfluidtrapplngStage－  
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3000C  

Figure23・P－TpathintheCretaceousShimantoaccretionarycomplex．  
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Tocalculatethepaleo－heatflow，tOeXaminethethermalinteraction   

betweenthesubductlngSlabandaccretionaryprlSmisneed・Theheatflowis   

Obtainedfromthegeothermalgradientandthermalconductivity・Befbre  

estimatlngheatflow，WemuStPayattentiontovalueofthermalconductivityln  

theaccretionaryprlSm．IntheNankaiTrough，thethermalconductivityof  

SedimentrapidlyincreaseswithdepthfromaboutO・9W／mOCatseafl00rtO   

aboutl．4W／mOCat300mbelowseafl00r（mbsり，andgraduallyincreasesto   

about2．2W／mOCat1200mbsf（Tairaetal．，1991）．Whichvalueshouldbe   

used？Thecoverofthelowthermalconductivitymaterialvariesthethermal   

StruCture．LetusmakeacomparisonbetweentheP－Tratiosduringwateトrich   

fluidtrapplngOftheYokonamiMelangeintheAwaandGoshikigahamaareas・   

Theratioisobtainedthat20lOC／100MPaintheAwaarea，1990C／100MPa   

intheGoshikigahamaarearespectively・Additionally，theratiothatisobtained   

fromtheP－Tdifftrencebetweenthebothareasare2180C／100MPa（Fig．   

24）．Theseareveryclosevalues．Thefbrmertworatiosarecalculatedfrom   

thethermaldifftrencebetweentheseafl00randdeepportion．Incontrastto   

this，thelastratioiscalculatedfromthethermaldifftrencebetweenthemiddle   

POrtionanddeepportion．Ifthethermalconductivityofthesurfacesediment   

isefftctivelylow，theP－TratioofthedeeperPOrtionbecomeslower・   

Nevertheless，theP－Tratioofthedeeperportionisnearlyequalorhigher   

thantheformerP－Tratio・Tosumup，thelowthemalconductivityzone   

above300mbsfisnegligiblefbrestimationoftheheatflow・  
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Figure24・DistributionofthethermalconductivitylnthesedimentandP－Tratio．  
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Ipresumethethermalconductivityof2．2W／mOC，thatisthevalueofthe   

lowestsedimentintheNankaiTrough（Tairaetal．，1991）．Consequently，the   

heatflowsduringwater－richnuidtrappingareestimatedffom95（＋70／r20）to   

120（＋110／－40）mW／m2inthenorthernthermalblock．Additiona11ytothis，   

muchhighervaluesareobtainedinthesouthemcoastalthermalblockasover   

200mW／m2．Theheatflowsina11theR）rmationsarehigherthanthenormal   

trenchatpresent，andtheheatflowincreasestothesouth．Theheatnow   

durlngmethane－richfluidtrapplnglnthenorthernthermalblockisll－53   

mW／m2．  

TheheatflowofthesubductlngOCeaniccruStCanbemaderoughestimate   

丘omtheageoftheplate（ParsonsandSclater，1977）．Theagedifftrence   

betweenthelimestoneabovethebasaltblockandblackshalematriⅩWithinthe   

YokonamiMelangeis60－70Ma（Tairaetal．，1988）．Ifthebasaltwasmid   

● OCeanridgeorlgln，thisistheageofthesubductedplateandtheheatflowwas   

57－61mW／m2・Owingtooceanislandoriginbasalt（Ishizuka，unPublished   

data），thisageisyoungerthanthetrueageoftheplate．Therefbre，theheat   

flowmightbelowerthanthisvalue．Thisheatflowisequaltoorhigherthan   

theheatflowdurlngmethane－richfluidtrqpplngaSmentionedjustabpve．This   

indicatesthatthethermalefftctfromthesubductlngPlateisde丘nitivelyfor   

heatnowintheaccretionaryprlSm，tOSaynOthingoftheridgeoryoungplate   

Subduction．  

ThechangeoftheP－Tconditioninthenorthernthermalblockwith  
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evolutionoftheheatflowisshowninFigure25thatcomparesheatnowwith  

depth．Thisillustratesthattheeachfluidofmethaneandwaterwastrappedat   

theentirelydifftrentialstageofP－Tcondition，andthegeothermalgradient   

Changedlargely．  

5・4・FluidmlgrationwithintheaccretionaryprlSm   

Inthissection，Iwillshifttheemphasisaway魚■OmtheP－Tframeworkto   

thedetailrelationbetweenthefluidflowactivityandP－Tcondition．Theeach   

nuidofmethaneandwaterwasmlgratedwithintheaccretionaryprlSm ●  

SeParatelyatdifftrentialheatlngStageSfbreachother．Itseemsthatthemode   

OffluidflowdifftrsintheheatlngmOde．Iwillpresentthesomeexampleof ●  

nuidmlgration．  

TherimwardincreasetrendofhomogenizationtemperatureOfthe   

methane－richfluidinclusions丘om－1100Cto－1000CwithinthequartZgrain   

（Fig・19b）indicatesthePqTchangeduringquartzgrowing．Thischange   

COrreSPOndsthedroplnPreSSureOf20－40MPa，andreasonablysupports  

eitherslowexhumationorquickfluidexpulsion・Incaseofslowexhumation，   

thequrtzgrainsmightbecloselycompacted・Thisgrainmightbebetter  

depositedunderquickfluidexpulsion，becausethiscrystalhasmanyofdeftct，  

namely，fluidinclusion（Fig．19a）．  
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Figure25P－TevolutionwithincreaslngOfthegeothermalgradient・                                                                                                                      ■  
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ThesimilarqurtzgrainwasreportedintheKodiakaccretionarycomple   

（Vroluk，1987；Vroliiketal．，1988）．Heconcludedthatthewamfluidwas   

mlgratedthroughoutthetectonicmelangeformation．However，theP－T   

diffbrencebetweenthemelangeandsurroundingstratawasnotfbundinthis   

Shimantoaccretionarycomplex，andthusquartzgrainisquiterare．The   

mlgrationofmethane－rich封uidwasmuchweakerthanwater－richnuid．  

Thehomogenizationtemperatureofwaterqrichfluidinclusioninthe   

NonokawaFormationisclosetothemaximumtemperaturebytheRm．The   

Paleo－geOthermalgradientatthattimeistoohightoestimatebythemethodof   

thisstudy，however，WaSthegeothermalgradientextremelyhighreally？The   

maximumP－TconditionofthenuidoftheNonokawaFormationinthe   

northernandsouthernareasarenotplottedontheanylineofthegeothermal   

gradient．Thisimpliesthattherockdidnotreachthermalequilibriumstate，   

andwarmfluidwasmlgratedthroughouttheNonokawaFormation・ ●  

Additiona11ytothis，theremafkablemanyofsma11quartzveinsareObserved   

intheOkitsuMelangewhichsufferedmuchhighertemperaturethanthe   

SurrOundingstrata．Thusthermalsituationandtherockthathasremafkable   

manyOfsmallquartzveinsisnotfoundinthenorthemthermalblock・It   

SeemSthatthestrongnuidmlgrationinthesoutherncoastalthermalblock   

especiallyintheOkitsuMelangethanthenorthernthermalblocksuppliedthe   

thermalnon－equilibriumstateandhightemperaturetOtherock・   

TheheatnowduringwatervrichfluidtrapplnglnCreaSedtotrenchward                                                                                                                                                                         ●  
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andreachedover200mW／m2intheOkitsuMelange．Thesimilartrendand   

highheatflowinthetoeoftheaccretionaryprlSmOVer150mW／m2is   

reportedinthepresentNankaiTrough（YamanOetal．，1983；AshiandTaira，   

1993）・ThisisexplainedbythehotShikokubasinsubductionandloca11yfluid   

expulsion．Suchhighvalueandtrendofheatflowshouldbecommoninthe   

CaSeOfhotplatesubductionbeneathanaCCretionaryprlSm・Theheatflow   

distributioninthisarearecordsthethermalstruCtureOftheaccretionary   

PrlSmatthehighestthermalstage．  

5・5・P－Tconditionofthemelangefbrmation   

InviewofobtainedP－Tcondition，1etusthenconsidertheburialdepthof   

themelangefbrmation．Alargenumberofstudieshavebeenmadeonthe   

fbrmationmechanismofthemelange，anditwasexpectedthatmelangeWaS   

fbrmedinthedeeperportionoftheaccretionaryprlSmOWlngtOthehighly ●  

Shearedlithofacies，though，WeVer，1ittleisknowntheP－Tconditionofthe   

melangeねrmation．Severalarticleshavebeendevotedtothestudyof   

metamorphicgradeoftheexoticbasaltblockwithinthemelange（Cowan，   

1974；ToriumiandTeruya，1988），howeveritisimpossibletocomparethe   

metamorphicgradebetweenthemelangeandsurroundingstrata・Moreover，   

thereisthepossibilitythatthebasaltblockwasmetamorphosedbefbre  
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accretionbytheOcean－fl00rmetamOrPhism（Miyashiroetal・，1971；Ishizuka，   

1989）．  

Thetriaxialcomplessiontestimpliesthatthesandstone丘omthemelange  

isbrokenbrittleunderhigherco且ningpressureofover150MPathanthe  

surroundingstrata（Hada，1988）．Thismeans，however，thesandstoneffomthe  

melangewasnotalwaysburieddeeperthanthesurroundingstratabecauseof  

thecataclisis．ThewebstruCture（Byrne，1984）thatischaractrizedby  

irregularnetworkveinoftheextremereducedgraincausedbycataclasisand  

shearlnglSWelldevelopedwithinthesandstone・Thesandstonefromthe ●●   

melangemightsufftredstrainhardenlngefftctivelybythusdeformation  

（AydinandJohnson，1983；Hada，1988）．Tosumup，thereisnodefinite   

evidencethatthemelangewasfbrmeddeeperthantheotherstrata・  

Aswenoted，itisnotfbunddifftrenceoftheP－Tconditionbetweenthe   

melangeandsurroundingstratabythisstudy・TheYokonamiMelangeand   

surroundingstratawasburiedlessthan6－10kmtogether・Additionally，the   

TeiareaWhereistheeastemextensionoftheYokonamiMelangehasthevalue   

ofRmofl．2％（Ohmorietal．，1994），isthelowestrankofthevalueinthe   

ChichibuandShimantoaccretionarycomplex・Thoughthevitrinitesuffbred   

thermaloverprlnt，thislowRmindicatesthemaximumtemperatureofthe   

YokonamiMelange・TheYokonamiMelangemightbefbrmedatequality   

depthwiththesurroundingstrata・  
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5・6・ExhumationtectonicsoftheposトPeakheatlng   

ThesouthwardincreasetrendoftheRmaxmightfbrmbytheblockuplift   

tectonics．Thispointoftectonicsiscontroversial．AwanandKimura（1995）   

regardedthefaultbetweenthermalblocksastheouトOf－SequenCethruSt・   

Ohmorietal・（1997）comparedtheblockuplifttectonicstothemega－thruSt   

activityinthepresentNankaiTrough．Additiona11y，Hibbardetal．（1992）   

COnCludedthatthemacroscaledefbrmation，aSSOCiatedwiththeMuroto   

flexure，WaSOCCurredbythesubductionoftheactiveShikokubasinspreading   

ridgeandrelatedseamounts．However，SOuthwardincreaeseofblockuplift   

tectomicshappenedreg10nally，becausesimilarsouthwardincreasetrendofthe ●  

thermalstruCtureisknown敵omtheKiiPeninsulatoKyushu．   

Itseemsthattheblockupliftisthecommontectonicsatthelaststageofthe   

accretion；however，WeShouldalsoconsideranOtherlocallyfactor，becausethe   

uplif［patternsofthethermalblocksvaryareatoarea．Forexample，the   

SOutherninlandthermalblockinthestudyareahasnorthwarduplifttrendas   

mentionedbefore．Moreover，thestrikeofthethermalstruCtureineastern   

ShikokumatchesthegeologicstruCture（MoriandTaguchi，1988；Ohmoriet   

al．，1994）incontrasttothisarea，aSWi11bementionedindetaillater．The   

thermalstruCturebreaksclearlyattheATLineastemShikokuandmiddle   

Kyushuareas（Aihara，1989；Murata，1996）asopposedtothisarea．  
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Thedetailedthermalstructuralanalysismayhelpconsidertheuplift   

PrOCeSSOfthethermalblock．Iwilldiscussaboutthistectonicsfromthe   

detailedquantitativeupliftpatterninonlythenorthernthermalblock，because   

itishardtoestimatethepaleo－geOthermalgradientoftheotherthermalblocks   

asmentionedabove．  

Thedetailedupliftpatternofthenorthernthermalblockaroundthe   

YokonamiPeninsulaisdemonstratedinFigure26，inwhichthevalueofthe   

upliftquantltyOfthesamplingpointisplotted・Thestrikeofiso－uPliftis   

northeast，CrOSSlngthestrikeoftheShirtiogawaandTaishoGroupsofeast－   

northeasttrend・Theblockmightupliftbythenortheasttrendingfaultafter   

theaccretionarycomplexfbrmation．  

Someofthenortheasttrendingfaults，CrOSSCuttingtheChichibuand   

ShimantoaccretionarycomplexesarereportedinShikokusuchas   

Kaminirogawa－AkuigawaandTanonofault（IgumaandIchikawa，1978；   

Murata，1988）・Thesefaultactivitiesareinterpretedtooccurinassociation   

WithclockwiserotationofSouthwestJapanatmiddleMiocene（Yanai，1988；   

Kanoetalリ1990；Murata，1990）．Itispossiblethatthethermalblockshad   

upliftedsimultaneously．   

Inconclusion，theChichibutoShimantoaccretionarycomplexesuplifted   

blockbyblockwiththeeffectofthereg10naldefbrmationthroughout   

SOuthwestJapan・Thefaultthatmadetheblockupliftactedintheareaofthe   

forearcbasintoshelfslopewithinthearc－trenChsystem，becausethenorthern  
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thermalblockincludesthefbrearcbasinandshelf－Slopesediments・  
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Figure26・DetailedupliftquantityaroundtheYokonamiMelange・  
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Cbapter6   

CONCLUSIONS  

Thethermalevolutionissummayedasfbllows・Atfirst，therockwas   

buried～10kmunderthegeothermalgradientof～240C此m，andthentherock   

reachedthepeaktemperatureOf190to2700Cunderhighgeothermal   

gradientfrom500C／kmto90～OC此maftertheexhumationto3－5kmin   

depth．Inbothstage，nOP－Tdifftrencewasfbundbetweenthemelangeand   

SurrOundingstrataexceptfbrtheOkitsuMelange．  

Thechangeofthegeothermalgradientcorrespondstotheevolutionofthe   

thermalconditionoftheslab，Changeswithage．Atthelaterstage，the   

independentthermalstruCturefromthegeologlCStruCtureWaSformedbythe   

thermaloverprint・   

●   Themlgrationofthewater－richfluidtransftrstheheatflowtothetoeof   

theaccretionaryprlSm・Atthepeakheatlng，theheatflowreached～200   

mW／m2intheOkitsuMelangethatwasfbrmedconcurrentlywiththeKula－   

PacificridgesubductionatthelatestCretaceoustoEocene．  

Thecomplexwasexhumedblockbyblockafterthepeakheatlng．The   

SOuthwardincreasetrendofthethermalstruCtureWaSfbrmedbythisevent．   

Theblockupliftwasoccurredbythenorthwesttrendingfault．Thisfaultmay   

haveoccuredsimultaneouslywiththereglOnaldefbrmationinthesouthwest   

JapanatmiddleMiocene．  

－63－   



Themetamorphismintheaccretionarycomplexiscontro11edbythe   

thermalconditionoftheslabevencoldplatesubductiontosaynothingofthe   

ridgesubduction．  
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