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Crustal and upper mantle structure beneath the Corinth rift (Greece)from a teleseismic tomography study ChristelTiberi,•'2H6l•neLyon-Caen, 3 DenisHatzfeld, 4 UlrichAchauer, • E. Karagianni, ½A. Kiratzi,{•E. LouvarifiD. Panagiotopoulos, 6 I. Kassaras, r G. Kaviris, r K. Makropoulos, r andP.Papadimitriou 7 Abstract. We reporthere the resultsof a tomegraphiclithosphericstudyin the area of the Corinth and Evvia rifts (Greece), designedto constrainthe mechanismof continental extension.Sixty seismologicalstationswere deployedin the areafor a period of 6 months, and 177 teleseismiceventswere recordedby more than five stationsand gave more than 2000 traveltime residuals(P andPKP phases),whichwereinvertedto imagethe velocity structuredown to 200 km depth. We use both a linear and a nonlinearmethodto invert the data set. The main resultis a long-wavelength positiv, e velocityanomalylocatedin the uppermantle,which is interpretedas the subducted African lithosphere.The subducted lithosphereis well definedfrom •70 km depthdown to 200 km. From synthetictests as well as from the amplitudeof the anomaly (more than +7%) we concludethat the subductioncontinuesbelow200 km. In addition,a secondpositivevelocityanomalyof about+4% from the surfacedownto 40 km depth,locatednorthof the Gulf of Corinth, hasbeenfound.This is interpretedasthe resultof a crustalthinningof severalkilometers (•5 kin), shiftedto thenorthfromthe Gulf of CorinthandtrendingobliquilyNW-SE. We suggestthat this crustalthinningis mainlyrelatedto the Miocenewidespreadextension



in theAegeanandthattheQuaternary Corinthrift initiatedwherethecrestwasalready thinned.The differentstylesof deformation of the easternandwesternpartof the rift are consistentwith this interpretation.No clear velocityanomalycanbe relatedto the Evvia rift.



1. Introduction



able in this area. It is thus a key placeto studythe processes involved



in continental



extension.



It has long been recognizedthat the Aegeanis one of The Aegeanis locatedin the westernpart ()1'the Mediterthemostactivecontinental extensional regionsin the world raneanregion(Figure 1), wherethe African lithospherecon[e.g.,McKenzie,1978a;Le Pichon•indAngellet,1979;RobvergestowardEurasiawith a rate of •1 cm yr--• or less errsandJ. ckson,1991]. Owing to its relativesmall dimen[Argtts et ril., 1989' Noo,•e• et (i[.. 1996' McC/lt3'k•'ct sionsand to the accessibilityo1'the extensionalstructures, numerousgeophysicaland geologicalobservablesare avail-



2000]. This convergencetakes place along the Hellenic arc



[% ...... ,• *'., •,t z•l k 1 ,...,? ..... • .....



,



1990] where the Aft'lean - 1'



slab subduers be-



neaththeAegeanwitha relativemotionof •3.5 cmyrThis rate is due partly to the African-Eurasiaconvergence



motion(_< l cm yr-•) andpartlyto the extension of the



• D6panement deSismolog•e, Institut dePhysique duGlobedeParis. region(•3 cmyr-•). Thisparticular scheme 2Nowat12cole etObservatoire desSciences delaTerre,Universit6 Louis wholeAegean



is probablythe reasonfor the unusualshapeof the subducted • D6panement deG6ologie, 12cole Normale Sup6rieure, Paris. African lithosphere:It is ahnosthorizontalbeneaththe Pelo4Laboratoire de G6ophysique Interne et Tectonophysique, Grenoble,penhissesand steepens rapidlybeneaththe Gulf of Corinth France. [Hatzfeld et al., 1989' Papazachoset al., 2000]. SI2cole et Observatoire desSciences dela Terre,Universit6 LouisPasThe continentalextensionin the Aegean region was inititeur, Strasbourg,France. •'Depamnent of Geophysics, University of Thessaloniki, Thessalonik1,atedin Miocene time, probablyby the gravitationalcollapse Greece. of the Hellenidesmountains[e.g., Le Pichon et al., 1995], 7Department of Geophysics andGeothermy, University ot Athens, leading to widespreadextensionand crustalthinning in the Athens, Greece. whole Aegean. At present,this extension,which appearsto be localized mostly in the northernpart of the Aegean, ocCopyright2000by theAmericanGeophysical Union. Pasteur,Strasbourg,France.



cursat a rateof •3 cmyr-'• in theSW direction[McClusky
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et al., 2000]. It is probablypreservedby both westwardlateral extrusionof the Anatolian block along the North Anato28,159



28,160
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STRUCTURE OF THE CORINTH RIFT
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edgesof the Aegean,which accommodates deformationof the region (Figure 1). Althougha largeamountof informationis now available for the uppercrustin thisarea,the characteristics andmechanismsof extensionat lithosphericscalefor thesetwo rifts are poorlyconstrained.In general,modesof extensionare classifiedinto pureshearmodes[McKenzie,1978b],or sim-
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pleshearmodes[Wernicke, 1985].Thepureshearinvolves a uniformandsymmetrical extension in thewholelithosphere, whereassimpleshearinvolvesanasymmetrical extension localizedalonga lithospheric low-anglefault. Someauthors [e.g.,ListerandDavis,1989]propose anintermediate mode
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of extension,wherethelow-anglenormalfaultis localizedin



theuppercrustandwherepureshearis present in thelower 36 •
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crust.As shownby Allemandand Brun [ 1991], for example, a symmetricalextensioncancreateasymmetrical structures at the surface.It is thusvery difficultto distinguishbetween



pureshear,simpleshem',andintermediate modeby simply 34 •
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observingthe surficialstructures.



Thereforelithospheric structures linkedto theCorinthand Figure 1. Tectonicframeworkof theAegeanregion.The arrows indicate the direction of movement relative to Eurasia.



The velocitiesare from McClusky et al. [2000].



Evvia rifts needto be betterdeterminedin orderto shedlight on ourunderstanding of themechanisms of extensionin this



region.For thispurpose,a seismological experiment in the regionof theCorinthandEvviarills wasconducted in 1996. The extensionof the array allowedto image the lithosphere down to •200



lian Fault (eastof Aegeanregion)anda slabretreateffectof the African lithosphere[Lundgrene! al., 1998]. Part of the Aegeanextensionis now concentrated on landin grabenslocatedat the easternand westernedgesof the Aegeanregion, in Turkey and in Greece [Armijo e! al., 1996], as shownon Figure 1. In this paper,we concentrateon two active structuresthat accommodatepart of the Aegeandeformation:the Gulf of Corinth



km.



We presenthere the resultsobtainedfrom teleseismic traveltime tomography.First, the traveltime residualshad beeninvertedusingthe Aki, Christoffersson, and Husebye (ACH) method[Aki e! al., 1977] to obtainthe lithospheric structuredownto 200 km depth.Second,theseresultswere



and the Gulf of Evvia.



Whereas the central Aegean is now below sea level, the Gulf of Corinthis still an accessiblerift edgedby clearQua-



ternaryt•tults,witha highextensional rate(0.7-1.5cmyr- • [Clarke e! al., 1997]) localized over a width of 10 to 20 km [Briole et al., 2000]. This structureis an asymmetrical half graben, the southernfaults being more active than the northernones (Figure 2). The southernfaults show a well-
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organizeden dchelonsystemwith Quaternaryslip ratesthat
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MINITITAN



couldreach11mmyr- • [Armijoetal., 1996].Although the



ß



CEIS



observationalperiodis not very long, thereis somehint that the westernand easternpartsof the rift do not deformin the samemanner. In the east, fault plane solutionscorrespond to 450-500 dippingnormalfaults[Jacksonet al., 1982;Taymaz et al., 1991], whereasnormal faultingmechanismswith shallow( 
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