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1. EIZATOlH

H napoloa anoteAe! tTnv M KGL TeEALkf €xBeon n onola uno-
B&Ahetar ota nAholoiLao Tou mpoypbuuatocg *MakpGc Aivdpkerac Mp6-
yvwon Twv 2eLopbdv pe ZeropLkéc MeB6douc™,To onoio avatébnke a-
no tov Opyavioud AviiroeLoputkol Zxedraopol katr ﬂpoorooﬁoc(OAEﬂ )
o0to EpyaornpLo lNewpuorkng tou AprototreAelov MNaventotnuliou Beo-
oahovikng kat gkmovnBnke katd 1o dexaoxktdunvo xpovikd diLdornua,
15 DexepBplov 1984-15 Iouviou 1986 .

2xondg Ttng €kBeong auing,olpuQwva PE TOUug OpoOUC TNC OXETL-
kKn¢ obpBaong, elval” 0 emLoTnuovikO6¢ anoAoytopbg tou mpoyplppa-
10C KAL OUYKEKPpLU&VA. N napouoiadn TWV OMOTEAEOUATWY TOU dhou
MPpoypAUPATOC KaAL .0 KaBoptopbdg vmv'mepﬁexav nou &xouv. auinuevn
nebavdtnTta va anoteréoouv EOTLEC peEyGAwv oceLopliv Katd Tta end-
peva 10-20 xpobvea. .

Ov onuaviLkOTEPEC EVEPYELEC mou €yLvav yLa Inv eni{tevEn
Twv OTOXWV TOUu Mpoypduuatog £€Xouv AENMTOUEPWLC MEPLYPOYEL OTLC
nponyovpueveg d0o0 exkBEoerg. 2uvonTikd oL evépyerLeg autég elval
oL £&nhc:

a) ZupnAfpwon Tou uNApXOVTIOC UALKOU TapatApnonc pe npb-
oBeta otouLxela,

B) onLuﬁrunooxévrwv OXETLKWV mpoypappdTwv NAEKTPOVLKWYVY
umoAovLOoTWV KoL gxnovnon véiwv,

v) EneZepyaola tou uhiLkoO mopaThpnong Kat £faywyn Twv NPpw-
Twv onoreAaoudtwv,

0) Kavovikn eBbdopadrala cuvdvinon Twv HEADV TNC ENMLOTNUO-
VvLKAC opddac xaL oulntnon névw ota anoteAéouata Kat ornv 6An g~
EEAMLEN TOU TmpoypGupatog,

£) NapakoAoUBnon ENMLOTNUOVLKWV OUVEDPLWY,avakolvwon HEPL -
KWV anoTeAeoudtwy kat gulntnon nGvw OTO GVILKELPEVO UE eLdL-
KoUG ETMLOTAPOVEC,

0t) EZaywyh TwWV TEALKLV EMtOTNUOVLKOV onorsk;oudrwv,reALKﬁ
Sropbpowon Tou OXETLKOU uALkoU (XGpTeC,MIVOKEC,KAQUMUAEC,KAT )KaL

CUVYPOONH TWV OXETLKLV dnuootevoeuwv.



H €éxBeon unodiaLpeltal 0g OKI® KEQAAGLO yLO TNV AENMTOPE-
ptotepn mapouociaon Twv ONMOTEAeopdTwWV KaL TNv Lkavonolnon TWv
bpwv Tnc oxetLkhc obuBaonc.

H epvoola auth mnpéner va BewpnbBel oav é€va otdéLo,onuGVILKé
KaTtd Tn yvwun upac, tn¢ O6Anc npoonéBerac via tn pakpdg didpkerac
npbyvwon TwWy OELOpWvV KAL yLa Tn Adon Tou mpoRARuatoc tou oEL -
OpLkKOU xLvDOUVOU OTNn XWPG WOC. 2UVENWC, Ta anoteAféopata Tng E€p-
vaoiac autng umopolv upe mapanépa épevva va BeAtiwbBolv f kaL va

avaBewpnbolv o opLoutvo Babud. To EpyaothpLo TEWQPUOLKAC Exet
npoypapuatloeEL TN OuvéxLon Ing nmpoondBerLag oUTNAC KAL aopalwg vea
vLkovouLkn BonBevo end tov OAZ[l i and &Ahov gopia ba dreu-

KoADveL xar Ba emitaxlver 10 €pyo autd.

2t10 mnpoéypappua autd petelxav ot B.Nanaldxoc,E.Nanadnunipiou
I.Kapokatong,A.Kupatlh,N.Xaxlndnuniplouv,B.Kapakwotac,X. Nanaiw-
Gvvou,lA.Navayrwténouvrog,N.BeodouAridng,M.Kpnuviaviwtou,B.BAGxoU,
A.Pbkka xaL Ip.Tobkac. '

H epyaolo auth Baolotnke oe onuaviikd BoBud oe adnpooleuvuto
uALkd mapatApnonec vio LOTOPLKOUC OtLopolC TO omol0 OUYKEVIPWOE
n x.Nanaldxou kaL €Beoce otn BLAEBEOH pac apLAoOKEPDWLC.

EuxapLotolue Bepud O6Aouc boouc ouvéBaAav oTnv enLTUuXh TE-
pdtwon tou mpoypdppatog autol kKaL tdiraitepa tov Opyaviopd Avre-
oeLopLkol 2xedLaopol kat Npootoolaoc yira 1N xpnuatodbrngn ToU
npoypdppatog¢ . Euxapirotolue enlong tnv eniLIponn EpeuvniLKkwy
npoypapuGtwv tou AprototeAeiov Mavemitotnuiou Beocoalovikng KalL
toLaltepa TLC K. Xp.Mnéota kou A.FewvadGn via Tnv BonbBera nou
vag mpootgepav dLEUKOAUvVOVTIAG EEALPETLKA TNV OLKOvOuLkKh OLaxel-

pLONn TOU NpoypdGupatTocg.

B. K. NANAZAXOZ



2. ANOTEAEZMATA TOY NPOITPAMMATOZ

Ta cnoreAéouatb Tou npoypGpuatoc mepLAauBdvovraL oOTLC TO-
pokGtw entd (7) epyaciec oL onoleg agpopoluv Gpeoa n paxkpac
BLdpkeLac npdyvwon Twv OELopbv otov eAAnvikd xwpo. TNepLAnderg
Twv Epyootdv auibv MepLypGgovIaL 0 Quid 10 xepdharo, eve OAb-
KANPEC OL €pyoolec autéc meptAauBavovraL oto kegpGhato (8) 1Ing
exbeong.

1. Papadimitriou,E.E.,Karacostas;Bjﬁ.,Karakéisis,G.F. and Pa-
pazachos, B.C. Space-Time Patterns of Seismicity in the_ A-

egean and Surrounding Area. "Proceedings of the 3rd Inter-

national Symposium on the Analysis of Seismicity and Sei1-
smic Risk, Liblice :Castle;Chechoslovakia;June 17-22;1985" ,
1-5, 1985.

2. Papazéchos,B.C.,Papadjmitriou,E.E.,Karacostas,B.G. and Ka-
rakaisis,G.F. Long Term Prediction of Great Intermediate
Depth Earthquakes in Greece."12th Seminar on Earthquake En-
gineering,European Association on Earthquake Engineering ,
Earthquake Planning and Protection Organization of Greece,
Halkidiki,September 16-25,1985", 1-12, 1985. ‘

3. Papadimitriou,E.E.,Kiratzi,A.A. Interrelation of Seismicity
between Grete and lonian Islands (Greece).“Publicafion of
the Geophysical Laboratory,University of Thessaloniki” ,18,
1-17,1985.

4. Papadimitriou,E.E.. Migration of the Intermediate  Focal

- Depth Seismic Activity in the Inner Part of the Hellenic Arc.
"Publication of Thé Cepphysical Laboratory,University of
Thessaloniki" , 19, 1-5, 1985.

5. Papazachos,B.C.,Hatzidjmitrjou,P.M.,Karacostas,B.G..Sejsmic
Fracture Zones in the .Aegean and Surrounding Area."Publica-
tion of the Geophysical Laboratory,University of Thessalo-

niki" , 2, 1-10, 1986a.



Karakaisis,G.F.,Panagiotopoulos,D.G.,Krimnianiotou,M.Ch.and
Papazachos,B.C. Preseismic Quiescence before Large Earth-
quakes in the Aegean and Surrounding Area. "Publication of
the Geophysical Laboratory,University of Thessaloniki",3 ,
1986.

Papazachos,B.C.,Papadjnﬂtriou,E.E.;Kiratzi,A.A., Papaioan-
nou, Ch.A. and Karakaisis,G.F. Probabilities of Occurren-
ce of Large Earthquakes in tﬂe Aegean and Surrounding A-
rea during the Period 1986-2006, "Publication of the Geo-
physical Laboratory,University of Thessaloniki",4, 1-23 ,
1986b.

Népa and TLC napandvw entd epyaclec exmovhABnkav kat  OL

NapakaGTw TPELC TWV ONOLWV TA GNOTEALONATO ENLONC ouvéBaAav

OInv EXMARPWON TWV OTO6XWV Tou mpoypdppatoc. OL £pvaoclec aQutég
eniong neptAapBdvovtar oAOkAnpec oTto TEAOC IOU MPoypEupatocg.

8.

10.

Ch.A.Papaioannou,P.M.Hatzidimitriou,B.C.Papazachos and N.P.
Theodulidis. Seismic Hazard Assessment for Southern Balkan

Region based on Seismic Sources. "Proceedings of the 3rd

International Symposium on the Analysis of Seismicity and

Seismic Risk,Liblice Castle,Czechoslovakia,June 17-22,1985",

1-6,1985.

Ch.A.Papaioannou,A.A.Kiratzi,B.C.Papazachos and N.P. Theo-
dulidis. Regionalization of the Attenuation of Intensiti-
es in the Southern Balkan Region. "Proceedings of the 3rd
International Symposium on the Analysis of Seismicity and
Seismic Risk,Liblice Castle,Czechos]ovakia,June 17-22,1985",
1-7, 1985. .

B.C.Papazachos,A.A.Kiratzi,P.M.Hatzidimitriou,Ch.A.Papaio-
annou and N.P.Theodulidis. Regionalization of Seismic Ha-
zard 1n Greece." 12th Seminar on Earthquake Engineering ,
European Association on Earthquake Engﬁneering;lialkidnkj ’

September 16-25, 1985", 1-11,1985.



1. Xwpoxpovikéc Katravopéc tncg 2eropikng ApGong oto Aityaio xai
TLC yOpw mepLoxéC. "Npaktikd tou 3ou ALedvolC Supnoolou &-
ni Tng AvaAuonc Tng JeLopLkOINIAC KAL TNC SELOPLKAC Emikiv-
duvétntag,Liblice,ToexoohoBokta,lolviog 17-22,1985", 1-5 ,
1985.

NNanadnuntplou,E.E.,Kapakwotacg,B.T.,Kapakatong,l.0., kat
Nanalbxoc,B.K.,Epvyaoctnpio Newpuorkng ApLototeAelou ﬂovenL—
gtnpytou Beocoalovikng.

2Itnv epyaola autn eEétéCetpirnioxéon petafld TNC OELOUL -
kbtntag oto POPpELO Kat O0T0 VvOTLO UEPOC TOU €UPUTEPOU  XWr .
pou Tou ALyatou yiLo tn OStaniotwon miBavag petavdoTELONG ING
oeLopLkneg Opdong petafl Twv d0oO 6ptmv nepLoxwv. Aramiotw-
vetaL O6TL xatd Tov mapdvra atwva ov peydAor oeropol (M=27.0)
ng neproxne £yiLvav katd TpeLc OLOKEKPLUEVEC Xpovikéic me-
pLodoug petavaoteuvong. _

Katd tnv npwtn neplodo (1903-1932) b6AhoiL oL pevaGAoL emtL-
wovelLakoiL oceropol €yivav o0to BbpeiLo pépoc tng mneproxnhc(BoO-
peLo tou 38ou mapaAAfhou), e€ved KAaTd TO (BLO Xpovikd fra-
oTnua eyivav pevaror oceropol evbiaptoou BaBoug oto vOTLO
Atyalo. Katd tnv endpevn neptodo(1933-1957) n ocerouLkn Opa-
on (M227.0) petav8OTEUCOE KATG KUPLO AOYO OTO VOTLO Tuhpa NG
neproxng. Katd tnv tpltn nepltodo (1958-1982) éyivav povo
enLpaverakol peydror (M= 7;0) oeLopol OL.OnOiOL gixav TO
ENLKEVTIPA TOUC 01O BOpeELO pé€poC TNC MEPLOXAC.

Enstbﬁ kard tnv teAsurala xpovikh meplodo kavévag HEYA-
Aoc oceLopbe (M= 7.0) Bev éyive oto vbTLOo XWpo Tou Aryalou,
oupmnepaiverar O6tTL 0 XxWpog autOC amoteAel kevd oOeLopLkdTIN-
tag 6nou mpoBAéneTtar vg apxlogL meplodog EvIiovng OELOPLKAC
dpbong, 0t ouppwvia pe mponyoUpeEVvEC avefapinreg €peuveg
KaL 6TL 0 ocetouo6g tneg 17 lavouapiou 1983 ota ldévia vnoiLd
gnoTeAel TOV MPWIO OELOUO QUIAC Tnc nepLoddou.

To ouunmépoopo TnNC EPYOQOLOAC QUINRC OTL TO0 VOTILO TURMG TOU
£pUTEQOU XWPOU Tou ALyaliou BPpLoKETAL KATA TNV TeAhevTala

n-plol0 0L CELOPLKH NnOUX(O EVLOXGETOL KGL ano 1o VEYOVOC



dTL oUTE OELOMOL TOU DLAOTAPATOC MEVEBLY 6.5 M< 7.0 £vi-
vav Katd To Xpovikd autd didotnpa oto voOTLo Xwpo Tou Arval-

Oou.

Makplc Arvapkerac Npbdyvwon MeydAwv Jeropwv Evdirapéoouv BaBoug
ornv EAAGDa. "120 Neprweperaokd JeprvapLo 2eLoptkhg Mnxaove-
KhAc,EupwnatknAc "Evwong Zeropikfic Mnxavikhg,XaAkt bk, 2E-
ntéuBpLog 16-25,1985", 1-11,1985.

Nanalaxoc,B.K. ,Nanadnuniplov,E.E.,Kapakwotag,B.K.xaL Ka-
pokatonc,l.0.,EpvaotApLto TEw@UoLkAC ApLOTOTEAELOU Navent-
otnutou Beooahovikng. ) _ _

H meproxh Tou votiou Arvalou-£xer avoyvwpLoBel wc KEVO
CELOULKOTNTGC MPWTIOU KoL Deutépou eldoug via oeLopolg EvOL-
apéoou BaBoUC¢ (h > 1DOKm). flaputnphibnke btL: a) Dev. EyLve
TNV TEPLOXA GUTIR Loxupbg oeLopdc (M=26.5) evbLapéoou Ba-
Bouc katd Ta TEAeutala 54 xpbdvia, oUTe. moAD peyvaArog oceropdc
(M>7.8) xatd ta tehevrala 58 xpbvia,B) Névie moAd pevGhot
oeiropol (M;Z 7.8) evdbraptoou BaGBoug £yLvav OTnv MEPLOXN GU-
ThH peTcfo 1810-1926, y) H oeLopikn Bpdon nou o@elAeTaL  OF
uLKkpolc oeropolc evdLaptoou BGBoucg unApfe onpaviikn TOUAG-
XLoTov and To xpdvo Inc eykatdoraong tou mpwtou afLémLoToU
oceLouopéTpou OTovV EAAnVLKO xwpo (1911) péxpr tO 1948, EVD
katd to teheutala 34 xpbvia auth n oeropikn Opbdon ehatTwbn-
ke onuavtikd. MNaopouvordloviar roxupéc evdet&erg 61L n gEL -
OuLkKfA BuvopLkKOINIO TNC MEPLOXAC GUIAC yia tn véveon peyaiwv
ceLopwv glval uvdnAn. Autécg oL evdelfeLc kaL TO yveyovog OTL
oL MoAU peyGAot oceiopol evdrauéoou BaBoug, oL -omoloL Dev &-
xouv mAn&er akdpa véeEg uPnAréc orkodopéc otnv EAAGDa, mpoka-
AoUv pEVAANC MeEpLOBOU KaAL HEVAAOU MAGTOUC KUpATa péExpL WOAU
peyGAeg anootaoceLc, odnyolv o0TO oupnépaopa OTL TéTOoLOL OFEL-
opol anoteAolv mpwTou pevéBoug CeELOouLkd kKLvduvo yLa TLGC OL-
Kobopéc kat KuplwC TLC uPnAréc (EsvoGoxsic;KAn) oAhOKANpou
TOoUu VOTLOEAAGDLKOU XWpou KaTd tn dLdpkKeLa Twv endpevwvy  Al-

YWV DEKQETLWLV.



3. Sxton perafld Tnc 2eropilxkAc Dpaong tng KpAtng xat Twv lovi-
wv Nnoiov *. Dnuooretoerg Epvootnpliou TlNewpuorkng, flavenu-
otnuiou 98000AOV£Kng",18, 1-7,1985.

Nanadnuntpliou,E.E. xauv Kupatln,A.A.,EpvaothpLo Tewpuot -
kneg Naveniornuiou Beooahlovikng.

Dedopéva Ta omola BaoloTnNKaV OTLC OELOPLKEC avaypawécg
Tng mepLodouv 1947-1985 Belxvouv 6TL umbpxer wLaG oxton ue-
tafl tng oeropLkng dpdong Tou BODCLOﬁUTLKéf&DOU TURPATOC
Tou EAAnvikoU T6Zou (Idvia vnord) kat Tou voTLOTEpPOU . TYPN-
pato¢ Ttou t6fou autol (Kpntn). MNaparnphbnke pla aviLoTOL-
xto otn véveon Twv OeLopwv oL omnoLot &yivav otig dUO meEPL-

- oxtc katd In xpovikn auth neptbddo xoL elxav peyedn M=5.9.
2TLC MeEPLOOOTEPEC TWV naantwoewv-naoatnoﬁenxs pla-npog-pla
EVAAAOKTLKA VEVEDON TwV OELOpWV aQuIwv oOtig dUO meprLoxeg. H
neproxnh n onota Bploketatr peTall Tng JuTLkAC KpRTng KaL Twv
loviwv vnoirwv {(vétia Nehomovvhoou) dev ennpedoinke and TN
ox€on auth TNC octLoptkne dOphdong ota dUo0 GKpa TNC KaL mapo-
pévetr -GB8pavotn and To 1947 and oceroutkéc drappnfelg upe peE-
vEobn M2=26.0. ’

H napatfpnon auIng Tng oxéong uetafl tng oceropikng dpa-
ong tTwv dUo mepLoxwv elvat BUOKkoAO mpog tTO mapbdbv va EPUr-
veuBel. "Opywg,. n mapathpnon auth xaBeautn e€lval Xpnoiun yLa
npaxktiLkolg Adyoug viatl( pnopel va oupuBarer otn Abon tou mpo-
BAfuatoC TNC pakpGe didpkeLag mpdyvwonc TWV CELOPWVY otnv

nepLoxn.

4. Metravbotevon tncg 2egwopLkhc Bpadonc Evbdrapfoou BdBoug oto E-
owtepLKkO Mépoc tTtou EAAnvikou T6Eou. "AnuoorLeloerg Epyaotn-
ptov lewopuorLkne Aprototeielou Naventotnpliou Beoocakovikng”,
19, 1-5,2985.

Nanadnuniplou,E.E.,EpvacthpLo Tewouorkng MavenitoInpiou
Beooalovikng.
Dedopéva cetopuwv evdiauéoou Bdtoug ot onoloL elxav pe-

vEBN N; 6.0 xaou €vivav KOTG tov napdvIc clwva 8T0 E0WTE-



pLkd pépoc tou EAAnvikoO T6Zou (35°N-37°N, 22.7°-28.5CF)xpn-
oLpyonoLnBnkav yLo va pehetnBel n XwpoxpovikKh KaTovoun Twv
oeLophv autev. ALONLOTOBNKE pLd  KAVOVLKOTNTA OTRV KOTGVON
auth. KaBopioBnke upla Cwvn n onoia &€xeL dLedBuvon AvatoAn-
Abon katd pufxoc Tng omolag mapatnpnénke pETAVAOTEULON ng
oeropLkng Ophone evdiraptoou BdBoucg. Naparnphbnkav tTperg OL-
adoxtkéc mepiodoL peTAVAOTEUONG TWV onolwv ot diLapketeg NH-

S Tav 24‘xpév;o,19 xpdviu kxat .18 xpobvia kxaL n teheuTtala QKO-

AouBhBnke ond pia meplodo OELOpPLKAC nouxiag Tng omolag n
dLbpkera elvar 20 xpbvia kaL ouvvex(etraL péxpL ONMHEPG.

Av koL e€lvaL duokoho va DoBel @uoLkh ephnvsio oto ¢patvod-
pevo autd 1Ing u;tovdoteuonc, n ushérn‘rnc pyetavdoTtevong au-
the mapouoiraler efailpeTikd evdrapépov via 1n pokpdg bLap-
KELQC MPOYyvwon Twv OELopbv evdiapéoou BaBoug 0To voTLo AL~
valo, apol oL oegLopol autol elvoL €&aLpeTLka enutktvduvol
Abyw tou peyvaGAiou pevéBoug touc (M~ 8) koL Twv peEYGAWv QTO-
otdoewv OTLC onolec umopolv vao mpokahéoouv BAGRBec,LdiLalTEpa

OtLc uPnAéc KOTOOKEUEC.

Jeroprkéc JoOvec Avappninc oto Xwpo Tou ALyaliou KaL TLC YUpW
Neproxéc. "bBnpooreloerc Epyvaotnplou Tew@uortkng, -ApLototerel -
ou MNovenmiotnuiou Beococahovikng"” , 2, 1-13 , 1986.
Nanalaxoc,B.K.,Xatdndnuntpiouv,N.M.,Kapakwotag,B.T..Epyva-
othpLo TewpuoLkneg, Aprototeieiouv fNlaveniotnuiouv Beocoahovikng.
Qc oerourkéc Cwveg bLappning opiloviaL EvEPYVEC TEKTOVLKG
nepLoxég oL omoleg €xouv kaBopLoBel pe OgeLouLkd OTOLXELO KO-
Ta kOpLo Abyo. Me Bdaon BnuooiLevpiva kai adnupooleuta LOTOPL-
KG otoirxelo (600 m.X:-1900) kav otoixela mwou BaollovriaL Ot
oeLopLkEC avaypapéc oetopopétpwyv (1901-1985) kaL agopolv TOUCG
yvwotolC peyaiouc oetopolc (M==>6.0) entgaveia, ( h>> 70Km)
kat evdiaptoou (70Km << h=< 180Km) eottakol RBaBoug, oL kOpL-
£c ocLopLKéC Cwvec dLappnénc oto Aryalo koL OTLC YOpw MEPL-
oxtc &xouv kaBoproBel. 0 kobBoprLopgbdc Twv Jwvbv QUTwWvy , 0 O-

noloC £yive Pe 10 uevalltepo koL axkpLRBéogtepo nmARSBocg OTIOL -



XELwvV TMou &xouv XpnoiponoinbBel péxpL onpepa yia 1o okomd au-

10, €£€XEL TMPWTILOTIN Onuaoola yLa TPpoBARPATG NOU GYOPOUV. nv
npbyvwon Twv CELOPWY KAL Tn OELOuLKh emikivduvéTnta xabBoe kat
vio vewduvouLkd mpoBAflpota. "Ocov apopd tnv npdyvwon Twv

oeLopv oL Cwveg autéc eivar oL MeEpLOXEC O6TMOU KATh KOpLo Ad-
vo npéner va avalnitnbolv npbddpoua @waLvOPEVE KGL VO ECTILOCTE(
n epeuvnIikh mpoondBera.

Npooeciopixfh Houxia mpLv and- MeydAouc 2eropolc oto Artyvaio kat
TLC vyOpw Neproxéc. "Bnuooielouerc tou Epvaotnplou TEewQuoLkng
ApLototedeiov ﬂoVsnLornuiou Gsdovovtxnc", 3, 1 - 13 ,1986.

Kopdxatonc,r,w.,ﬂovayLwtbnouKoc,A.r.,KpanLOVLwtou,M.,ﬂo-
nalaxoc,B.K. EpyaothpLo FewwuoLxhc,ﬂovsnLornuibu Beooalovi -
Kne. '

H epyaola auth anoteAel enéktaon GAAwv epyactiv oL OMOLEC
ekmovhBnkav mponyoUueEVo kAL a@opolVv TNV OnpaviLkh €AATIWOR TNC
ouxvOTnIag TWvV ULKPAV OeLopbv opLopéva xpdvia mpLv and n
véveon twv pevaiwv oeropbv. DBelixverar O6TL unnpfie OELOPLKA n-
ouxlo (EAGTTWONR TNC OCUXVOINTAGC TWV PLKPOV OELOpGV) mpLy and
In véveon 6Awv Twv peyGAwv cetopwv (M= 7.0) oL onolot Eyi-
vav 0To XWwpo tou ALvalou KalL TLC v0pw MEPLOXEC KOTIA TQ 1€~
Aevtala 40 xpobébvia. H BLGpkeLa TNC NMPOOCELOPLKAC nouxiac KuU-
bairvotav end 7 pExpt 22 xpbvia, €ve oL ODLOOTAOELC TOU XWpou
Tov omoiov ennpéace n nouxta autn eivar tn¢ TAGInc Twv 200Km,
onAadn, o_xmpoc autbdc elvaL onpavitkd peyoAlTEpPOC TOU geL -
opoybvou XWPoOU TWV CELOPWQV.

"EvVLVE ouOTNUATLKOC EAEVYXOC OAWV TWV CELOPLKGOV Cwvlhv TOU
EAAnvikoU xWpou koL TwWvV VUPW Xwpwv yta Tov kabopLopd mWEPLO-
XGv oL omoleC MapouoLAGlouv OAMEPG CELOWLKA NOUX(G KAl OUVE-
nwe Bewpolvrat emMLKLVBUVEC vLG Tn VEVEONR PEVAAWY OELOPOV KO-
TG Ta npooexn xpbvia. BpéBnke O6TL BplOKOVIGL OE OCELOULKNR n-
ouxta ot Cwvec 1C ( AuiLKég GKTEC AABaviac kat EAAGDaC),
2N (Neukada),3(ND tnc Neromnovvroou),4(Kphtn),5 (KapnaBog , Po-

d0c¢), BA(NutpaikoC KOATOC KaL BUTLKG Tunpa tou KopLvBLaxou
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k6Anou), 10 xkat 11 (24uocg,Xt{og xat TphRpa tng Dutikhg Toup-
ktac), 13(NAéoBoc kar tTpRpa tng bBut.Toupkiag) kat 14A(BaAaoc-
oa Tou Mappapd kar tufpa tou B.Avyalou). Ov mepLoobdrepeg a-
nd TLC mepLoxtc OXetridovIiatL ME AGVILOTOLXEC MeEpLOXEC Ot 0-
notec BewpnBnkav oeropLkd enekivduveg and nponyvolpevoug E-

peuvnTég.

NuBavétnrec Méveonc MeyGAwv Zeropbv oto Aryaio xaL TLC yUupw
Neproxéc katd -tn-Brdpkera ng nepybﬁou 1986—2006."Anu50L£U-
oerc Epyvaotnpiou Tewpuourkhc,AptototeAelou Navenrotnuiouv Beo-
caAovikng, 4, 1 - 23, 1986. -

Nonalaxoc,B.K. ,NManadnuntpiov,;E.E. ,Kupatlh,A.A. ,Nanatwdv-

- vou,X.A.,Kapaxalong,T:0..Epvacthpro feEwpuoLkAG ApLOTOTEAEL -

ou Naventotnulou BeooaAiovikng.

Me Baon 6Aa 1o dLaBécLpa LOTOPLKG OTOLXELAG KOoBwg xaL TIa
otoLxela tou mapdbvra atwva unoAloylioBnkav oneubelag and 1a
bedoptva mapatfpnong ot utoec meplodot enavainPng Twv OEL-
ouwv OtTLC DLApopec oeLopitkéc CWVEC TOu €AANnViIKOD Xwpou ol
ouvGpInon pg TA peEYEDNn TOOO TwWv ENLQAVELAGKGY 0600 KaL  Twv
evbLopéoou BABouc oetopwv. Ynohoyl(oBnkav enlong TG OXETLKG
OQPAApPOTA TO ONOLA UMELOEPXOVTIAL OTOUC UTMOAOYLOpOUG Twv  ME-
owv meptddwv enavainyng.

Me t™n xpnoLponoinon tTwv péowv mepLbdwv enavadindng yta
dLagopec Tt&EeLg peyeBov (M >6.0, M= 6.5, M=7.0, M=7.5),
TOU xoéVou-o onoiog mépage and Tn VEVEON TOU TEAEUTOLOU MHE-
vGhou oeropol kxat und tnv npoinbdbeon 6tL oL xpbvoL emava-
Andnc twv oegroubv akoAouBolv kavovikf) katavouf, unohoyiobn-
Kav oL mLBavoIntec véveong oeLophv dLawdpwv TGfLewv uUEVEBWV
Katad to enodpeva 20 xoéde ot kGBe pLG and TLC oeLopLkég Qw-
vec. KaBoploBnkav £tot niuBavoloyikd oL mepLoxég oL OTOLEC
napovoLGlouv NOAU peydin miBavdrinta, peyaAn nibavétnta pé-

IpLa NLBavdTnTa xou prkpn miBavodinta yvio Tn.yvéveon ETMLYO-
VELOKWYV OttLopbv peyéBoug, M=6,0, M= 6.5 kart M= 7.0 «kai
gekmovhABnkav oOxeTtkol xaptec. KaBoplcornkov enlong ot wvec

oL onoleg mapovotdlouv GVILOTOLXO MLBovOTNTEC VLG Tn vEveon peya-

Midvr mo A O F A e RANA
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Ke ota nmhaloLa Tou mapdvrog mpoypbdupatog. 0 «katdhoyog autdc
pall pe TG LOTOPLKG OTOoLXE(la anoTéAeocav Tn Baolkh nnyn dedouté-
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4. IYNBEZH TON ANOTEAEZMATON TOY NPOTPAMMATOZ

Me Bd&on TLC EMLOTINMHOVLKEC 6nu00L8008LC-TOU npoypGuuartoc
autol kataBAnBnke mpoondBera olvBeong Twv ANOTEAECUGATWY WV
£pYaOLOV QUTIHV KQL mapouoiLaonc Tng OuvBeETLKACG auTthcg gepyaoiac
oe 0o pbdvo nivaxkec kat oe duvo pbvo xGpreg, Eva yLa TOUC OEL-
opolc emitpavelag kKaL €va yLa TOUC OELOUOUC evdbraptoou Baboug ,
nL onol{oL va belxvouv 6oo TO duvatbv ocuvontiLkOTEPA TO GAo ano-
“Eheopa. H TéTOolLa mepovelaon €xer To mAeovéktnua O6tTL Biver, a-
~bpua kaL OToUuC pn ELOLKOUC Gueoeg rAnpowoplec kaL HE anhd tpbd-
10 Tnv niBavétnta véveong LOXUPOV .- OELOPOV OTOV EAARVLKO Xw-"
PO KaL TLC yUpw MEPLOXEC KATd Tnv .EmOUEVN £Lkooactia. Evvoel-
Tat BéBOth D11 AEMTOUEPLOTEPEC TAMPOYOPLEC MEPLEXOVTAL OTLC -
viiotoLXxec dnuoorLeloeLcg.

Sto oxfiua (4.1) palvoviar or OLAYOPEC OeLOpLKEC Zhveg OL-
appning Twv ENMLPAVELAKLOV OELOPWV HPE TOUC AQVILOTOLXOUC KwdikoUC
Touc aptBuolc, eve oto oxhua (4.2) walvoviaL ot qaLouLKéc
lbveg Brappning yia toug oceroupolc evdbrapéoou Babouc.

Qc Baoikh epyaola yLa tn o0vBeon autnh BewpnhBnke n epvaclia
aptBp. (7) tnc mapoloag €kBeong, evw w¢ KOoTaAAnAdrepo didoTnuoc
HEVEDBLV OELOPOV yLa TNV GVILMPOOWNEUTILKOTEPN OUVOMILKY] TMapou-
olaon Twv anoteAeoudtwv enLtAEéxBnke 1O dLAGOTNUHA M;2>6.5 eneLdn
BAaBec mpokahlolviaL OuvhABwg and oeLopol¢ autol Tou dLabthuatog

;i UEVEBWLV.

Népa ano tnv niBavotnta, P (M= 6.5), vyLo tn véveon oeL-
opwv M>=6.5 xatd tnv enoduevn e€LKooaetia nou kabBoploBnke yia
kGBe prd Thvn otnv epyaclia (7), Anwbnkav unodyn, a) 10 UEYLOTIO
pEéveboc oeLopou, Mmax, nou napaInpﬁ8nK£ oe kGBe Cwvn pe BRBdpog
LO0 pE B1 = Mmax/ Mooy o6mou Mmax glvaLr TO PéOO PEYLOTO HEVE-
B8o¢ OAwv twv Cwvwv, B) Btouxeia O6tL GAAec péBodor ouvnvopolv n
OxL via Tnv auénuévn oeropikh duvawpirkotntao tng wvng va dwoet
ceLopolc Katd 1o endpeva xpovia pe Bapoc 81 Ltoo pe 1,0 n 0,9,

avilotoiLxa, y) H péon enikevipikn eviaon kafe Jwvng yLa 10 Xpo-
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Sx.4.2. 0L kUpLec OeLopLkéC JWveg BLappning Twv ocLopdv evdiaufoou Baboug

oTov EAANVLKO XWPO KaL TLC vipw neproxéc (Nanaldaxoc xai

tec 1986).

ouvepya-
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tK6 Ddidotnua mAnpbdINIAC TOU UALKOU,IO, pe Bapog B3= IO/IO, o-
ou Io glvar 0 péooC OpOC TWv HEOWV EMLKEVIPLKWY EVIAOEWV O-

wv tTwv wvov. "Etor, w¢ TEALKO péipo tnc ogtopLkng Oduvaptkod-

ntac kdBe Zovne (n tunpatwv Jwvev) va dwWoet Loxupolc BAaBe-
ol¢ oeropolC BewpnBnke n noodInIa
p* - P(M>

b

Ov TLpég Tng mocddINnta(g P* yra Ti¢ OLapopeg CWVEG moOuU OXn-
attlouv oL emtwaverakol oetopol (ox.4.1) kar or oteropol gV~
Lapéoou BaBouc (ox.4.2) BivoviaL yio kdBe Zdvn A tunua ne
tov nivaka (1). ' .

210 oxnua (4.3) napouotalovrat ypaoiLkd ot TLPEC TNC noood-
ntTag Ej,ypcw;pcmékémopeg geLoptkéEg Cwveg.
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(.4.3. Katavopn Twv TLHOV TAC moodintac P* viao tTic BLAwopEC

geLopLKEC CWVEC.



*
Nivakac 1. Tuipéc tou pétpou P Ing OELOULKAC duvapLKOINnIog yLa
In véveon toxupbyv BhaBepwv oceropwv (M=6.5)katd tnv
ELKDOOETLO 1986-2006 otiLc DiLdpopeg oeLoptkég CWVEC
I0U EAANVLKOU X(GPOU KAL TWV YUPW TEPLOXWV.

No "Ovopa TWEPLOXAC MuBavoInTa p*
2A Miukaba ' 1,00
1C NOA AABavia 0,93
13A, NéoBocg K 0,93
12BC Tunua KO. ‘Toupkiag kat X(0G 0,91
4B Avatohtkn Kpntn 0,89
8AB Natpaik6c-0.KopLvBLakoe KOAnoG 0,89
3 N.ZakovBou-AKTEC O-NO MehonTvAoou: 0,88
17 N.BouAvapia. . : 0,87
12A Xtog 0,82
1B A.AABavia 0,79
11A 2dapocg 0,79
8D JapwviLkOC KOATMoOC 0,78
9A EuBolkoC 0,78
T4A B4dhaococa Mapuapé 0,78
9B K.EANGDa 0,73
15 SepBouakedoviKkn 0,68
5 Kapnabog-Pddocg 0,66
10 Kowg-08npa 0,66
13B snopadec-Mayvnoia 0,66
13A2 Tuhpa dut.Toupklag 0,57
7 NA AABavi{o-BA Mokedovia-B.Beo- 0,56
oahlo-N. okTEC XaAkr BLKAg
118 NO Toupkia _ 0,43
2B KepahhoviG-Zakuvbocg 0,38
4A Autikn Kpntn 0,23
6 Kevipukrh AABavia - 0,23
148 B.ALvalo-Anuvoc 0.14
TA NO ThrouvkooAhaBla 0,10

g A.KopLvBLaKkoc 0.10
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XAPTHZ

NMIBANOAOI IKHE NPOTNQIHI IZXYPQN ENIGANEIAKQN TEITMON
YTON EAAHNIKO XQPO KAl TIZ F'YPQ NEPIOXEL

1986-2006
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Sx.4.4. Xaptnc mLBavoloyLkAc mpdyvwong Twv EMLOAVELAKGV OELOUWY TOu EAANVL-

KOU XUPOU KGL TWv yUpw meproxwv. Orakplvoviar TEOOCEPEC KGINyoplec
Cwvbv 6Tou N mLBavOTnTa yat Tn YEVEON LOXUPLV BAaBepiv agtoubv(MZ6.5)
LOLG TO XDOVILKO DLGOTnua 1986-2006 £l{var moAl LEYGAn,uevakn, peIpLo

b3 ULRDD CUiLoTOoLYa.



Tov und pehétn xwpo xwploaue o¢ mEvie Katnvopiec avahova
ME TNV TLHA ING moodIntag P*, VLG TOUC EmtpaveLaxouc oegLopolc.
2Inv mpwtn katnyopla undyovrtatr ot evvéa mpwreg JWVEC TOU ni-
vaka (I) ot onolec xopaxktnpilovrar wg CWVEC noATU by g -
vy G Anc niLBavoitnrtacg (O,8<:P;;1.0), otn Odelte~
pon katnyopia (11) umdyoviat ov embuevec Béka CBVEC Tou TLvaka
(I) ov onolec xapatnpiloviaL wg CWVEC MW € V G AN ¢ m. B o-
votTntacg (0,63<:P:£'0,8),Aornv tpitn xatnyopia (III) unég-
yovrar oL Oéko TeAeuvraleg 1ouv mivaka (I) oL omoleg xapakinpl-
{ovtaor wc dhvec M € o n ¢ nitBavoétntac (0,i< prl
0,63) kat otnv tétaptn (IV) xatnyopla undyetaLr 0 undhoLmog Xw-
poc o onoltoc XapoxkinpllEetaL wC XWpoC p v Kk phHhcgc nmnt 6&av 6-
T NTOaC .yta In VEVEOn voxuplv BAaBEpOV OELOPOV KATAE TNV E-
ndpevn erLkocacTlq,

2to x4ptn tou oxnuatoc (4.4.) mapirotrdvoviaL ot JWVEC TWV
TEOOGPWYV KATNYOPLWYV OELOPLKAC duvapuLkdIntac.

"0oo apopd TNV OcLopLkn dpactnpiLotnta evdiLapéoou Baboug,
XWPLOOGUE TO XWPO OE TPELC KATNYOopLEC avAAoya pE TNV TLPR nc
noobIntTaC P* yLa oeropolc evbiapéoou Babouc.

Nivaxag II. Tipég tou péTpoOUu P* InC oeLopLKAC duvaptkoTnIag yLa
tn véveon Loxupwv BAaBepkv osiropwv (M=7,0) evdLa-
péoou BaGBoug xatd tTnv eitkooaetia 1986-2006 oTLC

dLaYopeC OELOPULKECG CWVEC TOU EAANVLKOU Xwpou -~ KuL
Twy yUpWw TMEPLOXWV,

: *
No "Ovoua  NeprLoxng ' M.éavointa P
1A NO NMehomndbvvnoocg 1,00
1C Podocg : 1,00
1B Kpntn . 0,93
Eowtepixn Cwvn : 0,74

Stnv RpeTn katnyopla umayovioL Ot IPpelC nowreg CWVEC 10U

nivaka (I11) ov crmolec xapaktnpilovicL wi Covec m o A U U €-



o

Y GAnC niLtBavorntacg (0,8<:P§g 1,0), otn devtepn
Katnyopla UMAYETAL N EOWIEPLKA Chvn (0,63<:Pt<'0,8) nou Xapa-
KINpiCETAL ME Ttpuh M EY G ANC mitBavdintac EVE
otnv TPplTN KaTnyvoplo unayetat O umoAoLmoC XWpo¢ O OMOLOC Xapa-
kKtnplletaL we xpog aohpavine ni OBavodintadc yLa
Tn VEVEOnR LOXupwv RBAaBepwv ocropyv evdiLapéoou BaGBoug katd 1nv
ENMOPEVN ELKDOQETLQ.

310 xaptn tou oxnuato¢ (4.5) mapiotdvoviar ouv JOVEG TWV
IPLOV KATNyopLlv OELGULKAC DUVQULKOINTOGG via OgLopoUlg evdrapt-
oou BdéBouc.
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MIBANOAOTIKHI NPOTNQIHE 1ZXYPQN ENAIAMEZOY BASOYYI ZEIZMON
YTON EAAHNIKO XQPO KAl TIZ I'YPQ NEPIOXEL

1986-2006
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Sx. 4.5. Xdptnc mMLBavoAoyLKAC TMPOYvwone Twv OeLopbv gvdiauéoou Baboug Tou €A~
EAANVLKOU XODOU KaL TWv YUPWw TEPLOXWV.LBLOKPLVOVIAL TPELE KATNYO-
plec Cwvv O6mou n nLBovotnta yio In véveon Loxuplv BAaBepwv OtL-
outv evBLapeoou BaBouc (M= 7.0) kot6 10 Xpovikd Biaotnya 1886 -

2006 elvol TOAG peyaAn, LEVAAN KGU QoRpavin aviioiot xa.



5.2YNOVIZH TON KYPIQN ENIZTHMONIKON ATNOTEAEZMATON
TOY NPOIPAMMATOZ

BaoLlbuevoL o010 mponyvouueva pnopolue va molpe O6TL TQ €NL-
OTNUOVLKGO aROTEAEOUPATIA TOU MPOYPAUUOTOG OCUVOMTILKG e€{vaL tTa €-
gng:

o) 0 xaBoprLopdC Twv Kuplwv oeLopuLtkwv Cwvewv diappning tou
eAAnvikol xwpou KGL Twv yUpw meprLoxwv e Detypa uALkoU mapath-
pnong (téoo LotopLkol 600 kar gvoépyavou) mohl peyarldtepo ana
6TL nponyolUEVO KAL OUVENWC ME peyaAUtepn akpiBera (egpyaocia 5).
Ov Cwiveg autéc xaBopilouv TMpowavwg TLC BE0ELC TWV EOTLOV PEYGQ-

Awv PEAAOVILKOV OCELOPDV.

B) O xoBopLoudC Twv MLBUVOTINTIWY VEVEONC OELOUWY pE pevEDn
M=6.0, M=6.5, M=7.0, M >=7,5 xata tnv enduevn €LKooOGeTLq, PE
nohl peyGAo Belvpa UALKODU TOPATAPNONC KGL PE GNOTEAEOUOTLKR UE-
Bodohovia (epvaocia 7) kat n kataragn Twv Jwvlv OE KOTNyopLEC
dLapbpwv BaBuwv oeLopLkne duvaptkdtntac pe pueyailiepn oakpiBeia

and O6tTL nponyoUuEva.

v) H Brani{otwon 6TL n pevBAng €KTaong oeLopikn nouxia (mé-
pa Tou OtLopovOvVOUu OVKOU) LOXUEL yia OAouC Toug peyaloucg ottt -
opolg (M=17,0) oL onoloL £vivav katd TLC TeAeutaleg TE00EPEC
dexkacTleg OTov EAANVLKO XOpOo Kot TiC yUDW TEPLOXEC KAL O QAKPL-
Béotepog and nponvolpeveg epvacteg npoodiopropdc Cwvwv ot omol-
€C BpiokovriaL og TétoLa nouxia peEYAAng £KTaonc Kat ot OTOLEC
gelvat miBavewc umoPnOLEC via In véveon pevaiwv oeciropwv (epyaolc 6)

8) H exnovnon ouvBeTiLkol XApTn TWV KUPLWV ANOTEAEOPGTWY TINC
¢ocuvac QUIAC 010V OmMOLOV OL DLAYWOPEC MEPLOXEC TOU unbd pEAE-
1N XWPOoU E£XOUV KOIGTAYEL OE TEOOEPEC KAINYopPLeC avaAoyo pE 10
duvapiLkd Toug via Tn véveon peydiwy (M= 6.5) eniLvaveLokby OtL-
Oplv Kat avilototxou Xdptn vio 1t véveon moAl pevaiwv(M=7,0 )

oeLopwyv  evdiapéoou BaBoug (kewaharo 4.
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€) H droniotwon 6tL katd tov mopdvia oLwva n CeLopLkn Opa-
on oto ALyalLo KaL otLg vipw mepLOXEC, n onola owelAeTaL OTO0UC
HEYAGAOUC EMLYAVELGKOUC OELOPOUC, TAPOUOCLQAOE TPELC meEpLOdOUC HE-
TavdoTeuonc katd TLC KOoteuBovoerg Boppdg-votog-Bopplg xat 10
ovpnépaopa 6tL kKoTd 1O emdpuevo otadiro n petovaotrevon Ba npaypo-
tonowunBel npoc TtTO vOTLO ALyalo oOnou avaupévoviar peyaior oEL-

opol {epyaoia 1).

ot) 0 evionLopu6g KAtd@ WAKOC Tou KolAou uépoug Tou EAANVLIKOU
xGpou pLGc Chvne n onola mnapouotalet Guinuévn miBavoétnia véEve-
onc moAU peyadhwv ocrtopbv (M=7,0) evdiapéoou BaBoug katd TLC

endpeveg dexkactiec (epyooia 2).

) H dianiotwon oxéon¢ UETAU €nc oeLoptkng Ddpaong ota 1-
6vio vnoLd kat otn dutikh Kphtn (epyaoia 3) xav Ing BETGVAOTEU-
OncC INC CELOMLKAC Opaonc evdiapéoou BGBoug OTO0 €0WIEPLKO PEPOC
Tou eAAnvikoU tO&ou (epvooleg 3,4).

SNUOVILKA OUPBOAR TOU NpoypaAUUATOC OonoTerel eniong 10 VE-
YOVOC OTL dnuLoUpynoe MPOOMTLKEC yLa TNv maponépa Betikn £ZeAL-
In InC pOKpPaGC dLAPKELAC TWPpOyvwong twv oetopwv otnv EAAGDG. H
¢peuva paALOTaO TPOC OpLOPEVEC kateuBlvoeLg, O6TwWC e(vcg 0 UTIOAO-
VLOUOC TNC OELOMLKAC EMLKLVOUVOTINTAC VLG TLC EMOPEVEG DEKAETLEC

ApxLoOE /dn KOIaG In OLGPKELG OUTIOU TOU MPOYypGUUATOC.

Népa and TG EMLOINPOVLKG aNOTEAEOPATC TOU MPOYPAPPATOC U-
mapxouv xai éppeca o@iéAn, ONwWG ELvar n ouvepyaola PETALl €-
PEUVANTOV KaL n exnaldeuvon véwv EnLOTnpOVwY n NPpoROAR INC . XWpag
UE TLC EMLOTINUOVLKEC AQVOKOLVWOELC KOL ONUOOLEUOELC,KAT.

SUuPWvVa PE TN OXETLKAR oluBaon, KUpLOC O0TOX0C TOU TpoypGu-
patoc e€lvaL 0 KoBopLOpodC TWv MEPLOXWV TOU EAANVLKOU XWwpou oL
onolec mapouotaGlouv auinuévn nmiLbBovoTnta vo GNOTEALOOUV ECTLEC
PEYOAWY OELOplVY KATG TLC enodpevec dUo DeKaeTlEC.

Elvar @ovepd O6TL 0 0T16X0C QUIOGC 10U TPOYPAUUOTOC EMLTECYEN
Ke ool KoBoploBnkav oL meproxEC OGUTECQ Kal KOQToTIGx6bnkav pe Tme-

COTLKA KPpLINOLO OE KOTNnVODLEC avAAOYOo UE TO duvaptkod TOUC (!

T
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™n véveon peyvalwv OELOpWV Katd to endpeva 20 xpodvia.

to To okond autd xpnorponoLnbnke €LALPETLKG pevaAo dely-
pa afiLémiLoTou uhLtkoU WapathRpnonc kat odyxpovn peBodohoyia. Ko-
TaBARBNKe mpoonabera, katd Tnv exnovnon Tou MPOoypdUPaAToOg QUIOU,
wote vo afiomounBolv 6Aeg ot duvardinieg MoOu NMAPEXEL ONUEPC n
EMLOTAUN via Tn Al0oOn Tou mpoBARupatoc tnc wOoKpag didpkerag mpod-
YVWONC TWV OELOPWYV PE oecLopLKEC peBodouc.
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6. NPOTASEIZ TIA TON TPONO AZTONOIHZH> TON ANOTEAEZMATON

TO0Y TNPOITPAMMATO2

MNapad to vevovde 6TL TO mpdypappa autd npéner va OewpnbBel
w. &vao pépoc tnc OANC EPEUVATILKAC mpoonGBerag veo tn Adon TOU
npoBAAPATOC INC pakpag dLapkeiag npbdyvwon¢ Twv CELOPOV KAL TOU
guplTEPOU MPORAARUGTOC TNC OGVTLOELOMIKAC MpooTaOLOC, TI0 GNOIE-
»fopatd tou pmopolv va afiomoLnBolv oxt poévo GNd TOUC EPEULVA-
1€¢ Katd tnv npoonaBerd TOUC VLG Tn AUON OnpAvVILKWY ENLOTINPO-
vicwv npoBAnudtwy GAAG kar and Ttnv MOALIELO VYLOG QAGVILOELOULKO
oxedLaopd kuplwe peoonpdBeopo. flioteloupe O6TL Ta anoteAféoucta
TOu MpoypGppotog OQutoU pnopolv va onutehécouv odnvd ToU 0AZN
yLa TOV QGVILOELOULKO oxedraoud.

H afiomolnon Twv ANOTEAEOPATWY TOU MPOYPAUUATOC unopel
va yiver katd nmoAiolc tpdnouc. Oa oVowépouua cedw oprLopévouc a-
gnod TOUC TLO ONUAOVILKOUC.

E{vaL yvwoTd O6TL N EYKOGTAOTAON OELONOAOYLKOV OpYyavVwWY HPpE-
MeEL va YLVETOL KOTG TETOLO IPOMO WOTE OTOXOC va ELvaL n Anun
10U pEYLOTOU DuvoTIoU apLBuol kot tnc uvynAbdétepnc duvaTtng TmoLO-
ITNTAC EMLOTNUOVLKBV nAnoowomev'ua To ALyOTEPO duvald KOO1OC .
Autd toxUeL tdLaltepa via 1o DI{KTuG EMLTAXUvOLOVPAYwv. H yvwon
Twy TEPLOXWY OL oﬁoisc napovotdlouv cuinuévn miBavotnia yLa 1IN
VEVEON pPEVOAWV OELOMWV KATG TLC ENOUEVEC DekAeT(EC, OMWG auin
MPOKUNTEL GNO TO MGPOHV MPOYypPGUEA, £(var TMPWTOGPXLKAC gnuaolag
yLa tn AGon tou mpoBAApatoc autol. ZXeTiLkh peAétn tou Ivotitol-
Tou Texvikne 2ecopohoyviac Kat Avitoeiropitxwv Katookeuwv yia 10
oXedLOOpPO DLKTUOU ENLTIAXUVOLOYPAYWYV OTOV €AAnvikd Xxbpo,n omola
exnoveltar and tov A.fllanaoctopatiou, Boolletar 0 oOnuoviLko Bab-

pO 01N OXEILKR Epeuvo 1ou Epvaotnplou TEwwuoLKnAg.
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ABSTRACT

The relation in seismicity between the northern and the southern part of the
wgean and surrounding area, baséd ‘on the mipration concept, which is a fundamental
ool for earthquake prediction problems, is examrned in the present siudy. It is
Mhown that the larger (M * 7.0) earthquakes of the present century occurred in three
wuccessive time periods in this arca. The main fecature of this séismic activity 1is
he north-south migration of shallow shocks, whiJe the intermediate shocks are 1i-
vited in the southern part only. The lack in the occurrence of intermcediate shocks
ince 1935 and of the shallow ones since 1957 in the southern part suggests that
trong shallow as well as intermediate earthquakes are cxpected in the southern part

I this area.

INTRODUCT ION
The arca surropnding the Aegean sca is very interesting for earthquake predi-
‘tion studices because this area has the largest seismicity in the whole Europe. The
Jndcrslanding of the tectonic conditions in this area is of primary importance for

arthquake prediction resecarch.

The most characteristic tectonic feature of the area is the Hellenic Arc which
xtends along its southern part. This arc has roughly a circular shape. Paparachos
nd Comninakis (1969,1970) were the first to suggest that the foci of the interme-
iate carthquakes are located in a seismic zone dipping from the Eastern Mediterra-
ean to the Aegean. The same authors (1971) determined a Beniof{ zone with an am-

hithcatrical shape.

The scismic activity in the area investigated is concentrated along the Helle-
ic Arc in its southern part. Most investigators agrec that the scismic activity a-
sociated with the Hellcenic Arc is‘a result 0f convergence between the African and
urasian lithospheric plates (Papazachos and Comninakis 1971, McKenzie 1972, Finect-
i and Morelli 1972).

The Aegean is a marginal sea and the mode of lithospheric interaction in its
orthern part is not known well. Some suggestions have been made on this problem.
ccording to McKenzie (1978) the dominated extensive forces in this area rcesult in
eplacement of the lower part of the lithosphere with hot mantle, producing fiigh

rat flow and the slow thermal subsidence characteristic of sedimentary basins.
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Anoattempt o ds omade here, bascd on thme-space plotis, 1o finc he 1¢iation in soi-
wnicity between the southern and the northern part of the Acgean arce. Several  in-
vestigations of time-space seilsmicity presented by Fedotov (1965), Kelleher (1970
1572), Kelleher et al. (1973), Sykes (1971) and Mogi (1963 a,b,c), among others,ha-
ve demonstrated its significance for establishing arcas which run a hipgh risk of fu-_
ture maximal carthquakes. Tt has been found that if an arca is known to have suf -
ferred major fTaulting and associated maximal ecarthguakes in the past, lics in a
seismic zone (i.e., in a plate boundary), and is currently scismically quiet, this

arca may be preparing for a future maximal seismic activity.

The data used in the present study concern the Jargest (MSE 7.0) carthquakes
which occurred during the present century in the arca investigated., These data have
been taken [rem the catalogue of Comninakis and Papazachos (1982) and are homogenc-
ous and complete. The errors of this catalogue are less than 30 Km in the epicen -

ter determination and less than 0,3 in the magnitude.

SPACE-TIM DISTRIBUTION OF THE LARGEST (M 27.0) EARTHQUAKES
Space-time plots can contribute to the information on the occurrence of earth-
quakes through the time in a certain area. Such information provides a fundamental

tool for earthquake prediction.

The first step was to see in which way the largest carthquakes in the Aegean
nnd;surrounding area occur and if there is any relationship between the earthquakes
accurred in the south part of the arca and those in its northern part. The earthqu-
akes examined had magnitudes larger or cqual to 7.0, because the largest amount af
seismic encrgy is released by these carthquakes and becausc the epicenters as well

as the magnitudes of these earthquakes are known more precisely.

Any attempt to c¢etect space-time seismicitly patterns is handicapped by the bri-
cf period for which instrumental data are available., Jn this case the data avéila -
ble fer the area studied concern earthquakes occurred during the present century

mely for the period 1901-1985. The carthquakes occurred in the south part are
shallew as well as intermediate ones since the seismicity in this part is associa -
ted with the Hellenic Arc as referrenced above. The earthquakes occurred in northern

part arc only shallow oncs.

A space-time plot of events with M>7.0 from 1901 to present is shown if figu-
re (1). The cpicentral Jatitude as a function of the vyear of occurrence is shown .
This figurc shows that the seismic activity may be examined in three distinct time

periods.

The first (1903-1932) was the period in which all large shallow carthquakes
occurred in the northern part of the area. During this time period, which lasts
thirty (30) years, five large ( M= 7.0) intermediate depth earthquakes occurred in

the scouthern part of the area.
During the next perjod (1933-1957) which lasts twenty five (25) ycars,the sci-

smreactivity was mainly shallow and <hifted to the central and southern part of

the arca.

PR~
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Fig. 1.~ Space- time plol of the Jafger earthquakes: (M * 7.0) which occurred in the

Aegean and the surrounding area during the present century.

The third period (1958-1982) is characterized by shallow secismic activity lo-
ated in the northern part while the southern part remained unbroken. This is a first
vidence that the southern part is at quiescence during this time period, that 5,

or twenty five (25) years.

Figure (2) shows the spatial distribution of the scismogenic volumes of the e-
rthquakes mentioned above. The seismogenic volume of an earthquake is shown by a
ircle for the shallow shocks or by a triangle for the intermediate ones. The dia-
witer of the circle or the side of the tridhgle were calculated by the following e-

jation (Kiratzi et al. 1985)
Log L = 0.61 M_ - 2.25 (ry

here L ois the length of the rupture and MS is the corresponding surface wave mag-

vitude.

The upper part of the figure €¢2) is referred to the first period (1903-1932) ,
‘hile the middle and the Jower part of this figurc are referred to the second (1933
1957) and to the third (1958-1982) periods, respectivelly. The same pattern des-
‘tibed above is shown in this figure too. The shallow seismic activity which was
ohcentrated in the northern part during the first period (fig. 2a) migrated more
‘outherly during the sccond period (fig. 2b), while no shallow earthquake occurred
i the southcrn part during the third period (fig. 2c¢). Additionally, no intermcdi-

''¢ focal depth earthgquake occurred in the southern part since 1935.

DISCUSSION

It is generaly accepted that the occurrence of the shallow and the iniennedi-

o4 [0
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An o aittempt is omade here, bascd on thme-space picois, to finc che 1eiation in sci-
wnicity between the southern and the northern part eof the Acpean arce, Several  in-
vestigations of time-space setsmicity presented by Fedotov (1965), Kelleher (1970,
1572), Kelleher et al. (1973), Sykes (1971) and Mogi (1963 a,b,c), among others,ha-
ve demonstrated its significance for establishing arcas which run a high risk of fu-.
fure maximal carthquakes., 1t has been found that if an arca is known to have suf-
jerred mejor faulting and associated maximal earthquakes in the past, Jics in a
weismic zone (i.e., in a plate boundary), and is currently scismically quiet, this

area may be preparing for a futurc maximal seismic activity.

The data used in the present study concern the largest (MSE 7.0) carthquakces
which occurred during the present century in the arca investigated. These data have
peen taken from the catalogue of Comninakis and Papazachos (1982) and are homogenc-
ous and complete, The errors of this catalogue are Jess than 30 Km in the epicen -

ter determination and less than 0,3 in the magnitude.

SPACE-TIME DISTRIBUTION OF THE LARGEST (M =7.0) EARTHQUAKES
Space-time plots can contribute to the information on the occurrence of earth-
quakes through the time in a certain area. Such information provides a fundamental

tool for earthqguake prediction.

The first step was to see in which way the largest earthquakes in the Aegean
and” surrounding area occur and if there is any relationship between the earthquakes
occurred in the south part of the area and those in its northern part. The earthqu-
akes examined hoed magnitudes larger or cqual to 7.0, because the Jargest amount of
seismic energy js released by these carthquakes and becausc the epicenters as  well

as the magnitudes of these earthguakes are known more precisely,

Any attempt to detect space-time seismicity patterns is handicapped by the bri-
cf period for which instrumental data are available. In this case the data availa -
ble feot the area studied concern carthquakes occurred during the present century ,
Symely for the period 1901-1985. The earthquakes occurred in the south part are
shallew as well as intermediate ones since the seismicity in this part is associa -
ted with the Hellenic Arc as referrenced above. The earthquakes occurred in northern

part arc only shallow oncs.

A space-time plot of events with M>7.0 from 1901 to present is shown if figu-
re {1). The cpicentral latitude as a function of the year of occurrence is shown .
This figure shows that the seismic activity may be examinced in three distinct time

periods.

The first (1903-1932) was the period in which all large shallow carthquakes
occurred in the northern part of the areca. During this time period, which lasts
thirty (30) years, five large ( M> 7.0) intermediate depth earthquakes occurred in

the southern part of the area.

During the next period (1933-1957) which lasts twenty five (25) ycars,the sci-
smicoactivity was mainly shallow and <hifted to the central and southern part of

the arca.
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Fig. 1.- Space- timc plol of the larger earthquakes (M * 7.0) which occurred in the

Aegean and Lhe surrounding area during the present century.

The third period (1958-1982) is characterized by shallow seismic activity lo-
:ated in the northern part while the southern part remained unbroken. This is a first
:vidence that the southern part is at quiescence during this time period, that i5,

for twenty {ive (25) years.

Figurc (2) shows the spatial distribution of the seismogenic volumes of the e-
arthquakes mentioned above. The seismogenic volume of an carthquake is shown by a
rircle for the shallow shocks or by a triangle for the intcrmediate ones. The dia-
wter of the circle or the side of the triangle were calculated by the following e-

jation (Kiratzi et al. 1985)
Log L = 0.61 M_ - 2.25 (1)

ahere L ois the length of the rupture and MS is the corresponding surface wave mag-

nitude.

The upper part of the figure §2) is referred to the first period (1903-1932) ,
while the middle and the lower part of this figure are referred to the second (1933
-1957) and to the third (1958-1982) periods, respectivelly. The samc pattern  des-
ttibed above is shown in this figure t1oo. The shallow seismic activity which was
Concentrated in the northern part during the first period (fig. 2a) migrated more
southerly during the sccond period (fig. 2b), while no shallow earthquake occurrcd
In the southern part during the third period (fig. 2c). Additionally, no intermedi-

dte focal depth earthquake occurred in the southern part since 1935.

DISCUSSICN

bt 1s generaly accepted  that the occurrence of the shallow ana the intenmnad-



ate focal depth earthquakes which occur-

red in the southern part of the Negean
and the surrounding arca s associated
with the Hellenic Arc. The carthquake oc-
currence in the northern part of this a-
rea, it is difficult to say with which te-
ctonic regime is associated. However, it

is obvious from the present investipation

that there is a relation in seismicity
between the northern and the southern
part.

The conclusion that the southern

part of this area is a seismic gap in the

gccurrence of shallow and intermediate e-

athmes is in good agreement with pre-

vidq$ investigators (Comninakis and Papa-
zachos 1980, Papazachos 1980, Wyss  and
BaCr_liél, Papazuachos and Comninakis 1982,
Papadimitriou et al. 1984, Papazachos et
"al. 1984) who concluded that thc southern
part of the Hellenic Arc will be affected
by strong carthquakes during the next few
decades. The occurrence of the 1933 car-
thquake (MS = 7.0) in the lonian lIslands

is probably the first shock of a new cy-

cle of seismic activity in this part.This

is in good agrcement with Papazachos and

Comninakis (1982) who suggested that Iar-

ge earthquakes are expccted there between
1983 and 1987. It must be noted that Fa-

padihi}fiou and Papazachos (1985) predi-
cted the magnitude and the scismogenic
volume of the Jaruary 17,1983 lonian Is-

Jands eafthquake.
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ABSTRACT

An area in the southern Aegean- has becn identified as first
and second kind intermediate depth 'seismicity gap. !t is obser-
ved: a) no strong (MSE €.5) intermediate focal depth earthquake
occurred during the last 54 years and no such great ecarthquake
(MSE 7.8) occurred during the last 58 years>in this area, b)fi-
ve great earthquakes (M= 7.8) of intermediate focal depth oc-
curred between 1810 and 1926 in this area, and c) the small in-
termediate depth activity has been high during the instrumental
period (1911-1984) cxcept for the last 34 years (since 1948 )
when this activity has been seriously reduced. Strong eviden-
ce arce presented that the scismic potential of this area for
the next few decades is high. This evidence and the information

that great intermediate depth carthquakes, which have not till

“now affccted modern high structures in-Greece, genecrate relati-

vely long period and very high amplitude seismic waves,lcad. to
the conclusion that such carthquakes constitute a major scismic
threcat for the buildings and mainly the high ones (hotels etc )

in the whole southern Greece during the next {few decades.

. INTRONUCTION

It is well known that carthquakes of magnitude MSE: 7.8 oC-
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cur in the southern Aegean (Gutenberg and Richter 1948, Galano-
poulos 1953, Karnik 1969, Papuazachos and Comninakis 19824, Co-
mninakis and Papazochos 1982). These carthquakes, which arce of
intermediate focal depth {(+« 96 Km} occur in the well known Be-
nioff zone of southern Acgean (Comainakis and Papazachas 1980)
and produce extensive damage in distances up to hundreds of
kilometers (Sicberg 1932).

The high modern structures in southern Greece (Rhodos,Cre-
te, Athcens,etc) which have been built during the last  threc
decades have not expcrienced such great earthquaokes - because
the last of thesc destructive shocks occurred 5% years ago (Ju-

ne 26, 1926, MS:SJO). Due to their high magnitude and relati-

vely high focal depth, the predéomipant wave period of these
great earthquakes are expected to be higher than the ones = of
the shallower but smaller shocks which occurred recently in

Greece and affected modern structures (Thessaloniki 1978 ,Athens
1981). Since the accelerograms of these recent shallow earth-
quakes show a peak acceleration at about 0.4 secohds, the pcak
accelerations of the great intermediate foca! depth earthqua-
kes 'in southern Aegean must have their peaks at periods of 1.0
seconds or higher which is much closer 1o the natural periods
of modern structures. This is strongly supported by the fact
that the accelerograms of the Romanian 1977 intermediate focal
depth earthquake (MS:7.5), which occurred in an area (Vrancea )
of very similar tectonic¢ conditions with the southern Aegean ,
gave a peak accelaration at a period up to 1.5 seconds and pro-
duced destruction of high modern buildings in Bucarest in a
distance of more than 150 Km from the epicenter (Arbrascys 1977).

The above given information suggests that future interme-
diate depth earthquakes in southern Acgean will produce exten-
sive damage in a broad arca and will affect very seriously
modern high structures. For this, reason it is of importance 10
search for possible precursors of thesce earthquakes. The pre-
sent paper deals with this subject and investigates some  pro-
bable scismicity precursory patterns in an area of the sou-
thern Acgean where great carthquakes of intermediate focal
depths occurred in the past. |

Comninakis and Popazachos (1980) as well us Papadimitriou

e Lo o lracnY e nntad avideanecn for (he teneration
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the end of the present century o so. In the present paper a
more detail study of this problem is attempted and  additional

cvidence to support this idea js presented.

2. N FIRST KIND SEISMICITY GAP TFOR ITNTERMEDIATE FOCAL DEPTH
EARTHOUAKES TN THE SOUTHERN AEGEAN

Mogi (1979) suggested two kinds of scismic gaps. Gap of

the first kind is that gap in a seismic belt which is later
covercd by the scismogenic volume (aftershock volume) of a

strong carthquake and where strong ecarthquakes occurrcd in the
past. Such gaps hawve«been. {irst identified in plate bounidaries
(Fedotov 1965, Kelleher et al, 1973, McCann et al.1979) but ha-
ve been later jdentified on othcri(intraplaie arcas, etc) are-
as too (Thatcher et al. 1975,Mogi 1979). Gap of the second kind
15 a part of a seismic belt where the low magnitude seismici-
ty is at quiescence. ‘

FPapadimitriocu and Papazachos (198%4) modified the defini-

tion of the first kind seismic gap in order to make it appli-

cable for the relatively small earthquakes in the Aegean and
surrounding area. They used the term " first kind seismicity
gap " and defined this gap as a region where: a) No strong e-

arthguake occurred during the last several decades in this re-
gion, b) Strong earthquakes occurred in this region - several
times before this last period of quiescence, and c¢) The lower
magnitude seismicity has been high during the period {or which
instrumental data are available except probably, for the last
several years. In this last case the gap is a " second kind
seismicity gap " too.

Bascd on these definitions we searched for a scismicity gap
in the intermediate focal depth earthquakes in the southern A- .
egean. |

Figure (1) shows the cpicenters of intermediate focal
depth (70 Km= h = 180 Km) carthquakes which occurred in the
southern Aogedn during Tﬁc last two centuries. Seven  symbols
are usced to denote four magnitude ranges ( 6.0 = MS = 6.4,
6.5 = MSf 6G.9, 7.O-.’:Mb.:f'/.14, 7.5:"!\/15::78.3) and three
time. periods (18011926, 1911-1929, 1930-1980). The crrors of



Crac s ors are Jess than about 40 Kmoand of the maginitudes
ss than about 0.4,

The polygon in figure (1) includes an area which can  be
nsidered as a scismicity gap ol. the first kind for interme-
ate depth carthquakes because:

a) No strong carthquake with magnitude larger or cqual to
5 cccurred since 1929, that is for 54 ycars.

b) Strong intermediate depth carthquakes occurred in this
gion several times beforce 1930. Eight intermediate focal de-
h earthquakes with Mst 7.5 occurred in this arca between 1810

SE 7.8 and ma-

4 1926. Five of these shocks have magnitude M
mum intensities X or more (table 1).

c) The lower wmgnﬁfudeiSfismipily of the intermediate fo-
| depth carthquakes is high since T?Tl when the {first seil-
wgraph was instalied in Athens (Pabazachos and Conmninakis

71, Comninakis and Papazachos 1980).

WLle Y. Information for the five intermediate focal depth earthquakes
which occurred in the southern Acgean during the last two cen-

Vturies with M. > 7.8.

>
_— \ . 0 ,0

DATE TIME on A h Mg | 1,
$10, Feb. 16 22:15: 35.6 | 25.0 i 7.8 X
%56, Oct. 12 00:45: 35.5 [ 26.0 i 8.3 | X1
1563, Apr. 22 20:30: 36.4 27.7 j 7.8 X
1903, Aug. 11 04:32:54 36.0 | 23.0 80 7.9 | X1
1926, June 26 19:46:34 36.5 27.5 100 8.0 X1

As a mcasurc of the potential of this first kind SCismi-

ity gap for the occurrence of an carthquake with magnitude
M the ratio, A, of the t?mé, T, 7during which no such ecarth-
nake occurred to the mean return period, T, of the carthqua-
s owith such magnitudes in the gap is considered ( Papadimi-
Viou and Papazachos 1985). 11 is therefore necessary to de-
“Pmine the mean return period for the great carthquakes in
he sonthern Acgean. Figure (2) shows the cunwlative frequency

Wiction of the mapnitudes for the intermediate depth carth-
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quakes i the sceismnclty gap identificd in southern Acgean.For

this plot, threce complete samples of data have been used. The-
sc samples cover the periods 1801-1980, 1911-1980, 1964 -1980
with corresponding magnitudes M;i 7.5, MSEZG.O, MSE:4.5. -The
number of ecarthquakes in cach magnitude step (M+0.05) of the.
last two periods were multiplied by the ratio 180/70 and 180/17,
respectively, to get the number of the ecarthquakes (#.B:EMS =

7.4) for the whole time period (1801-1980) of 180 ycars.

! 1 ! !

56 55 6.0 65 7.0 7.5 8.0
M — '

>
(i

where N

where a:

Fig. 2.- Cunulative magnitude destribution for the earth-

quake pronce area shown in figure (1).

The data {it the Gutenberg and Richter (1944) relation:

Log N = a, - bM : (1

K 1S the number of the carthquakes with magnitude M or

targer. This relation for onc ycar time period becomos:

Log N = a - bM (2)

.ar-Logk, il k is the nunmber of ycars in the sample pe-
N

riod which, in the oresent casce, is k=180. By applying the le-

et Ao b e fle o — L7 a0 855
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Therofore, the parameters a,b of the rolacion {2) heve the vas

lucs:

a = 2.61, b = 0.55 (3)

cand the mecan return period can be determined by the relation:

T = 20"/ 108 (%)

Table (11) shows thc mean return periods for great (.»'\"1527.8) c-
arthquakes in the arca which has been identified as seismicity
gap of intermediate focal depth carthquakes occurred in the
southcrn Aegean. The time since when (June 1926) no such car-
thquake occurred in the gap is 1=58 ycars., Therecfore the ra-

tio t/T varics beiween 0.6 ami 1.2, which indicatcs a rather

"high seismic potential for the gap.

y 7

1800 1850

1 ] 1

1980 1850 2000

f—

Fig. 3.- Seismicity rate for the great (M>7.8) intermediate

focal depth carthquales in the southern Acgean,



at el

LegN——>

quakces i the sclsmcitly gap identificd

in southern Acgean.lor
this plot, three complete samples of

data have bcen used. The-
sec samples cover the periods 1801-1980, 1911-1980, 1964

~1980
with corresponding magnitudes MS'S: 7.5, MSL‘().O, MS-‘:Z{.5. -Fhe
number of carthquakes in each magnitude step (M:0.05) of the.

last two periods were multiplied Ly the ratio 180/70 and 180/17,
respectively, 1o get the number of the carthquakes (#.5fkh;f

7.4) for the whole time period (1801-1980) of 180 years.

! ! ! !

50 55 6.0 65 7.0 7.5 8.0
M— ‘

=
&

where ararmLogk, il k is the number of yecars in
N

Fig. 2.- Cumulative magnitude destribution for the earth-

quake prone area shown in figure (1).

The data {it the Gutenberg and Richter (1944) relation:

ng N, = a, - bM : (1)
where Nk is the number of the carthquakes with magnitude M or
larger. This relation for onc ycar time period beccomes:

Log N = a - bM (2)

the sanmple pe-

riod which, in the vresent case, is k=180. By applying the le-
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Therefore, the parameters a,b of the relacion (2) hove the vas

lucs:

a = 2.61, b = 0.55 (3)

~and the mecan return period can be determined by the relation:

T = 20”108 (4)

Table (11) shows the mean return periods for great (:'\"1537.8) e~
arthquakes in the arca which has been identified as seismicity
gap of intermediate focal depth carthquakes occurred in the
southern Aegean. The time since when (June 1926) no such car-
thquake occurred in the gap is 1=58 years. Therefore the ra-

tio t/T varics between 0.6 annd 1.2, which indicates a rather

“high seismic potential for thé_gap.

d
-
0_
i : 1. . 1 i !
1800 1850 1900 1850 2000
o t—

Fig. 3.- Seismicity rate for the great (M>7.8) intermediate

focal depth carthqguales in the southern Acgean.



Fiogure (2, st Lae Codascoryve pvaner of tne great carth-

o

quakes, for which information is given in table (11) as a fun-

Table 11. Mean return periods for the great carthquakes of  internediate

focal depth in southern Aegean.

M 7.8 7.9 8.0 8.1 8.2 8.3
T 48 o4 62 70 79 90
ycars

ction of time. The straight line is the least squafes' fit and
gives a rate of 3.5 great shocks per century, while = the two
dashed lines are the ninety per cent confidence intervals.This
figure shows -that,iI the scismicity rate for these great shocks
continué to be the same in the fufure, therc is a high praoba-
bility that one up to three great earthquakcs will occur till
the end of the present century or -so in the southern Aegean a-

rea.

3. SEISMICITY GAP OF THE SECOND KIND

It is of interest to examine whether the area included in
the polygon of figure (1),which has been identified as seismi-
city gap of the first kind, is also a seismicity gap of the se-
cond kind (Papadimitriou and Papazgchos 1984). It means that
we are going to ecxamine ii{ the small shock activity is at qui-
escence (serjously reduced) at present. This is usually done
by the cumulative number plots which have been used by several
investigators (Wyss and Habermann 1979, Wyss and Baer 1981,Pa-
pazachos and Comninakis 1982b, Papadimitriou 198%4) to identify
seismicity quiescence perijiods which precede strong earthquakes

The upper part.of figure (4) shows the cumulative yearly
number of inlefmodiate foéa! depth carthquakes of MS = 5.3,
which occurred since 1920 in the arca included in the polygon
of figurc (1), as a function of time, while the lower part  of
this figurc shows the corresponding plot for carthquakes with

A 6.1. 1t is clear that this arca is at quicscence since

A
g =
1948, that is, for 36 yecars. During the quiescence period (1948-
FO8E) the scimicity rate (0.09 shocks per year) for shocks with

Aﬂséﬁ.B is reduced in respect to the scisnicity rate (0.30
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Fig. 4.- Cumulative yedrly nunber of intermediate focal depth
carthquakes in the southern Aegcan as a function of

tline,

shocks per ycar) for such earthquakes during the previous acti-
ve period (1922-1948) by about 70%. No carthquake with magnitu-

de Mo > 6.1 occurred in this arca during the quicscence period
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wirtbe the raie for such carthquakes was (.24 shocs por year
during the previous active period. Quiescence in the smell in-
termediate depth carthquake activity during the last decades
has becn observed for the whele southern Aegean by Comainakis
and Papazachos (1980).

It 1s concluded that the arca where great carthquakes of
intermediadte focal depth occurred in the past is at quicscen-
ce for the smatl earthquake activity too at present. That s,

this areca is also a scismicity gap of the second kind.
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ASTRACT

Instrumental data of the period 1947-1985 revealed an inter-
re-ation ip.the seismicitv between the northernmost part (lonian:
i-:ands) and the southernmost part (Crete) of the Western Helle-
nic arc. A correspondence in the occurrence of earthquakes with
M:5,9-in-these two areas-has-been -ohserved.- In-most of the cases

this correspondence was one-to-one. The area between Crete and 1-

p onian , which.is the middle part of the western Hellenic arc, has

not been affected by this interrelation and remained unbroken sin-

ce 1947 for earthquakes with M¥6.0.

1. INTROSUCTION

The Hellenic Arc (fig.1) has focused the attention of many geoscien-
lists. lts seismic activity is the result of the interraction be-
tweer, the Eurasian and the African lithospheric plates.

The tecionic regime of this area is fairly well known and
this is a helpful tor] towards the examination of the occurrence
°of large earthquakes which foJlows certain patterns boath in time
and space,

Studies concerning the long term predictiion of large earthqu-

ékes along the Hel'enic arc have -been carried out diring recent

years. Wyss and Baer (1981), based on the time variation of the

seismicity rates, concluded 1ha1 a sequence of about three earth-

Glakes are expected between 1980 and 1991 along the southwestern

| Part of the Hellenic arc, while in other segments they were not

able to clearly define'seismiciﬂy anomalies. Papazachos and Comni-
Nikis (1982) =tudied the time variation of the difference in ma-
Bnitude between the main shock and its largest aftezrshock and su-

Eicsted that a seismic actjvity of strong earthquakes is expected



verween 1983 and 13987 in the Hellenic trench-arc system. Papadimi-

\wiou and Papazachos (1235) characterized some parts of the Hel-
jenic arc as seismicity gaps in the occurrence of the larger (Mt
(.0) carthquakes and Papadimitriou and her colleagues (1985) sug-
cested that strong earthquakes are expected in the Hellenic arc,
;lxhg basis of migration patterns, .

The Chinese seismologists were the first who observed an in-
jerrelation of seismicity between two ateas (Rikitake 1932). 1In
1978 they noticed a marked tendency of alternate occurrence of
jarge earthquakes between these arcas. The tedency of the alterna-
fc occurrence was so distinct that a Jong-{erm prediction of ear-
thquake occurrence was actually made although no physical mecha- |
nism of such tedency was known. Rikitika.(l933) examined the in-
terrelation of the seismicity between two areas in Japan. A long-
term as well as a short-term tedency of alternate occurrence of
tarthquakes between the two areas was recognizad.

In the present paper, the interrelation of ssismicity between

two areas of the western part of the Hellenic arc is examined.

7. SEISMJC ACTIVITY IN THE AREA STUDIED

An éttempt was made, first, to examine if there is‘awy regu-
larity in the earthquake occurrence along the whole Hellenic arc.
ﬁor this redson,instrumental data, which in Greece are available
ﬁnce 1911, concerning the shallow (h€60 km) earthquakes of moderate
size weré used. However, it was soon found out that during the
first four decades of the present century the majority of the sei-
Smicity was concentrated in the area of the lonian islands, while
few earthquakes were observed along the rest of the Hellenic arc.

After 1947 the seismicity continued on a regular base in the
lonian islands and aﬁbtﬁer-negion in Crete revealed cdnsiderab}e

Seismicityv. Out of 1hese_1wogggrts np other part of the Hellenic

4r¢ seemed 1o be considerably active. On the basis of this preli-
Minary sorting of the data, the regions of the lonian islands and
“estern part of Crete were chosen for further investigation.
Table (1) gives information on all earthquakes with M*5 9
“Yhich occurred in the western Hellenic arc between 1947 and 1934.

The source for the data was the catalogue of Comninaki;_and Papa-




yable 1. Information on all earthquakes with M35.9 which occurred

in the western part of the Hellenic arc since 1947,

DATE o° AOE M REGION
1947 ,Aug. 30 35.1 23.4 6.3 Crete
19474,0ct. 6 36.9 22.0 7.0 Central part
1948 ,Apr .22 38.7 20.5 6.5 Jonian

 1952,Dec. 17 34,4 24.5 7.0 Crete

$)1953,Aug.12 3%.3 20.8 7.2 lonian

| 1957,Feb. 19 36.2 Z1.6 5.9 Central part
1958,Aug. 27 37.4 20.7 6.4 lonian

l 1959 ,May 14 35.1 24.6 6.3 Crete
1959,Nov.15 37.8 20.5 6.8 lonian
1962,Jan.26 35.2 22.7 6.2 Crete
1962 ,Apr.10 37.8 20. 1 6.3 lonian
1963,Dec. 16 37.0 21.0 5.9 Central part
1965,Apr. 9 35.1 24,3 6.1 Crete
1968 ,Mar .28 37.8 20.9 5.9 lonian
1569, 3June 12 34.4 25.0 6.1 Crete
1969,July 8 37.5 20.3 5.9 Tonian
1972,May & 35.1 23.6 6.5 Crete
1972,S5ep. 17 38.3 20.3 6 3 lonian
1973,Nov. 29 35.2 23.8 6.0 Crete
1976 ,May 11 37.4 20.4 6.5 lonian
1977,Sep. 11 34.9 23.0 6.3 Crete
1981,June 28 | 37.8 20.1 6.0 |  lonian
1983,Jan. 17 37.9 20.2 7.0 "
1984, June 21 35.3 23.2 6.3 Crete




ichos (1982), Figure (1) shows the epicenters of the eartrhquakes
1sted in table (1). It 1s interesting to note that all epicenters
icept three, are clusterred in two areas, one in the lonian islands
wrthwest) and the other in the western Crete area. The epicenters
v the region between these two areas belong to the e¢arthquakes
vich occurred in 1947(M=7.0), 1957(M=5.9) and 1963(M=5.9). This
:ans that no missed c¢arthquake with M®5.9 occurred 1in this'region
ince 1963.

INTERRELATION OF SEISMICITY

In order to examine the interrelation of the seismicity between
e two areas space-time plots for difféfent magnitude cutoffs were
ade. The epicenters of the earthquakes were projected onto a line
vich connects the two areas (fig. 1) and the distances from point
along the line were measured. These distances are plotted against
ime for two data samples (M>5.9 and M26.0) in figure (2). The
ashed lines limit the area between Crete and lonian islands which
>mained unbroken for earthquakes with M26.0 for the whole time pe-
iod during which this examination is made (1947-1984). The same,
rea also remained unbroken for earthquakes with M*5.9 since 1963.
e length of this area along the line AB is equal to about 300km.

The interrelation of the seismicity of the two areas is obvious
f£ig. 2). In most of the cases the correspondence is one-to-one.
asmely, each earthquake in the lonian islands is followed by an e-
rthquake in Crete and vice-versa. In the cases where there is no
ich one-to-one relation there is a multiple occurrence in one of
e regions. Thus, during the periods 1952-1959 and 1977-1984 no
arthquake with M26.0 occufred in Crete while two earthquakes in
>th periods occurred in the lonians. During the period 1962-1972
e lonian were at quiescence while three earthquakes occurred in
rete. In this case, we suggesl that the observed pattern is: pe-
iod of alteration - multiple occurrence in lonian - period of al-
tration - multipie occurrence in Crete - period of alteration -

altiple occurrence 1n Jonian. It s probable that this pattern



will continue and we may expect that after a few carthquakes
correlatﬂng onc~to-one, the seismic activity will be concen-
trated in Crete while the lonian will enter a period of quieé-
cence.

In order to further support that actually an interrelation
exlsts the runs test was applied. We assumed that we have a se-
quence of successive observations arranged in order of occur-
rence, where the observations are two mutually exclusive cate-
gories. The {irst caregory concerns the earthquakes which oc-
curred in Crete and the second one the earthquakes which occur-
red in Jonian isldnds and: the earthquakes which occurred in the

ggbntral part, because the last onésqafe closer to the lonian
region. '

The test statistic Z (Davis 1973) has been calculated for e-
arthquakes with M*5.8 and M*5.9 since for larger earthquakes
(M*6.0) the sample is ruther small for such a test. It is found
that Z equals to 1.5 and 2.7 for earthquakes with M®5.8 and M*5.9
respectively. Using a 5% (a=0.05) level of significance, the last-
but not the first one of these values isclearly within the criti-
cal region. So we would reject the hypothesis that the earth-
quakes with M*5.9 contain the number of runs expected in random
sequences. This test supports our hypothesis that an interrela-
tion exists between the strong earthquakes (M5.9) in lonian is-

lands and western Crete.

5. DISCUSSION

The present investigation shows that an interrelation between
the shallow seismicity in the two ends of the western Hellenic
arc exists. In the central part of the western Hellenic arc no
earthquake with magnitude M*6.0 occurred since 1947, although
this part should have been the most active since its largest di-
mension, with a length of about 300 km, is normal to the dire-
ction of relative motion between Eurasian and African plates
(McKenzie 1978). It is possible that this central part is a sei1-
smic gap and big earthquakes are expected there (Wyss and Baer
1981, Papazachos and Comninakis 1982).
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However, McKenzie (1978) considers the possibility that the
seismic activity of the island arcs to depend on the thickness
of the sediments which are found on the top of the plates which
arc subducted and variation of the thickness of the sediments
in different parts of the western Hellenic arc may determine the
variation of the level of seismic activity.

Thus, a simitarity between the structures of the itwo ends of
the western arc and a difference between these structures and the
structure of 1ts central part cannot be excluded as the cause of
the behavior of seismicity in this area.

It is difficult at present. to explain the observed phenomenon
1n a satisfactory way but the'dbserved interrelation in seismi-

city itself is of interest for the earthquake prediction problem.
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MIGRATICON OF THE INTERMEDIATE FOCAL LIPTH SEISUIC
ACTIVITY IN THE INNER PARYT OF THE HELLENIC ARC

. B){
Papadimitricu,E.E. Geophysical Laboratory, University
of Thessaloniki, Thessaloniki 540 06, GREECE.

ABSTRACT

A regulatity in the space-time distributions of the interme-
diate focal deptﬁ earthquakes in the inner part of the Hellenic
arc has been identified. A belt, trending east;west, where these
earthquakes occur and along which tend to migrate has™been defi-
ned. Three migration periods that.lasted 24,19 and 18 years and

followed by an aseismic one of ‘20 years have been observed.

1. INTRCDUCTICN

The identification of seismicity patterns in the occurrernce
of intermediate earthquakes in the southern Aegean is of primary
importance, because it is well known that such earthquakes have
produced severe damages in the past in distances up to hundred
kilometers (Sieberg 1932). The foci of these earthquakes are
located in a seismic zone dipping {rom the eastern Mediterranean
to the Aegean (Papazachos and Comninakis 1969,1970). Papazachos
and Comninakis (1971) determined a Beniofi zone with an amphi-=
theatrical shape. These studies showed that the intermediate fo-
cal depth earthquakes in the southern Aegean occur in the same
seismit zone, where seismicity patterns tan be observed.

The seismicity patterns have been grouped in three main types (Ke-
1lis-Borok et al. 1980); seismic quiescence, seismic activation
and migration.oi seismic foci. The pattern investigated in the

present paper is of the third type.

2. THE DATA

The area examined is bounded by the parallels 35°N, 37°N and
the meridians 22.7°E and 28.5°E. This area was selected because

the big earthquakes (M>7.5) of intermediate focal dcpth (60¢he



200 km) that occurved during the last two centuries along the
Hellenic arc, have thelir eplcenters 1n this area. It is also
known that most of the smaller (M*4.5) intermediate earthquakes
which occurved 1n the Aegean and surrounding area during the
last twenty years, occurred also in this area.

The data which have been used in the present study concern
carthquakes with M*6.0 that occurred during the present century
in the inner part of the Hellenic arc (southern Aegcan). The da-
ta source is the catalogue of Comninakis and Papazachos (1982).
The errors in the epicenters are less than 30 km and the errors

in the magnitudes are less than 0.3. Information on these shocks
is listed in table (1).

3. MIGRATICN OF SBISMIC ACTIVITY

On the purpose to invetiigate the pattern of the interme-
diate foca! depth earthqguakes in the inner part of the Hellenic
arc, the epicenters of the earthquakes were plotted on a - map.
From this plotting it was observed that the seismic activity i-
nitiated at the western part of the area studied and then pro-
pagated to its eastern part during a certain time period. Just
after the last earthquake has occurred in the eastern end of the
area, a new sejsmic activity began in its western end. Three such
migration periods were observed during the time intervals 1903-
1926, 1926-1944 and 1943-1965.

> Since migration pattern has a trend from east to west, it
is preieréble to plot the longitude of each epicenter versus
the time of its cccurcence. Such -2 plot can give informatior €A
the process of the migration observed and can be used to esti-
mate the migration rate. Figure (1) illustrates this space-time
plotting based on the data listed in table (1).

It is seen that there are three separate migration periods
followed by a -period of quiescence. The mcan migration rate for
the three migration periods is 23 km/yr and the dashed lines in
figure (1) 1it the data in the least squares’ sence under the condi-
tion that the migration rate is constant. The duration of these

three migration periods is 24 years (1903-1926), 19 years (1926-

‘Q[J‘,‘\ and 18 venrc (YO['O_‘lQAR\ rocnne st ave e



Table 1. Infcrmation on carshquakes with intermediate focal
depth which occurred in the south part of the Hellenic

arc during the present ccntury.

DATE h: m: s Ay o h M
1903, Aug. 11 | 04:32:54 36.0 23.0 20 7.9 |
1908, May 17 12:30:42 35.5 24.0 80 6.7
1910, Feb. 18 | 05:09:18 35.7 24.0 90 6.9
1911, Apr. 4- F5:43:54 - | 36.5 25.5 140 7.1
1918, Jul. 16 20:03:36 | 36.7 25.8 150 6.6
1920, Nov. 15 09:20:43 | 36.0 25.7 120 6.0
1923, Aug. | 08:16:38 35.0 25.0 90 6.8
1926, June 26 19:46:34 | 38.5 27.5 100 8.0
1926, Aug. 30 11:38:12 | 36.8 23.3 100 7.2
1927, Jul. 1 08:18:54 36.7 22.7 80 7.1
1930, Feb. 14 18:38:12 36.5 24.5 130 6.7+
1934, Nov. 9 13:40:56 |- 36.7 25.7 | 150 6.2
1935 Feb. 25 02:51:31 36.0 25.0 100 7.2
1935, Mar. 18 08:40:45 35.3 26.8 70 6.4
1937, Dec. 16 17:35:27 35.7 23.2 100 6.0
1942, Jun. 21 04:38:44 36.0 27.0 90 6.3
1943, Oct. 16 13:08:53 36.5 27.5 110 6.3
1944, May 27 23:52:30 36,0 - 27.5 100 6.2
1948, Jul. 24 06:03:05 35.2 24 .4 80 6.6
1958. Jun. 30 08:42:44 36.4 27.3 109 6.0
1961, Mav 23 02:45:20 36 7 28.5 70 6.4
1965, Nov. 28 05:26:05 36. 27 .y 73 6.0
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After the occurrence of the last shock in 1965, no earth-
quake with M .0 occurred in the whole area. Therefore thiépérea
can be considercd as a seismicity gap of the first kind in sccor-
dance to the crilevia suggested by Papadimitriou and Papazachos
(1986). This observation is in agreement wilh the resulls of pre-
vious investigotions in which a breader area had beern considered
as such gap (Pupadimitriou et al. 1984, Papazezchos et al. 1985).

Figure (2) shows the spatial distribution of the epicenters
during the three migration periods. The numbers in this figure
denate the two last digits of the year of cccurrenci. It is ob-
served that the activity started.in. 1903 in the western part and

ended in 1926 in the eastern part of the area (fig. 2a). Then it

"tarted again in the western part'and ended in 1944 in the eas-

tern part (fig. 2b). 1t started agzin in the western part (1948)
and ended in 1965 in the eastern part (fig. 2c). Sincz then (1965)
no earthquake with M.0 occurred.

Although it is difficult to give a physiczl explanztion of-»
this seismicity pattern, these observations cen contribute to the

long-term earthquake prediction in the southern Aegean.
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SETSMIC FRACTURE  ZONES IN THE AEGEAN AND SURROUNDING AREA

By

B.C.Papazachos, P.M.Hatzidimitriou and B.G.Karacostas

Geophy§jcal Laboratory,University of Thessaloniki, Greece.

ABSTRACT
Seasmic fracture zones ar¢ defined as actyve fracture
belts of the lithosphere determined mainly by sersmic data

(delincations of epicenters, etc). On the basis of historical
(600BC-1900) and instrumental data (1901-1985) concerning the
known major earthquakes (M2>>6.0) of shallow (h<{ 70Km) and
of intermediate {ocal depth, the main seirsmic fracture zoncs
in the Aegean and surrounding region have been determined.The
importance of this zoning for earthquake prediction, scismicC

hazard and geodynamic problems of this recgion isemphasized.

1. INTRODUCTION

- The problem of the earthquake hazard reduction is beco-
ming more acute with the growth ‘of population and urban and
industrial construction. Efforts 1o solve this problem are
based on seismic zoning, sé€ismic rescarch concerning earthqu-
ake prédictiqn and other related problems. Seismic zonation
cortribute also to the solution of the earthquake prediction
problem as it gives the long term evaluations of the possible
generation of strong shocks on a rathef large territory (Ner-
sesov 1982).
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So, it becomes clear that once of the primary works one
has to do for the earthquake prediction and scismic hazard
probliem in a region is to define the scismic zones in this re-
gion by delineation of areas of earthquake activity and by appli-
cation of other seiymotectonic methods. Such efforts have been made in
several regions of the world as well as in the Aegean region.

Papazachos (1980) dividced the whole territory of Greece
and the surrounding area in 19.seismic zones. The number - of
these zones was later increased to 21 (Matzidimitriou et al.
1985). The criteria wused 1n these two works were the distri-
bution of the earthquake foci, the direction of the scismic fa-
ults derived from fault plane solutions (Papazachos ¢t al.1984),
the orientation of P (maximum compression) and T (maximum ten-

sion) axes derived from fault plane solutions (Papazachos el

al. 1982, 1984), the type of seismic faults (normal , thrust ,

strike-slip), the values of the seismicity rates and the valu-
es of the parameter b of the recurrence curve. Based on all the
above mentioned criterjia and also on somc additional data(sei-
smicity parameters, seismogenic volumes etc.) the area has
been divided into 50 seismic sources by Hatzidimitriou (1984)
for earthquake hazard studies.:

In the present paper a further effort is made to define
the seismic fracture zones in the Aegcan and surrounding area
on the basis of the data already used for this purpose (Papa-

zachos 1980, Hatzidimitriou et al.1985) as well as on the ba-

sis of additional UnpUbTitheEd Wistorital ThTormatien collecttd

by Catherine Papazachos..

2. FRACTURE ZONES OF SHALLOW SEISMIC ACTIVITY

It is well known that the distribution of cpicenters can

pive valuable information on the determination of major late
E : )



boundaries and can identify areas where stress is concentrated
in the lithosphere of the earth. This epicenter distribution
can a]so be used for a crude estimation of the seismicity of
a region in a quantitative manner. For these reasons, several
maps showing the distribution of earthquake epicenters in the
Aegean and surrounding area have been compiled in the past for
both shallow and intermediate focal depth.earlhquakes (Galano-
poulos 1968; Papazachos 1973, Makropoulos 1978, Papazachos and
Comninakis 1982, Hatzidimitriou 1984, Comninakis and Papaza-
chos 1986). o

The determination of fracture =zones {for shallow earthqu-
akes, presented 1n this paper, is mainly based on an unpubli-
shed epicenter map compiled by the senior of the present au-
thors on the basis of published catalogues of historical ( Pa-
pazachos and Comninakis 1982) and instrumental data ( Conmnina-
kis and Papazachos 1986) as well as on unpublished newly col-
lected by Catherine Papazachos historical information. This e-
picenter map 1s sHown on figure (1). It shows the epicenters
of all known shallow shocks with‘Nﬁzaé.O which occurred  bet-
ween 600BC and 1986 in the Aegean and surrounding area (34N -
43°N, 18°E-30°E) . Three sizes of circles have been used 10
denote three ranges of magnitude (6.0-6.4,.6.5-6.9, 7.0-7.8)
Black circles represent earthquakes of the present Centun'(l901
-1985) 'and open circles represent histqrical earthquakes.

For_earthquakes of the present century, the accuracy in
the épicenﬁ?TS T8 Within 10-20Km and ttre accuracy in 4he  ma
gnitude is within D.1-0.3. For the historical earthquakes, the
accuracy of the epitentral‘coordinates varies between 10Km and
40Km and for the magnitude between 0.2 and 0.5.

The striking characteristic of the map of figure (1) is

'that the epicenteis 6f these strong ¢arthquakes are clearly de-

lineated and form distinguishable narrow zones of seismic a-

ctivity. Bascd on this property of the epicenters as well as



cEd e L n s L S B IEAELENRET I I AN SRR SRR

on other seismotectonic c;iteria’appliéd also in previous pa-
pers (Papazachos 1980, Hatzidimitriou et al. 1985) +the dire-
ctions of the fracture zones have been drawn on this map(thick
dashed lines). To name the .zones a number is written close 1to
each of these. '

The width of the zones varies considerably and it ranges
between 20Km {or the most na:;bw zoneé 7 and 9 and 100Km for
zones 3 and 14.The two small parallel lines between zones 2
and 3 mark the end of zone 2 and the beginning of zone 3.

A Avmajdr feature of the these zones is that two gencral
trends are observed. One group of zones follows the convex si-
de of the Hellenic arc and exqehds to western coast of Greece ,
Albania and Yugoslavia (zones 1A,1B,1C,2,3,4,5). All other zo-
nes (from 6 to 17) are in the inner part of the arc and have ,
more or less , east-west trends, except for zone 6 which has
a NE-SW trend, the northern branch of zone 7 which has N-5
trend and zone 15 which follows the Servomacedonian geological
massif in a NW-5E direction.

Zones 1A,1B and IC cover-the southwestern coast of Yugos-
lavia, the western coasts of Albania and the southwestern coasts
of Alhania- western coasts of mainland of Greece,respectively.
Zone 2 covers the area of the Jonian islands. This is one of
the most active zones of the studied arca. Zone 3 covers the
area between lonian islands and west of Crete (south of Pelo-
ponnesus), while zones 4 and 5 cover the southern and = south-
“eastern parf'bf tht external Hetlénic arc.

All the other zones lig in the inner bart of the-Hellenic
arc. Zone 6 crosses central Albania in a NE-SW direction and
is characterized by low seismicity. Zone 7 starts from south-
ern Albania with a N:S direction up to northwestern Greece where

it ¢hanges to an EXW ditectionand”it-terminates-at~the~sooth=
ern end of the peninsula of Athos. Zone & covers the area of

the Patraikos-Corinthiakos-Saronikos gulfs. Zone 9 fol-
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lows the Evoikos gulf and in its northernmost part ( Maliakos
guli) probably changes directiion to the west and reaches the
intersect of zones 1C and 2. |

Zones 10,11,12,13,14 have an E-W trend and cover the Aec-
gean area and the western part of Turkey. Zone 10 starts f{rom
the central part of southern Aegean and terminates in the south-
western part of Turkey. Zones 1] and 12 start west of the is-
tands Samos and. Chios, respectively, and also ternftnate in the
western part of Turkey. Zowe 13 is the Jongest. It crosses the

castern part of the mainland of Greecce and the central Aegean

‘area and through the jisland of Lesbos terminates in western

Turkey. Zone 14 starts from-the southern part of Athos penin-
sula, crosses the northermwost ‘part of the Aegean and 11 conti-
nues -in the northern Apatolia . This zonc is characterized by
large earthquakes as it coincides with the north Anatolian fa-
ult system and its extension to northern Aegean. Zone 15 has
a NW-SE trend and follows the Servomacedonian geological zone.
I't starts from the southern part of Yugoslavia and terminates
in the southern part of the peninsula of Athos at the interse-
ction of the zones 7 and 14. Zone 16 is a small one, covering
the northeastern part of Greece with an E-W direction.This zo-
ne is characterized by Jlarge historical earthquakes but no lar-
ge earthqﬁake occurred in this zone during the present centu-
ry. Finally, zone 17 covers the southern part of Bulgaria in

an E-W direction.

3. FRACTURE ZONES OF INTERMEDIATE FOCAL DEPTH SEISMIC ACTIVITY

The foci of the intermediate focal depth  ecarthquakes
(h 22 70Km) in the Hellenic arc form a well developed Benioff

zone of amphitheatrical shape which dips from the convex ( ea-



stern Mediterrancan) 1o the concave (Aogcan.Sea) part of the
arc (Papazachos and Comninakis 1969, 1971, Papazachos 1973 ,Caon
ninakis and Papazaches 1980, Panagiotopoulos et al.1984).

There 1s strong evidence which shows that future interme-
diate depth earthquakes in southern Aegecan will produce exten-
sive damage in a broad area and wil) affect very seriously mo-
dern high structures (Papazachos et al,1985). For this reason,
it Js of importance 1o include these intermediate focal depth
earthquakes in future studies. ol seismic hazard and earthqua-
ke prediction. 7 '

The cpicenters of all known .major (M>6.0) earthquakesof
intermediate focal depth ( h > 70Km) in the Aegean region are
shown in figure (2). Four symbols have been used 1o denote
earthquakes of four magnitude ranges (6.0-6.4 , 6.5-6.9, 7.0-
7.4, 7.5—8.2) . Black triangles represent earthquakes of the
"present century, while open triangles rcpreSGnt historical e-
arthquakes.

We can distinguish two zones of intermediate focal depth
earthquakes in this figure (dashed lines). The outer zone
starts from central Greece and following the inner (concave )
part of the Hellenic arc terminates north of Rhodos Ysland.This
zone follows approximately the iSodepth of 100Km and 1s chara-
cterized by earthquakes with big magnitudes. As it can be seen
from this map twelve known earthquakes with magnitudes between
7.5 and 8.2 had epicenters in this zone during the period 600
AD-=1986. Eight:of:these-earthquakes .occurred during the last

two centuries.

The second zone of intermediate focal depth earthquakes
extends along the innermost part of the Hellenic arc . It 15
characterized by earthquakes of rclatively small magnitude

(MeZ 7.1) and follows the isodepth of .150Km and the volcanic.

arc.
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4. DISCUSSION

The maps of figures (1) and (2) arc bascd on a much lar-
ger sample of only major shocks in comparison with similar maps
so far published. The data uscd fer this map cover also a very
large time period. The good delineations of the epicenters of
these shocks and the formation of distinguishable narrow belts
by these epicenters show .that the spatial distribution of
these large earthquakes defiie the main active fracture zones
in this area. .

All the known seismic faulis of the region belong to the-
se fracture zoncs but ecach of these faults j¢ not necessarily
parallel to the trend of the corresponding zone. For example ,
most of the known seismic faults in the Servomacedonian zone
(15) have an almost east-west strike (Papazachos et al . 1984 )
and therefore are not parallel to this zone which has a NW- SE
trend. On the other hand, the faults along the convex side of
the Hellenic arc seem to be parallel to the fracture zones.

We believe that the maps of figures (1) and (2), where
the trends of the main fracture zones are shown, are of prima-
ry importance for studies concerning earthquake.prediction ,
seismic hazard and geodynamical problems. in the Aegean and
surrounding area. Attempts to identify seismic precursors(seci-
smicity patierns,etc) must be concentrated mainly along these
zones and seismic hazard techniques which are basced on seismic
zonation can also be “based ¢n - these maps. On the other hand ,
the interpretatron ol some basic properties of these fracture
zones (trend directions, etc) is a basic condition for the va-

lidity of any proposed geodynamical model! for this region.
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Fig. 1.- Distribution of epicenters of the major (MZ26.0) shal-

Fig. 2.-

low shocks which occurred in the Aegean and surroun-

~ding area during the period 600BC-1985 and the dire-

ctions of the seismic fraciure zones of shallow acti-

vity (dashed lines).

Distribution of epicenters of the major (M;?é.O).known
intermediate depth earthquakes which occurred in the
Aegean and surrounding arca and the directions of the
two seismic fracture zones of intermediatce depth ser-

smic activity (dashed }lines).
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_Ckobhysical Eabdratoryy University of Thessaloniki, Thessaloniki, Greece.

ABSTRACT

Among the premonitory seismicity patterns investigated so
far, decrease of the rate of the low magnitude secismic activi-

ty before strong shocks scems to be one of the most promising

such patterns for long-term earthquake prediction. Based on
the cumulative number of small carthquakes as a function of
time,we observed a preseismic quiescence of the small shock

Aseismicity in a broad area around the epicenter of all the lar-
ge (M= 7.0) earthquakes wich occurred in the Aegean'and sur-
rounding area during the last forty years. Furthermore, .addi-
tional evidence are presented that some regions of this area
are at quiescence now, which indicates that these regions will

. experience strong earthquakes during the next decade or so.

1. INDTRCDUCT ION

Regions with high seisﬁﬂcity such Aegean sea and the sur-



rounding areas have attracted much attention from scismolo-
gists. Although much work concerning the investigation of pro-
ne regiens for the gencration of large carthquakes in this a-
rea has been done, there are still mnnortant difficulties con-
cerning this problem and {further recscarch is needed.,

Various seismicity patierns before strong ¢vents -which
occurred or will probably occur in the area studied, have been
Teporied so far. These patterns concern foreshocks, presecismic
quiescence, time variation of the magnitude difference between
thé main ahdck and its largcst aitershock, migration and doug-
hnut patterns. Among them, preseismic quiescence appears most
conmon. _ _— A
Wyss and Baer (1980) and Papazachos (1980) based on the
drop of the seismicity rate in the arca south of Pelopponesus
concluded that earthquakes with big magnitudes will probably
occur in this area till the end of this decade.

- Seeking for seismic gaps aleng the Hellenic arc,Wyss and
Baer (1981) defined four such gaps where they expect strong
shocks, while Papazachos (1981) and Papazachos and Comninakis
(1982) concluded that strong events wf!l occur along this arc
during the next few years. , ‘ )

Papazachos (1980) and’Papadimitrréu (198%4) showed that a
broad region is affected during the preparatory stage of lar-
ge shocks and the seismicity drop is ndt Iimited: to the. seil-
smogenic volume of the coming shock but is extended to a broa-
der. zone. _ ' ) _

‘Papadimitrjou and Papazachos (1985a) based on the varia-

tion of small magnitude seismicity rate in lonian islands de-

fined two volumes that had remainced free of epicenters since

1963. So, the first a- priori prediction in Greecce was a fact
when a M = 7.0 shock in onc (the southern) of these volumes
occurred, on January 17, 1983. Another such shock is expected

in the second (Leukada island) of these volumes.:



Regarding the intermediate depth seismicity, evidence ha
been prescnted that a new cycle of intermediate depth seismi.
activity will start in southern Greece {Comninakis and Papaza
chos 1980, Papadimitriou et al.1984,1985,Papazachos et al.l985

] In the present work, our attention has been focused o
the following two subjects: First, to examine whether ther
was or not a drop of the low manitude seismicity rate befor

Call large earthquakes (M= 7,0) which occurred 1n Greece an
surroundings during the last forty years in a broader are
than the sejsmogenic volume of such earthaquakes, and .secon

to present further evidence for drop of seismicity rate in so
me regions for which previéus authors presented such evidence
and to identify'new such regfons, which can be considered a:
eg?thquake prone regions . This effort has been stimulated b
new information that has been recently attained on the séismi¢«
fracture zones (Papazachos et al. 1986) by additional dat:
concerning historical earthquakes. The search for seismicit)

drop was thus limited along these fracture Zzones.

2. DATA AND METHOD

As data source for the present study, the catalogque o
Comninakis and Papazachos (1986) has been used. The data . o
this catalogue are complete for the following time perxods anc

1or the correspondxng magnitude ranges

1901-1910 M= 6.5
1911-1949 - M= 5.2
1950-1963 M =2 5.0
1964-1985 M= 4.5

The - method applied is simple and is based on .plotting the
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cunulative number, N, of earthguakes as a function of time,t.
By this method it 1s casy to {follow the variations of the sei-
smicity ratc and a detect anomalies (Wyss and Habermann 1979).

The seismicity rate is given by the slope of the plots , whitch

dN

ro= —
at
Cofrespond% to certaJvn<nagnitude, M, and to certain surface ,
S.
If we want to have the. ratc, r, for the unit surface ( e.
g. 10.000 Km?) and for a certain magnitude M" (e.g. M=Z4.5)we

can apply the following relation (Papazachos 1980)

. _dn 1P DM

r =
dt S

where OM = M - M” and b the well known parameter in the fre-
guency magnitﬂde relation. |

We defined as ré the seismicity rate during the ~ presei-
smic quiescence period and ry the scismicity rate before this
period. So, the ratio r2/rl ~implies _the percentage drop of
seismicity during the quiescence period. Both ry and ro are

referred to shocks with M> 5.0 in this paper.

' 3. DROP OF SEISMICITY RATE BEFORE STRONG EARTHQUAKES

In this part of our work we determine the preseismic sei-
smicity rate in a broad area around the epicenter of each Qf
all large (M==7.0) earthquakes which occurred in this region

during the last forty years.



Figurc (1) shows the epicenters of all maim shocks wit
=7.0 which occurred in the area studied since 1947,while te
ble (1) includes information on these earthquakes.

We considered all main shocks with M3 4.9 (excluded fc
reshocks and aftershocks) which occurred in areas 20, Km ar
100Km around each major shock listed on table (1). ﬂne}atesr'a

T, have been dcterwuned and are also IJSIGd on table (1) for the carlhqw
kes. 100km around the cpicenter of the main shock.

Figures (2a) and (2b) show the cumulative nuvber of shock
which occurred 100Km .arcund ecach major (M=7.0) shock as
function of time . We can observe that therc was preseismi
quiescence before all\theééiStrohg earthquakes. The duratic
of the quiescence varies between 7 -and 22 years. In many case
the earthquake occurred somne time after the end of the presei
smic quicséenée period, when the seismicity rate had alread

increased. Note that the area encountered each time ( diamete

©of the circle = 200Km) is much larger that the - seismogeni

volume of the main shock in-each case. This shows that a broa
der area is affected before the occurrence of every earthqua
ke with M=7.0. The cumulative plots of the shocks which oc

‘curred 50Km around each main shock showed that in most case
- the main shock occurred at the end of "the quiescence period

that is, the quiescence period in these cases lasted till th

occurrence of the main shock.

4. FURTHER EVIDENCE FOR QUIESCENCE IN SOVE REGIONS IN GREECE

‘To.determiﬂg whether any part of the active area. . unde
consideration is in a preparatory stage for the generation o
an earthquake we studied the séismicity rate for shocks with M=4.
in seismic zones along all fracture zones determined by Papa

zachés and his colleagues (1986) and shown in figure (3). ]



Table TI. Information on the major‘shallow earthquakes (M==7.0)
vhich occurred in Greece and surrounding area betwecn
1947 and 1985, '

No DATE ?iﬁéN m& Ag M ry ro rz/r'
1. Oct. 6,1947 19:55:34 36,9 22.0 7.0 0.16 0.05 0.31
2. Feb. 9,1948 12:58:13 35.5 27.2 7.1 0.21 0.04 0.17
3. Dec.17,1952 23:03:57 34;% 24.5 7.0 0:25 0.14 0.56
4. Mar.18,1953 19:06:16 40.0 27.4 7.4 0.16 0.07 0.41
5. Aug.12,1953 09:23:52 38.3 20.8_ 7.2 0.63 0.23 0.37
6. Apr.30,1954 13:02:36 39:3 22.2 7.0 0.18 0.12 0.67
7. Jul.16,1955 07:07:10 37.6 27.2 7.0 0.11 0.02 0.18
8. Jul. 9,1956 03:11:40 36.7 25.8 7.5 0.41 0.03 0.07
9. Apr.25,1957 02:25:42 36.5 28.6 7.2 0.34 0.1t 0.4]
. 10. Oct. 6,1964 14:31:23 40.3 28.2 7.0 -0.71 0.03 0.04
11. Feb.19,1968 22:45:42 39.4 24.9 7.1 0.41 0.12 0.29
12. Mar.28,1970 21:02:23 39.2 29.5 7.1 _0.11 0.02 0.18
13. Apr.15,1979 06:19:41 42,0 19.0 7.1 0.12 0.04 0.33
14. Dec.19,1981 14:10:52 39.0 25.2° 7.3 0.30 0.04 0.14
15. Jan.18,1982 19:27:24 39.8 24.4 7.0 0.31 0.05 0.16
16. Jan.17,1983 12:41:29 38.0 20.2 7.0

0.83 0.38 0.46

has been found that eleven of these zones are now at quiescen-
'ce._The cumulative plots for these eleven zones are shown . in
figures (l&a) and (4b) while- information ‘the seismicity . rates
during the present quiescence period and the preceded active
one are listed on table (I1). |
Zone lc includes parts of the southwestern coast of Alba-
'nia and western coast of mainland of Greece. This zone is in
qufescence since 1974, while Papadimitriou (1984) considered a

broader area and detected a qu1escence since 1969.



Table II. Information on the scismicity rates in the recgions
(seec fig. 3) considecred as prone for the gencrati-

on of large earthquakes.

ZONE 5 B =
E r7y r, r»2/rl ZONE 'y ro r2/r'
1C 0,52, 0,36 0.69 10 0.28 0.04 0.16
2N 1.23 0.64 0.52 11 0.94 0.00 0.00
3 0.59 0.16  0.27 12 0.20 0.00 0.00
4 - 0.91 0.46 0.5 13A 0.09 0.06 0.67
5 0.56 0.09 0.16 14A  0.15 0.05 0.30
8 0.90  0.29 0.32 '
Zone 2N is the northern part of zone 2 which .includes

Leukada island. It is well known that this island has experi-
‘enced large earthquakes in the past (Papazachos and Comnina-
kis 1982). This zone is in quiescence since 1948. Zone 3 co-
. vers the area south of Peloponnesus, and has been reported
as the area with a major likelihood for the occurrepce of lar-
‘ge shocks in the next few years by several seismologists(Wyss
and Baer 1980, 1981, Papazachos 1980, 1981, Papazachos and
Comninakis 1982, Papadimitriou 1984, Papadimitriou and Papa-
zachos 1985b). As-we cdn see in figure (4a), this zone is in
éuieséencé since 1963. _ '
'Zone. 4 is located at.the southernmost part of the Hel-
lenic arc-and includes Crete island. This is also an arca that

~has attracted much attention from seismologists. As previous

_scientists concluded (Wyss and Baer 1980, 1981, Pabazéchos
1981, Papazachos and Comninakis 1982, Papadimitriou and Pa-
pazachos 1985b) this zone is a prone area for the  generati-

on of large earthquakes. Figure (4a) shows ‘that this area is

in quiescence since 1973.



The eastcern part of the Hellenic arc is terminated . at
Rhedos island and is designated as zone 5. Dufing the present
century three large events occurrved in this zone (M =6.8,1922
M= 7.1, 1948, M = 7.2, 1957) and scverai scismologists (Wyss

and Baer 1980, Papazachos 1981, Papazachos and Comninakis 1982,

‘Papadimitriou 1934, Papadimitrion and Papazzachos 1985b) consi-

dered this arca as a pronc one for the gencration of large e-
vents. We can sce in fipure (%a) that this zone is Hn quies-
cence since 1974. | \ '

_ Zonec 8A-is the western part of zone &and includes - Pa-
traikos gulf and the western part of Corinthiakos gulf, As it
is shown in figure (4a), this.zenc is in quiescence since 1975,
Similar results have been reportcd;by_Pdpaéimitriou and Papa-
zachos (1985b). | -

_ A part of the back-arc region forms zcne 10 which inclu-
des Amorgos and Kos islands and4part of scuthwestern Turkey .
The largest shallow event in the whole area of Greece occurred
in this zone (1956, M = 7.5), which is now in quiescence since
1968. |

Zones 11 and 12 include Samos and Chics islands andzaﬁart
of W.Turkey. They'aré in quiescenée since 1977. . Papadimitriou
and Papazachos (1985b) arrived at a similar conclusion.

Zone 13 includes Lesvos island and a part of W. Turkey .

It is in quiescence since'i94# when an earthquake with magni--

tude M = 7.0 dccurred thére_;

Zone 14 occupies Marmara sea and a part of Northern Aege-

an sea. As we can see, this zone 'is in quicscence since 1969 .

This area has been éharacierized as a prone one for the gene-
ration of a strong shock by Papadimitriou (1984).
Intermeciate deﬁth seismic activity in the area studied
is concentrated in thé two zones, A and B, shown in figure (5).
Several seismologists concluded that high intermediate seismic

activity is expected in this area (Comninakis and Papazachos
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1980, Papadimitriou et al. 1984, 1985, Papazachos et al.1985)
- The cumulative number of intcimediate depth shocks as i
functionof time are shown in figure (6) while information on th

seismicity rates r and r, are listed on Tabié(lll).“@_-ob-

| 2

Table III. Information on the seismicity rates in zones A _an
B of figure (5), which are considered as prone foi

the generation of Jarge intermediate depth earthqu-

‘akes.
ZONE £y r, r2/rr
A 0.18  0.08 0.44
B 0.14 0.08 0.57
served that zone A is at quiescence since 1936 while zone E

‘since 1948,

5. DISCUSSION AND CONCLUSIONS

This work deals with the dete}mination of preseismic qui-
escence in Aegean and Seroundings using seismicity rates,anc
several interesting results for the long term earthquake pre-
diction. have been obtajined. .

In all cases of strong events (M=7.0) which occurred ir
this area since 1947, the main shock was preéeded by a seismi-

city quiescence period varying bgtwéen 7 and 22 years, 100 Kn

around each main,shock epicenter. This is in agreement = witt
observations made by Papadimitriou and Papazachos(1985b), that
a broader area around the seismogenic volume is affected. Ir

some cases, the preseismic quiescence period did not lasted ug
“to the time of occurrence of the main shock, as Wyss and his

collaboraioré (1984) also noticed, but in the cumulative plots
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of the shocks located in the area 50Km around the main shock c-
picenters we observed that the quiescence was lasting up to the
time of the main shock. ' '

We presented further evidencelior some parts of the ~arca
studied that are in quiescence now and large carthquakes are cx-
pected to occur there.

Since our work was of a rather qualitative character, we
believe that Jfurthey. and more detailed study may result to a
quantitative form, e.g. a relation between qufcscence period and
the magnitude of the main shbck. This can be facilitated by the
establishment of a dense telemetric seismograph network for a
continuous monitoring of the small mégnitude seismicity in Gre-

€ece,.
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ABSTRACT

Repeat times of large shocks are obtained for 17 seismic
fracture zones of the Aegean and surrounding area, from times
of historic and present century earthquakes. The mean stan-
dard deviation of the repeat times is aproximately 50% of any

one observation. -

A probabilistic approach is then used to forecast the

_like{ihood of large future earthquakes in each fracture- zone

using as input the time of the last large shock, the average
repeat time and its standard deviation. Shallow and interme-~
diate depth earthquakes are examined separately. The calcula-
ted probabilities are high for the entire Hellenic arc, both
for shallow and intermediate depth seismicity, for the area
of Leucas island {(lonian), of Lesbos island (Aegean),for Pa-
traikos-west Corinthiakos Gulfs, for Evoikos Guli as well as
for southern Builgaria. |

The probability estimates based on the most recent large
earthquake, involve a number of basic physical assumptions and

we would think that they provide a semi-stochastic approach



to the problem of earthquake prediction in Greece.

1. INTRODUCTION

The demand for earthquake prediction. is prominent in the
Aegean area which is very often struck by large earthquakes
The tectonic settintg of this area is complex and this  makes
earthquake prediction res?aﬁch difficult, since the starting
point for such research should be an understanding of the te-
ctonic process causing the éarthquakes. '

The most clearly defined.tectonic features of the area
are the Hellenic arc-trench system, a subduction zone of a-
bout 1000Km length and the Aegean Sea, which is a back -~ arc
marginal sea (Papazachos and Comninakis 1969,1971). Many }of
the large (M~ 7.0) shallow earthquakes of the area occur by
low angle thrust fault movement along the convex side of the
Hellenic arc, while other even larger (M~ 7.5) shallow shocks
are produced by normal or strike slip faulting in the back-arc
broad Acgean area. Great (M ~8.0) intermediate focal depth
earthquakes (h_> 100Km) occur by thrust faulting in the Be-
“niofi zowe-which is associated with the subduction along the
arc.

The present paper uses information on repeat times to
identify regions of special interest to earthquake predicti-
on and to seismic hazard assessment. It includes a probabili-
stic approach so as to allow for variations in recpeat time .
The probabilities df occurtence of large shocks in the next
20 years were calculated on the basis of the time that has
elapsed since the last earthquake, the mean repeat time and
estimates of the variation (standard deviation) of the repecat
time for the different seismic fracture zones examined,

No recurrence mode! of large earthquakes is assumed a
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priori in this analysis, and to our knowledge our investiga-
tion is the {irst in which rcpeat times have been «calculated
directly from observations fecr various regions of the ontire

Aegean and surrounding area.

2. THE DATA SET

The data source for this work was basically two catalo-
gues published by the Geophysical Laboratory of the Universi-
ty of Thessaloniki. The first one covers the period 1901- 1985

(Comninakis and Papazachos (986). The second catalogue covers

the historical seismicity in Greece for the period 473 B.C. -
1900A.C. (Papazachos and Comninakis 1982). This last catalo-

gue,recently improved with new information collected by Mrs.

Catherine Papazachos prooved to be our most valuable source

of data.

Figure (1) shows the epicenters of all known shallow(h<70Km)shock
which occurred in Greece in the periods 600 B.C.-1900A.C. (o-
pen circles),‘1901—l986 (black circles)with MS;> 6.0 (Papaza-
chos et al. 1986a). It is observed. that there are certain li-
nes along which the'séismTC‘aCTiviTy seems  to delineate.These
lines, 17 altogether, which are called seismic fracture zo-
nes, are represented by broken lines in this figure. Apart from
these fracture zones the earthQuake activity in the = Aegean
seems to be rather random. The broken lines of figure (1) we-
re drawn based ndt'only on the seismicity but also on the te-
ctonic features of the region. A lot of work preceded this
fracture zone separation (Papazachos 1980, Hatzidimitriou et
al. 1985).

Figure (2) shows the epicenters of the intermediate depth
shocks (h £ 70Kkm) (Papazachos et al, 1986a). Two zones can

Y
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be identificd, namcly the outer one following the inner (conca-
ve) part of the Hellenic arc and the inner one which extends

along the innermost part of the Hellenic arc.
3. ESTIMATION OF REPEAT TIMES

A computer program (POLYGON) was used to depict all the
earthquakes which occurred in a polygon which was drawn a-
round each fracture zone, in such a way that it included infor-
mation on all the observed shocks.Thus,for each fracture zone a cata-
logue of the earthquakes which ruptured the whole zone or part
of it over a certain period of time was compiled. Each fra-
cture zone was separately examined and for each one the ‘data
set used was complete over a certain magnitude threshold. Fo-
reshocks and aftershocks were excluded and only the inde-
pendent events were included in the analysis.

For our calculations we divided some of the zones into
more segments because parts of them have not ruptured for a
very long time, or their dimensions were considerably large,
or they.exhibited different .tectonic complexity, or they had
different strike. The exact number bf-gegmeﬁts and their boun-
daries are, of course, somewhat arbitrary.

For each fracture zone or its segments the observed re-
peat time, T, in years, for all earthquakes of each magnitude
class(differing by 0.1 magnitude values) was calculated.

Figure (3) shows plots of the logarithm of the mean re-.
peat time Tm in years, as deriQéd directly from the observa-

tions, versus the surface wave magnitude,MS, for the shallow
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earthquakes which occurred in two Iracture zones (2B and 14A)
Such plots were produced for all shallow earthquakes of eac
fracture zone and in all plots the linear trend was evident
The same was done for the zones of intermediate focal dept
sersmicity. -

Straight lines drawn through the observations in figur
(3) were determined in the Jeast squares’ sense since the fol
lowing linear relation is assumed to hold betweeRr the repca

time T and the:magnitu&e » Mg

logT = a + bM¢ _ (1
where a and b are constants. The lowest magnitude threshold i.
M= 5.0 or 6.0 was chosen on the basis of the goodness of {1
of the least squares’ solution. Table I summarizes the value
of the constants a ahd b for each fracture line, for the shal
low and intermediate depth earthquakes.

The repeat times of the earthquakes along the subductio
belt (zones 1C to 5) may be related to , among other factors
the rate of plate convergence between Africa and the Aegeai
plate (Acharya 1979). The fact that other factors are envolve:
besides the rate of convergence 1s indicated bwaﬁe' variatio
of repeat time among regions with relative plate velocitie
that are compared. Also, even for a particular point along i
given plate boundary repeat times may vary by at least i
factor of 1.5 to 2.0 (Sykes and Quittmeyer 1981).

The logarithms of the observed standard deviations fou
each observation of repeat time were plotted as a function o
magnitude for the shallow and intermediate depth earthquakes
separately. Although the scatter was considerable, the lineai
trend was evident . We decided to include all the observation:

in the plots and calculate a mean standard deviation of repeat
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Table I. Calculated values of the parameters a and b of the re-
lation (1) {for the shallow and intermediate depth e-

arthquakes

No of fracture line b a

SHALLOW EARTHQUAKES

1A 0.71 -2.66
1B 1.05 -4.97
1C 0.70 -3.01
2A 1.36 -7.52
2B 1.15 -6.25
3 0.67 -3.07
4A 1.56 -8.23
4B 1.56 -8.05
0.72 -3.37
0.97 “h. 43
1,49 -8.16
8AB 0.88 ~4.20
8C 0.83 ~3.47
8D 1.20 -5.83
9A 0.60  -2.27
9B 0.41 -1.02
10 1.04 -5.45
1A 0.23 -0.02
1B 0.73 -2.76
12A 0.49 -1.60
12BC 0.60 -2.20
137, 0.37 -1.06
13A, 0.40 -1.27
138 0.31 -1.16
14A 0.45 -1.65
148 0.57 -2.07
15 0.27 -0.46
16 - -

17 0.68 -3.04
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No of {fracture line b a

INTERMEDIATE-DEPTH EARTHQUAKES

.

IA 0.63 -3.04
IB 0.63 -2.93
IC 0.63 -2.98
Inner zone of the 0.48 -1.72

Hellenic arc¢

time for each magnitude . So, the following relations were

determined in the least squers  sense

O.#@MS - 1.59 shallow (2)

H

logo

logo 0.54M

g - 2.5% intermediate-depth (3)

It is observed that for a shallow earthquake with M2 6.0 the

mean standard deviation is 11 years or 50% of the average re-

peat time. For an intermediate dep;h“event.wiih'M;>7.0 ~ the

mean standard deviation is 17 years or 50% ©of the average
repeat time. It is our belief that the use of equétions (2)
and (3) for the calculation of the errors in the estimation
of repeat times , which are input in the probability estima-

tes, is averaging out any individual errors.

4. PROBABILISTIC ESTIMATES

The probabilities of occurrence of large shocks at each



iracture zone, for a time interval of 20 years are estimated.
The time interval of 20 years was chosen on the basits that
probability calculations are often more stable than they are
for shorter intervals. Moreover, this period is long enough
for various planning purposes such as engineer design and
possible modification of structures.

The probability of occurrence of large shocks along each
of the fracture zones is estimated using as input #or each
one the date of the fast large earthquake, the average repeat
time and its standard deviation as calculated from equations

(2) or (3). The probabilities, thus estimated, have many ana-

logies to those of the human mortality, 1.e., an individual
100 years old (or a very old seismic gap) is. very likely to
die (to be the site of an earthquake)in , say, the next 20

years compared to one that is 20 years old ( a young seismic
gap). ’

Given the uncertainties in the input data and in models
for earthquake recurrence, it is our belief that a probabi-
listic analysis is more useful than estimates of actual dates
of future events. Proper attention, of course, must be given
to the uncertainties of estimates.

To calculate the probability, P, that the repeat time T
of"an-éarthquake of certain magnitude intérval will occur in
a fracﬁuré'zone during the next At years, conditional to the
t years that have elapsed since the last earthquake of this

magnitude in this zone, the following formula has been appli-
++At

o ' vﬁ)(t)dt

‘ t
P(tgT< t+At/JT> t) = = (4)

j/h(t)dt

under the assumption that Gaussian distribution of repeat ti-

t

me 1s appropriate, that is,
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n(t) = ! exp[—_‘_ (_t_“TJn_)Z] (5)
o421 2 o]

where 6 is the standard deviation (Wesnousky et al.198%)

Using formula (%), ‘the probabilities of occurrence of shal-
low earthquakes with M;}S.O, M 236.5 and h4;2 7.0 in each =zone
shown in figure (1) during the next 20 years were calculated
The same was done for the zones of intermediate focal depth
earthquakes shown.in figure (2) but in the case of these zones(IA,
IB,IC) the probabilities-faFHM;;7.5 were also calculated.

In the case of Poisson distribution, the probability of
occurrence of earthquakes of -a certain magnitude range in a
certain seismic zone durxng the next At years is gimen by the

formula

P=1 - exp(— Al) y
T (6)
m
This probability 1s fndependent of the time t elapsed since

the last earthquake of this magnitude range and therefore is

the same before and after the occurrence of an earthquake. 1f,

however , t+8t is used instead of At this formula gives reaso-
nable results comparable with the results of iormula (4). We
made all calculations of probabilities u51ng formula (6) too

and we found a linear correlation between these probabilities
and the corresponding probabilities calculated by formula (6)
with a correlation coefficient equal to 0.95. The linear re-

lation is of the form:
P (Poisson) = 0.13 + 0.78 P (Gauss) (7)

1f the probability for the occurrence of an earthquake of

M ;.M] during the next At years is P] and the probability for

the occurrence of an earthquake of M ;,MZ during the same pe-
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riod is P,, then, according to (6), the following relation

holds between these two probabilities

ln(l—Pr) T2

‘ : = (8)
Jn(I-Pz) T]

where TI’TZ are the corresponding mean return periods. ~This
formula can be used to calculate easily the probability for a
certain magnitude range (e.g.M>»6.5) if we know this probabi-
lity for another magnitude kénge (e.g.M >7.0).

In addition to the probability determined by applying
formula (4) for each of the magnitude ranges (e.g.for.N4>6.0)
for which data are available, this probability was also «cal-
culated by formula (8) and the'use of values determined by
formula (4) for other magnitude ranges (e.g. M > 6.5, M>7:0)
for which data are available. The average of these values was
finally adopted as amore representative probability believing
that by this procedure the influence of random errors is re-
duced . No probability was calculated for magnitudes larger
than the maximum observed magnitude in each zone.

Table (11) sunmmarizes for each zone the mean repeat ti-
—me--im-years; the date of the last ‘large shock, the probabili-
ty of occurrence of large shocks; the range of completehess
of the data and the magnitude of the maximum earthquake ever
occurred. All the results listed in Table (Il) correspond to
shallow (h < 70Km) events.

Figure (&) $hows the estimated probabilities = for the
occurrence of shallow earthquakes with M> 6.5..‘: .On
the basis of this figure we divided the fracture zones to
three categories. To those having the highest probability va-
lues ( = 80%), to those of high probability values (63% to
79%) and to those exhibiting low probability values (<63% )
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It is understood that the area out of these zones has ¢
ven Jower probability for the occurrence of large events . Ti
probabilistic map of {igure (5) was constructed on the basi
of this division. 1t represents the probability that a certai
zone will be the site- of an earthquake with M ;} 6.5 during tl
next 20'years. At the discussion a qualitative approach to the
se results is attempted.

Table (111) summarizes the corresponding results for tl
fracture zones where intermediate depth seismicity is observe
We decided to follow the.same division into three probabilil
classes as before. The map of figure (6) shows the “pfobabil]
ties of occurrence of an eérthuake of intermediate depth wi
M_2>7.5. ' |

An immediate striking point from the results of tablc
(11) and (111) is, as expected, that the probability for a ft
ture event is small immediately following the previous shoc
and increases with increasing time since the last earthquake
This time dependent behavior of .the probability is especiall

appropriate to the seismic gap or periodic recurrence model.

5. DISCUSSION

Oﬁr calculated probabilities for large shocks are Dbette
constrained when a long record of historic earthquakes is ava
lable. '

The probabilities of occurrence of earthquakes with M >
6.Q”are very high for practically all of the fracture zones.S
the following discussion mainly deals with the occurrence (
" earthquakes with M> 6.5, 7.0 and 7.5.

Fracture zone TA exhibits low probabilities due to tl

large earthquakes which occurred there in 1979 (Karakaisis ¢
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al. 1985). The historical record is long for line 1A and pro-
babjlities are well constrained.
Zone 1B which runs the west coast of Albania exhibits

high probability for the occurrence of large shocks. The ti-
me lapse since the last shocks with M ;;6.0 and 26.5 (1962
and 1866, respectively) is more than the mean repeat time e-
stimated, so an earthquake of magnitude around 6.0 is like-
ly to occur 1n the region. |

- Fracture zone 1C exhibits very high probabil®ties,since
the last large event occurred in 1872 and the region has a
long historical record. Although the whole zone could produ-
ce an earthquake of the class 8 (Kiratzi et al.1985), no e-
arthquake with M > 7.0 has bccurred in the area.

The segment A of fracture zone 2 is one of the regions
that a strong earthquake is almost definite to occur. This
zone has been recognized as a seismic gap (Papadimitriou 1934
Papadimitriou and Papazachos 1985a). Segment ZB.was a- well
known seismic gap (Papadimitriou and Papazachos 1985b) which
ruptured with the 1983 (M = 7.0). Cephalonian event (Scordi-
lis et al.1985).

Fracture zone 3 exhibits high probabilities since the
region has historical seismicity but only one eartqhuake with
M 2> 7.0 has occurred in the present century. _

The segment 4A (Western Crete) and the 4B (eastern Cre-
te) have the largest repeat times for M>»7.0 in the = whole
Aegean area. Stress build up is performed through plate con-
vefgence and the large fepeat times observed may be attribu-
ted to the fact that stress is also taken up by.aseiynk:creep.
Probability is very low for the western part of Crete (4A)while
it is very high for the eastern (4B) since the last ~ large
shock occurred there in 1780,

Fracture zone 5 which includes Rhodos island has a high

probability for the occurrence of a large earthquake, and it
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is our belief looking at the distribution of historical seismi-
city that high seismic activity is to break out soon.

Wyss and Baer (1981) say that the entire platc boundary of
the Hellenic arc can be considered to be a seismic gap.

Looking at the probabilities of the intermediate depth e-
arthquakes (figure '6) one can see that they are all very high
This is in agreement with the results of previous authors ( Co-
mninakis and Papazachos 1980,Papadimitriou et al.1984,1985, Pa-
~ pazachos et.al 1985) Accqrding to them, the southern Aegean
has all the characteristicyg of a seismicity gap in the occur -
rence of shallow and intermediate depth earthquakes. The proba-
bilities calculated in the present study support this conclusi-
on. The occurrence of such an event could strongly affect the
surrounding islands and especially the high buildings of Rho-
des and Crete (for an intermediate depth shock).

The fracture zones of the mainland Greece reveal diffefent
" probabidity levels. Zone 7 shows high probability only . for a
moderate size event (M ~6.0) while the probabities are low for
the occurrence of larger events. Zone & shows very high proba-
bility especially in its segments which run the Patraikos Guli
and West Corinthiakos Gulf. The segment 8C has recenily ruptu-
red by the Alkyonides 1981 sequence (Papazachos et al.]984a)and
exhibits very low probability levels. The eastern segment of
zone 9 (9A) which has rubtufed by a $e§uence of historical e-
arthquakes (many of which had a well described surface expres-
sion) is considered to be a dangerous region for the occurrence
of a large event, in the sense that is very close to the metro-
politan city of Athens. Zone 10 has a high probability for . an
earthquake of the class 6.0, In this zone a large shallow earth:
quake (M = 7.5% on July 9,1956 occurred, which caused a great
tsunamis. From zone 11 only its western segment has high proba-
bility for the occurrence of a moderate size event (M~6.0).Zo-

ne 12 has very high probability for the occurrence of a M.>:7.0
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evént especially in its segment in Turkey. Zone 13 which .runs
the Sporades trough passes through Lesbos island and termina-
tes in Turkey, reveals the highest probability for segment A]
of Lesbos i1sland,

Zone 14 was divided into two segments, and its segn:nt in
Turkey has the longest record of historical seismicity (1564,
M= 6.6). Segmenf 4B has ruptured by two carthquake sequences
in 1982 (Papazachos et al.1984b) and 1983 (Rocca et al.1985)
The region 1n Northern Aegean is very complex in the sence
that strike-sjip, and dip-slip focal mechanisms are observed
with either .normal or thrust component (Papazachos et al.1984C,
1986b). Probability levels are‘hjgh to low for the whole zone.

Zone 15 part of which ruptured with the Thessaloniki 1978
earthquakes 1t 1s very likely to break near the triple juncti;
on in connection with lines 14 and 7. The Assiros 1902 and I-
erissos 1932 earthquakes ruptured the south segment of line 15,
the 1982 and 1983 earthquakes occurred at the triple junction,
which is somewhat a geometriéal barrier, and activity i1s expe-
cted to migrate eastwards to the region over Limnos island
when a seismic gap has been identified (Karacostas et al 1985).

Finally, fracture zone 16 has not experienced any earthquakes
in the present century, while .line 17 in Bulgaria is very li-
~kely to break since no large earthquake since 1928 has occur~
red there.

We must stress here that is more important to look at the
relative levels of probability with respect to adjacent z0-
nes, than the absolute level in any single zone.

As a general comment,for the present paper, we would like
to say that in many instances the definition'of the particular
fractﬁre zones was'fairly obvious'and based on the distributi-
on of historical earthquakes. The definition of the various seg-
ments was less straightforward. It is our belief that the a-

reas which were assigned high probability deserve high priori-
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ty to any microcarthquake monitoring secismic hazard or level

of ground shaking studies. Another step that could be taken 1is

to test whether the slip or time predictable models (Shimazaki

and Nakata, 1980) can be applied.
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L1ST OF FIGURES

Fig.1.

Fig.2.

Eig.3.

Fig.4.

Fig.5.

Fig.6.

Shallow depth (h<{70Km) seismicity of the Aegean arca
of the periods 600B.C.-1900A.D. (open circles) and of
1901-1986 (black circles). Note the striking lincament

of epicenters.(Papazachos et al.1986a).

Intermediate depth (h2>»70Km) seismicity. Legend as in
Fig.! (Papazachos et al.1986a).

Plots of the logarithm of the average repeat time, Tm
in years, versus surfage 'wave magnitude, for two f{fra-
cture zones (ZB,I#A).Sftaight lines were drawn in the

least squares sense.,

Probabilities for the occurrence of large shallow e-
arthquakes during the time period 1986-2006. Fracture
zones are presented in an increasing order of probabi-

lity. (See the text for further information).

Probability maps for the occurrence of shallow earth-
quakes with hﬂ;; 6.5 in the period 1986-2006.The black
areas represent the probability range (80-100%) , the
triple hatched areas represent the range (63-79%) ,and
the single hatched areas represent the range ( < 63%).

Probability map for the occurrence of intermediate fo-
cal depth earthquakes with M.2>7;5. The notation . 1is
the same as in Fig.5. The white area shows that no e-
arthquake with M27.5 ever'occurred in the inner zone

of the Hellenic arc.
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SE1SMIC HAZARD ASSESSMENT FOR SOUTHERN BALKAN REGION

BASED ON SEISMIC SOURCES
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SETSAMIC HAZARYD ASSESSMIERT FOR SOUTHERN BALKAN REGION
BASED ON SEISMIC SOURCES

Ch.A.Papaioannou, P.M Hatzidimitriou and B.C.Papazachos
Geophysical Laboratory,University of Thessaloniki,GR 54006,Greece

N.Thcodultdis
Institute of Engirecring Seismlogy and Earthquake Engineering,Thessaloniki 54626,Greece

ABSTRACT
A semi-deterministic approach to the sgismic hazard assessment of the southern
Balkan region is presented. For this reason 50 seismic sources were defined in the
Aegean and surrounding atea and the seismicity parameters were estimated for each
one based on data of 180 years, The attenuation-iormulae used in the present study
are those proposed by Papaioannou (198%4) based on macroseismic and instrumental da-
ta of the southern Balkan region.

For the evaluation of the seismic hazard the computer progrem EQRISK, written
by McGuire (1976) has been used. The theory on which this program is based has been
developed by Cornell (1968} and Cornell and Merz (1973).

A grid of points, with distance 25 Km has been made and the seismic hazard was
estimated for each point. Finally, a seismic hazard map of the Aegean and the sur-
rounding area has been constructed by means of the mest probable maximum seismic in-
tensity in 80 years.

INTRODUCT 10N
The southern Balkan region is considered to be a region with high seismic ha-
zard. Several attempts have been made in the past for the seismic hazard a;séssnwnt
of this region based mainly on the probabilistic methods of mean values and Gurbell’s
asymptotic distributions.

The first attempt to estimate the seismic hazard in the area of Greece was ma-
de by Galanopoulos and Defiibasis (1972) who compiled maps of the maximum observed
intensities during the period 1800-1970. Algermissen et al. (1976), compiled sei-
smic hazard maps of the Balkan region in terms of peak ground velocity and accele -
ration with 70% probability of not being exceeded in 25 and 200 years. They based

their results on the catalogue of earthquakes by Shebalin et al. (1974) and the
attenuation curves of acceleration proposed by Schnabe! and Seed {1973). Shebalin
et al, (1976) presented maps of maximum expected intensity for return periods of

50,100,200,500 and o years using various geological,geomorphological, tectonic and

seismological data.

Muxbwpacte  (1978)" propaced ' & new "xvermged' Wffeyution curve of acceleration,
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based ¢n woevid- datd and compiled nups, usiag dhe #ivst-type asympiotic digivi-
bution, depicting acceleration with 70% probability of not being exceaded in 50,100

and 200 years.

Hattori (1979), using Gumbell’s third type asymptotic distribution,studied the

seismic hazard of the Balkan region in terms of peak-ground acceleration.

Michailov {1980) studied the seismic hazard of southern Yogoslavia and centrai
Macedoiria compiling maps of the maximum peak ground acceleration with return pe-

riods of 50 and 100 ycars.

Gatanopoulos (1981) compiled a mep which gives information on the maximum ex-

pected most probable earthquake magnitdde, intensity and accecleration.

Drakopoulos and Makropoulos (1983) presented maps which depict the peak grounc
arceleration with 90% probability of not being exceed in 25 and 50 pears, following
Gumbel! s first type asymptotic methed. -

Papaioannou (1984), using the mean.value method and the first asymptotic di-
stribution of Gumbel! compiled maps which depict the most probable maximum intensi-
ty and peak ground acceleration with 63% probability of not being exceeded in 86

years.

In the present paper a semi-deterministic approach for the seismic hazard as-

sessment of the Aegean and surrounding area is presented. The methodology applied

.is the one developed by Cornell (1968) which is based on the consideration of sei-

smic scurces.

METHOD APFLIED AND DATA USED

There are two geperal and different approaches that may be followed in the c¢-
stimation .of design seismic ground motions, namely, the deterministic and the pro-
babilistic. Cornell (1968) has developed an approach to this problem which can be
considered a combination of the two previous ones. According to it, with the use of
all the available geophysical, geological and tectonic information, as well as of
the historical seismicity the region of study is devided into seismic sourceswithin
which the occurrence of future events is considered to be very probable at any one
location. For each seimic source, the rate of occurrence of events above a chosen
threshold is estimated, using the observed frequency of historical events. The si-
zes of events in each source are assumed to be independent and exponentially di-
stributed following the Gutenberg-Richter s law. The b value of this law is deter -
mined either for eacﬁ seismic source individually or for all sources in the region.
Finally, the max imum possible size, of events for each source is determined, wusing

personal judjement and the historical record.

The next step .is to find-the correlation between magnitude M, pcak ground ac-
celation or maximum intensity Y at the site and distance R from the site to the e-
picenter, of the following form

Y:b'.ebZM‘R'b3 ()

where by b, | b, are constayts.
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Finally, the total ornual propabi LTy  THAT y chogenm MMiqlensi Ty or pois prow

acccleration is egualed or exceeced at eeCn & € -5 (Q:CU-ative Ly sumiing the p.c
babilities of this occurrence duc to all event which can al{fect the postulated si
te.

The data used in the present paper come from the project which the Geophy

sical Laboratory of the University of Thessaloniki has developed in the last year:
with the aim to evaluate the scismic hazard in the area of Greece.

Hatzidimitriou (1984), bascd on various seismological and seismotectonic dat:
divided the Aegean and surrounding area into 50 seismic sources (fig. 1). For eact
one the parameters a and b of the frequency-magnitude relation as well as the maxi-
mum observed earthquake magnitude were defined. For this purpose seismic data {ron
the period 1800-1982 were used. The source of data has been the catalogues of eartt
quakes by Papazachos and Comninakis (1982) for earthquakes in the period 479 B.C. -
1900 A.C. an by Comninakis and Papazachos (1%82) for the perjod 1901-1980.

)
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Fig.1.~ Seismic sources of the Aegean and surrounding area (Hatzidimitriou 1984).

The attenuation formulae for seismic intensities and .peak ground accelerations
used in the present study were these proposed by Papaioannou (1984). For the atte-
nuation of seismic intensity with distance and magnitude Papaioannou (198%) propo-

sed the following empirical formula

i = 6.59 + 1.18M - 4.5010g(8 + 17) ' (2)
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wiers Looas dhe seismic intensity (M4 scale), MS is the surface-wave mognidude @

8 isthe‘epicon!rci distance. The above mentionced relation holds only for shallow
arthquakes (h=<60 Kmm). The data used for the derivation of this relation wecre t
Atlas of isoscismatl maps published by the Geophysical Laboratory of the Universit
of Thessaloniki (Papazachos et al. 1982) and the Atlas of isoseismal maps publish

by Uncsko (Shebalin 1974).

The attenuvation of peak ground 2cceleration was studied also by Papaioann
(19284}, bascd entircly on published data {from accelerograms of Greek earthquakes.’

formula proposed, which holds for shallow shocks and medium type soils, is

loga = 3.78 + 0.39Mg - 2.37log (B+23) (3

o . ' -2 . i
were a is the peak ground acceleration (cm.sec “), Mg is the surface wave magnitu

-and 8 is the epicentral diStance.

For the computation of seismic hazard the computer program EQRJSK written
McGuire (1976) was used. The theory on which this seismic-hazard analysis progra
is based is that developed by Cornell (1968,1971) and Merz and Cornell (1973). Th
program needs as input the coordinates .of the seismic sources as well as the ra
of earthquake éctivity, the seismic pafémeter b and the maximum earthquake magn i

de in each one.

The output of the program is the intensity or peak ground acceleration with

given probability of exceedance.

SEISMIC HAZARD MAP
The area included between 19°-36°E and 34°-43°N was divided into a grid ¢

points at equal distances of 25 Km. For each point the seismic hazard was estimate

in terms of the most probable maxiumum seismic intensity (in the MV scale} in ¢
years.
The seimic hazard map of the Aegean and surrounding area divided into fiy

groups of probable seismic intensity (5.5-6.0, 6.0-6.5, 6.5-7.0, 7.0-7.5, 7.5-8.0
is shown in figure (2).

The estimation of the corresponding peak ground accelerations can be made t

sing the following irclation which was proposed by Papaioannou (1984)

loga = -0.04 + 0.32 1 (¢

As it can be scen from the map in figure (2), areas with the highest seism.
hazard are located in the rorthwestern Albania-southeastern Yugoslavia, the loni¢
islands in western Greece, south of Peloponnesus, east of Crete island and west ¢
Rhodos island. Arcas of such scismic hazard are also observed at the eastern pal
of central Greece, at the eastern part of Chalkidiki in northern Greece and | |

southwestern Bulgaria.

Most of the other part of continental Greece, northern Aegean sca,westefrn Tut

key and Albania belong to the intecnsity interval 7.0-7.5.

Zones with the lowest seismic hazard are observed in the northern part of cer
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Fig.2.~ Seismic hazard map of the Aegean and surrounding area.

tral Greece and in the central Aegean.
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ABSTRACH

A data set of the most reliable isoseismals of 60 shallow earthquskes,of the time period

’ 1902-1981 is used to infer empirical relations describing the variation of the intensity dttenuation

coefficient,v, as obtained by the Blake formula, with the magnitude, MS , and the hypocentral dis-
tance, D. This empirical relation derived from 1616'observations, using the regressiocn analysis

procedure, has the form:

v = 0.42Mg + 0.01D + 0.39

The attenuation coefficient, v, is considered to regresent the rate of the attenuation of the

macroseismic intensities.

A pattern of areas with low and high intensity attenuation was recognized. The spatial varia -
tion of v, calculated at various azimuths from the source , up to a distance of 100 Km, showed
that the area along western Albania and the western coast of central Greece is characlerized by
less rapid attenuation (v £ 3.3 )} than the area of the mainland of Greece, the Azgesn, southcrn Bu-
igaria and soulhern Yugoslavia ( v3.4 ).

Finally, the following empirical relation between the maximum macroseismic intensity, 16 , theo-

retically calculated, and surface wave magnitude ,Hs , was defined:

Io =(1.15:0.04)Mg+ (1.29:10.23)

INTRODUCTION
Attenuation of strong grouhd mokion is an important consideration in the seismic design of cri-
tical facilities. Attenualion characieristics vary from region to region, and in (reece, an srea
of high seismicity the problem has focused the attention of many scientists. Among others, Galano -
poulos{1968), Drakopoulos (1978), Macropoulos (1978), Papaioannou(1984) and Tassos(1%84) have publi-
shed various Telations aid maps describing tHEateehustion of strong 'ground motionin-theAegean and-

the surrounding area.

In the present paper, the vsristion of the intensjty attenuation coefficient with magnitude and
distance is paramcterized and a psttern with high and low rate of attenustion is recognized. Hore-

over, an empirical relation between the maximum epicentral intemsity, {0 and magnitude, Hs , is ce-



THE DATA

o] maps for several damaging earthquebes in Creece have bLoen compiled by UNDSCO/UNDP
fpont

L qurny ond by the staff of the Geophysical Luboratory of the University of Thessaloniki

e ol al.1982) using date oblained by intersity surveys. lhese two publications were the

Lor of information for the present study. After o very cercful examinzticn of tRe quality

ed isoseismal  maps ( selecting those based on dense obsrrvebions), the earthquakes 1i-
e table (1) were considered suitable for the precent study. All earthouskes are shallow( ma=

aperre focal deplh less then 15 Km) and Lbeir Hs magnitudes range from 5.7 to 7.5.

i radivs of every isoseismal from the macroseismic cpicenter wes meesuicd, For different azi-

. o : s . )
sha, plarting from 07 and going clockwise with a step of 307, In most of the coses, for the shal-
»r

o it thquakes used bere, the differcnce  between the macroseismic and microseismic epicenter wes

w;! 3:;!!‘] e

hie(l). Information on thevcarthquakcs used in the present study

PATT ORICIN | ericemen M5 lihy | Mol DATE i [erieovier Mg | ey
s oty 5,1902[164:56:30] 40.8 23.1 6.6 | 5 |31 0ct. 2,1961 |07:21:06] 37.2 220 }5.7| 5
Cplapr. £,1906[10:02:36] 41,9 23.0 |7.1 [10 |32.{ Mar. 18,1962 [ 15:30:30] 40.7 19.6 |6.0| 6

19.5

fol

3304 July,26,1963 | D4:17:12) 42,0 21.1 6.1 7
14 136, Sept.18,1963 | 16:38:08| 40.8 29.1 [6.3]| 10

9
June  1,1905(04:42:15] 42.0
lort. B8,1905]07:27:30] 42.0 23.1
3
3
9

6.
7.

6.6

6.5
sINov. 8,1905(22:06:30| 40.3 26.4 {7.5 | 7 |35.; Oct. 6,1962 | 14:31:23}| 40.3 28.2 6.9 12
7§ May, 30,1909 106:14:30) 38.3 22.1 16.2 | 4 |36.| Mar. 9,196% [ 17:57:54] 39.3 23.8 (6.1 6
?3?;,rpbr.1ﬂ,1911 21:35:12| 40.9 20.8 {6.7 |'6 |37.§ Apr. 5,1565 |03:12:55| 37.5 .21.9 {6.1[ 7
fdan. 27,1915(01:09:56| 38.5 20.5 {6.6 |10 |38.| Apr. 9,1965 {23:57:02| 35.0 z24.3 |6.1] 10
$.fMar. 30,1921{15:05:30} &1.7 20.5 {5.8 | 6 |{39.] July, 6,1965 [03:168:42] 38.3 22.2 6.3 7
1.0 hug. 10,1921 {14:10:32( 42.3 21.4 |5.8 |12 [4D. | Febr. 5,1966 [02:01:45] 39.0 21.7 |6.2 7
H.fDec. 7,1922(16:22:10] 41.8 20.5 {6.1 | 4 |41.]| Sept. 1,1966 | 14:22:571 37.4 22.1 |5.9 3
.| Apr. 14,1928 |09:00:01] 42.2 25.3 |6.8 |18 {a4z.{ Oct. 29,1966 {02:35:25] 38.9 21.1 |6.1 2
D" 18,1928 |19:22:48| 42.2 25.0 |7.0 {15 {43.] Febr. 9,1967 | 14:08:18 39.9 20.3 |5.8] 10
Snb M 22,1928 (20:13:46 38.0 23.1 6.3 |10 J44. | May, 11,1957 {07:09:021{ 35.6 21.2 |6.4 S
B " 17,1930(20:06:39 ) 37.7 23.2 {5.9 1 6 [45.| Nov. 30,1967 {07:23:50] a1.& 20.5 |6.4 6

t.{Mar. 7,1931{00:16:52] 41.3 22.3 6.0
COMg" o 8,1931[01:50:28| 41.3 22.5 |6.7
6. Sept. 26,1932 [19:20:42| 40.5 23.9 |7.0
W m 22,19391{00:36:32| 39.1 26.8 [6.6
0. Mar.  1,194103:52:47] 39.7 22.4 |6.3
M.lhug. 27,1942 [06:16:15| 41.6 20.4 |5.9
2.10ct. 6,1947{19:55:34 | 36.9° 22,0 |7.0
B.duly 23,1949 |15:03:30| 38.5 26,3 |6.7
W.{Apr. 30,1954 {13:02:36] 39.3 22.3 |7.0
B.lApr. 13,1955 [20:45:46 | 37.3 22.3 |5.9
6.0 » 19,1955 {16:47:19| 39.4 23.0 |6.2
N1 31y, 9,1556 [03:11:40] 36.6 26.0 |7.5

46. | Feb. 19,1968 |22:45:42 ] 39.7 25.1 [7.1] 14
47. | Jan. 14,1969 |23:12:06 | 36.1 29.6 |6.2] 10
48. | Mar. 23,1965 |21:08:42 39.1 28.5 |6.1] 10
49. | Mar. 28,1965 |01:48:29 | 30.3 28.6 |6.6] 10
so. | Apr. 3,1969 |22:12:22]40.7 20.0 |5.8
Oct. 13,1969 |01:02:31 | 39.8 20.6 |5.8
52. | Mar. 28,1970 |21:02:23 | 39.2 29.3 {7.1] 10
Apr. 8,1970 |13:50:28 | 38.5 22.3 [6.2
S4. | Dec. 31,1975 |09:45:47 | 38.6 21.6 |5.7
55. | May, 23,1978 |23:34:11]40.7- 23.2 [5.8
56. | June,20,1978 {20:03:21 | 40.7 23.2 (6.5
7. | Apr. 15,1979 105:19:61 | 42,0 19.0 7.1
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OATA ANALYSTS AND RESULTS
The decrease of intensity with distance has the general form:

IO- Ii = C, + CZ F](Aj)+ C3 féﬂcgﬁi) (1)

re Io is the maximum epicentral intemsity, I is‘the intensity at distance 0O and C| .C2 :C3 are
sltants, C2 is the absorption factor usually included in the earthquake energy propegetion formu-
- and C3takes care of lhe geometrical spresding.A relevant formuls proposed by Blake (1941)

_ N 2 2 3
I,- 1 = v Log‘/ vV bi/hg | (2)

cauivalent to (1) and is here adopted to represent best the attenuation of intensities in Gre-
» (Papaiocannou,1984). The attenuation coefficient,v, was calculated for each poir of successive
slines by the formula(as infered from the Blake formula):

1
v - (3)
| Log(D,  /D;)
‘re Di is tﬁe mean hypocentral dirgtance, i isakhe‘numbeﬁ nf isoseismal counted from the epi-
wter. Thus, different .values of the attenuation coeffieient v, were calculated for sny given azi-
- Creat‘caution was taken which isoline to be chosen as the first one to start the calculations
Jrder to avoid the strong source effect at distances vérchlose to the focus. Thus, a set - of
16 observations of calculated v values and correspondinq distances was compiled. The variation
the mean radii in different azimuths is supposed to reflgcf the anomalies in the propagation of
smic energy. o A
Figure (1) represents the frequency function of the focal depths of the earthquakes used in
' present study. These depths are calculated from macroseismic observations. It is observed that
most earthquakes are very shallow (h=15 Km). On

thesé‘grounds,focal depth was considered as rather

- constant and was taken into consideration in for-
- ] mula(3) as far as the calculation of slant dista-
: nces was concerned.
15 .
- — Empirical plots of the sttenuation coeffi-
i cient ,v, versus magnityde,M8 and distance, D,in
i Km revealed a linear dependence on both parameters.
) 10 - Distance,D is the aQerage'distaﬁce of any two suc-
- —1 - cessive isolimes. The regression analysis perfor-
Nt B med to the data resulted in the following équa-
: ( tion: ’
5 B .
- . - v = 0.42M_ + 0.01D + 0.39 [RMS=1.25] (4)
: -—‘ ' The regression analysis was performed by the
4] 1 4 computer program MINUIT(James and Roos,1977)  of
0 h 10 20 the CERN(Centre Europeene des Resesarches Nuclai -

‘res) library. Equation (4) shows by a very sim-
ple numerical example,that the distance effect on
}-1.-Frequency function of the focal depths of parameter v is much stronger than that of magnitu-

-he ecarthquukes listed in Table(I). de as one might expect.

Fiqure (2) represents & plot of the attenu-

ation coefficient,v, versus distance D. This [1igu-



wos vopslructed by using a voving uverdye proseduve. Initiglly .averaye vatuey of v were

ined for Lhree dislinet megnltudi rangon. However oo oxnpoeled Tiom the tesulls oF equation (40)

[
L-h(()
these values Tor esch magnitude range were spproximalely the same. lhwerefore, magilude was rict

puken into consideration. Error bars an figure (2) represent the standard deviation(z 20). It is

f
70} - ]’
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v al
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Fig.2.-Average valves of v versus distance,D, calculated by 3 moving averagn prooe-
dure with an overlapping step of 30 -Km.Error bars represent standard dovis-

tion (20) .

observed that the rate of attenuation is rather constanp for distances up to 100 Kin and rapidly

increases for larger distances.

REGIONALIZATION OF THE RATE OF AYTENUATION OF SEISMIC INTENSITIES
For each earthquake of those listed in Table (1) an average valie of péfaméter vV was calcu%a -
ted. Namely, the values of v detérmiﬁed for the different azimuths (by equation 3) were averajed.
All the numerical calculations were performed for distances D, less than 100 Km, on the basis to

keep to distances which have engineering interest.

Figure (3) represents the frequency function of the average v values which vary from 2.0 to

4.8. These values were plotted at the §ite of the epicenter at the map of figure (4). Two symbols

15}

T 10}
n St ) ‘ )
Fig.3.- Frequency function of the sveragz vo-
r_f— ' lues of the sttenuation ccefficient v,of
20 kW 32 Mo B the earthauokes listed in Teble(I),calcula-
v—= ted for distsnces less than 100 K.
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Fig.4.- Map showing the areas of high and low rate of intensity at-
tenustion. Black circles denote average v=< 3.3, while open
circles denote average v 3.4 (Numbers correspond to Tsble
1.

Areas with rapid and less rapid rate of attenuation can be recognized. The region covered by
western Albania, western coast of central Greece,Peloponese and an area in northwestern coast  of
Turkey is characterized by low rate of intensity attenuation. However, the mainland of Greece, the

Aggean and southwestern Turkey are characterized by a rapid rate.An interpretation of the pattern is
given in the discussion. :

RELATION OF HAXIMUM EPICENTRAL INTENSITY Io TO MACNITUDE HS

Papaioannou (1984) has made a detailed study of the isoseismal maps of ma jor earthquakes which
occurred in the broader area of Cféedg. He developed intensity attenuation relations for each of the
20 out of 21 seismic zones of Greece, ps they were originally defined by Papazachos (1980) and la-
ter slightly modified by Hatzidimitriou et al. (1985).

A graphical method for the estimation of an initial set of epicentral intensities, I‘)from the
intensity distance plot for earthquakes of different magnitudes was used (Papaiocannou, 1984), thus
*voiding the need to equate the maximum reported or mapped intensity with Io. The attenuation rela-
‘lons for each of the seismic zones were derived using an iterative least-squares fit procedure N
“herein an  initjal approximate estimate of Io for each evenl is successively improved. Rs & By-pro-

Juct, the analysis yielded improved estimates of lg for each cvent.



coorpannou (1984) has noted A line@r {iecdl Debwon bhe ol Co oo dntensi)v. {U and

vty Mo for the data of ool of the 21 seiomic zones of Grocre. In the present siedy, @ re-
Ceetween Ig oend MS epplicvobie to the whole Grecee is ditommined. Figure (5) represcats a plot
.32 observations. Leasl squaresanalysis performed to the data resultoed in the feliswiryg re-

i
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Fig.%.- Revised estimates of moximum epicentrsl intensily
Io Versus maqnitude,Hs. The straight line repre-
sents the linear approximaticn to the data.

(RMS= .65). (1)

Io = {(1.15 2 Q.OA)MS + (1.29 1‘0.23)

which is represented by the straight line of figure (5).-

DISCUSSION

o Arstrong- distencer »dependenee:.-of-thecattenuvatien coefficient n.for_distancis greater than
100 Km was found. Although, one might expect earthquake magnitude to have a stronger effect, this
Is not the case. This may be attributed to the natural periods of most structures in Gretuce which

are considered to be less than 0.3 sec.Taking into account that the predominant periﬁd of strong‘
ground motion increases significantly for distances greater than 40 Km (Seed et al.1968), it is ob-

vious that these very structures at some considerable distance from the source, where lower fre-

‘Quencies-are -.observed, .are.not severely.vibrated.. As_a result lower intensity values are observed.

It is well known that the Aegean sea is a back-arc region and has all the charascteristics of
8 marginal sea. Inlense gravity and magnetic anomalies asre observed. The strong atterustion is con-
nected to the thermal condition (high hezt flew) and the degree of partial melting of the lilhosphe-

re and asthenmosohere (Papazachos and Comninakis, 19713 Tasscs, 1584).
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ABSTRACT

Greece is located in one of the most active seismic belts
of the Earth. Therefore , its seismic hazard is high.Several at-
tempts have been made in the past for seismic hazard assess-~
ment in this afea, on the basis of the mean value and the ex-
treme value methods.

In the present study, .based on the theory developed by
Cornell (1968) which considers the seismic sources.of a regi-
on, we estimated the seismic hazard of the most important ci-
ties of Greece. The seismic hazard is expressed‘in.terms of
the most probable maximum intensity calculated for. different
time periods. According to these values, the @jties are sepa-

rated into nine classes of seismic hazard.

1. INTRODUCTION

Several attempts have been made in the past to estimate
the scismic hazard in the arca of Greece (Galanopoulos and
Delibasis 1972, Schnabel and Seed 1973, Algermissen et al.
1976, Shebalin et al. 1976, Hattori 1979), on the basis of the.
mean value and extreme value method.

Makropoulos (1978) proposed an average attenuation cur-
ve of acceleration, based on world-wide data and he compiled



maps using the {irst-type asymptiotic distribution depicting ac-
cerelation with 70% probability of not being exceeded in 50, 100
and 200 years. | h |

Galanopoulos (1981) compiled a map which gives information
on the most probable maximum expected mignitude, intensity and
peak ground acceleration. |

Drakopoulos and Makropoulos (1983) presehted maps .  which
depiét the peak ground acceleration with 10% probability of ex-
cecedance in 25 and 50 years, following Gumbell’s first type' a-
symptotic method. ' » o

Papaioannou (1984), using the mean value method and " Gum-
bel] “first dsymptoixc;distribdtion compiled maps which - de-
pict the most probable maximum intensity and peak ground . acce-
leration with 63% probabxllty of exceedance in 80 years., Cn

Papaioannou et al. (1985) based on the theory developed by.
Cornell (1968) compiled a map for a period of 80 years.

In the present paper, the seismic hazard for the largest
citiesvin the areavof Greécg is estimated in terms cf the most
probable maximum 1ntent15y in different periods of t ime w:th
the aim to contribute to the regionalization of the sexsmxc ha-
zard in Greece which will serve as a basis for the buxld{ngcbn-

struction code.

2. METHOD APPLIED AND DATA USED

L
N

The method applied in the present paper for seismic harard

assessment is a semi-deterministic one based on the . theorY”
which was developed by Cornell (1968,1971) and Merz and Cornell
(1973). According to this theory, the seismic sources of the

region are defimed on the basis of all. the available seismolo-
gical, seismotectonic and geological criteria. For each source,
the rate of earthquake occurrence , the seismic paramecter b ﬁOf
the frequency-magnitude rclation as well as the maximum earth-
quake magnitude which can occur are estimated.~ Then, with ~ the
aid of a relation between the seismic intensities (or Pedk gro-
und accelerations), the distance and the ecarthquake magnitude
the total probubxlxty—ihat a choscn MM intensity (or peak ground

v Ly excecded 2t each site is caleula-




ooy

4 by suwnning the probabititics of this occurrence due to all
vents affccting the site from all the neighbouring scismic sour-
O

The division of the broad Aegcan arca into the seismic sour-
cs and the estimation of their characteristic seismicity para-
~ters determined by Hatzidimitriou (198#) is shown in Tigure
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Fig. 1.- Scismic sources of the Acgecah and surrounding

arca (Hatzidimitriou 1984).

The attenuation formula of seismic intensities used, is the

fOHowing onc which was proposed by Papaioannou (1984)
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S
nitude and b is the cpicentiral ‘distance, in K.

where li'is the scismic intensity, M. is the surface-wave mag-
The computer program EQRISK (McGuire 1976) has been wused
for the calculations. The input required ior the program is the
characteristic seismicity parametérs of the scismic sources of
the region, their coordinates and the annual probabilities” of
excecdanhce RA’ for which the corresponding intensities | are
sought. The output is the values of the 1nicnsxtxes which have

annual probabilitiesof exceedance equal to R,.
3. REGIONALIZATION OF THE SEISMIC HAZARD

The area of Greece has been divided into quadrilaterals
with sides equal to O.5Q.'geographiCa] latitude and. longitude
and the biggest populatibnucehfer observed in'each one of these
has been chosen. For each cxty, following the method and .using
“the computer program described above, the most probable ma x i mum
seismic intensity (with 63% probability of exceedance)’ a
time period of 3,10,20,40,60,80,100 and 180 years has been esti-
mated. '

For each site, the graph of the seismic intensity 1{in MM )
versus time T (in years) was made, The curves have been ‘compa-
red with each other and according to their Jevel and shape the

cities were grouped into nine classes. Class (1) which slrePfé;

“sents the Righest seismic hazard—and-ciass ( 9) represents ‘the

Jowest seismic hazard. For each class the average curve '  has
been constructed. These nine average curves are shown in .iigU-
re (2). The vertical lines represent the standard deviation of
the mean. ' ,

The results for each site (city) are given in table (ll .
The ‘index numbers and the names of the cities are given in thé

first and second columns, respectively. The seismic intensities

(in MM) with 63% probability of exccedancec in 3h10,20,40,60,‘oc

and 180 years for cach city are given in thc next cight culumnt
while the class punber of cach city is given in the'astcolmh
In figure (3) the sites (cities) for which the seismic ha-
zard was estimated are showins Nine different symbols-have bee!
uséd for the nine different classes into which they were grot

. \ . . . . - as
ped. Black circles opivoony  dhe highest sersmic hazard (cla
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Fig. 2.- Average curves of the most probable seismic inten-
sity 1 (in MM)versus the period T (in ycars) for
the nine (9) classes of seismic hazard.

1) while the white circles represent the lowest seismic hazard
(class 9 ). The number at each site corresponds to the number
of the first column of table (1).
"“'AE”iY“ééﬁ”bG“scvn“ffom~thisunmp,.arcas“Qi”hjgh“sq1§mic}yk
zard are the lonian islands in western Greece and generally

the whole part along the convex side of the Hellenic arc as



TARLE 1. Seismnic hazard of sclected cities in the arca of Greece,in tenns

of the nost probable muximun intensity (in Mv) in 3,10,20, 40 ,
60,80,100 and 180 years.

{

i

Period (yecars})
No | City’ 3. 10 20 40 60 80 00 180 | Class
1. | NOTIA 5.2 4.8 5.1 .54 5.6 57 58 6.0 9
2. | PETRITS] 4.8 5.6 6.0 6.4 6.6 6.7 6.8 7.4
3. | SERRES 5.0 .5.7 6.0 6.2 6.4 6.5 6.6 6.8] 5
4. | DRAA 4.4 5.2 5.6 6.0 6:2 6.4 6.5 69| 6
5. | XANTHL 4.1 4.9 5.4 5.8 6.1 6.2 6.4 6.7( 6
6. | KOVOTINI - 47 5.2 5.6 58 6.0 6.1 6.4| 8
7. | SAPPES - 46 4.9 5.3 55 56 57 6.0 9
8. | DIDWOTIHO - 4.6 4.9 5.3 54 56 57 59| ¢
9. | FLCRINA 5.0 5.6 5.9 6.2 6.4 6.5 6.6 6.8] 5
10. | KASTCRIA 5.8 S.4 5.7 6.0 6.1 6.2 6.3 6.5| 7
1. | ProLBVAIDA 4,5 5.1 5.4 5.7 58 59 6.0 62| 8
12. | EDESSA 4.5 5.1 54 57 58 59 6.0 6.2 38
13. | VERIA 4.4 5.0 5.3 56 5.8 59 59 6.1/ &
14, | KILKIS 4.6 5.5 5.9 6.3 6.5 6.7 6.8 7.0| 4
15. | THESSALONIKI  |4.7 5.5 5.9 6.2 6.4 6.6 6.6 69| 5
16. | LAGADAS 4.8 5.7 6.1 6.5 6.7 6.9 7.0 7.3| 3
117, | MAYROTHALASSA  [4.9 5.8 6.2 6.6 6.8 6.9 7.0 7.3} 3.
18. | KAVALA 4.4 5.2 5.6 6.0 6.2 6.4 6.5.6.8] 6.
19. | THASSOS 4.5 5.4 5.7 6.0 6.2 6.4 6.4 6.7 7
20. | ALEXANDROUPCLIS| - 4.8 5.1 5.5 5.7 5.8 59 6.2] 9.
21. | FERRES - 4.7 5.1 55 57 58 59 62| 9
22. | KONITSA 5.2 5.8 6.1 6.4 6.6 6.7 6.8 7.0] 4
23. | CREVENA 4.4 5.0 5.2 5.5 56 5.7 57 59| 9
24. | KOZAN] 4.3 4.9 5.1 54 55 56 57 59| 9
25. | SDRVIA 4.4 5.0 52 55 56 57 58 60| 9
26. | KATERIN 4.5 5.1 S.4 57 58 59 6.0 6.1 8
27. | FOLIGIROS 4.8 5.5 5.9 52 6.4 6.6 6.6 6.9] 3
28. | 1IERISSOS 5.1 6.0 6.4 6.8 7.0 7.2 7.3 7.5| 2
29. | KARYES 50 5.9 6.4 6.8 7.0 7.2 7.3 7.5| 2
30. | SAVOTHVKI h.5 5.3 5.8 6.2 6.5 6.7 6.8 7.1 4
31, | KERKIRA 5.5 6.1 6.4 6.7 6.9 7.0 7.1 7.3} 3
32. ) IGOWMENITSA 5.2 6.5 6.8 7.0 7.0 7.2 7.4] 3




7.2

!

T Period (years)
| city 3. 10 20 40 60 80 100 180 |[Class
,f JOVNINA - 5.3 5.9 6.2 6.5 6.7 6.5 6.9 7.1| 4
o | NETSOWO 4.8 5.4 5.7 6.0 6.1 6.2 6.3 6.5| 7
.| TRIKALA 5.1 5.8 6.1 6.4 6.6 6.7 6.7 7.0 &
o | LARISA 5.2 6.0 6.4 6.7 69 7.0 7.2 7.4 3
;;, AGYA 4.9 5.6 6.0 6.3 6.5 6.6 6.7 6.9 b4
5. | KALANDRA 5.9 5.6 5.9 6.2 6.4 6.5 6.5 6.7] 5
y.| PALIGLRI, 5.2 5.9 6.2 6.5 6.7 6.8 6.9 7.1 | 4
w. | MRINA 4.9 5.7 6.1 6.5 6.7 6.9 7.0 7.3] 3
+1.} ARGIRADES 5.3 5.9 6.2 6.6 6.7 6.8 6.9 7.24 4
+2.] MARGARITI 5.6 6.2 6.5 6.8§ 7.0 7.1 7.2 7.4 3
ARTA 5.5 6.1 6.4 6.7 6.9 7.0 7.0 7.3} 3
‘uh.| TETRAKQVD 5.3 5.9 6.2 6.5 6.7 6.8 6.8 7.1| 4
45.] KARDITSA 5.3 6.0 6.3 6.6 -6.8 6.9 7.0 7.2 .3
146.] FARSALA 5.5 6.2 6.6 7.0 7.2 7.3 7.4 7.6} 2
47.] VOLOS 5.6 6.3 6.7 7.0 7.2 7.4 7.4 7.7) 2
48.] SKIATHOS 5.6 6.3 6.7 7.1 7.2 7.4. 7.5 7.7) 2
49.| SKOPELOS 5.5 6.3 6.7 7.0 7.2 7.3 7.4 7.7 2
50.] SIQRI 5.1 5.8 6.2 6.6 6.8 6.9 7.1 7.3| 3
51.| KALLONI 5.1 5.9 6.3 6.6 6.8 7.0 7.1 7.3| 3
52.| MYTILINI 5.1 5.9 6.2 6.6 6.8 7.0 7.1 7.3| 3
53.] LEYKADA 6.1 6.7 7.0 7.3 7.5 7.6 7.7 7.9\ 1
34| ARINIO 5.5 6.1 6.5 6.8 6.9 7.0 7.1 7.3} 3
55.] KARPENISI 5.3 5.9 6.2 6.5 6.7 6.8 6.9 7.1] &
56.| LAMIA 5.3 6.0 6.3 6.6 6.8 6.9 7.0 .7.2| 3
57.] KAVENA WRIA | 5.1 5.8 6.1 6.4 6.5 6.7 6.7 7.0 4
58.] ATALANDI 5.1 5.8 6.1 6.4 6.6 6.7 6.8 7.1| 3
39.] ISTIEA 5.4 6.1 6.5 6.8 7.0 7.1 7.2 7.5| 3
60.] PYLIO (EVIA) | 5.0 5.7 6.0 6.3 6.5 6.6 6.7 6.9]| 4
6.1 Kl 4.8 5.4 5.8 6.0 6.2 6.3 6.4 6.6 7
62.] SKyrOs 4.8 5.5 5.8 6.2 6.4 6.5 6.6 6.9] 5
63.1 PSARA 4.7 5.5 5.8 6.1 6.3 6.5 6.6 6.8| 5
64,1 KARIYMILA 4.8. 5.6 6.0 6.4 6.6 6.7 6.8 7.1 | 4
65.1 AnaosTOL 6.0 6.7 7.0 7.3 7.5 7.6 7.7 8.0/ |
66.1 1TH 6.0 6.7 7.0 7.4 7.5 7.6 7.7 8.0/ !
67.1 MisoLoa 5.6 6.2 6.6 6.9 7.0 7.2 7.3 7.5| 3
C8.1 pavoy 51 59 6.2 6.5 6.7 6.9 7.0 3




N4

Pcriod (ycars)

No | City 3 10, 20 40 60 &G 100 180) Class
69. | EGHIO 5.3 5.9 6.2 6.6 6.8 6.9 7.0 7.2} 3
70. | XLCKASTRO 5.3 6.0 6.3 6.6 6.8 6.9 7.0 7.3} 3
71, | THIVA 6.0 6.7 7.0 7.4 7.5 7.7 7.7 8.0/ 1
72. | HALKIDA 5.4 6.1 6.5 6.8 7.0 7.1 7.2 7.5| 2
73. | KAPANDRITI 5.2 5.9 6.3 6:6 6.8 6.9 7.0 7.3} 3
74 . | KARYSTOS 4.3 4.9 5.2 5.5 56 57 538 6.0 9
75. | MESTA (QH105) .8 5.5 5.9 6.3 6.5 6.7 6.8 7.1 4
76. | CHIOS 4.8 5.6 6.0 6.4 6.6 6.7 6.8 7.1| 4
77. | ZACYNTHOS 5.8 6.4 6.7 7.0 7.2 7.3 7.4 7.6 2
78. ] PYRQDS 5.6 - 6.3 6.6 .6.9 7.0 7.2 7.3 7.5/ 2
79. | MONASTIRAKI 5.4 6.0 6.3 6.7 6.9 7.0 7.0 7.4 3
80. | VLAHERNA 5.4 6.0 6.4 6.7 6.9 7.0 7.1 7.4 3
81. | KORINTHOS 5.4 6.0 6.3 6.7 6.8 6.9 7.0 7.3} 3
32. | EGINA 5.3 5.8 6.2 6.5 6.7 6.8 6.9 7.1] 4
83. | ATHINA 5.2 5.9 6.2 6.5 6.7 6.8 69 7. %
84, | KEA 4.2 4.9 5.2 5.4 5.6 5.7 58 6.0/ 7
85. | ANDROS 4.1 4.7 5.0 5.3 54 55 56 5.8 9
86. | TINOS 41 4.7 50 53 55 56 56 59| 9
87. | AGKIRICS(IGRIA) [6.3 5.0 5.4 5.7 5.9 6.0 6.1 63[ %,
88. | savos 4.8 5.5 5.9 6.3 6.5 6.7 6.8 7.0 4!
83. | TRIPOLL 5.5 6.0 6.4 6.7 6.9 7.0 7.2 7.4 3

FILTATRA 5.2 5.8 6.2 6.5 6.7 6.8 69 7.2 3
91, | KALAVATA 5.2 5.9 6.2 6.6 6.8 6.5 7.0 7.3 3.
7. | LECNIDI 5.6 6.0 6.4 6.7 6.9 7.0 7.2 7.4| 3
93. | ERVICNI 5.3 6.0 6.3 6.6 6.8 6.9 7.0 7.3| 3.
51l | kymens b4 4.9 5.3 5.6 5.8 59 6.0 6.2 8
9%. SYROS 4.1 4.7 5.0 5.3 55 56 57 591 9
96. | MYKONDS - 4.1 4.8 5.1 5.4 55 5.6 57 59| 9
97. | PARDS 4. 5.1 5.4 5.8 59 6.0 6.1 6.4} 7
95. | NAYDS k.6 5.3 56 5.9 6.1 6.2 6.3 65| 7
99. | PATVOS 5.4 5.1 5.4 5.7 5.9 6.0 6.1 6.3| 8
100. |AGMRIMIERS) 5.7 5.3 5.7 6.0 6.2 6.3 6.4 6.6) 7
o1, | pPvios .2 5.8 6.1 6.5 6.7 6.8 6.9 7.2 3
102, PCNIKOASMSSINAYS. 2 5.8 6.2 6.5 6.7 6.8 6.9 7.2f 3
103, | GITHIO 5.3 5.9 6.3 6.6 6.8 6.9 7.0 7.3 3
04 | MEWAS 1A 5.3 6.0 6.4 6.7 69 7.0 7.1 7.4} 3




vy

;/-_ Period (years)
no | City 3 10 20 40 60 80 100 180] Class
— -
105, | MYLOS 49 5.6 5.9 6.2 6.4 6.5 6.6 6.9 5
L 106. | SIFNDS 4,7 5.3 5.7 6.0 6.2 6.3 6.4 6.7| 7
1107, | 108 4.8 5.5 5.8 6.2 6.3 6.5 6.6 6.8] 5
|08, [KATRQLA (AVCRGDS)] 5.5 6.2 6.5 6.9 7.1 7.2 7.3 7.6 2
| 109. | ASTIPALEA - 57 6.3 6.7 7.0 7.2 7.3 7.4 7.7| -2
110. | KYTHIRA 5.3 6.0 6.4 6.7 6.9 7.0 7.1 7.4| 3
1. { ™HIRA 49 5.6 6.0 6.3 6.5 6.6 6.7 7.0] 4
nz. |ANAFT 5.3 6.0 6.3 6.7 6.9 7.0 7.1 7.4] 3
113, | GALAMIANDS 57 6.4 6.7 7. 7.3 7.4 7.5 7.8 2
- (ANTIKITHYRA) ,
#nu. K1SSAMDS 5.0 5.7 6.0 6.4 6.5 6.7 6.8 7.0 &4
15, [CHANIA 5.0 5.6 6.0 6.3 6.5 6.6 6.7 7.0l s
116, | STMIO(GINIA) 4.9 5.6 5.9 6.3 6.4 6.6 6.7. 6.9] 5
117. |RETHYWND 5.0 5.7 6.0 6.4 6.5 6.7 6.8 7.0]
118. | TYBAKIO 5.0 5.6 6.0 6.3 6.5 6.6 6.7 6.9] 4
1195 | IRAKLIO 5.1 5.7 6.1 6.4 6.6 6.7 6.8 7.1| 4
120. | AG.NIKOLAOS 5.3 6.0 6.3 6.7 6.9 7.0 7.1 7.4 3
121, | IERAPETRA 5.2 5.9 6.3 6.6 6.8 6.9 7.0 7.3| 3
122, |SITIA 5.3 6.0 6.3 6.7 6.9 7.0 7.1 7.4| 3
123, IVATHI (SAMDS) |4.8 5.5 5.9 6.3 6.5 6.6 6.8 7.01 &
124. |KALYMNOS 5.5 6.1 6.5 6.8 7.0 7.1 7.2 7.5| 2
125, |KOS 5.7 6.4 6.8 7.1 7.3 7.4 7.5 7.8 2
g6 AR s s 65— 67 6.8 6.9 7,243
! 127, |GENADIO 4.9 5.6 59 6.2 6.4 6.6 6.7 6.9 5
128. {RCDOS 5.5 6.2 6.6 6.9 7.1 7.2 7.3 7.6] 2
129, | KARPATHOS 4.9 5.6 5.9 6.2 6.4 6.5 6.6 6.9| 5
130, |L1VADIA 5.6 6.2 6.6 6.9 7.0 7.1 7.2 7.4 2
131. | AVFISSA 5.7 6.3 6.6 7.0 7.1 7.3 7.4 7.6] 2
e
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Fig. 3.- Sites for which the seismic hazard was determined.

The graduation from high seismic hazard to low sei~
smic hazard goes from black circles (class 1) to

white circles (class 9).

well as a zone with E-W trend in central Greece. Peloponnesus,
the eastern part of central Greeece as well as parts of nor-
thern Greece along the Servomacedonian massif can be also con-
sidered as areas of high secismi¢ hazard. o

Areas of low seismic hazard are those in the central part

of southern Aegean sea, northern part of central Greece and



also the northedasternmost part of Greece.
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