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1. EIZAIQlrd

H mapoloa egpyaclia anmotTeAel Tn OeltTepn KAt TEALKNA ¢xBeon
nou unoPdé&Aletar ota nmAalioLa tou npoypapupatoc "MeAétn twv O£ -
ouwv tng KaAapdtacg", Tto omoic avatéBnke and tov Opyaviouo A-
VILOELOuLKoO 2Zxedraouol kaL flpootaciac (0.A.Z.1.) 0to Epva-
otnpLo Teweuortkng tou ApiototeAreliou Mavenmtotnuiou Beocalovi-
Kng KaL ekmovinBnke katd 1o xpovikod diLactnua amd 1.10.1986 wg
1.11.1987.

Jtupuva ue toug dpoug tng oGuBaong, otnv €kOeon autn NG-
pouogLadstaL o emLoTnuUovikAg anoAloyiLoude tou mpoypbduuarog, an-
Aadn, ta ocuumepdouaTa WOU a@opoUv TLC MAPAUETPOUC TNC EO0TLGC
Tou ogtouol tn¢ 13ng ZenteuBplou 1986, tnv xpovikn €LEALEN g
HETAOLLOULKAC akoAouBiag kaL Tnv KATAvouh TwWvV UEVEBWV TWV HE-
tagetouwv. Emloncg, mapouoLdlovriaL oL NGPAUETPOL CELOULKOTINTAC
TNC €upltTeEpPnC MEPLOXNG TNG MOANg tng KaAaudtag oOmwg e€miaong Ka
mAnpowoplec mou a@opolyv TG CELOUOYOVO pAvuQ.

OuL eveEpyeLsc nmou £yLvav yLa Tnv €nNiTEUEN TWV OTOXWV Tou
npoypduuatog €ivaLr otr akO6AoubBeq:

a) 2uAldovh Sedopévwv and nmpoowpivo OdLKTUO Qopniwv ceLopoypa -
QWv TOoU e£vKataotdBnke and To EpvaotnpLo MEwQuUOLKNC KaL AEL-
100pynoe OTNVv MEPLOXN TOU CELOHOYOVOU PNYHATOC TO 2EMTEU-
Bpiro 1986.

B) Emefepvacia twv dedouévwyv TOoUu JdLKTUOU TWV QGOPNTWV CELOUO -
vPpAdQwv pE OKOMO TOV UMOAOYLOUO Twv E0TLAKQV napauETpwy
nmou xkataypdonkav and To diktuo. MapadAAnAa xpnoiuonmoLnbnkav
ta dedopéva Twv poOvivwv dgeLopoAroyikwy otabuwv tou Epyaotn-
ptou Tewpuowkng tou A.N.0. kat tou lewduvaurkol Ivotitol -
tou tou EOvikoU Agtepookomelou ABnvuv.

v) EZavwyn Twv TeEALKWvV anotelecudtwyv (KATOGOKEUR Xaprav, mLva-
KWV ) KaL ouyypagn Twv OXETLKkev dnpooLelocwyv.

Jtnv £KMOVNON TOU MPOoypaAuuatog autol ocupueteixav ot B.fla-
nalaxoc, A.Mavayiwtdédmourog, f.Xardndnuntpiou, A.Kupatln,l .Ka-
pakatong, E.Mamadnuntplou, I.AeBeviakng, O.Toanavog, B. Kapa-
kKwotacg, E.2kopdiAncg,A.KovtonolAou. 48 .Mouvipaxkne, Xp.lamaiw@v-

VOoU Ka. K.NEPTLIOCEANC.



EuxapLotoupue Bepud 6Aoug auriolC mou CuvéBGAav O1nv emLiu-
XN mepatwon tou mpoyvpduuatde kaw tdiraitepa tov O.A.2.M. yLO
Tnv xpnuatodotnon tou. Euxaprotlieg exppaloviaLl otnv k.0, BAG-
X0U yLa Tnv npooektiLkf daktuloypdenon Twv KELPEVWV KaL oinv
k.K.Manaldxou yia 1tnv petagopd twv ocecopoypdowv otnv Kalaudta.
EuxapLaotolue, entong, tnv Enttponn Epeuvov tou A.N1.6, kaou u-
draltepo TLC K.K.Xp.Mnéota, A.Tewpyraddn kat O.2xAafolvou vi.a
tn BonBeira mou pag mpooéwepav dreukoAlvoviag £EQLPETLKG nv

oLkovoutkn dLaxelpnon Tou MPoOypaAUUATOC.



2.

pakGiw 800 epvadlec, MepLAfpeLc Ty omoiwv mepLypdgoviaL

AMTOTEAEXMATA TQVY [IPOT PAMMATO2

Ta gmoreAéouata tou mpoypdupatog meptAauBavovraL OTLC Wa-
atn

guvEéxeLa, £vw oABKANPES oL €pyadieg meptAauBavoviaL GIo KEQA-

AaLo 6 tnc mapotoac £kBeang.

.T.

2.

geLouwY ue PBaan

LINC UETAGELOULKAC akocAouBiag kAt TOu geLouoydvou

~Tu.Kevip.Makedoviag,

Nanalaxo¢, B.K., Kupatln, A.A., Kapakwotag,B.l., flavayiw -

t6novAog, A.T., IkopdiAnc,E.M. kai Mouvipakng,d. Adrdtnteg
pfiivuarag

‘wou oeropol tng KaAaudtag tng 13ng 2enmteuBpiou 1986. "Eumer-

piec and tov npoéoeartro oeioud tng KaAaudracg, Huepida T.E.E.-
14_1.1987" 0eA.1-10,1987.

Karacostas,B.G., Panagiotopou-

BeooalAovikn,
Papazachos,B.C. ,Kiratzi,A.A.,
los,D.G., Scordilis,E.M.

fault plane solution and spatial distribution

and Mountrakis,D.M. Surface fault
of
the aftershocks of the September 13, 1986 earthquake of Ka-

traces,
lamata (southern Greece). "Pure and Applied Geophysics " ,
126, 1, 1988 (in press).

[8L6TNTEC TNC UETACELOULKNCG akoAouBiac karL Tou CGELOUOYOVOU

pAvuatoc tou oecrouol tng Kadawdtag tng 13n¢ .YenteuBpiovu

1986. "Avakol{vwon otnv Huepl(da tou T.E.E.-T.K.M, Begoaro -
vikn, 14.,1.1987", oeAh.1-10, 1987. Nanaldaxog,B.K., Kupatln,
A.A., Kapakootac,B.l., Mavaviwtonouvhrog,A.T., 2kopdlAng,E.

M. xaL Mouvtpaxkncg,A..

Stnv epvaclia autn £E£TGOTNKE N XPOVLKA KATAVOWNA TWV UETA-

ta Sedouéva tou EBvikoU OLkTUOU TWV GELOUOAO-

yLKOV oTaBuwv,
3,7 mou £vivav
tou AexeuBpiou
1,26.

MeAetnBnke

UEe
taypdonkav anod

FTEWQUOLKARC OTO

(D]

naoauitooy b

cToTnC 14acl

mou aQopoloav OAOUC TOUC UETQOELTUOUC HE M33>
gto dtdotnua and 13 ZenteuBpliou wg téhog

1986.

10

Tou H tiun tng mapauétpou p BpéBnke (on

N KATavoun Twv UEVEBWLV Twv UETACELOUGY MOU KG-

Touc @opntolC OeLouoypd@ouc TOU Epyaotnplou
Scdactnua 18-20 Z2enteuBpiou 1986. H tiwn e
offaxe lon oue 0,871,
~occdlovial OTOULXELQ mou agopouv TO PAYwa 1O O-



mo{ 0 NMPOKAAECE TO OELopud. TMPOKELTIAL YyLA VEOTEKTOVLKG KAvOviKO

pfivua, e BLelBuvon BBA-NNA kaiv uetdntwon tou BuUTLKOU TEUAXOUGC.

2. Emipaverakéc drappiferg, unxaviopog vYEVEOGNC KAL XWPLKN Ka-
TAVOoUNR TWV PETACELOUOV TOU OELOouol tng 13ng SenteuBpliou
1986 tng KaAaudtac (vétia EAAGda)."Pure and Applied Geophy-
sics", 126, 1, 1988 (in press). '

B.K.Manaldxog, A.A.Kupatln, B.f.Kapakwotag, B8.7.MavayLw-
to6mouiog, E.M.ZkopdlAng kar A.M.Mouvipakng.

Stnv egpyacia autn mapéxovratL mAnpowopleg mou agepolv  TLG
gnmL@aveLakég exAnAWoeLg Tou pAvuatog mou mpokGAeoe tov  K(OpLoO
oetLopb. H pevaAdltepn encgaveirakn dtdppnin mopatnpnbnke otnv
neprtoxn BA tng méAng tng KaAoudtrag uwe BiedvBuvon B-22°-A Kai
KALon 72° BA. And TOouC OELOopoUC mou katéypale tTo BIKTUO Twv
gopntwyv OeLouoypGouwv Ttou Epvaoctnplou lMNew@uoikng emiAéxBnkav 39
yetaceLgpol, HE BAon ta pLKpOTEPA O@AAuAta OTOV umoAoyLouo
TWV £0TLOKWY toug mapapétpwv (1,1Km uéogo 0@aAAua OT0 EMLKEV-
tpo kat 1,16Km péoo opadAuya oto e€otiLakd B&Bog). Amd tn xapto-
vpdonon Twy EMLKEVIPWY TWY OELOUWY QUTIWV OFE YEWHOPYPOAOYLKO
xGptn gatvetar 6tL autd mapouvordlouv BBA-NNA dLedBuvan, n  o-
nola cuuninter pe tn OdLelBuvan TOUu VEOTEKTIOVLKOU PRYHaATOC XAt
WY ENLQAVELOKWY Odrappnfewv. MNAnpogoplec mou agopouv tTa duva-
HLKG XapaktnpLoTLKaG tng dudppning deixvouv, O6TL auth apxioe
and to BOPELO THAUA TOU PAYHPATOC, ME TN YEVEGN TOU KUPLOU CEL-
opuol oteg 13.9.1986. 21Tn OuvéEXELa, EMEKTAONKE OTO vérLo_ Tun-
ya TOU pAypatoc, kovia otnv mOéAn tng KaAaudrag, dmou évaé 0
UEYOGAUTEPOG OeLOouo6g ottg 15.9.1986, svw €(xe nmponynBel acgeL-
ouLkn oAloBnon Tou KEVIPLKOO TuAMATOG tou phAyuatoc. Ta xapa-
KTNPLOTLKG TEAOG TOu PAYPATOG, OCUHQWVA UE TO unxavioud VyEve-
ong Ttou OeLowol, Delxvouv OTL NMPOKELTIAL yLa APLOTEPOOTPOYO

KavovikO, ALoTpik0d pnavua.

To pAyua €ixe 15Km unkoc kat 11Km mAdto¢, £vw n péon OXE-
TLKR petTdBean twv 800 tepaxwv nrtav 12 cm.



3. 2XETIKH BIBAIOIPAOIA

To gnuaviikotepo pépog tng BiLBAioypaplac mapatifstar  otro
TEA0C Twv epyaotwv mou meptAapBdavoviaL 0Tto 60 KEQGAQLO TnC £K-
Beong. fapakdtw, avageépovralL BAOLKEC £PYAOLEC TMOU XPNOLUOTOL -
AOnkav otnv €kndvnon TOU MAapOVIOC NPOYPGUUATOC.
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uata. " Avakoivwon otnv Huepida tou T.E.E.-T.K.M., Beg-
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4. NPOXOETA 3TOIXEIA TH3 METASEISMIKH3Z AKOAOYOQIAS-SEIZMIKOTHTA
THZ EYPYTEPHZ NEPIOXHZ THZ MOAHI THX KAAAMATAZ

Me tnv BonBeiLa twv @opntlv CELAUOYPAOWY TOU Epvaotnplou
Fewguoirkng tou A.MN.B. kar tou EBvikoO BLkTUOU TWV PAVLUWY OEL -
ouoAovikwv otabpav, mapakoAouBnBnke n oeiopLkn -dpdon oTnv me-
proxfi Tng Kahaudatag, n omola akoAoUBnoe tov KUPLO OgLoud  TNC
13n¢ ZenteuBpiou 1986.

>tov nivaka (I) &{vovtarL mAnpowoplec mou a@opoltv TO XpOVO
YEVEONG,TLG OUVTETOVUEVEG TWV EMLKEVIPWY KalL TA HEYESBN IOU‘KU~
PLOU CELOUOU KAL TWV PEVAAUTEPWYV PETAOELOPWLYV WC TLC 31 Dekep-
Bpiou 1986.

H gratiotikn oxféon twv Gutenberg kat Richter logN:a—bMS ,
eQapudotnke otnv meplntwon autn ue delypa TOUC GELOWOUC TOoU
nivaka (I) xav pe tn BofBeira tn¢ ueBHBOU TwWv EAAXLOTWY TETPG-

vovwy BpéBnke otL n kauniAn (ox.1) exopdletar and tn oxéon
logN = 4,01 - 0,76M (1)

H tiun tng mapapétpou b(=0,76) tnc oxéaonc (1) eilval OXETLKA
xaunAn, aAAd BploketaL péoca o0ta 6pLa mou OuVABWG £XEL OTLG
UETGOELOULKEC aKkoAouBlecg.

H xpovikfi katavopfi Twv UETACELOPOV MOU nepLAauBavovrac
otov nivaka (I) akoAouBel, Onw¢ £ivaL tn oxéon tn¢ HOPONG

n=n, (2)

6mou n, €lvaL o0 apLBpdC Twv PETACELOUWY TOU £yLvav OE XPOVLKO
drdotnua, t, and to xpbvo VvEVEONG TOU KUPLOU OELOUOU KaL ny o
p elvat otaBepég. 3to oxnua (2) @alvetrat n xpovikn Karavoun
TWV WETAOELOMWV TOU KUPLOU ottouol tng Kalapdtag, e€vw n Ka-
unoAn exkepdletoL and tn oxéon

-1,02

n= 1,95 t (3)

NooondBerta kataBANAnKe yiLa va unoAoyLotolv OL RAPAUETPOL
JeLcuLkdintac otnv euplTEPN MEPLOXA TNG nmoAng tng Kahaparag.



MINAKAZ I. [MAnpogoplieg mou agopolv TOUG XpbOvoug VEVEORC TLC

OUVTETAYUEVEC TWV EMLKEVIPWY Kat
KUGpLou oeLouod Kat
N 3.7) uéxpr to téAoc tou DexkeuBplou 1986

TIQa UEVEDN

10U

TWV UEYAAGTEPWY usroasuoumv(MS

Xpovocg

Huepounvia Méveonc wg Ag Mo
2ent. 13,1986 17:24 36,9 22,0 6,2
" e 17:26 4,1
" o 17:26 4,8
e 17:58 37,0 22,0 3,7
“ oo 18:10 37,0 22,0 3,7
" .o 18:31 37,0 22,0 3,9
" v 18:50 37,0 22,0 3,7
" o 19:42 37,1 22,0 3,8
" oo 22:40 37,0 22,0 4,2
2ent. 14,1986 00:29 37,0 22,0 3,8
" oo 22:48 36,8 22,1 4,0
2ent. 15,1986 01:38 36,7 22,1 3,8
! o 11:41 37,0 22,1 5,4
! oo 12:47 36,9 22,0 4,2
2ent. 20,7986 06:21 37,1 22,2 3,9
! o 14:19 37,2 22,1 4,1
2ent. 25,1986 18:49 37,1 22,2 3,7
Okt. 27,1986 23:46 37,0 22,1 3,7
! 30,7986 15:56 37,1 22,1 3,7
! S 16:21 37,1 22,1 3,7
Nogu. 11,1986 20:57 37,0 22,1 4.0
Noeuy. 6,1986 12:32 37,3 22,0 3,7
Noeu. 18,1986 16:10 37,2 22,2 4,1
Dek. 30,1986 03:39 37,1 22,2 3,7



3.5

2x.1. Kotavoun twv HEVEBOLV TwWv UETACELOUWY HE M§;=3,7 Tou ogetopol tng Ka-
Aaudtacg, yvia to xpovikd Oudotnua 13.9.86-31.12.86.

NAnpowopleg mou owopoﬁv TLG MAPAUETPOUC TWV ECTLWV TWV CELOHWYV
QUTWV TeEPLEXOVTAL atov KatdAoyo twv Kouvnvakn kai Nanalaxou
(1986), evw otouxela mou agopolv GeLouolC oL omolotL £yLvav moLv
to 1900, An¢eBnkav and tov adnuooleuto KATGAOYO Twv NManalaxou
kat Kouvnvakn.

Ta dedou€va elvar mAApn via ta ak6AouBa puevEBn kat xpovy -
kéC mepLodoug:

M>6,5 1901-1910
M=5,2 1911-1949
M=5,0 1950-1963
M=4,5 1964-1985

lFta va aufnoouys tov apLBud twv dedopfvwy, BACLOTAKQUE Onv
napabdoxn O0t. ta ueyvéBn akoAouBouv pLd xavovikn xatavoun gto
xpovo, Bnhadn, OtL o aptBudc twv OcLoOpwv opLOUEvVOU ueyEBouc M
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3X.2. Xpovikf KoTavouf) Twv UETGOELOUWY UE MS;§3’7 Tou OELOopoU Tng Kada-

pATAC , yLa To Xpoviko diactnua 13.9.86-31.12.86.

mou yivovtaiL o0& ula optouévn nepLoXh KaL kaBopLopévn Xpovikn

neplodo €lvaL avGAoyog tng diapKeLac 1ng xpoviknc mepLOdou. E-

toL, av £(vaL n o apLBuodg Twv geLopv ueveEBoug M mou mapatnph-
fnkav KAatd tn OLAPKELG WLAG XPOVLKAG mepLodou Ki ctwv, TOTE O

avnyueEvoc apLBuldc TWV CELOUDY n, via oAGKANEN TNV XPOVLKA TE-
ptodo mou kaAumrtouv O6Aa ta dedoutva, Ba elvat

K
kK = "
Ky
onmou K = 87 xpovia, viatl
«xn mepicfc 1900-1986.
2130

Jgxnua

(4)

ta 0edopféva uacC KAAumTouv TNV Xpovi-
(3)

GOLVETAL N ypa@Lkn napdotracn Tou

AovapLB-
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5x.3. Katavouh Ttwv WEVEBGYV Twv CELOWGV Moy éyivav ge aktiva 50Km vipw armo
tnv moAn tnc Kadapatag, oto Sidoctnua 1900-1986.

HOU TNC CUCOWPEUTLKAG ouxvOTntag Twv OeLouwv,logN, HETAG TNV a-
vaywyn, ot ouvdptnon ue to uevebog M.

Me tn uébobdo twv eghaxiotwv terpavwvwv Bpébnke, O6tL n Kxa-
unoAn tou oxhuatoc (3) exkgpdletar amd tn OxEoN

logN = 4,86 - 0,72M ‘ (5)

Ov utgec nepiodor emavainyng T, Twv CELOUWY UE ueyédn 6,0,
6,5 kat 7,0 unoAoyliagtnkav pe tn Bonbeta tng oxéang

b M

T = 10° "/10%

(6)
onou b = 0,72 «xaL a = ag, - log87 = 2,93. OL tiuég outég €l-

vat :



T6,0 23 xpobvira
T6,5 = 53 xpovia
T7’0 =120 xpovia

lta Tnv e€KkTiunon tng CeLouLKNCg enmtkivduvornracg tng Kaiaua-
Tag, OnAadn Tnv KATAvoun TNC CELOULKAC £viaong o0& aguv@pinon e
Tnv meptodo emavaindng ceapudotnke n péBodog tou Cornell(1968).
H uéBodocg auti mpoobioplileL miBavoroyikd tnv enidpaon aec ula
.Géoq AWV Twv CELOULKWY mnywv, n kKABe pia amd TLC OmoLiec ouu-
BaAAeL pe éva péogo etnoLo pubud ocecoutkoeTntoc. Fva tnv £@appo-
YA Tng peBOdOU QUINAG XPNOLUOTMOLABNKE 0 XwpLtouodc tou EAAnvikol
XWPOU OE OELOULKEG NnyéEQ, oOnwg npotddnke amd tov NManalaxo(nopo-
owrikn emtkorvwvia 1986) kai cgapupodotnkav oxéoet¢ andoBeonc va
TLC UOKPOOELOULKEG EVIAOELC Twv MMamatwdavvou (1984) xar Tdaooou
(1984). H Aentouepng MEAETN TNC CELOMLKAC £mikLvduvoTntac 1Ing
KaAlauatag €yive and tov Oeodouridn kar ouvepyateg (1987).



IATOTHTES THS METASEISMIKHS AKOAOYBIAS
KAI TOY SEISMOrONOY PHIMATO3S TOY SEISMOY THS KANAMATAZ
THS 13 SENTEMBPIOY 1986

B.Nanaldaxocg, A.Kupatdn, B.Kapakwotag, A.Navoyiwionouvhog¢ kat E.3kopdoAng :
EpvaotnpLo Fewpuotking , ApLototéAeto NavencoiApto Bcooalovikng.

B8.Mouvipdkng: Epyootnplro Fewhoyiag kaue NoAatovioroyiag, ApirototéAero MNaove-
neotnueo Oeoocalovikng.

Nepl Andin

0 ocvopde tne KoAaudtag (13 SenmtepuBplou 1986) elvat o 1p(-
10C O£LOpPOC PeEOa OTa TeAguTala xoévLo WE EMIKEVIPO KOVIG CE i G
HEYAAN poviiépva NOAN pe TOOO ONUAVILKEC KOLVWVLKEC KAL OLKOVOWL-
KEC EMLMTOOELC. Se nponyotuevn gpyvaocita delxBnke OtTL © o£Louée
nponkhBe and £€va Kavoviko phAypa pikouc 15Km kxat nAdtouc 11Km,me-
pinou. Jtnv gpyaola auth efetaletaLr n Xpovikn koL Katd pévebog
Kalavoun Twv PETOOELOUWYV Kar napouotdletar poviéAo yia Tov T1p6-
no veveong twv octopwyv tng Kolopdtog ue Baon vewhoyikd kKaiL OEt-
OvOAOYLKG OTOLXE(Q,

1. Eivoaywyn

Tnv 13n ZentepBpiou 1986 (GMT:17:24) n néAn tnc  KaAapdtuag
enmAnyn  anod roxupd oceroud pevébBoug MS = 6,2, evw 000 wépeg ap-
votepa, otig 15 ZenteuBplouv (GMT:11:41) onuelwbnke o PeEYGAITE-
poC uetaoeLoudg 1ng akoAoubiag, weyéBoug MS = 5,4. 0L ovvinmeteg
TOU OELOPOU TG00 0 avBpwniveg anwAerec (20 vekpol kat 82 t1pau-
patiec) doo kaL ota Krichatnﬁ Kahapdtac koL Twv yipw XwpLwy h-
10V 00uvnBLoTa peyaAeg.

H nmeproxn tnc NO Nehonovvhoou, Onou elXeE tnv €0TLQ TOU 0
oeLopde GutOC, anoteAel tpnpa tou eAAnvikol tdfou kaL E£xeL  XO-



paktnpLoBel oav nepLoxn unoyneira yiLa tn véveon pevalou 0eLopol
and diLapopoug epeuvniéC (McKenzie 1978;Purcaru and Berckhemer
1979, 1982, Papazachos 1980, Wyss and Baer 1981, Papazachos and
Comninakis 1982, Papadimitriou and Papazachos 1985, Papazachos
et al.1986).

To oxﬁuo-(1) delXVEL TNV KOTOVOUR TWwV ENLKEVIPWY TOU Kupl-
ou oewropol, TOou PEVAAUTEPOU WETACELOPOU KAPWC KAL pPLKPWV pPETA-
OELOPWV Tou katoypdenkav and ¢opntd Biktuo ocLOpouéTpWV NOU EVKA-

téotnoe 10 EpvootnpLo Mew@uoLKAG OINV ENLKEVIPLKA MEPLOXR. 210
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Ix.1. Katavoun twv ENLKEVIPWY TOU KupLou OtLOpoU Kai twv petraceropwv tng Ka-
Aapdtac kabhC KaL ENLYAvELOKEC £KONAWOELC TOU OELOPOYOVOU DRAYWATOG(Pa-
pazachos et al.1986).

{OLo oxApa @alveTaL kaiL n €£0n TOU VEOTEKTIOVLKOU pRAyuatog kabuwg
KAL 1wV EMLYOGVELOKOV £XONALOEWYV TOU PAYMATOC TOUu Kuplou OELOPOU
tng 13 JYenteuBplou 1986 (Papazachos et al.1986).
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Stnv mapoloa epyaola peAetdralr n Xpovikn KOIGVOuﬁ)IwV HETO-
ocLophv pe Baon 1a otouxeta tou EBvikoU dLkTUOU TWV CELOUOAOVL-
Kkbv otaBumv, n ka1d péyvebBog Katavoph Twv pETAOELOMWY pe Baon To
OToLXELa TOUu @YopntoU OiLk1Uou twv ocLopoUéTpWY TOU Epvootnp(ou
MewpuoLkne Tou AprototcAeiou Navenmitotnulou Oeooahovikng koL TNE-
pLypaoeTaL poviéAo via tov tpémo yéveong twv oegtouwv tn¢ Kodo-
pdtoc pe Baon veEwAoyiLka Kat OELOpOAOYLKG OtlOLXElQ.

2. Xpovikn Katavoph twv MetaoeLopbv

To Sebopéva yra Tn peEAETN INC XPOVLKAC kKatavopflg Twv UETA-
oeLophyv Exouv AneBel and 1o .npoowpLvd deAtio tou MewduvopLkol lv-
oTLto0tou Tou Actepookonc{ou ABnviy kaBwg xaL and 1a Enctoxuv-
oroypdupata tou IvotitolGtou Texvikne 3eitouodoyiac kar Aviioetl-
outkwyv Kataokeubv. Fra 10 okomd autd xpnoiponoLnBnkav oL XpovoL
vEveong OAwv TWV UETAOLLOUWV PE MS;3,7rnc1mpL66mJoné13 SentepBplou
péxpL TEAoC DexeuRplou 1986. 3Itov nivaka {I) dlvoviarL ta otTOLXELQ
yLa T0UC £VIEKO PEYAAUTEPOUC GNO TOUC METACELOPOUG QUTOUG (MS>
3,8) xabw¢ kaL via 1ov kUpLO ogLopo.

Mivakac 1. XpovoL yéveonc kou peyédn tou kupiou oecopol tng KaAapatag kat

Twy HEYOUADTEPWY petaocLopev pExpl TéAog ZenteuBplou.

Huepopnvia Xpbvog-yEveong MS
semt. 13, 1986 17:24 6,2
" " " 17:26 4,1
" " " 17:26 4.8
" " " 18:31 3,9
" " " 19:42 3,8
" " . 22:40 4,2
Sent. 14, " 22:48 4,0
. 15, " 01:38 3,8
" " " 11:41 5,4
" . M 12:47 4,2
" 20, . . 06:21 3,9
" v " 14:49 4,1
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NpokeLpévou va €&etaoBel n XpOoVLKRA KATGVOUR TWV METQOEL-
opwv xpnoiLponotnBnkav OAoL oL ogeLopol P€ MS;:3,7 tng mnepiddou

2entépPBprov 13-BexéuBprog 31, 1986. 0 kUpLog ocLopdC okoAoubBn-

Bnke and perooeLopoUC TwWv ONOLWV N OUXVOINTA n EAGTTIOVEIQL VE
10 Xxpbvo t axoAouBuwviog piG oxéon TNC MOPOAC

logn = A - plogt (1)

0 xpovog t petpLétaL o0t pépec kat e£KPpGleL tov XpdVO moOU HPECO-
AaBnoe and tov xpobdvo véveong kaBevog ond toug wetaderopolc. Ta
bedoubva opadonoiLnBnkav xar ot TLpEC Twv NOPopétipwv A Karp Bpé-
Bnkav (oeg pe 0,06 xaL 1,26, aviiotoixa. H tiun tng napopftpou

p elvat oto ouvnBiLoptvo didotnua tipbv tne (0,70-1,90) yia toOVv
eEAANVLKO Xwpo.

3. Katavoun twv MeyeBov twv MetaoeiLopdyv

Elvar yvwoto 6tL 10 peyédn Twv petaceLopllv akoAouBolv TO

YVWOTO OTOTLOTLKOG VOUO TWV Gutenberg KaL Richter O onoloC E£K-
ppdlectaL anod tn oxféon

logN = a - bMS _ (2)

6nou N elvaL o aptBudC TWv WETQAOELOPDY pEVEBOUC Mg 0 peyaAi-
TEPO KaL- a,b napapetpor. Egapudoape tn oxéon autln pe delypa toug
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Ix. 2. Katavoun twv ueveBLY Twv PETGOELOPWV KATE TO Xpovikd didotnua
18-20 ZentepBplou.



petaoeLopolg mou katéypade To DIKIUO TWV QOPNIWV oeLopoypaQuWY
tou Epyaotnpiou lNewguoirkng oto drdotnpo 18-20 SenteuBpiou 1986.
Zto oxnua (2) €xev xaptoypagnBel n noodinia logN O¢ ouvdptnon
ve 1o pévebog , MS’ Twv peraoceropwv. And 1o didvpappa autd npo-
KUmter O6TL 10 OUKTUO Katléypaye oeLopolC pE MS> 0,3 aAAG undpxet
nAnpdéinta oto delvuo uOVO yia M¢> 1;5. Me tnv epapuovn tng pe-
6600u tTwv graxiotwyv tetpavwvwy BpéBnkav oL napdpeipoL TNC OXE-
ong (2) kou €l{voL a = 2,60 kat b = 0,81. H TLpn IngC nopaypé -
TPOU b e€lvaL OXeTLkKG XaunAn aAAG Bpioketar péoa ota OpLa nMou oOu-
vABWwE €XeL auTh OTLC METOOELOULKEC aKOAOUuBLEC.

4. lewlrovikécg Napatnpnoec otnv Textovikn flapapdpowon tnc MNActL-

boeroincg NeprLoxnc

H octouctkh Odpdon oinv Kahapdta tov ZentépPpLo tou 1986 ano-
tedel pLd ombd TLC TUMLKEC napapopphoeLc otov EAAnvLKO xbhpo kata
TNV onotla dianiotwbnke olpntwon Ing VEWAOYLKAC napatnpnong Tou
ocLopoybvou pnypatoc ue ta anotcAéopata tnc enefepyvaoclac Twv pL-
KPWV HETAOELOHWY MOU OUYKEVIPWOnKkaAv and 1o BHIKTUO Twv Qopniwv
ceLopoypGowv. To entpaveLakd (Xvog TOu PNAyuatog Tmou npokaheoe
1oug oeLopolG oxedov tTautlobnke 0c opLopéveg BECELC ME TO VYEW-
AoyiLkd phAyua mou nmapoInpeELTIOL OINV MEPLOXN.

To pAvypa Bploketatr 2-3Km ovatoAika tn¢ Kahapadtac katr evioni-
getalr otn Sutikf mMAEupd Tou OpeELvoy Oykou Tou Taliyetou mpog TNV
napairia tou Meoonviakol kdAnou. OL ekdnAoeLC Tou pyuatog kata
Toug oeLopoug etvar pid oeLpd and encpaverakég drappnierc nou
TonoBetolviaL o0 vevikn dielBuvon BBA-NNA ota xwptd - oLKLopuoUG
Katw Bépya, AApupldc, AvpiAid, Avid 2itov, Edatoxwpt, NepuBoAdxia,
KapBeéAtr kaL NéBouoa. Ou diappnieLg aulréc, nou napatnpouviaL T10-
00 OTLC XaAapég mpooxwoetg 600 KAL OTa MeTpWPGTa tou AAMLKOG u-
noBaBpou , tomoBetolviaL kKatd pAKog e£voc avilotolLxou HEYGAOU YE-
wAoyLKoU pRAypatoc mou avayvwpiletaL otTn OUTLKNA TMApaALOKn dwvn
tou MeoonviakoU kOAnmou upe dicelBuvon B-N (00—50) Kat ouvexcdetat
npo¢ tov Talyeto pe BiredBuvon BBA-NKNA (150-300). Npékertat yLa

PHVHO VEOTEKTIOVLKO, KAVOVLKO, PE PELANTWON TOU DUTLKOU TEMAXOUG,



10 onoto o0T0 NPOOYATO VeEWAOYLKO mapeABoOv ocuvéRBare otn dnuLoup-
via Tou Meoonviaxold kéAnou. Fewhoyikd, To phvpa ennpedlel  TOUC
KPUOTOAALKOUC aOBEOTOALBOUC TOU NULUETOPOPOWHEVOU ouo1Nualog
tn¢ Notiag NeAonmovvioou, toug MecoolwikolC. aoBeo1dAtBouc kaL 10
eAuoxn tng Chvng FTaBpoBou-TpinoAng.

Katd pnkoc tng napadiag, otn Baon dnAadn 1tnc pétédniwong
T0U VEOTEKTOVLKOU pRyuatog dnutoupynBnkav katd touc ogLopoug
OUVEXELG enLpaveLakéc pwvptc 010 Xahopd tApata, peE PAKOG N KO-
e pyiLa 50-100m, dvoivua 1-10cm kau perdniwon npoc 14 dutLkd 1-
8em. ElvaL xapaktnpiLotikd O0tL 600 onitia n GAAEG KOTQOKEUEC
BptBnkav ndvw ol pwyptc unéotnoav LoXupdtatec BAaBec¢ duoava-
AOVEC PE TLC YELTOVLKEC KOATAOKEUEC.

Dbo mapdAAnAec petald TOUC ENLQOVELOKEC pLYpEC OnuLoupyn-
8nkav 0e andoteon nepinou 500-700m and 10 XxwpLd EAGLOXWPL . Kat
k6Bouv Toug aoRBeotdALBoug tou AAnikol unoBdepou e dievBuvon
22°. 0. PWYHEG QUTEC KOBouv Bravwvia 1nv dowcAtocrowuéyn 080
Kahapdtag-EAlaroxwpiou dnuiLoupyoviag o'authv avolyuoatia 5-15cm ,
petdantwon 5-10cm npo¢ ta BA, pe pLkph apLotepdboTpodn optloviLa
ouvLOTWoa 1-3cm. H utd and tic drapphferg auvtég,n nAnoLéotepn
npo¢ 10 EAaLoxwpr, €xdnAnBnke axpLBOC 0TNvV ENLOAVELO TOU TMPOU-
MAPXOVIOE VEOTEKIOVLKOU PAYRATOC TOU KABEL TOUC ooBaotéALeobc
ue mpooavatoArroud 22°/72° BA koo peraniwon npo¢ ta BA (ox. 3).
H pnfiyevag entodveLa Tou VvEOTEKTOVLKOU phvpatoc cin Béon auti
KaAUntetar and udikd nAfpwong phRvpatog dnhadh éva xahapd TE-
KToviKO Aatumnonmavég pe AQTUnEC GoBeOTOALOLKEC KOL OuvdeETLKA U-
An epubpb-xitpLva npoidvra dLaBpwonc tuv aoBeotoA{Bwyv.To ndxog
10U uAikoU mAfnpweng e{vor mepinov 5m  kaL napotnpeltar eniong
otnv anévavii mAgupd 10U pLKkpoU péuatag  oto Adgo 1ou EAaroxw-
plou onou ouvex(ZetaL 10 pAypa. To uvhiké mAnpwong oxnpatiobn-
KE KOTQ TLC MPOVEVEOTEPEC VEOTEKIOVLKEG 1 KAL LOTOPLKEC dpa-
OtLg TOoU pAvuatoc. H enmcpaveroxn dudappnén Tou ScntepBpiou 1986
¢xoYe autd TOo UALKO mARpwonC KAtd Ttnv (BL0 OKPLBOC deevBuvon
KAt KALON 10U VEOTEK1OVLKOU pRypaioc onhadn 22°-72%8n. H noapa-
thpnon tng 8féonc autig BelXveL OTL n CNpEoLVA OELOPLKA dpaon



2x.i3. SXNUGTLKA VEWAOYLKR Toufd mou BELXvEL Tn véa EMLYAVELOKA BLappnin o10
EAaLoxwpL va kOBeL 10 UALKG MARPWONG 10U VEOTEKTOVLKOU pnywatog 0t
anéAutn tadtion pe tnv maALd emiedveia tou phAvpatog. 1: ooBeotdALbol
MeooZwikne nAtkiag, 2: uhiké mAfpwonc Tou pAypatog, 3: enLEAvELa TOU
VEOTEKTOVLKOU KAVOVLKOU PRyHa1og pe BLelBuvon kar kAlon 22°772° Nw ,
4: emavelokEg pwypéc and tnv NPOOYAtn OELOULKN §oéon.

opciAetar oe gnovadpaotnpronoinon tou (dLou pAypatog mou ELXE
dphogL KaL 010 VYEWAOYLKO 1 Kat 0TO LOTOPLKO TAPEABOV.

NoAU onuaviLKEG sanavaLoxéc StappnfeL¢ mapatnphBnkav onv
{(dta BBA-NNA Bteﬁeuyon kat Boperdtepa ota NeprBordka kat Kuplwg
oto OYwua KoutooBépt (870m) 2,5km NA tou xwpLol Nédovoa, dnou
eniong kO6Betar oto AAnikoO umndBa€po. "

H guoTnuoTukKh KaL EMLpOvVR TONO0BETNON TWV ENMLYAVELAKLY  PWY-
HWV OIn.otaeapﬁ BBA-NNA SrLe(Ouvon napdAAnio 0T0 VEWAOYLKO .phyua



derzvelr tnv avapwroBninin otvdeon t1ouc mne auid. 0L puypéc kalo-
vépoviaL 0g€ OuvoALtkKd pnko¢ 15-18Km KGXOntovtoq oxe86v ohbkAnpo
T0 PNAKOC TOU MAALOU EMLQAVELOKOU (XvOoug Tou phrvpaioc. To WPAKOC
aQutd Tou phvpalrog PBploketar 0f oUPPWVIA PE TO QGVOHEVOHEVO and
10 péyeBog tou oetopol (6,2R) ouvoAikd pAkoc 1nc¢ 6iLapponinc (Ki-
ratzi et al.1985).

20pQWVa PE TLC YEWAOYLKEC TMAPOATNPNOLLC TO PAYMA 0TNV £NLEE-
veLa eppavidetor pe peydAn kA{on KoL Ouykekpipéva otnv TNEPLO-
x Tou EAaioxwpiou oOmou ueipnbnke an'euvbelac BpébBnke 72°%.50p0u-

W E

ToUyETOC

EhaLoyupt

KANAMATA

2x.4. Textovikd okanionua nou DelxveL cf topn Tnv nibavi yewpetpla 10U Kavo-
viLKoU privpatog pe 10 omolo ouvdietar n ociropikh dpaon otnv  Kahoupdtio.
Biakplvetal To kUPLO pAypa 010 umbBaBpo pe pevain yevia kAlong (72°) ,
otnv emedveLa kalr otadLakn £Adttwon’ tng kAtong ( 450) oto fPaboc,xa-
6w kat ot mapdAAnAec npbdowateg droppAfELC mou cuvdiovial PE TO  KUPLO
privpa. 1: Neoyevn kau Tetaprovevh LCApota, 2,3,4: neTpopola tou  AAmL-
KoU unoRdBpou (2: Mcoolwikol aofeotrdALBot 1ou karAOpatog tng Nivdou .
3:0M00%n¢ koL 4: Meoolwikol aoReotoALBoL tne Covne TobpdBou-Tplinoing),
5:EnwBnon AAnikng nhtkiag, 6: KOpLo emML@aveLa Tou PAYUBTOC, 7:NPOOYITES
OLappAZerc nopdAAnAec otnv KUpLa eni@dveLa 10U plypatoc.



va éumc ME Ta amoTgAfopata Ing enefepyaoiac TWV CELOPLKOV Dedo-
vEvwy TOO0O TOU HnxaviouoU YEVEONG TOu KUPLOU OfLOpOU G000 KaiL Inc
KOTOQVOUNG TWV EC0TLWV TWV UETOGELOUWY Oupmepalverar OtL n  KA(an
TOU PAVHATOC MELWVETOL OTOBLAKA PE 10 BaBoc o 45°, MpoketTat
dnAadn via tunikh, popen ALotpikol phypatoc. Sto oxApa (4) Bei-
Xvetat n niBovh vewhoyikf Ddopn 1ng mMAELd0£L0TNG WMEPLOXNC KaAL N
YEWpETPLOA TOU OcLopoydVOU oﬁvuotoc.
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with the trace of a necotectonic fault, which is located 2-3 Km

SURFACE FAULT TRACES, FAULT PLANE SOLUTION
AND SPATIAL DISTRIBUTION OF THE AFTERSHOCKS ,
OF THE SEPTEMBER 13, 1086 EARTHQUAKE OF KALAMATA B :
'  (SOUTHERN GREECE)
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AB3SYTRACT

A shallow earthquake of M_= 6.2 occurred in the southern part

S
‘'of the Peloponnesus 12Km of the port of the city of Kalamatag
whichAcaused a lot of damage. The fault plane sélutidn of the
main shock, geological data and field.qbservations as well as-
the distribution of foci of afterchocks indicate that the sei-

smic fault is a listric normal one trending NNE-SSW and dipping

to WNW. The surface ruptures caused by the earthguake coincide

east of the.city of Kélaméfa éﬁd which is xelatedhﬁéwggéw_fbfﬁé-
tion of Messiniakos gulf during the Pliccene-Quaternary tectonics.
Field okservations indicate that the earthquake is due to the re-
activation of the same fault,

A three-days aftershock study in the area with portable sei-

gsmographs, reccrded many aftershecks of which 39 with MC;>1.7 W
LS -
re very well located. The distribution of aftershocks forms two

clusters, one near the epicenter of the main shock in the north-

ern pavt of the seismogenic volume and the other ore near the e-

picenter of Lhe largest aftershock (MS = 5,4) in the southern
part of this volume. The central part of the area lacks after~
_shocks, which probably indicates that this is the part of = the

fanlt which slipped smocthly during the earthqguake.
!
1, IWTRODUCTION |

On September 12, 1986 (17:25) awm earthquake of M. = 6.2 occur-



red in the southern part of Peloponnesus. No foreshock was re-

corded while the largest aftershock occurred two days later on
September 15, 1986 (11:41) of Mg = 5.4. The epicenter of the
main shock (37.11°N, 22.14°E) was located 12Km north of the

port of Kalamata while the epicenter of the largest aftershock-

was very close to the same port. As a consequence, the earthqu-

akes caused great damage in the city of Kalamata and 21 persc¢ns
were killed. The most serious damage was observed in the villa-
ge Eleochori ( 6Km from Kalamata) which was totally destroyed
and abandoned by its inhabitants. Most of the buildings of the
city of Kalamata were seriously affected by the earthguake, and
it is most likely th?t a large number of -the iﬁhébitants- 'will
spend the winter living in tents.

The region of SW Peloponnesus has long been recognized as
an area of the highest seismic potential (Papazachos and Comni-
nakis 1980, Purcaru aﬁd Berckhemer 1978, 1982, Wyss and ° Baer
1981, Papadimitriou and Papaéachos 1985). In a recent péper(Pa~
pazachos ef 21.1986) in which the probabilities of occurrence of
large earthguakes in Greece and surrounding area for the hethO
years wére defined, the zone of southern Peloponnesus was assi-

gned the highest probability level.

___ The city of Kalamata has never been destroyed by any known

earthgquake of hisﬁoriCal or pfesent-century time. However,great
earthquakes have occurred in Messinia, like those-of}mpFaﬂmr 26
1867 and August 27 1886, which strongly affected Kalamata.

By September 17 a network of portable seismographs operated
by the Universities of Thessaloniki and Athens was deployed in
the area._The_Thessqloniki network (5 stations) operated for
three days (September 18-20) in conjuction with studies of sur-
face faulting. The recorders were all Spregnether MEQ-800 in-
struments and were run with a drum speed of 60mm/min.

In the present study the data from the Thessaloniki network

are used, to study the spatial distribution of aftershocks.The-

8@ -data-are combined with-the-fault-plane-solution-of-the--main-—-

shock, the observed surface fault traces and geological  infor-

mation to deduce some basic fault properties for this earthqua-
ke.



2..SURFACE FAULT TRACES AND GEOLOGICAL INFORMATIGN

-During the seismic activity in éeptember 1986 many ground rup-
tuvres considered as surface traces of the seismic fault were ob-
served in the epicentral area. The geological data and field ob-
servations on the seismic fault coincide with the results obtai-
ned from instrumental and macroseismic data.

The recent ground ruptures, which were caused by the main
shock, coincide in several places with the trace of a geological
normal fault which is. located 2-3Km east of the city of Kalama-
ta in the eastern side of Messiniakos qulf, that is in the foo-
thills of Téyghetqs Mountains,The fault has a NNE-SSW trend (0°-
300), dips 700~800/WNW and affects the crystalline limestone and
the phyllites of the South Peloponnesus geological unit,the Me-
sozoic limestones and'the Tertiary flysch of the Tripolis geolo-
gical zone and the Mesozoic limestones of the Pindos zone nappe
(Fig.1). ‘

Baged on the field observations we can presume that the nor-
mal fault had a clear neotectonic activity (affecting the Quater;
nary scree in the foothill of Mount Kalathio) and caused a signi-
ficant downthrow of the western side of the‘mountain (fig.2).1It
is also one of the faults which are related to the formation of
the Messiniakos gulf during Pliocéne—Quatérnary times {( Richard
and Philippakis 1970; Kelletat et al.1976; Mariolakos and Papa-
nikolaou 1981; Thiebault 1982; Zelilidﬁs et al.1986). In the nor-
thern area of the Tayghetos Mts the normal fault with trend 20°
-30° runs almost parallel to the geological boundary between the
phyllites and the overlied Mesozoic limestones of the Tripolis
zone.

After the occurrence of the main shock several ground ruptu-
res were observed in unconsolidated Quaternary deposits and scree
along the eastern coastline of Messiniakos gulf (fig.1).The ground
ruptures have lenghts of about 50-100m each and trends between

-~ 0° and~20°f'butrare """" usuaily located along-a-well-defined--line- of
fractures which is almost parallel to the neotectonic fault with
genefal trend NNE‘:-!gSSW. The ruptures along the beach of the village Pa-

ralia Verga has a total length of about 2Km. All the ground rup-



tures have a clear downthrow of the western-northwestern =~ part

with a maximum value of 6cm and their heaves range from 'l to 10
cm. Very serious damage occurred in the houses which were built
along the ground ruptures.

However,the most important ground ruptures, affecting - the
Alpide bedrock, were observed in the area of the villages Eleo-
chori and Perivolakia NE of Kalamata. Irn this area the neotecto-

nic fault with trend 22° zana dip 72°/Nw affects the Mesozoic 1i-

mestones and the flysch of the Tripolis zone and the recent rup—.

tures coincide precisely with the fault trace. Two of these
ground ruptures affect the iimestones'across the main road bet-
ween Kalamata and Eleochori. The slickenside of the neotectonic
fault in that location is covered by an unconsolidated tectonic
breccia with fragments of limestones. The breccia has a thick-
ness of about 5m and probably has been formed during previous
(neotectonic or historical) reactivations of the fault. ' The
ground ruptures of the 1986‘earthquakes affect exactly this te-
ctonic breccia with the same strike and di§ (22°/72%w) with
downthrow of 10cm towards NW and heaves of 5 to 15cm (figure 3).
A stfiké—slip sinistral displacement of 3cm has also been obser-

ved on the ground ruptures of that location. The fault slip was

~measured directly from the frictional striations on . the fault

plane affecting the bedrock, while in the unconsolidated brec-
cia the slip vector was measured from the displacement Jjoining

two points which are in opposite position of the‘ground ruptu-

re and which were contintous before the mainshock. Based on the ’

above mentioned field observations we can therefore presume that

an agreement exists between the.slickenside of the neotectonic

fault and the plane of the recent fracture.
Minor ground ruptures were also found in the village Perivo-
lakia and Karvelio affecting the Alpine bedrock (flysch and 1i-

mestones), with slip vectors consistent with those on the major

fault segments.

of the village Nedousa in a high escarpment (location "Koutsove-

ri" , 870m) <consisting of Mesozoic limestones. This rupture fol-

lows the neotectonic fault with trend 30° and downthrow of 1Ccm

~---——A-very significant ground -rupture-was-also-observed -2,5Km-SW- .



towards NW,. Along'this"séémént'qf‘the fault as well as along the

neighbouring area of the major fault (villages Nedousa, Artemi-

sia, Karvelio and Nedonas river) the earthquake caused impressi-

ve landslides of slope-forming materials such as rocks ( lime~

stones) and soils or combinations of these materials.
All the above mentioned ground ruptures are

aligned to the NNE—SSW trend, parallel to the observed

of the neotectonic fault, showing their clear relation to it

systematically

traces

Particularly the recent rupture near the village Eleochori which

affects the tectonic breccia of an earlier motion on the neote-

“ctonic fault, is another piece of evidence that.  the earthquake

is-due to.a reactivation of the same majorwfauip, active in the

geblogical or historical times.

The recent ground ruptﬁres extend for 15-18Km following ap-~

proximately the whole fault scarp. This length is in perfect

greement with the fault length expected for an earthquake of

1985).

= 6.2 (Kiratzi et al.

Besides the major ground ruptures aligned in the NNE-~-SSW

zimuth along the major fault escarpment,

there is a number

"small cracks and minor ruptures of different azimuths (‘100—120O

a_
MS
a-

of

NW) which are attributed to the reactivation of other minor ne-

~otectonic faults (see fig.1_)..

3. LOCATION OF MAINSHOCK AND DISTRIBUTION OF AFTERSHOCKS

In order to achieve reliable epicenter location of the main-

shock and of its largest aftershock of Sgptember

13 and 15,

res-

pectively, the arrival times of the longitudinal and shear waves

at the seismological stations of the Greek national network

as

well as atkneighbouriné countries have been used with the follo-

wing thicknesses di of layer and velocities Vi (d

6.0Km/sec, d2 = 12Km,

arrival ‘times at each station. In addition, the S-P time

A
2

‘giotopoulos and Papazachos

6.5 Km/sec, dn ==6Q,. \Y

1 .

n

]

19Km,

Y

7.9Km/sec )

mhas"begghappliediwﬁjygyeVgggvel time delays determined by Pana -

(1985)

have been used to correct

the

‘val for the mainshock and.ité largest aftershock measured on two

accellerograms was used. The accellerometer (SMA-1) belonging to

inter-

'

i 4



a permanent nethrk was at the Town. Hall of Kaiamata at a distan-
ce of 12Km from the epicenter of the mainshock and of 1Km from
the epicenter of the largest aftershock.

Refering to the aftershocks recofdea by the portable seismo-
graphs a velocity-structure applicable to the area had to be de-
termined.

An initial data set of 60 earthquakes with at least 5 rea-
dings was used to test Qarious velocity structures. The first pa-
rameter to be determined was the VP/VS ratio. Individual Wadati
plots were constructed for those events with at least 3 P-wave and
S-wave readings. The.meén VP/VS ratio was thus found equal to 1.74
$0.05 adopted in thi study.

The earthquakes of the data set were initially lccated using
simple models such as a homogeneous half-space with velocities
ranging from 4.0 to 6.0Km/sec. The mean RMS,ERH,ER2 values for
each model were plotted against VP velocity. However, the data
had very 1little constrain on the models tested and the plots
showed broad minima. So, as a next step we chose the best soluti-
on for epach event separately and we plotted the half-space velo -

city at which this solution was observed versus the corresponding

—

depth. From this plot it was evident that at the depth of 4Km we .

had a clear interfééé;uwith Smmean NP veld&ity eqﬁﬁiwto 4.§kﬁ/sec.
So, next we tested a number of models with a layer of 4Km thick -

ness with velocities ranging from 4.0 to 4.4Km/sec and the> half- __

space with velocities ranging from 5.7 to 6.1Km/sec.From these
models the best one,which was finally adopted, is the two layer
model. with d1 = 4Km_V1 = 4.3Km/sec, d2 = oQ ‘V2 = 5,8Km/sec. The

mean RMS, ERH,ERZ values were found eqgual to 0.0810.03,'1.1120.62,
1.1620.68, respectively.

All the earthquakes recorded by the network were located using
this model and Table (I) includes dates, origin times, epicenters,

focal depths and magnitudes for all aftershocks which were recor-

_ded by our portable seismographs and which have magnitudes of M3

SZXE S -
1.7. All magnitudes were calibrated against ML of Athens (Kiratzi

and Papazachos 1984,1985).Information on the mainshock and its
largest aftershock is also given in this Table.

Figure (4) shows the distribution of the epicenters of the e~
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‘arthguakes listed in Table {I). In the same figure the epicenters - -

of the main shock and of its largest aftershbck are shown toge-
ther with contour lines, the neotectonié;fault dbserved in the
area and the ground ruptures which are the recent faulting mani-
festations. :

‘From this figure we can draw the following conclusions.First
of all it is seen that\;he epicenter distribution has a NNE-SSW
trend which is in agreement with the trend of the neotectonic
fault observed in the field and the trend of the fault which'
produced thé mainshock as shown by the féult plane solution(see
below). The aftershocks reéorded by the array form two clearly
distinct clusters. One in the northern part of the epicentraI‘
area near the epicenter of the mainshock and a second in the .
southern part near the epicenter of the largest aftefshock. The
depth of the main shock and of its largest aftershock,both equ~
al to 8Km, is in agreement with recent studies of seismié se-
quences which have shcown that the shallow earthquakes in Greece”
have focal depths in the range of 5 to 15Kﬁ. All the focai depths
of the aftershocks are less than 10Xm with a mean focal depth
equél to 6+2Km. The mean focal depth in the northern cluster is

7+2Km while the mean focal depth in the southern cluster is 5%12.

This probably explains the abundant occurrence of surface breaks
in the southerh part of the fault.

In the central part between thé two clusters there is a nar-
row zone of reduced seismicity. We think that this is a real fe-
ature of the hypocentral distribution since there is_np reason
fbr a correlation with location accuracy.criteria as the smaller

events follow the same pattern. The lack of seismicity in the

~central part of a fault has been observed in all the cases of

" the recent earthquake sequences in Greece (Karakaisis et al.1985}

and probably represents that part of the fault which slips smoo-
thly during the earthquake.

The rupture started in the northern part of the fault  with

- the-mainshock-of September -13.. Then,- it propagated. to the _ _sou-

thern part, towards the city of Kalamata, giving the largest af-
tershock of September 15. This pattern of the rupture initiation

at one end of the fault, the immediate propagation to the other




end within a few hours or a few days resulting in the largest a-
ftershock, is a feature repeatedly observed in recent seismic se-
quences in Greece (Rocca et al.1985, Karakaisis et al.1985) sup-

porting, at present, our hopes for short-term prediction of the

largest aftershock, which sometimes prodwrces damage comparable

to that of the main shock. According to the barrier model (Aki
1979) segmented ruptures could occur in a seismic fault, that .is,
slip could occur 'in cracks during the rupture processwhile the
region between cracks remains unbroken after the rupture.The a-
seismic slip observed in the ceﬁtral part of the fault induced.
high tectonic stress at its southern end, where the clustering
of aftershocks is observed. When the stress reached the barriers$
ultimate strength, the strongest barrier broke and produced the
largest aftershock of September 15. The fact that the rupture
started in the northern part and propagated southwards is  fur -
ther supported by the ground ruptures observed in the southern
paftnof.the seismogenic volume (in Eleochori area, etc) immedia-
tely after the cccurrence of the main shock.

Figure (5) is a cross section perpendicular to the strike
of the fault. It is observed that the earthquake foci are distri-

buted around a plane dipping to NW which includes the epicenters -

- of the mainshock ‘and of the largest aftershock. The dip angle of

this plane, in the least squares sense, is 400, which equals the
value of the dip - as it is determined by the fault plane solution _
(next section). The steep dip of 70° of the fault plane measu -
red at the surface flattens with depth resulting to the 40° de-
termined by the fault plane solution. Studies of some recent sei-
smic sequences have shown that many normal faults become listric

at depth (Papazachos et al.1983b,1984).
4. FAULT PLANE SOLUTION AND FAULT PARAMETERS

Flrst onsets of malnly long and some short perlod 1nstruments

as it is shown in figure (6). This is an equal area projection of
the lower hemisphere of the focal sphere. A value of 6.8Km sec

was assumed for the velocity of the longitudinal waves.at the fo-

were used to determine the fault plane solution of the main shock



. > ' |
'ci of the earthquake . Dilatations and-compressions are shown by |
: 1

triangles and circles respectively, while data of long-and short:
period 1nstruments are represented by largeand small size trian|
gles/c1rcles respectively. ’

The strike of the fault plane is_NNE—SSW and is in agreement:
withvthe trend of the groend‘ruptures and the neotectonic fault
observed in the epicentral area as well as the distribution of
epicenters. o » ’

The fault plene solution of figure (6) shows that the e-
arthquake was produced by a pure normal fault. It is interesting
to note that the T axis does not have the north-south direction
obseryedvie the whole Aegean area, as one can see from >figure
(7). The T axis instead, has fhe-dieeetien of the narrow tensio-
nal field, already previously observed (Papazachos et al.1983a),
between the external compressional zone of the Hellenic arc
and the internal extensional one (Papazachos et al.1986).

Table (II) summarizes the parameters pfrtheifault_ plane
solution of the main shock. | '

" The length and the width of the fault plane measured from
figure (4) and the cross section of figere {(5) were equal to L=

15Km and W = 11Km. The average displacement on the fault plane,

~deduced from fault traces, was equal to 12cm. Assumlng a value

for the shear modulus equal to 3x10 dyn/cmz} we can flnd a sei-
smic moment value of 6x1024dyn}cm and. an average stress drop of

about 5 bars.

CONCLUSIONS

The Kalamata earthquake is the third strong earthguake of
Greece during the last eight years which occurred near a modern
city. The broad distribution of the casualties calls for speci-
al studies concernlng the effect strong earthquakes may have to

large c1tles

The combination of~ geologlcal information, field -observati-—
ons and seismologhml data seems to be a powerful tool for the
reliable determihation of some basic fault parameters.The Kala-

mata earthquake was produced by a listric normal fault stri -



-kingrin a NNE—SSW direétién‘barallel to the eastern coast of the
Messiniakos gulf and dipping WNW. The dip angle of the fault de-
creases with depth since the dip of the fault plane measured at
-the surface is about 700, while the-fault plane solution shows
that the dip is 40° at depth.

This fault is one of theAfaults which are related to the for -
mation of the Messiniakos gulf during the Pliocene-Quaternary ex-
tensional tectonics which is due to the tension in the
back-arc Aegean area and caused numerous grabens (gulfs, valleys,
basins) in Greece. Thé fault plane soltution of the mainshock
shows that the T-axis is almost horizontal and trendsin an aboﬂt
E-W direction which is the direction of the narrow tensiondl fi-

eld observed behind the external compresional zone .in the western
part of the area (fig.7). '

The barrier model seems to be a plausible mechaﬁism to in-
terprete the distribution of aftershocks of the sequencé.. The
careful study of the migration of aftershocks may lead to the pre-
diction of the largest aftershock, based on its tendency to oc-
cur with close temporal and spatial relation to the mainshock
({Rocca et al.1985, Karakaisis et al.1985).

“““*“"“““4*“—Thewdeterminationuof~the~epicenter»ofwthemmainﬁshockfwas“barﬁﬁ
sed not only on the data from the national and regional networks

but also on the data from two accelerograms produced near the

epicenter which prooved to be.very helpful to determine it with _

high accuracy.
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~..Table I. Information on the location of the mainshock and its largest af-. »

tershock and on-all the earthquakes of MS>1.7 recorded by

portable array.

the

No DATE ozi;i::u _cpg Ag Py M an B R B
Sept.13,1986 17:24:34.1 37.11 22.14 8 6.2 27 .21 1.1 1.8
"o 95, " 11:41:30.1 37.04 22.13 8 5.4 24 .39 2.4 2.8
1. Sept.18,1986 10:08:40.6 37.05 22.17 8 1.9 5 .05 .9 1.1
2. " % »  11:54:10.6 37.06 22.16 5 1.9 6 0.6 0.6 0.9
3, % w % 14:52:23.2 37.06 22.14 6 2.3 7 .06 0.8 0.9
4. " " »  15:27:00.9 37.12 22.16 9 2.8 6 .02 0.6 0.5
5§, " " % 15:41:59.1 37.03 22.15 3 2.4 6 .07 0.6 0.4
6, " " " 16:56:25.7 37.10 22.16 12 2.2 6 .06 1.5 1.0
7. " % w  20:12:46.7 37.09 22.17 5 1.8 6 .07 1.0 1.8
8. " " " 21:15:02.8 37.11 22.16 6 1.7 5 .03 1.4 2.8
9. ™ v % 22:08:34.3 37.11 22.12 9 1.9 6 .08 1.9 2.2
0. " 19, " 01:46:30.7 37.10 22.16. 6 3.2 7 .14 1.4 2.5
11. " % 03:35:05.6 37.03 22.15 2 1.9 5 .04 0.8 1.2
2. " » " 04:19:11.4 37,00 22.15 5 2.3 7 .05 0.6 0.5
13. " » " 05:03:51.4 37.05 22.18 4 1.9 6 .03 0.4 0.2
14. " * % 05:44:54.4 37.13 22.18 6 2.5 8 .05 0.7 0.4
15. % " " 07:43:00.0 37.06 22.15 5 2.4 5 .11 0.3 0.6
16. " " % 08:24:06.5 37.05 22.15 6 2.6 7 .11 1.7 1.9
17. " " 09:42:18.3 37.11 22.17 6 2.1 9 .10 0.8 1.1
18. . " " % 10:07:02.5 37.06 22.15 6 2.2 7 .05 0.5 0.6
19. " » % 10:53:13.0 37.00 22.14 5 2.0 8 .09 1.2 1.1
20, " " " 12:06:18.6 37.02 22.16 .5 1.7 7 .10 1.5 1.5
21, " o w 12:11:37.2 37.11- 22,17 7 1.7 8 .08 1.0 1.3 |
22. " " w  14:05:52.2 37.09 22.13 10 1.9 8 .08 1.2 0.9
23. " M m 14:18:22.6 37.14 22.15 6 2.0 6° .13 2.8 4.2
24. " " " 14:49:43.4 37.04 22.12 5 1.7 8 .07 0.7 0.7
25. % % " 16:36:25.2 37.11 22.16 10 1.8 2 .12 1.8 1.6
26. " " " 18:00:04.1 37.09 22.13 8 2.0 7 .16 2.1 1.8
27. " % 19:13:27.7 .37.02 .22.18 __3_1.7 7. .09 0.9 0.5
28. " " " 20:21:18.5 37.02 22.17 3 2.1 8 .11 0.7 0.4
29, m m m 20:56:49.2 37.11 22.18 7 1.9 9 .11 1.0 1.1
30. " 20, " 00:06:39.1 37.09 22.19 6 2.0 9 .09 0.8 0.9

|
|
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No DATE, ORIGIN o A By N ns omu ome
3. Sept. 20,1986 01:47:04f7 37,05 22,17 5 2.1 7 .10 0.9 1.2
32, " noow 02:06:14.3° 37.02 22.17 2 1.7 8 11 0.7 1.3
33. " "oom 02:31:06.4 37.11 22.17 10 2.9 7 .13 2.4 2.5
34, " v 02:31:25.5 37.10 22.17 6 2.9 7 .06 0.7 1.2
35. " "o 02:43:50.4 37.09 22.20 7 1.8 . 7 .06 0.6 0.6
36, " "toom 03:15:53.3 37.03 22.17 3 1.7 8 .13 0.8 0.4
37. " vroon 06:02:58.8 37.10 22.18. 7 2.5 7 .12 2.1 2.6
38, " "o 06:07:03.0 37.15 " 22,167 7 2.2 8 .03 0.5 0.4
39. % v m 06:21:14.6 37.10 22.17 8 3.9 6 .12 2.5 4.0

Table II. Information about the trend (50) and plunge ((DO) of the axes P,
T,A and C of the main shock.
ORIGIN p T A c
DATE PIME 5° ©° o° 0° 5° @° 5° @°
Sept.13,1986 17:25 6.2 181 65 2649 40 111 33

271 2
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1. Geological sketch-map of the Kalamatd area.Maps'and data
.of Richard and Philippakis (1970) and Thiebault ( 1982)

have been taken into acount.

2.Geological cross-section showing the neotectonic fault
and the recent ground ruptures inbthe eastern side of
Messiniakos gulf. |

3.Fracture produced in bedrock (Mesozéic.limestones)during

the 1986 earthquake. It is seen that the ground ruptu-
re (R) affects the tectonic breccia (br) of prévious re-
activationsfof;the-neotectqniquault. Strike and dip of
the fault plane 220/72°NW (a) .Detail of the ground fra-
cture (b);(Road between kalamata and ﬁleochori). ‘

4.Distribution of the epicentefs'of the shocks with MS ;L
1.7 recorded by the portable network.

5.Cross section of aftershocks with MS;B 1.7, ERH ﬁ£.3Km
and ERZ== 3Xm. The liocation of the mainshock and its
aftershock is also shown. The broken line represehts the
location of the surface expression of the fault.

Q.Fault plane solution of the mainshock of Sept.13, 1986,

(See text for definition of symbols).

7.Schematic representation of the main seismotectonic fea-
tures of the Aegean and surrounding area (From Papazachos

et al. 1986).
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