MAPAPTHMA A

O Zeaiouog¢ ¢ NIKOMHAEIAY (TOYPKIA 1999)



Touéag NswAoyiag
Epyaoripio NswAoyiag — MaAaiovroAoyiag

Mivakag TrEPIEXOHEVWV

1 TENIKA ITOIXEIA I'lA THN NEPIOXH MEAETHZ
1.1 TEQTEKTONIKH TONOOETHER :.::iciviisissmsiaimiammsinsismdeiinssesisisioviaaiees v saa T e Ko
1.2 SEIEMIKH ISTOPIA THE ITEPIOXHE MEAETHE.......ucoiiuiieiiiniiiiiinioniioieinssesseasaesssnsassssessasssanass
2 0 IEIZMOZX THE NIKOMHAEIAZ (177 AYTOYETOY 1999)
2.1 TEKTONICO MEPIBAAAON .. viiiiisasvoivn i iss iy s vt st ie s D i st aiisasminansasseivsvenavoviuasidons
2.2 ENI®ANEIAKES AIAPPHEEIZ TOY SEIEMOY ....cccuviiiiueeasniiiireeiisesineessanesssnsssssesssssessnssssnessassns
2.2.1  Tunua Golcitk — AfvR SAPANCAL.............cooviiiiiiiiiiiiiniiiiniiiis e
2.2.2  Tunpa Aipvn SApanca — ARYQZi................ccccocvviiiiiiniiniiiiii s
2.2.3  Tunua Akyazi — AV Eflen. ... s
2.2.4  Textovikéc KPOOSOUES KATA KOG TNG OLEPPNENG v vevrrircriniiisiiiisiaiss st sasissssiens
3 TAAAIOZEIZMOAOTIIKH EPEYNA ETHN HEPIOXH MEAETHEZ
3.1 OESHASAGI YUVACIKCAY) oottt st ssos sdot civi coavs iussvassss sossivansv e beasssossosssasasss s o
3.2 OESH DENIZ EVLER (DE) +:civiicssissibsisuiidaiss st s siveitessiansiassssisvassusvessosiasinvsasinsidassegess
33 OESHACISUIAC) ..ovsssisvessosss s i g s 0o St i s s et oo Wb s s de s s e sans
3.4 OEZH KULLAR-YAYLACIK (Y ) s ool sassa st s o iaivesvas siavindinniasiammossinsasiosnavasuss
4 BIBAIOI'PA®IA
5 TAPAPTHMATA
5.1 TIAPAPTHMA A .....ocscesssnsrsrsssnesnsasnassonsssnsssnssssisssisase sanaiosiessssniossnevatisssassinoistosasnsansayiasnve
5.2 TTAPAPTHMAIBY.....coononusrsrvasssnsessasmnssnnessssssss siisavass sssiissiobvaiiainiames i abiaransio it oivemnvasvasass
5.3 TTAPAPTHMAT ....cvvsensearsossnesssonnansssnssassssnnssinssass s iostsssssstbssss iovunssasisvossusosnnionsosbansmanitadadass
54 TTAPAPTHMA A’ .1 ovressnsevonmsrsssnsosmssssasansrsnssinnpsinssssstussssaiiaiassotvives il vaamosiieriasinisga

1/66



TOYPKIA

1 Tlevika oTOIXEIO VI TNV TTEPIOXT] HEAETNG

H Baoikn epioxr) HEAETNG yia TO TTapov epeuvnTIKG Epyo Bpiokeral ot BA Toupkia,
oT0 JUTIKOTEPO 0PaTOd THAMA TOU Priyparog TnG Bopeiag AvartoAiag, METAEU Twv TTOAE-
wv Goélcuk kai Izmit (Nikoundeia). Acutepelouceg BECEIC PEAETHBNKAY ETTIONG OE TTE-
PIOXEG avaTOAIKOTEPA QUTOU TOU THAHATOG.

H opdda £pyou yia Tnv €peuva uTTaiBpou OTN CUYKEKPIMEVN TTEPIOXN yia TO TuRpa
MewAoyiag Tou A.M.©. arroreAcito amd Tov Kabnynt k. Zripo MauAidn, kai To Ap.
AAEEavDpo XatdnméTpo, o1 oTroiol Kard Tn SIGPKEIa TWV EPYACIWY UTTAIBPOU CUVETTI-
kouprBnkav ammd Toug K.k. Zeki Tutkun (Ka@nynt Mavemornuiou Cannakale), Vol-
kan Ozaksoy (Ap. MewAdyo, M.T.A., Aykupa) kai Bulent Dogan (Ap. MewAdyo, L.T.U,
KwvoTavTivoUuTtroAn), Xwpig empBapuveon Tou TTPoUTToAoYICHOU TOU £pyOu.

1.1 TewTEKTOVIKI) TOTTOBETNON

H trepioxn) HEAETNG gival TEKTOVIKA EVEPYT KAl TTApOousIalel ouxva OEIoHOUS HEYAAOU
MEYEBOUG. H onuavTikr) GEICUIKT dpaocTnpIoTNTA KATA UAKOG YEVIKA TOU PriyHaTog TNG
Bopeiag AvartoAiag o@eiAeTal KAT@ KUPIO OTO YEVIKO YEWTEKTOVIKO KaBeoTwe (Eikéva
1-1). KaBwg n Agppikaviki kai n ApaBikr) TAGka kivouvral Tpog B, 1o TEpaxog g
AvaroAiag — Alyaiou Kiveital Trpog Ta dutikd. H kivnon autr) ouvodeletar améd tn dpa-
ompEidéTTa U0 pEyAAwv pnglyevwy Jwvwv: To Begi6oTpoPo priyua Tng Bopeiag Ava-
ToAiag ora B, ouvoAikoU prikoug 1500 km, kai To apioTepOOTPOPO PryHa TNG avaro-
Ak AvaroAiag ota A, prikoug 550 km.

© CNRS - IPGP Tectonic Dept. \

Eikéva 1-1. Kivnon mpog Ta SuTikG Tou Tepdyoug tng AvaroAiag — Ailyaiou, n ormroia
AauBave xwpa ota prypara mg Bépeaiag (5e§i60Tpo@o) kai Tng AvartoAikii (apiore-
poéoTpopo) AvaroAiag (Armijo et al., 1999). Ta BéAn deixvouv 1o idvuopa NG Kivnong
ot mm/yr pe Baon dedopéva GPS kai SLR (Reilinger et al., 1997). A6 yewAoyikd d¢-
Sopéva rpoodiopilerar pia TaxiTnTa Kiviong g Tagng twv 2,5 cm/yr yia to OA6Kaivo
(Hubert, 1998).

H peydaAn texrovikr dopn tou Be€iéoTpopou priyparog TG Bépeiag AvatoAiag Trapou-
o141 oAioBnon NG Tagng Twv 10 — 20 mm/yr (Barka, 1992, Straub and Kahle, 1995).
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1.2 ZgopIKN I0TOPIA TNG TTEPIOXTG MEAETNS

H yparrtA 1oTopia TG Toupkiag, kupiwg amd BudavTivég Kal 0BWHAVIKEG TTNYEG, EXEI
evOEIEIC yia TTOAAOUG KATaoTpOoPIKoUg CEIoHoUS. Mapd 1o 611 01 hapTupieg autég dev
TTAPEXOUV TTANPOYPOPIES OXETIKA WE emIQavelakES diappnrgelg, ival duvartdv va ega-
X000V £UUETA OXETIKA CUPTTEPAOHATA ATTO TIEPIYPAPES TWV JNHIV KO ATTO TNV aKTi-
va eEATTAWONG Toug. H Béon Twv EMIQAVEIKWY BIaPPAREWY TTAAQIOTEPWY CEICHWY
€ival ONEAVTIKA yIa TNV EKTIKNON TOU CEICHIKOU KIVOUVOU, KaBWE £TTioNg Kai yia Tnv
g€aywyn TOoOTIKWY BEBONEVWY TTOU QPOPOUV TNV TTEPIOSO ETTAVAANYNG KaI TO PEYE-
Bo¢ mBaVWY ETTEPXOUEVWYV CEICUWV.

1992
=

uar .

TURKEY

® Emwikevipo kal péyeBog I0TopIKOU OEIC oY
14 ‘Exraon £ meavelakwy dapprgewv
== Kivnon ou pryparog

-

Eikéva 1-2. Mpoéoartn 10Topiki} Spactnpiémnra otov 20° aiva oo priypa g Bépeiag
AvartoAiag (tporrotroinpévo amdé Okumura et al., 1993).

Karé Tov 20° aiwva, 10Xupol PeyEBOUG OEICUOI TTOU TTPOKGAECQV ETTIQAVEIQKES Biap-
prigeig ato priypa tng Bépeiag Avarodiag cuveéBnoav To 1939 (M=7,8), 1942 (M=7,1),
1943 (M=7,3), 1944 (M=7,3), 1951, 1957 (M=7,0), 1967 (M=7,1), 1992 (M=6,8) kai
1999 (M= 7,4 ka1 7,1), Eixéva 1-2.

Eikéva 1-3. Merarémon ¢ dpaotnpidéTnrag oo priypa e Bépeiag AvaroAiag os SiG-
QOPEG ICTOPIKES TTEPIGBOUG.
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Eival XapaKTtnpIoTIKO 611 v Kard Tov 20° aiwva rapatnpidnke pia «ETAVACTEUT»
™G CEIoUIKAS BpaoTtnpidtTNTag TPog Ta A, o€ TTAAQIGTEPES ICTOPIKEG TTEPIGBOUG N
dpaoTnpIOTNTa aKoAOUBNOE avtioTpo@n Tropeia, Tpog Ta A (Eikéva 1-3).

Historic Earthquakes Along the North Anatolian Fault
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Eikéva 1-4. A. Zxnuanko6g xapmng Tou priyparog tng Bopeiag Avarodiag. To priypa a-
VaTTOOOETAI YEVIKA Ot evBeia ypappn, aAAd oto dutiké Tou TuRpa SiakAadileTal o€
mEPIOCOOTEPOUG KAGSOUG. TO TUNUA TTOU 3pacTNPIOTTOINBNKE OTO CEICHO TOu Auyou-
oTou 1999 onuelwveTal PE KOKKIVO Xpwpa. To Tufpa autd avikel katd éva yépog Tou
Bopei6TEPOU KAGSOU, KaI KaTA Eva péPog oTo priypa Tou Diizce, 61roU KAl GNHEIWONKE O
SeUTEpOG peydAog oeiopég (M=7,1) To NoéuBpio Tou 1999. Tpommotroinuévo amé Barka
(1992) xau Rockwell et al. (2001). B. loTopikoi OEICHOi KATA MIIKOG TOU PIYHATOS KUl a-
vrioToixeg emeavelakég diappigeis. H diappnén Tov AuvyouoTou 1999 @aiverai va givai
mapopoIa PE aUTH) TOU CEICHOU Tou 1719. O1 cupTrayEeic ypappég Seixvouv yvwoTEG OEl-
opikéS Siappngeig, o1 HaKPES TTAUAES TTOAU TIBaVES empaveIakéS Siapprgelg, Ev ol
KOVTEG TTAUAES UTTOBEIKVUOUV S1appriEEIS yIa TIS OTTOIES TA 10TOPIKA Sedopéva Sev gival
oAU BéRaia. Mpiv aré 1o 1719, 10 iB10 THAHA SPacTNPIOTTOINBNKE WS HEPOG Hiag pe-
yaAuTepng Sidppnéng To 1668 ka1 To 1509. Kevd orta 10TOPIKG apyeia prropolv va ep-
UNVEUVBOUYV EITE WG ATTOUCIN TEICIKIG SpaoTNPIOTNTAG, EITE WG ATTOUCIA HAPTUPIWY.
Emreidr] 010 Kevrpiké THpa Tou priyparog utrdpxouv Aiya aomikd kévrpa, n EAAEIyn -
oTOPIKWYV dedopévwy eival Quoikéd errakdAouvBo. Zivleon amé Ambraseys (1970), Ikeda
et al. (1991), Ambraseys and Finkel (1995), Barka (1996), Stein et al. (1997), ka1 Rock-
well et al. (2001).

H Eikéva 1-4 divel e AeTrTopépeia TTANPOQOPIES yia TNV emmipavelakn didppnén Twv
IOTOPIKWYV CEICUWY OTO priyMa Tng Bépeiag Avarohiag, evw n Eikéva 1-5 deixvel did-
popa oToIxEia yia TO HETPO TNG BEI6OTPOPNS HETATOTTIONG KAl TNG CUCTWPEUCTS TWV
Tadocwyv Kard Tov 20° aiwva.

Me Bdon ouykpioeig {nUIWV Kal TNG akTivag dIacTropdc Toug, 0 OEIoHOS Tou Auyou-
ortou 1999 eivar 6poiog pe autdv Tou 1719. O oeIopb6g autdg KarEoTpewe TTOAAOUG
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OIKIOHOUC, EVW N TTEPIYPAPA TWV NIV Tou £ival agloonueiwTa Gpoia PE auTr Tou
1999 (Ambraseys and Finkel, 1995).

AUO GAAoI oEIop0i TO 1766 Kal TO 1754 guvéBnoav meavoTepa o KovTa otnv Kwv-
oTavTivoUTroAn. AuToi oI OEICHOI ival Opolol Ot uéyeBog pe autoug Tou 20°° aiwva.
ATT6 10TOPIKG apxeia @aiverar OTI TTAAQIOTEPOI OEICUOI EvepyoTTOinaav TTOAU pEYAAa
THApATa Tou priyparog. To 1509 T.x., £évag Oeioudg TTPOKAAEoE empaveiakég diappn-
gei1c oo TUAKA atrd TNV KaAAitroAn (Gelibolu) ota Sutikd, puéxpr Tnv Bolu ota avaroAi-
kd. Evag eTmiong MEyAAOg OeIopOG OUVERN TO 1668 OTO KEVTPIKG — QvaTOAIKO TUAMA
TOU PAYMATOG OE HAKOG Gvw Twy 600 km améd tnv Bolu ora dutikd péxpl To Erzican
oTa avaToAika.

CUMULATIVE RIGHT-LATERAL SLIP,
IN METERS

DISTANCE, IN KILOMETERS

DISTANCE, IN KILOMETER S
o

0
g

- 0
D DISTANCE, IN KILOMETERS

Eikéva 1-5. To priypa ¢ Bépeiag Avarodiag. A. OEon Tou KUpiou priyHaTog Kai Twv
GAAWV KUpIWV pnyparwy g Toupkiag. O1 eik6veS B £éwg D rpoBdAAovral 0€ OXEOT HE
TOV TTOAO TTEPIOTPORPIG (OTO onuEio 6Trou TEpvovTal o1 Siakekoppéveg ypaupég). B, C. H
TWPOG TA A HETAVAOTEUCT) TWV CEICHWV CUVBEETAI PE HETATOTTION 2 — 6 M avd YEYOVEG,
ue péco 6po Ta 4 m. O ceiop6¢ Tou AuyodoTou 1999 @aiveral 6Tt yEVIKA Eival TUTTIKGG
600V aQOPd TI HETATOTNION KAl TO PHAKOG TWV EM@AVEIaK®V diappiewy. D. Zvoow-
pevan TG Tdong oTo prRypa g Boépeiag AvaroAiag Trou ouvBdEETan PE TNV TTPOG Ta A
METAVAOTEVUOT TWV CEICHWY oTo SidoTnua 1939-1967. Mapd 1o 6T yEVIKG N TGON PEIW-
8nke ot éva prikog 750 km Tou priyparog, otnv mepioxn tng Nikopndeiag (1zmit) utroAo-
yioTnke 6T au§ndnke (Stein et al., 1997).
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Tov 20° aova 10 priypa Tng Boépeiag AvaroAiag £xel TTPOKAAECEI CEIOHOUS Ot Diago-
PENKA TUAHATA TOU pE Evav ouoTnuankd TpoOTro, TTOU WOTOCO Eival PN TUTTIKOG OF ME-
YaAa pAiydara. Zekivwvrag and 1o oeiopd Tou 1939 (M = 7,9), 0 omroiog dnuioupynoe
emeavelakég diapprgegc prikoug 350 km, otov 20° aiwva cuvéBnoav aAhor Héka ol
OMOI heoaiou i} peyAAou pey€Boug (Eikdva 1-4).

O1 repiocéTEPOI ATTO TOU TUYXPOVOUG OEIopoUg ouvéBnoav Siaboxikd o€ pia HETa-
vaoteuon mpog Ta A. O oeicpdg Tou AuyouoTtou 1999 eival 0 SuTIKOTEPOG HEYAAOG
O€I0O¢ (O0TO BOPEIO KAGDO TOU PriyHaTOC), OF £va THAKG TOU PAYHATOC TTOU QaiveTal
va pnv eixe dpaotnpioroinBei yia TouAdayiotov 250 €tn.

Ta 1o1opikG dedopéva Bev Beixvouv OTi N OEICUIKA OUMTTEPIPOPA TOU TURARATOG QUTOU
gival emavainyn karmoiag ponyoupevng Hiadoxrig. Autd TTou gaiveral amo 10 1I0ToPI-
KO apxeio givai 611 TToAAOI CeEIopOoI pE empaveiakég diapprifeic cuvéBnoav e KOVTIVEG
XPOVIKEC TTEPIGDOUC KATA TO TTAPEABOV, OTTWG auTtoi Twv 18%, 14 kai 11% alwvwy.
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2 0O ogiopég TG Nikoprdeiag (17" AuyouoTou 1999)

£11¢ 17 AuyouoTou 1999 £vag IGXUPOTATOG CEICUOG ME ETTIKEVTPO TNV TrEpIoXn TNG Ni-
kopndeiag (Izmit i Kocaeli, 6Trwg givan emmiong yvwoTr n moAn) peyéBoug My=7,4 £-
mAnge T BA Toupkia, TrpokaAwvrag 1o Bdvaro dekddwv XINGOwv avBpwTiwy Kal
BNUIOUPYWVTAC TTOAU EKTETAMEVES KATACTPOPEG OF KTipIA Kal UTTOBOUEG, O1 OTTOIEG
mpokdAscav coBapd TTANyUa aTnyv €OvIKNA oikovopia Tng Toupkiag.

H euputepn Trepioxri NG 8GAacoag Tou Mappapd (KwvoTtavTivoUutroAn kai yopw Tro-
A€ig, E1BIKA yUpw atré Tov KOATTO TG Nikopndeiag (Izmit)) Exer yvwpioe! TTOAD pEYAAN
avaTrTugn Tic TeAeuTaieg BUo dekaeTieg. H avamTugn autr ogeiletal oTnv TOAU ypriyo-
pn Blounxavorroinon TG TTEPIOXAG TTOU TEPIKAEIETAI aTTO TO TPIYWVO TWV TTOAEWV
KwvoTavTivoutroAn, Nikopndeia kai Mpouca (Bursa). Zrov k6Ao Tng Nikopndeiag
£ival KaTAOKEUAOUEVA TTOAAG HEYAAQ TTETPOXNMIKG CUYKPOTAHATA, METATTOINTIKES KAl
KATQOKEUAOTIKEC BIOMNXAVIEG, KABWG £TTiONG Kal HeydAa Aipdvia (TTONITIKG Kal oTpa-
TIWTIKA).

AuTA n BlounxavoTroinon £xel W ATTOTEAETUA TNV EAEUON TTOAAWY ECWTEPIKWYV HETA-
vaoTwyv amd Tnv avatoAikf Toupkia, emreivovtag £1o1 To oteyaoTiké TpoRAnua. Y-
TroAoyileran 611 TrEpiTrou 20 ekaroppUpia AvBpwrrol (To £va TPITo Tou TTANBUCHOU TNG
Toupkiag) diapévouy Pévipa o€ auTrh TNV TEPIOXH. Adyw TNG augnuévng avaykng oTé-
yaong, TPOTIHATAI EUPEWG N AUON KATAOKEUNAG £WG Kal EEAWPOPWY TTOAUKATOIKIWY,
ouxva XWwpic TNV THPNON KAVEVOG €iDOUG TrPodIaypagwy Kal Xwpig Kavévav EAEYXO.
Eival 5€ XapakTnpIoTIKG, 6T aKOMN KaI META TO OEICHS KAl TIG YEWAOYIKEG — YEWTEXVI-
KEC MEAETEC Kai UTTODEIEEIG, KaTaoKEUGZovTaV KTipIa akOUa Kal OF TTEPIOXES aTTayo-
peupévng dounong (Eikéva 2-1).

Eikéva 2-1. Avéyepon oikodopng o€ «arrayopeupévny» {wvn avaroAikd Tov Golciik (Ze-
mwréuppiog 2001).
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2.1 TexkTovik6 mepIBdAAov

O oeiopd¢ TE 17" Auyolotou 1999 TrpokAfiBnke améd evepyorroinon Tou BuTikoU
TUANATOS TOU PRYMATOS TNG BOPEIag AvatoAiag. H meavétnTa evég 10Xupol OEIoHOU
OTNV ETIKEVTPIKN TTEPIOXT] TOU OgIopoU Tou 1999 eixe utroAoyiaTei o€ 12% o€ éva Bid-
otnua 30 eTwy (Stein et al., 1997).

Date: 1999.08-17 at 00:01:39.80(UTC). 03:01:37 a.m localtime Seismotectonic sketchof
Surface Wave Magnitude: 7.8 (USGS) Istanbul region
Body Wave Magnitude: 6.3 (USGS

: . : ) (Armijoetal. 1999)

Duration Magnitude: 6.7 (Kandilli)
Moment Magnitude: 7.4 (USGS, Kandilli)
Epicenter: 40.702N, 29.987E (USGS)
Depth: 17 km. (USGS)

Az T

' 50 km

S g T iy

Black Sea 0 by

Fault Plane Solution

Eikéva 2-2. ZTnv mepioxn HEAETNG, TO priypa Tng Bopeiag Avarodiag diakAadileTar o€
500 kUpioug kKAGSoug, To Bopeio — NAF (N) kai To voTio NAF (S), o1 o1Toiol amméXouv Tre-
pi Ta 100 km. O Bope10g KAGDOG OPI0BETEI TN VOTIA AKTI) TOU KOATTOU TOU IzZMit. O oEl-
op6g S Nikoprdeiag £yive o€ autév Tov KAGHO, PE ETTiIKEVTPO avaroAikd TG 8GAacoag
Tou Mappapd. Eikoviovrai £miong o1 pnxaviopoi yEveong Tou oeiopou amé USGS xai
Harvard (rporromroinuévo amré Armijo et al., 1999).

Kocaeli Aftershocks
o M=5

e D M-4

0 Py  lOMOMETES ¢ M-3

L/j L L + M-2

Eikova 2-3. XGpTng Trou SEiXVEl TN HETAQOPA TG TAONS € yVWOoTd Kai mavd priypara
o1n 8GAacoa Tou Mappapd perd To o€1o0ué Tou AuyouoTou 1999. Eival XapaktnpioTiké
671 01 EKTOG PIIYHATOG HETACEICNOI TEIVOUV VO CUYKEVTPWVOVTAI OTO OTHEIO OTTOU UTTO-
Aoyilerar 6T n Tdon Coulomb augBnke wg amworéAeoua Tou CEIOPOU. O CEICHGG TOU
Diizce tTn¢ 12™ NoepBpiou 1999 (M,, = 7,1) ouvéBn otnv mepioxr auinuévng Tdong ava-
ToAIK& TG didppnéng Tou AuyosoTou (Stein).
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£Tn peyaAUTEPR TOU £KTAON TO PriyMa TnG Bépeiag AvaroAiag TTapouciddeTal wg pia
TEKTOVIKT] YPAMMI], HE HEPIKA HIKPOTEPQ UTTOTTAPAAANAQ priypaTa. ZT0 UTIKG TOU THM-
pa duwe, Kai yia pia arréoracn 650 km, diakAadideral o€ TEPIOTOTEPOUG KAGDOUG, EK
TWV OTToiWY Ol ONUAVTIKOTEPOI Eival 0 BOPEIog Kai 0 voTiog (Eikdva 2-2). O o Bo-
PEIOC Eival KQI O TTI0 EVEPYOG, KAl Eival QUTAG GTOV OTToio OUVERN O OEIoNOG TOu Au-
yoUoTou Tou 1999. Emv Eikéva 2-3 Qaiveral n HETaPOPd TAONG OE YEITOVIKA priypara
HETG TO oelopd, diadikaoia Trou cuvéBaAe oTn yéveon Tou oeiopoU Tou Dizce To No-
£UBpIo Tou iBlou £TOUG.

2.2 Em@aveiakég diappri§eig Tou oEICUOU

O1 em@aveiakéc diappAgeic oTo oeiopd Tou 1999 etnpéace kupiwg MAsIoKavIKG Kal
Teraproyevn 1ZApaTa o€ Aekaveg. O1 AeKaveg auTég, ol oTToieg eival TTOAU ouvnBIouE-
VEC KATG MAKOG OANG TNG EKTAONG TOou priyparog tTng Bopeiag AvaroAiag, ival xapa-
KTNPIOTIKEG HOPPOTEKTOVIKEG DOUEG TTOU ouvdEovTal e T SpAcn Tou priyuarog.

O oeiopé¢ TS 17" AuyouoTou 1999 TTpokdAece T dnuioupyia EMIQAVEIQKWY diap-
prigewv o€ pia arréoTaon TouAdyiotov 110 km. Or em@aveiakég diapprigelg ouvépn-
oav Katd MAKOS Tou pRyHaTog TG Bopeiag AvaroAiag avaTtoAikd kai SUTIKG TOU ETTIKE-
vTpou, aAAG kai o€ éva uépog Tou BA — NA priyparog tou Dizce (Eikéva 2-4).

O em@avelakég diapprgeig xapakrnpidovrar amé pia {wvn eTAAANAWY ETTIKAAUTITO-
MEVWY pnyMaTwy mapdragng A-A, n otroia ekQPAalel pia ouvioTWoa EQPEAKUCHOU OTO
BuTIKG TUAKA Tou BopeldTEPOU KAGDOU ToU priyHarog Tng Bopetag AvaroAiag (Armijo et
al., 1999). H péyiotn de§i60TPOPN METATOTTION £QTACE TTEPiITTOU Ta 5 M, 31 km avaro-
AIKG Tou eTTikévTpou. H ouviABng perardmion é@rave 1a 2,5 £wg 4,5 m deg160TpOPNG
kivnong. H perarémon peiwvorav otadiakd avaroAikd Tou péyioTou, aAAd o amroé-
Topa Tpog Ta dutika (Eikéva 1-5B), 6TTwg eriong kai o€ BETEIG GTTOU N ETTIPAVEIAKT)
BIGpPNEN METATTITITEI O€ vEQ ypaupr), 6TTWG TT.X. 0T Aipvn Sapanca. To dApa eTriong
HEIWVETQI amréTopa oTa avaToAikd, étrou eivar n diappngn eival TTAPAAANAN HE TN
diGppnén Tou ogiopol Tou 1967 otnv koiAada Mudurnu (Eikéva 2-5).

0 .
Adapazari
3'-9 / 0.1 1.3 -15
/ ” 4
4 \ I /( lvaka
r— /
; / W A/ O v
Golciik 1 : /IJ)Q\ LEfren Grolu
< / \ Akvazi
Sapanca’ Vit rmes
S T by > e
& fautt
Ionik = \———/“\

X e
Gl s/

/ o~ o
“— arna of Map Above IURKEY

Eik6va 2-4. Mevik6g xaptng Tou priyparog tng Bopeiag AvaroAiag (EveeTo) kai n Jwvn
TWV CEICHIKWY Siapprifewy TTou dnuioupyndnke Kard To oeioué Tng 17™ AuvyodoTou
1999. O1 api1Buoi exT6¢ TTapévleong deixvouv Tn Se§I60TPOPN HETATOTION KATA pUiKOG
TOU PRYHATOG, EVW OI apiBuoi ot TapevBECEIG BEiIXVOUV TNV KATAKOPUPN HETATOTTION
(amré EERI, 1999).
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H pngiyevig Jwvn ouvABwg fTav pia oTevr| fwvn diapprgewy (TTAGroug 5 pe 25 m), ol
OTTOIEC EiTE AKOAOUBOUGAV Tr) YPAUHI] TOU PriyHATO, EITE oxnuaniav pikpa TapaAAn-
Aa priypara utré ywvia e TNV kopia ypappn. H oeiopikn diGppnén @aiveral 6TI AKO-
AoUBOUCE TTAAQIOTEPEC ETTIPAVEIQKEG DIOPPIEEIS, KABWG OE APKETEG TIEPITITWOEIC 6-
TTOU UTTAPEE KaTaKOPUPN (KavoviKA) METATOTNION Traparnpriénke éva TrpoUTTapyov

PNEIYEVES TTPAVEG.

Eikéva 2-5. XapTng em@aveiak@v diappigewv Tou oeiopod Tou AuyoioTou 1999 Kard
ufKog Tou priyparog g Bopeiag AvaroAiag. H didppnén kai ol METATOTTIOEIS OTO PHYHA
OTUEIDVOVTAI PE KOKKIVO XPWHE. ENUEIWVETAI ETTIONG, UE HTTAE XPWHA, TO SuTIKG GKpPO
™C diapenEng Tou oeiopol TG KoIAGdag Mudurnu (1967), n omroia o€ auté TO TUARHX
fitav rapdaAAnAn pe aut Tou 1999 (Barka et al., 1999).

2.2.1 Tuhua Gélcik — Aiuvn Sapanca

H BuTikOTEPN EMQavion xepoaiag didppngng TrapatnperiBnke oto Gélcik, ooy Hia
poBAfTa WeTarotrioTnke TrEPiTTou 4 m (Eikéva 2-6), evw Kai ol EYKQTAOTACEIG TNG
VauTIKAS BAONG UTTECTNOAV COBAPES KATAGTPOPEG AGyw Twv ETTIPAVEIOKWY dlappr)-
gewv (Eikéva 2-7).

Eikéva 2-6. ZUpTTIEOTIKEG EM@PAVEIAKES S1appiEelg o1 oTroieg ouvbéovTal pe 5e§I60TPO-
@n perarémon oTig TPOoBARTES TNG VaUTIKG Bdong Tou Golciik.

Mpog Ta dutikd n Siappnén diepxorav amd évav pikpd kOATTo oto Degirmendere, Kai
n TrapaAia Tou oIKIopoU BuBIoTNKE. Aev avapEpBnKe Kapia emmipaveiakr diappngn oTn
xepodvnoo Hersek, kai givar mBavé 6t n uroBaAdoaoia Sidppngn OTaPGTNOE SUTIKG
Tou Degirmendere. Eva pnéiyevég Tpavég TTou KAivel pog N Trapatnpienke kovra
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otV dkpn TG xepooviicou Hersek, aAAa eival paAov pépog Tou emopevou A — A
TUAPATOG TOU PriypaTog TG Bopeiag AvaroAiag TTpog Ta A.

L4
P 7 i; : ;8 e -
N crveeCe s y LRt M.’ ’o;

Z’.

Eikéva 2-7. Em@aveiaki S1dppnén Ka1 KaTaoTpoPr KATACKEVIG 0T vauTiki} Bdon Tou
Golciik.

Eikéva 2-8. To pnéiyevég Trpavég oTo Kavoviko priypa Tou Golciik. H katakopu@n HETa-
1é6mon o 8éon auth givai 2,3 m, v n de§i6oTpoen 1,3 m.
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Eikova 2-9. AemTopéPEIR TOU OTTITIOU TTOU SiakpiveTal oTo BdBog apioTepd otnv Eikéva
2-8. Eivai agioonueiwTo 611 TAPd TNV YEYAAN KATAKOPUPN HETATOTTION, OUTE TO OTTITI,
0UTE 0 PPAXTNG uTTEoTNOAV {NUIES.

Eixéva 2-10. l'evik} drrown Twv Béocewv TTou avapépovral oTnv Eikéva 2-8 kai Eikéva
2-9.
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AvaroAik@ Tng ToAng Tou Gélciik raparnerBnke pia peydAn kavovikr didppngn pn-
KOUC TOUAGXIoTOV 4 km pe HIKpR opidovTia perarémon mapdragng BA — NA (110°).
To péyioTto kavovikd AApa Trou Traparnprienke £prace Ta 2,3 m, evw n Se§160TPOPN
ouviotwoa Ta 1,3 m (Eikéva 2-8).

Mapd to &1 0T BECN QUTH TTAPATNPEITAI N MEYIOTN KATAKOPUPN HETATOTTION, Of {NUiEg
OTIC KATAOKEUES ATAV EAGXIOTEG. Eival XapakTnpIoTIKG OTI 0I KATAOKEUEG TTOU BIaKpi-
vovral otnv Eikéva 2-8, rapd To Ot Bpiokovral o€ TTOAU Wikpr) amrdoTaon amd To
priyHa, dev utréotnoav coBapég nMIEG, Kal ATAV KATOIKNOIUEG AUEOWS WETA TO OFl-
ou6 (Eikéva 2-9 kai Eikéva 2-10).

I ouvéxeia T diappngng Pog Ta A, To priypa diepxdtav o€ HIKpr amréoTacn Ao
10 £pyooTdoio g Ford. Ztn B£on autr), Tapd 1o peydAo karakdépu@o aAua, n diap-
pnén dev TTPOKAAEDE HEYAAEG INMIEG, OKOUA KAl OF KATAOKEVEG TOU KATEABOVTOG TE-
Haxoug (hangingwall) TToAU kovTd oTo priypa (Eikéva 2-11).

Eik6va 2-11. To kavoviké priypa oto Golciik, kovrd oro gpyoordoio g Ford. ESw mra-
PATNPEITAI Pia ATTO TIG HEYAAUTEPES KATAKOPUPES HETATOTTIOEIS. Eivanl XapakTnpioTiké
TO OTI N TPIWPOPN OIKOBOWN TNG PwTOoYpPAPiag VTTECTN EAGXIOTES {nHiEg, TTapd 1O OTI
BpiokeTAl OTO KATEABOV TEPAXOC KAl TTOAU KOVTA OTO priyua.

H eAe0Bepn £M@AVEIQ TOU KAVOVIKOU PryHaTOG EiXe péon petarémmon 1,5 m otnv Tre-
pioxr Tou epyootaciou ¢ Ford (Eikéva 2-12 kai Eikéva 2-13).

H yewpeTpia Tou cuoTAuaTog TwY SiIapprgewy, To TTPOUTIApXoV euBUYPAUKMO TTPAVES
HE KAion Tpog Ta BA, kaBwg ETTIONG Kai N YEVIKN YEWHOP@OAoyia TnG TTepioxng, Oei-
Xvouv 011 n em@aveiakn diappnén o€ autr T BEon cuvdEéeTal PE TEKTOVIKG priyua, Kal
Ox1 pe Beutepoyevr) OAIoBNoT, OTTWG EiXE UTTOTEBEI ATTO KATTOIOUG EPEUVNTEG ANECWG
META 1O OEIouO. Mpdypan, 6Twg dIamOoTWONKE Kal atmd TNV EMTOTA TTAAQIOCEICHO-
AoyIKA £pEuva TTOU TTEPIYPAPETAI OTO KEP. 3.2, TO PriyHa autd SpacTnpioTroifdnke Kal
O€ TOUAAXIOTOV GAAOUG TPEIG TTAAQIOTEPOUG CEICHOUG.
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Eikéva 2-12. Atrown Tou priydaTog oTnv mepIoxn Tou Golciik, TTOAU kovra oTn 8éon
mou @aiveral otnv Eikéva 2-11. O TUAWVAG PETAPOPAS NAEKTPIKOU PEUHATOG TTAPENE-
ve oTn 8éon Tou Kol EEaKOAOUBNOE va Eival AEITOUPYIKOG.

Eikéva 2-13. To pnéiyevég paveég TapdAAnAa oTo @pAaxrn orn 8£on Tou EPYOOTACIiOU
¢ Ford avatoAikd Tou Golciik.

Z10 VOTIO MEPOG Tou KOATTOU TNG Nikopundeiag dev rapatnpridnke aAAn degid6oTpo@n
peTarommon. To kavovikd priypa Tou Galcuk rou ava@épBnke raparmdvw, TTPOKAAECE
TomikA karaBuBion Tng akmig. MepitTou 4 km akToypapunig karapuBioTnkav £wg 2 PE
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3 m (Eikéva 2-14). H mrepioxri Tou KaraBuBioTNKe CUNTTITITEI OE PEYAAO TTOOOOTO HE
10 OEATQ TOU TOTTIKOU TTOTAMOU.

areas under water in blue

Eik6va 2-14. ZuvBeTiKi) TTavXpwpartikry dopugopikn £ikéva SPOT Tng meEPIOXNS TOU
Golciik TrpIv ka1 HETE TO OEIO0PO (nuUEPOMNViES Afjwng 21/7 kai 20/8/99), 61Tou Paivovral
ME yaAdaio xpwpa o1 TEPIoXES Trou BuBioTnkav KATw améd tn 8GAacoa Kard T SiGpKeia
TOU OEICHOU.

—
——

Eikéva 2-15. Eikéva g emi@aveiakng diappnéng otnv mepioxi rou Yailacik A. eikéva
apéowE PETA TO CEICUO, B. e1k6va 1o ZemmTéufpio Tou 2001.
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H didppnén ouvexiZétav avartoAikG Tou KOATTOU NG NIKOPABEIOG XWPIG KaTakdpuPn
perardmon (mole track), 6TTou TTPOKAAEDE karaoTpo@ég oc Kripia (Eikéva 2-15).

3TN ouvéxeia n dIGpPNEN PETATOTTIOE TO AIEUPWTTAIKO Autokivnrodpopo (Trans Euro-
pean Motorway — TEM) kard 3 m kai éprace péxpl Tn BA dkpn TG Aipvng Sapanca, n
otroia BpiokeTal o€ pia Aekavn ToTTou pull-apart.H Siappngn meavév va akoAoubnoe
N Bopeia akToypappn Tg Aipvng Sapanca péxpi 1o Esme, 10 OTTOI0 UTTEQTN ONHAVTI-
KEC KATAOTPOPESG ATTO PEUCTOTTOINGN.

Eik6va 2-16. M'eviki drown Tn¢ TekToviKiG pull-apart Aekdvng Tng Aipvng Sapanca. Owyn
mwpog Ta B.

2.2.2 Tuhua Aiuvn Sapanca — Akyazi

AvaroAika TnC Aipvng Sapanca n 8iappnén perarorriletal (step-over) Kard TePITOU 2
km 1rpoc¢ N. ATé T Aiuvn Sapanca péxpl To Akyazi, n emeaveiakn didppngn eixe M-
KoC Trepitrou 26 km (Eikéva 2-17). H didippngn oT0 Tuua autd amroTeAeiTal amrd duo
KUpIou¢ kAGdoug, ol oTroiol BpickovTal ot didragn en echelon (Fumal et al., 1999).

ATr6 TN Aipvn, n Bidppngn ouvexileTai o€ TTaparagn oxedov A — A, kai TTOPANOPPUWVEI
Tov autokivnTodpopo TEM kai TIg o1dnpodpopIKES YPapWES o€ auTr Tn Béon KATQ TTE-
pitrou 0,5 m. H Be€i6oTpoPn HETATOTTION QUENBNKE EVIUTIWGIAKA OTa emopeva 1,5 km
(Ewg 4,3 m), evid 6w TTAPATNPEABNKE KaI N ATTOAUTWG péyioTn BegI6oTPOPN METATOTTI-
on mou £@Baoce Ta 5,1 £ 0,2 m (USGS, 1999), r kat' GAAoug 1a 4,8 m (Eixéva 2-18).
TV idia TTEPIOXR TrapamMEBNKavV ETTIONG MEYAAES HETATOTTICEIG, O1 OTTOiES ETIRERAI-
Gvouv OTI N PEYIOTN HETATOTTION TWV TTEPITTOU 5 M BEV ATAV HEHOVWHEVO PAIVOUEVO
(Eikéva 2-19).
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Eikéva 2-17. Xaprtn¢ tng emeaveiakig didppnéng avaroAikd tng Aipvng Sapanca, voTia
Tou Adapazari, To 01T0i0 UTTEDTN ONpPavTIKES InuIES amd peuoTotromoelg (USGS, 1999).
Iro xaprtn diakpiverar n de§i60TpoPn perarémon Tou Zayydpiov (Sakarya), amroTEAE-
oua TG OAOKaIVIKAG Kivnong Tou priyuaTtog Tng Bopeiag Avartoliag.

Mpo¢ Ta QvaTtoAIKA, n METATOTTION UEIWVOTAY OHOIOUOPPA, KAl OTOV TToTapé Zayyapio
(Sakarya) é@race 1a 3,3 £ 0,2 m. Z10 THAKA QUTO TTaparnEABnkav emKAAUYEIS (step
— over) oTi¢ diappngeic. AvatoAikd Tou Zayydapiou n Oe§IOGTPOPN HETATOTTION HEIWON-
KE TTEPITTOU OTA 2 M OTO TUAMA TTou £ival TrTapdAAnAo pe Tn didppnén Tou CEICHOU TOU
1967 otnv koiAada Mudurnu. H diappnén Tou 1967 améxel 7,5 km trpog ta N, Kai n
TaparnenBeica uerarémmon Tou 1967 €prace Ta 76 cm oTnV TEPIOXN autr) (Am-
braseys and Zatopec, 1969).

H didppngn oTO TUNA QUTO OTAUATNOE OTNV TTEPIOXA TOu Akyazi, KaI OUVEXIOE OTO
BA — NA (65°) rapdragng priypa Tou Duzce peTd amé pia diakoTrr repitrou 6 km.

Eik6va 2-18. Ac§i00TPO@N UETATOTTION, N HEYIOTN TTOU TTapaTnERONKe ot 6AN TNV éKTa-
on TNG CEICUIKNG EmQaveiakig diappnéng, o€ pia Qureia amd AslKeg, oTNV TTEPIOXN
Tou Arifiye, voTia Tov Adapazari.
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Eikova 2-19. Amroyn Tou priyparog oro Arifiye, ue eviurwoiaki 8e§1600Tpopn ouvioTw-
oa, N OTToix METATOTTI{EI TO 0860TPWHA.

2.2.3 Tunua Akyazi — Aiuvn Eften

To Turua autd akoAouBei To priypa Tou Dizce (Trapdragn BA — NA) prikoug TrepitTou
30 km o€ pia emprikn koIAGda Tou oploBeTeiTal AT TNV TTapoudia uttoaBpou oTo
NA ¢ pépog. Mapd tnv alAayr otnv TTapdaragn Tou priyHarog, auté 1o TUARua Tra-
poucidlel TTiong KUpiwg de§160TPOPN HETATOTTION

H perarémon kupaivérav améd mepitrou 0,5 m oto dutikd AKPO TOU TUANATOG AUTOU
péxpr 1,5 m. H em@aveiakn didppngn oTaparouce oTo vOoTio TTEPIBWPIO TNG Aipvng
Efteb (Hartleb et al., 1999). To TuApa autd eivai etriong TapdAAnAo ue Tn diappngn
TOU OEICHOU Tou 1967.

2.2.4 TekrovikéC uikpoOouéS kard unko< rng didppnéng

Kard prikog Twv diapprigewy TTou TEplypda@nkav oTo KeP. 2.2, 0 OTTOIEG AvaTITUOCO-
VTQI YPAUMIKG aKOAOUBWVTAG OE YEVIKEG YPAMMEG TO iXVOC TOU XOPTOYPAPNMEVOU
priyparog tng Bopeiag AvatoAiag, TraparnpouvTal HIKPoBSOHES TTou guvBEovTal ME TN
oeciopik peraromion. O opéG autég ouxva eival aAANAEVOETEG, Kal TTapaTnPEoUVTal
oty idia A o€ yemovikég BETEIG, avaAoya HE TO TOTTIKO TTEDIO TWV TACEWYV Kal TIG aA-
Aay€G OTN YEWMETPIA. ZUPQWVA WE TIG TTapaTnPnoElg Twv Tutkun et al.(2001) kan Tut-
kun and Paviides (2001), auTég 01 BONEG NTTOPOUV OF YEVIKES YPAMMES va Tagivoun-
BoUv oTIC akOAOUBES KATNYOPIEG:

e Kavovikr] YETATOTION: TTAPATNPEITAl OTIC TTEPIOCOTEPES BECEIC KATA HAKOS TWV
em@aveiakwy diappngewy, HE amrdAuto péyioTo Ta 2,3 m TTou TraparTneriénkav
ANA Tou Gélcuk. Zuvdéeral Je T Srpioupyia ETIMNKWY TAPPWY, PNEIYEVWV TTPA-
vy, en echelon em@aveiakwy diappRgewy, apvnrikwy avBodouwy (negative
flower structures), KA.
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e AvAOTOO®N WETATOTTION: TTAPATNEABNKE OE TTOAAEG BETEIG, KaI CUVDEETAl ME TN
BNUIOUPYIQ HIKPWY CUVODEUTIKWV SOMWY, OTTWG HIKPOETTWBNOELC, BeTikég avBo-
douéc (positive flower structures), EDAPIKEG AVUYPWOEIG (POP-UPS), KATT.

e OpiZévTIa PETATOTIION: QTTAVTATAlI OE OAGKANPO TO WIAKOG TOU PriyUaTOg. ZTIG TTE-
PICTOTEPEC TIEPITTWOEIS TrapaTtnEABnke TTAdyia petarémon (opigévria HETATOTTI-
On WE KavOVIKA A} avaoTpo@n ouvioTwoa), aAAG o€ TTOAAEG BECEIS N METATOTTION
ATav kabapd opifévTiag HETATOTNONG, ME WéyIoTo TTaparnpnBév GAua tng Tagng
Twv 4,8 m.

Omwe ava@épdnke, TTOAEG QopEG TTapatnpolvTal BOUEG QAIVOMEVIKA acupBaTng
puon¢ oty idia Béon. ‘Eva TTapadelypa Tou YEAETBNKE oTa TTAQioia Tou TTapdvTog
épyou @aiveral oy Eikdva 2-20. MpOKeITal yia pia OEIpa ETIQAVEIAKWY dlapprgewy
oto Tepetarla kovra oty Tepippagn piag oTpariwtikig Baong Tou NATO, étrou Ta-
paTNPOUVTAI OE CUVEXEIQ BOUEG KAVOVIKOU Kal avaoTPOPou XapakTipa.

Eikéva 2-20. Em@aveiaki Siappnén ovo Tepetarla. Eivai xapaktnpioTiké 611 0€ QuTi) TN
8éon TaPATNPOUVTAI TOOO UETATTTWTIKES (KavOVIKES Siapprigeig Kal HIKPOTAPPOS OTO
onueio A), 600 Kai aVAOTPOPES (HIKPOEPITITTEVOT OTO oNpEio B oTnv £vlern pwTroypa-
@ia) dopég. I BEon auTi Sev urapxel Se§I60TPOPN HETATOTION.
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3 MaAaioogiopoAOYIKT] £pEuva OTNV TrEPIOX!] HEAETNG

O1rwe TrpoavapépBnke, oTa TTACIcIa Tou TTapOVTOg £peuVNTIKOU £pyou BiepeuviBnkav
HE TTAAQIOOEIOHOAOYIKEC HEBODOUG' OPIOUEVEC ETAEYHEVES BECEIC KQTA PAKOG TWV
OLIoHIKWVY eTIpaveiakwy diapprifewyv. H emmiAoyr Twv Béoewv auTtwy, Aappavovrag
uTTOYN KaI TOug E151IKOUG OTOXOUG TOU £pYOu, £YIVE HE TN XpAOT Twv akdAouBwy Kpi-
npPiwv:

1. "Ymrapgn oToixEiwv UTTaiBpou ammd TNV ETTIPAVEIAKT] YEWAOYIQ — TEKTOVIKI| TTOU
va uTToBNAWVOoUV 0TI OTrn CUYKEKPIPEVN BEon givar TBavé va evioTmoTouV, O
Topr}, Sopéc uTToBONBNTIKEG VIO TNV EPUNVEIA TNG TTAAQIOCEITHOAOYIKIG OU-
HTTEPIPOPAC TOU priyHaTog. Ta OTOIXEIQ QUTA TTPOKUTITOUV ATTO XaPTOYPAPnon
KQl HETPNON TWV YEWHETPIKWY XAPAKTNPIOTIKWY Twv diapprifewy, 0TTwe autég
ep@avifovrar oTnV EMQAVEIQ, KABWCE ETTIONG KQI ATTO TTAPATHPNOTN TWV ETTIPA-
VEIQKWYV YEWAOYIKWY OXNHATIOHWY.

2. XU0vdeon 1n¢ ocIouiknAG BiIappnEng pe KaTdppeuon 1 {Npia o€ UTTEPKEIPEVN 1
TTAPAKEIMEVN KATAOKEUT, HE OTOXO TN BiEPElvVNON TOU POAOU TNG YEWHETPIAG
TOU PAYHATOC KAl TNG MIKPOOTPWHATOYPAPIAC OTN PNXAVIKS CUNTIEPIPOPA TOU
KTipiou.

ITIC EMOPEVEG TTAPAYPAPOUC TTEPIYPAPOVTAI HE AETTTOUEPEIQ Ol TOPEG TTOU KATACKEU-
domkav ot BIAQopeS BECEIC KATG WAKOC TOU OEIOMIKOU priyatog. ZuvoAika KaTa-
okeudoTtnkav kai geAeTBnkav S Topég omig Béoeig Asagdi Yuvacik (2), Déniz Evier (1),
Acisu (1) ka1 Kullar-Yaylacik (1).

3.1 O¢on Asagi Yuvacik (AY)

H 8éon autn Bpiokeral voTia Tng TOANG Tou Izmit, 1,3 km Sutikdtepa amd 1 Béon
Mahmutpasagiftligi, 6Trou karaokeudoTnkav TTAAQIOCEICUOAOYIKEG TOPES (Tutkun and
Paviides, 2001, Tutkun et al., 2001) yia T} HEAETN MBAVWY TTAAQIOTEPWY CEICHIKWY
HETATOTTICEWYV.

Edw o1 oeiopikéc dapprigeig epgavilovral oe 0o TapAAAnAeg ypappég raparagng A
— A, ol omroieg amréxouv Tepi Ta 40 m peTagu Toug. H peTATOTTION TTOU TrapATNPEITAl
omv emedveia gival Kavovikr, evi T0 HETPO TNG @TAver ToTmKG TO 1,4 m Trpog B
(Exéva 3-1). H opifévmia perardmmion frav EAGXIOTN OTNV EMQAVEIQ.

Ornrwe aiverar kai oTnyv Trapamdvw £ikéva, or empaveiakég diapprigeig mpokaieocav
™V Kar@ppeucn SiwpoPnsg Karaokeung amd Tnv otroia Tnv TEPiIOdO g Trapouoag
£épeuvag rapépevav UTToAEINpaTikG povo Ta Bepéhia. H Bidppngén autn otn cuvéxeida
NG TTPOKAAECE {nuieg ot £va XaunAd AIBOKTIOTO TOIXiO, TO OTTOI0 TTAPOUCIAlEl HETA-
TOTON TOoU ETAVW PEPOUC ToU KaTa Trepitrou 35 cm (Eikdva 3-2).

' H maAQI0oEIOHOAOYIQ EPEUVA TNV TTPOOPATN CEIGHIKY IGTOPIA CUYKEKPIHEVWV PRYHATWY, HE
o1éx0 TNV ££aywyr] TOIOTIKWY KQI TTOCOTIKWY XAPAKTNPIOTIKWVY, XPNOILOTOIWVTAS E10IKES TE-
XVIKEC KQTAYPAPrC kI XpOVOASYNONG EMAYUévwY £Sa@ikwy deiypdrwy. Mevikd, n oe1pa@ 1wy
EPYQACIIV TTOU aTraitouvial yia 1n Siegaywyr} Hiag OAOKANPWUEVNC TTAAQIOCEIGOAOYIKIG £PEU-
vag, kai o1 0oie¢ akoAoudbriBnkav o€ GAeC TIC TOPEC TTOU avapépovial o1V Tapoloa €kBeorn,
gival: a) emoyr} ¢ B€ong, B) xaraokeur} ¢ TOPNRG, Y) kaBapiopds Twv ToiwHdTWY, 8) KO-
1aokeun kavvapou 1x1 m, £) Aemwvouepri¢ karaypaen (logging) tn¢ oTpwHATOYPAPIac kai g
pnliyevou¢ yewpeTpiac o xAipaka 1:20, or1) deiypartoAnyia amwd emieypéva orpwpara, )
XpovoAdynon twyv Beiypdrwy pe kar@AAnAn péBodo kai i) epunveia. Na kade éva améd ra a-
pamdavw o1ddia akohoubeitar pia 161k} peBodoAoyia, n omoia avamTixdnke ot peyaio Babud
amd 1a péEAR NS EpELVATIKAG opadag Tou A.M.O. kard 1 SIGPKEIA TTPONYOUHEVWY QVTIOTOIXWV
epeuvwv. Ta Bacik@ tng o18diIa wepypdpovial avaluTikG améd Tov Xar{nmérpo (1998).
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8éon 6mou Bpiokeral To TOIPEVTEVIO Baredo, TTpoiTripXE SiwpoPn KaToikia, n oTroia
KOTEPPEUOE KATA TN Sidpkeia Tou oeiopoy. 20 m SutikéTepa arrd Tn B€on auTh, KAl OTN
OUVEXEIQ TOU CEICUIKOU PriyHaTOG, KATAOKEUAOTNKE N Tour AY-1.

Eikéva 3-2. Atroyn pog¢ Ta A TNG CUVEXEINS TNnG vOTIag pnéiyevoig ypappng orn 8éon
Asagi Yuvacik. AlakpivETal 1 TTAPANOPPWOT TOU XaunAolu AiBékTioTOU TOiXOU. TO
TPACIVO TAPATTETAOHA ETTAVW aTTd TOV TOiXO Eivan TO iB10 Trou diakpiveral 010 BGBOG
kai oTnv Eikéva 3-1.

Me Bdon Ta kpitpia £TTIAOYAG TToU ava@épBnkav Trapardvw otn oeAida 20, eTTEAEYN
pia 8éon 20 m BuTikOTEPA AUTAG YIA TNV KATAOKEUR piag Topng. H tour auth (AY-1)
KaraokeudoTnke o€ diuBuvon B-N (kaBera omig oeiopikég diappnrgeig). To unkog g
Arav 12 m, ka1 10 BaBog TS £prace Ta 3 m (Eikéva 3-3). 10 KEVTPIKG TNG TUAMA TTa-
parnperiénke n ook pngiyevig duvn, n orroia petaTitrrel Tpog B kai gival oxedoév
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karakopuen (Eikéva 3-4). 10 KATWTEPO THAKA TNG TONG TaparnPAenke Kai pia Sev-
Tepn BiGppnEn, N oTToia WG BE PTAVEI PEXPI TNV ETTIPQVEIQ.

>
5 4

P -

Eixéva 3-3. Meviki} down mwpog B ¢ Toprig AY-1, oTo onueio émmou SigpxoTav n oei-
opki Sidppnén Tou 1999. Alakpiverai 0 UPNAGS USPOPOPOG opifovTag.

Eikéva 3-4. AemrTopépeia NG oaiopikig pnéiyevoug {wvng, 6mweg aur @aiverar oty
Toun AY-1.
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Karaypd@nke HE AETITOPEPEIQ TO BUTIKG TOIXWHA TNG TOMAG, N OTPpWHATOYPAPIa TNG
oTroiag ATav (aTmd Ta AVWTEPA TTPOG T KATWTEPQ):

Eikova 3-5. AemrTopépEIa TOU KAVVABOU KAl TNG OTPWHATOYPAPiaS TOU SuTIKOU TOIXW-
parog Tng Toung AY-1, 6mrou drakpiveral n eEAa@pd orpwon mpog Ta N TG adpOKOKKN G
duuou (oTpwpa 4), KaBWE Kai N dopr| Twv OTPWHATWY 5§ Kai 6.

6.
7.

TeXVNTEC ETMIXWOEIG, ME TTOMEG ACTPWTEG KPOKAAEG, HE G@Bova ocuyxpova
avBpwTroyevr UAIKA.

AETTTOKOKKN AUUOG HE HIKPEG KPOKAAEG, QAIOKACTAVOU XPWHATOG.
YAIKO O6p0I0 HE TO 1, XWPIG avBpwITOYEVE UAIKA.

ADPOKOKKN GUUOG ME MIKPES KPOKAAES Kal EAa@pa atpwon Tmpog Ta N (Eikéva
3-5).

IAUBNG QUUOG ME DIGOTTAPTEG KPOKAAEG.
YAk 6010 pE TO 4, aAAG TTIO OKOUPO.

ApPYIAOIAUG HE GpBOoVOo opyavikd UAIKO.

H epunveia NG TopnAg Beixvel 6T 0Tn CuyKekPIpévn TTEpiTITwon dev givai duvardv va
gvromoTouv pe BeBaidtnra Trakaidétepol osiopoi. Mia mBavn évdeign yia éva trpon-
yoUpevo oelopd €ival n pn oUPQWVN OTpwHATOYpaYIa ekatEPwBEeY TNG PNnElyevoug
dwvng yia Ta otpwpara 1-4, o€ avriBeon pe Ta 5-7. Emadn 6pwe n doun aurr givai
duvardv va TTpoEABEl atrd SIAPOopPES YEWAOYIKES/YEWUOPPOAOYIKES BiEpyaaTieg, n Tau-
TOTTOINCN KATTOI0U TTAAQIOCEICHOU Bev gival duvarr).

Zrnv idia BEon KATtaoKeuaoTNKE Kai pia deutepn Tour (AY-2) oto Bopeidtepo kKAGDO
¢ didppngng, n omoia edw KAivel mpog N (Eikéva 3-6). To kipio HEPOC TNG TOMNAG
auTtrg €ixe raparagn B — N, evw ota 800 dkpa TnNG KATAOKEUAOTNKAV SUO0 HIKPOTEPES
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OUVEXOUEVEC TOMEG, TTOU EvvovTav PE TNV KUpia, TTapdragng A — A, HE OTOXO TNV
avixveuon mBavig opifovriag perarémong (Eikéva 3-7).

Eik6va 3-6. Aiavoign tng Tourig AY-2, 40 m Bopeia Tng AY-1, oTo onyeio 61rou digpyo-
Tav évag mapdAAnAog kAadog Tn¢g oeiopikng diappngng. Ta kripia rou diakpivovral oTn
PWTOYPAPia UTTECTNOAV TTOAD TTEPIOPICHEVES INUiES.

24/66



Eik6va 3-7. Meviki} amown Tou KUpiou kAGSou Tng Toprg AY-2, 6mou Siakpivovral ol
IAU@BEIC aroBETEIg Kal 0 UYPNAGG udpoPopog opifovrag. Dyn mpog B.

Eik6va 3-8. AeTrTopépeia Tou avaToAiKoU TOIXWHATOG TNG Toprg AY-2, 6Trou Siakpiveral
1} HETATOTTIO TOU OpyavikoU IAUGWBoug opifovTa Kard mepirou 1 m wpog N.
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TNV Topr auTh To UAIKS TTou auvavTiBnke ATav KUpiwg INUWAES — apyIAIKO, UE apBo-
vo opyaviké UAIKG. H oTpwpaTtoypagia auth ogeiletar otnv Utrapén evég Tevayoug
(Eik6éva 3-8, TTPOOKIVIO), TO OTToi0 TTPOKAAET TNV aTTOBEON AETITOKOKKWY UAIKWY Kal
TNV avamTugn opyavikng palag.

H pnéiyevrc Zuwvn TTPOKAAE HETATITWAN TOU KATEABOVTOG TEUAXOUG KATA TrEPITTOU 1 m
mpog Ta N (Eikéva 3-8), n omroia TauTIZETal YE TNV ETIYAVEIOKT) HETATOTION OTN BEON
auTr. ZTnNVv Toun AY-2 Sev £YIVE N ATTOTUTTWOT TWV TOIXWUATWV TNG, APEVOS UEV yIaTi
Bev UTTAPXE TTAAAIOTEPN WETATOTION, APETEPOU Oe yiati o udpo@opog opidovrag Hrav
oAU UWNAGS, Ye aTrOTEAEOUA TNV TIAIPWATN PEYAAOU PEPOUG TNG OE MIKPO XPOVIKO
SIGOTNHA KAl TNV KATAGTPOPT] TWV TOIXWHATWY TNG.

3.2 ©éon Déniz Evler (DE)

31N B€on OTTOU EPQAVIOTNKE TO KAVOVIKO priyda avatoAikd Tou Golcuk (keg. 2.2.1)
eeAEYN N BE0N KATAOKEUNG Miag akdun Tourg otnv tepioxry Déniz Evler. Ztn 6£on
QuTh N KavoviKr] JETaToman fTav g 1agng Tou 1,5 m mpog ta BA (Eikéva 3-9).

s +
Eikéva 3-9. Asrropépeia tng pnéiyevoug {wvng pe dApa 1,5 m tou priyparog Tou Golciik
ot 0éon Tng Toprig DE-1. Own mpog Ta NA.

AGyw ToUu GAPATOg auToU, TO OTroio OTn BEon ATav oXedOV EVIEAWG KAVOVIKO, ETTNPE-
dotnkav Ta utrepkeipeva Sévopa (AeUKeG), TTOAAG atmd Ta oToia aTéktnaav KAion,
Xwpic Ouwg va vekpwBouv (Eikéva 3-10).

ST0 TUAMO QUTG TOU PriyMATOG, ETTEAEYN Mia OUyKeKpIpévn Béon ue BAon Kupiwg TO
TPWTO amd Ta KPITAPIa TTou avagépbnkav otn ogAida 20, kal auTtd yiati KaTd PRKOG
¢ didppngng dev utrrpxav BECEIG 01 OTTOIEG va IKavoTtroloUv Kai Ta dU0 KpITApIa OF
IKAVOTTOINTIKO BaBuo.

1t Béon ou emeAéyn kKataokeudoTtnke n toury DE-1 kdBeta omnv Tapdragn Tou
priyuarog (Eikéva 3-11), 1o omoio otn 8éon auth eixe maparagn 120°. O1 dlaoTdoeig
¢ Toung ATav 18 x 6 x 4 m (M x N x Y), eV 01 YEWYPAPIKEG CUVTETAYUEVEG, ATTO
ueTprioeic GPS, eivan B 40°42'38.1”, A 029°51'24.0".
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1 L3 e

Eikéva 3-10. KexAipéva SévBpa (Aeokeg) otnv mepioxr Tng Topg DE-1. H kAion Twv
BévBpwy yive Adyw ¢ em@aveiakig Sidppnéng oe aut T Béon.

Eikéva 3-11. ®don KaTaoKeurg Tng Toprg DE-1.
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MEeT@ TNV KQTAOKEUN TNG TOMrG, akoAouBriBnke n peBodoloyia Tou avagéperal oTnv
utroonueiwon 1 (ogA. 20). H Aemropeprig kataypa@r kai Twv U0 TOIXWHATWY NG
Topr|g, £8¢i€¢ OTI N oTpwUATOYpaPia atroTeAeiTal ad Ta akdAouBa oTpwuarta (Eikdva
3-12):

i i

Eikéva 3-12. Karaypa@n TURPaTog Tou avatoAikold toixwuarog tng toprng DE-1. H a-
PiBUNON TWV OTPWHATWY AKOAOUBEI TNV TTEPIYPCPN TOU KEIHEVOU. ZNUEIVOVTAI ETTIONG
ol Béocig SeiyparoAnyiag yia XpovoAdynon HE “C (tpiywva) kai f8sppo@uwravyeia (Ko-
kAoti).

1. ZOyxpovo £5a@IiKé AETTTOKOKKO UAIKGO UE apalEg KPOKAAESG, EpuBpokdcTavou
Xpwuarog.

2. AANNOUBIO PE TTOIKINOXPWHEG KPOKAAEG TOU UTTORABPOU HIKPOU Kal JECAiou pE-
y€Boug (10-12 cm).

3. ABpOKOKKN GUHOG e acBevr) oTpwan TPog Ta B. MoAU apaiég KPOKAAEG pi-
KpoU peyéBoug (Ewg 2 cm).

4. YAIKG 6[0IO UE TO 2, YE PEYAAUTEPN GUUMETOX adPOKOKKNG Aupou. To KaTw-
TEPC MEPOG TOU OTPWHATOG epPavieTal eEAa@pd ofeidwpuévo (EpubpokdcTavn
améxpwon).

5. KpokdAeg pe ogeidia payyaviou (pavpou Xpwuarog).Or KPOKAAES YEVIKWIG EU-
@avigovral diareraypéves TTapdAAnAa / utroTrapdAAnAa pe Tn oTpwon.
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6. Kpokahotrayég pe KPOKAAEG Troikilou peyEBoug (max 15 cm), YEVIKWG EPU-
BpokdcTavou XpWwHaTog, aAAd Slapépei KaTd BETEIS.

7. KoA\oUBIO TEQPOU XPWHATOG HE KPOKAAEG PEYEBOUG €wg 12 cm Kal TTOAAES
MIKPOTEPES PEYEBOUG 2-5 cm, XWwpig Kauia oTpwan.

8. Kpokahomayég puBPOKATTaVOU XPWHATOG (UEYEBOG KPOKAAWY WG 15 cm).

9. KaoTavotrpdaivn AETITOKOKKN AUMOG HE EAGXIOTEG HIKPOU HEYEBOUG KPOKAAES,
KUpiwg oTn voTia dKpn TOU OTPWHATOG.

10. EAQioTTpdoivn dpyIAAOG LE EVOTPWOEIG Kal GpakoUg AETTTOKOKKNG GuHOU.
11. ASPOKOKKN AUUOG TTPACIVOU XPUWHATOG.

H Eikéva 3-13 Beixvel T yeVIKA droyn Tou avatoAikoU Toixwuarog Tng Tourg DE-1,
4Trou SIaKPIVETAI N CTPWHATOYPAPIA TTOU TIEPIYPAPNKE TTAPATIAVW.

Eikéva 3-13. Meviki) droyn Tou avatoAikou Toixwparog Tng Tourig DE-1. Alakpiverai n
oTpwparToypagia T6co oo aveA86v (footwall) 600 kai oTo KareAB6v (hangingwall) Té-
Haxog.

O1 pnéiyeveic Souég aTnv Tour auTr amoTeAovvral amd Suo priypara, To BOpEioTEPO
€K TWV OTroiwv arroTeAeital amd 2 KAGSoUG Kai ival autd TO OTTOI0 £PTACE PEXPI TNV
EMPAVEIX KaI 5pacTnPIOTOIRBNKE KATd 10 OEIoud Tou AuyouaTou Tou 1999, evw 1O
BeUTEPO OTAMATA OTO OTPWHA 6, Kal QaiveTal 6Tl cuvdéeTan pe TTaNIGTEPEG BpacTn-
plotroijoeig g dwvng. H Baoikr pnéiyevrig dwvn @aivetar atnv Eikéva 3-14 yia 10
avaroAikd Toixwpa, Kai otnv Eikéva 3-15 yia 1o duTtikd.

H peAéTn TNG UIKPOOTPWHATOYPAPIAG Kal TNG TEKTOVIKAG dourig Trou Traparnperiénkav
Kal oTa U0 ToIXWwuaTa TNG Toung, deixvouv Ot To priypa autd dpacTnpioTroindnke
TOUAGXIOTOV GAAEG TPEIG POPEG TTPIV ATTO TO OEICHO Tou 1999.
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Eikéva 3-14. Acmrropépeia TnG pniiyevoug Jwvng oTo avaTtoAiko Toixwpa Tng Toprs DE-
1. Alakpiveral o KAvvaBog ava@opdg Kai n CHHAVOT TwWV CNHAVTIKWY OTOIXEIWV TG
TopNG (KOKKIVa onusia: piiypara Kai SIOKAACEIG, AEUKA onpeia: Opia OTPWHATWY).

E— > o™ . 5 3 N>

Eikéva 3-15. H pndiyeviig Jwvn, 6mrwg auth S1akpiveTal oTo SuTiKG TOIXWHA TNG TOMIG
DE-1.
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3.3 ©éon Acisu (AC)

H emrépevn Béon GtV OTT0Ia KATAOKEUAGTNKE TTAAQIOOEITHOAOYIKF TOWN YIO TN HEAETN
NG TaAAIOTEPNG CEICHIKAG I0TOPIAg TNG ETTIPAvEIaknig Sidppngng Tou 1999, BpiokdTav
oto Acisu. H emaveiakr] didppnén otn Béon auTh eixe oxeddv amoKAEIOTIKA Xapa-
KTHPa 0PIZOVTIOS UETATOTTIONG, HE MIKPT KaVoVIKr ouvioTwoa (Eikéva 3-16).

Eikéva 3-16. H em@aveiaki didppnén Tou oeiopou A Tng 8éong tng Toprig AC-1. Oyn
mwpog Ta A.

H B¢on Trou eTTeAéyn yia TNV KATAGKEUT TNG TOpRG BPIOKOTAV OE pia ETTIUAKN ETTOXIKN
Aipvn (sag pond), n otoia avaTTUCOETAlI ETTAVW OTO iXvog Tou priyparog (Eikéva
3-17), 0T CUVEXEIQ TNG OTToIaG N SIAPPNEN TTPOKAAECE ONUAVTIKEG KATAOTPOPES OE
éva tapi.. TéETolou €idOUG YEWUOPQPOAOYIKEG BOUEG Eival QPKETA OUXVEG KATA WIKOG
pnyudrwy opilévriag YETATOTIoNG. TO XaPAKTNPIOTIKG O€ QuTH TNV TEPITTTWON Eival
61 n Aigvn aut Bpioketal o€ pia avacTpo@n TG pop@oloyiag, OTTwG @aiveral Kai
otV Eikéva 3-17.

Own mpog Ta N — NA.
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MeTd TV karaokeur] Tng Toprg AC-1 (Eikéva 3-18) 010 KEVTPO TTEPITTOU TNG ETTOXIKAS
AiUvNG Kai €kTéG ZWovng OEICUIKWY Slapprifewy, SiamoTwenke 61 To UAIKG TNG nrav
apyIAIKO, PE TTAOUCI OPYQVIKA UTTOAEIpUATA.

\ \a 0> Il .H’V’
Eikéva 3-18. Ddon exkoka@ig Tng Toprig AC-1, wmapdragng B — N. Oyn mwpog B.

MeTd TV Kataypa@r] Tou BUTIKOU TOIXWHATOG TNG Tourg, @davnke 6T atnv idia BEon
poUTnpéav TaAAIGTEPES ETTOXIKEG AiUVEG, 01 OTToiEg eixav Tapduoia dopr| PE TN on-
pEQIVA. ZTa QvTEPA 1,2 M TNG TOWNG DIATTICTWENKE 6T UTTAPYOUV APBOVA KEPAUIKA
8padopara, Ta oTroia UTTOdNAWVOUY TV avBpWIVN TTrapouadia Kard Tn JIAPKEIa TwV
TeAeuTaiwy @acewv dnuioupyiag Tng Aipvng (Eikéva 3-19).

H Umapgn Siadoyikwv TaAdioNuvwv eival EvOeign TTaAaiooeiouwy atn BEon aum),
yiati n dpacTnpioTroinon Tou priyparog TPokaAei ahhayr) oTnv EIQAVEIAKT HOPPOAO-
yia, n omoia pe T ogipd TNG TPOKAAEI ardBean vEou UAIKOU ETAVW aTro 1O TTPOU-
mapxov. Emeidr) Opwe 8 OUVOEETAI APECA PE Piak CUYKEKPIPEVN PNEIYEVT] ETTIQAVEIQ,
dev propolv va Byouv ac@aAf] CUUTIEPAOUATA OXETIKG UE TOV akpiBr] XPOVOAOYIKO
TTPOCBIOPICUS TTBAVWYV TTAAQIOCEICHWV.
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Eikéva 3-19. Aemrropépeia Tou SUTIKOU TOIXWHATOG TNG TOUNS AC-1. Aiakpiverail TO ap-
YIAIKO UAIKG TTAjpWONG, KaBwg ETiong Kal KEPAMIKA Bpavopara TTou uTrodnAwvouy TN
OoXeTIKG pikpR nAikia Tou OUYKEKPIJEVOU OTpwparog (Snuioupyia ot 10TOPIKOUG XPO-
vOoug).

3.4 Ofon Kullar-Yaylacik (KY)

H 8¢on autA Bpioketal otnv Tepiox} Yaylacik, 1 mepitrou km BUTIK& Tou OIKIGHOU
Kullar, 6Trou n em@aveiakn SiGppngn TTPOKAAETE TV KATEPPEUTN £VOC OUYKPOTHHO-
TOC TTOAULIPOPWY OIKOBOUWV.

Eikéva 3-20. £tn 8éon karackeurig Tng Topng KY-1 n didppnin eixe opifovria Segi6-
oTPOPN HETATOION TNG TASNG TWV 3 TTEpiTTOU M, OTrW¢ PaivVETAI KAl ATTO T HETATOTNION
Tou Toixiou. Own wpog N.
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$1n Béon auth Traparnpeitai SeGIGOTPOPN UETATOTTION TNG 16€ng Twv 3 m (Eikéva
3-20), eV N KATOKGPUPN CUVICTWOA TNG Kivnong eival apeAnTéa. H Toun KY-1 €ixe
dievBuvon B-N Kal KATAOKEUAOTNKE KABETA OTIG ETTIPAVEIAKEG diappnEels.

Eikéva 3-21. ®don karaokevig Tng Toprg KY-1. Oyn wpog B. It Béon g idppning
Ko avaToAIKG TOU ToIXiou, UTIPXaV TTOAUWPOYES OIKOBOUEG OI OTTOIEG Karéppeucav
KOTd TN SIGPKEIQ TOU TEICHOU.

s 2 Ll S .

Eikéva 3-22. Aemrropépeia Tng Bopeiag Jwvng Tou priyparog oTnv Topun KY-1.

METG TNV KATAOKEUR TNG TOWAG, DIAMOTWONKE OTI N JWvn Twy EMQAVEIAKWY diappr-
Eewv amroteAeiTal amd dUo BIaKPITEG PNEIYEVEG EMQAVEIES, oI OTroieg Trapouaialav
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de€ioaTpoPn Kivnon. Eviidueca Twv 300 E£MQAVEILY TTapaTnpeAdnke pia Jwvn Bid-
TUNONS (shear zone), pe TTOANEG HIKPEG ETIQAVEIEG DIaKAGOEWY Kal OAIoBrioEwV. To
UAIKG TToU TrapaTtnEBnKa aTnV ToUr auTr €ival ISiaiTEpa diaTapaypévo, Kal aTTOTEAE-
Tal améd «piypa» (mélange) apyidwv Kai GUPWY Pe DIAOTTAPTEG KPOKAAEG HE XAOTIKN
dopn.

A ,z‘}’m:,,." n‘» " g % SRR S
Eikova 3-23. Aemrropépeia Tng Bopeiag pnéiyevoug {wvng otnv topr KY-1, 61rou Siakpi-
veTal mlavi] PEVCTOTTOINCT OTO VW APICTEPS HEPOG TNG PUTOYPAPIag.

T - - > - S

Eikéva 3-24. Aemrropépela tng mbaviig Sopng pEUoTOTOINoNG TOoU BIOKPIVETAI OTNV
Eikova 3-23.
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21 BopeidtePn pniyevr) wvn TTapamperBnke pia Soprn n otroia epuNVEUBNKE WG TTI-
Bavry TahaiopeuaTtotroinon (Eikéva 3-23). H eowrepikn didragn otn dour) auTr evi-
oxUel TNV TTapamdavw amrown, KaBws o1 KOKKOI TNG GUUOU Eival TTPOCAVATOAMTUEVOI
kai divouv TNV evriTwon «pong» (Eikéva 3-24).

TéNog, n véma pnéiyevrig Jwvn TrapouciadeTal wg pia em@dveia kaBapd opifovTiag
peTatomions. O ypaupwaoelg oAiobnong Tou TeAeuTaiou oeiopol diatnpouval TTOAU
KaAd oTo apyiAiké UAIKG TTou Trapapop@wvetal (Eikéva 3-25).

PEE——— .,

oAioBnong, oi omoieg deixvouv oxedov kabapn opiovria Se§I60TPOPN HETATOTTION.
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SMALI, SCALE STRUCTURAL PATTERN ALONG THE SURFACE RUPTURE TRACES OF THE
IZMIT-KOCAELI (TURKEY) 1999 EARTHQUAKE

by
ZEKI TUTKUN?, SPYROS PAVLIDES®> AND BULENT DOGAN®

ABSTRACT

The August 17, 1989, Mw=7.4 Izmit (Kocaeli) earthquake (Turkey) ruptured 100
km at least surface fault on land (total estimated : 140-160km) along the north-
western branch of the North Anatolian Fault Zone (NAFZ). Although the pre-existing
structures of NAFZ has been divided into segments, showing stepover and pull apart
geometry, the 1999 earthquake ruptures are generally linear, E-W striking (N80O°-
100°), right-lateral, too. In small scale and on the recent sediments they show
very typical strike-slip displacements (2 to 5m), pop-ups and pressure ridges (N
40-70°), P (N80%), R (N100-110°) and R’ (~N350°) Riedel shears, extensional cracks
(N115°-135°), restraining and releasing bends and small pull apart structures. Co-
existence of strike slip fault ruptures with normal and reverse separation is typi-
cal. The most typical normal fault (D=1.5-2m) was mapped in Kavakli-Yenikéy vil-
lages (G&lciik peninsula) striking N130-140°. 1n the epicentral area (Golcik-
Tepetarla) the seismic ruptures did not follow any known or previously mapped
fault, but the surface morphology and the Digital Elevation Model (DEM) show typi-
cal and recognizable morphotectonic features, typical of Holocene activity. That is
elongated valleys, shutter ridges, high angle slopes, scarplets, stream offset;
while trenching tectonostratigraphy indicate paleo sag-ponds  (clay deposits) and
paleo liguefaction (c** dating-Holocene-historical deposits 200 to 11,000 yr. BP).

KEY WORDS: Izmit-Kocaeli 1999 earthquake, North Anatolian Fault,
Co-seismic ruptures.

INTRODUCTION

Anatolia from neotectonic point of view is a post alpide colli-
sional intracontinental convergence in association with tectonic escape
related deformation region, and the consequent structures are folds,
thrusts, suture zones, active typical normal faults and important strike-
slip faults, like the right-lateral North Anatolian Fault Zone (e.g. Boz-
kurt 2001). This fault is an intracontinental strike-slip structure, too,
with a slip rate of about 20mm /yr, well developed topographic expression
and remarkable seismic activity.

Although many papers, announcements and abstracts have ap-
peared recently on the Izmit 1999 co-seismic fault traces, little
attention has been paid subsequently to the small-scale structures
associated with divergence or convergence or simple shear along
the activated seismic fault. They constitute a useful point of
analysis of structures along strike-slip faults and could be help-
ful for considerably larger scale. They are analogues to the North
Anatolian Fault Zone itself. Field observations along the 90-100
km on land fault traces of the Izmit (Kocaeli) 17th August, 1998
earthquake have been taken immediately after the event (Tutkun et
al. 2000) and on the small scale structures (tension cracks, con-
tractional, Riedel shears etc) in detail, on May 17-18 and mainly
June 17-22, 2000, January 13-15 and September 5-11, 2001.

2 Kocaeli University, Dept. of Geology , Izmit, / now at Canakkale University, Turkey.
® Aristotle University of Thessaloniki, Dept. of Geology, 54006 Greece.

® Kocaeli University, Dept. of Geology , Izmit,/ now at ITU, Istanbul, Turkey.
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The purpose of this paper is to summarize the 1999 co-seismic
fault geometry and segmentation and to emphasize both on some
small-scale typical strike-slip characteristics and controls on
superficial structural patterns within the sedimentary cover, as
well as to show some typical active fault morphotectonic features.

FAULT GEOMETRY AND SEGMENTATION

The earthquake caused right-lateral strike-slip movement on the
fault. The fault rupture was characterized by en enchelon, P, R,
R' Riedels, extensional and contractional structures, locally,
which caused uplift, subsidence, and rotation in micro-scale. In
macro-scale the surface ruptures are named as Karadere-Arifiye and
Sapanca-Golciik segments from east to west as a first approximation
(fig.1). To the west the rupture might extend under the Izmit gulf
for over 50 km. The total measured on land maximum offset range
between 1 and 4.8 m on the Karadere-Arifiye segment and 2.5-3.5 on
the Sapanca-Golcuk segment.

Although the earthquake ruptures are generally linear (fig. 1),
E-W striking (N80°-100°), they can be divided into branches (not
typical segments) on the basis of their geometry. The Karadere
"segment” (or branch) (A) is an ENE-WSW (N75-85°) striking, 20-25km
(?) long fault from Eften lake to Akyazi town. It also overlapped
with the November 12, 1999 Duzce earthquake ruptures (Tutkun et al
2000; Emre et al., 2000); the maximum observed displacement was
about 2m, while the average less than 1m. The Arifiye "segment”
(B) is a 25 km long linear and more or less continues seismic
trace from the Arifiye village to the east shore of the Sapanca
lake. In between Arifiye and the town of Akyazi there is a 5 km
gap of surface seismic traces. It strikes E-W (90°). The maximum
right lateral displacement (4.8 m) was observed close to Arifiye
village. The displacement is gradually decreased toward the east
(0.3m), but the average displacement on this segment is as high as
2-2.5m. The Karadere and Arifiye fault branches are sub-parallel
and near to the western edge of the 1967 Mudurnu seismic fault
traces (Ambraseys & 2Zatopec 1969, Barka & Kadinsky-Cade 1988).
This segment is separated from the Sapanca-Golcik one by the Sa-
panca lake step over and by a NW-SE trending normal fault (Golcik
peninsula-Kavakli area).

The Sapanca-Tepetarla-Golcuk E-W (90°) striking, 35km long
"segments" (C) extends from the northwestern shore of the lake Sa-
panca to Golcuk peninsula, while for about 4 km it runs under the
Izmit gulf along the southern shoreline. The maximum displacement
is 4m, while the average is 2.5+0.5m. The western edge of the seg-
ment at Kavakli-Denizevler-Yenikoy area is a typical 4 km long
normal fault, NW-SE (120-130°) striking, with 2.10m maximum verti-
cal offset and 0.2-0.3m right-lateral one.

The Western "segment" (D) is a possible submarine E-W structure from
Golcuk to Yalova about 40-50 long. It is simply based on spatio-temporal
distribution of aftershocks. The seismicity pattern itself defines two (2)
segments that extend about 80km east and 75km west of the main shock epi-
center (40.8N-29.9E, Colcuk-Izmit, fig.l). For further information on the
fault geometry see also Awata et al, 2000; Barka 1999, 2000; Tutkun 2000;
Youd et al "Earthquake SPECTRA"™ 2000, Ergin et al. 2001 among others.
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SMALL-SCALE STRUCTURAL PATTERNS

Blthough the observed ruptures are pure strike-slip mainly,
drag faults are often seen with pressure ridges, tension fractures
and small pull-apart basins (Biddle s Christie-Blick 1985). The
most remarkable normal fault was found in Kavakli (Denizsevler)
area (cGslcik peninsula). It is a WNW-ESE trending, NNE dipping
oblique-slip fault. At Denizsevler sport center it shows 130-140°
strike, 1.5m vertical displacement and 0.3m dextral one, while
vertical displacements of about 2 meters have been measured at
Yenikoy, too. It affects recent delta deposits, sandy clays,
sands, gravel, conglomerates and soil. It is a typical extensional
structure perpendicular to o; main stress principal axis. Exten-
sional features, which are mode I cracks (see Scholz 1990) form in
strike-slip systems, in response to simple shear at about 45° to
the master fault, as Golcuk-Kavakli fault is. But this fault is
believed to activated during of just after the main shock as a
gravitational slip, following a pre-existing structure, than typi-
cal co-seismic rupture. This normal fault could possibly be the
visible strand of a pull-apart structure, lying close to the epi-
center of the main shock where the rupture propagation had
started.

Co-existence of strike-slip faults with normal and reverse sepa-
ration is typical (Biddle & Christie-Blick 1985, see also Scholz
1990). Compressional small scale structures observed are: pressure
ridges (fig.2), that is linear topographic highs bounded by
faults, and pop-ups, that is uplifted small block, as well as
"thrusts" at 60-40° (Table I). In general the orientation and move-
ment along right-stepping small fault branches has resulted in lo-
cal compression that caused shortening and uplift. That is, numer-
ous left- and right-stepping linear fault traces of about 10-15
meters long, has accommodated right-lateral-motion, tend to over-
step one another and produce compression locally. Figures 2 (right
corner box) and 3 (a), (b) show typical reverse structures
(strike : 40-70°, 2-3 m long). On the contrary in local extension
(e.g. releasing stepovers) tension fractures (open-up structures)
1-10 meters long have been developed at 130-140° mainly, that is 40
to 45° angle to the master fault (fig. 3 ¢, d). Synthetic shears
(R) Riedels stand at 100-110° and (P) shears at 80°, while in 170°
stands the antithetic (or conjugate Riedel R') shear rarely and
the Main right-lateral Displacement 2Zone developed at an average
strike of 90°, (Table I, figs 1, 2, 3, 4).

MORPHOTECTONICS

The surface rupture of the 1999 earthquake could not be pre-
dicted along Izmit- Sapanca lake-Arifiye E-W elongated valley, an
area covered by Pleistocene and Holocene mainly sediments. None
fault was previously traced or mapped, where the recent co-seismic
ruptures appeared. But Earthquake Geology recently developed the
study of Earth's surface (morphotectonics) for evidence of paleo-
earthquake activity. The most impressive morphotectonic structures
in the region, which dominate the area, are the E-W elongated Gulf
of Izmit, the lake Sapanca and the Tepetarla-Arifiye valleys, too.
The gulf is in fact a 50km long and 10 average width prolongation
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of the sea inland, along the northwestern branch of NAFZ (see also
fig. 1) . In smaller scale the Tepetarla-Kular-Yaylacik-
Agasiguvacik morphology (Mahmut pasa) has been studied in detail
by topographic sections, DEM construction and consequently by
landscape analysis, as the most typical example of the region. The
digital elevation map was produced by on-screen digitising eleva-
tion contours (scale 1:20.000) and a shaded relief image was pro-
duced (ARCINFO and ARCVIEW). Both morphology and Plio-pleistocene
deposit stratigraphy indicate the fault migration northwards (fig.
3) up to linear E-W elongated valley where the 1999 ruptures ap-
peared.
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Fig. 1. The surface ruptures of the 17th August 1999 (Mw=7.4) Izmit earth-
quake with the four distinct "segments" (or branches) named from east to
west: A. Karadere; B. Arifiye; C. Sapanca- Gélciikk; D. Izmit Gulf. In gen-
eral the co-seismic fault ruptures are linear and could be divided into
two typical segments only. NAFZ: North Anatolian Fault Zone (western
strands), (after Z. Tutkun et al 1999; 2000 unpublished).
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Fig.2: sketch of a series of pressure ridges along the right-stepping linear fault
traces at "Mahmut pasa" (Golciik - Sapanca segment, Kocaeli area). In general the
orientation and movement along stepping small fault branches has resulted in local com-

pression that caused shortening and uplift of about 5-10 meters long (gray areas).

also accompanied by extensional res (120-130°). Right corner box: the structure of
A tunircal nressnre ridoe. where the Main disnlacement Zone is 100° and the contractional
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master Displacement Zone, C: contractional structures, N: normal or Ten-
sion fractures, P and R shears; right the corresponding photograph. B)
Displaced poplar (kavak) at Tepetarla, diagram in map view, at a: strike-
slip displacement D=37cm, QOpening O=28cm; at b: D=10cm, vertical Displace-
ment D'=60cm, 0O=35cm; right the corresponding photograph. C) and D) Sag-
pond geometry at Arifiye (sketches and photographs).

Several neotectonic and geomorphic observations along the fault
indicate Quaternary activity. Yaylacik hill (fig.4 a) where a
block of new apartment buildings on the fault trace totally col-
lapsed, is a typical shutter ridge, which controls the drainage
diversion. The "Mahmut pasa cifgligi” low hill relief can be also
characterized as a large scale elongated E-W shutter hill (fig. 4
b). The most characteristic small shutter ridge is the 10m long
(E-W) and 3m width (fig. 4 ¢) in the center of the E-W elongated
small valley, southern of "Mahmut pasa" hills, along the 1999
seismic traces (fig. 4).

We have begun a programme of trenching across the fault in order to
obtain fundamental data for the evaluation of past activity. The "Mahmut
pasa" area is located at the middle of a linear shallow valley with flat
floor (fig.4). Two trenches on the 1999 fault traces on a small pressure
ridge have been excavated (fig. 4 site T), 8m long and 4m deep in order to
look for paleo fossilized seismic structures or paleo-earthquakes (fig.
5). The trench walls display a record of Holocene (historic) sedimenta-
tion. The sediments are broadly divided into three at least layers and the
superficial recent soil, named a) 2m thick dark soil; b) 1lm yellow sandy
mad, possibly of paleo sag ponds deposits, and c) lm dark paleo soil with
few pebbles. They are in typical horizontal position, but disaccommodated.
Structural features, that is Jjoints (cracks), seismites and paleo-
liquefaction, associated with the fault are identified from sampled and
Cl4 dated. A preliminary concluding is that Izmit-Sapanca area has been
severely damaged by at least an event earlier than 200 years or so (see
also Sungai et al., 2000, Rockwell et al., 2000). This fault segment is
possibly associated with the 1894 and 1878 earthquakes according to Pa-
padimitriou et al., (2000) and Ambraseys (2001), as well as with the
strong shocks of the 18th century (e.g. 1719 earthquake, that is the most
probable or the 1754 shock)or earlier (e.g. 1509), according to our pre-
liminary data and our paleoseismological works, which is in progress in
the region. A second trench was also opened at Yaylacik, where the co-
operative apparent buildings block collapsed. It shows the positive flower
structure geometry of the 1999 fault, as well as a previous one in the
brown soil-clays (4 m deep). A third trench at Kavakli-Yenikesy (Golctik)
oblique-nornal fault clearly shows three (3) event: the last with 1.6m
downthrow (1999 scarp) and two paleoevents printed on the Holocene sedi-
ments, 0.70m and 0.30m vertical displacement respectively.
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Fig. 4. Top: Topographic map part of Sapanca-Golciik segment at Mahmut
pasa cifgligi (between Yaylacik and Yuvacik villages) F: 1999 co-seismic
fault traces; F': pre-existing faults (in geological terms; photograph in
the box shows an older parallel fault affecting Plio-Pleistocene deposits;
striking N110-120°,dipping 70-80° NE; southern of Kular-Yaylacik); a,b,c :
shutter ridges; T: trenches. Down: Digital probable Elevetion Model (DEM)
of the landscape at the same area.

46/66



depth(m)

East Wall

Fig. 5. Trench (Izmit-I, East wall) where the three distinct layers are
shown (a: soil; b: sandy mad (clays); c: soil, possibly of paleo-sag-pond
origin), the 1999 fault (contractional) with the small-scale flower struc-
ture (I), liquefaction (II and III), seismites (IV) and cracks (V). Sam-
pling sites 1: 11,800 +-40 years BP;2 no results (?); 3:120+-40 years BP
(Radiocarbon Analysis, The University of Georgia, USA). Photograph: exca-
vation works.

Fig. 7. The angular relations between structures in right-lateral simple
shear conditions (Biddle & Christie-Blick 1985) that tend to form the
measured small and medium size structures of the 1999 Izmit earthquake

surface fault traces.
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CONCLUSIONS

The epicenter of the main shock was located at the eastern edge
of the Izmit gulf, that is Golcuk-Kavakli south of Izmit town area,
where the linear strike-slip fault is separated by a typical nor-
mal fault. On the base of surface geometry the total length of the
1999 co-seismic fault can be divided into two main segments (a:
Izmit-Gulf-Golcik-Izmit and b: Sapanca-Karadere), while on the base
of local strikes, displacements and step-over geometry it can be
divided also into smaller branches.

The co-seismic rupture is not a single break in small scale,
instead it is composed of numerous small typical right-lateral
strike-slip structures 2 to 10 m long, that is P, R, R' Riedels,
tension fractures and contractional structures. They are pressure
ridges, pop ups, sag-ponds (small pull-apart basins few meters
long), and Riedel synthetic mainly shears controlled by the master
fault displacement. Some representative measurements and the cor-
responding sites are given in the figure 3 and can be explained by
the angular relation of figure 7. Generally, they were responsible
for local differentiation in damage manifestation. Primary struc-
tures on the sedimentary cover along the activated 1999 fault are
close to those predicted by an idealized strain ellipse for right
lateral shear (fig. 7). Local fault rupture geometry and kinemat-
ics are compatible with instrumental data (earthquake focal mecha-
nisms). They are analogues to large scale structures of the North
Anatolian Fault Zone. Similar phenomena have been observed and
studied along the 12th November 1999 Duzce-Bolu earthquake
(fig.8) .

Representative morphotectonic and trenching tectonostratigraphy
at Sapanca-Golciik segment clearly show the Holocene-historical
(200 to 11,000 years BP Cl4) development of the fault at the pre-
sent site.
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TABLE I. Representative measurements of small scale features along the
right-lateral strike-slip Izmit co-seismic fault. All measurements are
given in degrees from North (strike). MDZ: Master Displacement Zone; P and
R Riedel Shears; Ex: Tension fractures-normal faults; C: Contractional
(compressional) R’ shear (antithetic); Dh: horizontal (dextral) Displace-
ment; Dv: vertical and H: heave (opening)

Golcuk-Kavakli-FORD

MDZ P R Ex C R’ Dh Dv H
90° . - - - - - 3.50 - -
90° - - 125° - - 0.20 1.80 -
- - - 130° ~ - 0.30 2.00 -
- - - 140° - - - - -
- - - 135° - 155° - - =
- - - 130° - 170° 0.30 1.50 -
82° - - - - - 0.90 - -
85° - - - - - 2.60 - -
90° - - - - ~ 2.80 - -
Tepetarla
MDZ P R Ex C R’ Dh Dv H
. 90° - 100° 130° 40° - 0.10 0.60 0.35
90° 80° - 122° 70° - 0.37 - 0.28
90° - - 132° 55° - - 0.30 -
90° - - 122° 30° - - 0.80 0.10
90° - 110° 130° 20° - - -
90° - 105° 115° - - - - -
100° - 110° . 70° - - - -
Asagiguvacik village (GSlcuk-Izmit area)
MDZ p R Ex C R’ Dh Dv H
90° 82° 105° 130° - - 2.5 - -
94° 88° (110°) 120° - ~ 2.5 0.80 -
96° - - 115° - - - 0.60 -
100° - - 120° - - - 0.42 -
130° 0.55
Mustafa pasa-Yaylacik
MDZ P R Ex c R’ Dh Dv H
100° - 110° 125° 50° - 2.3 - -
100° - 125° 40° - -
85° - 110° 130° 40° - - - 0.1
90° - 115° 140° 43° - - - -
90° 80° 110° 135° - 170° - - 0.2
90° - 115° 140° 50° - - - 0.18
90° 78° 106° 120° 55° - - - -
100° - 110° 122° 70° - - - 0.30
90° 80° 124° 60° - - -
95° 80° - 130° - 185° - - -
92° 80° - 120° - - - 0.42 -
Sapanca-Arifiye
MDZ 3 R Ex c R’ Dh Dv H
105° - 135° 125° 50° - 0.10 -
90° - 120° 125° 40° 1.50
92° - 102° 124° - - - 0.80 -
88° - 106° 138° - ~ - 0.40 -
95° 80° 114° 125° - ~ - 0.45 -
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90° - 110° 128° - ~ - 1.00

90° 78° 110° 130° - - - -

90° - 115° 135° - - - 0.50

90° 80° 100° 132° - - - -

Fig. 6. A 2.30m horizontal (right-lateral) displacement and 1.55 m opening
(heave) moving the frontal staircase of a one-floor house (Arifiye).

Fig. 8. The surface rupture and slip distribution of the 12th November
1999 Duzce earthquake {(Tutkun 1999). The photograph shows typical pressure
ridges at Kaynasly.
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SMALL SCALE CONTRACTIONAL -~ EXTENSIONAL STRUCTURES AND MORPHOTECTONICS
ALONG THE FAULT TRACES OF IZMIT-KOCAELI (TURKEY) 1999 EARTHQUAKE

by
ZEKI TUTKUN', AND SPYROS PAVLIDES®

ABSTRACT

The Mw=7.4 Izmit (Kocaeli) earthquake of August 17, 1999 (Turkey) rup-
tured 100 km at least surface faults on land along the northwestern branch
of the North Anatolian Fault Zone (NAFZ). Although the pre-existing
structures of NAFZ has been divided into segments, showing stepover and
pull apart geometry, the. earthquake ruptures are generally linear, E-W
striking (N80°-100°), right-lateral. In small scale and on the recent
sediments they show very typical strike-slip displacements (2 to 5m), pop-
ups and pressure ridges (N 40-70°), P (N80°), R (N100-110°) and R’ (~N350°)
Riedel shears, extensional cracks (N115°-135°), restraining and releasing
bends and small pull apart structures. In the epicentral area (Golciik-
Tepetarla) the seismic ruptures did not follow any known or previously
mapped fault, but the morphology and the Digital Elevation Model (DEM)
show typical and recognizable paleo-earthquake features. That is elongated
valleys, shutter ridges, high angle slopes, scarplets, stream offset;
while trenching tectonostratigraphy indicate palaeo sag-ponds (clayly de-
posits) and palaeo liquefaction (C* dating-Holocene-historical deposits
200 to 11,000 yr. BP).

NEPIAHYH

0 ogiopdéc 1nc 17" AuvyoUotou 1999 ornv Toupkia (Mw=7.4) £8woe emipo-
veiakég diappnfeic meplnou 100 km ornv énp& and tnv néin Gdltcik péxer 1N
Alpvn Eften. Me B&on vewpeIplK& KOLTAPLX TO OftOutKO phyua unopsil va dia—
kptBei or d0o xUpia “tphpata” pe yevixkhp ypoppixh dt&tafn xat defidotpoon
xivnon. And 1n peAéIn Hixpodopdv KoT& UAKOC TOU PHYHXTOC, dnwg supovilo-—
VIl gmipaveloaxd orta npdopata  LIApata, npoxuntei 611 n yevikh SiLevbuvon
Tou eivalt A-A (80-100°%, o1 Sefidorpopec opiléviieg uetatoniceig @iévouv
™ 2 u¢ 5 m, ov ocuvpniotikéc Sopéc ovomriccovial oe Sieubbvoeig 40-70°,
oL ouvBetTikég Riedel Siotpfoesic og 80° (P) kot 100-110° (R), oL aviiBeti-
kégc oe 350° {R’) xaL ot epeAkuoTikéc 115-135°, dniadfiy tunikéc 1Scatég dSo—
néc pia anAfg defidorpopne SL&TUnong. IINV ENLKEVIPLKA mepioxn tou Golt-
cuk-Tepetarla o. OSiappifeic akolouBoUv TUNMLKEC poppoloyLlxéc dopég, 6neg
npokUniel and 1nv 1ptdi&otatn ovdiuon 1ou oavayAUpou (DEM) Xoi TNV TEKIOVO-
OTPWHOTOYPXP LK) OVAAUOCT] IOAX LOCE LOMOAOY LKAV  EXOKAPOV {TOAX LOPEVCTONO LACE LG
eSapdv:CH 200 péxpr 11,000 xpdvIa-OASKKiVO) .

KEY WORDS: Co-seismic ruptures, Earthquake structures, Izmit-Kocaeli
earthquake.

INTRODUCTION

Field observations along the 90-100 km on land fault traces of the
Izmit (Kocaeli) 17th August, 1999 earthquake have been taken immediately
after the event (Tutkun et al. 2000) and on the small scale structures
(tension fractures, contractional, Riedel shears) in detail, on May 17 and
mainly June 17-20, 2000. The earthquake caused right-lateral strike-slip

4 Kocaeli University, Dept. of Geology , Izmit, Turkey
® Aristotle University of Thessaloniki, Dept. of Geology, 54006 Greece
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movement on the fault. The surface ruptures are named as Karadere-Arifiye
and Sapanca-Gdlciik “"segments" from east to west as a first approximation
(fig.1). To the west the rupture might extend under the Izmit gulf for
over 50 km. The total measured on land maximum offset range between 1 and
4.8 m on the Karadere-Arifiye segment and 2.5-3.5 on the Sapanca-Golcuk
segment.

Although many papers, announcements and abstracts have appeared re-
cently on the Izmit fault traces geometry and kinematics, little attention
has been paid subsequently to the small-scale structures associated with
divergence or convergence or simple shear along the activated seismic
fault. They constitute a useful point of analysis of structures along
strike-slip faults and could be helpful for considerably larger scale
(fig. 2). They are analogues to the North Anatolian Fault Zone itself.

The purpose of this paper is to summarize the 1999 fault geometry
and segmentation and to emphasize both on some small-scale typical strike-
slip characteristics and controls on superficial structural patterns
within the sedimentary cover and to morphotectonics of the pre-existing
active fault.

FAULT GEOMETRY AND SEGMENTATION

Although the earthquake ruptures are generally linear (fig. 1), E-W
striking (N80°-100°), they can be divided into segments on the basis of
their geometry. The Karadere "segment" (or branch) (A) is an ENE-WSW (N75-
85°) striking, 20-25km (?) long fault from Eften lake to Akyazi town, it
also overlapped with the November 12, 1999 Duzce earthquake ruptures (Emre
et al., 2000); the maximum observed displacement was about 2m, while the
average less than lm. The Arifiye "segment” (B) is a 25 km long linear
and more or less continues seismic trace from the Arifiye village to the
east shore of the Sapanca lake. In between Arifiye and the town of Akyazi
there is a 5 km gap of surface seismic traces. It strikes E-W (90°). The
maximum right lateral displacement (4.8 m) was observed close to Arifiye
village. The displacement is gradually decreased toward the east (0.3m),
but the average displacement on this segment is as high as 2-2.5m. The
Karadere and Arifiye fault branches are sub-parallel and near to the west-
ern edge of the 1967 Mudurnu seismic fault traces (Ambraseys & Zatopec
1969, Barka & Kadinsky-Cade 1988). This segment is separated from the Sa-
panca-Godlcik one by the Sapanca lake step over and by a NW-SE trending
normal fault (Golclik peninsula-Kavakli area).

The Sapanca-Tepetarla-Golcuk E-W (90°) striking, 35km long "segments"
(C) extends from the northwestern shore of the lake Sapanca to Golcuk pen-
insula, while for about 4 km it runs under the Izmit gulf along the south-
ern shoreline. The maximum displacement is 4m, while the average is
2.5+0.5m. The western edge of the segment at Kavakli area is a normal
(2.10m) right-lateral (0.2-0.3m) oblique slip 5 km normal fault, NW-SE
(120-130% striking.

The Western "segment”™ (D) is a possible submarine E-W structure from
Gelcuk to Yalova about 40-50 long. It is simply based on spatio-temporal
distribution of aftershocks. The seismicity pattern itself defines two (2)
segments that extend about 80km east and 75km west of the mainshock epi-
center (40.8N-29.9E, Colcuk-Izmit, fig.l). For further information on the
fault geometry see also Awata et al, 2000; Barka 1999, 2000; Tutkun 2000;

Youd L. et al "Eq SPECTRA" 2000, Lekkas 2001, Ergin et al. 2001 among oth-
ers.

SMALL-SCALE STRUCTURAL PATTERNS

Although the observed ruptures are pure strike-slip mainly, drag
faults are often seen with pressure ridges, tension fractures and small
pull apart basins (Biddle s Christie-Blick 1985). The most remarkable nor-
mal fault was found in Kavakli area (Golcuk peninsula). It is a WNW-ESE
trending, NNE dipping oblique-slip fault. At Kavakli sport center it shows
130-140° strike, 1.5m vertical displacement and 0.3m dextral one. It is a
typical extensional feature perpendicular to o3 main stress principal
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axis. Extensional features, which are mode I cracks, form in strike-slip
systems, in response to simple shear at about 45° to the master fault.
This normal fault is possibly the visible strand of a pull-apart struc-
ture.

Co-existence of strike-slip faults with normal and reverse separation
is typical (Biddle & Christie-Blick 1985, see also Scholz 1990). Compres-
sional small scale structures observed are: pressure ridges, that is lin-
ear topographic highs bounded by faults, and pop-ups, that is uplifted
small block, as well as trusts at 40°. In general the orientation and
movement along right-stepping small fault branches has resulted in local
compression that caused shortening and uplift. Figure 2 (a) and (b) shows
typical reverse structures (40-70°). On the contrary in local extension
tension fractures have been developed at 130-130° mainly, that is 40 to 45°
to the master fault. Synthetic shears (R) Riedles stand at 100-110° and
(P) shears at 80° while in 170° stands the antithetic (or conjugate
Riedle R') shear and the Main right-lateral Displacement Zone at 90°
(fig.2).

MORPHOTECTONICS

Earthquake geology recently developed the study of Earth's surface
(morphotectonics) for evidence of earthquake faulting. The most impressive
morphotectonic structures in the region, which dominate the area, are the
E-W elongated Gulf of Izmit, the lake Sapanca and the Tepetarla-Arifiye
elongated too, valley. The gulf is in fact a 50km long and 10 average
width prolongation of the sea inland, along the northwestern branch of
NAFZ (see also fig. 1). In smaller scale the Tepetarla-Yaylacik morphology
has been studied in detail by topographic sections, DEM construction
(ARCINFO and ARCVIEW) and consequently landscape analysis, as the most
typical example of the region. Both morphology and Plio~-pleistocene de-
posit stratigraphy indicate the fault migration northwards (fig. 3) up to
linear E-W elongated valley where the 1999 ruptures appeared.
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Fig. 1. The surface ruptures of the 17th August 1999 (Mw=7.4) Izmit earth-
quake with the four distinct "segments" (or branches) named from east to
west: A. Karadere; B. Arifiye; C. Sapanca-Golcuk; D. Izmit Gulf. In gen-
eral the co-seismic fault ruptures are linear and could be divided into
two typical segments. NAFZ: North Anatolian Fault Zone (western strands),
(after Z. Tutkun et al 1999, 2000 unpublished).
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(B)

(D)

Fig. 2. Representative detailed mapped small scale features along the
right-lateral strike-slip Izmit co-seismic fault. A) Geometry of a Pres-
sure Ridge at Tepetarla and the angular relation among structures (small
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circle), MDZ: master Displacement Zone, C: contractional structures, N:
normal or Tension fractures, P and R shears; right the corresponding pho-
tograph. B) Displaced poplar (kavak) at Tepetarla, diagram in map view, at
a: strike-slip displacement D=37cm, Opening 0O=28cm; at b: D=10cm, vertical
Displacement D'=60cm, 0=35cm; right the corresponding photograph. C) and
D) Sag-pond geometry at Arifiye (sketches and photographs).

Several neotectonic and geomorphic observations along the fault indicate
Quaternary activity. Yavlacik hill (a) where the new apartment buildings
on the fault trace totally collapsed, is a typical shutter ridge, which
controls the drainage diversion. The "Mahmut pasa ciftligi" can be also
characterized as a large scale elongated E-W shutter hill (b) the most
characteristic small shutter ridge is thelOm long (E-W) and 3m width (c¢)
in the center of the E-W elongated small valley, southern of "Mahmut pasa"
hill, along the recent seismic traces (fig. 3).
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Fig. 3. Top: Topographic map part of Sapanca-Golciik segment at Mahmut
pasa ciftligi (between Yaylacik and Yuvacik villages) F: 1999 co-seismic
fault traces; F': pre-existing faults (in geological terms); a,b,c : shut-
ter ridges; T: trenches. Down: Digital probable Elevetion Model (DEM) of
the landscape at the same area.

We have begun a programme of trenching across the fault in order to
obtain fundamental data for the evaluation of past activity. Two trenches
on the fault traces have been excavated (fig. 3; T), 8m long and 4m deep
in order to look for paleo fossilized seismic structures or paleo-
earthquakes (fig. 4). They show three at least layers and the superficial
recent soil, named a) 2m thick dark soil; b) Im yellow sandy mad, possibly
of paleo sag ponds deposits, and c) 1lm dark paleo soil with few pebbles.
They are in typical horizontal position, but disaccommodated. Structural
features, that is joints (cracks), seismites and paleo-liquefaction, asso-
ciated with the fault and identified from sampled and Cl4 dated. This
fault segment is possibly associated with the 1894 and 1878 earthquakes
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(Papadimitriou et al 2000; Ambraseys 2001), as well as with the strong
shocks of the 18th century (1719 and 1754).

{990

.
Foult tf act

E
£
o
[engtmm)
East Wall
Fig. 4. Trench (Izmit-I, East wall) where the three distinct layers are
shown (a: soil; b: sandy mad (clays); c: soil, possibly of palaeo-sag-pond
origin), the 1999 fault (contactional) with the small-scale flower struc-
ture (I), liquefaction (II and III), seismites (IV) and cracks (V). Sam-
pling sites 1: 11,800 +-40 years BP; 3:120+-40 years BP (Radiocarbon
Analysis, The University of Georgia, USA) Photograph: excavation works.
ANTITHETIC
SECONDARY
SYNTHETIC
N
SHEAR
EN ECHELON
FOLDS

A B

Fig. 5. The angular relations between structures in right-lateral simple
shear conditions (Biddle & Christie-Blick 1985) that tend to form the
measured small and medium size structures of the 1999 Izmit earthquake
surface fault traces.

CONCLUSIONS

The co-seismic rupture is not a single break, instead it is composed
of numerous small scale structures 2 to 10 m long, that is tension frac-
tures and contractional structures, e.g. pressure ridges, pop ups, sag-
ponds, and Riedel synthetic shears controlled by the master fault dis-
placement were studied. Some representative measurements and the corre-
sponding sites are given in the figure 2. Reasonable and quantitative
explanation for the observation that either subsidence or uplift takes
place, is given. Primary structures on the sedimentary cover along the
activated 1999 fault are close to those predicted by an idealized strain
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ellipse for right lateral shear (fig. 5). They are analogues to the North
Anatolian Fault Zone. In macrc scale and on the base of surface geometry,
the total length of the 1999 Izmit fault can be divided into two main seg-
ments and some shorter slightly overstepping branches. Representative
morphotectonic and trenching tectonostratigraphy at Sapanza-Golciik segment
clearly show the Holocene-historical (200 to 11,000 years BP Cl4) develop-
ment of the fault at the present site.
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Fig. 6. Left (a) Normal fault subparallel (strike N 106°) strand to G&lciik
-Sapanca “segment” (Asagiyuvacik) with vertical displacement of 40 cm.
This strand is lying 50 m southern to master dextral displacement fault
where D was 1.10-1.20 m horizontal. Right (b). The right - lateral fault
zone at Tepetarla D=1.20 m.
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TABLE I. Representative measurements of small scale features along the
right-lateral strike-slip Izmit co-seismic fault. All measurement are
given in degrees from North (strike). MDZ: Master Displacement Zone; P and
R Riedel Shears; Ex: Tension fractures-ncrmal faults; C: Contractional
(compressional) R’ shear (antithetic); Dh: horizontal (dextral) Displace-
ment; Dv: vertical and H: heave (opening)

Goéltcuk-Kavakli-FORD

MDZ P R Ex C R’ Dh Dv H
g90° - - - - - 3.50 - -
90° - - 125° - - 0.20 1.80 -

- - - 130° - - 0.30 2.00 -

- - - 140° - - - - -

- - - 135° - 155° - - -

- - - 130° - 170° 0.30 1.50 -
82° - - - - - 0.90 - -
85° - - - - - 2.60 - -
90° - - - - - 2.80 - -

Tepetarla
MDZ P R Ex C R’ Dh Dv H
90° - 100° 130° 40° - 0.10 0.60 0.35
90° 80° - 122° 70° - 0.37 - 0.28
90° - ~ 132° 55° - - 0.30 ~
90° - - 122° 30° - - 0.80 0.10
90° - 110° 130° 20° - - -
90° - 105° 115° - - - - -
100° - 110° - 70° - - - -
Asagiguvacik village (Gdltsuk-Imit area)
MDZ P R Ex o R’ Dh Dv H
90° 82° 105° 130° - - 2.5 - =
94° 88° {110°) 120° - - 2.5 0.80 -
96° - - 115° - - - 0.60 -
100° - - 120° - - - 0.42 -
130° 0.55
Mustapha pasa-Yaylacik

MDZ P R Ex c R’ Dh Dv H
100° - 110° 125° 50° - 2.3 - -
100° - 125° 40° - -

85° - 110° 130° 40° - - - 0.1
90° - 115° 140° 43° - - - -
90° 80° 110° 135° -~ 170° - - 0.2
90° - 115° 140° 50° - - - 0.18
90° 78° 106° 120° 55° - - - =
100° - 110° 122° 70° - - - 0.30
90° 80° 124° 60° - - -
95° 80° - 130° - 185° - - -
92° 80° - 120° - - - 0.42 -

Sapanca-Arifiye
MDZ P R Ex C R’ Dh Dv H
105° -~ 135° 125° 50° - 0.10 -
90° - 120° 125° 40° - 1.50
92° - 102° 124° - - - 0.80 -
88° - 106° 138° - - - 0.40 -
95° 80° 114° 125° - - - 0.45 -
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90° - 110° 128° 1.00
90° 78° 110° 130° -
90° - 115° 135° 0.50
90° 80° 100° 132° -
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5.4 NapGptnua A’

International Workshop on the North Anatolian, East Anatolian and Dead Sea
Fault Systems: Recent Progress in Tectonics and Paleoseismology, and Field
Training Course in Paleoseismology, Ankara, Turkey, 31 August - 12 Septem-
ber 2003

Trenching Along the Gdlcilik 1999 Normal Fault: Evidence for Re-
peated Recent Seismic Activity

Spyros Pavlides', Zeki Tutkun?, Alexandros Chatzipetros'”, Vol-
kan Ozaksoy® & Biilent Dogan* :

! Aristotle University, GR-54124 Thessaloniki, Greece
2 Canakkale 18 Mart University, TR-17020 Canakkale, Turkey
3 MTA, TR-06520, Ankara, Turkey -
4 1.T.0., Istanbul, Turkey

The 1999 seismic fractures of both Izmit and Duzce earthquakes covered a
large area in north-western Turkey, being aligned in a more or less E-W to
NE - SW atrike. However, at its westernmost end, the Izmit earthquake
fracture system formed a prominent normal fault scarp just east of the city
Golcik. This normal fault had a vertical displacement of up to two metres,
featuring an almost pure normal displacement vector and causing major
damage in buildings and infrastructures.

Déniz Evier site is located at about the middle of Gélclik normal fault, east
of Kavakli. At this site the fault scarp had a 1.5 m displacement. Trenching
at this site revealed that the stratigraphy consisted of fluvial sediments at
the top, switching to lake deposits at the bottom of the trench. Evidence
for three prior events is present in the trench, each one displacing the lay-
ers by less than the 1999 one. Most of the displacement took place in the
main fault zone, which is the same that produced the 1999 one, but there |
were also faults that died up, indicating that they were activated only
once. Analysis of the microstratigraphy has shown that there is an abrupt
change of facies at the footwall (lake - fluvial) possibly connected with an
earthquake event iat the main fault.

Trenching in other sites along the 1999 Izmit earthquake fractures, such
as Asagdi Yuvacik, Yaylacik (west of Kullar) and Acisu, has shown that
along its entire length this seismic fault has been reactivated in the past,
regardless of the nature of displacement (strike-slip, reverse or normal).
Pottery fractures found in several deformed layers in various trenches, in-
dicate that the same faults were activated in historical times.

It is concluded that three events have preceded the 1999 one in Gélcuk
area, while in other places along the 1999 Izmit earthquake fracture there
was evidence for at feast one paleocearthquake during historical times.

Keywords: paleoseismology; north Anatolian fault zone; nbrmal fault; Iz-
mit earthquake; western Turkey

* Presenting author.
E-mail address: ac@geo.auth.gr {A. Chatzipetros).
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