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論 文 内 容 要 旨

TheHydrographicandOceanographicDepartmentofJapan(JHOD)hasbeendevelopingasystemforpre-

ciseseafloorgeodeticobservationwith theGPS/acousticcombinationteclmiquesince1990sanddeployed

seafloorreferencepointsonthelandwardslopeofthemajortrenchesaroundJapan,suchastheJapanTrench

andtheNankaiTrough,StartingwithhavinginstalledfouracoustictranspondersontheseafloorofKum ano

nadain2000.Sincethen,theJHODhasbeencarrylngOutCamPalgnObservationsuslngaSurveyVessel,while

improvlngtheteclmiqueinaspectsofobservationandanalysts.Inparticular,observationefficiencyhasdra-

maticallyImprovedthroughtheintroductionofanewhull-mountedsystem in2008,whichhadmadepossible

theranglngmeaSurementSWiththevesselsailing,insteadofthedrifting,uncontrollablewayasbefore.

Inthisthesis,aswellasevaluatingsailingobservationdataacquiredwiththenewhull-mountedsystem,we

discussinterplatecouplingoffnortheastem Japan,basedonseafloorgeodeticobservationdataaccumulatedfor

aboutnineyearsbeforethe2011Tohoku10kiearthquake(M9.0).Wealsopresentthehugeco-Seismicdis-

placementsassociatedwiththe2011event,obseⅣedin仇ereglOm

First,wehaveintroducedtheestablislm entofthesailingobservationwiththehullsystem andevaluated

thepositionlngresults&om thesailingobservationbyuslngdataacquiredforaboutthreeyears.

ComparisonbetweencampaignSOlutionsofthesailinganddriftingobservationrevealedthatnoslgnificant

offsetsbeyondthelevelofthepositionlngPrecisionbeforethesystem transitionisfound,whichensuresthe

continuity ofthepositioningresultsduetothetransitionoftheonboardsystem.

WehavealsoevaluatedtherepeatabilityofcampaignsolutionsorthesailingobseⅣationbyutilizinglinear

fittingtothetimeseriesofcampaignsolutionsatallseanoorreferencepoints.Therepeatabilityforthesailing

observationisabout2cminrootmeansquaresinthehorizontalcomponent,whichisbetterthanthatforthe

earlydriftingobservation.Moreover,thestabilityofsubsetsolutionsestimatedfromapartofdataandrelative

positiondeterminationsamongfourseafloorstationshasalsobeenimprovedbytheintroductionofthesailing

observation･Comparisonbetweendifferentseareg10nSSuggeStSthatthepositionlngPrecisionisbetteratthe

seafloorreferencepointsalongtheNankaiTroughthanthosealongtheJapanTrench.

Furthermore,theprecisionofheightdeterminationhasalsobeenimproved,thoughitisstillinferiortothat

ofhorizontalpositionlng･ItisexpectedthatverticalcruStalmovementwillbedetectableinthefuturethrough

accum ulationofobservationdataaswellasfurtherteclmologydevelopment.

Next,Wehavepresentedseafloorgeodeticobservationresultsconductedforaboutnineyearsintheseare-

glOnOffnortheastem Japan,especiallytheseaareaoffMiyagiPrefecture,andhavediscussedthespatio-

temporalchangeofinterplatecoupling.
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OffMiyagiPrefecture,aseriesofseafloorcruStalmovementsindicatingstrainaccumulation-releaseprocess

havebeenobserved･Untilthe2005off-Miyagiearthquake(M7.2),theseaflooroffMiyagiPrefecturehadbeen

movlngWest-northwestwardatarateof6-7cm/yearrelativetotheNorthAm ericanplate,indicatingstrong

interplatecouplingresultinglnStrainaccumulation･h thiscourse,the2005eventgeneratedeastwardco-

seismicmovementsofabout9cmattheseanoorreferencepointMYGW andabout3cmattheseafloorref-

erencepointMYGI,locatedaboutlOkn and60km eastoftheepicenter,respectively.Thesemovements

exhibitstrainreleaseprocessbytheupperplatereboundcausedbytheevent.Thereafter,theseafloorinthis

reg10nStartedtomoveagalnWestwardsincearound2007aftertheperiodofthepost-seismicdeformationfor

1-2years,whichindicatestherestorationofinterplatecoupling.

ThecruStalvelocitysinceDecember2006is4-5cm/yearrelativetotheNorthAm ericanplate,whichissig-

nificantlysmallerthan thatbeforethe2005event･Therefore,itisindicatedthatinterplatecouplingoffMiyagl

Prefecturesincearound2007isweakerthanthatbeforethe2005event.Thisisconsistentwiththeresults

from GPSdatasince2007.

0ntheotherhand,theseafloorattheseafloorreferencepointoffFukushimaPrefecture,labeledFUKU,

hadbeenmovlngWestwardataconstantrateofabout2cm/yearrelativetotheNorthAm eriCan platekom

2002to2008.Afterthat,interplatecouplingaroundFUKUwasweakenedbythepost-seismicslipsubsequent

totheOff-Fukushimaearthquake(M6.9)onJuly 19,2008.As awhole,interplatecouplingduringan

interseismicperiodinthisregionissignificantlyweakcomparedwith thatoffMiyagi Prefecture.

Finally,wehavereportedtheco-seismicdisplacementsassociatedwiththe2011Tohokn-okiearthquake

(M9･0),whichoccurredontheplateboundaryoffMiyagiPrefectureonMarchll,2011.Comparisonbetween

thepositionsbeforeandafterthe201IeventhasexhibitedhugecoISeismicdisplacementsassociatedwiththe

eventinthefocalreglOn;thelargestamountreaches24m east-southeastwardand3m upliftatMYGIjust

abovethehypocenter,whichismorethan4timeslargerthanthosedetectedonland.Otherthan MYGI,the

co-seismicdisplacementsof15-23m offMiyagiPrefectureand5moffFukushimaPrefecturehavealsobeen

detected.Theseresultsindicate thattheareawherecoISeismicdisplacementisgreaterthan20m extendsat

least70kn towardnorth-northeastkom theepicenter.

From ourseafloorobservationresultstogetherwithvariousstudiesonco-seismicslipdistribution,Wecan

concludethatthecoISeismic slipcausedbythemainshockoccurredmainlyclosetothetrenchaxisnortheast

ofthehypocenterandthem aximum slipwasmorethan50m.Inaddition,intheverticaldisplacement,op-

positepolarity hasbeenobserv edatMYGIandMYGW,alignedinadirectionperpendiculartothetrench

axis,whichsuggeststhatthe hingelinecorrespondingtonulldisplacementislocatedontheeastsideof

MYGW.

Weshouldemphasizehere thattherealizationofsailingobservationbythetransitiontothehull-mounted

system hasbroughtgreatefficiency to ourobservations and enabled ustocatchtheunprecedenteddisplace-

mentsevenintheshort-timeobservation afterthe2011event.

Seafloorcrustalmovementsobtained in thisstudy haveclearly demonstrated indispensiblerolesofseafloor

geodesy.Continuousobservationswith furtherdevelopmentoftheteclm ology aswellasthein丘astructureare

essentialfordetailed un derstanding ofinterplateearthquakeswhich occurin thesea reglOn.
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論文審査の結果の要旨

本論文は､GPS/音響測距結合方式による海底地殻変動観測に関して､海上保安庁の船底装備システム

による新たな航走観測手法の精度評価を行うとともに､2011年東北地方太平洋沖地震までの約9年間の海

底地殻変動データに基づき､同地震前の東北日本沖のプレート間の固着状態の時空間変化を明らかにし､

同地震に伴う海底変位についての議論を行ったものである｡

航走観測手法の精度評価については､従来の漂流観測手法との違い､海域による違い､観測データ量の

違いによる3つの観点から定量的に精度評価を行い､航走観測手法の測位精度を明らかにした｡その結果､

同手法による繰り返し精度は約2cmで､日本海溝沿いよりも南海 トラフ沿いの方が測位精度の高いこと

が示された｡さらに､上下変動成分の精度にも大幅な改善が見られており､上下変動の検出可能性が示め

された｡

次に､東北地方太平洋沖地震前の海底地殻変動については､太平洋プレートの沈み込みに伴う歪みの蓄

積一解放サイクルを海底の動きとして検出することに成功した｡宮城沖では2007年以降は2002-2005年に

比べてプレート間の固着が弱いこと､福島沖では宮城沖に比べて固着が弱いことを示し､両地域における

固着度合いの時空間的な違いが明らかとなった｡

東北地方太平洋沖地震に伴う海底変位については､地震後の臨時観測から震源域直上における地震時変

位を広域で検出し､宮城沖で 15-24m､福島沖で約 5mの水平変位が生じたことを明らかにした｡さら

に､海溝軸直交方向の上下変位から､地震による陸側プレートの跳ね上がりを示唆するような海底の隆起

及び沈降を検出した｡これらの結果は､海溝付近で50mを超える地震時すべりがあったことを裏付ける

貴重な観測データとなった｡

本論文で得られた海底地殻変動は､プレート境界地震の歪みの蓄積一解放サイクルを理解する上で､陸

上のGPS観測網だけでは知りえない貴重な情報を有しており､海底測地観測の重要性を改めて実証 した

ものである｡

以上のように本論文は､GPS/音響測距結合方式による海底地殻変動観測に関して､観測結果を検証し､

新たな観測手法による精度評価を行うとともに､観測に基づく新しい多くの知見を得ており､本人が自立

して研究活動を行うのに必要な高度の研究能力と学識を有することを示している｡したがって､佐藤まり

こ提出の博士論文は､博士 (理学)の学位論文として合格と認める｡
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