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I. INTRODUCTION

l.lPurposeoftheStudy
TheTurkishElectricAuthority(TEK)isengagedina programcon-

cerningtheenvironmentalsiteassesmentofAkkuyuBay,thesiteofa
proposednuclearpowergeneratingstation.TheobjectiveoftheprogramistoprovideinformationrequiredforTEKtoobtainlicencestoconstruct
thegeneratingstation.

ThefluctuationsinsealevelinAkkuyuBayanditsvicinity.inducedbyincidentseismicseawaves-Tsunami-isamongtheinformation
neededbyTEK.Inordertoprovidethisinformation,thepresentstudywasundertakenbytheInstituteofMarineSciences(IMS)oftheMiddle
EastTechnicalUniversity.

Thepresenttsunamistudyinvolvesthenumericalinvestigationof
tsunamigenerationintheEasternMediterraneanandthepropagationof
seismicseawavesystemstowardthesoutherncoastofTurkey,includingtheirtransformationovershallowdepthsinapproachtoAkkuyuBayand
itsvicinity.Theeventualinterestisinthetsunamiinducedrun-upand
drawdownthatmayoccurinwaterssurroundingtheproposednuclearpower
plantsite.ScatteringoftsunamibyCyprus,topographicalvariationsandsufficientdetailofperinentcoastlinesareincludedinthestudy.
l.2ScopeoftheStudy

Theinvestigationwascarriedoutbysolvingnumericallythe
governinghydrodynamicequationsofmotion.Tsunamigeneratingdesignearthquakeswithestimatedl0.000year(orgreater)returnperiods-areselectedas inputstothenumerialmodel.Theselectionoftheearthquakesourcesarebasedontheavailableseismo-tectonicinformationaswell
asthetsunamihistoryoftheEasternMediterranean(ChapterII).



Themodellingofthegeometryofthegroundmotioniskeptas
simpleas possible(rectangular),withthemaximumdisplacementdecayingexponentiallyalongtheminoraxisofthesourcearea.Thegroundmotionsaretakenas impulsive.Theselectionofthemodelparametersarebasedonstandardgraphs(ChapterIII).

Theselectionofthedesignearthquakesandtheirparameterswere
followedbythenumericalsolutionsofthenon-linearshallowwaterequa-tions.Afinitedifferencemodelisutilizedforthispurpose(ChapterIV).Inaddition.a finiteelementmodelwasdevelopedbutkeptsmallinits
scope.

Numericalsolutionsyieldsurfacemotions5.5— ll kmoff-shoreof
Akkuyu.TheseresultsarepresentedinChapterV.Usingtheoff-shoremotions,thesurfacedisplacementonthecoastlineareevaluatedviaan
analyticalmodel(ChapterVI).Designconsiderationsare thenprovidedin
ChapterVII.
l.3SummaryofResults

Table3.1summarizestheeightdesignearthquakesthatwerecon-
sideredinthisstudy(seealsoFio.5.l).Amongthesesources,thesource
R.lsituatedsoutheastoftheCretanArcprovestobemostcrucial,givingriseto l.5moscillationsoff-shoreofthetarget(AkkuyuBay).Alltheresultsshowsa resonantcouplingoftheshelfareatothedeeperCilicianBasin.Theanalyticalmodelthattakesintoaccountoftheresonance
phenomenondetected,gives(asa conservativeestimate)anamplificationfactorof2.12.Consequently,theexpectedsurfacemotionsatthetargetcorrespondstoa +3mtsunamiinduceddrawdwnand3mrun-up.



ll.SEXSMOTECTONICSOFTHEEASTERNMEDITERRANEANANDSELECTIONOFTSUNAMIGENICDESIGNEARTHQUAKES

2.1TsunamiHistoryofEasternMediterranean
Thecharacteristicsofa tsunamiobviouslydependonthecharac-teristicsoftheearthquakethatgeneratesit.Thedescriptionofthedetailsofthisdependanceisdelayedtoa latersection.ThepresentchapterisinitiallyconcernedwiththehistoryoftsunamisintheEasternMediterraneanandtheseismicfeaturesoftheregionatlarge.Theseconsiderationsleadtotheidentificationofa setofregionsoftheNorth-EasternMediterraneanwhich,inrelationtotheAkkuyuN.P.Puarepotentialtsunamisourceareas. Theselectionofthedesigntsunami-genicearthquakemagnitudeshavingapproximatelyl0000yearsreturnperiodsfollowtheidentificationofthevarioussources.
Alistoftsunamisobservedinmajorseasduring479B.C.tol947hasbeencompiledbyHeck(l947).UsingHeck'sdata,VanDorn(1965)providestable2.lonthefrequencyofoccurenceanddistributionoftsunamisinthePacificOcean,theAtlanticOceanandtheMediterraneansea. It canbeinferredfromtable2.1thatseismicseawavesaremostfrequentlyobservedinthePacificOceanandthisfactisattributedtothepredominanceoftrenchesandoceanicearthquakezonesinthePacific.
AremarkablecompilationoftsunamigeniceventsintheEasternMed1terranean(31O- 440N,l80- 360E)hasbeenmade,Ambraseys(l962)coveringtheperiodIImilleniumB.C.to1961.Atotalofl4ltsunamigeniceventsarecataloguedbyAbraseysandarereproducedintable2.2.Thearrangementoftsunamisintable2.2isthesameas thatgivenbyAmbraseys.Thedateoftheeventisfollowedbythelocalitywherethetsunamiwasobserved.ThetsunamiintensityfollowstheregionsaffectedandisgiveninSiebergmodifiedintensityscale(seeendoftable2.l).ThesymbolsHandLdenotetherun-upheightandlength,respectively.Incaseswheretheearthquakeepicenterisknownitscoordinatesaregivenfollowingtheinformationonrun—ur.FollowedbythisaretheintensityI oftheearth-,quakeinthemodifiedMercalliscale,magnitudeM,afterGutenberg,and



thefocaldepth.Thesymbolsusedforfocaldepthsare "5"forshallow,"n"fornormaland"i"forintermediate.Doubtfuleventsare indicatedbya star.
ThefollowingconclusionsbyAmbraseysareworthnoting.Tsunamisintheintensityrangeofi—iv(hbd.SiebergScale)arequiteoftenobservedintheEasternMediterranean.weremarkthat,eventhoughnestofthesetsunamisarelessseverethanthoseobservedinthePacific,theyshouldbeconsideredhistoricallyrelevant.IntheEasternMediterranean,seismicseawavesofintensitiesgreaterthaniv(whicharedisasteroust0‘BYOBshipsandcoastalinhabitants)are indeedrareandlocalizedtoa greatextent.AmongthevariousseismicallyactiveregionsintheEasternMedi-terranean,onlywell-definedandself—containedareasexhibittsunamigenicevents.Theseareasarei)theEubeanGulf,ii)theareabetweenCyprus,JubeilandAcre,iii)thesouthofAegean,iv)theGulfofCorinth.AmbraseysindicatesthatthegenericcauseofthetsunamisthathaveoccuredinthevariousregionsoftheEasternMediterraneancannotbeattributedtoa specificandsinglemechanism,"Nopredominantcauseisindicatedfrombotholdandrecentdataaswellas fromtectonicsandseismichistoryoftheregion"(Ambraseys,1962).
UsingAmbraseys'cataloguewehaveindicatedinFig.2.ltworegions(shadedareas)wheresufficientlyintensetsunamishavebeenfrequentlyobservedinthepast.Theseregionshaveobviousrelevancetothepresentstudy.InFig.2.ltheselectivelocationsthathavebeensubjectedtotsunamisofintensitiesgreaterthanorequaltoiii (ortheNbdifiedSiebergScale)areshownbya star.weremarkthatFig.2.lshouldnotberegardedas a

summaryofAmbraseys'catalogue.
ReferringtoAmbraseys'catalogueandFig.2.l,wefindthatsouthernAegeanhasfrequentlybeensubjectedtotsunamis.Themostdisastroustsunamiinrecenthistory(l956)haveoccurredinthisareawithrun~upofl00feetatAmargos,of67feetatAstipalaea,oflofeetatCrete(seeNo.l38).Inanothereventinl948theIslandofKarpathoshasbeenfloodedby3000feetfevidentlyas a resultofanearthquakeinthecloseproximityoftheisland,(seeNo.l36).Similarly,therehavebeenintenseandfrequenttsunamisalongtheentirecoastofCreteandRhodes.Thepossiblesignifi-canceofthetsunamigenerationinthisregionwithregardtothesoutherncoastofTurkeyappearsat firstsightasworthyofexamination,thoughwe

+run-unis imrliedherr.



findnoevidencetothiseffect.Indeed,thereisa strongevidencethattsunamisoccurringinthesouthernGrecianArchipelagoandtothenorthoftheCretanArc(formedbytheislandsofRhodes,KarpathosandCrete)are
dissipatedlocallyas a resultofnarrowpassagesandcoastlineconfigura-tionso thattheireffectonthesoutherncoastalwatersofTurkeyin
generalandtheAkkuyuN.P.P.siteinparticulardonotseemtobesionifi—cant.Infact,whentheseveretsunamisofl948(No.l36)and1956(no.l38)occurredtothenorthofCretanarc,nosimultaneoustsunamiswereobservedalongthesouthcoastofAsiaminorandatCyprus.Conversely,inthreeothertsunamisofintensity(iii)listedbyAnbraseys(nos.29,54and56),donotseemtobeconnectedwithtsunamisemanatingfromtheregionlyingtotheNandNWoftheCretanArc.However,theseismicallyequally&CtlVE
regiontothesouthandsouth-eastoftheCretanArcmustbeexaminedfortsunamisoriginatingfromthisregionas thiswilldefinetelyinfluencetheN.P.P.site.

MovingtowardtheeasternendofthesoutherncoastofTurkey,it isfoundthatIskenderunanditsvicinityhasalsobeensubjectedtoseismicseawaves(Nos.36and37).ThecloseproximityofIskenderuntothetsunami-genicallyactiveregionbetweenCyprusandIsrael(ref.Fig.l)andthesimul-taneousoccurenceofothertsunamisinSyriaandsouthAsiaMinor(seeevent
No.54)suggesta possibleinfluenceofthisregionontheeasternsenmentofthesouthernTurkishcoast.Ontheotherhand,wefindnospecifictsunamiobservationinAnamur,a historicaltownnearAkkuyuBay.wedonotalsofinda mentionofa tsumamigeniceventalongthenortherncoastofCypnusacross
Akkuyueventhoughthesoutherncoastlineofthisislandhasbeenfrequentlysubjectedtotsunamis.Thereisthusa possibilitythatCyprusprovidessome
protectionagainsttsunamisgeneratedinseismicallyactiveregionstothesuuthofCyprus.However,an investigationoftsunamigenerationhereonthenuclearpowerplantsiteinAkkuyuBaywasconsidered.

It isalsoworthmentioningthat,eventhoughhistoricalrecordsindicatetsunamigenerationinself-containedareasoftheEasternMediter-ranean,therehavebeentsunamisthathaveaffectedtheentirebodyofwater(seeNo.49).Thisfactfurtherstrengthensthedecisionsmadewithregardtotheinvestigationofthetsunamisgeneratedina setofregionsratherthaninonlyoneregion.



Finally,it canbeinferredfromAmbraseyscataloguethattheregionbetweenCyprusandtheAsiaMinorsouthcoastisitselfa self-contained
tsunamigenicareainthesenseofGrecianArchipelagoas suggestedbyAmbraseys.Thispossibility,isinvestiqatedinthepresentstudy.
2,2 Seismotectonics- GeneralAspects.2.2.1Tectonics.

IntheEasternMediterraneantsunamigenicearthquakesi.e.,the
earthquakeswithmagnitudesgreaterthan6are commonandareoften
associatedwithslipsonmajorfaults(Fig.2.2.—2.5).Theseismic
activityintheEasternMediterraneanincreasesfromsouthtonorthand
isevidentlyduetotheexistenceoftwo-smallplatesthataremovingrapidly(McKenzie,l970).OneoftheseplatesencompassestheAegeanSea,partofGreece,CreteandpartofwesternTurkey,andtheotherplatecontainsmostofTurkey,CyprusandthenorthernwatersoftheEastern
Mediterranean(Fig.2.6).Theseplatesare referredtoas theAegeanand
theTurkishplates,respectively.Theimportanceofthesouthernpartsof
theAegeanandtheTurkishplatestothepresentstudyisquiteclear.A
succintdiscussionofthesesegmentsofthetwoplatesfollows.

AccordingtoMcKenzie(1970),themotionofthesouthernboundaryoftheAegeanplateistothesouthwest.IndoingsotheplateisevidentlyoverthrustingtheMediterraneanSeafloor.Thedirectionofmotionis
determinedviafaultplanesolutionsandalsobytheexistenceoftheinter-
mediateearthquakesbeneathGreeceandthesouthernpartoftheAegean.The
featuresofthisplateboundaryindicatesthatit isa trench.McKenzie
pointsoutthevariousevidencesshowingthattheMediterraneanis,beingoverriddenfromthenorth—east,sinkingbeneaththeAegeanSea.Amongthe
evidencessupportingthisclaimarea)theseismic‘reflectionrecordsof
sedinentdeformationshowingthrustfeatures(Ryan,l970, b)a largenega-
tivefree—airanomolydetectedingravitysurveys(Fleischer,l964and
Rabinowitz,l969)and,c)a deepdepressionintheseafloorextendingfromZakinthostoRhodes(Emery,et.al.,l966).

It isinferredfromtheseismicactivityandthefaultplanesolutions
thattheTurkishplateismovingwestwards.Theseismicactivitydoesnot



allowa cleardefinitionofthesouthernboundaryoftheTurkishplate,butapparentlyitsjunctionwiththesouthernboundaryoftheAegeanplateissouth—south-westofTurkey.Itcontinuestherefromina south-easterlydirectiontowardthewesterncoastofCyprusandthenfollowsa north-easterlydirectiontowardthesouthofIskenderunBay.Ina recentstudy,LortandGray(l974),havefoundthata zoneofdeformationexistswestofCypruscoincidingwithdeepwaters.LortandGrayindicatethatthisdeformationpossiblyrepresentsa northwest—southeasttrendingfaultdescribedbyGiermann(1966)andWonget.al.(l97l)withthenorth-westerntipofthefaultlyingsomewhatwestofthatproposedbytheseauthors.wide-spreadtectonicactivityisevidentlyassociated‘withthisfault.Thefaultisevidentinthelightofreflection,seismicandmagneticdata.LortandGraymaintainthatthewesternboundaryoftheTurkishboundaryemanatefromtheGulfofFethiye(ratherthantheGulfofAntalyaas drawnbyMcKenzie),passesthroughRhodesandproceedstowardthewesterncoastofCyprus.It isworthmentioningthat,Ritsema(l969andl970)hasconcludedthatdriftofplatesisnottheonlyactiveagentintheNortheasternMediterranean.Gravitysliding(passive)andflowofmantlematerialinthelowvelocitylayerofthemantlearelikelytoplaya significantrole.Thegeophysicalfeaturesoftheregionstothenorth-eastoftheeasterntipofCyprushavebeenpartiallyinvestigatedbyBeltrandiandBiro(Fig.2.7).Twobasinsoftheregion,calledAdanaandIskenderunbasinsare identifieddnthisstudy”ThesebasinshavetheMisisrangeas theircommonboundary,liewithina complexAlpinefoldedbeltandareboundedbythemnammmountainsintheeastandTaurusmountainsinthenorth.ThegeophysicaldatashowsthattheKyreniarangeofCyprusisconnectedwiththeMisisup-lift'ssouthwesterlyextensiontodefinea majorfaultand/orflexurezonesontheeasternandwesternsidesoftheranne(BeltrandiandBiro,l974).Paralleltothisistheapparenttrendofthe?manosmountainstowardtheTroodesrangeofCyprus.
Ina recentreiewarticlePapazachos(l974)concludesthat"thetectonicsoftheEasternMediterraneanareaaretoocomplicatedtobefullyunderstoodbysimpleseismotectonicmodels”.



Variouspointsdiscussedaboveas wellas geophysicalfeaturesoffurtherinterestaresummarizedinthetectonicsketchinFig.2.8(Neev,l975).wereferthereadertothereviewarticlebyPapazachosfordetailsoftheseismotectonicsoftheEasternMediterraneanarea.+2.2.2SeismicDataBase.Inviewofvariousuncertainties,it isworthtodiscussthevariousdatautilizedbeforea considerationoftheseismicityoftheareaisgiven.Theseismicdataemployedinthepresentstudycanbedeliniatedintothreegroups:A.Thefirstdata—setcontainsdescriptiveinformationofearthquakesandpossibletsunamigeniceventsintheeasternMediterraneanregioncover-ingtheperiodl80Otol900.ThemainsourceofthisinformationisthestudypreparedbyV.Karnik(l969,l97l).TheinformationextractedfromthissourceforourspecificregionispresentedinTableI-AAppendixE.Varioussourcesutilizedingatheringinformationforthiscatalooueispresentedat theendofTable2.4.It canbeseeninthislistthatreferenceisgiventoAmbraseysTsunamicatalogue.TableI-Athereforecontainssomeofthedatapresentedinsection2.1.EventslistedinTableI-Aaremainlytheselectedeventstotheeastof240EintheeasternMediterranean.Someotherimportanteventsoutsideofthisregionarealsoincludedforcompleteness.B.Theseconddata-setagaincontainshistoricaldataobtainedfromtwosources.ThefirstsourceisthereportpreparedbyS.0kamoto,A.TabbanandT.Tanuma(l979),whichcontains349cataloguedeventscoveringtheperiod1605tol965forthegeneralareaofTurkeyanditsvicinity.ThesecondsourceisthereportpreparedbyK.Erginandhisgroup(1967)andit containsa largenumberofeventscoveringtheperiodll A.D.toT964againforthegeneralareaofTurkeyanditsvicinity.Fromthesetwosourcesa catalogueofhistoricaldataispreparedandpresentedinTableII—Acoveringtheperiodll A.D.to1900fortheeasternMediterraneanregion.InTableII—Aintensitiesare takendirectlyfromtheabovementionedsources.However,magnitudesMarecomputedusinotheformula
M=O.592I 1-1.63

+SeealsoFleming(1978).



ThisformulaissuggestedbytheK.ErgingroupfortheTurkthdataanditgivesslightlyhighervalueswhenit iscomparedwiththeformulaesuggestedbyV.KarnikfortheeasternMediterraneanregion.Thesemagni-tudesshouldalsobeconsideredas roughestimationssinceforhistoricaldata,intensitiesthemselvesareroughestimatesand,furthermore,thosetwosourcesstatethatthecoordinatesofsomehistoricalearthquakesareonlyapproximatelydetermined.Theepicentersmaythusnotbeas accurateas desirable.Nevertheless,thecataloguegivesa generalpictureoftheareaswhereepicentersareconcentrated.ThecataloguepresentedinTableII-Ahavebeenusedonlyforinformativepurposes.whenTableII-AiscomparedwithTableI~Ait isseenthattheyagreeingeneral.Thereexistdefinitedifferencesinthelongitudesandlatitudes(iO.5°tol.0°)ofshocksappearinginbothcataloguesandforthesameshocksdatapresentedinTableI-Agivesmuchhigherintensities.Thisiswhythesetwoinformationsetsofhistoricaldataareseperated.
C.Thethirddatasetcontainsrecordeddatacoveringtheperiodl900to1974.TheareacoveredinthisdatasetisthewholeeasternMediterranean(totheeastof240Elongitude)excludingtheregioncoveredbya circleofradius300kmwithitscenteratAkkuyu./\lthou_ohthedata”asefortheex-cludedregionispresentlyavailablefromthesourcesdescribedbelow,it isnotpresentedhereinordertoavoidduplication.ThefirstsourceinthisdatasetisthereportpreparedbyE.Alsan,L.TezucanandM.Bath(l975).Thereportcontains2698cataloguedearthquakeeventscoveringtheperiodl9l3tol970forTurkeyanditsvicinity.Thestudyisa veryrecentrecompilationofTurkishdatapreparedbytheseismolo—gicaldepartmentofKandilliObservatory.Thesecondsourceisa mostrecentcomputerlistingofearthquakesobtainedfromtheInternationalSeismologicalCenter,England,(1977),whichcontainsearthquakeepicentersaswellas otherinformationonlyfortheeasternMediterraneanarea.Thissourceistheperiodl900to1974.ThethirdsourceisthecataloguepreparedbyV.KarnikK795921971)-FromthethreesourcesaboveanearthquakecatalogueispresentedinTableIII—A.ThecatalogueintableIII-AcontainsearthquakesofM35.0in1900to.974.
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Theinformationgiveninthethreesourcesutilizedtoconstruct
tableIII-Amayshowsignificantdifferenceswithinthecontextofanother
seismicinvestigation.Inconjunctionwiththepresentstudy,however,
it isfound(inanattempttoconstructreturnperiodsetc.fromthein-
formationintableIII-A)thattheresultsagreequitewellwithKarnik's
(1971).SinceKarnik'sdataformsoneofthesourcesleadingtotableIII-
A,wecanconcludethat,thedatabasefromKandilliObservatoryandthe
InternationalSeismicCenterdresnotsignificantlychange(inthecontext
ofthepresentstudy)whathasbeenprovidedinKarnik,includingfrequency,
magnituderelations,returnperiodcomputationsetc. Theinformationpro-
videdbyKarnikthusformstheprimarybasisutilizedintheselectionof
thesourcesforrelevanttsunamis.

2.2.3TwoPrimarySourceRegions.
Fig.2.2showstheepicentersandmagnitudesofearthquakes(1901-1955)observedwithintheregionofinterest.Fig.2.3showsthedistributionof

theepicentersofshallowearthquakesoccurringintheregionduring1901-
l972(Papazachos,l974).ThedistributionmapsbyToksbz(l977)andMcKenzie
(i970)areshowninFigs.2.4and2.5.Anattempttoconstructa distribution
mapviatableIII-Awasabortedforit didnotproduceanyfeaturesthat
werenotreadilyavailableinFigs.2.2- 2-5;

It canbeseeninFigs.2.2- 2.5that,inrelationtotheN.P.P.site,
theearthquakesofprimaryinterestcanbedefinedtoliewithintworegions
calledPRlandPR2.TheregionPRlisboundedby300Elongitudetotheeast
34°NlatitudetothesouthandbytheCretanArc(formedbyRhodes,Karpathos
andCrete)totheNH(Fig.2.l).PRlisessentiallya subregionoftheregion
26inKarnik(Fig.2.ll).TheregionPR2liestotheeastof300Eandbe-
tweenthesouthcoastofTurkeyand3l°N(Fig.2.l).PR2iscontainedwithin
bothofKarmik'sregions26cand3l(Fig.2.ll).TheregionsPRlandPR2
essentiallyformthesouthern-mostborderareasoftheAegeanandtheTurkish
plates,respectively(Fig.2.6),

Inviewofthesimilaritybetweenthedistributionoftheearthquakes
ingeneral(Fig.2.2)andtheshallowshocksinparticular(Fig.2.3),the
tworegionsaredefinedherebyvirtueofthedifferencesinthemagnitude
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ofstrongshocks,densityofshockshavingmagnitudesgreaterthan6.0andbytheknowntectonicfeatures.Thefirsttwosetsofdifferenceswillbecomeapparentinthefollowincsections.Themattersconcerningtectonicsarealreadydiscussedinsection2.2.1.
Itshouldbepointedoutthat,becauseoftheprotectiveposition-ingofCyprus,theshallowearthquakesalignedalong32°N(Fig.2.3)donot

maketheidentificationofanothersourceregiontothesouthof34°necessary.
Theseismicityofthetworegionsidentifiedarediscussednext.

2,3 SeismicityofPR1andSelectionoftheSourceR,1,
2.3.1GeneralConsiderations.
Theaverageannualseismicactivityintheregionboundedby34-42°Nandl9-29°Eistwopercentoftheseismicactivityobservedthroughoutthe

world(Galanopoulos,l963).Thedomainunderconsiderationisactuallylargerthantheareadefinedas theAegeanPlate(APL)thoughwewillrefertoit
asAPL.Ifanannualseisnicenergyreleaseoftheorderof1025Ergsisassumedfortheentireearth(GutenbergandRichter,l954),thentheseismic
energyrelasedinAPLisoftheorderof2x1023Ergs.Thisamountof
seismicenergyreleaseisevidentlyconstantas showninFic.2.9and
constitutesa significantportionoftheseismicactivityobservedinEurope(4x1023Ergs).Infact,morethan800potentialearthquakefoci have
beendetectedinAPL,with620ofthesebecominoactiveduring1951tol963
(Galanopoulos,l97l).

2.3.2DeterminationofPRl
ThelargeconjugatefaultsystemshowninFig.2.l0islargelyrespon-siblefortheearthquakeactivityinAPL,definingitssouthernsegment.It

isseeninFig.2.lO(andalsofrom1700-1960data)thatseismicepicentersaremostlyshallow.Theseismicactivityincreasesfurtherintheregionsdefinedbythetwoedgesofthefaultzone,thatis,intheshallowpartsoftheIonianSea(calledAPL—SH)andintheregiontotheeastofCrete
(APL—SE).

IntheregionAPL-SNofthesouthernboundaryoftheAegeanPlate
steepslopesare encounteredandthisendofthefaultzoneterminatesat
themaximumobserveddepth(50l5m)oftheeasternMediterranean.

ThestrongestshallowshocksinAPL—Swwereon0ct.6,l957,M==6.9
(Messini),April30,1954,M- 6.8(Thessalia),Augustl2,l953,M= 6.7
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(Kefallinia).Intermediate-depthshockswithM 7.4(h.lO0km)andM—7.3(h—l20km)occurredinKithiraonAugust30,l926andJulyl,l927,respec-tively(Karnik,l97]).TheseismicactivityindeepwaterstothewestofAFL-swisminimil.
TheearthquakeepicentersintheAPL-SNlieintheshallowwaters,withverysmallamountsofseismicactivityoccurringindeepwaterstothefurtherwestofthisregion.Theorientationofa potentialtsunamisourceareaisthusexpectedtobeinthecloseproximityofwesternGrecean,AlbanianandtheYugoslaviancoasts,withthemajoraxisbeingparalleltothecoastline.Sincethemajorwaterwaveenergyradiationisina directionperpendiculartothemajoraxisofthetsunamisourceregion(HoustonandGarcia,l974),thetsunamigeneratedinALL-SNwillpreferentiallyradiateintothewesternMediterraneanandtheAdriatic,theeasterlywavepropagationbeingpartiallyblockedbyGreece.OnlythediffractedwaveswillpenetrateintotheeasternMediterranean.Notingthattheearthquakemagnitudesobser-vedinbothAPL—SwandAPL—$Eareofthesameorder,it isexpectedthattheN.P.P.sitewillbelessaffectedbythetsunamisgeneratedinAPL—SHincomparisontothoseemanatingfromAPL-SE.
InAPL-SE,thestrongestintermediate—depthearthquakeoccurredon

June26,1926(M==7.7,h=jO0km)andthestrongestshallowdepthearthquakeonJuly9,1956(M= 7.4).
It isseeninFig.2.l0thatwecandividetheeasternedgeofthesouthernboundaryofAPL,i.e.,APL—SE,intotworegions.Oneoftheseregionsis tothenorthandtheothertothesouth(andSE)ofthearc formedbyCrete,KarpathosandRhodes.Thelatterregionisdefinedas PR3.Severetsunamisandearthquakeshavebeenobservedintheregionnorthofthearc,butthetsunamidataclearlyshowsthatthetsunamisobservedinthisregioniscontainedwithinthearea(?mbraseys,l962).ThereasonforthisisattributedtothepresenceofnarrowpassagesandthecomplexcoastalgeometryoftheregioncausingdissipationandwavetTlPDln7duetomultiplereflections.Inaddition,longwavesincidenttoCretanRFCfromthenorthwillsuffersignificantreflectionsduetosuddenincreaseindepth.Consequently,itisanticipatedthatthedesignearthquakesforthetsunamisthatcould
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severelyaffecttheN.P.P.mustbesoughtinPR1,i.e.,tothesouthofthearc,emanatingneartheGulfofFethiyeandterminatingat thewesterntipofCrete.
2.3.3.SelectionoftheTsunamigenicEarthquakesourceR.l.inPRl.ThestatisticalinformationconcerningearthquakesinthesouthernAegeanPlateisprovidedbyKarnik(l97l),whoutilizestheseismicdataduringtheperiodl90l-l955.FordetailsinvariousstatisticalcomputationsthereaderisreferredtothetextbyKarnik.Onlythesalientmattersofinterestaresummarizedhere.
Figure2.llshowstheseismicregionsspecifiedbyKarmik.Therelevanceoftheregion26band26ctotheregionPR1isclear.Fig.2.l2,a,hgivesthefrequencyofoccuranceofearthquakesofmagnitudeMfortheregions26band26c.Fromthesefiguresa possibleupperboundMmaxcanbeestimated.Forthereoion26bMmaxisestimatedtobe7.25whilefortheregion26c,?maX==7.5.Thesevaluesareclosetotheobservedmaximumvalues(7.4and7.7respectively).
UsingGumbel'stheoryoflargestvalues,Karnik(l97l).alsoprovidesforshallow—depthearthquakesthereturnperiodsT forearthquakesofgivenmagnitude.ThesearegiveninTable2.3a.
FurtherusefulinformationgivenbyKarr?kinvolves,theearthquakesofmagnitude?havingreturnperiodof f= l00yearswithearthquakesofmagnitudeMgreaterthanHoccurincwitha probabilityofonepercent.ThisinformationisprovidedinTable2.3b.Thedifferencesfoundforthecalcu-latedandtheobservedvaluesofMfortheregion26cindicatesthepossibilityofoccuranceofyetstrongershocks.
It canbeinferredfromtheinformationabovethatanearthquakeofmagnitudeM8.0shguidbeconsideredas anupperboundonthedesigntsunamiearthquake.AccordingtoKarnik'sdatasuchanearthquakehasnotyetoccuredinthisregionbutfallsintothecategoryofearthquakesthatcanoccureveryl0O-800yearswhichtimeneriodisprobablysufficientforthe??nlfes‘tationofseismitectonicforcesinthisarea.However,it isfeltthat



thisestimateisontheconservativeside.Indeed,seperateanalysisbyBaslerandHofmann(1978)indicatesthatanearthquakeat thismagnitudeinPRlhasa returnperiodofapproximatelyl0,000years.ThesourcethuschosenisindicatedinFig.5.las RUN—l+.
2.4RegionPR2andtheSelectionoftheSourcesR.2—R.8.

TheregionPR2containsa partofKarnik'sregion26candmostoftheregion3l(Fig.2.lT).ThefrequencyversusmagnituderelationsforKarnik'sregions26:and31aregiveninFig.2.l2.2.4.1SouthernPR2Area:SourcesR2andR6.
TheincreasedseismicactivityalongthesouthernandthesoutheasterncoastofCyprusisquiteconsistentwiththetsunamisobservedinthisregion(Ref.table2.2).Thestatisticsbasedonoldsources(Ambraseys,l965)indicatea frequencyofaboutl80yearsforearthquakeswithintensityIX,themaximumintensityexceptionallyreachedontheislandbeingX.HistoricalrecordsshowanapparentincreaseofseismicactivityinPaphos,Limassol,FamagustaandSalamis.OnSeptember29,l9l8a shockofM==6.5andonSeptemberl0,l953anothershockofH==6.3havebeenobservedas thestrongestshocks,bothoccurinoonthesoutherncoastoftheisland.
Fig.3l,viz.,strictlyapplicabletothispartofPR2,indicatesamaximumobservedmagnitudeofM= 6.5.BaslerandHofmann(1978)estimatesonceina l0,000yeareventinthisareaas anearthquakewithmagnitudeofm= 7.l.
CyprusshouldprovideprotectionagainsttsunamisemanatinefromthispartofPR2.Inordertobeonthesafesidehowever,twoearthquakesR.2andR.6wereselectedfromthisregion.ThesourceR.6hasa magnitudeM—7.5andislocatedofftheeasterntipoftheisland(Fio.5.l).ItwasfeltthatthetsunamioriginatingfromthissourcemaysuffermultiplereflectionsfromtheSyrianandtheTurkishcoastlineandconsequentlyamplifyinspiteofthepartialblockageofCyprus.

+Inwhatfollows,thesourceRjcorrespondstoRUN-J;J= l,2,...,8inFig.5.l.
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ThesourceR.2waschosentohavea magnitudeM==6.75andissituatedonthewesternendofCyprus(Fig.5.l).Becauseofanothernear-
bysourcehavinga largermagnitudeandmorecriticalpositioningthanR.2,thissourcewasconsideredessentiallyforcomparisonpurposes.

2.4.2westernPR2Area:SourcesR.3andR.7.Thisareaisessentiallya transitionregionbetweenthesoutherntipsoftheAegeanandtheTurkishPlates, andthedistributionofseismicactivitythereforediffersfromthesouthernPR2andPR1.Consequently,frequency—magnituderelations(Fig.2.l2)forKarnik'sregionsBland26cwillrespectivelyprovideunderandoverestimatesfora designtsunami-genicearthquake.HoweverthisfactitselfindicatesthatthemagnitudeofthetsunamigenicearthquakeeventshouldliebetweenM= 7.0andM8.0,BaslerandHormann(l978),estimatesindicatethatinthisregiononceina l0,000yeardesigneventshouldhavea magnitudebetweenN= 6.6and7.1.
Therefore,anearthquakeofa magnitudeM==7.5(calledsourceR.7)lyingtotheNNNofthewesternendofCyprusseemstobeappropriatefora conservativechoice(Fig.5.l).Inviewoftheexistenceofearthquakeswith6.0:M:7inAntalyabayandtoitssouth,anotherearthquake(called$.3)havingmagnitude7.0wasselectedtolieinAntalyaBay(Fig.5.l).2.4.3NorthernPR2Area:SourcesR.4,R.5andR.8.ThispartofPR2isthecanal-likeregionextendingfromthesoutherncoastofTurkeytotheareformedbyconnectingtheKyreniaRangetotheBayofIskenderun(Fig.2.7).Theareashowsverylittleseismicactivity,thoughtheBayofIskenderunanditsvicinityhaveexperiencedtsunamisofunknownsourceorigininthepast(Event36and37inTable2.2).Inanyevent,thecriticalimportanceofa tsunamioccuringinthenorthernPR2totheN.P.P.siteisclear.
ThreepossiblyhypotheticalsourcesR.4,R.5andR.8areselectedinthenorthernpartofPR2byextrapolatingtheinformationavailablefortheotherpartsofPR2andrecentsurveys(unpublished).R.4islocatedonthenortherncoastofCyprusacrosstheN.P.P.site.ThesourceR.8islocatedmidwaybetweenR.4andtheN.P.P.site.R.5issit-uatedinIskenderunBay.AllthethreesourceshavemagnitudesofM= 7.0(Fig.5.l).BaslerandHofmann(l978)estimatesthemagnitudeH==6.6inthisregiontocorrespondoncein2 “G333yearavert.
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III.SOURCEPARAMETERS
Oncethedesigntsunamigenicearthquakemagnitudesandsourcelocationsareselected,thenexttaskistoevaluatetheparametersofthedesignevents.Theseparametersareneededinthemodellingoftheqroundmotionfornumericalcomputationsandinvolvethegeometriccharacteristicsoftheearthquake,themaximumdisplacementexpectedandthetimehistoryofthegroundmotion.
3.lModellingtheFormofGroundMotion.InmodellingthegroundmotionswewillcloselyfollowNARCO-NP-lstudy(Appendix4B,l975).Someaspectsofthemodellingofgroundmotionsthatarerelevanttothepresentstudyarediscussedbrieflybelow.
Theboundaryoflargeearthquakesareellipticalinshape.Verticaldisplacementhasa maximumat thecenteroftheellipseanddiminishesattheboundaryofthesourceregion.Seismicseawavesemanatefroma sourceregioninsucha fashionthatwaveenergyisradiatedalonotheminoraxisoftheellipse(Homoil962,HoustonandGarcia,l974).Inthepresentstudytheshapeofboundaryofsourceregionsismodelledbya rectangleofwidthb0andlengthlo(Fig.3.l).Themaximumarounddisplace:mentA0occursuniformlyalongtheentiremajoraxisofthemotion.Thismodelofprobableearthquakeisconservative,forinrealitydisplacementdecaystozeroat thetwotipsofthemajoraxis.ReferringtotheCartesianco—ordinatesystemshowninFig.3.ltheassumedformgrounddisplacementis

A==A0e (3.1)

viz.,inaccordancewiththeelasticreboundtheoryofReid(l9lO).Thistypeofgrounddisplacementhasattainedwideacceptanceamongseismologistsandhasalsobeenverifiedinfield(Benioff,l964).InEqn.(3.l),Bisa suitablychosencoefficient.ItshouldbenotedthatasideitsmaximaA0, thedisplace-mentitselfisalsouniformalongthedirectionparalleltothemajoraxis.
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TheabovemodelofgroundmotionsrequiresthatgivenanearthquakeofmagnitudeM,thesourceparametersA0,lo,bo,Banda sourceorientationbepresceibed.Thewaysinwhichthesesourceparametersaredeterminedarediscussedinthissection.
3.1.1MaximumDisplacement:A0.Thereexistsomeseismicdataindicatinga possiblefunctionalrela-tionshipbetweenthemagnitudeM(inRichterscale)ofanearthquakeandthemaximumdisplacementA0(Milson,l974).ThisfunctionalrelationshipisshowninFig.3.2.

ThemaximumdisplacementA0isinoeneralcomposedofboththehorizontal(strike—slip)component,50, andthevertical(dip-slip)component,go,ofthemotion,i.e.,
‘/2. (3.2)2 2A0= (50TCo)

Anexaminationofvariousearthquakedataindicatesthatearthquakesdisplayingstrike—slipmotionsare notpotentiallargetsunamigenerators(Niegel,l970).Therefore,inutilizingthedatapresentedinFig.3.2,thehorizontalmotion50willbetakentobezero.
3.1.2LengthofMajorAxis:lowilson(1969)presentsa summary,infunctionalform,ofdataonthelengthsofshallowfocusearthquakesv.s. earthquakemagnitudeM.Thefunc-tionalrelationshiplO=?O(M)isdepictedinFig.3.3andisutilizedinthepresentstudy.
3.1.3widthofSourceArea:bo.Iida(l963)providesthefollowingrelationshipbetweenMandanequivalentsourcediameterD(inKm).

logD= 0.5M- l.7, (3.3)10
2withtheunderstandingthatthesourceareaisgivenby"D/4(Seea15°Hatori,l969).
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AnalternateempiricalrelationisprovidedbywilsonandTorum(l968):

log-I0D=0.67M- 3.0. (3.4)
IfbO1denotesthewidthofa rectangularearthquakeestimatedthroughEq.(3.3)andbogthewidthestimatedthrounhEq.(3.4),thenitiseasytoshowthat

h“oi_ _ -0.34M-525
— l3.47e . (3_5)

Earthquakescapableofqeneratinnsignificanttsunamihavebeenknowntohavemagnitudesgreaterthan6.5.For6.5< M< 7.65Eon.(3.5)yieldsho]/boz> l,whileforM> 7.65thisratioislessthanunity.Consequently,whenM< 7.65Eqn.(3.3)isusedfora conservativeestimateofwidthandwhenM> 7.55Eqn.(3.4)isappropriate.
I

3.l.4DecayConstant:B.
TheconstantBinEq.(3.l)ischosen,fora givenearthquakeofmagnitudeH,insucha waythata reasonabledecayindisplacementisattained.InNARCO-NP-lstudyBischoseninsucha waythatovera distanceof one-half. width95percentdecayoccursin A03.1.5SourceOrientation.Inthepresentinvestigationessentiallyallthesourcesareorientedinsucha waythatthemostofthewaveeneroyemanatingfroma sourceareawillradiatetowardthetarget,i.e.,theN.P.P.site(seeFif.5.l).ThesourceR.2formsanexceptioninthatit ischosentolieparalleltothe
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faulttothesoutheastoftheCretanArc.Thisorientationisveryclosetoa N-Sorientationwhichwillperhapsprovideslightlylargerradiationtowardthetarget.Byvirtueoftheknownseismiccharacteristicsoftheregion,theorientationselectedhereisfelttobemoreappropriateforthishighlyconservativechoiceofa tsunamigenicsource,especiallyinviewofitsrelativelysmalldeviationfroma N—Shypotheticalorientation.
3.1.6Summary.ThegeometricparametersofthevarioussourcesaresummarizedinTable3.1.
3.2ModellingtheTimeDependence.AparameterthatisusefulindefininggroundmotionshasbeenfoundbyHannack(1972).Theparameteriscalledthetime-sizératioandisdefinedby

T———tc(gh)1/2/bwhereintcisthetimescaleofthebeddeformation,hthedepth,bthelengthscaleofthebedmovementandgthegravitationalconstant.Notethatthequantitytc(gh)]/2isthedistancetravelledbylongwaveduringthegroundmotion.Consequently,forT <<1a significantamountofgroundmotionoccursbeforethedisturbancehaveanopportunitytoleavethesource
area.Thistypeofmotioniscalled”Inpulsive“.OntheotherhandwhenT>>l,thedisturbancehaveampleenoughtimetoleavethegenerationarea
andmotionsofthistypearecalled"Creeping".MotionsforwhichTisoforderunityare refferedtoas "Intermediate".

Hammack'sresultsindicatethatforimpulsivetypeofmotions(T<<l)theactualtime-historyofthegroundmotionisnotexpectedtobeofcriticalimportance.Mostlargetsunamishavethisfeature(wangandDivoky1970,WilsonandTorum,l968),i.e.theyare impulsive.
Allthegroundmotionsinthisstudyare impulsiveandchosentooccurin5-l0secondsas a uniformupwardmotionoftheseafloor(Table3.1).



lVNUMERICALMODELLING
Numericalmodelsemployedinthepresentstudyarediscussedinthischapter.
ThepurposeofthenumericalmodellingistosimulatethegenerationofthetsunamidesigneventsandthepropagationoftheseismicseawavesgeneratedtowardsthesoutherncoastofTurkey,includingtheirtransforma-tionovertopography,scatteringbyCyprusandthecoastlineconfigurationsat large.Thisisachievedbythenumericalsolutionoftheshallow-waterwaveequations.Asuccintdiscussionofthetwonumericalmodelsutilizedfollows:
4.1. TheFiniteDifferenceModel(FDM)4.l.l EquationsofMotion
Themainpartofthecomputationsinvolvedtheemploymentofa FDMforthenon-linear,non-dispersiveshallow-waterequationsinwhichtheotationoftheearthisaccountedforthroughtheCoriolisforceandthebottomfrictionismodelledbya non-linearresistanceterminthemomentumequation(Dronkers,l964Sec.3.4)

it+(E.v)‘J+gvn +f I?xlJ)'l'gt1)!lJ)I/C2(n'i-h):9(44)
whereU= (u,v)isthehorizontalvelocity,thesubscriptimpliespartialderivativewithrespecttotimet, V isthehorizontalnradientoperator,g thegravitationalacceleration,n thesurfacedisplacementfromthestillwaterlevel,f theCoriolisparameter,Qtheunitvectoralonethevertical,C theChezycoefficientandh thewaterdepthfrombottomtothestillwaterlevel.
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Thegroundmotion5 istakenintoaccountinthecontinuityequation(TuckandHwano,l97l)'
~nt+ v- (n+h)= gt (4.2)

whichfollowsdirectlyfromtheverticalintegrationofthethreedimen-sionalcontinuityequationbymakinguseofthekinematicfree-surfaceandthebottomboundaryconditions.
Theboundaryconditionsoftheproblemare thatthevelocitynormaltoa coastlinemustvanishandthatatanopenboundarysurfacedisplacementmustbeintheformofanoutgoingwave( radiationcondition).TheFDMusedtoachievethenumericalsolutionofthepartialdifferentialEons.(4.1)and4.2)isthemodeldevelopedbyLeendertse(l967),modificationbeingintroducedtoaccountforthetime-dependentgroundmotion5(Xsyst):

ZR(xiy)' h(xayst)
whereE(x,y) refertothedepthofwaterunderstill-waterconditions,and(x,y)tothehorizontalCartesiancoordinatesonthestill—waterplane.‘Leendertse'smodeliswelldocumented(Leendertse,l967,Section3)andutilizedinothertsunamistudies(e.g.HwangandDivoky,l97l).Therefore,onlythesalientfeaturesofthemodelaresummarizedhere.
4.1.2ComputationalAspects.Upondescretizingthespaceas (x,y)==(jAx,kAy) andtimeas t==nAt, a space—staggeredschemeisemployedwheren isdescribedat integervaluesofj andk, u at integer-and-ont—halfvaluesofj andintegervaluesofk, v at integervaluesofj andinteger-and-one-halfvaluesofkgandhat integer—and-one—halfvaluesofj andk(Fia.4.l).Theschemeisadvantageousinthatforthelineartermsoperatedintime,thereisa centrallylocatedspatialderivative.
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Computationsarecarriedoutintwocycles.Inadvancingfromtime
nAtto(n+i/2)Atduringthefirstcyclev iscomputedexplicitlywhile
u andn are computedimplicitly.Inthesecondcyclefromt = (n?/2)At
to(n+l)Atvandn arecomputedimplicitlyandzzexplicitly.

Computationofconvectiveaccelerationsandbottomstressterms
requirespecialbutstraightforwardtechniquestobeemployed.Verylittle
purposewillbeservedheretodocumentthesetechniquesandthereaderis
refferredtoLeendertse(l967),section3.2.

Computationalaspectsconcerningtheopen-boundary(radiation)con-
ditionwillbediscussedinthenextsection.
4.1.3STABILITYANDVERIFICATIONOFFDN.

TheFDMdiscussedinthepreceedinpsectionsisesentiallythe
algorithmgeneratedbyLeendertsewithsomemodificationduetotheearth-
quakegenerationterms.Theseterms,whichcanbeconsideredasforcing-
terms,are givenas initialdataoperatingina restrictedrenionandina

restrictedtimeinterval.Thepresenceofforcingdonotaffecttheamplifi-
cationmatrixinthestabilityanalysis.Thusthepropagationoferrors
inthetimedirectionis independentoftheseterms.Theeffectofsuch
termsshouldonlybeinvestigatedinrelationtotheaccuracyofgeneration
oftheinitialwavepattern.Therefore,thestibilityquestionisconcerned
withthestabilityofthegeneralFDHandthishasbeeninvestigatedand
testedindetailinLeendertse(l967).Briefly,it isshownthat,ommitinc
thenonlinearterms,themodelisanunconditionallystablealgorithm.This
hasbeenestablishedthrougha vonNeumannstabilityanalysis.Thestability
characteristicsofindividualtermssuchas,effectsofconvectiveinertia
terms,thenonlinearterms,thebottomstresstermshavealsobeeninvesti-
gatedscparatelybyLeendertse.Thecombinedinfluenceandanalysisof
suchtermshasnotbeengivenbutit isstatedthatif a stabilityinvesti-
gationofallsuchindividualfactorsdoesshownumericalstabilityofthe
procedure,whichisthecaseinthealgorithmnenerated,thenthecombined
effectofthesefactorswouldalsoleadtoa stablenumericalprocedure.
Sincethisstatementisnotnecessarilytrueas shownbyKasahara(1955)
andothers,thecomputationalmodelisextensivelytestedbothbyLeendertse
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andthepresentstudybycomparingresultswithothernumericalstudiesandfielddata.It isfoundthatthepropagationoflong-wavesincoastalwaterscanbestudiedsucce:fullybytheuseoftheimplicit-explicitalgorithmdevelopedandthatthereisnoupperlimitonthetimestepforstabilityreasonsimplyinganunconditionallystablealgorithm.Thetestproblemsperformedinthisstudytofurthercontrolthemodelcanbesummarisedas follows:
Problemone: Thefirstproblemforwhichcomputatiansaremadeisthe"Haringvliet"model.Thisareais intheestuaryoftheRhineRiverintheNetherlands.Theinputdatafortheproblemistakenexactlyas giveninLeendertse(l967).Inthisproblemthemathematicalmodelisusedtocomparethemeasurementsoftidalwaveswiththecomputationaldata.Ourinterestintlisproblem.is toseewhetherthemodelduplicatedperformsas describedinLeendertseanddoesnotcontainerrorswhichmightoriginateduetothenisprintsofthedocumentprogramsandduetothechangesintro-duced.Inadditionto themodellingofthegroundmotionterms,thevariabletimesteppingchangeswereintroducedtothemodelsinceintheearthquaketsunamisolutionsthedurationofearthquake,At:, andthetimestepifthenumericalalgorithm,At,isofdifferentorders.Fora characteristicproblemAtZ==5secsandAt==lO0secsso inanearthquake-tsunamiproblem,thesolutionstartsinitiallywithAti:nt, generatingtheinitialwave

pattern,thenfortimet>AtZ, thetimestepAtischangedtoa largerpres-cribedtimeinterval.Thisoperationisnecessarytousethecomputertimeefficientlly.Inthistestproblemtheearthquakegroundmotionisnotexistingandtheforin;wavepatternisintroducedasboundarydataattheentranceoftheestuary.Sothisproblemismainlyusedtooebugthecomputercode.Aftersomecorrectionsit isfoundoutthatthecomputerprogramisinoperatingconditionandthevariabletimesteppingchangesintroducedare
operatingproperly.Duringthesolutionsequence,thehalftimestep,At,ischangedfrom90secsto270secsaftertenstepsofcomputation.Theresultsas giveninFigure4.2,agreewellwiththenumericalresultsofLeendertse.
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Problemtwo:TheperformanceofthetermsintroducedtosimulatethegoundmotioniscontrolledbyrunningseveraltestproblemsfollowingthemainlinesofthetheoreticalandexperimentalstudiesperformedbyHammack(I972).InHammack'sstudy,experimentalandtheoreticalstudiesfortwodimensionalandthreedimensionalmodelsweremadeanalyzingtherelationbetweenthemaximumwaveamplitudesandthemaximumbeddisplacementas a functionofthetimesizeratio.,tc/gh/b,fortwodimensionalmodel(tc/gh/roforthreedimensionalmodel)inthegenerat"'regionThenumericalsimulationoftwoandthreedimensionalmodelscanbeseen
inFigures4.3and4.4.Inthethreedimensionalmodelthecirculargenera-tionregionusedbyHammackisrepresentedbya squaregenerationregionasanapproximation,keepingthesurfaceareasthesame.Solidboundariesrepresentregionsofperfectwavereflectionandtheopenboundariesare
consideredas transmissionboundaries.Computationalproceduresforsuchtransmissionboundariesaredescribedin Figure4.5.Inthisprocessthewaterdepthisaveraoedbetweenthelasttwocellsapproachinga seaboundaryandn n 5atthelastcellissetequaltothepreviouscellvalueof n
takingintoaccountthetimeit takesforthewavetopropagatebetweenthecells.Althoughthisstandardprocedureworksperfectlyonlyforwaves
approachingtheboundariesnormally,thereflectioneffectsareminimisedinalltheproblemsanalyzedinthisstudyforobliquewaveapproachesbykeepingtheseaboundariesawayfromtheareaofinterest.

SeveralnumericalresultsobtainedwhichcloselyagreewiththeresultspresentedbyHammackas seeninFigures4.6and4.7.ThesetestrunsareconsideredsufficienttosafelyusethecomputercodegeneratedintheanalysisoftsunamiwavepropagationproblemintheEasternrbditer-ranean.Analysisofseveralrunsmadecanbyseeninthefollowingchapter.4.2TheFiniteEleentModel(FEM).AfiniteelementmodelwasalsodevelopedpartiallyforcheckingatleastoneoftheFDMcomputationsandpartiallyforanassesmentofdisper-siveeffects.FEMmodelcheckisratherlimitedinitsextenttoprovidea
greaternumberofrunsthroughFDMformulation.
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4.2.1OnDispersion.Equationsofmotion(4.l)and(4.2)adoptedforFDMdonotaccountfordispersion(Carrier,l97l).It isknownhoweverthatdispersiveeffectsplaya crucialroleinthepropagationofa long—wavewithan UrsellnumberU= aL2/h3eforderunity,withh,Landa denotingthescalesofdepth,horizontalmotionandsurfacedisplacement,respectively(Hammack,1972andHammackandSegur,l978).whentheUrsellnumberisoforderunitytheleadingedgeofthewavetrainingeneralcontainsa (sequenceof)solitarywave(s)followedbyanoscillatorytail.Inaddition,a wavetrainwithU=O(l)disintegratesuponinteractingwithbottomtopographyinsucha fashionthatcannotbepredictedbyEqs.(4.1)and(4.2)(MadsenandMei,l969).
Inthepresentstudyanattemptismadeonlytochecka possibledisintegrationoftheincidenttsunamiwhen,inapproachtotheN.P.P.site,it encountersthecontinentalshelf.It isworthmentioninginanyeventthat,inViewofthedistancesinvolvedbetweenthesourceregionsandthetarget,thecriteriagivenbyHammackandSegur(l978)impliestheapplica-bilityofthenon-linear,non-dispersiveequationstotheproblemsconsideredinthepresentstudy.

4.2.2FeaturesoftheFEM.
Dispersiveeffectsaazaccountedbytheadditionoftheterm

1-’hv(v.(hII)t)- Ah3v(v.I7t)(4.4)
totherighthandsideofEqn.(4.1).Thetermthusadded/accountsforweakdispersionwhenU=0(l)(Peregrinel972).TheFEMutilizedherefollowsinessenceConnorandWang(l973).VerylittlepurposewillbeservedinspellingoutthelengthydetailswhicharereadilyavailableinConnorandWang(1973).Onlythesalientaspectsaresummarizedhere.

ThemodelequationsofConnorandWangdonotcontaindispersivetermsexpressedinEqr:.(4.l),butinvolvelateraldiffusionandwind-stressforcingwhicharenotrelevanthereandhenceare setequaltozero.AGalerkinformulationisthenmadeleadingtotheweaksolutions
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oftheequations.Theequationofcontinuityisweightedwithrespectto
5yandthemomentumequation(4.l= F)withrespectto53, with6yand53beingweightingfunctions.Formingtheresidualequationsleads,afteremployingGauss‘theorem:

II o./IF!‘{nti'\7.(h+n)U-q}6ndA
(4.5a,b)

-> —> “

xx{(ut-3).au-5.A}dA:gbg.nds= 0
A

whereAdenotesthedomain,50theopenboundary,?theunitnormalvector
toS0,qthe(roundmotionatandwhere

A= {(6u)X,(5v)y} (4.6)

1_2 <ut>x <vt>x5:3“ (mm<ut>y <vt>_y
with5beingdefinedthroughEq.(4.3),andsubscriptsimplyingdifferen-
tiation.Inthe2x2matrixdefinedbyEq.(4.7)< > implies(dispersive)ternsevaluatedbycentraldifferencesfromtimelevelcomputationst
andtnat thetn+1discussedshortly.TheformsexpressedinEqs.(4.5a)andG.5b)aresimilar
tothoseinConnorandwang(1973,Eqs.(24)and(27))withFmatrixbeingdefinedhereby(4.7)whileimplyingtheturbulentstresstenserinConnor

niltimecomputationlevelbymeansofan iterationtobe

andWang.(Thissimilarityisduetothefactthatthedyadicoperationv.5on 5leads,toa gooddegreeofnumericalapproximation,toFdefinedby(4.4),assumingslowvariationsindepthh).TheFEMcomputationalaspectsstartingfrom(4.5)are thusessentiallythesameas thatgiveninWangandConnor(l973,Chapters4and5)andthereforearenotdiscussedhere.
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It isworthpointingouthoweverthat,inthepresentworkthreemodeltriangularelementsarealsochoosenwithlinearvariationofthe
unknownparametersineachelement.Thetrapezoidalruleisemployedin
thetimeintegrationscheme.Aniterationisrequiredsincetheforcingterms
inthefinalmatrixequationsobtainedarenon—linear.Arelaxationfactor
wasusedtoacceleratetheconvergenceofthiscomputation.Themassmatrix
are fracturedinitiallyandtimesteppingconsistsofsuccessiveforward
andbackwardsubstitutionsandconvergenceisdefinedbythepercentagechangeintheEuclideannormsforthesurfaceelevationsandmassfluxvectors.
4.2.3TestingFEM.

Inordertocheckthecomputercodegeneratedtestssimilartothose
carriedoutforFDMweremade.ResultsobtainedusinqFEMalsoshowclose
agreementwiththetheoreticalandexperimentalstudiesofHammackandthese
resultsare alsoshowninFigs.4.6.and4.7.Inaddition,theproblemgiveninConnorandWang(l973)isduplicatedtodebugthecomputercode.Results
obtained(notpresentedhere)followsperfectlythenumericalresultsof
ConnorandWang(1973).It isfelthoweverthattheFEMschemeadoptedcouldintroduceseriouserrorsas faras theboundaryconditionsonSOare
concerned.ConsideringthefactthatFEMisa minoraspectofthepresentstudythesemattersarenotpursuedfurther.



V.NUMERICALRESULTS

Atotalofelevencomputerrunsweremade.Eiqhtoftherunsmade
correspondtothetsunamisemanatingfromthesourceregionsR.l-R.8,andthecomputationsarecarriedoutbyusingtheFDM.TherunR.3was
repeatedtoinvestigatethesensitivityoftheresultstothemagnitudeofthesourceareaselected.RunR.8wasrepeatedtwice,firstlyforan
assesmentofthesensitivityoftheresultstofriction,and,secondly,forinvestigating,throughFEM,thepossibilityofthedisintegrationoftheincidentwavewhileshoalingovertheshelf.

Theidealizationoftherepionalcharacteristics,thedataused
andthenumericalresultsaresummarizedinthischapter.

5.1FiniteDifferenceModelResults
5.l.lBasicInput-Output
ThefinitedifferencemeshesusedintheFDMrunsareofsize

(11xllking)and(5.5x 5.5kmz).Thedepthsandthecoastalconfigura-tionwerereadfromtheAdmiraltymapsofscalel:ll0O00O.ThesemapshavebeenupdatedbytheHydrographicOfficeoftheTurkishNavy,with
correctionsuptol976.Additionalbathymetricdatagivingthedetails
oftheregionbetweenTurkeyandCypruswasobtainedfroma l:300000
mappreparedbyM.T.A.Institute.

Approximatelocationsofthevarioussourceregionsarepro-
videdinFiq.5.l.Thelocationsofthemeshesreferredbeloware
showninFig.5.2.ThesourceparametersofeachrunaregiveninTable
3.1.
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Figures(5.3)to(5.10)give,foreachSourceR.lthroughR.8,thesurfacedisplacementas a functionoftimeinthecloseproximityofAkkuyuBaywiththemeshpoint(M==42,N=:18)correspondingtotheentranceofAkkuyuBay.Themeshpoints(M==40,N==l8)and
(1i==44,N:=18)are located,respectively,totheeastandwestofthe
bay(Fig.5.2).

5.1.2SensitivitytoSourceAreaandFriction.
Inordertocheckthesensitivityofresultstothesourcearea

se1ec+ed,therunR.3(AntalyaBay)wasrepeatedas runR.9byenlarg-ingthesourceareabya factorof15. Theresultsarepresentedin
Fig.5.11.Themaindifferencefoundisthatthewavesemanatingfrom
thesourcewithlargerarea(:R.9)arriveatanearliertime.The
differencesinthetimehistoryoftworunsare otherwiseinsignificant.Thisiscomfortingbecauseit showsthattheavailablemagnitude-arearelations(ref.ChapterIII)canbeusedthoughtheyarededuced
mostlyfromdataobtainedinotherseismica11yactiveregionsofthe
wor1d.

Anothersensitivityrunmadeinvolvestheeffectoffriction.
TherunR.8isrepeatedas runR.1Ousinga constantChezycoefficient
of100.TheR.10outputispresentedinFig.5.12.It canbein-
ferredbycomparingFigs.5.10and5.12thateffectoffrictionis
insignificant.Thefrictionaltermsintheequationsofmotionwere
thussetequaltozeroinrunsR.1— R.8.
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5.1.3SupplementaryOutput
Inordertodiscussthesalientaspectsofthepreceedingresults,supplementaryinformationisprovidedalongselectedtraversesandat

pertinentlocationsthatareshowninFig.5.l3.Thisisdoneforruns
R.l,R.4andR.7whichare foundtobemorecriticalthantheothers.

Startingshortlyafterthecroundmotion,Fio.5.]4givesthesur-
facedisplacementalongsection1-1‘.Section1-1‘extendsfromRhodes
tothesouthofIskenderunBayalonga lineessentiallyparalleltothe
southerncoastofTurkey.Theprofileofthesurfacemotionalong1-1'
atsuccessivetimesprovides,inparticular,a pictureofthepenetrationoftheincidenttsunamiintotheCilicianBasin(forrunsR.1andR.7)or
spreadingfromthere(runR.4).

Fins.5.15—5.17showsforR.1theprofileofthesurfacemotions
alonetransversesections2-2‘,3-3’and4-4'atsuccessivetimes.The
sections3-3‘and4-4'areessentiallyinput—outputcontro1sectionsfor
thecanal—1ikeregionbetweenthesouthcoastofTurkeyandCyprus.The
section2-2'extendsfromAkkuyutoCyprus.Fig.5.18givesforR.1thetimehistoriesofthefreesurfacemotion
ata pointdirect1yoppositetoAkkuyu(point4)ontheCypruscoast,at
Anamur(point5)TocatedentheTurkishcoastandat thenorth-eastern
Anta1yaBay(point6)alsoontheTurkishcoast.

ThecontoursofccnstantheichtofthewatersurfaceintheCilician
basinisprovidedinFig.5.19forinitia1timesafterthegenerationof
RunR.1tsunami.Atsubsequenttires,themotionbecomestoocomplex,thereforenotallowingtheextractionofre1evantinformationwithease.

Figures5.20- 5.29provides,forrunsR.4andR.7,thesameinforma-
tiondiscussedaboveincenjuctionwithrunR.1.

5.2FiniteElementRun.
TheregionconsideredinthefiniteelementrunistheregionbetweenTurkeyandCyprus.Intheidealizationofthisreeion235elementswith154nodesareused.Thebathymetrydataandthecoastalconfiquration
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forthisideaiizationareobtainedfromthe1:3000,000scalemapbyM.T.A.Institute.RunR.8isrepeatedusingthisideaiization.TheresultsarepresentedinFig.5.31.
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VI.DISCUSSIONOFRESULTS
Thepreceedingresu1tsarediscussedinthepresentchapterwhichisorganizedas fo11ows.Themagnitudeofthetsunamis5— 11kmoff—shoreofthetargetarediscussedfirstanda resonanttuningispointedout.Space-timecharacteristicsofthemotionsare thenexaminedindetaii.Theresultsindicatea resonantcoup1ingofthedeepwatersoftheCi1icianBasintothesha11owerwatersa1ongtheTurkishcoast.Thetsunamisat thetargetarethenexaminedintheTightoftheresonant-couplingusingboththenumerica1resu1tsandtheana1ytica1methods.

6.1rbgnitudeofOff—shoreSurfaceMotions.
AcursoryexaminationofFigs.5.3—5.10revea1sthatthelargestsurfacedisp1acementsare inducedbysourceR.1,situatedtothesouth-eastoftheCretanArc(Fig.5.1).R.1istheseverestofa11thetsunamisourcesunderconsiderationbecausetheassociatedearthquakemagnitudeisH= 8.0,yie1dinga grounddisp1acementofeightmeters(Tab1e3.1).TheremotenessofR.1tothetarpet(:AkkuyuBay)incomparisontotheothersourcesinonlydeceptive.ThisisbecausethetsunamiemanatinnfromR.1propagatesindeepwaters(4000~ 1000m)andthereforearrivesatthetargetareaina re1ative1yshorttime(343min),themeasure

ofitsspeedofpropagationbeingJgh,wherehisthewaterdepthandothegravitationa1acce1eration.Indeed,thetsunamioriginatingfromR.71ocated1essthanha1fwaybetweenR.1andthetargetarrivesapproxi-mateiy26minutesear1ierthanthatemanatinnfromR.1(Figs.5.3and5.9).TherapidpropagationofR.1tsunamibecauseofthedeepwatersonitspatha1soimpiiesthattheinitia1disturbancereachestothetargetregion(i.e.watersseparatingTurkeyfromCyprus)beforetheradiationoftheenergyintotheEasternMediterraneanat1aroebecominnsignificant‘(fo11owinnmu1tip1eref1ectionsfromthecoastaifeatures).Thisimp1iesa de1iveryofsignificantamountoftheincidentenergyintothetargetregion.
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Another,andperhapsmoreimportant,reasonforsignificantamount
ofenergyradiationfromR.lintothetargetregionliesinthefactthat
thesourceR.lisblockedbytheislandarctoitsnorth-west.Theinitial
disturbancegeneratedisthusreflectedandpartiallyradiatedbackto-
wardthetarget.Thereflectionoftheinitialdisturbancecanbeinferred
easilyinFig.5.l4byexaminingthemotionat820and2820secondsafter
thecommencingofthemotion.Thisisnotthecaseforthetsunamiorig-inatingfromsourceR.7,becausetheinitialdisturbanceisradiatedmore
or lessthesameamounttowardandawayfromthetargetreoionfFig.5.20).Consequently,thedifferencesinsourceparametersofR.l;ndR.7are
enhancedfurthertomakeR.la moreimportantsourcethanR.7inspiteofitsdeceptiveremoteness.

lbvingontheselines,it isworthnotingnextthatthesourceR.6
locatedtothenorth-eastofCyprus(Fid.5.l)withsourceparametersequaltothatofR.7yieldsoscillationscomparabletothatduetoR.7andhence
isnotas crucialas sourceR.l.TherelativeunimportanceofR.6is
consistentwiththehistoricaldata,fornoevidenceofa simultaneous
occuranceoftsunamisattheSyriancoastsndthetarpetareacanbefound.
However,simultaneoustsunamisalongtheSyriancoastandtheBayof
Iskenderunhavebeenobservedinthepast(seeevents36and37inAnbraseyscatalogue).Consequently,boththenumericalresultsandhistoricalevidence
showsthatthetsunamisgeneratednearor atthesourceR.6areaareprefer»rentiallytadiatedtowardssouth.Therefore,thepossibilityofthetsunami
originatingfromR.6amplifyinQJ withintheCilicianBasinas a resultof
multiplereflectionsfromtheTurkishandCypruscoastsissmall.

Inrelationtothetargetregion,theblockageprovidedbyCyprusmakesR.2anunimportantsource(Fip.5.4).Thisisas expectedandhistorical
evidencepointsoutthesame(ref.sec.2.l).

ThesourceR.3,locatedinAntalyabay,isalsonotas importantas
thesourceR.l,mostlybecauseofthedifferencesintheparametersofthese
twosources(Figs.5.3and5.5andTable3.1).Thisrunwasmadeduetothe
presenceofthetsunamigenicearthquakesobservedinthebay(see,e.g.Fig.2.4).



ThetsunamisourceR.5inIskenderunbayyieldssmallsurfacemotions
(Fig.5.7)inthetargetarea,indicatinoperhaps,partialradiationtothesouththroughtheopeninobetweentheeasterntipofCyprusandtheSyriancoast.

NexttothesourceR.l,thesourcesR.4andR.8are foundtobecrucialwithregardtothesurfacemotionstheygenera;at thetargetinspiteoftheirsmall(withrespecttoR.l)sourceparameters.Inviewoftheabsenceofpasttsunamisandseismicactivityinthearea,thesources
R.4andR.8arebothhighlyhypothetical.ThesourceR.4liesalongthe
CypruscoastandoppositetothetargetandthesourceR.8islocatedmid-
waybetweenCyprusandtheTurkishcoastline.AcomparisonofFigs.5.6and5.10showsthatthetsunamiheightduetoR.4is greaterinmagnitudebyabout40cm.Thiscanbeattributedtotheunidirectionalspreadinp(towardthetarget)oftheinitialdisturbanceincaseofR.4.

Insummarizingtheabovediscussion,it canbesaidthatthesource
R.lgeneratesthelargestsurfacemotionsatthetargetarea.Thetsunami
originatingfromR.lrapidlypropagatesintothetargetregion,arrivingapproximately43minutesaftertheinitiationoftheqroundmotion.

ForR.l,themagnitudeoftheinitialmotionatthetaroetis2
meters(peaktopeak)almostevenlysplittedas l m.riseandl m.fallinthestill-waterlevel.Moresignificantly,anexaminationofthemotionat
timessubsequenttotheinitialoscillationsshowsthatthesurfacemotionsareamplifiedfurther,leadingto:l.5m.riseandfallinthestillwaterlevel.Beforeproceedingtotheexaminationofthisamplification,certaindetailsofthemotionsmustbeconsidered.
6.2DetailsoftheMotions.

Attentionisfixedinthissectiontothespace—timecharacteristicsofthemotionintheCilicianBasin(targetregion)anditsshallowereasterlyextension.
6.2.lEvolutionoftheSpatialCharacteristics

Figs.5.l4and5.20showsforrunsR.landR.7theestablishmentofthemotionalongthelongitudinalaxisoftheCilicianBasin.Figs(5.l8-
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5.17)and(5.2l- 5.23)showthatinitiallytheincidenttsunamipropagatesessentiallywithuniformcrestsalongthetransverseaxisofthiscanal-likeregion.ThecontoursofthesurfacedisplacementshowninFigs5.l9exemplifiesfurtherthisonedimensionalwavepropagationwithwave
speedbeingreducedalongtheshallowernorthernbankofthetargetregion(Figs.5.l9a).ItshouldbenotedthattheinciontwaveisdiffractedfromtheeasterntipofCyprus(Fig.5.]?b),indicatingpartialradiationofenergyintotheEasternediterraneanthroughtheopeningbetweenCyprusandtheSyriancoast.

withincreasinotime,theincidentwaveisreflectedpartiallyfromthestep-likedecreaseindepthat theeasternendoftheCilicianbasinandpartiallyfromIskenderunarea.Inaddition,transverseoscil-lationsaresetup(Figs.5.l5- 5.17and5.21- 5.23)sothatthemotioninthetargetregionbecomesa complexcombinationoftransverseandlongitudinaloscillations.ForRunR.4thetransverseoscillationsaresetupimmediatelyaftertheactivationofthesource(Figs.5.25—5.26)andthisisas expectedbecauseofthesourcelocations.
Inviewofthecomplexneometryit isonlynaturalthattransversemotionsareexcitedintheregion.However,theamplificationofthetrans-verseoscillationswithtimepointsouta resonantorowth.Thisispursuedfurtherinthesubsequentsection.

6.2.2FrequencySelectivityandTemporalCharacteristicsneartheTargetReqion.
Themoststrikingtemporalcharacteristicsofthetimehistoryofallsurfacemotionsoff-shoreofthetarget(Fios.5.3—5.10),resultingfromtsunamisgeneratedbyquitedifferentsources,isthatthemotionsfollowingtheinitialdisturbanceshowsanapproximateperiodof900sec-onds==l5minutes.ThisfeatureismostpronouncedinRunR.l(Fio.5.3).Anotherperiodsomewhatoreaterthanl.4hoursisalsoevident,especiallyat themeshpointH= 40,N==l8inRunR.l(Fig.5.3),whereit isalsoclearlyseenthatthemotionwith900sec.periodamplitudemodulatesover

anoscillationwitha largerperiod.ThisfrequencyselectivityofthetargetregionisfurtherdemonstratedinFigs.5.18,5.24and5.29,wherewehave
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shownthesurfacemotionsduetothreedifferentsources,ata location
oppositetothetarget,at a pointlocatedatthewesternentranceto
targetregion,andata pointsituatedoutsidethetaroetregionin
AntalyaBay.

Thetsunamisgeneratedbyanyoneofthesourcescontainaninfinitesetoffrequencies(ora spectrumofwaves).Theselectionofa definitesetoffrequenciesinthetargetregionshowsa resonantresponse.But
whatfurtherappearstobeinvolvedhererequiresadditionalexamination
ofdata.

Inordertoexaminethefrequencyselectivityofthetarnetregionfurther,thetimehistoryofthesurfacemotionsoff-shoreofthetargetandatpointNo.4oppositetothetaroetislowpassedbyaveragingtheoscillationsover1000secondsegments.Theresultsare showninFio.5.3o.It isclearlyevidentinFio.5.30thatthenotioniscomposed(forlargetime)oftwobasicoscillations,oneofwhichhasa 900sec.periodmodu-
latingamplitudeandtheotherwith5000secondsperiod.Thereexist
phasedifferencesbetweentheamplitudeenvelopesoftheoscillationsnear
thetargetandat thepointlocatedoppositetoit. Thisshowsan energyexchangebetweentheshallowerwatersnearthetargetandthedeeperwatersit faces.Theenergyexchancebetweenthetwowatermassesisreminiscentofthatobservedincoupledoscillatorswhoseresonantperiodsarenearlycoincident(MorseandIncard,l968).Infact,intheabsence
dispersion,theobservedmodulationcouldonlyberesultinofromresonant»
coupling.Theamplificationoftheoff-shoretsunamiinAkkuyuBaymust
thereforebeinvestigatedintheliohtofnotonlythefrequencyselectivity,i.e.resonanttuninp,alonebutalsoinlightofthecoupledresonantos-
cillations.Thisisdonenext.
6.3Near-ShoreModificationsandResponseat theTarget.Ithasbeennotedthatforlargetime,thewavemotionsat thetargetareaevolveintoa seriesofoscillationswithselectedsetoffrequencies.Thesamefrequenciesseemtopersistinallruns,andothercomponentsof
theinitialtsunamispectrahavebeenselectivelyfilteredout.This.
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factpointsouttothepresenceofa resonantresponse,mainlyduetothelocalbottomtopographyatthetaroetareaandthegeneralgeometryoftheCilicianBasinat large.6.3.lEffectsoftheShelfandtheCilicianBasinGeometryonResonantResponse.Oneofthedominentinfluencesontheobservedresonantresponseisthespecificshelfbathymetry.ThesourthernTurkishcoastjoinsintoarelativelynarrowandsteepcontinentalshelfarea.Theshelfbreakisatanoffshoredistanceofl1==l5kmandhasa depthofHf=400m.Analysesofmotionsona shelfwithlineardepthvariationcanbefoundinAppendixB,then'thmoderesonantperiodsTnoftheshelfcanbecalcu-latedfrom

Tn dill
in/CH1

asT1==20.7min.,T2= 9.0min.,T3=:5.7min.,....etc.ThefirstmoderesonantperiodT1==20.7min.isseentobeclosetotheobservedl5min.oscillations.
Furthermore,theCilicianBasincoverstheareabetweenTurkeyandCyprusandisboundedontheEasternendbya shallowarea(depthdroppingfroml00Om.to600m.)withsillfeaturesjoiningIskenderunBaytoCapeAndreas.InviewofitsapproximatelyparallelbanksalongthecoastsofTurkeyandCyprusandthetopographicfeaturestowardsIakenderun,theCilicianBasinanditseasterlyextensioncanbeisolatedas anessentiallyrectangularbodyofwater.Itswidthandlenothcanbeestimatedasb5:90kmandL==250km,respectively.ThisrectangularbasinopensintotherestoftheEasternMediterraneanwatersthroughopeninosat theEasternandwesternextremities,nearwhichtherearealsosharpchancesindepth.Mainlyduetothelatterfact,thenaturalperiodsofthissystemcanprobablybecalculatedusingMerian'sformulafora closedrectangular
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basin(seeIppen,l966):
nm

/cu/ (E)?+ (3)?
whereHisthebasindepth,andn,mareinteoers.TakingthedepthtobeH= 1000m,periodsofthepuretransverse(n==0)nodesareT0]= 30.3min,T02=:l5.lmin,T03= 10.1min,etc.andofthepurelongitudinal(m= 0)modesareT10=:l.4hrs.,T20= 42.1min.etc.Ofthesenaturalperiods,thesecondmodetransverseoscillationof15minutes(900sec.)andthefirstmodelongitudinaloscillationof1.4hrs(5000sec.)arepresentinthehighandlowpassedtimeseriesrespectivelyofFi9.530, RunR.l.

The1.4hr.oscillationispresentdurinntheinitialarrivalofthetsunami,butit persiststhrouohouttherestofthetimeprobablybecauseofresonantoscillationsinthelonqitudinaldirectionoftheCilicianBasin.Inthiscaseonlythefirstmodeispickedup,sinceinthepresenceofradiationdampinr,thefirstmodeisusuallythemostsignif-icantofallmodes.
Forthetransverseoscillationsthesamearnumentdoesnotappeartobevalid,sinceit hastobenotedthattheobserved15min(900sec)oscil-lationisonlythesecondmodeofthelargecanalsectionbetweenTurkeyandCyprus.However,the15minperiodisalsoclosetothe20minnaturalperiodofthenarrowTurkishcontinentalshelf.Thereforeit isnotunreason-abletoexpectcoupledtransverseoscillationsoftheshelfandthecanalregions.Infact,it maybeonlybecauseofthiscouplingthatnotthe30minfirstmodeofthecanal,butthe15minsecondmodecoupledoscillationhasbeenselectedfromtheinitialspectrum.Thecouplingor quasi-resonanceoftheshelfandcanalmodesisevidencedfurther-morebytheobservedsurgingofwaveenergyfromonesectiontotheotheras inFio.5.30.BeatsintheoscillationscalculatedatAkkuyuandacrossfromAkkuyuatCyprusare
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noticablyout—of—phase,duetotheexchangeofenergytakingplacebetweenthetwosections.Theenergyisstoredtemporarilyinonepartofthecoupledsystem,thenfedintotheother,andtheoscillationsseemtoper-sistevenat theabsenceofcontinuousenergysupplyrequiredbyotherisrcoupled)systems.
It isalsopossiblethatthepersistenceoftheoscillationsinFig.5.3:isfurtherstrengthenedbytrappingofthewavesinthelongitudinaldirection.Thedepthsteadilydecreasesasonemovesfromthe westernend2*thecanaltowardsIskenderun.Inifact,thebathymetryrevealssuddenizanoesindepthwitha decreasefrom2000mtolO00m.atthewesternendandfromTOOOm.to600m.neartheEasterntipofCyprus.ThiscancauseLdppingofenergyatcertainfrequenciesduetomultiplereflectionsatthesedepthdiscontinuities.
whateverthecauseforitspersistencemaybe,thebeatsformedatthetwosidesoftheCilicianbasinsignifya typeofresonantconditionwhichisknownas modecouplingthatisfrequentlyobservedinacoustic,opticalorelectronicwaveguides,or transmissionlines.Inthistypeofresonant-tuningofcoupledsystems,perfecttuningcanneveroccur,thereforethecouplednaturalfrequenciesarealwaysslightlymismatched.Inthepresentcase,thefirstmodeoftheshelfregionisseentobecoupledtothesecondmodeofthecanalregion.Thisphenomenoniscalledmode—couplingor mode-jumpinginthecontextofotherpropagationproblems.(seeforexample,Scott,l970,Tolstoy,l973,andTolstoyandClay,l966).InAppendixBa simplifiedtreatmentoftheresonanceconditionsovertheshelfisgiven.Theactualcouplingphenomenonismorecomplicatedthanthedescriptionpresented.Intheanalysisthedecoupledmodesoftheshelfhavebeenfoundfora motionspecifiedat theshelfbreak.It isshownthatif theforcingfrequencyisclosetooneofthenaturalfrequenciesoftheshelf,onlythisfrequencywillbeselectedanditwillbemodulatedduetoresonanttuning.ForexampletakinoH1==40?m.,l]==l5km.,andme= Zn/900sec'],thebeatperiodTBandthemaximummodulationamplitudeABatx = 0are
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obtainedas

TE=——————-: = ll?min.
100" Cu]

NinoA8— =2.12no
211(we' mi)J1(J1)

wherew]= J1/gH1/2l1andj]==2.d0.Thecalculatedperiodisinagree-mentwiththeobservedbeatperiodinFig.5.30.Thebeatamplitudeisroughlytwicetheamplitudeoftheoscillationsattheshelfbreak.Thenumericalmodellingeffortsalwaysusea finitegridsizeinthecalculationproceduresandthereforethenearshoremodificationofthetsunamiwavesonthepartimmediatelyseawardofthecoastlinecannoteasilyberesolvedbythemodelsimulations.Thisareaactuallyextendstoa considerableoffshoredistanceontheshelf.Forexample,inthecriticalrunofR.lthegridsizeisll km.andthegriddepthatwhichthecalcula-tionsarecarriedoutnearAkkuyuistakenas 200m.Thisdepthcorrespondstoanoffshoredistanceofaboutl0km.Theaboveanalyticalapproachistakeninordertoaccountforthemodificationinthisnarrowregionontheshelf.Conservatively,thecalculatedwaveheightsinthislastgridmaybeLakento beat theshelfbreak.Thenthemaximumamplitudeofno==l.5mFoundbynumericalmodellingisincreasedtoa beatamplitudeofthecoastofAB= 3.2m.bytheanalyticalextentionexplainedabove.Trialrunsofthenumericalmodelhaveindicatedthesameorderofmagnitude,eventhough"heassumptionsusedinmodellingnearshoreregionsoftheAkkuyuBayareconsideredsimplified.Thereforethemaximumtsunamiamplitudefoundbythisstudywillbetakenas 3.2m.
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VII.DESIGNCONSIDERATIONS
Thespatialandtemporalcharacteristicsofthedesigntsunami

modellingresultshavebeendiscussedinthepreviouschaptersofthis
report.Inthepresentsection,sealevelchangesduetootheradditional
effectssuchas tides,stormsurges,waverunupandtheirdesignmagnitudesarediscussed.
?.lDesignStormSurgeandStormHaveRunup.Thestormsurgeandstormwaverunuphavebeencalculatedfor
statisticallyrepresentativestormmagnitudesfollowingstandardproce-
duresandlinedintheShoreProtectionManual(l973),(SPM)preparedbytheU.S.ArmyCorpsofEngineers.Thewindstatisticsanddesignstorm
parameterswereprovidedbybothTEK(l977)andBaslerandHofmann(1978)inseparateanalyses.Adatabaseofloyearswasusedtoestimatethe
W0yeardesigneventsandthe10000year(extremenon-occurrenceprobability)events.Bothanalyseshaveyieldedsimilarresultsforthestormwind
magnitudes.AnalyseshavebeenmadebyTEK(T977)forbothhourlyaveragewinds
andgusts.Ithasbeenconcludedthat(Table7,TEKAkkuyuibteorology,Report,l977)thegustspeedsareroughlytwicethehourlyaveragewind
speeds,forallfrequenciesofoccurrence.

Forstormsurgecalculationsthesustainedwindspeedsaremore
importantthanthedustspeedssincethegustsare ineffectivedueto
theirshorterduration,andsincetheempiricalmethodsutilizingsus-
tainedwinddatastatisticallyincludetheeffectsofgusts.Thegust
speedsforl0'2andl0'4probabilitiesofoccurrencehavebeenestimated
as 45-50m/sand60~ 65m/s,respectively,inthepreviousanalyses.The
correspondinghourlyaveragevaluesrepresentingsustainedwindsare there-
foreroughly25m/s(50knots)and35m/s(70knots)(l/2theoustspeeds)respectively,forl0'2and10-4probabilitiesofoccurrence.Anadditional
calculationhasbeencarriedoutfora sustainedwindspeedof50m/sec.
(100knots),mainlyforcomparisonpurposes.Inthecorrespondingwave
setupcalculations,a maximumstormdurationof9hrsisassumedtobe
typical.Thestormsurgeandstormwavesetupresultsaresummarizedin
Table7.l.
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7.2.CombinedDesignEvents
Sealevelriseduetocombineddesigneventsareofinterestin

evaluatingthedesignalternatives.Forthispurposetwopossiblestat-
isticallyindependenteventsareconsidered:l)thecombinedoccurrence
ofstormsurge,stormwavesetupandtides,2)thecombinedoccurrence
oftsunamirunupandtides.Therunupofstormgeneratedwavesonthe
beachsectionhasbeenexcluded,sinceit canbethesubjectofa separateinvestigation.ThemaximummeasuredtidalamplitudeatAkkuyuisfoundtobe
0.7m.abovemeansealevel(ref.TEK-Akkuyu2ndProgressReportinPhysicalOceanographyl978).Themaximumtsunamiwaverunupisfoundtobeabout
3.2m.bythepresentstudy,androughlycorrespondstoa lo'4probabilityofoccurrence,as notedinearlierchapters.Thesummaryofconbinedevents
canbefoundinTable7.2.Thecombinedoccurrenceofthetwoindependenteventsofthepreviousparagraphhavealsobeenincludedasaneventof
10'sprobability.
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Figure2.2EbioentexsofEarthquakes(19o1=.-_1g55>~/‘T_ }(xarnik,1970)"/_,,,.~””f
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Figure2.11SpecificationsofthemgionsConsideredbyKarnik(1970)
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Figure5.15.TransverseProfileofSurfaceDisplacementBetweenAkkuyuandCyprus(Section2—?').RunR.1.Timet is in seconds
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Figure5.16TransverseProfileofSurfaceDiaplueemcntAlongSection(3-3').RunR.1.Timet is in seconds.
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TABLE.2.1
(ReproducedfromVanDorn,1965)

NUMBERMEDDISTRIBUTIOHOFIARGETSUNAMIS

Dates £'xt1ant1'cMediterraneanPacific

Before1500 2 9 9
1500-1800 14 8 62
1800- 13 6 148

Totalevents 29 23 219



1.
2.
3.
4.
5.6.7.
8.
9.
10.
ll.
12.
13.
14.
15.

16.
17.
18.
19.
20.
21.
220

TABLE:2.2
TSUNAMCATALOGUE

OFEASTERNMEDITERRANEAN
(Ambraseya.1962)

II milleniumB.C.Syriancoasts(V17).14103100.NorthcoastofCreteGrecianArchipelago(vi?).136535.Syriancoasts,Ugaritnear Minst—e1—Beida(vi?).0. 1300.Ioniancoastsandtownsin AsiaMinor,Troad(v?).0. 760.CoastsofIsraelandLebanon.
c. 590.CoastsofLebanon.Sur(Tyre)(vi?).0.525.CoastsofLebanon,Saida.
479Winter.Chaloidice.IsthmusofKassandra,Potidaea(111).426Summer.EuboeanandMalianGulfs,Phthiotiancoasts(v—)Euboeancoasts(iv),IslandofSkopelos(iii).
373winter.GulfofCorinth.Malice(v).
0.330‘. EasternSporadesIslands.Islandof Chryse.
222‘.IslandofRhodes.Cityof Rhodes.
138.Coastsof IsraelandLebanon.BetweenAcre(Ptolemais)andSur(iv).
58.Albaniancoasts.Durazzo(Dyrrhschion)(iii).
2333.EgyptiancoastsbetweenAlexandriaandPelusium(iii).Aseismicsea-waveprobablyconnectedwiththe26B.C.
earthquakein Cyprus.
46“A.D.SouthCoastsof Crete.
62.Southcoastsof Crete.Lebena(iii).
76“Cyprus,Kition.PaphosandSslsmis.
142.IslandofRhodes.Rhodes(iv).IslandsofKos,SeriphosandSyme(111).
262.Southcoastsof AsiaMinor(iv).
315.DeadSea(iii).
342.Cyprus,Farnsgusta.155.



23.

24.

25.
26.

27.
28.

29.

30.
31.

320

33.

34.

104

TABLE:2.2
(continued)

344.DardanellesandNiksar(Neocaesnria)(iv),Thraciancoasts(111).
348.Syriancoasts.Beirut(iii?).ArwadIslands(iii?)182(p.199).
362.DeadSea,Jordaniancoasts(iii?).
365.July21.EasternMediterraneanMethane,Epidaurus,Crete(iv),Beeotiancoasts,Adriaticcoasts,Epirus,Alexandrial,Sicily(iii-).
447November.SeaofMarmara.MarmaraIslands.Dardanellss,andthecoastsofMarmara(1v—),Constantinople(iii).450January.SeaofMarmara.Constantinople(iii).Lycosthenesmentionsan inundationof thesea butwefindno mentionof itin contemporarychronicles.
542Winter.Seaof Marmara.ThraciancoastsandGulfof Edremit(iv).
551Spring.MalianGulf.Achinos,Tarphe(iv—).551July9.Syriancoasts.Votrysnear Jubeil(Byblos)(iii+),Tarabulus(Tripolis)Beirut(iii—).
554August15.SouthwestcoastsofAsiaMinor,MandalyaBay,IslandofKos,SporadesIsls (iv—).
740October26.SeaofMarmara,Izmit,lznikLake.ThraciancoastsofMarmara(111).
746January18.SyrianandEgyptiancoasts(iii—).

Accordingto Hoff(p.182),probablynot Alexandriain Egypt,butAlexandriaTroasin AsiaMinor.
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TABLE:2e2(continued)
4

35.792.GulfofVenice,coastsofIatriaandJugoslaviancoastsoftheAdriaticsea (iv).36.803December19.GulfofIskenderun.masisacoast(iii).
37.,859November.Syriancoasts,near Sumanda?(iii).
38.811.“CoastsofIsraelandEgypt,fromAcreto Alcxuniria.
39.957.CaspianSea(iii)?
40. 975October26.ConstantinopleandTuraciancuadta(iii).
41.991‘April5.CoastsofSyria.
42. 1034January4.CoastsorLebanonandIsrael.Acre(iv)?43.1039“January.Constantinople.
44.1050“GrecianArchipelago.There(Santeria).Hostprobablya

misprintfor1650.
45.1068March18.CoastsofIsraelat HolotsAshodandYsvne(iv).46.1202May22.Syriancoasts(V).Cyprus(iv),Egypt(111).47. 1222May.Cyprus.LinsasollandPaphos(iv).48. 1273September.Albaniancoasts.Durazzo(iii).49.1303August8.Egyptiancoasts(v-),Syriancoasts(iv).Crete(177).

2 It is notclearwhetherit shouldbetheCaspianSeeor thePersianGulf.In thevariousH88thisis givenas the“GreatSea”cf.171,87.Webelieve,however,thathereit shouldmeantheCaspianSea.It is veryprobablethatthechangesin theleveloftheCaspian,someofwhichthereis reason tobelievehaveoccurredwithinthehistoricalera,andthegeologicalappearancesin thedistrict,indicatingthedesortionbytheSeaofits ancientbed,hadledOmarE1'Aalom(I-thcenturyA.D.)to histheoryofageneralloweringofthewatersoftheCaspian.Sea124(vo1.l,p.406).
Perrcy(1850)andothersdatethiseventin1032A.D.

———+~§.,,__-.. ...,. ., , ., ..,_. _r....._...._ ,,



50.

58.
59.
60.
61.

65.
66.

106

TABLE:2.2
(continued)

1303December.Crete(iv),Southwestcoastsof reloponnesusandRhodes(111),EgyptiancoastsandAdriaticSea(111?).35
1332February12.SeaofMarmara.Constantinople(ii1+).
1344October14.(L=2km).

SeaofMarmara.Thraciancoasts(iv),
1389March20.IslandofChico(iii).
1403November16.Syriancoasts,AsiaMinorsouthcoasts(iii).
1481May3.Rhodes(iii),(H-6'),(L=200').
1489.SouthcoastsofAsiaMinor.Antalya(iii).
1494July1. Crete.Herakleion(Candie) (11+).
1508May29.SouthcoastsofCrete(11i—),northcoasts(iii).
1509September14.Constantinople(111).
1534.CoastsofIsrael.Jaffa.(111).Notfoundin
contemporarywriters.
1546January14.CoastsofIsraelandLebanon.FromGaza
to Jaffa(i1i+).
1612November8.Northcoastsof Crete(v—).
1629.March9.IslandsofCytheraandCrete(i1i?).
1633November5.Zante,Southcoasts(iii-)on the
promontoryofA310:Sostis.
1646April5.Constantinople(111).
1650October9.There(vi),westcoastsof Patmos(H=lOO'),eastcoasts(H=90'),Ios(H-60'),Sikinos(v)Kea,Crete
(iv')0



70.
71.
72.
73.
74.
75.
76.
770
78.

79.
BO.

81.

82.
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TABLE:2.2
(continued)

1667April6.Dalmatiancoasts.Dubrovnik(Ragusa)(1ii+).
1667November30.AsiaMinor.Smyrna(ii).
1672‘April.IsletofStanchio.Nowaveaccompaniedthe
subsidenceof theislet.
1688July10.AsiaMinor.Smyrna(11).
1723February21.IonianIslands.Leukas(1117).
1732.IonianIslands.Corfu(ii-).
1748May14.NorthPeloponnesus.Aigion(111).
1750September17.AdriaticSea.Fiume(iv).
1752July21.Syriancoasts(iii?).
1759October30.CoastsofIsraelandLebanon.(iv")o

Acre(H=8')
1766May22.Constantinople(11).
1791November2. IonianIslands.BetweenZanteandthe
mainland(iii-).
1802January4.AdriaticSea.Fiume(111).
1804June8.NorthwestcoastsofPeloponneous.Batras(iii).
(38%N—21%E,I-]_X,M-?,d=n).1817August23.GulfofCorinth.Aigion(iii+).
(38%N-22-‘}E,I-I,M-?,d=-n).1818‘January.Athens.Mallet(p.2l2+ll4)mistakestheevent
beforementioned.



83.

84.
850

86.
87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.
100.

101.
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TABLE:2.2
(oontinued)

1821January6.Gulfof Corinth.AloyonicSea(iv).
(37%N—21%E,I =X,M-?,d-n).
1823August20.Dalmatiancoasts.Dubrovnik(iv—).
1825January19.IonianIslands.Leukas,betweenthe isletofSessoulaandeastcoastsof theisland(iii?).
(3B%N—20%E,I-XI,M-?,d==n).1829May23.Constantinople(ii).
1833
1835January19.Albaniancoasts.ValonaandSasenoIsle(iv—).July12.IonianIslands.Zante(11).
1837January1.SyrianandIsraelicoastsofTiberias(iv).
1843September14.Dalmatia.Dubrovnik,Gruz(Gravosa)(iv).
1844March3.Dalmatia.Dubrovnik(iii).
1844March23.Dalmatia.Dubrovnik(ii).
1845August16.Dalmatia.Dubrovnik,Gruz(111).
1851February28.AsiaMinor.Fetiye(iii)(H= 2').
1851
1851
1851
1852
1852

April3.AsiaMinor.Fetiye(111)(H= 6').
May23.KhalkiIsle,Rhodes(11).
October12.Albaniancoasts,Valona(H= 2')(iii).
May12.AsiaMinor,Smyrna(111).
September8.AsiaMinor.Smyrna(111).

1353

(33%1855

August18.EuboeanGulf(ii1+).
N-23%-E,I-II,Il-?,d=-n).February13.AsiaMinor,Petiye(iii).



102.

103.

104.

105.
106.
107.
108.

109.
110.
111.
112.

113.

114.
115.
116.
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TABLE!2.2
(continued)

1856November13.EasternSporades.Chios(iii+).
(33%N—26;E,I - Ix,M= 7,d - n).
1859‘October20.Piraeus(ii—).Mostprobablyu strongseiohe.
1861December26.GulfofCorinth.Northeastcoasts(H= 7')(iv—)Southcoasts(iii).(38%N- 22%E,I = XI,M=?,d=n).
1866January2. Albaniancoasts.Valona,Himara(iv).
1866January6.Albaniancoasts.Valona,Narta(111).
1866February2. EasternSporades.Chios(111).
1866February6.SouthcoastsofPeloponnesus.IslandofKythera(H- 26')(iv).
1866March3.Albaniancoasts.Valona(111).
1866March6.Albaniancoasts.Himara,Kanina(iv).
1866March13.Albaniancoasts.Himsra,Kanina(111).
1867September20.SouthcoastsofPeloponnesus,Gythion(iv),Crete,Herakleicn(iv),IonianIslands,Syros(111),Southeast
coastsofItaly(11+).(36%N-22%E,I-IX,M=?,d=n).
1869December28.Albaniancoasts.Valona(111).
(38%N- 20%3,I - xx,M- 7,a = n).210(nr.1883).
1870June24.Alexandria(111).
1870July29.AdriaticSea.Islandof Via(Lissa)(iii).
1878April19.SeaofMarmara,Izmid(iii).



117.

118.

119.

121.
122.

123C
124.

125.

126.
127C
128.
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TABLE:2.2
(continued)

1883June27.IonianIslands.Corfu(iii).

(39;N— 20E,I - VI.u - 7.1 - n).
1886August27.SouthcoastsofPeloponnesus.Messenia.Pylos(111);AsiaMinor,Smyrna(11).
(37N- 21%E,I - xx,M- 7.a = 1).
1887October4.GulfofCorinth.Southcoasts,Xylokastro(111).betweenXylokastroandSykia(L-65').(38%N—22%E,I = VIII,M= ?,d = n).
1893February9.SporadesIslands.Northcoastof Samothrace.(Ha 3')(iii+),Alexandroupolis(H- 3',L= 130')Thracian
coasts(111).(4o%s- 25%E,I - IX,M- 7,d = n).
1893June14.Albaniancoasts.Valona,Himara(111).
1894April27.EubosanGulf.AtalantaBay(H= 10')(iv),westandNorthwestcoastsofEuboeanGulf(111).(38.7N- 23.1E,I - II,M- ?,d - n).
1894July10.Constantinople(111).
1898December3.IonianIs1ands.Zsnte(11+).
(37%N- 21E,I - VII.u - 1,d - n).
1899January22.Messenis,Kyparissia,Marsthos(111).
(37%N- 21%E.I - Ix,u - 7,d = n).
1902July5.Salonika(11-).(40%N— 23%E,I=IX,M=?,d=n).
1908December28.LybisnSea.90Milesnorthof Alexandria(v),Egyptiancoasts(11).
1914November27.IonianIslands.Leukas(H= 11')(iv+).
(38%N- 20%E,I - x,M- 6%,d = n).



129.
130.
131.
132.

133.
134.

135.

136.
1370

138.

139.

140.

141.
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TABLE:2.2(continued)

1915August7. IonianIslands.BetweenCephnlonlaandLeukaa
(1i1+).(38;N- 20%E.I - Ix,M- 6%.d - n).
1920December18.Albanianooeate.Valona(iv),Saseno(v-).
1928March31.AsiaMinor.Smyrna(11).
1928April23-25.GrecianArchipelago;Piraeus,Nauplion,Alexandroupolil(H- 2')(ii);Crete,Chalkis,Chanie.
Karystoa(H= 3')(11+);Crete(Ha 7')(iii+).
1928May3.EasternGreece.StrymonicGulf(ii).71.
1932September26.GulfofHieriseoe.Chalcidioe(11+).
(40%-N-23%E,I-I,M-6.9,dun).1947October6.SouthPeloponneeue.Methonein Meaeenia(ii+).(36.9N- 22E,I I IX,I I 7,d - 28)1055113.
1948February9.Dodeceneae.IslandofKarpathoe(L- 3000')(iv).(35%H- 27E,I - IX,M= 7.1,d - 40).
1948April22.IonianIalande.Leukae(H- 3')(iv-).
(3e§N-2o§E,I-1,11-6.4.4-n).1956July9.GrecianArchipelago.Amorgoe(H- 100'),Astipeleea(H- 67'),Pholegendroe(H= 33'),Patmos(H=l3').Kalimnoa(H- 12'),Crete(H- 10'),Tinoe(H= 9').(vto iii).(36.9N- 26E,I 3 II,MI 7.8,d = 20?).
1956November2.Magneeeia.Voloe(H= 4')(ii+)
(39%-N—23E,I-VII,M-5%,d-n).1959"February23.Northandwestcoastsof theGrecian
Archipelago.Salonike(H- 3'),Salamie(H=l)Lcroe(Hal),Crete(H-2').Noearthquakeshockwas recorded.most
probablya eeiche.
1961“June6.GrecianArchipelago.Crete(H=3'),Voloe(H=l'),Leroa(H- 1').Probablystrongeeiche.
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MODIFIEDSIEBERGSEISMICSEA-WAVEINTENSITYSCALE

ii.

iii.

1V‘.

vi.

(AFTERAMBRASEYS,1962)
Verylight.Waveso weakas to beperceptibleonlyon tide-gaugerecords.
Light.Wavenoticedbythoselivingalongtheshoreandfamiliarwiththesee. Onveryflat shoresgenerallynoticed.
Ratherstrong.Generallynoticed.Floodingofgentlyslopingcoasts.Lightsailingvesselscarriedawayonshore.Slightdamageto lightstructuressituatednearthecoast.Inestuariesreversalof theriverflowforsomedistanceupstream.
Strong.Floodingof theshoreto somedepth.Lightscouringonman—madeground.Embankmentsanddikesdamaged.Lightstructuresnear thecoastdamaged.Solidstructureson thecoastinjured.Bigsailingvesselsandsmellshipsdriftedinlandor carriedoutto see. Coastslitteredwithfloatingdebris.
Verystrong.Generalfloodingof theshoreto somedepth.Quay-wallsandsolidstructuresnear theseadamaged.Lightstructuresdestroyed.Severescourinoofcultivatedlandandlitteringof thecoastwithfloatingitemsandsee animals.withtheexceptionofbigshipsall othertypeofvesselscarriedinlandoroutto sea. Bigboresin estuaryrivers.Harbourworksdamaged.Peopledrowned.Waveaccompaniedbystronaroar.
Disastrous.Partialor completedestructionofman—madestructuresforsomedistancefromtheshore.Floodingofcoaststogreatdepths.Bigshipsseverelydamaged.Treesuprootedor broken.Manycasualties.



ll3
TABLE2.3a.lhgnitudeHv.s. ReturnPeriodTinRegions26band26c.Numbersinparanthesesrefertoperiodsextrapolatedfromthelargestobservedvalue.
111 5.0 5.5 5.0 6.5 7.0 7.5 8.0T(Region25o) 1.92 4.35 l6.6C-111.11(1333)- -

1(12eg1on26c) 1.49 2.15 3.773.33 22.22(76.92)(357.14)

TABLE2.3b.CalculatedandObservedMarnitudesandReturnPeriodsinRegions26band26c.

Region 26b 26c

Q(calculated)6.5 7.6

(observed) 5.4 7.1
1(observed)111 29
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TRBLE7.1
DesignStcrmSurneandStormHaveSetup

TYPERet. Hind St. H H wave TPer. speedSurge5 max Setup 5
(yrs)(m/s)(m) "“’ ‘“" (m) ‘Sec’

Designwind 2(ow) 10 25 0.04 6 8 1.2 10
DesignBasisExtremewind 4(DBEN)10 35 0.05 12 14 2.3 13
Extreme //’ ; + + +gusts — 50 <?:2514‘ 18 3.7 15

+- a duration7f6hrsisusedintheseca1cu1ations.
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TABLE7.2.
DesignEvents

Prob.of StormSurge Tsunami Tsunami+TideOccurrence+HaveSetup + +StormSurge++Tide(m) Tide(m) StormHaveSetup.‘m)

m'2 1.9 - -

10”‘ 3.1 3.9 -

10'“ - - 7.0
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TABLEI—A

CATALOGUEOFSHOCKSANLTSUNAMIGENIC
EVENTSINTHEASTERNNEDITEFFANEAN

1802,?,

1804,June8,

1805,July3,

Between1810-1815

1810,Febr,l6,

l815,Dec.,?,

(1800— 1900)

(34°N,3E%E),5.37,:0v II“
AtPikaa,Baalbekandin severallocalitiesin
Lebanon,moderatedamage(SAN,PK),not in
(RAD,SNP).
03h,3s%§,21203,h-n,P.2Ga,1-1x?three
shocks(3G,cAN),I_vII1_Ix(3GK,GG),lC—X-XI(ma),IO—VIII(MJC).Almostcompletedestructionof Patrai,causnalties
manyhousesoverthrown,violentin (Zante)Zakinthos
andinMonrea(GS,MMC),destructivetsunami(ANS).
Atsunrise,3€ON,24°E,R.26b,IO—VII,h—i,r—8lOkm(GS,hMC,SAL),Io—VII(MJD),IO—IX(NF).
Crete,"thetownsof Khania(Chania)andRethimmon
sufferedmostdamage"(NMC),Napolu(BI).

felt inSicilyandat

(35oN2439,F.26b,IO—VIII°)a strongshock
destroyedallegedlythemonasteryAsomatos(GG).

35%?, ZFOE,R.26byIO- Ix,h—i
IOXI—XII(NF),IC—X(CAM).Thetownlraklionwas ruinedand2000persons
perished(PNC,
(%),200victims,largeshakenarea (GGK,GG,PAP,MhC,ANC,hJD),felt stronglyinNalta,andin N.Africa(PAP),

25%OE,R.26b,IO~IX,h—n:notmentionedin

, r—llOkm(GG),

SAM,PAP),manyhousescollapsed
at NapolislightlyinCyprus(ANC).

35°N,(PAP).
S.andE.Creteshaken,a greaterpartof Ierapetra
destroyed,solidhousesin Itea also destroyedas
wellas themonasteryAcrotiriani(GG,SAM),serious
damageat Toplu(GGK).



1817,

1821,

1822,

1822,

1831,

Aug.23,

Jan.5,

Aug.l3,

Sept.5,

April.3:

119
TABLEI—A(continued)

08hUT,38%OE,R.2ea,IO—IX—X,h-n,IO—IX(Gs),
IO—IX—XI(GGK),IO.X~XI(MP).Acompletedestruction
of Aiyion(Aigion),subsidenceof terraian(GG)uthe
townof Vostitsawasdestroyed,stronglyfelt at
Pasrai,weaklyat Korinthes(Korint),tsunamisweptthedowntownsectionof AiyionandtheCapeAliki
(ANS),manyviolentshocksdurinqthefollowing9 davs
(GG,NMC,BAP)y
1eh45m,37%ON,2l%OE,R.26a,I0—IX—X,h—nq10-x(GG),
IO—VIII-X(SGK).Muchdamagewas donein thevillagesaroundthetownof Zatkinthcs,thetownof Sala in
Noreawas almostentirelydestroyedbytheseshocks
andthoseof December,numbersof peopleperishedbeneaththeruins(MC,MMC,PAP,MCA),destructivetsunami
at Patrai(GGK,ANS).h20 , 36ON,360E(PK),IO—XI(SAM,SNP),IO—X—XI(ONE),isos,mapin (SAN),p.35.
particularlyat Antakya(Antiochia)andHalab(Aleppo)

Destructiveearthquake,
twothirdsof the towndestroyed,thousandsof inhabitants
perishedqless damageat DjesrandLadhiqiya(Latakia)tsunamiat Beirut,Jerusalem,(ANC,MC,KAD,SNP,PAP,ONE,

IskenderunandinCyprusCAN).
36°N,3505,n.35,IO—X°,IO—X—XI(ONE).Anotherdissa-
trousshockat Halab(Aleppo)whichdestroyedwhathad
resistedtheformerone,more than20,000personsare
saidto havelost theirlives(MNC,CA,).
37°N,27°E,R.2€c,h—n,IO—VII?(GG),1O_v-v11(sex).Asequenceof strongshocksin the Samosislandcaused
a rockfallwhichkilled7persons(MMC,GGK).



1834Nay,23,

1837,Jan.l,

120
TABLEI—A
(continued)

h06 , 31°N,35%OE,r.37,1O_:x,10-x(smp),IO-VII(MJD),isos,mapin (SMP).AtJerusalem
severalchurches,thecitywall,manyhousesand
cisternsseriouslydamaged,a minaretcollapsed,
at Bethlehemmuchdamageto monasteries,manv
peoplekilled,at DeirNarSabaa towercracked,
largeblocksof asphaltfloatedon theDeadSea
(KAD,MNC)_Theepicenterwas in thedistrict
of Lisan,thepleistoseismalarea extendeofrom
southof theDeadSeato Kerak,Jenin,Ammanand
theJudeanHills,Causalties,housesruinedin
Nablus,at Gasa,somedamageat JerusalemandBethlehem,damagedhousesat Karak,seriousdamage
somefaultingin theLebanonandinBaqa(Baka)
(SNP).
03“,33°N,35$°E,a.37,2 IO—X(PK,CAM),10-x:(SAN,KAD,SNP),IO—IX,isos,map(ANS,PK).
Destructiveearthquakewithepicenternear Safad
whereall houseson steepslopesfell,fissuresin
thegrouni.5000victims,destructiveeffects (IX-
X)at ElJish,ErFeina,EinZeitnn,Tiberias(city
wallsoverthrown,the lakesweptthe shores(700
victims), SidenVIII—IX,SnrVIII—IY
HuninVIII",SejeraIX?,QuadittaandIubyasevere,Nazareth
VI—VII,Nabumsstrong,Kafr,KannaV,Tsippori,
Jerusalem, manvcasanlties
(KAD),DevastationfromBeirut(Eeyrouth)to Safad,

Bethlehem.Hebronmoderate,
deepfissuresin solidrock,newhotsprings(PAP,
MMC)uEpicenterprobablyin Tiheriasdepression.Beirutnotparticularlyheavy,Nazarethgreatcracks
inhouses,Jerichoslight,Tiberiascityruined,Esh
Sham(Damascus)cityaffected,HauranandGaulancon-
siderable(SNP).StrongtsunamialongSyrian—Israe1icoastsof Tiberias(ANS).



1837,

1838,

1840,

1843,

March20,

Date",

Oct.30,

Oct,l8,

121
TAEIEI — A
(continued)

oe°nT,37~%ON,23%OE,P.26a,h—nyIOVII—VTIl,IO~VII(Gs),IO—VI—VII(GGK),IO—VIII(NJD),IOIY(CAN),IO-IX—X(DE),r—2lOkm(GG).In theislandof Idhra
(Ydra)somehouseswere throwndownandotherswere
injured,damagein theislan?sof Paros,Syros, ‘

SpetaiandThira(Santorin)felt also in the interior
of Greeceat Kalamai(Kalamata)andMessini(PAP,MMC,GGM),in Athinaiblocksof marblefell down(GGK).
Jaffa,ticalwithJan.l,(Tel—Aviv),greatdestruction,probablyiden-

1837(KADYPK).
38°N,21°E,h-n,P.26a,I - 1x-x(NJD),Io—IX(GG),1°-X(NP,CAN),IO—VII~ X(GGK).destructiveof ever felt in Zakinthos(Zante)“,one

"Thisshockwas themost

villagewas ruined,thebuildingswithfoundations
on limestoneescapedwell,theislandof the Trente—
Nova(?)sankintothe sea (ENC,PAP),felt in Ipiros(Epeiros)(RCA),alltogetherl27lhousescollapsed(35at Zante),at SkulikadonandAgiosDemetrios(St.Dimitros)

12personsperished,mostdestruction
(GGK),

1 1 M36ZoN,27Z°E,F.26c,h-n,IO—IX?(Ga),IO—VII—IX(GGK),36oN,280EI -x-xI (ONE).EarthquakeinRodhos(Phodes)’ 0
mostviolentin the islandof Khalki,housesthrown
down,rockslide,casualties(SAN,SAE,PAP).



1846,

1846,

1851,

1852,
1852,

1855,

March,28,

June,10,

Eebr.28,

Mayl2,Sept.
Oct.19,

Marbh2,

8s
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15h,36°N,h—i,E.26b,IO—VII—VIII(GGK,MJD),
IO~VII,r—ll0Okm(GS),Io—IX—X(NF).damagein Kriti(Crete),

2503, ConsiderablelOOhousesat Iraklion
(Heraklion)heavilyinjured,at Khania20houses

severe inNaitaandGizowinjured, felt inS.Spora—
des,inRhodes,inSyria,at Iskandariya(Alexandria)andAlQuahira(Cairo),in thedirectionto thewest
over Greece,Zakininus(7ante),Napoli(SAN,BIySF). Sicily,Leeceand

350m,22°E,h—n,F.26a,10-x,:_417km(GG).10-x:(ME),IO—X(CAM),isos,mapin (GGK).
15h,36%OE,F.26c,Io—IX(Gs),IO—VIII_ IX(sex),
IO—IX-X(MJD),IO—X(CAM),IO-VI(ECU).Destructive
shockinRodhos(Phodes),MakriandKayi(Levisi)inAsiaMinorsufferedllargly,earthslidesinBuba—
daédestroyed14villages(GG,SAN.LC,SF),tsunand
at Fethiyemuchhigheron April3 (ANS)accordingto (LC)destructiveaftershockson March5 (Makri)April3 (Makri),April4 (Rodhos).
Ratherstrongtsunamisat Smyrna(ANS).

o3h25”P(36°e°N,29.1°E),r 25;1o-v11ow-5.5(ONE).Eethiye,at Qesmea "terrible"shock(PL,PAT).
3e.8°N,27.203,R.26C,IO—VII°(ONB),Io—IX(CAM).Felt at Izmir(Smyrna),sankby105feet (PAT),

thevillageNacri(Makri?)



1856,©ct.12,

1861,Dec.26,

1e52,May.24,
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oohasm,35%ON,260E,h—i,R.26c,IO—X—XI,(sax),IO—XI,r—l45Okm(GG,NE,SAM),10-x(CAN),IO—IX—X(PK,MJD),isoeismalmapsin (SAN)p.46.9l.AearthquakecatastropheinKrimi(Crete),at Iriklion
(Heraklion),only18housesfromthe total of 3620
housesremainedinhabitable,538victims,Sitiaalmost
completelydestroyed,heavydamageat Ierapari(Hiera-petra)andGulf of Meracellou(Nirabello),at Khania,inKarpathosall housesdamaged,inFhodes8 villagesheavilvinjured,elevationof thecoast,casulaties,tsunami,slightdamageobservedinThira(Santorin),Makri,Gpzp,Kiren.Cyprus,S,S ria,N.Palastia,deltaof theNile,verylargeshakenarea extendingup to Palermo,Napoli,Ancona,Zara,Athinia,Bursa?
(SAN,PAP,BI),disasterat Ioannina(Janinna)(arelais
shock”)(NCA).

16h49mUT,38$°1°4 N,224E,F.26,h—n,IO—X—XI(cox),Io-XI (GG,ME),IO—IX(CAM),IO—VIII(NJD),M.7§(GGE),isos
mapin (SAN).AnearthquakecatastropheinAkjala,the
plainbetweenAiyion(Aigion,Aeghion)andKorinthos
devastated,thehighestdamageat Valymitikaand
Trypia,Aiyionruined,Kalamakiinjured,at Korinthos
manyhousesinjured(PAT),15km2largelumpalongthecoast of Akhaia,13kmlongcrack,tsunamiwaves2 m

highin theGulfof Korinthos(ANS),fissures,sand
craters,Casualties(CG,GGE,IE).
36.RON,28.3°E,F.26c,Imax~VII°(ONE,NJD),epic.inthe sea“Rodhos(Rhodes),at MarmarisandotherlocalitiesalongtheAnatolian

in the islandsNisironandKhalki(PAT).
someoldwallsruined,felt

coast,



1862,June21,

1863,April22,

1864,Jan.1o-11,

1864,Oct.2,
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35%°N,25°E,h_1,Pa26b,ImaX—VII—VIII(sex),Imax—VIII,r—39Okm,(N33),N—G,R(GGF),ImaX—IK(RF),epi.in the sea. DamageinMilos,Antimelos,Sifnvs,EolegazirosandThira(Santorin)~felt inIeioponnisos,Zakinthos(Zante)andKriti(Crete),allegedlyfelt
also inMalta(LAM),fissuresin thehouses(LC).
zohaom,36%ON,3.2°w,F.2Ec,h—i,IO—IX—XI(sex),10.XI,r—l39Okm(Gs),N—Rn5(GGF),36.3°N,28.0E,IO-IX,w_e.7,H-10h2o”(ONP),10IK—X5kJD),10-x(CAN).Anearthquakecatastrophe,thirteenvillagesin the
Fodhos(Pho?es)were destroyed(Trianda,FastidanNaritsa,Demetria,Salakos,Dimilia,Lardos,Katavia,Laerma,Pilona,Lachania,Istri?os,Monotilos,Massari),casulties,othervillageswere partlvdestroved,intital 2050houseswere throwndown,stronglyfelt atIzmir(Smyrna),felt at AvdinyNazilli,Beirut(Eeyrouth),Seliboln(Gallipopi)Iraklion(Can6ia)qSuez,kersine,CairoV.Jerusalem,Malta,Tripopi(°).severalhousesin the islandKosdestroyedsomeothersandthe
cathedralseriouslyinjured,somehousesdestroyedinMakrivNarmaraandKhalki,no damagein the islandSymi(PAP,SAM).
Bodhos(Rhodes)IX(CAN),MakriVIII (NJD),epicenter?P.2Fc,not mentionedby(ONE,GG,PAT),ouestionable.
36.lON29.503,P 26¢,Io—¢yIO—VII"M—F.l(oNB,EGn).Cracksin the islan?of Neis,felt at Fethive(PL),



l8FF,

1866,

1867,

Jan.31,

Febr.6,

Sept,20,
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25.3°u*936.4°N,h—n“,F.2Fb,I —VII,r—23Okmmax(GG),IO—IX(PF),volcanic,N—9,l(GCE).AheavyshockinThira(Santorin)followedon Eebr.1,bvan eruptionof thevolcanoThira(GG,FAT),50housesandtwochurcheswere ?amagedat Nea
Kaimeni,thecontinuingsubsioence(withoutshocks)splittedthehouses(SAM).
13h45“,36ON,2403,h—n,P.2Fa,Imax—VIII(39),10-VII_ IX(GGK),N-e%(GGE).AtPatraitwohouses
collapsedandsomeothersinjured,at Tripolishouses
fissured,felt in thecountryas far as Argos(butnot
felt there)andKithira(PAT).8 mhightsunamiat Avlemon(ANS),epicenterprobablyinKithira(GGK).
O3hl5m,36%ON,22%OE,h—i,P.26a,ImaX—VIII- x (sax),IO—VIII(NJD)_Imax—IX,r—7OOkm(GG,CAM),ImaX—X(NF),36ON,230E,(SAN,LC),Adissastrousshockin theprovinceof Nani,Laconia,tsunamialongthe southcoastof Peloponnisos(ANS),felt inFerkira(Corfu),Zakinthos,at Fillatra,Avia,Kalamai(Calamata),Navplijpn(severe),Khalki,Patrai(slight),Tripolis,Athinai(slight),Sparti,Kithira(Cerigo)Khania(Canea).Gythiondestroyedbytsunami.Damageat Oesylos,at Kythnostilesfell fromroofs,Areopolissuffered
much,violentshakingat thecapeDrososwherehousescollapsedand somepersonsperished,at Izetzinothirtyhousesthrowndown,at Petrinawallsof a churchfissured,thebelfyof themonastoryof Zarbitzafell,newspringsoriginated,felt also in Sicily,Kriti,Malta,tsunamiobservedat Catania(PAT,EC,GGT.LC),felt at Brindisi(NCA).(53)givesa damagingforeshockon Sept.l9,l7-l?hwitha verylargeshakenarea.



1868,

1859,

1859,

1870,

1271,

May3,

April18,

DeC.ly

Eebr.22,

Jan.22,
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3€%ON9270E,h—n,E.26c,IO—VII(as),IO~VI—VII(GGK),Aheavyshockin the Samos,heavilvfelt at Pagcn?has,(Pagonda)where100houseswere,damaqe?,somepoor
Ones Collapsed(GGK),IO—VI—VIII,IO—VII(PJD),

h,36$ON327%OE,h—i,04 2 R.2€C,v11-x(GGK)1r—4OOkm(93),oshosw,5.
10VIII (ONE),IO—Xm-5.9(GGE).in the islandSyme,75housesthrowndown,mostof the

Io—VIII(Gs,FJD),IO~3°N,29,009,Aoisastronsshock
housesseriouslydamagedqall housesdamaged,several
victims,rockslides.thevillagesin the islandsNiseros,FadhosandKalimnossufferedalsomuch,felt over
Sporadesandon thecoast at IzmirandBursa(SAM,PAT¢EC),a strongaftershockon April22(SAM,GG).

18h,36.e°N,28.3°E,h_n,F.2Ec7IO-VIII,r—22Okm,M-6.1(ONB,EGU)y37°N,280E,10.x(Go,CAM),Io-IX,X
(GGK,BUD);M—7%(GGE).Adamagingshockwiththefocus
near Mentece(Nenteche),changesinsprings,Izmir
wasviolentlyshaken,the smalltownUlacompletelydestroved,at Marmariscracksin thegroundandwalls
fissured,felt also inRhodesandFakri(FCYPAF)PBo?rnm,Simi,Nitilimi(IC)nNugla(GGK)q

smallerdamageat Ulaand

(3e.e°N,29.1°E),R.26C,ImaxIV111?,1O-v11,N_5.1(oNB),IO-IX(CAM),AtEethiyestrongyupliftof theshoreline
(PL),at hakriseveralhousescollapsedvfelt inPhodos,at Amfissaandin theGulfof Korinthos(SAM,EC.GGK),
BEONY24°E,F,26b,IO—°,IO—VII_ VIII(GGK),H~6.4(GGE).Asequenceof shocksinNilos,thestrongesteffects
(nodamage)observedinPyinnosyKimolosandSerifos,near Kastrotheqroundfissured(GGK)u



1871,June7,

1872,Apr.2,

1873,Jan.3l,

1874,June,28,
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35.8°N,23.3°v,F.2€c,IO—VII,u_5.5(ONB,EGU),y-

6%(GGE).Adamagingshockin theSporades,little
damagealsoat Narmaris(SAN,PAT,FC,GGK,LC),epicenterin theSporades,felt over thenearbycoast
of Anatolia(PL).

o7h45”,36.2°N,36.lOE,p,35,10-x,M—7.3(ONE.PL,EGU),Apr.3(CAE,PL,NJD).Adisastrousearthquakeat Antakya(Antiochia)one thirdof whichwas totally
ruined,500-1800victims.theotherhouseswere
seriouslydamagedexceptthe150woodenones,also
one halfof the townSamandag(S?veydiye)destroyedAltin?z?was damaged,damageat Fatikli,felt at
Haleb(Aleppo)Beirut,EshSham(Damascus),Diyar—baklr,Iskenderun(Alexandretta)andTripolis(FC,LC,ix),Tel—Aviv—Jaffa°(KAD).Aftershockof the
same intencityI—X°on April10(ONB),,(FC),givesAnotheraftershockwithIO—VIIin thenighton kay15(ONE).
only“anearthquakeat Antiochia".

23h15m,37§°N,2703,h—n,E.26c,IO—VIII- IX(GGK),I0~IX,r—320km(GG,CAN),M-5,6(GGE),384°N,27.2OE.IO—VII(ONB),IO—VIII(MJD).Averysevere shockin
Samos,particularlyits easternpartsufferedverymuch,at WathyandChoramanyhousesbecameunin-
habitable,felt in theMikalepeninsulaandat
Izmir,Afyonkarahisar(SAM,FC),Thessaloniki,(LC)29(GG).

J
a strongaftershockon Febr.

37.8°N,26.8°E,F.26c,IO—VII(EGU).



1874,Nov.l6,

1875,July7,

1855,Aug.21,

1887,July17,

1891,May11,

1892,Dec.27,

1896,June26,
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36°N,280E,r.25c,IO—VII_ IX?(GGK).M—7.35.5(GGE).
AheavyshockinFodhos,felt as far as Istanbul
(GGK),thisreportmightcorrespondto Nov.18.

30 o ?p372N,27E,h—n,P.26c,IO-VII-IX?(cox),Io—IXM—6%(GGE).Anearthquakedestroyed150housesinSamos
(SAM,LC).
35.2°N,3e.3°E,R.35,IO—VII°,M—5.5(ONE,Not
mentioneéin(F3,PK.EGU).

h .0745”,36,1°N,26°E,h—1,F,26b,Imax-VII(GGC,NJD),An N5 4 2Imax—VI—VII(sac),Imax—VI(cu),P-250,000km,

h—7.7(GGE).Housesfissuredat IraklionandinFodhos,at El Iskandariya(Alexandria),Izmir,Khios,Mikonos,Neapolis,Zakinthos,Kalamai,Tripolis,Nesolongion,Methana,Patrai(GGC),felt in Sicily(BI).

largly

18h37%CE,h—n,R.26a,IO—VII?,IO—VI,r—25Okm,Swarm(GG),IO—V-VI(GGK),IOX(CAM)N.6.1(GGE),
Manyhouses,especiallytheoldones,werefissuredat Kythnosduringthe strongestshockof a swarm,
felt at Syra,Tinos,Andros,Khios,Cesme,Athinai,Aiyion(GGC),

18h30m,37§°N,260E,h—n,R.2€C,:0-v1:(so),IOv:_v:1(GGK),M—5§(GGE).Aswarmin Samos(GG),several
poorhousescollapsedintheeasternpartof Samos(GGK).
36.9ON,28.lOE,F.26c,IO—VII?Marmaris,KermeBay(EGU),



1896,Oct.27,

1898,Dec.3,

1899,Jan.22,
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36%ON,2e°E,h-n,R.26c,IO-VII~ VIII(GGK),IO-VI(EGU),IO-VIII,r-240km(GG),M—6.2(GGE).
PartlydestructiveeffectsinRodhos;Bodrum.and
Narmarisin AsiaMinorwereslightlydamaged,
stronglyfelt at Kenydieghiz,MuglaandElmali,
slightat AydlnandIzmir(SAM).
oshsom,37%ON,21°E,h—n,F.26a,IO—VII_ VIII,IO-
VII,r-90km(GG),IO—VI—VII(GGK).AtZakinthos
somepoorhousesanda partof thetheater
collapsec,smallfissuresat Amilias(GGK),rock-
slidesalso in the islandvoidi,changesinwells,
tsunami(G3),lighttsunami(ANS).
o7h49m,37%ON,21%E,h—n,R.26a,10_v111- IX(sex),
10- IX,r5—lOOkm,r—2OOkm(Go),M—6.7(GGE),Io_

X(CAM,MJD,MD),isos,mapin (MCA).Seriousdamage
at Kyparissiaandsurroundings,mainshock,casualties
(GG),GjirokasterIV(MD),seriousdamagealso in
Messinia,in total 245housesdestroyed,more than
275housesuninhabitable,moredetailsin (GCM),
tsunamiat Messini,Kyparrissia,Marathos(ANS).



Note:

ANC

ANS

BI

CAM

EGU

FC

GG

GGE
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REFEPENCESTOTHECATALOGUEOFSHOCKS

Capitalletter abreviationswritteninparanthesisfor eacheventindicatesthe source of the information.Alist of thesesourcesarrangedaccordingto alphabeticalordercan be seen below.Definatioof symbolsusedinthistablecan befoundinV.Karnik(1971).
N.N,Ambraseys:Int.deSecours,Mars1965,

Theseismichistoryof Cyprus.Pevuede1'Union
No“3,25-48.

N.N.Ambraseys:waves in theEasternMediterranean.Bull.Seism.Soc.Am.52,(1962),895-913.
Datafor theinvestigationsof theseismicsea-

M.Baratta:I terremotid'Italia.Torinol90l,950pp.
A.Cavasino:
1501al 1929
A.Cavasino:

Notesur catalogodeiterremitidestruttuidal
nel bacinodelNediterraneo,29-36.
Catalogodeiterremotiavertitinel bacinodel
del1301al 1929,37-60.
Lincei,Publ.dellaCom.It,perlostudiodelle

Mediterraneo
R.Ac.Nat.del
grandcalamita,Vol.II,Mem.Sc.eTechn.,Roma1931.
K.Ergin,U.G?glf,Z.Uz:Catalogof earthquakesfor Turkeyand
surroundingarea,Tech.Wniv.Istanbul,1957.
C.W.C.FuchsvStatistikderErdbebenvon l895~l885.Sitzunqsber—unted.N.Mathem.naturw.Ges.,XCII.Bd.I,Abt.2l5—625,Wien1886.
A.G.Galanopoulos:Acatalogueof shockswith10— VIor M—ifor
theyears1801-1958.Seism.Lab.,AthensUniv.,Athensl960,ll9p}
A.G.Galanopoulos:Evidencefor the seat of the strait-producingforces.Ann,diGeof.XVIII(1965),No.4,399— 409.
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(Ref.toCatalogueof Shockscont).
GGK

KAD

E

MCA

MP

MJD

A.G.Galanopoulos:Earthquakecatalogueof Greece.Manuscript
1966,181.
A.G.Galanopoulos:
z.Geophys.63(1954),Heft4,253_254).

DieSeismizitatder InselChios.Gerl.Beitr.

D.H.Kallner—Amiran:
Israel ExplorationJournal,1950-51,No.4,223-236.

Ariveedearthquake—catalogueof Palestine.

Lersch:Erdbeban-Chronikfur dieZeitVon2362v. Cnorlios
1897.Manuscript,archivesof theZentralinstutf?r Physikder
Erde,Jena.

C.Morre11i:Cartaseismicadel Albania.FealeAcademiad'Ita1ia,CommissioneItalianadeStudioper i problemidel soccorso
alle poponzioni,Vol.X,Firenze1942,121pp.

Lestremblementsdeterre destructeursan
195pp.

Lesseismesdeforte intensiteen Suisse,
F.Nontandon:

Geneve1953,F.M0ntandon:
Europe,
Revuepourl'etudedescalmaties,Bu11.del'unionInternat.
deSecours,Fasc.18—2l(1942)20-21(1943),105pp.

J.Mi1ne:Cataloguededestructiveearthquakes.A.D.7 to 1899.
Partsmouth1911,92pp.
R.Ma11etandJ.W.Mallet:Theearthquakecatalogueof the
BritishAssociationwiththediscussion,curves andmapsetc.

of theBritishAssoc. 1852to
London1858,362pp.

Trans.
1858.

for theAdvancnof Sc.,
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(Ref.toCatalogueof Shockscont.)

ONB

PAT

PK

PL

SAE

N.5cal:KurzeListederErdbebenin der T?rkeibis
1800(I0— IX).Nanuscript,1961,2.
A.Perrey:Menoiresur les tremblementsdeterre ressentis
dansla PeninsuleTurco—He11eniqueet en Svrei,Presente
a la s?ancede l'Jui1let1848.Mem.Ac.R.deBelgique,
T.XXIII,75pp.

A.Perrey:Notessur les tramblementsde terre en 1854-
1871,avec suppimentspourles annéesanterieurs.
Bulletinde l'Ac.RoyaledesSciences,desLetreset
desBeaux—ArtsGeEelgique,1855-1872.

J.Plessard,B.Kogoj:Cataloguedes seismesrugentis
au Liban,Annate,Memioresde l'ObservatoiredeKsara,
TomeIV,Cather1,12.

N.P1nar,E.Lahn:T?rkiyedepremleriizahllkatalo?u.
T.C.EaylndlrllkBakanll?l,Yaplve imarisleriPeisliéi
Yaylnlarlndan,Seri:6,Say1:36,Ankara1952,53pp.

A.Sreberg:ErdbebengeographeiHandbuchderGeophysik,1932,BrandIV,AbschnittIV,688-1006.
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SAM

SF

SNP

A.Sieberg:Untersuchungen?berErdbebenund
Bruchschollenbauim5st1.Mittelmeergebiet.Denkschriftendermed.—nature.Geszu Jena,18.
Band,2.Lief.,Jena1932,l6l—273.

J.F. Schmitt:StudienderErdbeben,LeipziglR75,324pp.

N.Sha1em:SeismicityinPalestineandneighbouring
areas (macroseismicalinvestigation).15tables,
manuscript,79,1960.
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CATALOGUEOFSHOCKSINTHEEASTERNMEDITEFRANEAN
ANDINTHENEARVICINITY
OFTHETUFKISHCOAST

(11A.D.— 1900)
NODATE LAT(N)LONG(E)I M REF.CATALOGWE
1 110 36.2 36.0 VIII 6.37 K.E.2 115 36.20 36.10 VI 5.18 K.E.3 334 36.23 36.1 VI 5.18 K.E.4 341 36.23 36.1 VI 5.18 K.E.5 396 36.23 36.1 VI 5.18 K.E.6 457 36.23 36.1 VI 5.18 K.E.7 500 36.12 35.0 VI 5.18 K.E.8 518 36.88 36.6 VI 5.18 K.E.9 525 36.23 35.1 VI 5.18 K.E.10 526 36.12 35.9 VI 5.18 K.E.11 527/52836.23 36.1 X 7 55 K.E.12 52836.40 29.2 VI 5 18 K.F.13 553 36.23 36.1 VI 5.18 K.E.14 579and589 36.23 36.1 VI 5.18 K.E.15 713 36.23 36.1 VI 5.18 K.E.16 859 36.23 36.1 VI 5 18 K.E.17 109136.23 36.1 VI 5 18 K.E.18 148136.30 28.0 VI 5 18 K.E.19 149336.80 27.2 VII 5.77 K.E.20 163536.30 28.0 VI 5.18 K.E.21 166036.20 28.0 VI 5.18 K.E.22 172636.23 36.1 VI 5.18 K.E.23 175936.88 30.6 VI 5.18 K.E.24 192236.40 36.2 VI 5.18 K.E.25 17-10-184336.20 28.0 V 4.59 K.E.26 184736.62 36.1 VI 5.18 K.E.27 184936.60 29.4 VI 5.18 K.E.28 28-2/3—4—185136.40 28.6 VI 5.18 K.E.29 19-10-185236.4 28.6 VII 5.77 SAT.K.F.30 185436.12 35.9 VI 5.18 K.E.
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N0 DATE LAT(N)LONG(E)I M REF.CATALOGUE
31 1855 36.52 29.1 VI 5.18 K.E.32 12-10-1856 36.5 27.5 VI 5.19 K.E.33 1857 36.85 28.3 VI 5.18 K.E.34 1858 36.88 30.6 V 4.59 K.E.35 1859 36.2 28.0 VI 5.18 K.E.36 1862 36.85 28.3 VI 5.18 K.E.37 1853 36.1 29.1 VI 5.18 K.E.38 2-10-1864 36.2 29.5 VIII 6.37 SAT.K.E39 1-12-1865 36.20 28.0 VI 5.18 K.E.40 11/16-1-185636.2 28.0 VI 5.18 K.E.41 22/24-9-186535.4 29.2 VI 5.18 K.E.42 1-12-1869 36.8 27.9 VIII 5.37 SAT.K.E.43 22-2-1870 36.5 28.7 VI 5.18 K.F.44 7-6-1871 35.85 28.3 VII 5.77 SAT.K.E.45 3-4-1872 36.2 36.2 X 7.55 SAT.K.E.46 1873 36.12 35.9 VI 5.18 K.E.47 21-8-1875 35.20 35.10 VII 5.77 K.E.48 1885 36.0 28.0 V 4.59 K.E.49 23/25-5-189135.5 25.0 VI 5.18 K.F.50 1894 36.23 35.1 V 4.59 K.E.51 26-5-1896 35.9 28.1 VI 5.77 SIT.K.E.52 22-10-1896 36.2 28.0 VI 5.18 K.E.53 1-1895 36.9 35.0 VI 5.18 K.E.54 5-1897 36.7 28.6 VII 5.77 SAT.K.E55 6-1900 36.95 28.7 V 4.59 K.E.

LISTOFABBREVIATIONSUSEDINTABIEII.
K.E.

SAT.

T?rkiyeve CivarlnlnDepremKatalo?u,K§z1mErginU?vurG?glij,ZekiUz.1.T.U.MadenFak?ltesiArzFiziFiEnstit?s?Yaylnlarl,No:24,1967.
T?rkiyeDepremSiddetleriKatalo?nyS.Okamoto,A.Tabban,T.Tanuma,DepremAra§t1rmaEnstit?s?,Ankara,1970.



135
TABLEIII — .

C7‘:’1”Z\LOGTTEGE‘EAFTHQTTAKESFOPTHE
EASTERNIWEDITEFEANEANAFEA

N 5
(1900- 1974)

NOTARiH SAAT ENLENB0YLA8H(km)NAG KAYNAK
NODATE TIRE LAT(N)LONG(E)H(km)MAGREF. FEMARKSHr.kin.Sec. SOURCE
1 3-29-1903223000 32.2 35.4 10 5.5 42 7-19-1903180790 35.00 30.00 n 5.7 (4)3 5-17-1908123054 35.0024.00 100 6.75 1,3,44 2-18-1910050918 36.00 24.50 150 7.00 1,3,45 8-21-1910161130 34.0027.00 170 6.50 1,3,4 xx6 4- 4-1911154354 36.50 25.50 140 7.00 1,3,47 4-30-1911204230 36.00 30.00 180 6.25 1,3,48 9-30-1913073348 35.00 24.00 60 5.75 1,3,49 6-24-1915061730 35.00 24.0 n 5.0 410 7-27-19160307- 36.0 25.50 n 5.0 411 3-17-1918134505 36.0 28.0 n 5.5 2.412 7- 1-1918110200 34.5 25.0 n 5.0 413 7-15-1918200346 35.5025.50 150 6.5 1.2.3.4xx14 9-23-1918021320 36.0 28.0 n 5.1 415 9-30-1918072805 36.7 24.1 n 5.0 416 7-18-1919070120 35.0028.00 n 5.2 2,417 8-24-1919181618 35.0 28.0 n 5.4 418 10-25-1919170959 36.4727.01 10 5.8 2,419 10-26-1919062- 37.0 26.0 n 5.0 420 4- 2-1920 153425 35.7525.64 10 5.5 221 5- 1-192006304 37.0 28.7 n 5.0 2,422 9- 6-1920062910 35.0 24.0 n 5.0 423 11-6-1920092043 36.25 25.50 n 5.5 424 1-25-1921097 36.25 25.50 n 5.2 425 1-27-1921113009 36.0 28.0 n 5.4 2.426 4-20-1921160420 34.0 33.0 n 5.2 1,3,427 5-22-1921212316 37.0 28.7 n 5.2 2,428 10-4-1921 052300 34.5 25.0 n 5.2 429 3- 8-1922173345 34.5 25.0 n 5.2 430 8-11-1922081946 35.36 27.70 10 6.5 2,4 xxx31 8-13-1922000953 36.0 28.0 40 6.75 1.2,3,4x,xx32 8-17-1922150336 36.0 28.0 - 5.0 233 3-10-1923194840 34.5 27.5 n 5.6 434 6- 4-1923203300 35.5 25.5 n 5.1 435 8- 1-1923081638 35.0 25.0 150 5.50 1,3,436 12-31-1923194842 34.5 25.0 n 5.2 437 2-27-1924202420 33.0 36.0 n 5.8 438 1-27-1925081700 33.5 27.0 n 5.2 439 4- 4-1925233436 35.5 29.0 n 5.0 440 4- 5-1925030425 36.22 29.02 100 5.7 2.441 4-12-1925192535 35.50 29.00 n 5.0 2
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TABLEIII _ A
(continued)

NO TAFiH SAAT ENLEPBOYLAMH(km)NAGKAYNAK
""'““"""‘"""‘E1yE"“'""" FEF.NO DATE Hr.Min.sec.LAT(N)LONG(E)H(km)DAGSOHPCEREMARKS
42 4-16-1925061430 35.5 29.0 5.2 2,443 3- 1-1926 200142 36.8 30.0 n 5.8 444 3-18-1926140509 35.0 29.5 n 5.9 1.2.3.4xx45 3-21-1925220412 35.5 29.0 n 5.0 446 3-23-1926015835 35.5 29.0 n 5.3 447 3-24-1926070430 35.5 29.0 n 5.5 448 4- 1-1926 0504- 35.5 29.0 n 5.0 449 4-22-1926071154 35.9929.23 140 5.2 2.4 xxx50 6-26-19261946-34 36.50 27.50 100 7.9 1.2.3,451 6-27-1926021312 36.0 28.0 5.3 4
52 7- 5-1926 092154 36.5 27.0 150 7.0 2.3.4 Xx53 3-24-1927144635 35.0 26.0 n 5.4 454 7-11-1927 130407 32.0 35.50 6.501.3.455 3-22-1928175055 32.1 35.5 n 5.2 456 3-27-1929074146 36.75 26.50 120 5.751.3.457 4-17-1929114827 35.8 25.0 5.3 458 5- 1-1929 193644 34.0 28.0 n 5.2 459 11-11-1929073615 35.8 26.5 i 5.0 460 1-29-1930105350 35.0 27.5 n 5.3 461 2-14-1930183820 35.75 24.75 130 6.751.3.462 3- E-1930 082142 34.50 26.00 130 5.751.3.463 3- 6-1930 091832 35.00 24.50 130 6.001.3.464 8-22-1930004454 35.0 27.5 n 5.0 465 4-20-1930203340 34.0 27.0 n 5.1 466 5-14-1932034454 36.0028.50 _ 5.601.2.3 xx67 6-29-1932023001 35.5 27.5 - 5.501.2.3.458 8- 9-1932 074422 34.5 27.5 n 5.2 469 10-23-1932133635 35.2527.50 - 5.6 2.3.4 xx70 4-23-1933055735 36.75 27.25 50 6.751.2.3.471 4-28-1933222841 35.25 27.00 - 5.601.3.472 5-15-1933200137 36.5 26.8 10 5.2 273 3- 8-1934 025647 33.2526.00 - 5.5 1.3.4‘xx74 11-9-1934 137056 36.75 25.75 140 6.251.2.3.4xx75 11-21-1934222613 34.0 26.0 - 5.601.3.476 2-25-1935025137 35.75 25.00 80 5.751.3.477 3-18-1935084041 35.50 27.00 130 6.251.2.3.4xx78 4-28-1936231526 36.7526.75 130 6.251.2.3.4xx79 8- 8-1936 041243 34.00 26.00 60 5.601.3.480 1- 2-1937 140402 35.00 25.00 - 5.601.3.481 1-16-1938133715 36.50 28.0 200 5.253.482 2-10-1938203753 34.8 26.2 n 5.5 483 6- 3-1938 163803 34.5027.50 120 5.751.3.484 3-13-1939033645 36.0 29.0 n 5.0 485 1- 6-1940 190440 35.65 25.97 50 5.5 2.486 2-29-1940160742 35.50 25.50 - 6.001.3.4 xx87 8-21-1941 34.0027.00 - 6.50188 12-13-1941061605 37.00 28.00 100 5.00389 5- 9-1942 043707 35.5 26.0 100 5.751.3.4 xx90 6-16-1942042730 33.8 26.5 n 5.5 4
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TABLEIII-A(continued)

NO TARiH SAAT ENLEMBOYLAMH(km)MAG KAYNAK"7 TIME‘"777 “‘ ‘“"‘
REF.NO DATE Hr.Min.sec.LAT(N)LONG(E)H(km)MAGSOURCE

91 6-21-1942043843 36.50 27.50 130 6.25 1,3,492 9- 1-1942084215 36.4 27.4 n 5.7 2,493 11-1-1943115616 36.27 27.15 10 5.3 2.494 6-27-1943100537 35.00 26.00 100 5.75 1,3,495 10-16-1943130853 36.50 27.50 110 6.25 1,2.3.496 11-15-1943114308 36.58 29.07 140 5.5 2,497 11-20-1943100157 36.44 28.44 40 5.5 2,498 1- 5-1944050503 36.4 27.4 - 5.0 2,499 5-27-1944235230 36.00 27.50 100 6.25 2,3,4100 7-20-1944103729 35.87 27.11 80 5.3 2,4101 8- 9-1944173627 36.5 27.5 100 5.5 2,3,4102 8-17-1944132809 35.37 26.40 50 5.3 2.4103 9-2-1945115357 33.75 28.50 80 6.50 3,4104 5-12-1946073643 35.5 26.5 n 5.0 4105 7-16-1946052626 33,8 25.3 n 5.7 4106 10-13-1946212431 33.8 26.5 n 5.3 4107 10-18-1946043344 33.8 26.5 n 5.0 4108 3-28-1947034032 33,8 25,4 n 5.0 4109 2- 9-194825815 35.50 27.50 - 7.11 1,2,3,4110 2-10-1948155859 35.35 27.56 70 5.2 2,4111 2-12-1948222720 35.77 27.45 100 5.4 2,4112 2-15-1948175506 35.72 27.22 80 5.4 2,4113 3- 6-1948201248 34.8 25.6 n 5.2 4114 3-29-1948023253 35.64 27.28 80 5.4 2,4115 7-24-1948060305 35.2 24.4 100 7.0 2,4116 10-18-1948090000 35.64 27.18 40 5.6 2,4117 10-19-1948030437 35.53 27_55 80 5,0 2118 7- 7-1949122114 35.92 27.34 60 5.2 2119 9-12-1949134837 34,8 25,2 n 5,1 4120 2-12-1950094347 :n7 24n1 n 5,0 4121 9-23-1950062340 34.8 25.6 n 5.3 1,4122 12-28-1950223132 35.51 27.26 70 5.2 4123 1-33-1951230723 32.4 33.4 n 5.7 4124 10-1-1951012633 34.6 26.7 n 5.0 2125 11-5-1951134355 36.0 29.0 5.2 2,3,4126 10-22-1952041452 36.70 27.90 5.50 1.3.4127 12-17-1952230355 34.75 24.75 6.75 1,2,3,4128 12-31-1952144836 35.50 25.75 6.00 4129 1- 1-1953101717 35.7 25.8 n 5.0 4130 2- 7-1953223105 35.00 24.50 5.50 3,4131 2-14-1953084313 35.5 26.50 100 6.25 1,2,3,4132 3-13-1953141554 34.0 25.0 i 5.6 4133 6-23-1953015312 36.0 25.0 100 5.5 3,4134 9- 5-1953010818 35.80 27.30 5.5 2,3,4135 12-20-1953175620 35.99 27.27 40 5.1 2136 1- 2-1954011321 36.50 27.50 5.63 l,2,3,4
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TABLEIII-A(continued)

N0 TAF1H SAAT ENLEMBOYLAMH(km)MAGKAYNAK
TIME REE‘,,

7‘ -
N0 DATE Hr.Min.Sec.IAT(N)LONG(E)H(km)MAGSOURCEREMARK
137 2-22-1954180918 35.0 27.5 - 5.34 1,3138 5- 3-1954132941 35.5 27.5 5.53 1,3,4139 8- 5-1954203908 35.80 27.50 5.50 3140 11-23-1954232254 35.89 27.6 40 5.0 2141 8-28-1955133917 37.0 27.0 5.25 3,4142 9-12-1955060924 32.90 29.80 50 6.75 1,3,4 x,xx143 3-16-1955193238 33.56735.517- 6.50 1,3 X144 6-11-1956011125 34.50 26.50 5.40 3145 7- 8-1956 130522 36.90 26.00 5.00 3145 7_9-1956031139 37,00 26,00 7,30 1,2,3 x,xx147 7-10-1956030125 37.00 26.00 5.50 1,2,3 xx148 7-22-1956030125 37.00 26.30 5.50 3149 7-30-1956091457 35.75 25.75 5.75 1,2,3 x,xx150 9- 6-1956114641 35.62 25.9 40 5.8 2,3 xx151 9-16-1956180743 35.91 25.97 40 5.0 2152 10-29-1956073456 35.50 26.00 5.25 2,3 X,xX153 12-2-1956194113 36.80 25.70 5.25 3154 12-18-1956175302 31.50 35.25 5.38 1,3 xx155 2-5-1957 172033 36.37 28.88 60 5.2 2156 2-9-1957 013933 36.75 26.25 5.25 2,3157 4-24-1957191005 36.00 28.50 6.87 1,2,3 xx158 4-25-1957022536 36.50 28.90 7.13 1,2,3 xx159 4-25-1957075208 36.12 28.6 10 5.0 2160 4-26-1957063343 36.30 29.10 6.38 1,2,3 xx161 10-30-1957014301 35.30 27.20 5.50 1,3 x,xx162 12-5-1957 135531 35.47 27.74 40 5.2 2163 3-4-1958 113218 36.34 27.85 120 5.2 2164 4—3-1958 071837 35.25 27.25 6.40 1,3 X165 5-9-1958024037 36.50 27.50 5.27 2,3 x,xx166 5-27-1958182746 36.8 26.76 160 5.1 2167 6-30-1958084241 36.50 27.40 100 6.25 1.2.3 x,xx168 7-15-1958075917 33.50 23.50 5.17 3169 9-4-1958 000250 A 35.80 26.40 5.40 1,3170 9-4-1958 000300 36.56 26.72 40 5.0 2171 1-26-1959113844 36.83 29.23 7‘ 5.4 2172 4-25-1959002641 37.00 28.50 6.06 2.3 x,xx173 5-14-1959063655 35.10 24.90 6.50 3 xx174 5-20-1959163052 36.90 26.30 5.50 3175 6-10-1959041403 37.75 24.25 5.50 3,1176 7-12-1959165231 36.03 25.28 80 5.3 2177 9-28-1959093518 35.74 30.08 100 5.1 2178 11-19-1959140024 36.00 27.00 5.54 3179 12-8-1959093518 36.91 29.07 70 5.0 2180 1-26-1960130538 36.75 29.25 5.50 2,3 XX181 9-16-1960012803 35.58 28.49 40 5.2 2182 1- 7-1961103055 35.42 26.14 80 5.5 2183 2-23-1961214550 36.90 27.30 25 5.75 1,2,3 XX184 2-27-1961214007 36.57 27.00 70 5.0 2185 3-14-1961191717 34.50 26.60 25 5.25 3186 5-23-1961024518 36.80 28.70 70 6.25 1,2,3 xx
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TABLEIII-A(Continued)NO TAE1H SAAT ENLEMBOYLAMH(km)MAGKAYNAKNO DATE TIME LAT(N)LONG(E)H(km)MAGFEF. REMARPHr.Nin.Sec. SOUFCE187 5-25-1961131142 37.0026.90 5,0 3188 4-4-19?? 205932 34.0024.50 5.0 3189 4-16-1962071905 35.1527.23 140 5.4 2190 4-28-1962111953 36.1027.0 5.9 2.3 X191 9-10-1962093628 35.6027.50 5.60 3 X192 3-4-1963151015 35.0027.80 5.00 3193 3-11-1953072714 37.0028.50 5.90 3194 5-23-1963101449 36.4029.40 5.60 3 X195 7-25-1963194639 35.8428.76 80 5.10 2196 4-8-1964 141228 35.0424.29 54 5.10 3197 7-18-1964034019 36.1326.01 99 5.0 2,3198 8-25-1964111152 35.7528.84 51.15.3 2199 8-25-1964143733 35.5528.82 35 5.6 2200 8-27-1964193159 35.5628.84 38 5.4 2201 9-18-1964000847 35.5929.07 40 5.3 220212-31-1964161802 35.7625.51 89 5.00 2.3203 1-7-1965 102217 36.5026.85 35 5.00 3204 4-9-1965 235702 35.0624.31 39 5.90 3205 4-27-1965140905 35.6523.53 37 5.50 320611-28-1965052505 36.1227.43 73 5.70 2.3207 3-29-1966184141 37 29.6 5.0 2208 4-21-1966064526 34.4925.69 51 5.0 3209 5-9-19EF004253 34.43 26.44 13 5.30 3210 6-1-1967 103923 36.8129.26 43 5.00 321112-5-1967 052005 35.5325.85 137 5.9 2212 2-7-1968 222219 35.6526.74 153 5.7 2.3213 2-20-1968155045 36.1527.39 44 5.0 2214 3-28-1968074101 36.8024.80 5.10 3215 5-30-1968174026 35.4527.88 27 5.9 2.3216 7-8-1968174106 34.4725.08 38 5.30 3217 7-27-1958024551 35.4327.82 29 5.0 3218 8-15-1968022943 35.1825.73 48 5.0 321910-31-1968032214 35.53 27.01 2 5.4 2.322011-10-1958125037 34.4423.77 1 5.0 322111-11-1968233422 35.6127.15 23 5.0 222211-12-1958033739 36.7427.11 26 5.0 222312-15-1968075211 36.60 26.92 31 5.40 2.3224 1-14-1969231206 36.1129.19 22 6.30 2.3225 4-16-1969232106 35.2327.72 58 5.10 3 X226 5-1-1969 180216 35.4127.68 51 5.10 3227 5-14-1969100517 35.3327.72 43 5.10 3228 6-13-1969151330 34.4325.04 22 5.80 3229 9-6-1969 203040 36.7328.35 72 5.0 2.3230 9-28-1969225408 34.3025.15 29 5.30 323112-1-1969 201803 34.8524.22 35 5.10 323212-31-1959053705 34.4426.11 54 5.00 3233 2-22-1970154831 35.21 25.24 43 5.10 323411-11-1970205812 35.0928.24 35 5.2 2235 1-3-1971 231843 34.6326.32 47 5.20 3236 8-11-1971053727 35.80723.957109 5.0 3
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TABLEIII-A(continued)

NO TARTHSAAT ENLEMEOYLAMH(km)MAGKAYNAK
?rm 7' "7

REF. '7

NO DATE Hr,Min.Sec.LAT(N)LONG(E)H(km)MAG SOUFCEREMARKS
237 10-13-197103252? 34.2325.06 17 5.0 3238 11-12-1971123050 35.51527.08423 5.10 3230 4-29-197218293? 34.90 24.55 48 5.10 3240 9-26-1972121550 34.2425.16 23 5.0 3241 11-5-1972192542 35.0324.76 32 5.10 324212—2-1972132822 35.28527.0593? 5.10 3243 4—6-1973141357 34.4125.17 37 5.10 324411-12-1973001149 35.39527.5530 5.10 324511-29-1973105744 35.18 23.81 37 5.60 3246 12-5-1973035050 35.35 25.41 70 5.0 3

SOURCESUTILIZEDINTHEPREPARATIONOFTHISCATALOGUE
1)T?rkiyeDeprem?iddetleriKatalofuS.)kcmato,A.TabbanandT.Tanuma.DepremArastlrmaEnstit?st,Ankara1970—
2)AnEarthquakeCataloguefor Turkeyfor theInterval(1913-1970)E.%1san,LeventTezuganandNarkusBathKandilliObservatorySeismologicalDept.,Istanbul1975.
3)InternationalSeismologicalCenter(ComputeroutputdataforthaPeriod(1900-1073),England.
4)Selsmicityfor theEuropeanArea.V.KarnikD.FeidelRublishingCompany,Holland,1959,
REMARKS:
x Maximummagnituderecordeddatais selectedamongthelistedearthquakeswhichoccur in a shortperiodof time(mimutes).
xx Thisdataexistsin severalindicatedsources withminorcifferenceseitherin timeor in latitudelongitudecoordinates.Thecataloguedeventis theone givenin source 3.
xxx Thiseventis not listedin source 3 but appearsin theothersources.
n Indicatesh-5-50kmnormaldepthfocusin theearth'scrust.
i Indicatesh-60-300km,intermediatedepthfocusbelowthecrust in thetransitionalzoneof theuppermantle.

Thiscatalogueexcludestheeventsoccurredin theregioncefinedby300kmradiuscirclewithcenterat Akkuyu.
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APPENDIXB

TSUNAMIhmDIFICATIOFONTHECONTINENTALSHELF
InordertostudythetopographicaleffectsontsunamipropagationofTurkishandCypruscoastsandtheiradjoiningshelfregions,considera channelregionwithtransversedepthvariationsonly.Negliectingearth'srotation(duetoscalingarguments),thecorrespondingwaveequation

1(hnX)x1“hnyy- ntt=0 (B.l)
modelsthepropagation,wherenisthesurfacedisplacement,h=:h(x)thedepth,gthegravitationalaccelerationandtheyaxisislionedalongthechannel.Assumingthepropagationalongy-axistobeoftheformymei(ky'“t)witha singleharmoniccomponentintime,(B.l)becomes

(hnx.)X+<‘,_*—;2— kzh)n= 0 (8.2)
Theeffectsofwavemodificationduetothepresenceofa shelfregion,andpossiblecouplingbetweentheshelfandthedeeperchannelcanbestudiedbysolvingEq.(B.2)forgivensideconditions.Guidedwavepropagationina canalistoa oreatextentdeterminedbytherapidchangesofbottomtopographyinthetransversedirection.Forafirstexaminationconsidera linearvariationindepthovertheshelf:

h=:H1X/ 11, 0ix:l] (8.3)andletthedepthbeincreasingrapidlyaftertheshelfbreakatx==l].Insucha system,strongcouplingoftheshelfregiontothedeepersectionisexpected.Theassumptiontobemadehereisthatwhenthevolumeoftheshelfareaissmallw.r.t.thevolumeofthedeeperandwiderchannelsection,themotionontheshelfisdrivenbythepressureforcesofthemotioninthelargerchannel,namelyn isprescribedatx==l1.VFor'typical"numerical"modelr?ns,Tthe7sG§tiHedoscillationsnearAkkuyuhaveperiodsofT= l0O0sec.andwavelengthsofL==l00km.Thedepthat theshelfbreakisH]= 400m.Therefore,inEq.(B.2)theratioofthelasttwotermsareatmost



M3

k2/9H1T2/9H1
m2 L2 (3.4)

andconsequentlytheequationcanbesimplifiedbyneglectinglongitudinalwavepropagationalongtheshelfforlargetime(i.e.bysettingk= 0).
B.lSimpleHarmonicOscillations:

ForthelineardepthvariationinEq.(B.3)andsimpleharnnnicmotions
n me"t,thepuretransverseoscillations(k=0)ontheshelfregionare
obtainedbysolving

£02(XnX)x+ n=-‘O (3.5)CH1
Thesolutionthatisfiniteatx = 0isintermsofthezerothorderBessel
functionJ0:

an(o/x/11)n = noG-imt-———————-———— (3.6)do(9)
wherenoistheamplitudespecifiedatx=1]and9= 2wlllgH].The
amplificationfactoratx = 0isl/|JO(n)|, plottedinFig.B.l.Resonant
amplificationoccursatthefrequencies4.; = /gH]/211,correspondingtotherootsofJ0(jn)==0. nzjn

II)3.2.TransientOscillations:Transientoscillationssetupontheshelfbya tsunamiincidencecan
bemodeledbyusingthesameassumptionsutilizedabove,i.e.byneglecting
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longitudinalwavepropagationandbyspecifyingthewatersurfacedis-
placementattheshelfbreak.Forexample,considerthetimedependence

0 , t<0Tl(t91):f(t)={1 nosinmot, t :0 (37)
fortheboundaryconditionspecifiedattheshelfbreak.Then,theshelfoscillationsareobtainedbysolvingEq.(B.l)as"ar'1'i?itialvalueproblem.Inordertos??pli.thesolution,let

u = f(t)+'5 (x,t) (3.3)
(B.8)andassumea lineardepthvariationh=H.lx/l11‘n05x11],thenit is

requiredtosolve:

‘1 ‘1(xn)- n = f (B.9a)x x “H1tt 9”]ti:

?(t,1])= 0 (B.9b)

at(0,11)=o (B.9c)

BycomparingwithEq.5(B.5)and(B.6)a solutionoftheform
an

n=

2]an(t)do(on/x/l1) (3.10),,=
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isassumed,suchthatthex-dependentpartsatisfiesEq.(B.5).Substitu-tionintoEq.(B.9a)yields,
2 2('J’n)tt+wnwn=-————— ftt <8-H):2nJ](on)whereon=wnl]//QH]andJ1istheBessel'5functionofthefirstorder.Here,onareobtainedbyrequiringEq.(B.9.a.)tobevalid,i.e.fromdo(on)= OorS?"= 3'“.Thegeneralsolutionforthesurfacedisplacementisgivenby 22"o“’n to

n = ‘E-----;-----E----——————(-9sinmnt-—sinmot)JO(_jn/x/l1)n=1in(‘"0' “’n)‘Jl(in) m"
(3.12)

Iftheexcitationfrequencymoisclosetooneofthenaturalfrequencies;i.e.if we=u>m+e , then

mg-035‘= (w0-mm)(to '5'mm)= ZewmandonlyonetermwilldominateintheseriesSolution(B.l2).Thesolutioninthiscasecanbesimplifiedas:

o mn = - sin t coswmtJO(jm/x/l1)
(2.13)
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Thisoscillationiscomposedofa carrierwavewithfrequencymmmodu-latedbyanenvelopetermwithfrequency(mo- mm)/2.Astheforcingandnaturalfrequenciesbecomecloser,thebeatingamplitudeandperiodincreases.

ThevaluesofjnandJ1(jn)forthefirstfewmodesarelistedinTableB.1.

TABLE8.1.

H 3-H ‘]_'|(Jn)
1 2.40 0.522 5.52 -0.34
3 8.55 0.274 11.79 -0.23
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