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Abstract

Warm－WatermOlluscsandplanktonicfbraminiferssporadicallyenteredthe

SOuthernSeaofJapanfromtheEastChinaSeaviatheTsushimaCurrentat3．2，2．9，2．4

andl．9Ma．Incontrast，Warm－Waterdiatomsalreadyappearedat3．5Ma（thenrst

OCCurrenCeOfNeo鹿nticuklkoizumi）andhaveoccurredcontinuouslytothepresent．

ThisdiscrepancylmPliesthatwarm－Waterdiatomscouldtolerateenvironmentslowerin

Salinltyandtemperaturethancouldwarm－WatermOlluscsandplanktonicfbraminifers．

Ifthisinterpretationiscorrect，thenEastChinaSeacoastalwaterhasperiodically

enteredtheSeaofJapansince3．5Ma，PrlOrtOtheentryofmollusksandplanktonic

fbraminifers．Exceptfbrtheseperiods，therewasnoconnectionbetweentheSeaof

JapanandEastChinaSea．However，thestratlgraPhicdistributionofwarm－Water

molluscsandplanktonicfbraminifersshowsthattheTsushimaCurrentflOwedinat

everyinterglacialhighstand，eXCePtfbrMIS25，23and21．3，atl．71toO．8Ma（MIS59

to20）．

Keywords：SeaofJapan，TsushimaCurrent，Pleistocene，Pliocene，StratlgraPhy，

Planktonicfbraminifbra，mOlluscs，diatoms

2



1．Introduction

TheSeaofJapanisasemi－enClosedmarglnalseawithanareaofapproximately

l，000，000km2andanaveragedepthof1350m・ItisconnectedsouthwardtotheEast

ChinaSeathroughTsushimaStrait，tOthePacincOceanthroughTsugaruStrait，and

northwardtotheSeaofOkhotskthroughSoyaandMamiyaStraits，allofwhichare

narrowandshallowerthan130m（Fig．1）．TheonlycurrentthatflowsintotheSeaof

JapantodayistheTsushimaCurrent，abranchofthewarmKuroshioCurrent，Which

entersthroughTsushimaStraitandflOwsnorthwardalongthewesterncoastofHonshu

Island（Fig．1）．Thiscurrentsuppliesalargequantityofheat，andtransportsmarine

Organisms，lntOtheSeaofJapan．Whenpresent，thiscurrentisolatedtheterrestrial

OrganismsofJapanfromthoseofeasternAsia，andprofbundlyinfluencedtheNeogene

Palaeoenvironments，eCOSyStemSandevolutionoforganismswithinandaroundtheSea

OfJapan（e．g．，Yasuda，1982；KitamuraandKondo，1990；Obaeta1．，1991；Dunberet

a1．，1992；Tada，1994；Kitamuraeta1．，1994，1997，2000；Ishiwatarieta1．，1999，Tadaet

a1．，1999；Koizumieta1．，2003）．

ThehistoryoftheTsushimaCurrentisreflectedinthestratlgraPhicdistribution

Ofwarm－WatertaXa．Koizumi（1992）examinedthestratigraphicdistributionofdiatoms

atODPSites794and7970ftheSeaofJapan（Fig．1）andnotedthatwarm－Water

SPeCiesappearedat3．5Ma．BasedonKoizumi’S（1992）data，Tada（1994）infbrredthat

theperiodicinflowofwarmsurfacewaterintotheSeaofJapanbeganatthattime．

However，Warm－WaterdiatomsareananomalousproxyfbrtheTsushimaCurrent，

becausetheynrstoccurredduringthelaterpartofmarineoxygenisotopestage（MIS）2

（Tadaeta1．，1999）．AccordingtoIshiwatarietal．（1999），thealkenone－based

Sea－SurfacetemperatureinsedimentcoresfromtheOkiRidge（Fig．1）was180Cat17．5

ka，WhichissimilartothemodemValue（190C）andlikelywascausedbystable



Stratincationofthewatercolumnduetofreshwaterinput．Kitamuraetal．（2001）

infbrredthatthiswarmlngOfsurfacewaterledtoaprolifbrationofwarm－Waterdiatoms

thatwasarelictofpriorwarminterglacialperiods．Incontrast，Warm－WaterPlanktonic

fbraminifersandmolluscshavenotbeenreportedfromthelastglacialperiod（e．g．，

Habe＆Kosuge，1970；Emeryeta1．，1971；Obaeta1．，1991），Whichimpliesthatthey

aremoreaccurateproxiesfbrthewarmTsushimaCurrentthanarediatoms．

Kheradyar（1992）examinedthestratigraphicdistributionofplanktonic

fbraminifersatODPSite798（Fig．1）andfbundmanyintervalsbarrenofcalcareous

fbssils．ThecalciumcarbonatecompensationdepthwasshallowerthanlOOOmdeep

duringdeglacialperiods（Obaeta1．，1991），SOdeep－SeaSedimentsarenotsuitablefbr

recordingtemporalchangesoftheTsushimaCurrent．Toovercomethisproblem，a

numberofworkershaveexaminedthestratlgraPhicdistributionoflatePliocene－early

Pleistocenewarm－WatermOlluscsandplanktonicfbraminiferaatnumeroussitesalong

theSeaofJapancoastincentralJapan．Kitamuraetal．（2001），fromthestratigraphic

distributionandabundanceofmolluscsandplanktonicfbraminiferawithinsixth－Order

（41－k．y．）depositionalsequencesoftheearlyPleistoceneOmmaFormation，inferred

thatthepaleoceanographichistoryoftheSeaofJapanisdivisibleintothreesubstages：

COldsurfacewaterprevailedwhenthesouthemChannelwasclosedduringsubstageI

（2．5－1．71Ma（MIS60／59）；thewarmTsushimaCurrentflowedintotheseaduring

interglacialhighstandsofsubstageII（1．71－1．52Ma（MIS51））；and，geOgraPhic

isolationwasexacefbatedduetothenarrowlngand／OrshallowlngOfnorthernstraitsin

SubstageIII（1．52－OMa）．

Morerecently，KitamuraandKimoto（2004）reconstructedthehistoryofthe

TsushimaCurrentat3．9tol．72Mafromfbssilrecordsandreachedthefbllowlng

COnClusions：1）thereisnodirectevidencefbrinflowoftheTsushimaCurrentfrom3．9
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to3．1－3．OMa；2）thiscurrentflOwedintotheSeaofJapanonlyrarelybetween3．1－3．O

and2．OMa；and，3）incompletefbssilrecordsfbrthe2．Otol．72Mainterval（MIS60）

Shownoevidenceofwarm－WatermOlluscsandplanktonicfbraminifers，eXCePtinMIS

69．

Inthepresentstudy，WeCOmbinethenewfbssilrecordsofMiwaetal．（2004a，b）

andKitamuraandKawagoe（inpress）Withpreviousworktomoreaccurately

reconstructthehistoryoftheTsushimaCurrentat3．5toO．8Ma（Figs．2and3）．

KitamuraandKimoto（2004）cited3．9Maasthenrstoccurrence（FO）ofthediatom

Nbo鹿nticuklkoizumi，buthereinweusetherevisedageof3．5Mathatisbasedonthe

diatombiostratigraphyofWatanabe（2002）andWatanabeetal．（2003）．

2．Datasources

ThestratlgraPhicdistributionofwarm－WatermOlluscscanbedirectlytracedin

theneld，Whichisusefulfbrinitialpaleoceanographicinterpretations．Themodem

distributionofbenthicorganismsshowsthatthepresentthicknessoftheTsushima

CurrentintheSeaofJapanis150－160m，Withcold－WatertaXadwellinginthe

underlyingbottomfaunas．Kitamuraetal．（1997）inferredamaximumthicknessoflOO

minMIS47．EvenattimeswhentheTsushimaCurrentflowedintotheSeaofJapan，1t

WaSPOSSiblefbrwarm－WatermOlluscstobemisslngfromsedimentsonthecontinental

Shelf．Incontrast，Planktonicfbraminifersarestronglycontrolledbysurfacesea－Water

temperature，Plustheyareshort－livedandrespondrapidlytoenvironmentalchanges，

COmParedtoadultmolluscsthatarerelativelylong－livedandwhichmaylagbehind

environmentalchanges．Unfbrtunately，microfbssilscannotbeexaminedinthese

OutCrOPS，SOanarChivecontainlngStratlgraPhicdatafbrbothmolluscsandplanktonic

fbraminifersismostsuitablefbrreconstructlngthehistoryoftheTsushimaCurrent．



Sucharchivescurrentlyexistfbrafbwstrata，lnCludingthelatePlioceneYabuta

Formation（Cronineta1．，1994；Miwaeta1．，2004b），thePlio－PleistoceneJunicho

Formation（Araieta1．，1991，1997），andtheearlyPleistoceneOmmaFormation

（KitamuraandKondo，1990；Kitamura，1991a，b，1994；Kitamuraeta1．，1994；

KitamuraandKawagoe，inpress）．Inordertohelpnllthedatagap，Weareadding

molluscanrecordsfromPlio－PleistocenestrataintheJoetsuareaandthelatePliocene

KuwaeFormation（Figs．1and2）．However，Wedidnotobtainfbssilsrecordsfromthe

lastoccurrence（LO）ofNbo鹿nticuklkoizumi（2．OMa）tobaseoftheOlduvaiSubchron

（1．95Ma）．

3．StratlgraPhicoccurrencesofwarm－WaterSPeCies

YabutaFormation

TheYabutaFormation（Fig．1）consistsmainlyofmassivesiltstoneupto200m

thickwithabundantcalcareousandsiliceousmicrofbssilandmolluscs．Watanabe

（1990）citedtheLOofNbo鹿nticuklkamねChatica（2．7－2．6Ma）justbelowtheUN

VOIcanicashbed，andmorerecentlyWatanabe（2002）identinedtheFOofNkoizumi

（3．5Ma）nearthebaseofthefbrmation（Fig．2）．Thetopofthefbrmationisestimated

tobe2．4Mainage，basedonthesedimentaccumulation－rateCurveOfWatanabe（2002）．

Croninetal．（1994）assignedmolluscsintheupperpartofthefbrmationanageof2．9

to2．4Ma，andshowedthatthemolluscanassemblageischaracterizedbythebivalves

ConchocelebisectaandLucinomaacutilineata，Whichhavesymbioticsulnde－OXidizing

bacteriaintheirgills．Warm－WatermOlluscsarenotpresentinthisfbrmation，although

Miwaetal．（2004b）identinedoneindividualofthewarm－WaterPlanktonic

fbraminiferaGlobigerinoihsruberinonehorizon（samplenumber：YBF52，tOtal

numberofcountedfbraminifbrais367）（Fig．4）．Thisrepresentsanewrecordfbrthe
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inflowoftheTsushimaCurrentandisinferredtohaveanageof3．2Ma，basedonthe

SedimentaccumulationratecurveOfMiwaetal．（2004b）．

KuwaeFormation

TheKuwaeFormation（Fig．1）isabout210mthickandconsistsmainlyof

Siltstone．Amanoetal．（2000）reportedthatwarm－WatermOlluscsoccuronatleasttwo

horizonslocatedbetweentheLOofReticuわ行nestrapseuCわumbilicus（3．85Ma）and

DatumA（2．75Ma；SatoandKameo（1996））（Fig．2）．Theprecisestratigraphic

POSitionsofthesedatumplaneswerenotidentined，SOmOredetailedagescannotbe

infbrred．

Miwaetal．（2004a）identinednvedatumplanesinexposuresalongtheTainaiRiver，

includingtheFOofNkoizumi（3．5Ma），araPidincrease（RI）ofNkoizumi（3．1－3．OMa），

DatumA，theLOofNkamねChatica（2．7－2．6Ma），andtheGauss－Matuyamaboundary

（2．58Ma）（Fig．2）．Oneindividualofthewarm－WaterPlanktonicfbraminiferGds．ruber

WaSfbundinonehorizon（samplenumber：156，tOtalnumberofcountedfbraminifbrais

367）andhasaninferredageof2．9Ma，uSingthesedimentaccumulationratecurveOf

Miwaetal．（2004a）（Fig．4）．ThiswarmperiodisnotevidencedintheYabutaFormation，

PrObablyowlngtOalackofsampling；COnVerSely，thewarmperiodat3．2Maidentinedin

theYabutaFormationwasnotrecognizedintheKuwaeFormation．

Plio－PleistocenestratanearJoetsu

The2－kmthickPlio－PleistocenemarinestratainthewesternpartofJoetsuCity

（Fig．1）havebeendividedintotheKawazume，NadachiandTanihamaFormations，in

ascendingorder．Themolluscsinthesefbrmationshavebeenextensivelystudied（e．g．，
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Amanoeta1．，1987，1988，1990；AmanoandKanno，1991）andconsistpredominantly

Ofcold－WatertaXa，butwithafewwarm－WatermOlluscsinsomehorizons．

AmanoandKanno（1991）reportedwarm－WatermOlluscsfromthemiddlepartof

theNadachiFormation（Loc．23）．ThishorizonislocatedbetweentheRIofNkoizumi

（3．1－3．OMa）andtheLOofNkamtschatica（2．7－2．6Ma）（YanagisawaandAmano，

2003），SOitevidentlycorrelateswiththehorizonyieldingGds．ruberintheKuwae

Formation（2．9Ma）．

Amanoetal．（1988）fbundwarm－WatermOlluscsintheuppermostbedsofthe

NadachiFormation，inahorizonwithaninfbrredageof2．4Ma（Kurokawa，1999；

YanagisawaandAmano，2003）（Fig．4）．Warm－WatermOlluscsoccurinatleastthree

horizonsintheTanihamaFormation（Amanoeta1．，1987）thatliebetweentheFOofN

Seminae（2．4Ma）andtheLOofNkoizumi（2．OMa）（YanagisawaandAmano，2003）

（Fig．3）．Unfbrtunately，mOredetailedagesfbrthesehorizonscannotbeinferred，

becausetheprecisestratlgraPhicpositionoftheLOofNkoizumiwasnotidentined．

JunichoFormation

TheJunichoFormation（Fig．1）hasbeendividedlithologicallyintolower，

middleandupperparts（Araieta1．，1991）．Themiddlepartis50－80mthickand

COmPOSedofatleastthreedepositionalsequenceswithintheOlduvaiSubchron（Araiet

a1．，1991）thatmainlycontainnne，Calcareoussandstonewithabundantcold－Water

molluscssuchasAciklnakazimaiandAstarteaklSkensis．Warm－WatermOlluscsare

absent（Araieta1．，1991）．However，Araietal．（1998）fbundoneindividualofthe

Warm－WaterPlanktonicfbraminiferGds．ruberfromeachoftwohorizonsintheupper

POrtionofthelowestsequence（C120andC121；tOtalnumberofcountedfbraminifbra

are286and199，reSPeCtively）．KitamuraandKimoto（2004）assignedthesehorizonsto
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MIS69（1．9Ma）（Fig．4），basedonacombinationofcyclestratigraphicand

Chronologicaldata（Araieta1．，1997，1998；Okuboeta1．，2000）．

OmmaFormation

TheearlyPleistoceneOmmaFormation（Fig．1）isupto220mthickandhas

beendividedintolower，middleandupperparts（KitamuraandKondo，1990）．Itslower

andmiddlepartsarecomposedoffburteensixth－Order（41－ka）depositionalsequences

thatweredepositedininner－tOOuter－ShelfdepthsduringMIS56to28（Kitamuraeta1．，

1994，2001；KitamuraandKimoto，2004）．Warm－WatermOlluscsandplanktonic

fbraminifersarefbundinallsequences（Fig．3）．Recently，KitamuraandKawagoe（in

PreSS）haveidentinedRvedepositionalsequences（Ulto5）intheupperpartofthis

fbrmation（Fig．3），thethreeloweronesofwhichcorrelatewithMIS28－26，26－24and

24－22；theuppertwodepositionalsequencescorrespondtoMIS22－20．Kitamuraand

Kawagoe（inpress）concludethatthehorizonswithmaximumwaterdepthin

depositionalsequencesU4andU5correspondtoMIS21．5and21．3，reSPeCtively．

Warm－WatermOlluscswerepresentduringMIS27and21．5（Fig．3）．Asfbrtheother

interglacialperiods（MIS25，23and21．3），mOlluscsarenotidentinable，OWingtoshell

dissolution．

Takata（2000）Studiedplanktonicfbraminiferalassemblagesinnvesixth－Order

（41－k．y．）depositionalsequencesintheearlyPleistoceneOmmaFormationinToyama

Prefecture（theOyabesection）（Fig．1）．TheFOofGqpjv）rOCqPSaOCeanicaandG．

（large）areinthemiddleportionofCycle2andatthebaseofCycle5，reSPeCtively．

UsingtheFOofG．（large）asadatumplane，thethreedepositionalsequencesinthe

lowerpartoftheOmmaFormationatOkuwacorrelatewithCycles3to5intheOyabe

area．Thewarm－WaterPlanktonicfbraminiferGds．ruberwasrecognizedinCyclesl，2
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and3，Whichsuggeststhatwarm－WaterOrganismsenteredtheSeaofJapanatevery

interglacialhighstandsincetheFOofG．oceanica（MIS59）（Fig．4）．Theabsenceof

Warm－WaterPlanktonicfbraminiferainCycles4and5atOyabeisduetoerosion

（Kitamuraeta1．，2001）．

Discussion

ThehistoryofthewarmTsushimaCurrentat3．5toO．8Maisdivisibleintotwo

intervals．Intheintervalfrom3．5tol．71Ma，itperiodicallyflowedintotheSeaof

Japanat3．2，2．9，2．4andl．9Ma（MIS69）（Fig．4）．Comparingtheseageswith8180

Stratigraphy（Shackletoneta1．，1995），theolderthreeeventsmaycorrelatewithKM50r

3，G170r15andMIS950r93，reSPeCtively．Ontheotherhand，atl．71－0．8Ma（MIS

59－20），theTsushimaCurrentflOwedintotheSeaofJapanateveryinterglacial

highstand，eXCePtfbrMIS25，23and21．3（Fig．4）．

ItisnoteworthythatthevaluesoftherelativeabundanceofGds．ruberinthe

earlyinterval（0．3－0．6％）aresignincantlowerthanthoseinthelatter（1．4－21．8％）（Fig．

4）．AlthoughthereareafewdataontherelativeabundanceofGds．ruberinmodern

SurfacesedimentsoftheSeaofJapan，ltSValuesdecreasenorthward．Accordingto

Tsukawakietal．（2001），therelativeabundancesofGds．ruberare0－0．5％andO．6－4．1％

0ffoftheMatsumaePeninsulaofHokkaidoandoffNiigataincentralJapan，

respectively（Fig．1）．Ujiieandt力iie（2000）reporteditsrelative－abundancerangetobe

8．4to15．9％insedimentsamplesfromtheDanjoBasininthenortheastemEastChina

Sea（Fig．1）．ThusweinferredthattherelativeabundanceofGds．ruberisanindexfbr

theearlyPleistocenemarineclimateofSeaofJapan（KitamuraandKimoto，inprep．）．

TheabundancevaluesfbrtheearlyintervalcomefromNiigata（KuwaeFormation）and

theeastsideoftheNotoPeninsula（YabutaandJunichoFormations），Whilethevalues
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fbrthelaterintervalcomefromthewestsideoftheNotoPeninsula（0mmaFormation）

（Fig．1）．Asaresult，thegeographicpositionsofthefbssilrecordsresultinadiffbrence

intherelativeabundanceofGds．ruberbetweenthetwointervals．However，Wethinkit

WOrthconsideringthepossibilitythatthevolumeofinflowoftheTsushimaCurrentin

theearlyintervalwassmallerthaninthelaterinterval．Thereasonfbrthisisthatthere

WaSaChannel，SOme10－20km－Wideand40－kmlong，thatconnectedthewestandeast

SidesoftheNotoPeninsulainthelatePlioceneandearlyPleistocene（Chinzei，1986）

（Fig．1）．TheYabuta，JunichoandOmmaFormationsaresedimentarynllwithinthis

Channel．Gds．ruberevidentlydwellinsurfacewaterthroughoutitslifecycle

（Fairbankseta1．，1982），SOitsdistributionisrelativelyunconstrainedbywaterdepth

COmParedtootherspecies．Itisunlikelythataslgnincantdecreaseintherelative

abundanceofGds．rubertookplacewhentheTsushimaCurrentflowedthroughthe

Channel．Fromthis，Webelievethatitsinflowvolumesduringtheearlyinterval，

especiallyat3．2andl．9Ma（thesedataarefromtheYabutaandJunichoFormations），

WereSmallerthanduringthelaterone．Ifthisinterpretationiscorrect，thenthelate

PlioceneelevationofthesouthemPartOftheSeaofJapanwasupto50mabove

PreSent－daysealevel，becausesealevelsintheinterglacialperiodsat3．3to2．5Ma

WereuPtO50mhigherthanthepresent－daylevel（Dwyereta1．，1995）．

Attheendoftheearlyinterval，thealtitudeofthesouthernpartoftheSeaof

JapanmighthaverapidlydecreasedduetocrustalstretchinginthenorthemOkinawa

Troughafter2Ma（Kitamuraeta1．，2001）．Consequently，thepresent－daysouthern

ChannelhadfbrmedbyMIS59（1．71Ma）whentheTsushimaCurrentbegantoflow

duringeachinterglacialperiod．Largenumbersoftheplanktonicfbraminifer

Globorotalia的伽ta，aSPeCieswhichindicatesthatthesouthemChannelhadawater

depthgreaterthanatpresent（＞200m），OCCurinMIS57，47，45，43，41and29，along
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Withwarm－WaterPlanktonicfbraminifers（Kitamuraeta1．，2001；KitamuraandKimoto，

2004）．Thecontemporaneoussouthernchannelseemstohavebeennarrowerthanthe

modemOne，becausethethicknessoftheTsushimaCurrentatMIS47（100m）wastwo

thirdsthatoftoday（150－160m）（Kitamuraeta1．，1997）．

Asnotedabove，thereisanapparentdiscrepancylnStratlgraPhicdistribution

betweenwarm－WaterPlanktonicfbraminifersanddiatomsduringthelaterpartofMIS2

（Tadaeta1．，1999）．AsimilardiscrepancyexistswithinlatePliocenefbssilrecords．

Koizumi（1992）showedthatwarm－Waterdiatoms（ムbmidscuscune所）rmis）appeared

betweentheLOofNkamねChatica（2．7－2．6Ma）andtheFOofNkoizumi（2．OMa），

WhileYanagisawaandAmano（2003）observedthatmanywarm－Waterdiatoms

り／J（血、、／…／／●山川ハ・川J‥＼－／／二、1・／J／（J．／…、／／ハ‥＼－／u／／／JH仙／川八日〟〃二…り／川／くりり廿／－しリ宮川／／り

OCCurCOntinuouslyinthelowerNadachiFormationandthemainpartoftheTanihama

Formation（3．2－2．OMa）．InthecaseoftheKuwaeandYabutaFormations（Watanabe，

2002；Watanabeeta1．，2003；Miwaeta1．，2004a，b），thestratigraphicdistributionof

diatomsat3．5and2．6Macorrelatesdirectlywiththeplanktonicfbraminifers．These

recordsshowthatwarm－Waterdiatomshadappearedby3．5Ma，afterwhichthey

OCCurredcontinuouslyinbothfbrmations（Fig．4）．

Thisdiscordancemaybeexplainedbydiffbrencesinthesalinltyandtemperature

tolerancesbetweenwarm－WaterdiatomsandGds．ruber，Sincethelattertolerates

Salinitiesbetween22and49％0（Bijimaeta1．，1990）．Warm－Waterdiatomstolerate

Salinitiesbelow22％0，andweretransportedbytheinflowoflow－SalinltyCOaStalwater

throughthesouthernchannelduringshortwarmperiods．Theappearanceof

Warm－WaterdiatomsmaybesignincantolderthanthatofGds．ruber，Whichoccurred

SPOradicallyat3．2and2．9Ma（Miwaeta1．，2004a，b），Whereaswarm－Waterdiatoms

OCCurredcontinuously．ThismaybeexplainedbytheassumptlOnthatthelower
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temperaturelimitsofwarm－Waterdiatomswerelowerthan190C，Whichisthelower

temperaturelimitofGds．ruber．Koizumi（1992）andTada（1994）notedthatthe

Periodicinflowofwarmsurfacewaterrestartedat3．5Ma．IfmyassumptlOniscorrect，

thiswarmsurfacewaterwasprobablycoastalwaterhavingsalinitieslessthan22％0．At

PreSent，theEastChinaSeacoastalwaterischaracterizedbyaslightlylowersalinlty

andbyenrichmentinnutrientsregeneratedfrombottomsedimentsofthesea（Honget

a1．，1995）．Tadaetal．（1999）inferredthattheinfluxofthiswatersubduedthe

PrOductionofdeepwaterintheSeaofJapanandenhancedsurfaceproductivltyat

PeriOdsoflowsealevelinthelateQuaternary．Itispossiblethatsimilarphenomena

reoccurredintheSeaofJapanat3．5－1．7Ma（Fig．4）．
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FigurecaptlOnS

Fig．1Locationoffbssilsrecordsusedinthisstudy．TheinsetmapshowslatePliocene

toEarlyPleistocenepaleogeographyintheHokurikudistrict．

Fig．2CorrelationoffbssilrecordsinthelatePliocenetoearlyPleistocenesediments

alongthewesterncoastofHonshuIsland．

Fig．3ColumnarsectionoftheOmmaFormationatitstypesection．BiostratlgraPhic

datumhorizonsareafterTakayamaetal．（1988）andSatoandTakayama（1992）；

magnetostratigraphicdatafromKitamuraetal．（1994）；timescalefbrtheoxygen

isotoperecordatDSDPSite607（Ruddimaneta1．，1989）andagesof

biostratigraphicdatumhorizonsandmagneticpolaritychangesarebasedon

ChronologyofBergeretal．（1994）．SB：Sequenceboundary．L－1to3，1－11，

U1－U5：depositionalsequencenumbers．

Fig．4（A）StratigraphicdistributionofmaximumrelativeabundanceofGlobigerinoi鹿s

ruberateachinterglacialstage．AIsoshowninthengureisthestratlgraPhic

POSitionofthenrstoccurrenceofwarm－Waterdiatoms，afterWatanabe（2002）

andWatanabeetal．（2003）．（B）ReconstructionofthesouthernpartoftheSeaof

Japanduringinterglacialperiodsafterl．7Ma．（C）Reconstructionofthe

SOuthernpartduringlnterglacialperiodsbefbrel．7Ma．
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