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Abstract

lnbackarcfold-beltsofislandarcs,thickLateCenozoicsedimentsaccumulatedandfolded,

possessinghydrocarbonproductivity.Thefoldingmechanismofthebeltsisanissueimportant

notonlytopetroleumexploration,butalsotothetectonicsofarc-trenchgenesis.Thecentral

NiigataoilfieldisonthebackarcsideofthesouthernendoftheNortheastJapanarc.Folds

intheoilfieldaregroupedintobendingfoldsattheedgesoftiltedbasementblocksand

disharmonicfoldsdetachedinthemiddleMioceneundercompactedmudstone.Theywere

formedthroughthenorthwestwardtiltingofthebasementblocksboundedbyantithetic(S.1.)

faultsandthroughthegravityglidingofsedimentarycoveronthetiltingbasementblocks,

respectively.TheessentialfoldmechanismsinthecentralNiigataoilfieldarethusthe

basementtiltingtowardtheJapanSeaandantitheticfaulting.

ThefoldmechanismsareattributedtotheasymmetricarchingoftheNortheastJapanarc

withaPacific-wardvergence,whicharchinghasformedthemajorreliefofthearc-trench

systeminNortheastJapansincethePliocene.Slantupwellingofathermalplumeinthewedge

mantleunderthearcappearstohavedriventheasymmetricarching.Thefoldingmechanism

isthusoriginatedultimatelyfromtheslantupwelling.

AbasementblockinthesouthwesternpartofthecentralNiigataoilfieldtiltedsoutheast-

ward,sothatratherrigidvolcanicrocksontheundercompactedmudstoneglidedoppositeto

thegeneralglidingdirection.Conjugateshearzonesconsequentlyappearedalongbothsidesof
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thevolcanics,formingthecrookoffoldaxesandwrenchfaultswithdragfolds.Sincesuch

southeastwardtiltingiscommoninthetriplejunctionofislandarcsonthesouthoftheoilfield,

itmaybeconcernedwiththecomplicatedinterferenceoftheislandarcs.

Keywords:foldingmechanism,Niigataoilfield,arc-trenchgenesis

lntroduction

ThebackarcbeltsofJapaneseIslandsarecalled"theGreenTuffregion",accumulating

thick,lateCenozoicvolcanicandnormalsediments(Fig.1).Theyattaintoseveralthousand

metersthickinthewesterncoastalzones,wheretheyaremoderatelyfoldedtoformbackarc

foldbelts.TheNiigataoilfield,abiggestoneinJapan,Occupiesthesouthernendofthebackarc

foldbeltoftheNortheastJapanarc,andisadjacentto"FossaMagma"Onthesouth(Fig.1),

throughwhichtheGreenTuffregionprotrudestothelzu-OgasawaraarcacrosstheHonshu

arc.

Fig.1.Distributionofthe"GreenTuffregion"andthelocationofthecentralNiigata

oilfield.ThedeformationalmechanismintheNiigataoilfiledhasbeenanissueimportant

tothestructuralgeologyofbackarcfoldbelts,andtoexplorationofhydrocarbonde

posits(Kimura,1968;KomatsuandWatanabe,1968;Suzukietal.,1971;UemuraandShimohata,1



ativeResearchGroupfortheNiitsuAnticline,1977;Aiba,1982;Nakamura,1982;Komatsu,

1990;Uemura,1990;Nakamura,1992;Yamadaetal.,1992;etc.).Besides,ithasaprime

importancetoelucidatethetectonicsofarc-trenchgenesisinNortheastJapan.

Onthebasisofmorphology,arrangementanddeformationalphaseoffoldsintheNiigata

oilfield,Uemura(1976)proposedtodistinguishtwofolddomains,theHokuetsuandtheNan'

etsufolddomains(Fig.2).TheyareboundedbytheKashiwazaki-ChoshiTectonicLine(Yama-

shita,1970)buriedwiththesedimentarycoveroftheoilfield.Thedeformationalcharactersof

thedomainsaresummarizedasfollows(Uemura,1976).TheHokuetsudomainischaracterized

bytheanticline-dominantfoldswithlongaxesandshortwidths,sometimeswithoverturned
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andthrustlimbs.Incontrast,broadandflat-bottomedasymmetric,curvilinear-bottomed

synclinesandchevronanticlines,sometimeswithaxial-SurfacethrustsaredominantintheNan'

etsudomain.ThenortheasternmarginoftheNan'etsudomain,named̀theBorderland',consists

ofbrachy-anticlinesand-synclines(theMatsunoyama,HonokiandKuroiwaAnticlinesandthe

TamugiyamaSyncline,ShowninFig.2).Astodeformationalphase,foldingintheHokuetsu

domainseemslaterthanthatintheNan'etsudomain.

Thestructuraldiscontinuityalongtheboundarybetweenthefolddomainsmayprovidean

importantcluetoclarifythefoldingmechanism,becausethemechanicaldifferencebetweenthe

domainscomesoutmostconspicuouslyalongthedomainboundary.Hence,thispaperdescribes

thegeologicstructurearoundtheboundaryfirst,andthenelucidatesthefoldingmechanismon

thebasisofthethree-dimensionalstructureofthecentralNiigataoilfield.Lastly,theorigin

ofthefoldingwillbeinterpretedfromaviewpointofthetectonicsofarc-trenchgenesisin

NortheastJapan.

Geologicstructurearoundthedomainboundary

TheauthorssurveyedthemidstreamoftheSabaishiRiver(Fig.2),becausethestructural

discontinuitybetweentheHokuetsuandNan'etsufolddomainsappearedtobemostdistinct

there.MarinesedimentsofthemiddletolatePlioceneage(4to2Ma;Kobayashietal.,1989)

aredistributedinthesurveyedareaandmoderatelyfoldedinNNE-SSW orN-Strend(Fig.3).

Outlineofstratigraphy

ThePliocenesedimentsform aconformablesequencecomposedoftheHachikokusan,

SuganumaandHachiojiFormationsandtheUonumaGroupinascendingorder.TheHachiko-

kusanFormation,morethan500m thick,isdivisibleintotwofacies,theHachikokusan

pyroclasticandtheHachikokusanmudstoneMembers.Theformerconsistsofpyroclasticsand

autobrecciatedlavasoftwo-pyroxeneandhornblendetwo-pyroxeneandesites.Thelatteris

massivemudstonewiththinlayersofsandstoneandfine-grainedpyroclastics.Thetopofthis

formationismarkedwiththeHachikokusanpumiceoustephragroup [Hap](Sawaguriand

Kurokawa,1986).TheSuganumaFormationismassivemudstone,200to420mthick,inter-

CalatingtheFudodakipumiceoustephra lFup](Kurokawaetal.,1989)atthemiddlehorizon.

TheHachiojiFormation,150to500mthick,consistsofsiltstoneandthinly-beddedalternation

ofmudstoneandsandstone.TheUonumaGroupisathicksequencemorethan2,500m.

Distributedinthesurveyedareaisthelower240to900m,consistingofthelowermassive

sandstoneandtheupperalternationofsandstone,siltstoneandconglomerate.Glassyor

pumiceoustephralayers,namedSK130andSK120(NiigataPlainCollaborativeResearch

Group,1970),aretraced.
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Geo一ogicstructureinthemidstreamoftheSabaishiRiver

Geologicstructureinthesurveyedareaisconstructedoftwomajorfolds,anobliquefault,

andechelonfolds(Figs.3and4).

Ofthemajorfolds,theeasternYamanaka-HachikokuAnticlinehashithertobeenregarded

asdiagonallypositioned,twoindependentanticlinescalledtheYamanakaandtheHachikoku

Anticlines.Theattitudeanddistributionofstrata,however,Showthatthesetwoanticlinesare

continuous,thoughtheaxialtraceiscrookedinbetweenanddisplacedbytheobliquefault

(Figs.3and4).Towardthecrookedparttheanticlinalaxisbecomesstronglydepressedandthe

interlimbangledecreases.ThewesternSabaishigawa-NagatorigawaSynclinehasalsobeen

describedasthetwoindependentSabaishigawaandNagatorigawaSynclines.Howeverthey

formacontinuoussyncline,ofwhichaxialtracecurvessubparallelwiththatoftheYamanaka-

HachikokuAnticlineandisshiftedbytheobliquefault.Thesynclineaxisweaklyculminates

onthenorthoftheaxialcrook.Boththemajorfoldsarethusca.40kmlong,beingbiggestfolds

intheNiigataoilfield,andcrookinaleft-handmanneratthefolddomainboundaryasshown

inFig.2.

Theobliquefault,namedtheMorichikaFault,StrikesintheNNW toNW direction

subparallelwiththefolddomainboundary(Fig.2)andshiftstheformationboundariesandthe

axialtracesofthemajorfolds.Ifthefaultsurfacewasvertical,theslipvectorbetweenthe

projectionsofdisplacedaxesoftheYamanaka-HachikokuAnticlineplungesto1300atanangle

of45oandis710mlong(Fig.5).ThustheMorichikaFaultisanobliqueslipfaultwithsinistral

andsouthwestward-throwingcomponents.

TheechelonfoldsaretheUkawaSyncline,theKanoAnticline,theMiyanotairaSyncline

andthelshiguroAnticline.Theformertwoandthelattertworespectivelyconvergetoeach

othernortheastward,resultingindisappearanceoffoldstructureonthesouthwesternwallof

theMorichikaFault.Theechelonfoldsarearrangedinaleft-handmannertotheMorichika

Fault.TheUkawaSynclineandthelshiguroAnticlinecontinuesouthward15kmlong(Fig.2),

andthelatterbecomesoverturnedsoutheastward,aswellasthesouthernpartoftheSabaishi-

gawaSyncline.

Conjugatesetsofminorfaultsobservedinthesurveyedarea,though onlythirteensets,are

groupedintotwotypes.TheAtypeisareversefaultsystemshowingacompressivestressin

theN-Sdirection.Sincethistypeofminorfaultsshowaregularstresstrajectoryafterthetilt

correctionofbedding,itmayhaveformedinatimebeforethefolding.TheBtypeisareverse

faultsystemshowingacompressivestressintheE-W direction,andmayhavebeenassociated

withthefolding.Themaximumcompressiveprincipalstressesrestoredfromthistypeofminor

faultsplungeupto400,probablyduetotheirrotationduringthefolding,aspointedoutby
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Fig.4.StructuralcontourmapofthebaseoftheUonumaGroupinthemidstrea



Uemura(1990).

Geologicstructurearoundthedomainboundary

Thecrookingaxesofmajorfolds,theobliqueslipfaultandtheechelonfoldsinthe

midstreamoftheSabaishiRiver(Figs.3and4)indicatethatthenorthwesternpartofdomain

boundaryisasinistralshearzone(Fig.2).Theshiftofthisshearzoneamountsupto5kmand

seemstodecreasesoutheastward.ThealluvialsurfaceoftheOguniBasinterminatesatthe

southeastwardelongationoftheshearzone,andtheShibumigawaSynclinebecomesmore

closedinthesouthwesternsideoftheelongation.Hencetheshearzoneappearstoaffectsofar

astheareaoftheShibumigawaSyncline(Fig.2).

Ontheotherhand,thenorthwestwardelongationoftheshearzonecoincidesapproximate-

lywiththenortheasternmarginoftheYoneyamavolcanicrocks,whichiscorrelativetothe

HachikokusanFormationinthemidstreamoftheSabaishiRiver.Thevolcanicrocksconsist

ofandesiticpyroclastics,1,000to2,000mthick,andclin°-unconformablyoverliestheMiocene

strata(YoneyamaResearchGroup,1973).Onthesoutheastwardelongationofthesouthwestern

marginoftheYoneyamavolcanicrocks,thebendingofseveralfoldaxesindicatesthepresence

ofapossibledextralshearzoneofWNW-ESEtrend.

ThenorthwesternsegmentofthedomainboundaryalongtheKashiwazaki-Choshi

TectonicLineshowsamarkedsinistralwrenchdeformation,butthesoutheasternonewasnot

subjectedtoanydistinctivedeformation.Hencethenorthwesternsegmentandthepossible

dextralshearzonementionedaboveappeartoformaconjugateshearzonealongbothmargins

oftheYoneyamavolcanicrocks.Thevolcanicrocksformahomoclinedippingsoutheastward

atanglesfrom40oto200,withoutmarkedfolds(YoneyamaResearchGroup,1973).Henceitis

inferredthattheYoneyamavolcanicrocksbehavedasarigidbodyduringthefolding,and

consequentlygeneratedtheconjugateshearzonesonthebothsides.

Three-dimensionalstructureofthecentralNiigataoilfield

Inthissection,thegeologicstructureofthecentralNiigataoilfieldisdescribedwithblock

diagrams(Fig.6).ThediagramsarecutoffinWNW-ESEdirectionandcoverthemajorpart

ofthecentralNiigataoilfield(Fig.2).

AccordingtoNiigataPrefecturalGovernment(1989),thelithologyoftheoilfieldsucces-

sionissummarizedasfollows.ThebasementoftheoilfieldconsistsofthePermo-Triassicand

partlyJurassicsedimentarymelangeandtheCretaceousgranitoid.TheLateCenozoicsedi-

ments,Overlyingthebasementwithamarkedunconformity,arecomposedoftheMiddleto

UpperMioceneandthePliocenetolowerPleistocene.TheMiocenesequenceissubdividedinto

theJonai,Nanatani,Teradomari,ShiiyaFormationsinascendingorder.TheJonaiFormation

78



consistsofconglomerateandandesiticpyroclastics.TheNanataniFormationiscomposedof

rhyoliticpyroclastics,perlitelavaandshale.TheTeradomariFormationisamuddyalterna-

tionofmudstoneandsandstone,anditslowerpartpredominatesinmudstone,TheShiiya

Formationiscomposedofwesternsandyflyschfaciesandeasternmudstonefacies,The

PliocenetolowerPleistoceneissubdividedintotheNishiyama,HaizumeFormationsandthe

UonumaGroup.TheNishiyamaFormationismassivemudstonewithlocalbutthickandesitic

volcanicsrepresentedbytheYoneyamavolcanicrocks,TheHaizumeFormationissandy

siltstonewithsandstoneintercalations.TheUonumaGroupiscomposedofthelowermarine

sandstoneandthemiddletoupperfluvialalternationofgravel,sandandmud.Althoughthe

greaterpartofthegroupiscontemporaneouswiththeHaizumeFormationandtheupperpart

oftheNishiyamaFormation,thestratigraphicdivisionintheblockdiagramsrepresentsthe

lithologlCunits.

TheYoneyamavolcanicrocks(designatedasYv)'formsagentlehomoclinedipping

southeastward,andsoutheastwardofthehomoclinethelshiguroAnticlinedevelopswithan

eastwardvergence(Figs.6-Cand-D).Asinistralshearzoneonthenortheasternmarginofthe

YoneyamavolcanicrocksbendstheaxialtracesoftheYamanaka-HachikokuAnticlineand

theSabaishigawa-NagatorigawaSyncline,whichweretornbytheMorichikaFault(Fig.6-C).

ExceptforsuchadeformationalarearelatedtotheYoneyamavolcanicrocks,thegeologlC

structureofthecentralNiigataoilfieldisdominatedbyhomoclinalstructuregentlydipping

northwestward(Fig.6).Furthermore,thehomoclinalstructureismodifiedwithmanyfolds,and

displacedbysomeantitheticfaultswithfrictionaldrag.

Komatsu(1990)ClassifiedthefoldstructureintheNiigataoilfieldintotwotypes,i.e.,

d̀etached'and̀basementinvolved'accordingtoHardingandJames(1979).Hisclassificationis

adequatetothecentralNiigataoilfield･Although thedee.pstructureofthecentralNiigataoil

fieldisobscure,deepdrillingsandseismicprofiling(JapanNaturalGasAssociationandJapan

OffshorePetroleumDevelopmentAssociation,1982;Komatsu,1990;Inooka,1991;Yamada

etal.,1992)Clarifiedthatsomemajoranticlinesaredisharmonic(Fig.6).Komatsu(1990)

explainedthecharacterandoriginofthedisharmonicfoldsasfollows.TheShiiyaFormation

anditsoverlyingstrataarefolded ratherstrongly,whereasthedeformationoftheNanatani

Formationisgentle.HencetheTeradom ariFormationsandwichedbetweenthemconsequently

seemstohaveplayedaroleoflubricant,detachingtheshallowstructurefromthedeepone.The

smallershearstrengthoftheTeradom ariFormationisevidencedbythefactthatunder-

compactedmudstonecommonlydevelopsintheformation,particularlyinitsmuddylower

part.

Ontheotherhand,thebasemenトinvolved foldsareformedasbroadanticlinesabovethe

upliftingedgesoftiltedbasement blocks.The blocksdipgentlynorthwestward,andare
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boundedbyantitheticfaults.Theterm"antithetic"inthispaperistakeninthewidesense

redefinedbyMackin(1960)as̀regardlessofthedirectionofthedipofthefaults,theirthrows

tendtobeoppositeto,andcounteracttheeffectof,thedipofthefaultedstrata'.Thedipangles

oftheantitheticfaultsdecreasetowardtheearth'ssurfaceandchangeintoreversefaults,

probablyduetogravityspreadingoftheupheavingwalls.Thebasement-involvedfoldsmay

havebeenformedbythenorthweStwardtiltingandantitheticfaultingofthebasementblocks

andbythederivativegravityspreadingandfrictionaldrag,aspointedbyKomatsu(1990).

Thus,thethree-dimensionalstructureofthecentralNiigataoilfieldischaracterizedwith

thecombinationofthedisharmonicfoldsformedbydetachingmainlyintheTeradomari

Formationandthebendingfoldsformedbynorthwestwardtiltingandantitheticfaultingofthe

basement(Fig.6).Inaddition,theconjugateshearzonesalongbothmarginsoftheYoneyama

volcanicrocksmodifythestructurethroughwrenchdeformation.

FoldingmechanisminthecentralNiigataoilfieJd

Fromthethree-dimensionalstructureofthecentralNiigataoilfield,thefoldingmecha-

nismisdepictedasamodelinFig.7.Tosimplifyenvironmentalconditions,themodelis

imaginedasadouble-layeredsystem composedofbasementandsedimentarycoverwith

uniformthicknesses.TheslipsurfacesupposedbetweenthelayersactsfortheTeradomari

Formationaslubricant.Thefoldingmechanismisexplainedseparatelyintothefollowingthree

steps.

Atthefirststep(Fig.7-1)thedistributionalareaoftheYoneyamavolcanicrocksbeganto

upliftbeforeregionalfolding,asindicatedbythefactthatthecobblesandbouldersfromthe

YoneyamavolcanicsweresuppliedintotheAsojimaFormation(YoneyamaResearchGroup,

1973),correlativetotheHachiojiFormationinthemidstreamoftheSabaishiRiver(Kobayashi

etal.,1989).Theupliftprobablycausedthenorthwardglidingofthesedimentarycover,and

producedahorizontalcompressivestressfieldoftheN-StrendrecordedastheAtypeof

conjugatefaults.

Then(Fig.7-2),regionalnorthwestwardtiltingofthebasementblocksboundedbyantith-

eticfaultstookplace,andconsequentlythesedimentarycoverinitiatedtoglideandtoform

disharmonicfolds.However,OnlythebasementblockundertheYoneyamavolcanicrocks(the

Yoneyamablock,forshort)tiltedsoutheastward.Alongtheboundaryoftheoppositedirec-

tionaltiltingmovementsasinistralshearzoneappearedtoshifttheaxialtraceoftheembry-

onicYamanaka-HachikokuAnticline.

Withprogressofthetiltingmovements(Fig.7-3),thedisharmonicfoldsandtheantithetic

faultscontinuedtogrow.ThesedimentcoverontheYoneyamablockglidedsoutheastward,

81



＼



OriglnOfthefo一ding

ItbecameclearthatthefoldinginthecentralNiigataoilfieldwascausedbythenorthwest-

wardtiltingofbasementblocksboundedbyantitheticfaults.Theoriginofthefoldingislastly

interpretedfromaviewpointofthetectonicsofarc-trenchgenesis,withwhichthenorthwest-

wardtiltingandtheantitheticfaultingseemtobeconcerned.

Thetectonicmovementthathadformedarc-trenchsystemssincethePliocenewasnamed

t̀heIslandArcMovement'(Fujita,1970).ThekinematicpictureofthelslandArcMovement

inNortheastJapancanbereconstructedonthebasisofthestrainpictureofthearc-trench

system(Yan°,submitted).Tointerpretthedynamicpicturethevelocitystructureofthewedge

mantleunderthearc-trenchsystemprovidesanimportantclue.

Strainpictureofthearc-trenchsystem

TheNortheastJapanarc-trenchsystemconsistsoftheNortheastJapanarcandtheJapan

trench.Theterm"islandarc"isdefinedasatectono一geomorphichighrangingfromthefootof

thebackarccontinentalslopetothetrenchaxis,beyondislands.Synthesisoflocalstructures

intheNortheastJapanarc-trenchsystem clarifiedthatitsstrainpictureisframedofthe

followingfiveconstituents(Fig.8-3).

asymmetricwch:Theasymmetricarchisthelargeststructureofthearc-trenchsystem,

representedbygeomorphicandgeologicprofilesacrosstheislandarc.Itis500to600kmwide

andshowsaslightoceanwardvergence.The"backarc"and"forearc"inthispaperarebounded

bythearchaxis.

longitudinalfaults:Thelongitudinalfaultsareafaultsystemproducingthebasinand

rangestructureovertheislandarcexceptitslandwardtrenchslope.Theyarenormalor

reverse,andmostlyantithetictothearch.Theirdisplacementsarelargerinthebackarcand

crestofthearchthanintheforearc.

forearcundulation:Theforearcundulationisagentlefoldinthearearangingfromthe

lowerhalfoftheforearccontinentalslopetotheuppermarginofthelandwardtrenchslope.

Itssynclinalportionformsaforearcbasin,ofwhichdepoaxishasmigratedlandward(Nasuet

al.,1980).Itsanticlineaxiscorrespondstothetrenchslopebreak.

arcfrontouerthrust:Thearcfrontoverthrust,dippinggentlylandwardatananglefromlo o

to200boundsthearcfrontandtheunderlyingoceaniccrust.Itisactuallyacomplexfaultzone

forminganimbricateordecollementstructurebeneaththelowerlandwardtrenchslope.

jlexureofoceaniccrust:Theflexureofoceaniccrustbendsdowntheoceaniccrustofthe

NorthwestPacific,formingtheJapantrenchinthefrontoftheislandarc.Itisembellishedby

thetrenchouterswellatitsupwardendandbynormalfaultsontheseawardtrenchslope.
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Kinematicpictureofarc-trenchgenesis

Thekinematicsofarc-trenchgenesis,asamatterofcourse,Shouldexplainthegenerative

processesofalltheaboveconstituents,inaunifiedmanner.Itappearsthattheasymmetric

archingoftheislandarccandrivethewholegenerativeprocesses(Fig.8).

Withtheinitiationoftheasymmetricarching(Fig.8-2),thegreaterpartoftheislandarc

becametobeoccupiedbyastressfieldofhorizontalextension.Longitudinalnormalfaults,

mostlyantithetic,consequentlygeneratedovertheislandarcexceptitsfrontalpart.Their

displacementswerelargeronthebackslopeandcrestoftheislandarcthantheforeslope,

becauseoftheasymmetryofarching.Throughtheprogressoftheasymmetricarching(Fig.

8-3),thelongitudinalfaultscontinuedtogrowinanintensifiedstressfieldofhorizontal

extension,andproducedamarkedbasinandrangestructureonthebackslopeandthecrest.

Longitudinalfaultswithlargedisplacementswerelikelytochangereversefaultsnearthe

earth'ssurface,duetogravityspreading.Ontheotherhand,thefrontalpartoftheislandarc

wasoccupiedbyanintensifiedstressfieldofhorizontalcompression,resultinginthegeneration

oftheforearcundulationandthearcfrontoverthrust.Thelowerpartoflandwardtrenchslope

wassteepenedbyfrictionaldragofthearcfrontoverthrust(Nagumo,1980).Gravityloadingof

theoverthrustingarcfront(Nagumo,1982)andofthehugeamountofsedimentscollapsedfrom

thelandwardtrenchslopeflexeddowntheunderlyingoceaniccrust,andconsequentlygenerat-

edtheJapantrenchinfrontoftheislandarc.Thetrenchouterswellappearedasanelastic

responseoftheoceaniccrusttotheflexuring,andthenormalfaultsembellishedtheseaward

trenchslopeinanextensionalstressfield.

Thus,theessentialkinematicsofarc-trenchgenesisistheeastward-facingasymmetric

archingoftheislandarc.Because,throughinteractionwithgravityitcanformallthefive

constituents,i.e.,thewholestrainpictureofthearc-trenchsystem.

Theabovekinematicpictureofthearc-trenchsystemseemsincompatiblewiththerecent

compressionalstaterevealedseismologicallyandgeodetically.Astothisincompatibility,the

stresscharacterofanarchshouldbenoticed.Onceanarchwasformed,itsstressstatehangs

inasensitivebalancebetweenextensionandcompression.Thepresenceoffiveregional

fracturingphasesovertheNortheastJapanarcduringthePlioceneandQuaternary(Fujita,

1982)indicatesthattheasymmetricarchhasgrowninanunsteady,pulsatilestate.tnactivated

stagesoftheasymmetricarching,ahorizontallyextensionalstatemayoccupythegraterpart

ofthearcexceptthearcfront.Inrelaxedstages,incontrast,ahorizontallycompressionalone

mayoccupythewholearch,asintherecentseveraldecades.Theabovekinematicpictureof

arc-trenchgenesisis,hence,notincompatiblewiththerecentcompressionalstate.Incidentally,

suchareciprocalstresschangewasalreadypointedoutbyChen(1965)inthecaseofMesozoic
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DiwabasinsinsoutheasternChina.

Withabundantgeochronologicalandpaleoenvironmentaldata,amorerealistickinematic

pictureofthearc-trenchgenesisisdepictedinthesurfacepartsoftheblockdiagramsinFig.

9.Describedinanotherpaper(Yan°,submitted),itsdetailsareomittedhere.

Dynamicpictureofarc-trenchgenesis

Hasemietal.(1984)andObaraetal.(1986)Clarifiedthethreedimensionalvelocity

structureofthewedgemantleunderthearc-trenchsystem,intermsofaninversionof

seismic-wavearrivaltimes.Itischaracterizedbythepresenceofdiapiricslowness,whichhas

aconcentricinternalstructureandinclineswestwardatanglesfrom30oto400nearlyparallel

withtheWadati-Benioffzone(Fig.9,thebottomdiagram).Thediapiricslownessrangesfrom

justunderthemostactivevolcanicchainonthevolcanicfront,tothedepthabout100kmor

more.Theaerialprojectionoftheslownessmagnitudecoincideswiththevolcanicandgeother一

malactivenessontheislandarc,sothatthelowvelocityanomalywasinterpretedtoindicate

hightemperatureandhighpartial-meltingdegree.Thediapiricslownessmaybederivedfrom

anextensivelow-velocityanomalyintheuppermantleundertheEastAsiancontinentalmargin

observedbyFukaoetal.(1992).

Theinclinedattitudeofthediapiricslownessmayindicatesitsslantrisingtowardthe

Pacific.Ifso,theslantupwellingofthediapricthermalplumeappearsnecessaryandsufficient

asthedynamicsofarc-trenchgenesis(Fig.9).Because,itcausestheasymmetricarchingofthe

overlyingcrust,inevitablyresultinginformationofthepresentarc-trenchsystemthroughthe

kinematicsreconstructedabove.Thepulsatilegrowthoftheasymmetricarchmayindicate

thatthethermalplumehasupwelledinanunsteadystate.Thedynamicpicturedrivenbythe

slantupwellingofthethermalplumeissimilartothatbymantlediapirismormantletectonic

flow(e.ど.,Scheinman,1970;Nagumo,1976;MeyerhoffandMeyerhoff,1977;Fujita,1982,

1990;Nishmura,1985,1986;Tian,1987;Rodnikov,1988;Meyerhoffetal.,1992).

OriginofthefoldinginthecentralNiigataoiHield

ThefoldinginthecentralNiigataoilfieldwascausedbythenorthwestwardtiltingand

antitheticfaultingofthebasement.Thesestructuralmovementsrepresentabackarcpartof

thekinematicpictureofarc-trenchgenesis.Theformerisnomorethantherotationofthe

backarclimbofthegrowingasymmetricarch,andthelatterisanadjustmentoftheasym一

metricarchingtogravityfield.Thus,thefoldinginthecentralNiigataoilfieldwasproduced

bytheasymmetricarchingoftheNortheastJapanarcanditsinteractionwithgravity,andwas

originatedfromtheslantupwellingofthethermalplumeinthewedgemantle(Figs.8and9).

Concludingremarks
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OnthebasisofthegeologicstructureofthecentralNiigataoilfield,particularlyinthe

midstreamoftheSabaishiRiver,thefoldingmechanismoftheoilfieldsequencewaselucidated

withasimplifieddoublelayeredmodel,anditsoriginwasinterpretedfromaviewpointof

arc-trenchgenesisinNortheastJapan.

Theactualfoldingprocessmustbemuchcomplex,becausethenorthwestwardtiltingof

thebasementbegancontemporaneouslywiththesedimentationoftheNishiyamaFormation

(Komatsu,1990)andthesedimentcoverandthebasementareconsiderablyheterogeneous,

Hencethesimplifiedfoldingmodel(Fig.7)shouldbeimprovedtorepresentmoredetailed

foldingprocesssincethebeginningofthePliocene.

ThesoutheastwardtiltingoftheYoneyamablock,whichisoppositetothegeneraltilting

directionintheoilfield,doesnotseemaccidental,becausetiltingmovementsinthesimilar

directionarecommonlyobservedonthenorthwesternpartoftheNan'etsufolddomainandthe

northernFossaMagma(Nakamura,1982;MiningSocietyofNaturalGasandJapanese

AssociationforPetroleumExploitationonContinentalShelf,1982;AcousticResearchSub-

groupforNojiri-koExcavation,1987;Yan°,1990).Incontrasttothenorthwestward,unidir-

ectionaltiltingintheHokuetsudomain,bilateral(facetoface)tiltingmovements,i.e"a

regionalsynclinaldeformationofthebasementcouldbetheessentialfoldingmechanismofthe

Nan'etsudomainandthenorthernFossaMagma.Thebilateraltiltingmovementappeartobe

connectedwiththecomplextectonicmovementincentralJapanwherethreeislandarcs-the

NortheastJapan,SouthwestJapanandlzu-Ogasawaraarcsencountertoeachother.The

complexmovementinthetriplejunctionofthearcsistobediscussedinanotherpaper.
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(要 旨)

Yan°,T.andKunisue,S.｣993,FoldingmechanisminthecentralNiigataoilfield,central

Japananditsorigin.HokurikuGeologylnstituteReport,no.3,71-94.(矢野孝雄 ･国末

彰司,1993,新潟油田中央部における摺曲メカニズムとその起源.北陸地質研究所報告,no.3,

71-94.)

島弧の背後側に発達する後期新生代の摺曲帯 (背弧摺曲帯)における摺曲メカニズムは,石

油探査のみならず,島弧一海溝系形成のテクトニクスにとっても重要な研究課題である.新潟

油田中央部には,傾動地塊の緑に形成された横曲げ摺曲と中部中新続の高圧泥岩をdetachment

layerとする非調和摺曲が発達する.それらは,アンティセティック (広義)な断層に境された

基盤ブロックの北西への傾動と,それから派生する被覆層の重力滑動によって形成された.

このような傾動運動とアンテイセティツクな断層運動は,東北日本弧の非対称arching(太平

洋側フェルゲンツ)と､それにともなう重力断層運動に由来する.島弧の非対称archingは,島

弧下のウェッジマントル内にみられる熟プリュ-ムの斜め湧昇運動に起因するものと考えら

れ,背弧摺曲帯における摺曲作用はこの湧昇運動に起源をもつ.
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