o, AIEONET IYNEAPIO
_THX EAAHNIKHI T EﬂAQf lKH! ETAIPIAI

“ME EMOAIH ITH IYMBOAH
“TON l‘enemzmnml XITHN Aumvru

9" INTERNATIONAL CONGRESS
OF THE GEOLOGICAL SOCIETY OF GREECE“:: -

wITH EMPHASIS ON THE CONTRIBUTION
OF GEOSCIENCES TO DEVELOPMENT =~ -






9° AIEONEX LYNEAPIO
THX EAAHNIKHX 'EQAOTI'TKHX ETAIPIAX

ue éupaon oty ovuPorr twv Lewemotnuav otnv Avdrtvén

Y76 myv Aryida tov
Ynovpyeiov ITepipdihoviog, Xmpota&iag xar Anpooivv "Egywv
%o TV vrrootiolEn Tov Yrovgyeiov IToMtiopot

9" INTERNATIONAL CONGRESS
OF THE GEOLOGICAL SOCIETY OF GREECE

with emphasis on the contribution of Geosciences to Development

Under the aegis of the
Ministry of Environment, Physical Planning and Public Works

and the support of the Ministry of Culture

ITPAKTIKA
PROCEEDINGS
ENIMEAEIA EKAOLHE EDITORS
I1. T. MAPINOZX P. G. MARINOS

Eb6vixd Meradpio IloAvteyveio

I'. TZXIAMITAOZ

Ebvino Meroopio IloAvteyveio

A. AAEEOIIOYAOZ

Ebvixo & Kamodiorpiaxd Iavemorijuio Abnviy
B. TEATIPAAHZ

Ivotitovro T'ewloyinav & Metaldevtixdv Epevvdv
©. PONTOI'TANNH

Ivotirovro Tewloyindv & Meraldevtixdyv Epevvdv
E. MQPAITH

Ivotirovro Tewioyixav & Metallevtindv Eoevvdv

National Technical University of Athens
G. TSIAMBAOS

National Technical University of Athens
A. ALEXOPOULOS

National & Kapodistrian University of Athens
V. TSAPRALIS

Institute of Geology & Mineral Exploration
TH. RONDOYANNI

Institute of Geology & Mineral Exploration
E. MORAITI

Institute of Geology & Mineral Exploration

AG®HNA, ZEIITEMBPIOX 2001



PQTOI'PAPIEL EEQPYAAOY

1) Zvyrxowvwviand ‘Egya Kaxids Exdias ITAGE xar EPTOXE. E&dotnon ydoakns and v onbyevij textovixii.

2) ‘Egevva xai exuerdAlevon yewbeouias. Zvupodij e yewdoyias orov eviomoud xar gevva yewbeguixdv nediov (pwroyoapia ITME).

3) Tokwtd godyua Miaotijoa (Tavpwmov). H Oéon emedéyn vorepa and owort extiunon s meparotnras twv agfeatodiwy e Hivdov.
4) Myyavnua odouérwans xomijs (TBM) yia tyv xaraoxevij tns orjpayyas Evifvov- Mdpvov. H yvéon tov yewioyixdy ovvbnxdy enétoeype tyv
owotij oyl Twv unyavgudrev dudtonons xar Ty aopalif xar fyxaion odoxAjowon tov épyov (pwroyoapia YIIEXQAE)

5) Karohiobnon Malaxdoags. Zvuporij tne lewloyiag otny xaravonon tov unyaviouoy oAiobnons xai otny ueAéTy xal xaraoxevyj Twv uErowy
AVTIUETDTTIONG.

6) Avyvirwouyeia Mrodeuaidag. SvuPorrf e yewloyias oty éoevva xai exuerdiievon (Pwroyoagia ITME).

7) Ydpoyedronon. ZvuPorij tns yewAoyiag otov eviomioud, ueAéry, expetdAdevon xar diayelpwon vroyeiwv vepdv (Pwroyoapia ITME)

8) Yymhij xadwdiwrij T'épuoa XaAxidag. ZvuPolr tng yewdoyias ornv emihoyij xau draoracioddynon e Oeueiiwons: ndooaior toubrs orovg
xaAvupévovs oproAiBovs tns Bowwtije axtic.



EAAHNIKH I'EQAOI'TKH ETAIPIA
AIOIKHTIKO XYMBOYAIO

(mov eEeAéyn otn I'evierj Zvvédevon tov ueAdv s Eraigiag Tov Mdgtio tov 2000)

ITPOEAPOX HMliog MAPIOAAKOZE, Kabyynrijs Havemiornuiov AGnpvdv

ANTIITPOEAPOX Baoihewog XPHETAPAE, Avand. Kabnyntijs Havemotnuiov
Ocgoalovinng

I'EN. TPAMMATEAX Oe0dwpa PONTOI'TANNH, Ao l'twAdyos LI M.E.

EIA. TPAMMATEAX Zmipog ITAYAIAHE, Kabnynytiis Havemornuiov Osaoalovixng

TAMIAXZ Evyevio MQPAITH, I'swAdyoc L.T.M.E.

E®OPOX Baoilewog TEEAEIIAHE, I'ewAdyos IL.I'M.E.

MEAH Andotohog AAEEOIIOYAOZ, Enix. Kabyynric Havemornuiov
AOnvav

Nworaos ZOYPOZ, Exix. Kabyynrijsc Havemornuiov Ayaiov
Anwitorog TAAANAKHE, Ao 'swAdyos, I.I'M.E.

GEOLOGICAL SOCIETY OF GREECE

BOARD OF DIRECTORS
(elected at the General Assembly of the members of the Society on March 2000)

PRESIDENT Ilias MARIOLAKOS, Professor, University of Athens

VICE-PRESIDENT Vasilios CHRISTARAS, Assoc. Professor, University of
Thessaloniki

SECRETARY- GENERAL Theodora RONDOYANNI, Dr Geologist, . G.M.E.

EXECUTIVE SECRETARY Spiros PAVLIDIS, Professor, University of Thessaloniki

TREASURER Eugenia MORAITI, Geologist, 1. G.M.E.

TRUSTEE Vasilios TSELEPIDIS, Geologist, I. G.M.E.

MEMBERS Apostolos ALEXOPOULOS, Assis. Professor, University of
Athens

Nikolaos ZOUROS, Assis. Professor, University of the Aegean
Dimitrios GALANAKIS, Dr Geologist, . G.M.E.

- dii -






OPI'ANQTIKH EIIITPOIIH 9 XYNEAPIOY

ITPOEAPOX
IMavhog T'. MAPINOZ, Kafnyntiic Efvixov Metadfiov TToAvteyveiov

ANTIITPOEAPOX
Nwohaog PYTPOAAKHE, Kabnynrijc E6vixov Metadfiov IoAvreyveiov

I'ENIKOXZ TPAMMATEAX
Teddpyrog TZIAMITAOE, Emix. Kabnyntiic EGvixov Metadfiov IToAvteyveiov

EIAIKOX 'PAMMATEAL
Andotohog AAEEOIIOYAOZ, Enix. Kabyynrijs Iavemoryuiov AOnvav

TAMIAZ
Evyevio MQPAITH, I'ewAcyos I.I.M.E.

MEAH
Nuwohoog AAMITPAKHE, Avasid. Kabnynrijc Havemotyuiov atpdy
Zrvhavog AOZIOE, Aéxtogag Iavemotyuiov Abnyvav
Avtoviosc METTOZX, Ao. l'swidyos LT.M.E.
ToEwdoyne MATTAAOIIOYAOX, Avard. Kabnynytijc Havemornuiov ABnvay
Baoiiewog ITEPAIKATZEHE, Ag. T'ewAdyos, LT.M.E.
Oc0dwpa PONTOTI'TANNH, Ag. I'ewloyos IL.T'M.E.
Baotkewog TEATIPAAHE, Ag. I'ewAdyos LT.M.E.
Baotherog TEEAEITIAHE, I'ewidyos I.I-M.E.

Baoikewog XPHETAPAE, Avard. Kab. Havemiarquiov Ocooalovixns

I'PAMMATEIA TOY LYNEAPIOY
EMoodafet XATZHXAPAAAMIIOYZ

ORGANIZING COMMITTEE OF THE 9* CONGRESS

PRESIDENT
Paul G. MARINOS, Professor, National Technical University of Athens

VICE-PRESIDENT
Nikolaos FYTROLAKIS, Professor, National Technical University of Athens

GENERAL SECRETARY
Georgios TSIAMBAOS Assis. Professor, National Technical University of Athens

EXECUTIVE SECRETARY
Apostolos ALEXOPOULOS, Assis. Professor, University of Athens

TREASURER
Eugenia MORAITL Geologist, I.G.M.E.

MEMBERS
Vasilios CHRISTARAS, Assoc. Professor, University of Thessaloniki
Stilianos LOZIOS, Lecturer, University of Athens
Antonios METTOS, Dr Geologist, [ G.M.E.
Taxiarchis PAPADOPOULOS, Assoc. Professor, University of Athens
Vasilios PERDIKATSIS, Dr Geologist I. G.M.E.
Theodora RONDOYANNI, Dr Geologist . G.M.E.
Vasilios TSAPRALIS, Dr Geologist . G.M.E.
Vasilios TSELEPIDIS, Geologist . G.M.E.

CONGRESS SECRETARIAT
Elissavet CHATZIHARALAMBOUS

T






YIIOXTHPIKTEXZ KAI XOPHI'OI
TOY 9° AIEONOYX LYNEAPIOY THE EAAHNIKHE I'EQAOTTKHX ETAIPIAX

ZuvEdQLo vmo v Aryida Tov

YIIOYPT'EIOY IIEPIBAAAONTOZL, XQPOTAZIAX KAI AHMOZIQN EPT'QN

v vrootoiEn Tov

YIIOYPT'EIOY HIOAITIEMOY

®ai T ovpfort] tov
INETITOYTO I'EQAOTTIKOQN & METAAAEYTIKQN EPEYNQN
OPI'ANIEMOZX ANTIZEIZMIKOY EXEAIAXMOY & ITPOXTAXIAX

I'ENIKH I'PAMMATEIA IIOAITIKHX IIPOXTAXIAX

XOPHI'OI (Méxov 31-8-2001)

EG®NIKO & KATIOAIZTPIAKO ITANEIIIZTHMIO
AGHNQN

E®GNIKO METZOBIO ITOAYTEXNEIO
TEQTEXNIKO EITIMEAHTHPIO EAAAAAS
EGNIKO KENTPO GAAAZZIQN EPEYNQN
AHMOZIA ENIXEIPHXH HAEKTPIZEMOY

ETNATIA OAOZ AE.
EPT'OZE A.E.

XOPHI'OI (Méygu 31-8-2001)

AET'EK AE

AKTQP ATE

AEE APTYPOMETAAAEYMATQN & BAPYTINHX
ATTIKH OAOZ

TE®YPA AE (PIO- ANTIPPIO)
AEA®OI-AIZ=TOMON AME
EAPAZH- X. WAAAIAAZ ATE
EAAHNIKH TEXNOAOMIKH AE
AAPKO AE

METAAAEYTIKH ©OPAKHZ AE
K. I. ZAPANTOIIOYAOX AE

AAK AE

I'AMMA 4 EIIE

TFEQZKOITIO ATE

EAA®OMHXANIKH AE
OAOTEXNIKH EIIE

OK MEAETHTIKH EIIE

OMIAOZ TEXNIKQN MEAETQN ATE
ITIEPAEPOZ B. & ZYNEPTATEX

SGI- TRADEMCO SA
ZQTHPOIIOYAOX & ZYNEPTATEZ AE
ZYNAEZMOZ TEQAOTI'QN MEAETHTQN

H Opyavwtixy Emvrpomy tov 9° AeBvoig Zuvedpiov mg EAMnviniic Tewhoywrris Etaupiog evyaoiotei Beppd to
avotépw Ymovpyeia xow Ivotrtouta Epevvdv, Opyaviopovs, Etawpleg now Tooagpeio Mehetwv mov pe ty
owovouLxyj xow 0w} Tovg cupfori otiolEay v TEaypoToroinon Tov ouvedpiov






AOMH ITPAKTIKQN- SCHEME OF THE PROCEEDINGS

TOMOZX 1 - VOLUME 1
TENIKH I'EQAOTTA - GENERAL GEOLOGY
TEKTONIKH - TECTONICS
TEQMOPP®OAOI'TA - GEOMORPHOLOGY

TOMOZX 2 - VOLUME 2
IMTAAAIONTOAOITA - PALAEONTOLOGY
ZTPQMATOI'PADIA - STRATIGRAPHY
OAAAZZIA TEQAOTTA - MARINE GEOLOGY
[ZHMATOAOTTIA - SEDIMENTOLOGY
TEQTOIIOI - GEOSITES

TOMOX 3 - VOLUME 3
OPYKTOAOTTA- MINERALOGY
IETPOAOTIA- PETROLOGY
KOITAZMATOAOTIA- ORE DEPOSITS
TEQXHMEIA- GEOCHEMISTRY
BIOMHXANIKA OPYKTA - INDUSTRIAL MINERALS
ENEPTEIAKEZ ITIPQTEZ YAEZ - ENERGY RESOURCES

TOMOZX 4 - VOLUME 4
E®PAPMOZMENH I'EQ®YXIKH - APPLIED GEOPHYSICS
ZEIZMOAOTTIA - SEISMOLOGY

TOMOZX 5 - VOLUME 5
TEXNIKH I'EQAOTTA - ENGINEERING GEOLOGY
YAPOT'EQAOTIA - HYDROGEOLOGY
THAEIIIZKOITHZH - REMOTE SENSING

TOMOZX 6 (METAXYNEAPIAKOY) - VOLUME 6 (POST - CONGRESS)
EIAIKEZ KAI ITPOZKEKAHMENEZ OMIAIEZX - INVITED & SPECIAL LECTURES



H Ogyoavotxn Emtpomn exgpodler Oeouég evyapLoties yia T ToAGTIun ouvdgopn Tov ®otdv oto S¥oxrolo
£0Y0 ™E ®EIONG TWVY £QYACLOV ®ou T CUPPBOAT] ToUg 0TV amtdxTNon [ToorT@Y VYNAOYU ERLOTNUOVIROU ETULITESOV.

KdBe epyaoio xoifnre and dUo xQutés. e eAA)LOTES POVO EQYOOIES GOV OL ATGYPELS TV dVO ROLTWV
Siépepay pulrd, Tnrinxe n droym xou Toitov ®our wote 1 Ogyavotn] Emtpomi, ot ouvéyelo ue evbivy
™G, Vo dapoe@MOOEL TNV TEAXY artépaon . Q¢ ex g Sadaoiog TS ®EIoEWS, 0 RATEAOYOS TWV HOLTHY dev
dnuoaotevetar.

H Ogyavonxr Envtpomi de @épet evBivn mg oG T0 TEQLEXOUEVO RO TLS ATTOYELS TTOV EXPEALOVTOL OTLG
£QYQO(ES RO OL OTOLES EIVOL TTQOOMILKES TWV CUYYQUPEWV.

The Organizing Committee expresses special thanks for the valuable contribution of the reviewers for their
assistance in producing high quality scientific proceedings.

Every paper was subjected to the scrutiny of two reviewers. Only in few papers for which the opinions of the
reviewers were radically different, the opinion of a third reviewer was asked so that the Organizing Committee
could take its final decision.

The Organizing Committee is not responsible for the content of the papers, the statements made or for the
opinions expressed in these volumes.
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IIPOAOI'OX

To Aghtio XXXIV g EMinvixtig Fewhoywiig Etaupiog negihapfdaver ta Ipoaxtind tov 9°° AeBvoig Zuve-
dpilov g Eraupiag, mg 26™ €wg 28" ZemteuPoiov 2001. H Opyavwrry Emtgomni| tov Zuvedpiov ue wWualtepn
wavomoinom mapadidel Tovg S tépovs Twv Mpaxtndy pe v €vaEn tov Zuvedpiov, Yeyovas mov Ba emttpéyet
0TOVg ZUVENQOUG JLXL TLO OTTOTEAEOUATIXT] TTORAKOAOVONON TV EQYOOLDY TOV.

O 5 tépoL xoAvmrouy Gho to pdopa twv Fenemaompdy reguhapfdvoviog véeg TAnogoleg ®at EVQTjIaTa
oe Bépata aowric €pevvag alhd xal EQUOUOYMV, TEOPAANOVTOS TG00 TV ovdyxn TS Bepeddovg yvdong
600 ®ow ™y aElomoinon g Yvaiong autrg oty opBohoywt| avdmtuEn xaw oy Beltinon mg modTTog ™G
Conic tov avBowmov. H avtamdroion tov Yemmomudvov and myv EAdda xow 1o eEmtepurd vmijpke evivnmoia-
%1} xa Toug gvyoprotovpe. Zta [paxtind mepthapfdvovial 248 epyaoieg, ex twv omoiwv €vag Wiaitepa peyd-
hog apBpds, oxedov oL mogg, dnpootevovtar oy ayyhxrn yYAdooa divoviog Ty evkoupict Tng EVEUTEONS, dLe-
Bvaig, yoriong Tov Emotpovixoy Aehtiov mg Etawplag pag. ITeguuévoupe Gt 6hot oL ouyypageic Bo éxouv non
TEOOWILKT] CUPUETOYN OTO ZuvEDELo xaw GAot pag Ba €xovpe TV evranplo Cwvravig apolfaiag emxotvwviag,
ETOOOOUNTLRADV CUINTHOEWVY %o CUOPLENG TV ETUOTNUOVIXGY OYECEWV.

Kau oto Zuvédplo autd mapovoldletal €vag oELGAOYOS aQLiIGs EQYAOLMV OTT0 TOV EVQUTEQO UAGC YEWYQO-
Qo teQUPAALOY TTOV TEOWOOUV TNV EQEVVA RaL OTLS YELTOVIRES YWEES. [TQ0OPEpeTaL OUVETWG Evag YOVIROG
WO otov omoio o propet va dwoer éugpaon N EAnvinn Tewhoywr] Etoupia oto endpevo ZuvédpLo mng:
Eugaon omy l'ewloyio twv Boixaviwy.

Oleg oL €QYOlES TTOV dNUOCLEVOVTAL TEQAOUY TNV, ETWPEAT YLo. GAovg, fAOAVO TG EMOTNUOVIXYG HOlOE-
wg. H duadueaoia wov axohovdribnxe 1jtav 1 dieBvag xabiepmpévn oto emiotnuovixd meptodund, pe eEwrept-
%0oUg %OUTES, dadiraoio mov el xabepwbel pe emrvyio ota Zuvédpra g EMnvinig T'ewhoyinns Etaupiag,
0’ OAES TIG OMOLES AVOTOPEVRTES ALOUVOUIES KO YLOL TOV TEQLOPLONG TWV OTOIWV EYLVOV EQETOS OQLONEVES
unEgs arhayés dadumaotrol yapaxrtijoo. ITAMBOS avayvwQLONEVHY ETLOTNUGVOY GAOV TV ELOLKOTHTWY OUN-
uetelyav oty dadiwaoia xpiong twv gpyacwv. Ex pépovg g Opyavwtnig Emrponic toug evyaouotd yuo to
oofad €0yo oV mEOTEPeQaY %KoL Yo TV OVpPoAT| Tovg oty mEoomdOela andxtnong Ipaxtindy vnlov
emUTEOOV.

210 9° o6 ZuvEdpro g EMnvinnic Tewhoyunns Eratpiag, n Opyavwtiny Emtpomi éxptve 6t Ba fjray
Wiaitepa x1oLo yuor Ghoug pag, aAhd Wiaitea yio 1ovg vEoug ouvadEélpovus, 1 TedTakn otig ouvedoieg, Too-
oxexMuUEVOV oAy mov va ayroldfovv gvputepa to B€pa g ouvvediag, va maovotdiovy puor vymioy
eTITEOOV EMORGTNON, PLOL KOLTIXY] TOQOVCTOON TNG VPLOTAUEVNS YVAOONG, TLS VEESG ATAPELS KON TIS ONUEQLVES
tdoelg éoevvag. Evyapiototpe Beouids Toug ouAnTES Yot TOV X0GV0 %ot ToV %8m0 tov SLEBeoav yia Ty vAomoi-
NoN ™G TEOOYoEAS avtic. Evag e1dinds topog, o €xtog, Bo weQhapfdveL TLG EQYUOIES TV TOOOKEXRANUEVMV
autdv opuhntdv. H éxdoom tov Ba elval motevovue dueon agod 1jdn n Opyavotxy Emtpony €xel ota x€owa
NG TO. TEQLOOOGTEQQ HECUEVAL.

Onwg €xel xabiepwbel, ot dudorera xdbe Zuvedpiov g EXnvuniic Femhoywiic Etaupiag diveran €ugaon
og Bgpa emRaEATNTOG 1] LOLUTEQOV EVALAPEQOVTOGS. 210 9° autd ZuvEdpLo 1 épgpaon didetar oy oupfoli Twv
Tewemomuayv omy Avarnwgn. H épgpaon avnij vhomoteiton pe eLOXES TOQOVOLAOTELS, OF OVOLXTES OUVEDQLA-
oeLg, oo Yrovpyeia, Epevvnund Ivoutovta, Ogyaviopots row Etalpeieg, 6mov Ba mapovoraoBel xow Ba vmo-
yoapuuoBet  cupPodry) mg Fewdoyiag omy avalimon xot EXPETAAMEVON 0QUXRTHOV TOEWYV, OTNV TEOOTACTO,
EVOVTL PUOLRMY HOTAOTQOPWV KOL OTNV UEAETT, ROTAOKEVY] %O AELTOVQYIC TWV EQYMV VITOdOUNG. ZYETIRWG UE
T TEAEVTOL, 0T XWEM POS TTOQATNQEITUL CUTH TNV TEQIODO VOGS 0QYUOUOS, KVQIMS OTNV RATATHEVT UEYAAWV
auyrowmviaxav €oymv. H omoti xatavénon tmv YEMAOYXWOV CUVONKRMY TwV TEQLOYWY TOU JLATEEXOVTAL Atd
T QY0 QUTd, TNG TEOEAEVOEWS, CUOTATEWS XKL YEMAOYIXNG LOTOQRINS ®AOE OYNUaTLONOT, 0OTEAOTVY OEPEMD-
Om mEOUTGBEON YLoL TNV OVTLHETATLON TWV TEXVIRGV BEpdTov oxediaopot row roraoxevis tovs. Efpaote dai-
TEQX EVYVADUOVES TTROG TO Yrrovpyeio ITepupdrhovrog, XmpotoEiag xar Anpooinv Egywy, mov avayvwitovrag
™ ovupor] g Fewhoyiag €0ece to ZuvédpLo vid v avyida tov. H Opyavwtxy Emtpon ehniCer 6t Oa
WTOQECEL VO dNUOOLEVOEL TO TEQLEXGUEVO TV ELDRMV QUTWV TUQOVOLACEMY OF (et HETOOUVEDQLOKTY €DK
€xdoon.

Av oL Baowol Tépot Tov Zuvedpiov Tapadidovial EYXAIPWS OTOVS OUVEOQOUS KoL TNV ETOTNUOVIXY KOWG-
™NTO, VTG YIVETOL XAQOLS OTNV OLXOVOULXY] CUPTOAOTAON TTOAAGY. Oempotpe Aowdv Pabud voxp€won pog vo

-xi-



eV 0OLOTHoOOVRE BEQRA £XTOS 0td T Yrovpyeio [Mepifdrhovrog XwpotaEiog xaw Anpusowwv Egywv, to Yrovo-
yeio IToMtiopoy, ta Egevvnund Ivottovta, A.E.L xau toug dhhoug xoenyots, etonpies tov Anpooiov kot Wduw-
TXEG ETOUQLES TTOV e TOOM mEoBnpeio aviamorpibnxay oty mpdoxinon pos.

Ag pov emtQomel TELOG VO EXPEAOM TS TQOCMITIXES OV EVYXOQLOTIES TTROS GAOVE TOUS GUVAIEAPOUS TG
Opyavouxis Entgomis yia v ovhhoywrn mpoondfeio mov xatafhibnxe xow v €Eoyn ovvepyaoia, xabmg
Vo eUX0LOTHOM %o Tov Empuenmi me extinwong x. [Movlo TTawhidn »ow mv gortijrole Tov Femhoywov Tui-
porog Tov Movemomupiov ABnvav EModfetr Xottnyoapohdumoug yio v tpdBuun xon vetiBuvn epyaoio wov
TQOCEPEQALY OTNV TTQOETOLUT(TL TV TOUMY.

Havrog I'. Magivog
ITodedpog
s Ogyavwtixijs Emitoomnijs

Abnva, 3 Zemrepfoiov 2001

PROLOGUE

The Bulletin XXIV of the Geological Society of Greece contains the papers of the 9" International Con-
gress of the Society. The five volumes of the bulletin cover the whole spectrum of Earth Sciences with new
information and findings from basic research as well as applied issues. The response of geoscientists from Greece
and many other countries has been impressive. A total of 248 papers are included in the Proceedings, half of
which are in English, giving, thus, the possibility for a wider use of the Bulletin worldwide. All papers were
subjected to the scrutiny of reviewers following the international standards, applied by all reputed journals. The
Organizing Committee expresses special thanks for the valuable contribution of the reviewers for their assist-
ance in producing high quality proceedings.

A considerable number of papers deals with the geology of other countries in the Balkans and our next
congress could considerably contribute on this issue by putting its emphasis on this region of Europe.

In the 9" International Congress, key note lectures preceed the thematic sessions with the goal to present a
critical review on a main topic or to present findings of particular interest. A sixth volume will include the papers
from these keynote lectures and will be published soon after the Congress takes place. We are deeply thankful
for the contribution of the key lecturers.

In this Congress, special emphasis is given to the contribution of Geosciences to a nation’s Development.
Special presentations are scheduled on this contribution focusing on the investigation and exploitation of natu-
ral resources, on the protection from natural hazards and on the design and construction of infrastructure works
in Greece.

Warm thanks are finally addressed to all my colleagues of the Organizing Committee for our excellent and
efficient collaboration. To all supporters and sponsors we are truly grateful.

Paul G. Marinos
President
of the Organizing Committee

Athens, 3 September 2001
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EYMBOAH XTH I'NQXH THX I'EQAOI'TAX THE ATTIKHX
H XEPXONHXOX THE AOMBAPAAX (ZQXTHP)*

A. AAEEOIIOYAOX' & E. MQPAITH’

NEPIAHWH

Zmv Xepodvnoo mg Aoppdadog (Zmoteog) ATuniis, TRooOL0QIOTHRAY YL TOWTY (ood, ke TV foribeia
vavvoaroMbwpdtwy, dvo-ratwmietonoavirts (frofwvny NN15, Reticulofenestra pseudoumbilica) €wg xatw-
mherotorawirng (frotdvn NN19, Pseudoemiliania lacunosa) nhxtog, Boldooieg amoBgaeis. O omoBEoeig auteg
(ovumayeis, UAL®MIELS HAQYES) QTOTEAOUV PEQOS WLOG MBOAOYLXYG TTOLXIALOS TTOV OTaVTATAL OTY XEQOOVNOO
2O OTNV 0TOL0 ®VQLAEYOVY aravovioTeg, dradoyinéc amoféoels 0pllovimy froyevdv aofeotoribwy,
ROORAAOTIAY DV, HOQYWV AL ROXAWVOV Paptdy. "Evog epehrvotinis onyuotoyovos TEXTOVIOUOS, Tov
exdNAwONxe petd 1o wdtm ITAeLoTORVO, SLOUOQQPDVEL OTNY TEQLOXY HIKQM TEXTOVIXA REQaTO Row PuBiopata.
Twv eQEAMRVOTIROV TACEMY POIVETAL VO TQONYNONRAV OUMTLEOTIRES TAOELS, avAaloyng nhriog, oL omoleg
Muovpynoay HecooROTKTS ®Aparas TTUXES. O EMUPAVELES OTQMONG, TC. ONYUOTO ROl XUQINGE TO CUOTHUOTA
SLaAAOEMY EAEYXOUV %Ol SLAUOQPWVOUY TLS ATOXONUVES AXTES TNS XEQOOVOOU. Ot AOUVEYELES QUTEG, oLl 1e
™mv drogpopetint] SLABEmon TV SLOPOQETLHIG CUVEXTIHOTNTOS MOBOAOYREV OYNUOTIOU®Y, EivoL VTEVOUVES Yo
™MV EXOMMAWON PULVOUEVOV ROTOTTHOEMY POAYWV RATA PROS TWV OTTORONUVOY AXTHV.

ABSTRACT

In deposits of coherent, foliaceous marls, in Lomvarda’s Peninsula (Attica), the biozones NN15
(Reticulofenestra Pseudoumbilica zone) till NN19 (Pseudoemiliania lacunosa zone) were determined, based on
a rich calcareous nannoplankton fauna. These deposits are part of irregular alternations of reefal limestones,
conglomerates, marls, and red sandstones. After the upper Pleistocene, an extensional faulting took place, cre-
ated small grabbens and horsts. These events follow a compressional stage, which gave up mesoscopic folds. A
numerous discontinuous (bedding planes, joins and faults) controls the shape of the coast. These discontinuties
in combination with the different weathering degree of the various lithological units are responsible for the
fallings rocks which take place along the steepness coast.

AEZEIX KAEIAIA: Atux, [Thewdnawvo, IThetotéravo, Navvoarmobopata, Textovinn
KEY WORDS: Attica, Pliocene, Pleistocene, Calcareous nannoplankton, Tectonic

1. TENIKA

2y taovoa EQYaote aoyohovpeda pe T yemhoylo g xeooviioou g Aopfdodas (f Zmotiog) g
Attixiig ®ow SI00VTaL VEO OTOWUOTOYQUPIXA ROl TEXTOVIXG OTOLXEIC VIOt TOUG UETOATUHOUS OYNUATIONOUS TTOV
ATAVTOUY OTNV TEQLOYY CUTH.

OL YVOOELS Hag YLt TNV YEWAOYIRY dopun TS ATTURNG TTQOEQYOVTOL RVQIMS OITO THV UVIRELWHON EQYQTTa TOV
R. Lepsius (1893) “Tewhoyio tng Attixiic”. Méyol ofueoa, ov atdpels mov €xet drotvmwoet o Lepsius oyetind
ue v yemhoyio mg Attinng, ehdyrota €xouvv diagopomombet (Mapivog & Petracheck, 1956, Katsikatsos 1977,
%.0).

Zvpgpwvo Aowtov pe tov Lepsius, 0t yewhoywr dopy T ATURIG CURUETEOLVY EX TMV RATM TOOG T TAVO:
a) 10 “Kovotahhomay€s tav 0p€mv amdfepa” 10 0moio meQuAappdver:

OLOPBECTOPLYE IS ROOUOQUYLOXOUS OYLOTOAIBOVS pe xalalianovg panovs (Yvmortol wg “oxlotéhbor s Baons”)
dolopttirovg rou aofeotolBurots oylotoriBoug (Yvwaortot wg 1dohopiteg g [Mpvaprcl)

10 “Korwrepo Mdappago”™

pouapuyLarots oytotoliBoug e Katoopiavis now mg ouvagois Lovng Tmv oytotoMBav petd tov yoavitov

* CONTRIBUTION TO THE KNOWLEDGE OF THE GEOLOGY OF ATTICA: THE PENINSULA OF LOMVARDA (ZOSTIR)
1. Tewhoyo Tunjpo. [Mov/piov ABnvav, Topgag Avv. Text. xav Egappoopgvng Memhoyiog, [Mavemomuonokn, 154 87 Zoypdgov.
2. LT M.E., Mecoyeiov 70, 115 27 ABva.
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g IMAdxrag xow
e 10 “Avitepo Mdopapo”.

B) To IKonuduév ovompual 1o omoio meQuhapPave:

UGQYES TG RartdTeENS Pabpidog

v xowdteen aofeatoMBuxy fadpida

Toug 0Bnvaixrovg oxlotoriBoug, péca otovg omoiovs mapepfdiroviar aofeotéiBol xar aofeotoMBixég -

aQYLMXES NAQYES RO
e TNV ovdteEn aofeotolBuxr Babuida

v) to “Towroyevég ovompa”, 1o omolo dayweler o€ RoTWTEQ Ko avTEQA Babuida raw

9) g “Tetaproyeveic emoTENOELS”, TLg omoleg dronpiverl o “AMovfiov” xat “Athovfiov”.

Zopgava e Tov Yewhoywd xdot tov Lepsius (1893), omv xepodvnoo g Aopfdedag (1] Zwotipog), Smov
orjpepa prhoEevouvral exel or Eevodoyelanés eyrataotdoels tov Aotépa Bovhaypévng, avamtioostol n
ratwiépa Babuida tov “Tortoyevols cvotiuatog” 1 omoia, yevird, mepuhopupdver Mpvaieg xon Bahdooieg
amoBEoELS TEPEEV oBECTOMBWY, HOQYHV, YORULTDV RO LEYAAOV TAYOUS KQOKAAOTIOY DV, LELOROUVIXTS NARIOS.
To Tortoyevég owtd ovoTpa amotelel TO AVILLEIPEVO TG TOQOVONS EQYOOTOC.

2. TEQAOT'TIKEEZ ZYNOHKEXL THE XEPZONHZOY THE AOMBAPAAL (ZQEZTHPOXL)

O YVAHOELS oG YLo TNy YEWAOYIO TG XEQOOVIO0U TG Aopufddags (Zmwateog) mEoEeyovTaL omts TS EQYAOTES
tov Lepsius (1983) now Xapahoumdxn (1952).

TNa my wepLoy Tov axpwoeiov Zwonj, o LEPSIUS, 0t povoypagia tov yio v Attin, mtogabétel po
yewAoywn Toprj, otV omoia paivetal 1 emxlvoryeviig oxgon tov “Toitoyevols CuOTHUATOS” PE TO VTOXEIHEVO
“Konudind ovomua”. Ztnv topn auti, 10V agod v mtepoxy mov foloxetar oto “eodtotov B. rpdomedov
TOU ROATEO®OV, PETAED ™G OTEVIS TOV ZmwoTjeog XEQOoVHooL %o g BovAloypuévng”, diaxpivovior: a) wa
O£L0d TOV a6 RETM OGS T WAV TEQIAAPPAVEL TEPQEA REOROAOTOLYT], TEPQS YPouuitn, TepEos aopeatoriboug
yAréwv vddTov xon B) £QUOEE PELORAVIRA RQOKCAOTIOYY T OTTOIC XOAUTTOVTOL AOUUPOVO OTT6 TILREQULNA.
HQOXAAOTIOLYT].

O XAPAAAMITAKHZ (1952), yio v mteguoyii petay tov axpwmmeiov Kapovor xot Zootjp tg Attixrig
avapEQel 6TL M TEQLOXY oTY Elvol UL EX TV “VE@V %ot PAAOV aELGAOYOV EpQaVICE®MY TOU RATOTEQOV
Baldooov TTheloxaivov ot vorodutny] oxty e ATtxiic” oL SLaxQIVEL EX TOV XATW TEOS TO. AV TOUS
mapoxdTw opitovrec:

0) reoxoloyapurtorayes, f) dotowro epubpd aofeotéMbo, mhotowo ot oudnEoEeidia xan y) Thanddn
epuBpwnd aoPeotéMbo.

A6 ™MV ThovolwTdn Tavida mov ouyxEVIQWOE ko TEOOOLOPLOE, ROTEANEE OTO ovpmTEQaopa 0Tt oL
meoovapeEOEVTES 00ILoVIES AVTLTQOOWTEVOVY TaRAXRTIES amoBEoelg wnpot Bdabovg, nhriag rotwtéQov
IMeronaivov (paon Acotiov).

Metd omté Aemtopepn yYemhoywrn xagroyedgnon oe xhipaxa 1:5.000 mov xdvaue oty evputepn TeQLoYT
™G XEQOOVIOOU SLUTLOTWOaE GTL 0T YEWAOYLXY] dopr] autic CUPUETEXOUY OATILROL KO HETAATILROL TYNUOTLONOL.
O oAurol oxnUaTopol avIEOTMIEVOVTOL OTG: o) AEVRA-YROLLOAEVRA HECO MG TAYVOTOWUOTHIN PAQpaQa,
£VIOVO, ROQOTIXOTIOLUEVA XKoL ) HOQUOQUYLOXOUS, 0QYIAMXOUG OXLoTOMBOVS, HETAYUUUITES KoL QUALITES
enwONPEVOUG enl TV poEUAQMV. Ot PHETOATILROT TYNUOTLONOT AVTLTTOOCMITEVOVTOL OTTO: () TTAELO-TTAELOTOROUVIHEG
»ou B) ovyyooves amoBéoeis. H oy€om twv TAEL0-TAELTTORAUVIXEYV OYNUATLOUMY IE TOVG VTTOKREPEVOUS OATTLROUG
OYNUOTLOROUG Eival ETLRAMOUYEVIIG.

Evt66 g X€Q00VIiC0U amavTtoUiy PGVo TAELO-TAELOTORALVIXOL OYNUOTLONOL. To v6fabpo TV petaimindy
OYMRATIOp@Y 0Ty XEEadvnoo ts Aopufdodag Ba meénel va elvar ta Aevrd pdopoga. Ta tedevtaio
amoxaAvrrovron Staxrdoio nETpa PV amtd v eldodo oto Noavtxd ‘Ouho g Bovhaypévng. Katorapfdvouv
oL EXTAOT EAGYLOTWY TETQUYWVIXAV RETQWV Kot atoteAoUv 1o uéao Bepehinong xdmouwy aQyainy kKuopdTay
7OV amavtovv exel. ‘Opwg 1600 0T0 ®EVTEO avonpuyns “Queavis” 600 xau Boperdtepa (tepoy Tov Meydiov
Kafovpuot) 1o undpadpo twmv Neoyevdy eivol or pagpoguytaxol - agythxrol oxiotdMbot.

Emonpaivovpe 6t o MBootompatoyapirés meoryoapes twv Lepsius kol Xapolopmdxn apopoiv
CUYREXQUUEVAL ONUELR TS XEQOOVH OOV TS Aopufdedag xatr wg ex ToUTou oL TeQLYQapEs avtég dev elvan
QVTLITQOOMITEVTLRES OAG*ANONG TG XeeooVIioov. H emorjpovon avty yiveton Siét amd v Aemtoper] yemhoyuri
XOETOYRAPNON TEOERVPE GTL OTNY £V AGYm TEQIOXY oTtavTd pd peydhn movihion MBOAOYMY OYNUATIONEY
7ov 1 SudTagr Tovg oTo (WHEO, EE LTINS TOU EVIOVOU ENYHATOYGVOU TEXTOVLOUOY, TWV TAEVOLREY MOOPOOIRGOY
peTAPOADY now TG EMEWNS ETOEUWDY BLOCTOWROTOYQOPIRGDY OTOLYEIY OEV PG ETUTOETOVY VO HATOUOHEVACOVUE
pa. evviaia ovvBeTni] ABootpwpatoypagut] oTiAn TS TEQLOXIS.
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3. OI TIAEIO - ITAEIZETOKAINIKEEL ATIOOEXEIZ THE AOMBAPAAL

Metd omd Aemropen yemhoyuij xatoyodgnon o xhipaxa 1:5.000 diomotwoape 6tt, TNy XEQAGVNO0 TG
Aoppadag, eppoviCeran wa peydhn mowhio petodmrdy MBoAOYOV OYNUOTLONGY, 0TV omoie xvEioEYN
0€om ratéyovv opitovres froyevav aofeotohiBmy o kpoxrohomary@v. Ot HETAATLXOT OXNUOTLONOL, 0T TTOQOTo
gQyaota, Taeovotdiovral pe T BoriBeLa TEVTE MOOOTOWUATOYQUPIRGV TOUWDY OL OTTOIES TAQBNXAY OE SLAPOQES
B€0ELS ROTA UNROG TWV OYETLRG OTORONUVAY ATV TNG XEQOOVIIOOU. Ot BECELS TV TOPWV KO OL AVTIOTOLYES
MBootpwpatoypagxés onjheg didoviar oty ewdva 1. Tevikég anéPels TV ToudY avtdv divoviar otig
POTOYQOAPIES TNG EWROVOG 2. AETTOUEQEDTEQY TAQOVOiN YIVETOL UEVO TG Toung 1, omd v omoia €€ dAlov
mponABay ta véa frootpmuaroypapind dedopéva.

H mowihict Tov PETOATIXGOV OYNUATIONGY TS XEQUOVIHGOU avtovaxhd odhayés oto molatomepifdiiovia
anéfeoric Tovg 1o onmoia, and rofood Gakdoowa (magdxtia 1 fabitepwy Baraoodv) petamintovy 1
evaldooovton pe GAA VARV, YAUREWY VATV 1] axOuN XKoL XEQoaia.

H n\éov yapaxmmoronxy ABoloywrrj povdada eivat, »atd zavovo, auti 1 onoia Tepilapfdvel GoTpmToug 1
TOXLOTEWUATAOELS, BLoyevels, Bloxhaotnol, vpakodels aofeotoribous. ITapatnoriooaue Spwg OTL TQ CTEWROTO
7OV UTEQRELWVTOL OAAA KO TTOV VTTORELVTOL TV 00BeOTOMBWY otV dragpépovy and BEon oe BEom. Avtd, ot
OVVOVAONO PE TO YEYOVOS OTL TO TTAY0S TwV aoBECTOMBmV aAAOV eivar peyahiteQo xat 0ALov prEoTeEQO, NOg
emtpEmovy va viroBécovpe GtL oty EQLoy €xovue dadoyrovs opitovtes froyevav aofeatoliBav, oL omoiot
TAEVEHE WITOQOUV va petafaivouv o dAoug MBoAOYIROUS OYNUOTLOUOUS.

H dmoym 6t €xovpe meQLOCOTEQMY TOV EVOS 0QLEOVIMY BLoYeVdV aofE0TOMOMY TEXROAIQETOL AL OTTO TNV
oUY®QELON TOV BLOCTEOUOTOYQAMIRMY dedopévarv Tou Xoahopmdxn xot Twv dirdv pog. TTo ovyrexouuéva, o
XopAoUITARNG UE TNV OVEVQREDT) TOAGQLOUNGS porpomavidag oe “aotpwto, eguied xogoihoyevi aoPeotéMbov”
OUPTEQAVEL OTL TEOXELTAL “TLEQT OTEWUATWVY avnrovToV £15 To Karwtepov IThedxavov (@dowg Aotiov)”. Epeig
og Bardoowa oTEdpaTo VIToXEipEVa PLOYEVEHY, VPalwddV aoPeoToriBwv poodiopicaus veEGTEQES Nhnieg
(Avateo ITheiéxawvo - TIAeloTéravo). Qg ex ToUToL Ewdlovpe TV UnaEEn TEQLOCOTEQMY TOL VGG 0QLLGVTMV
Broyevav, dotpwtmwy aofeatoriBmy.

AMLOL YOQAXTNOELOTLROL OQICOVTES, 11 SUVAREVOL SIS VO CUOYETLOTOUV PETAED TOUG, ElvaL OL 0QITOVTES TwV
rpoxahomoyav. To wdyxog Tovg, 1 0UOTAOT TOUS %o TO €(00¢ TOV oUVdETIXOU VAMXOU drapépovy and BEan ot
Béom 1600 natd TNV rataxduUEN 600 %ot ®oTd TNV 0LLGvTLa €vvoua. Ta xpoxahomoyr] GANOTE eivan POVOULKTOL
dMhote mohdpxta, GAote €xouv xéxuxn Yoppropoyaing Bepehddn pdta, dihote eivon ovvextnd pe
avBpan6 oVVOETIRG VMG o dAAoTE evalhdooovtal pe otpdpata apythopopuutdv (BAéne Topés 2,3,4 non 5
mg ew. 1).

Téhog dEtot puveiag elvar: o) oL 0QICOVIES TV KOUKIVV YAURITEYV, TTOU atavtotv oe dudpopes BEoeLs natd
UIROG TWV OVOTOMRMY TAQOAWY TG XEQTOVIHOOU ) TOV TOXVOTOMUATMIWMY ROUOTHAMREV AOBEOTOABOV Tng
{dr0g meQLoYNS oL 0To oL X OEAUTNEILOVTOL OTTG TNV TAEOVOIO HOEMV AOPECTOUOQYAIRMY EVOLATOWIEWV TAYOUS
2-5 exaTOoTAV, EUTOTIONEVOV pe paryyoviotya (?) dtakipato xat y) oL wohd vedtepes amoBEoeLs oTig SUTIRES
OATES TNG XEQOOVIIOOU TTOU CVTLOTOLYOUY 08 TOAUES BIVES RO TTOTEAOUVTOL (UTTG HORKLVES APUOVYES ATOBETELS.

4. TA NEA BIOXTPQMATOI'PAPIKA AEAOMENA THX IIEPIOXHE

210 VOTLOaVATOMXKS TUIRA TNG XEQOOVIIOOU TTARONKE 1 PLoL ot TIG TEVTE MOO-OTQMUATOYQOAPIRES TOPES TG
meQLoyns (topn 1 emdvag 1) oty omoia €% TV RATW TQOG T EXAVW CUVOVTIOOUE:

a) evolhay€g Aeurav xaw ®{towwv ouptaydy, aAhd pue guihddn ven, noydv, opatol Ttdyovs 5 pétpwv. Avd.
uéto meimov mdpbnuay to deiypoara MBI €wg xonw MB4.

B) opiovrog ouVERTLROU, YOUILTIROY PXQORQORAAOTICYOUS, Tt ovs 1,20 p.

Y) eVOAQYES QUALWIGY ROQYDV (e TOAT Aerttd apprtnd otpopotidia, dixnv otpmpatoriBwv, wdyovs 1,10 .

9) wrEohatumomayns - adGXRORROG YOUMTIXGS 0QILovTas, mdxous 20 EX0TO0THOV.

€) evolhoyég Aevrdv #on xitowvwv QuALOdGY paeydv, Tou xatd BE0ELS TOQOVOLATOUV PLot CROVQOTOGOLVT
Aoy, Tdxovs 4 PETEWYV. AmG To HECO KoL TNV ROQUPT| TG EPpAVIONS Ttdnray ta delypota MBS no
MB6a.

0T) 00ICOVTAG LETTORORAOV YOUUITY, TEXOVS 5 EXATOOTHV, 0xOAOVOOVUEVOS 0T unporEO%aroTayY] 0QiCovTa,
T ovg 20 EXATOOTWV.

C) evallayés LenTOOTQMUATOIGDY, AETTOROXRKWV 1] 0dQGXOxRWY, £QUOQGHY Papputtdy, pe Tord Aemtd
QQYLAOPQYOIRA OTEWUATA, OVVOMROU TTdY0Us 6 UETOWV. ATTO Ta avaTEQX OTRWpata Tdpdnxe To delypa
MB6.

1) AVOLXTORORRIVOG 1 YROLEORORKIVOG, OUVERTIRGG, avBoxnds natd Bdon oxnuatiopds, Tdaxovs 5 mepinov

wbis
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UETOWV, HE nporaromayels opiCovies ot fdon xan oy xopuer tov. ITapatnpovvion dgbova borrings xat
borrows, mdvw d¢ amd TOV RATWTEQO REOXAAOTAYY 0QICOVTa ammavtd €vag eQUOEGS PAUUTOUOQYATRAG,
Broyevic aopeotohbog pe TAnbpa poxpoatobmudtny, at’érov xot To deiypo MB7.

0) nogexltoveg CUNTOYELS HAQYES TTOU TEOG TCL ENAVM UETATTITTOVV OF EVOAAOYEC ROQYDV e AETTTA PappuLTind.

OTEWPOTE, GUVOMXOU TTAYOVS 2 UETEWY
1) yrOWOhevROL, £V HEQEL ROUOTOAMROL, HETOOTOWUATMOELS 0OBEOTOMBOL e TOEEUBOAES LETTWV HOQYOTRWY

OTEWUATMY, CUVOMKOU TTAYOUS TOUNEXLOTOV TEVIE HETQWV.

Metd ané xatdhnkn eneEegyooio Tmv oulhexBéviay derypdtwy, ota deiypata MBI €mg wow MBS Boébnxe
%o TEOOOLORIOTNXE TAOUOLA VOVVOXAMEIO0 TOU ONUELHVETAL OTOV TTivoxa 1.

Me Bd.om toug meoodLopLopots autots ko oupguva pe toug MARTINI (1971), MULLER (1972), SCHMIDT
(1973), GARTNER (1973) »ou STRADNER (1973), 2atoAjyOURE OTO OCUUTTEQUOUOL OTL 1) NAXIC TOV OYXNUOTLOUEV
TOU XOTMTEQOV TUNUATOS TG TAQUTAV® TOUNG, EEXLVE TOVAdYLOTOV amtd T Pdon tov avatepov IThsloxaivoy
(Brotwvn NN16, Ceratolithus rugosus) xat @rdver uéyotr »ou 1o Kdrw ITAewotérowvo (Brotévy NN19,
Pseudoemiliania lacunosa). KaBiotatow 6& mpogaveg ot n nhxia twv avatepmv perdv g topic 1 mpémnel va
€lva TOVAAYLOTOV AV() TTAELOTOROLVLXT].

Avdloyeg nhxieg motomouiBnxrav xar oe delyparo mov mdednxayv, omopadwd oe didgpopa onueio g
yepoovijoov. ITo ovyrerpiuévo og delypo and pdeyeg oto onuelo A g €wx. 1, mpoodiopioTnxrav:
Reticulofenestra pseudoumbilica GARTNER, Sphenolithus abies DEFLANDRE, Coccolithus sp., Ceratolithus
tricorniculatus  GARTNER xou Discoaster asymmetricus GARTNER mou didovy nhxio dve »otwtego
IMewrawvo (Brofwvn NN15, Reticulofenestra pseudoumbilica).

210 onueio B (ewx. 1) mpoodioplotrav: Reticulofenestra pseudoumbilica GARTNER, Discoaster surculus
MARTINI & BRAMLETTE, Discoaster brouweri TAN SIN HOK, Discoaster pentaradiatus TAN SIN HOK,
Discoaster asymmetricus GARTNER, Discoaster variabilis MARTINI & BRAMLETTE nouw Ceratolithus
rugosus KAMPTNER, mov ypovohoyouv my pdon tov avatepov ITheworaivou (froluvn NN16, Ceratolithus
rugosus)

Téhog oto onpeio I'(ew. 1) mpoodiopiomrav: Reticulofenestra pseudoumbilica GARTNER, Discoaster
surculus MARTINI & BRAMLETTE, Discoaster brouweri TAN SIN HOK, Discoaster variabilis MARTINI
& BRAMBLETTE xau Ceratolithus rugosus KAMPTNER, mov entiong mpoodiopiCouv ) fdom tov avdtepou
ITheronaivov (frotorvn NN16, Ceratolithus rugosus, Raffi et al, 1981, 1993, 1995, Okada et al, 1980).

ITivaxag 1.: To mpoodtogiodsy vavvoriayxtov oty tourj 1

Kad1xé¢ Seiyparog

Mixponav { da MB1 MB2 MB3 MB4 MB5
Cyclococcolithus macintyrei BUKRY & BRAMLETTE * B *
Coccolithus pelagicus (WALLICH) SCHILLER * *
Discoaster brouweri TAN SIN HOK * *
Discoaster surculus MARTINI & BRAMLETTE * *
Discoaster pentaradiatus TAN SIN HOK X %
Braarudosphaera bigelowi GRAN & BRAMLETTE
Discoaster triradiatus TAN SIN HOK
Pseudoemiliania lacunosa KAMPTNER * *
Cephyrocapsa oceanica KAMPTNER % %

Biolévn | NN16 | NN16 | NN19 | NN19 | NN19?

5. TEKTONIKEXZ ITAPATHPHZEIZ

Meydhog aolBpds QNYRATOV ROTATEUVEL THV TEQLOKY TS XEQOOVIjaoU ¢ AouPdedag. To onpovtrdteQo.
QIO TOL Q1 YUOLTOL ELVALL ONUELWUEVOL OTO XAOTN TG ErEVAS 1. Ot dtevBivoeils Twv pnypdtwy towrihovy. Emxpatotv
ta ofiypnata BA-NA xaw BA-NA diev0uvong. Iopatnouvial Gpmg ®ot QY IATO TV aVOTTioToVToL *atd Uijrog
v devbivoemy B-N xat A-A. Avdloyeg elvon xau oL dtevBivoels Twv ovompdtov diaxhdoemy, To. omoio
EXPOEATOVTOL ®ROAUTEQM OTOVS 0vBOMIXOUS 0OICOVTES. Z€ TOAG ONpein TAEATNEOVVTOL XA{VOUTES SLoXAIOELS
TO dvorypa TV omotwv gravel xat ta 30 exarootd (Pwt. 6, etndvag 2) xat elvon TAnowuEves pe egubed apyihrd
VARG 1| UE TOAMIPURTO. AOTUITOTTOYT.

‘Oha o TapoTnENOEvTa ONYRATO EIVOL HOVOVIRA. Z€ OQLOPEVA OO QUTA TTOLQOTNQEITOL KOL AQAKRTNOLOTLXY
TAQEAEN TTOV ETUPEPALWVEL TOV RAVOVIRG XOQAXTHO TWV ONyRdTmv (Pwt. 2, e1ndvag 2).
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H S1op60@mon tmv onUeQIVEV, ATGRONUVOV aXTOV EAEYXETOL RATA RUOLO AGYO Ol TIG TEXTOVIRES QUTES
aovvéyeles (ovfynata non doxhdoers). Eni miéov to ovotipata tav diaxhdoemy Tav avBoaxikdy opliévimy,
e OUVOVOLOUGS PE TOV DLOPOQETIXG BaBUG AOOEOQMONG TV VTOXREIUEVOV, XOTA TEQITTWOT, HOQYDV, EVOQLTTWV
POPRLTAV 1 ®QoRoAOTaYdV, eival veliBuva Yo TV ExNAWON QOLVOUEVWV KATOTTHOEWS POAXWOV TOV
TOQOTNEOVVTOL OYEGV 0€ GO TO PHOG TV OTOTORWY AXTAV TG XEQooVioov (Pwrt. 1, 3, 4, o 7 ewndvag 2). H
eXOAWON TV RATATTOOEWV EVIOYXVETOL KO 0TS TNV dEAON TV KUPATOV.

EE awtiog tov onypdrov dnuovgyoivion uxod TeXTovirg xépata xow textovind fubiopora ta omoia, Snwg
TQOAVOPEQUUE, OE CUVOVOOUG HE TNV dSUNON TG TEQLOXTIC, TLS MAEVEIXES MBOPAOKES NETORAOELS R TV
EéMeryn Prootpwpatoypo@rdv dedopévarv, xabuotovv duoyeen ™V TaEaxoAoUONON TS CUVEXELOS TOV
SLapOEWY YEWAOYLRMOY CYNUOTLORGY XOL XOTA OUVETELN, TNV RATAOREVH MLOC EVIA{NG CUVOETLRIG
MBOOTOWRATOYQAPLXIG OTHANG TG TEQLOXNGS-

“Ex16¢ and 1o mpoavagepBEvTa priypata, ot areTég O€oeis non iiaitepa exel Tov epgaviCoviot oL paoyeg,
TOQATNEOVVTOL TOAMG JxQd, Ravovixd, ouviEnpaToyevy ofypota.

Téhog oe duvo B€oeis mopaENONKAY necooromnic ®hpaxag mrvyés, pe oxedov opLtdvrio dEova mruyiig
row BA-NA mpocovotoMopd.

6. ZYMITIEPAZMATA

o. Ta petarmnd (Crijpato wov avarxticoovior oty XEEOGvNnoo g Aoupdedog Attnis (Zwotijog),
OVILTQOOMTEVOVTOL antd pio Towxithiar evarllooodpevov MBoroyudv mov meguhopfdver Broyeveic 1
®EVOTOAMXOUS oBe0TOMBOVE, KITOVOYQ0ES NAQYES 1| EVOANAYES HOQYDY PE Popupiteg, Roorolomoy,
(roAdpuxTo 1) povopntar) xo kOxxvous Yappuites. H mowihion avni aviavaxhd ko xmeoxeovirés petafolés
ong ouvinxeg dnuovgyia tous.

B. Hnlxio tov oxnuotiopdv avtdv Egxwvd amd 1o avatepo Kdtw IMiewdrawvo (Broldvn NN15, Reticulofenestra
pseudoumbilica) xow grdver TovAdywotov péxol to Kdrw Miewotoxawvo (Brotarvy NN19, Pseudoemiliania
lacunose). @aAdooies amoBEoeLs avTHS TG TEQLOGOV YL TOWTN QPOEA CVOPEQOVTAL 0T} VOTLOAVOTOMX®Y
Atunn.

v. H magovoio moAvdoiBpmy ®avovirdy onyndtov, Tov ®otd 0€oels dSlopoppavouy wxed textovird ®épata
nou pubiopata, ouvOgeTal pe TV EXEATNON, HETA TO TTAELOTOROVO, EQEARVOTIREMY TACEWMY OTNY TEQLOYN.
Daiveton va glyav mEonyNOel CUWTLECTIRES TAOELS OL OTTOLES OMULOTVOYNOUY HETOTROTIANG RAIUORAS TTTUYEG.

8. Ou dudpopeg aovveyeLeg (Empdveres otpdong, Staxhdoelg nat Qiypata), EAEYYXOUV ROl SLOUOQPHVOUY TIg
QTOTOUES OUTEG TNG XEQOOVI|OOU.

€. O neopaTlopds TV ovpmaydv optléviwy (aopeoToriBmwy, xooxalomaydy, Paputdv) xar 1 didfowon
XOAOQDTEQWV VITOAEIPEVWV TXNUATIONWV €ivon VTEVOUVES YLoL TNV EXOAWON ROTOMOONTIRGV POLVOUEVAV,
UE TN HOQPT] ROTOTTAOEMV BEdxwV, 08 GAO OYEOGV TO PROG TOV TTGRONUVWV ARTMV TNG YEQOOVI|OOV.

ot . Kpivetaw avayraio  ovotpomxoteen PeAET) TG TEQLOXNGS Gtd TNV OTOI0 OVOPEVETOL VO TEOXTYOUV
evOLapépovTa BLOOTEMUATOYQOPLRE ®aw GAAC aTotyelo mov Bo. fonBricouy oty roTavénom TS YEMAOYLRIG
eEEMENG TG eQLoXNc aAAd o THE ATTXTG YEVIRGTEQQ.
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T'EQAOI'TKH AOMH KAI EEEAIZH TGN NHEXQN KEPAAAONIAX KAI IGAKHY"
E. AEKKAZL', I. AANAMOYX', . MAYPIKAL'

ZYNOWH

ITeQrypdpovTat oL YEMAOYLROT OYNUOTIOUOL UL OL XOQOXTIOES PACEWY TWV IENUATWY TOU GUURETEXOVY OTH
yewhoywxn doprj Twv vijowv Kegpahhovidg xaw 106xng. Tleprypdpeto en{ong 0 TEXTOVIXGS LOTOS o WOLTEQT. O
oNELyeviic ®an e BAON TA YEOUETORA ROL RIVNPATIXG OTOLE(D TOV ENYRATWY EMLYELQETOL 1} dLdxQLom TV
VEOTEXTOVIRMV EVOTHTOV TV VHGWV. TENOG, pe fAom To YEMUETOLRA KO TA KIVIUOTIXA OTOLYELD TV TEXTOVIRWY
QOUVEXELDY (ONYHATOV, EPUTTEVOEMV) TEQLYQAPOVTAL Ta ¥VoLa oTddia g Textovirnig eEEMENS ™ Kegparho-
vidg xon T I0dxng xatd v ITAelotetaproyevi mepiodo.

ABSTRACT

This paper deals with the geological formations and the facies of the sediments that appear in Kefallonia and
Ithaki islands. Kefallonia is built by formations that belong to the units of Paxos and Ionian while Ithaki is
mainly dominated by carbonate sediments of Ionian unit. Furthermore, younger formations lay uncomformably
upon the previous alpine formations while both in Kefallonia and Ithaki islands a lower marine and an upper
continental sequence are observed. The structure of Kefalonia and Ithaki islands is the result of a string of
successive tectonic compressional episodes, among which extensional episodes that hosted gravitational move-
ments have taken place. These tectonic compressional episodes are characterised by reverse faults, thrusts and
folds while structures due to gravity correspond to faults with normal or oblique-normal offset. Strike slip faults
are also present. On both sides of fault surfaces, block movements are responsible for shoreline uplift or sub-
mergence, remarkable incision on upthrown blocks, deflection of drainage network, and so on. Each block is
particularly described below. Based on the geometric and kinematic data of tectonic discontinuities, the main
stages of Kefallonia and Ithaki islands tectonic evolution are presented from the Up.Miocene — L.Pliocene until
the Present.

AEEEIZ KAEIAIA: onEuyeviig LOTOG, VEOTEXTOVIXES EVOTNTES, ®ivipamxt] avdivon, veotextovirvy eEEMEY
KEY WORDS: fault fabric, neotectonic units, kinematic analysis, neotectonic evolution

1. EIZATQI'H

Me v mogovoa eQyacicn emLyELQE(TAL 1) OUVOMAKY] TTOQOVOTOOT TNG YEWAOYLXNG — TEXTOVIXNS OOMIiS TwV
viowv Kegarhovidg xow I0dxng, dedopévou 6t uéyor ofjpepa dev €xetl vidpEel avdroyn mpoomddeia oL o
VQPLOTAUEVEG EQYAOLEG, E(TE AVAPEQOVTAL OTTOOTOOUATIRA OE TUIJUOTO. TWV VHOWYV, €(Te TEQLOQITOVTAL OE £EELOL-
nevpéva avuxeipeva (DREMEL 1968, BRAUNE et al. 1973, HEIMANN 1977, NIKOAAOY 1983, CIVITELLI
et al. 1987, UNDERHILL 1985, 1989). Katafdiheton eniong mpoond.feia vo ®afoQLatoiv oL EmUEQOUS VEOTE-
HTOVIRES EVOTNTES TWV VIjOWV (ONELTERAYN) RO VO TEQLYQUEL 1) veoTexToVXY] eEEMEN. Ta dedopéva mov €xouvy
TEOXRVYPEL, TOOO QIO £QYAOTNOLOXA OTOL ElD, 600 %o amd gpyaaio vraiboov, n omoia TeQLeAduPove YemAOYL-
%1 xoptoyodgnon oe xhipoxo 1:50.000 kol PETONOELS TEXTOVIXMDV OTOLXEIWY, TAQOVOLELOVIOL OF YEMAOYLRG
xdot og opixpuvon (Ew. 1), otov omoio €xel dobel 1daitepn meoooyri oty StdxoLon TV OYNUOTIORMDY KL TOV
TERTOVIKAV HOQPAV TTOV XOQARTNOICOUV TV TEXTOVIKY] — VEOTEXTOVLKY] dopy].

* GEOLOGICAL STRUCTURE AND EVOLUTION OF KEFALLONIA AND ITHAKI ISLANDS
1. Mavemonjmo ABnvav, Turpa Tewloylag, Tavemompovmoly, 15784 ABvva
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Eux. 1. TewAdoyixog — veotextovixds ydorns vijowv Kepallovids xaw 10dxns (1. Zvyypovor ailovpiaxoi oxnuari-
ouoi xai pcoomayerdders anobéoeic Méoov IMcworoxaivov, 2. Kogijuara xat Aarvmomayr xAtvwv Méoov
HMisoroxaivov, 3. Oaidooior aopeoragevites Méoov IAgtoroxaivov, 4. KAaotixoi oynuationoi Iicoxaidpoiag
oeipds, 5. Agyiioxiaorinf oeigd Méoov Mewoxaivov — Karorégov ITAgioxaivov, 6. AvBgasxixd (Crjuata vijoitixd
xat xard Ogoeis medayied Toradixos - Méoov Mewoxaivov, 7. PALvoyns Toviov evomyrag, 8. Hayvorpwuaroes
aofeororifor xai egvfpoi xovovAddes aoPeordiifor Tovgaoixnov — Kontidixov, 9. Efanopitiaj ocipd Toradixov,
10. Exdbnon — Epinnevon, 11. Pifyua). (BP Co. 1971 e ovuminowoels »at T00momounjoe:s).

Fig. 1 Geological - neotectonic map of Kefallonia and Ithaki islands (1. Recent alluvials and interglacial Middle
Pleistocene deposits, 2. Scree and Middle Pleistocene slope breccia, 3. Middle Pleistocene marine calcarenites, 4.
Pliocalabrian clastic formations, 5. Middle Miocene — Lower Pliocene clay-clastic succession, 6. Triassic — Middle
Miocene carbonate neritic and locally pelagic sediments, 7. Ionian unit flysch, 8. Jurassic — Cretaceous thickly
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bedded and red nodular limestones, 9. Triassic evaporates, 10. Thrust, 11. Fault). (BP Co. 1971, modified).

2. OI TEQAOI'TKOI EXHMATIEMOI TQN NHEQN KEPAAAONIAL KAI IGAKHE

Zm yewhoyury doprj twv vijowv Kegarhovidg ko 106xns happdavouvy pépog armrol oxnpatiopot, robuwg
%O VEGTEQOL TAELOTETAOTOYEVELS (RETAATLROL) OYNUOTLONOL, 0L 0TToloL EMRABOVTOL CLOVUPWVH OTOVS TRHOTOVG
(TEQPTTAAOY-AIKAIOYAIA 1965, BP Co. 1971, BP Co. et al. 1985, E=TAYPOIIOYAOZX 1991).

AAmixol oxnuatiouoi

Ou aAsterol oxnuotiopol avijrovy otg dvo mo eEwrtepurés evomres twv EMnvidwv, v evémra IoEdv, 1
omoia xororappdver To peyaritepo tprjua s Kegaihovids rou eivar 1 oxetird avtdyBovn won v Idvia evo-
™TQ, 1) OO0 DOUEL TO VOTLO-OVOTOMKG TUNUO TNS VOOV %o OAG®ANEN TV vijoo 10dxm, eivon de emwOnuévn
AV OTNV TOONYOUUEV™.

Evoryra Haov

Zmv Kegporhovid epgaviCovron ta avdtepa néln me avBpoxinrc oewpds mov aviiotoyoty amv mepiodo
Avatepo Iovpaownd — Katdtepo Mewdravo, xabmg xau 1 agythoxhaotiny pAuoyixy oelpd mov amotehel xavo-
VY] OUVEXELDL TNG TTOONYOUREVNS RO avTLotoLxel oto dudotmua Méoo Mewdxawvo — Kardrepo IMhewdrawvo (BP
Co., 1971).

AvBpaxuxt] oepd. H avBpaxixy oelpd magovotdlet po £vrovn SLagpoeomoinoy otovs WNUoToyeveis mg
yopoaxtieeg ®otd ) didoxela Tov Konudixo, n omoia vroxweel xatd to Tortoyeves. Ewdixdtepa mopatnoou-
vIow:
¢ Zm xeeoovnoo g ITainxig xat oTn XEQOGVNOO TOU AQYOOTOALOU XOQUXTNOLOTLHES PAOELS uog dlaiteQo

Ny vnortxis Tapapévovoog mhatgdppas. To mdyog tmv tnudtwv Eemepvd ta 1000 m yo to Ave Kon-

Td*6 — TTahouoxavo avaoToL oty Oe 0 AeVrOUS ETEWUUEVOUS aoBEoTEAB0VE, dohoputtirois oBeTTOM-

Boug, doropites amooaBEmUEVOUS e GYn vipwAiog xow {xvn avaduong kol proyeveic-froxhaotinois mep-

parwdelg aofeotéMBoug.
¢ 3710 #EVTOKG TUHUC TG VOOV, QAOELS Etiong oNyES, ahld row fabitepeg mov yoaxtEovy 10 TeQLBdELO

pog Booyiprag xenTdiric TAaTEOpRaS pe mdxog WWnpdtwy tdve and 1000m pévo yua 1o Ave Kontduxd.

Nnpinxot aoBeatdhBol, PLoXAaOTIROl ®at rELTIXOT axohovBOTREVOL 0TTG AEUROTE RQLTLXOUS KoL dOAOUL-

TxoUg 00BEOTEMOOVS PECO-OVWTAAQQOLOXTG TAATPOOUAS UE (xvn ovddvong xan pe eviaotpwoels fro-

HAOOTLRADV 0QEOVIWY e POUALOTES %ot opLLoviwv pe yaotepdmoda (BP Co., 1971).
¢ v meQuoyr} ™S xepoovioov g Epuooot xat tov dpovg Kahot, otovg fopetodvnnois mpomodes g Ayi-

og Avvartiig ®ou otig Sutxég mEooPdoeLs Tou Aivou pAoeLs ®vEimg Touv TeELBmEIov, TS *ATHOS ®aL TOU

muOuéva pag Aerdvng, dniadny oto peyoriteo Toug HEQOS TEAXYIXES PE GUVOMKUG Tdx0g OV EemeQVA TO

1000 m ywo To Avatepo Iovpaotxd — AABLo. AVILTOOOWTEVOVTOL ATt E0TQMUUEVOUS JOAOUITES, OOPEOTOAL-

Bovg xou upLtodiBoug. O tehevtaior petamimrovy xatd ™ dudprewa Tov AAiov oe Broxraotirols - Aatu-

monayeils aofeotéMBovg ®htiog, evd mhevoind avorticoovral BLoXAaoTIXO! TEQUPAADIELS ROl ULHOLTL-

%ot aofeardhbol pnyris mhatgpdouas. Ané 1o Tovpdvio péxor to Hoxawvo avorriooovror €mg xot 600 m

melayweol Aatvmomayeic xow tovpPditinol aofeotdMbor xhtios. O mehayinds xapoxrTioas Tav IEnpdtmv

gvioyvetal xotd to Avatepo Hdxawvo — Olyéxawvo (BP Co., 1971).

Agyrho-xhaotixt] @AVort] oepd. ATotehel TNV xavovixrj eEEMEN g ®upiwg avBpaxixis oelpds pe TTdxos
OV AVEQYETOL OF PEQURES EXATOVTAIES PETOO. ZURUETEXOVY XVOIWG HAQYES UE EVOLOOTODOELS YOUILTHOV, 0QY(-
AV, olySpeTmV Aatuomaydv xow xpoxoahomaydv. H oelpd epgavitetar ot xepodvnoo Mainxng, omy me-
ooy ®ohtov Apyoatohiov xat Gpopov Karererot. Huxria Adyyro — Meoonvio (BP Co., 1971).

Ioviog Evotnra

ATG TO OUVORO TWV OTQWUATOYQOPLRWDV 0QLLOVIWY TG OELRAS 0Tn dowr] TV S0 VoWV CURUETEXOUY HOVO
oL 0piCovteg TG pecofmunris avBparunrs oelpds. Ot TahaudTeQOL OYNUATIOROL TS EVOTNTOS Elval TOLAdIKOL
epamopiteg, vmolewpponind dotpwta Adatvronayt aofeotoriBwy xar doroptdv kol doywhor ditdivong. TIdvw
and oUToUs avoTTUOOETOL e avBpoxixy] oelpd ov euhaufdver doropuites, Purwdels aoPeotoriBous xau
aopeotohiBoug pe mUELTOADOVS 0TV ROEUPY OVTIOTOLXOUS TV VNELITRGV «aofeotoliBwyv TTavioxpdroga».
Hhwxia Av. Towadws — Méoo Audoro (BP Co., 1971). AxohovBoiv @pdoeig “Ammonitico rosso” ané aofeoto-
oyloteg naw eguBovg aoPfecToriBous pe appmvites tov Toapoiov, aofeotdhbol pe TugLtoliBoug xaw OLOTOAL-
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Bou pe TTooeduvieg Tou Aoyyepiov nar T€hog aofeotoMBol pe 1 xwels mupttiohiBoug, mehaywol oL omotol
yivovtaw Aatumomory el Tpog ™Y ®ougn g oepds, nhwriog Kontduwot (BP Co. 1971, RENZ 1955). Zynpati-
opol vedtepot Tov Meoolwinol (0wg va vitdeyovy pe ™ nop@n textoviradv poxav (NIKOAAOY, 1983). Zm
vioo I0dxn avarrioostar »vpiwe N avBpaxwwr} oewpd g Ioviov evémrag nhxriag Tovpaouxot — Konudixov.

Meraimixoi oynuariouoi

H aotpgpuvn tomoB€tnor Toug tdve 0Ttovg aATHoUE ATOTEAEL #OL TO POVO ROITOLO TIQOXELUEVOV VO KOO0
®INOLOBOUV G «PUETAATULROL OYNUATIORO(». ALOXQIVETOL MOl ROTETEQY) OELRE. Bahdoolwy (nudtwy nivriog Ka-
titegov IThewoxaivov ~ Katwtepov IMhewotonaivov (FTEQPTIAAOY-AIKAIOYAIA, 1965) xon o avddtepn
OELQA OTOBECEWV NTELQWTIXOV RVEIMG YOEAXTHON, OL OTOLES EIVOL AOUUPMVA TOTOBETNUEVES AV OTIS TOON-
youvpeveg (Méoo, Avarrepo IMhewoténarvo — OAéxawvo) (BP Co. 1971, SOREL 1976, UNDERHILL 1985, 1989,
%.d.).

IMewo-Kordfoia ogipd. ITpdxertan yio puo BoAdooLo OELQA TOU OVOTUOOETAL ETLXAVOLYEVHIS ETC TV OYN-
poTopdy g evomrag [MaEwv. To mhdrog epgdviong xupaivetor petay 2 xow 10 km mepinov, eve To ndxog g
peta&v 200 xow 500 m. H oepd avt negihappdver ot Bdon g (Kat. ITheidravo) opitovieg olrydpewntav
HOOXAAOTOY DV KO AOTUTOTTALY WV, CUUPUORATOTIAYDV atoBE0TOMBOV ®ow OVPTOYV QOBECTAUQEVLTEV, OTO EV-
dudpeoo Tupa mg, nhxiog Méoov — Avdtepov IThelonaivov, #uaveég row vitpwveg pdeyeg pe thvodiBovg, eviia-
OTROOELS POPULTEV, AOBEOTOMOROV AUUOV, KOORAAOTIOYDV ROl OTO AvATEQO TUuua g, nhxiog Kat. TTher-
otoxaivov — Kahapoiov, enions ndoyeg péoa otig omoies mapepfdrroviar voLaotpdoels aofeotoMBixady du-
KWV %o o1 CUVEYELD XOVOPGHo%NOL aoPeotapevites andovpons (BP Co., 1971).

Zynuanopol Méoov-Avategov IThetgtorarvov - Ohdravou. EpgaviCoviar xuping ot xepadvnoo tov Ag-
YooToAiou - agpodgopiov. TTQOKEITOL VL0, OYNUOTIOUOUS NTEWRWTIXOU, Omtdvio. Baldoolov yoaxtioa. Atoxoi-
VOVTOL:
¢ Aatmomayn mhaylds. Zug mhaytég tov fubiopoatog petagi twv xweuwv Ayrdvo-Kovioyovpdto xar ZGSho

%raBdg ®ow otov ppo T Ayiag Kvplanijg avamntiooovial, aoUpuemva. Tavem OTIS HELOXAVIXES UGQYES, AaTy-

momayn) Tov Mivd€hov, o To RaTdTEQA TOUS PEAN TTEQIRAEIOVY 0LoPEOTOMOIRA TENAYN NECQ OE EVOL RORKL-

vo aoBE0TOAMOLKRO 1) aofeoTiTLNG TOWEVTO.

¢ Ooaldaoolor aofeotoapevites. EpgpaviCoviar og ToMES TOQARTLES KUQIWG TEQLOYES TOU VNOLOU UE TN LOQPN
WxEoY maxovs BeAGOoLWY OBEOTONQEVITHV ETIXAVONG PE DLOOTOVPMUEVES OTRMOELS Kol ®aTd TOTOVS Pa-
o6 rporaromayés. H nhnia tovg eivar Moraro-Mukdroro (Méoo IMTagwotérarvo) (UNDERHILL, 1989).

¢+ Meoonayetddeic amobéoeic MvdéhMouv-Priotov. TTpdxerron yuo mooidvra kopotixomoinong ko eEadhoiw-
ong aofeotoriBov mov epgavitovian pe ™ poegr apyilav araoféotwons néoa oe ohiveg (UNDERHILL,

1989).
¢+ Kdvor mpooydoenv Priotov. Tumxés amobéoeig tayetddovg mepiddov, mepiddov pnElotaciog, wov aoti-

Oevran AGym dudBemong otoug medmodeg Twv whoydv. H Bdomn ovtdv Tov ®evov ammoteheital s RORRIVES

00Yihovg pe TuEiTLo ®ou TERAYN TOV VIoxreipevov eEalhotwpévoy Bahdooimv aofecToaQEVITOV

(UNDERHILL, 1989).

+  Siyyoovor oxnuatiopol. Boioxovrow 01GomaQtol o8 TOAG onpeic Tov vnotov. ZTnv TeQLOXY TOV AeQOdQONI-
ov #ar ANA ™ ZxAhag omavroty prQoU TaY0oUS RORAVOL 0QYIMHXO! GUUOL NTELRWTHIG TQOEAEVONG KO-
B¢ ®aL TAQAXTLO. KOORANOTIOYT KO ROXKIVES 0OBEOTOMOKES ®EOVOTES, OV eivan mbavdc Bovouwag nit-
®lag. Ztovg dutxois mEdmodeg Tov Alvou epgpoaviCovror He T HoQEY TAEVQIKGY KOQNUATOV KOL KHVOV
TROOYMOEWV YEWUAQQWV.

3. NEOTEKTONIKH AOMH TQN NHEZQN KE®AAAONIAL - IDAKHE

H doprj twv viiowv Kegaihovidg xar 106xng elivon amotéheopa g enidoaons pag oeds dadoyindy
TEXTOVIXWDV TOQAUOQPWTIRAV EMELTONIWV RUQIWS CUNTLECTIROU XUQUXTHOW, TO OTOIC GUMES EXOUV dLaXOTED
o6 TEQLEAOUG ROTA TS OTOTES TAQATNQE(TOL PLOL OTTOCUUTTIEDT) TWV TETEWRATWY o emidpaom g fagutnrag,
QPOLVOUEVQL TTOU OVTLOTOLXOUV OF €val RABECTHG EPEARVONOU.

OL #UQLES TEXTOVIXES PORPES TTOU dMULoVEYENKAY RaTd TN YA TNG CATILUYG TAQARGOPWONG TWY VHOWY,
ouvdEovton YEVETIRG pe TNV TomoOETnom Tou ®ehbuporog g Iéviag evétntog mdve oty evémnra ITaEdv xatd
1o Kotditepo Mheidxawvo nan eivar: (i) avdotpoga prjypata pe dievbuvon eite BA-NA, eite NA-BA nau avou-
XTEC TTVYEG e AEOVES OV mapovaLdlouy (do mpooavatoMops péoa oty evémra Iagdv, Ta omolo Bewpov-
VI ¢ TOALOTEQES OUVIENUOTOYEVELS TEXTOVIXES DOPES oV Ratd TV mEEi0dO0 TS Linpatoyéveons xabopiloy
g dudpoes mahanoyewypapirés teLoxEs g IpoamotiMag MAATPOORAS. Z€ 0QLOPEVE At QUTA TO QRYRATA
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(oMyna Ayiog Evgnuiog NA tov 6povg Kakrd, priypa Aivov) mapoatngeitar ®au pua 0QLEévTie ouviaotioa ®ivn-
oNg EXTOS amd TV auyds epuemevtny, (i) epuumeioels, aviixva e@immevong wat avirhvind didvpa eqim-
mevong ue dievBuvon BA-NA zou (iii) oriypata Bapvmrag pe dievbivosigc BA-NA znow A-A péoa oty Iévia
evomnTa. AEovird emimeda TTuy oV ROl EQUITEVOELS Elval TAQAMNAC (e TNV KUQLO TEXTOVIXY ETLPAVELD ETHON-
ong g Ioviag evémrag mavw oty evomnta Maguv. ZTig mponyoUneveg TexTtovinég poeeés tov Kar. IThetoxnal-
VOU TTROOTIBEVTOL OTN CUVEYELX OL VEWTEQES POQYPES (JOUES) TOU CUVIEOVTOL PE TOL TOQAUOQPWTIRA ETELOOILAL
tov IMAeto-TTAeLoTORAIVOU (VEOTEXTOVIXES HOQYEG).

OL VEOTEXTOVIXES POQPES OVILTQOCMITEVOVIOL XUQIWG OTG TOL QIYUATA, TA OmOlo. TEUVOUV 1 opLofetovv
6hovg AVEEQUQETME TOVS YEWAOYIROUS OYNUATIOROUS Xow T EnELTERdyM g vioov. TTpdnerton yio puet peydin
TOLRLALDL QN YPATOV e GARCL ATt PEQUHA PETQO E0G NEQLRES SEXADES PETOM RO PE OAIOHNOM TEOO UE HATAROQU-
@) OUVLOTHON 600 ®oL e 0QLEOvVTLaL Tar 0ypato Tov avoryveeIioT ROV KoL Ta OO0 CTOdEUVUETAL TTWS £XOUV
emavadpaotmoiomomBel 1 dnpovoynBel vord v Iieto-Tetaproyevij meEiod0 KATATACTOVTAL KOTA OELQA OTOU-
daudmrag og eQUIITEVOELS ®o AvAoTEOQ, 0QLEAVTIOS OMOONONGS *aL TEAMOG ROVOVIRA. ZUYREXQLUUEVA TOQOTN-
povvral:
¢ AvoComuQ®oEeLs TAAGTEQWV ONUAVTLIXRWYV TEXTOVIXGY OOUMV, KVQING EPUITEVCEMY KAl AVAOTQOQMY ONY-

udrwv (Alvov, Agyootoriov, Kovioyovpdtmv Ayxava, Ayiog Evgnuiag, Aompoyépara-TTahonds Zxdrag,

IMohowdraotoov, meptfdplov Zaxiviov-Kegahhovidg), odhd rar dnpuoveyia vedtepmv, TOAU xopoxtmoL-

OTLRWOY 0T TTEQLOYN HVRIWS TS XEQTOVHOOL Apyoatoriov (Axpwtipto Aapdnyds, Eevodoyeio Mediterranee,

Eevodoyeio White Rocks, andrpnuveg mapohiec NA and to xwoid Mnviég, meguoyn agpodoopiov). IToArd

076 TOL TOEATTEVM) Oy IOTaL, TOAALGTEQO KL VEDTEQX, TUQOVOLATOUV Kot uict 0pLEGVTLO GUVLOTHON RIVIIONG

YEYOVOS TTOV TO. XOTATACOEL OTO, TIAAYLOVAOTEOQX Kot 0TS Aayloe@uunevoels (Aivou, Ayiag Evgnuiog,

ZontvOov-Keparhovidg). Priypota pe xabaor ogiidvrio ohiodnon (strike slip) dpovv avt m wepiodo (Mn-

viég, Gpayrdro, Kaurouha, IMaradraotgo, xepadvynoog Ioinxiic) arlhd elivan mnpdtepng onuaociog. TE-

hog priypato »ovovird, dimotwbnre pe PePfardmra dn €dpacav ex véov ot NA andinEn tov Aivov (te-

%rToVIrd Pubiopa oto xweLd Agyivie) (UNDERHILL, 1989).
¢  EnovoadoootnQlomtonjoets ®oL avoeB®oEeLs ToAoGTEQMY RUTWITAELOROLVIXMV TTTUXWOOEMV (avtinhivo Alvov,

Agyootoriov-Mnvudv, Meyding Pdayng, Kovtoyovpdrmv, Karot, yepoovijoov TToinxiig) ohhd xow dnuove-

yio vedTeQMV pe ®AmoLa amtdrAon and Tig mohadtepes dievBivoels (ovyrhivo ®GAtov AgyootoAiou, An-

Md-Kovotovpmdpdr, agpodoopiov) (UNDERHILL, 1989).
¢ AVUPOOELS YOOURDY OXTWDV TOV TOTURE WtoQoty va gpidvouy wg xar 100m tipog dmmg apatneeital yia Ty

mahowoaxti tov Katdrepov IThewotoxraivou oty xepoovnoo Agyootohiov (MnViEg).
¢ “Evtovn xatd fabog dudfowon twv dopmv mou dpuotoynoay oL TEXTOVIRES TAQUUOQPWTIXES (PACELS TOV

Katdtepov IMheoxaivou xau IMiewotoraivov. Ta powvopevd g eviomiCovian ®upimg otig A nat NA whev-

0€G TV poporoyrav eEGpoemy (6p0g Aivog, 6pog Kald, Xepodvnoog ITaknxrig) exel dmov diépyovion o

ONUOVTIKES TEXTOVIHES OOUES KO EXTEAETOU 1) PEYOAUTEQN HIVION, TAQUUSOPMOT] KO HOTAKEQUOTITUOS TV

TETQWUATWV.
¢+  Metatomioeis Tov vdQOYQpLroT dixtiou, and tov véto (meptoxn Idoroa xat Hakawds Exdiag, pubiopa

Katehewot) mpog 1o A xou BA (I16005), AMOym Twv OnpavIirdy ®vioemy mov EAafav xwea aut) my wepl-

000. Avté eiye oav amotéheopa exions Ty mhion drdfowon Twv TAELOTAELOTORAUVIRDY LENRATOV TEOS TX

Booeia Tov YNoLoU €101 HOTE Vo v aavtavon ojuea Bopetdtepa tov Acompoyépana (NA Kegparlovid).

4. IEPITPA®H PHEITENOYX IZTOY
T'eoperouxd orocyeia gnyudrov (T'eouerouaj avdlvon)

To ouvoho TV ENYRAT®V TOV VoWV proovv va daxplBotv ot tola ®ipwa cvonijpata. Ta mpwrevovia
ovoTHRaTe TWV ENYUATOV givar TpocovatoMopéva otig dtevBuvoeic BA-NA, BBA-NNA xot BBA-NNA, evo
Ta devtepevovta ot dtevbivoels BA-NA xar A-A. Zto ovotua dievbuvong BA-NA evidooovtol o onpovit-
%nd pfypata tov Aivou zaw g Ayiag Evgnpiag, evd to ovomua BBA-NNA axolovBoiv ta prypoto Kovro-
yovpdta-Ayrova, [lTohatdraotpov xot Tov mepldmpeiov Zaxuviov-Keparhovidg. Zto tpito ovomua BBA-NNA
ROTATAOOETOL TO OYjypa AQYooTtohiov, avtd mov dnutoveyidnxray xatd to IThew-ITheiotérawvo omy o me-
ooy, pepwrd ot xeeodvnoo g Iaknxig xabwg xou Ta TeEQLOoGTEQN PNYHaTa TS Vioou 18dxns. Ta cvonijua-
Ta onypdtov BA-NA xow A-A aravtdvral, eite oto xdivppa g Ioviag veTnTas 6tou avImrgoTmmeouy ova-
Comupaoelg ToAaGTEQWY EPEARVOTIRAV TACLYLORAVOVIXGV ONYRATOV, GTtmwg TO efyua tov Atog (reployrj TT6-
00¢), efte ot meQLoyEg Poayrdtwv, Mnvidv xar Agywiwv drov delyvouv uio uxeri opotléviia orionon. Ta
OYHOTEA TV TOUDY TEMTEVOVIWY CVOTRATOV EIVOL TTOALA ROVOVIXA OTYROTC, CUVICHUOTOYEVT], T 0TTOL0L OM-
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povyrOnrav xatd 1o Konudixdé — Hoxouvo. Katd tnv ogoyevetint] mepiodo Spme xon petémerta Aettovp-
YNoav mg avaoTEOQaL..

Kivquarind oroiyeia onyudrov (Kivquatiej avdivon)

ARG TIC TTOQAUTNQTOELS OL OTTO{ES £YLVaY O GO0 ONYUATO TTOQOVOLALOVV OOPELS ROTOTTOIRES ETLPAVELES KO

Yoopués TexToviRig ohioBnong eivan duvatd va eviayBolv otg axdlovdeg xatyoplies:

¢+ Priypota pe xaBopd avaoTpogo agoxTio RMaVICOVIOL HE OPKRETA EVTUTMOLORG TEOTO 0TV XEQOGVNOO
10U AQYOOTOAOU G710V TTOQOVOLALOVTOL VO ROBOUV PEXOL ROt TTOAD TEGOPATOUS TYNUOTIOROUS (RDVOUS TEO-
oxwoemv Priowov nhxiog - Méoo-Avdtepo ITAewotéxouvo).

¢ Priypota ovdoteogo. 1 EQUITEVOELS PE YOOURES TEXTOVIXT|S OMOBNONG mov mapovotdlovy 1600 opldviia
600 %o ROTORGQUPY) CUVLOTWHOT, KoL EVIATOOVIOL 0TIV XOTNY0E(0 TV TAAY0avAoToogmV (O1yRoto tg
Kegpalrovidg drwg autd tov Aivov xan g Ayiog Evgnpiag).

¢ Priypato pe oolloviieg 1 oxeddv 0pLlovles YOOUUES OAOBNONG TTOV TOQATNEOUVTAL XUQIWGS OTN XEQOGVNOO0
to0v Agyootohiov aAhd xow ot NA Kegolhovid xabhg zow ot xepoévnoo g Mainxiic. H xivnoij toug
elvan avTo uxEov pey€oug.

¢ Priiypota ®ovovixd pe YOOUMES TeEXTOVIXYS OAOBNOoNGS xotd xhion ot xexMpévn onEiyevii emupdvera mov
EVIAOOOVTOL OTNV ®aTyoQio Twv ogBoxavoviray. Iagoatneovvtar oto textovixd fUBopa Agywvinv xow
o710 TeEXToVIRG ndhvppa ™ Idviag Evémntag. Eniong, oto tentovind fidiopo tov dppov Agdheg g I86ung
(Bopero Tuijpa ™G Vijoov), 0TS Ko OTOV GEUO TG TOANG I8AxuNg (VOTLo TIipa).

5. NEOTEKTONIKEZ ENOTHTEZ

Me Bdon to YEMUETOLRA HOL HAVNUATIXG OTOLYElR TwV onypdtwy eivon duvatd vo dwaxpBel ot vijoo Ke-
@allovid §vag auORGS VEOTEXTOVIXRGY evOTiTaV. Ot VEOTEXTOVIXES EVOTITES 0mtoTeAOUY aveEdQTTa onErtepd-
XN oto omoi Wiaiten onpaoio £xeL N 0pLoBEMoT Tovg ot peydha priypara 1j onEryeveis Caves. Avaxpivovron
AOuT6V oL aRGAOVOES EVATNTEGS:
¢ Evémra Alvou naw avarohxiis Keporhovids. OgroBeteitan megupepetond amd onpavurés onryeveig Lo-

veg, vt Tov Aivou mpog ta. NA, twv Kovroyovpdtwv-Ayrdva mpog 1o BA, mg Ayiag Evenuiag mpog ta

NA %o tov IMahowdraotpov meog 1o, NA. Antd 1o xatdtego TTAeidxavo ot petd mapovotdlel pio opors-

popen eEEMEN mov yapoxrTnEiCeTon amd onuoaviyy aviymon (>1500m) xow xatd fabog dudfowon mov

ovveyiteTar mg onjueQa.
¢ Evémra xeeoovijoov EQuocoy ota. fépera tov ynotot. Ogrobeteiton mpog tae NA amtd ) onEuyevi Codvn g

Ayiog Evgnuiog xou xapoxmeitetar xoau avt oné éviovn aviypmon ko dudPowon. And to IThewotéravo

Spwg TTov ameveQYomoLETaL To Pffypa g Ayias Evgnuiog, axolovBei v eEEMEN Tng evémrag tov Aivou.
¢  Evémro. xepoovijoov Tladnxic. To onuavixd vrobardooio priypa tov mepubwpiov ZoxivBov-Kegparho-

VIAG EVEQYO %O OfEQ, TTOV TNV 0QLOBETEL TTROG Tar duTind, €xeL emnoedoer Ty eEEMET tng o€ GAo To ITAeto-

ITAeLoTEROUVO pe ovVUPHOELS XL D feioELs, puredtepov peyéBovg (<1000m) oe oxéon ue v evémra Tov

Aivov.
¢ Evdémro xepooviijoov Apyootohiov. Amotehel pior pxer evotnta peta&l tov Aivou xon g Iainxig, n

omnofo ToEoVoLdter ®vijoeis avdhoyeg avtdv ™ ITolnwc. Eniong mpéner va tovioBel o Wiaitepog yopa-

%o opLopévev pnyudtwv (back thrust faults) mov avarTiooovTow ATOXAELOTIRG OTNV TEQLOYY QUTY XOTA

10 [TAeLoTtéROVO CaV QOTENETHO pag QVEQVOUEVNS TBavAS oupmtieons xow eveg ehattovpevou daBéot-

LoV XWEOV.
¢ Evoémra NA Kegaihovidg. Mixpr evotnta mov ogLoBeteital mog ta dutnd and 1o priyporo [Mododxo-

otpov xau [Mahoudg Zxrdhag-Acmgoyépaxa xat 1) ool TaQovatdiet ®atd to ITAsomhelatéravo aviywaon

peyaivteen twv 1000m, xow xotd Bdbog didfowon mov ouvdéeton pe ™ dmuovpyia tov Pubiopatog Tov

Kotehetot xow TV petaotoo@r] Tov vdoypopirot dixtiov mpog ta B xaw BA.

Zm wijoo I8dxn progotv va draxpBoiv toio xvpa onErtepdyn (BOEEL0 TUHRO TG VIIOOU, KEVIOLXS KO
vOTL0), TaL OOl 0QLOBETOVVTOL QTG RAVOVIXA O YROTAL.

6. TEKTONIKH EEEAIEH TQN NHEZQN KEPAAAONIAL - IGAKHE

Me Bdom Ta YEMUETOLXG ROL TO XIVIUOTIRA OTOLYEID TV TEXTOVIXWDV QOUVEXWDY dopdv eivar duvardv va
TEQLYQAPOVY T ¥UELOL OTABLOL TNG TEXTOVIAT|G EEEMENG TV Vijowv Kepahlovidg rat I0dxung, mov eival to axd-
AovOa:
¢ A" Zraduo. Kard 1o mpdto otddio, 1o omolo aviiotoyel oto Katdtego IMhewdrowvo, Aopfdvel xwoao vy Toro-

0t om tov I6viov xahippatog tave oy evétnro. IoEdy ®dtm and £va evianxrd ®abeotds Eviovng ovpmi-
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eong. To xaBeotwc avtd TEOXAAE! TNV AVAdUON TV VoWV Ue T dMMUIOVQYIo. TTVXHOEMY %ot TV EVEQYO-
TOMON TOAAGTEQMY KVQUWV CUVIENUATOYEVEHV TEXTOVIXMV ETPAVELDY (ONYRATOV), OL 0TTOlES petafdrhovy
™MV xivnon Toug o otd dopés Adym Bagimrag (ravovind) yivoviar dopég ovumieons, Mradi avdotgoga
ofypora. Térowa mahoud. priypato eivon autd tov Aivov, Touv Agyootohiov, twv Kovtoyovpdrov — Ayxdva,
mg Aylog Evgnuiog, ®hm.

¢ B’ Ztddio. AxohovBel wa mepiodog amoovumtieong, mov aviotoyel oto Avdtepo ITheidrawvo — Katdtepo
ITAewotérauvo. To naBeotwic ovumieong emrpatel oe fabduteQo. TuuaTa TOU PAOLOT, EVE ROVTA OTNV ETLQPA-
VELa 1) YEVIRT] ovipmom Tov TEov 0dnyel oe emidpaom g Papitntag, 1 omolo expedletar péow g dpa-
OTNELOTTOMONG TWV PEYGAWY ONELYEVAV ETILQPOAVELDV (G XAVOVIXDV ONYUAT®V. ANUOVQYoUvVTOL ETUEQOUS
Tentovind xépata xnot fubiopata, Stwg To ®EQag Tov Alvov, Tng Ayiag Avvatig ®o T EXOTEQWOEY EVQLONS-
ueva Bubiopota.

¢ I Ztado. Méoa oto Katotepo ITAeLOTORULVO TOQATNOOTVVTOL EX VEOU OOPT] POLVOUEVO CUUTILETTLRI|G TTOL-
QAUOEPWONGS TOV dNULOVEYOUV VEES ONELYEVELS OOUES AVAOTQOPOU XAEOUXTNOA KVQIMS OTN YEQCGVNTO TOV
Apyootohiov (Axpwtiioio Aapdnyds, Mnviég, Aepodpouo), oty NA Kegporrovid xow ot (EQOGVNOO0 TG
Molnuiic. Emiong dnpuovpyeitar vedten yevid mruxwv xou ®dupewv dievbuvong BBA-NNA, drwg eivan
oTég Tov agpodpopiov. Tnv idua tepiodo (Katwtepo — MEoo TTAELOTORMLVO) TTOOLY LOTOTTOLE T ROt 1) OV~
PYwon mg Bordooiag avafadpidog rov Iolao-Mukdrowov (reproxi Mnviav). H dietdBuvon tng ouprieong
€xeL mpoodroprotel wg ANA-ABA (MERCIER et al. 1972, SOREL 1976, MERCIER et al. 1987).

¢ A" Z16d10. A6 10 MEoo ITAELOTORAUVO TAUQATNQEITOL EX VEOU L0l AT OTTOCVPTIEONS TWV dOPWV ROl EMAL-
vodov oe €va xabeotaig, mov emdd 1 PaguTnTa pe dEUOTNELOTOMOYN ENYRATWY TOV JElXVOUV RIVIOELS PE
HOVOVIXG 1] TAOYLOXOVOVIXG dhpa. Ze peyaiitepo Babog paivetan Tmg 10 Rabeotidg oupmieong eEanolov-
Bel va emxpartei, 6mwg delyvouy o pnyaviopol yéveons twv oewopdv (DRAKOPOULOS & DELIBASIS,
1982).
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I'EQAOI'TKH KAI TEKTONIKH AOMH THE IIEPIOXHX
METAZY TQN OPEQN AITAAEQ KAI IIAPNHOAX (ATTIKH, EAAAAA)
KAI H XZHMAZXIA TOYXE XTON ANTIZEIZMIKO ZXEAIAXMO®

E.A.AEKKATL', I AOZIOL' & I'.A.AANAMOEL'

ZYNOWH

H mtepuoy] peta&l tov opémv Avydrem o ITdpvnbag amotehel Eva ouvBeTo tertovind fubiona, TAnowpe-
VO PE OLApoEES PAOELS LETAATRAV IENUATOY, TTOU XoQaxTEICeTaL amd pia oUvOeT Textovirng dopn xow eEEML-
En amd 1o Metdrouvo péyoL ofpepa. 1o ecmteQLré Tov fubiopatog avorticooviol (o oelpd and devtepng
TAENG onypato ko onEryeveis Loveg, mov €xouvv dpaotnoomonBel oe SLopoQETIRES TEPLOOOUS ROTA TN VEOTE-
ntoviry mepiodo nan tepayiCovy v mepLoyt oe empPEQOUS TapEOUs ®aL »€pata. Ot dievBivoelg twv pnypdrov
autdv eivar ®uplmg A-A xoar BBA-NNA, avtiotoreg dnhadi| ue tig dievdivoelg twv peydhov meplbmoianay
ONYRATOV TV PEYAAV TEXTOVIRGY ®EQATMY TNG [TdoVNnOag xat tov Avydiew. Téoo 1 ouvOet TexTtovIRY dopr,
600 oL MBoAoYRES PAOELS PaiveTal GTL OledQONUATIOOY ONUAVTIXG QOAO TNV KOTAVORT] TWV RATAOTQOPMYV TWV
oelopav g 7" Zemrepfolov 1999.

ABSTRACT

The September 7, 1999 earthquake sequence hit the northwestern part of the basin of Athens (area between
Aigaleo and Parnis Mt.), causing a large number of deaths and injuries, as well as extensive damage to struc-
tures. The major area represents a small basin which is covered by thick post-alpine formations, which are
extended talus cones and, to a lesser extent, neogene lacustrine and fluvial deposits. The latter have been blan-
keted by the talus and the alluvial deposits at the north of the area. The basin is flanked by a hill range, where the
non-metamorphic alpine carbonates of the “Sub-Pelagonian” Unit and an allocthonous tectonic melange that
belongs to the “Athenian nappe” outcrop. The talus cones, with a thickness that ranges from a few m. to 100 m.,
contain frequent lateral transitions alternations of cohesive or semi-cohesive scree and loose deposits —sand,
pebbles, gravel, clay, etc. The alluvial deposits consist of clay, red soils and conglomerates is clay matrix and have
a thickness between a few m. and 20-30 m. The neogene deposits comprise relatively compacted phacies of
marls, marly limestones, clays and conglomerates. The alpine formations of both the autochton and the allocthon
consist largely of carbonate rocks (limestones and marbles) and, to a lesser extend, of clastic deposits (sandstones,
shales, schists, and graywackes). The main tectonic feature in the area is the contact between the two alpine
units, located at the eastern margin. Besides this tectonic discontinuity, numerous other faults were located,
either at the basin flanks, or within the postalpine formations. All these faults determined by a large number of
boreholes. They are neotectonic structures that belong to two sets, one with NNW-SSE strike and 60°-80° WSW-
ward or ESE-ward dips, and a second one with ESE-WNW strike and 60°-80° northerly or southerly dips. In fact,
these faults are directly related to the creation and evolution of the small neogene basin, which is now buried
under the talus scree and the alluvial deposits. It is a complex structure, since it incorporates smaller-scale horsts
and grabens. The whole picture is in good accordance with the one we get from the greater area. The damage is
located within a broad, NNE-SSW trending zone that covers the central and eastern parts of the area. The
correlation of this picture with the geological and structural data from the studied area showed that the most
serious damage took place on loose foundation formations, which were either the unconsolidated members of
the talus cones, or the alluvial deposits. However, this was not the only factor that affected the damage distribu-
tion, since the heaviest damage was located (i) along the trace of the tectonic contact between the two alpine
units, (ii) at the areas with higher fault density, usually close to the basin margins, but also locally within the
basin. These faults were not reactivated in the September earthquake, but “channeled” the seismic energy into
specific zones, which also holds, at a larger scale, for the greater meizoseismal area. Hanging wall effects, effects

* GEOLOGICAL AND TECTONIC STRUCTURE OF THE AREA BETWEEN AIGALEO AND PARNITHA MT. (ATTICA, GREECE)
AND THEIR IMPORTANCE TO ANTISEISMIC PLANNING.
1. University of Athens, Dept. of Geology, Panepistimioupoli Zografou, GR 157 84, Athens, Greece.
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of sedimentary basins, basin edge effects and focusing effects are also probably to have played a significant part,
at the locations where the fault geometry and the basin structure performed as reflectors, magnifying the effects
of shaking and thus maximizing the strong ground motion values. Besides, the fact that the heaviest damage is
located at the central and eastern part of the basin, where the fault fabric is denser and the faults better ex-
pressed, is not accidental.

AEEEIX KAEIAIA: At Ildovn0a, Avydhem, Textoviry, Fewhoywr doprj, Kataotpogpés and oeiopovg,
Povipeva evioyuomng CELOIMHRKV TUQUUETOWY.
KEY WORDS: Greece, Attica, Parnitha, Egaleo, Tectonics, Regional Geology, Earthquake Disasters, Focus-
ing effects, Basin edge effects, Rupture directivity effects.

1. EIXAI'QI'H

Me agoppr Tovg oetopovg tng 7" Zemwrepfoiov 1999 xan n PEAETN OVTILOELOPLKOU OYESLOOPOU RO TEOOTO-
olog mov eExToOVI{BNxE YioL TNV TAELGOELOTY TEQLOYT|, TTOAYUOTOTOW|ONKE AERTOUEQT|S YEWAOYLRY XQOTOYQAPY-
on, oe ®hipaxa 1:5.000, zon TexToviky avélvon tng meLoyris avdueoo oto 601 Ildovnba xow Avydiew, dmou
evroniCovrow xaw o Arfjpor Ave Awooimv, Mevidiov, Koporepot xow Zeqgupiov mov véotoay onuovIikeg
ROTAOTQOPES.

Bifhoypagind dedopéva yict T GUYRERQLUEVT TEQLOYT| DEV VPIoTOVTOL EXTOS OIS TO YEWAOYIXS AT TOV
LT.M.E. (®vAho Abrjvar-Ehevoic, KATEIKATZOZ »ow ouv. 1986) xow Tig YeVIXOU TEQLEXOUEVOV EQYAOLES TTOV
EYOUVV YIVEL TG TOV TEQAOUEVO LV YLaL TNV ATTIrY. ATG TOUS TOAQLGTEQOVS EQEVVITES TTOU QT OM Bnxav pe
1) CTQWUATOYQOMITL KO TV TEQLYQUPT TOV YEWAOYIRGV TYNUATIONDY TG ATUKRNG KoL TOV Aeravomediov Tav
ABnvaev eivar o BITTNER (1880). = ovvéyewa o LEPSIUS (1893) xaraoxevaoe Aemwroperj xdom e Ke-
vroung nat Notiov Attinrg xat twv ABnvav oe xAipoxa 1:25.000. O RENZ (1908, 1909) aoyohnxe eldindte-
oo ue ™ yewloyia tov 6povg ITdpvnBa, o NEGRIS (1912, 1913) pe ) yewhoyio tov Aexavomediov twv Ady-
V@V, aALd zat Twv 0Q€wV ov To meQLrAeliovy, evd 0 KOBER (1929) xataoxeiooe YEmAOYIXES TOUES EVIGS TOV
Aexavomediov pe oxomnd vo deiEel v terToviRy dopn roAuppdTmV ToU XoEaxTNEILoVY To YWEo autdy. ITAéov
AemtopeEn XAt TS TEQLOYXNS TOV Agxavomediov twv ABNvdv cuvvétatav vé xhipaxa 1:10.000 ot
NIEDERMAYER (1971) now SINDOWSKI (1949), evdd o FREYBERG (1951) non 0 XAPAAAMITAKHZE
(1951) aoyoMiOnxrav TOUS VEOYEVE(S OYNUATIOUOTS TTOU aavTovV OTNV EVEUTEET TEQLOYT| TV ABnvav. Me
yewhoyia tov Aexovomediov aoyohMibnrav oe gpyaocies tovg eniong oo MAPINOZX (1937, 1955),
PETRASCHECK & MARINOS (1953), TATAPHZ (1967, 1972), MAPINOZX »ou ovv. (1971, 1974), CLEM-
ENT (1976), TIAPAZKEYAIAHZ & XQPIANOITOYAOY (1978), AOYNAZ & TAITANAKHE (1981).

H neguoyij xolvmretor 1600 and aAmtrols 600 xow HETOATLROUS oynuatiopovs. Ou olmxol oynuatopol
evroniCovial oTg TaQUPES TV 0wy Arydhew o ITdovnBag xow 08 WrEGTEQES EPQPAVIOELS OTO ECWTEQLXG
Tov Pubioparog. AVILTQOOWTEVOVIOL RUQING A6 OXNUATIOUOUS TG evETTog TS Yromehoyoviryg adld xat
Tov aAAGYBovoL RaAGppaTog Twv ABnvadv. H ok textovixy xopoxmeiletal xuping amnd ) peydin textovi-
%1j emor] TOV PEQVEL OE emopY TLg V0 EVETNTES OAAG Haw 0TGP0t OELQG AETUDOEWV TTOV ATOVTHVTOL TGTO OTN)
oxetrd avtéyBovn 6oo xow v ahhdyBovn evotro.

O petoduxol oYNRATIOROL OVTLTTROOMITEVOVTOL KVEIMGS atd Mpuvaies xat xepoaies @doels Tov Neoyevoug
OALG RO TS TETOQTOYEVELS YEQOIOVS OYXNUOTLOROTS TOU XOQOXTNEICOVTOL Tl Lot peydin mowihion paoewv
pe oNpoVTRES SLoPOQES O0TO TAYOG, TY) CUVEXRTIXGTITA, TO £(80C ®aw TO PEYEDOC TOV ¥haoTLroy VAXoU. Priyporo.
xou onEvyeveic Cdve evroniCovral ®vping oTa eQLOMELL HE TOUG AATILXOUS OYXMUOTLOROUS %Ol OTOVIGTEQQ. OTLS
veoyeveig amoBgéosic. Mia 0g1pd Yewtpioewv' mov €xovv mpoypuaromomOei oy gvpiteon mepoyy] Edwoay
oAG oToLyEla TG00 Yo Tig MBOAOYIES TTOV EMLXEATOUV GO0 %Ol YLOL TY) VEOTEXTOVLXTY dOpY] TG TEQLOXNS OO
Mimtovtog puo oglpd atd efypoata, Boppéva xaTm ond ToVg TETAQTOYEVES OYNUOTIOROUS, TOV CUUTANE@VOUY
™V EWOVO and TV Yrando ®aL T XOETOYQAMNON XKoL QAVEQWVOUY TV TTOAUTAOXY VeoTEXTOVIXRY EEEMEN TNng
TEQLOXNG.

O ovoYETIORGS TG YEWAOYIRTC ROW TEXTOVIXIG DOWTG TNG MEQLOXNS PNE TNV RATAVOWT| TWV ROTACTQOPMYV,
Omwg avalutixd Oa meQLYQOPEL OTY OUVEXELD, TTOOELXVIEL GTL VITAQYEL UL0. TTOAD OTEVY] OXE0M OV EQUNVEVEL
TOMEG TEQLITTWOELS ROTAOTQOPEYV, TTOV OL GALES TOUQAUETEOL (XOQOXTNOLOTLHA TOV OELOPOU, E(80C HATACTHEVGHV
%AT.) aduvatovooy, xow 0¢ X TOUTOU UTOQEL Vo OUVELOPEQEL O PEYALO BOONG OTOV AVTLOELOIXG OYELOOUG.

! Ta groiyeia Twv yewrgrioewy wdobnxav and 1o egevvTInG mEdyoouua “Avrioeiouxds Syediaouds Arjuov Avw Aiociaw” mov exteié-
ofyxe yia Aoyagraoud tov Arjuov.
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2. TEQAOTI'IKH AOMH
2.1. Ynomedayovixy evornra

To peyalitepo Tjpa Tov opewvav oyxrwv g ITdovnbag not tov Avydhew dopeiton 0md TOUg CYNUATIONOVS
™G EVOTNTAS OUTHG TTOV Lo TNV TTeQLoyY] HeEAETS elvan ou axdhovBol (Ewx. 1):

Klaouxoc oynuatioudc Ayiov Indyvov: EpgaviCetor otig BOQELES TOQVYPES TG AERAYNS TV Avw ALociwy
%o ouyrexQUEva Popeing Tov vaot tov Ay. Indvvou row exatépwBey tg 0dou Puliig, 0TOUS TEOTOdES TV
opewviv 6yrav tov Mhatdparog xaw tov Mpogrty HAila mov vypdvovtal wg vétiol tpdfovvor g IMdagvnbac.
TMopatneeiton entong o exi Tov Mpduotog Kovtahd avatohudtepa (tepuoyr) Mevidiov), eva véta, otig Bo-
QELEG ATOAEELS TOU GPOVS ALyAhem, EVTOTICETAL O UAOES VTTOAELUUATIRES ERPAVIOELS TEQLUETOIRA TOV GROUG
ot YouNAdTEQQ VPoreTOIRA onueia (teploxés Kaparepoi xat Zeguoiov). ITpdxettar yo évay *Aaotxd aynuo-
TWOUG IOV OTOTEAEITOL QTG EVAANYES TEPQOTRATIVOV MG PULBV OQYIMAWDY OYLOTAV, QUAMTAYV, YORITOV,
KOACLOR@Y ®QOROAOTOY@DV EVIGS TV OmOlwV amavtovy eniong aofeotéMbol, aprdtes xat ypaovfdxres. O
OYNUOTLOPNGS QUTES OVTLOTOLYEL OTN BAON TG OTEWRATOYQOQWXS ot ¢ Ymomehayoviris. Me Bdon v
TEQLEXOUEVN TTAAOTTAVIdO OTOVS AoPECTOMBLROUES GYROUG, TTOV TEQURAEIOVTOL HECK OTO TYNUATIONS, EXEL XQO-
vohoyn0ei oto Avartepo Iahaolwind — Méoo Towadumd (KATZIKATZOZ »ow ovv. 1986).

AvOBpaxixol oynuatiouoi dovnBag-Arydlew: Ou avBpaxrixol oynponopol ™ms Yromehayovinig evomrag
epuQaviCovrol TEQLPEQELArG TG Aexdvng Twv Avm Awooiwy dopoiv de toug opetvots Gyxovug (OTo peyariteQo
toug Twipe) g [dpvnOag mpog Boppd »ot tov Iowrihov dpovg (Avydiew) mpog Néro. ITpdxertar yio Aevrovs,
TEPEOAEVROUS row ratd BEoels podGypoous aofeotoriBovg ko dohoptnovs aofeotoriBous, dotpwroug £mg
TO(VOTOMUATHIELS RATA TO HAAAOV 1] 1TTOV RQUOTAAMKOUS. ATOTENOVY TNV TTQOG TAL TTAVM CUVEYELD TOV KAQOTL-
%0U oMUoTopoy Tov Ayiov Indvvry. EpgaviCovian ouvvi0mg RoToreQUATIOUEVOL, AGY® TG UEYAANG TURVETNH-
Tag TV diamhdoemv mov Toug daoyCovy, xat évtova xapotirorotuévol. To mdxog Tov oYNUATIONOU TmV o~
opeotohiBwv @OGveL TIg peQurég exaroviddeg pétpa (400-500 uérpa) now pe BAoN TNV TEQLEYSUEVY XOQOUXTNOL-
aun] purgomavida €xovv xpovoroyndei oto Av. Towaduné — Méoo Iovpaourd (KATEIKATZOZ xot ouv. 1986).

Téoo omv meproxri ™mg IdovnBag, 600 xau oe avnj tov Avydhem 1 emagy avapeoa otovg 6¥o avtovg
OYNUOTLOPOVS E(VaL 0TO OUVOLO TV TEQLITHOEWY TEXTOVIXY (EQimtmevom, okioOnon 1 amwoxSAinon) pe Tovg
avOAXIROUG OYNUOTIOROVS VO VEEQXREWVTOL TUVIIBWE TV ®AaoTXdY TG fdons. Evioriobnxay Spog xow opne-
TEC MEQUTTWOELS TTOV 0 OYNUATIONGS Ayiov Iwdvvou véprertal (Textovind) Tov avBoaxtrwv divoviag v eLxo-
vau ag doprig rotd Aémn ov amotehovvion ouvijfwg amd §vo 1 toels dradoxirés epurmevoeis-oMoboerg.

2.2. AAAdyBovy evornra Abnvav

Mopovoldler ToMG purn emupaveioxy eEdmhwon oty eptoxn uehémge (Ew. 1) non epgavitetar og wreésg
UTOLELUPATIRES EPPAVIOELS OTO OVOTOMXAO TR TOV YA (OTa 6pLa TV Afpwy Ave Awooinv, Axapvoy ®oL
Zegupiov) xow otg NA xhteig tov Avydhem (Kapatepd, Iletpoumoln). Aroteheiton amd tovg axdhovBoug
OYNUATIOUOVG:

Zynuatiopdc aytotodibwv xat wedayixdy aofeorolibwy: Amotelel TiiHa TV OXNUOTLOPOY oV oty BLBAto-
yoaio avagéeTanl Mg “oxtotéAMboL Twv ABNVAav” xou epgaviCetar ot BAoN TOU TEXTOVIXOU RUAIUPUOTOS TG
alhGyBovng evotnog, T600 otig voTLeg TaQUEES g ITdevnBag 6oo xow otig NA mapupés Tov Arydhew. Amote-
Aeftan amd raoTavépoovg oxiotes, Tharwdels aofeotohiBous xan mhiteg mov evolhdooovion petoEd tovs. H
nhxic g 0gLpdc, OTwg TEORVITEL At Ta EQLEXGUEVA pxoartolbdpata (Globotruncana sp. ®Axt.) avixeL €V
uépet oto Avew Kontdird, 1o mdyog g 0e avépyeton o peoirég dexddeg pérpa. H axolovbia mapovoidleton
EVTOVOL OYLOTOTIOLUEVT], AVOXQUOTOAMPEVY RO EAOPOEA UETOROQPWUEVY (OUVIION 0QURTE aVORQUOTOAAWNUE-
vog xohaliag xat aofeotitng, yhwoitng, oeuritng ®Am.).

Zynuatioudc vpoertixdv aofeotodiBwy: Tleguhopfdver OROTEVGXQMUOVS YNEELTLXOUS 0oPeaToAiBovS, Ta-
KUOTQWUATMOELS EWS ATTOWTOUS, OL OTTOLOL VITEQKEVTAL TUVIB(S TEXTOVIXG TOU TQOTYOUUEVOU TYI|IUOTLOUOU
TV oYLotoMBov o telaywmdv aoBeotohiBwv. TepLéxouy QoUdLOTES ®aL g £X TOUTOU XQOVOAOYOTUVTOL OTO
Avo Konudund.

ZYETHA UE TN YEWTEXTOVIXY] TOTTOBETNON TNG EVETNTAGS OWTYS UITOQROUV Va. Yivouv ot axdhovbeg dramiotd-
O€lG, O€ OYE0M MAVIQ PE autd Tov péxoL ofuepa meprypdgovial om pphloypapio (MAPINOX 1937, 1955,
TATAPHE 1967, 1972, MAPINOX xou ouv. 1971, 1974, IIAPASKEYAIAHS & XQPIANOIIOYAOY 1978,
AOYNAZ & TAITANAKHE 1981, ITATIANIKOAAOY 1986): i) mOOXELTOL YLO. JLoL XWQLOTH YEWTEXRTOVIXR
EVOTITA GG POVEQWVOUV 1] TAQNS TEXTOVIXY ETTaT] TOU TN XWEICEL ad TV Yromedayovixt aAld xat 1 ToAT
drapopeTiny Topoudepwon xafds xou oL dtapoeTivol MBoAoYLXOL TUTOL KoL PAOELS avdpeoa otig dUo evéTn-
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TEG, ii) EMXAOETAL, O GAES TS TEQLTTMOELS, TEXTOVIXA TAVM OTNV YTOTEALYOVIXY] E TOV TXNUATLOUS TWV TYL-
oTtoMBwV %o ehoyrdv aoPeatoriBmv (“oxrotéMBor ABnvadv”) va mapeppdrieTal mdvta (pe maxog amd Alyo
PETOOL UEYOL KO EXATOVTAOES UETON) avApeoa ota avOpaxrind TG YTOTEAXYOVIXIG HOL TO OYNUATIONS TWV
NtV aoBectoliBwv xou iii) TapoTnEOUVTOL TEQLOOGTEQES QTO dU0 SLadoyIRES AETLWDOELS OVANETO. OTOVG
OYNUATLOROUS TOV VNEELTXADV 0OBEOTOMOWY %o TV OYLOTOMBWV %o mehaytrdv aoPectohiBwy, mov pali pe
™V €VIOVN ECWTEQLRY TAQOUGRPWON TG axohouBiag divouv T popgy £vog TEXTOVIXOU plypotog (mulange).

2.3. Meradminoi oxnuatiouoi

Ou petahstirol oxNUOTLopol *oAUITTOUY AOVUPMVE TOUG VITOXEIPEVOUS QATILROUS OTO PEYUAUTEQO TUTHA TNG
TEQLOYNGS RaL aVTLITROCWITEVOVTAL Ot VEOYEVY ®ou AetoteTaptoyevij winata (Ew. 1).

Neoyeveic amobsoeis: Eppoavitovron 0To voToavatoMxs TIijpo. TS TEQLOXIS KO 1) EMLQaVELaxT] TOVUS eEd-
Thowon eivar puxretj. Eivor Spwg BéPato 6t ovveyifovv Bapuéveg vdtw and vedtepeg amobéoers, Gmmg
amodEHVUIOUV Ol EMQPAVELORES eppavioels Tovg ot Pui, v Ievpovmoin non to IMeguotéol xabig o ou
yewteoels ot Aexdvn twv Ave Atooiwv. 2t fdon arotehotvvran and Apvoyepoaio iijpate Tov aviiotoroiv
O€ EVOAALYES POQYDV, YOUROUYWV HAQYHV, XOVOQOHORKWY RO AETTTORORKRMV WAUUTHV OF 0QILOVTES dyovg 1-
1,5 puérpmv, ®Qoxahomarydv %o 0QY MMV EVIOS TV OTOImV EVOLOOTEMVOVTOL OUXVA 0QILOVTES COTQOTNADY KaiL
moepPorEg Myvitdiv. TIQOg To WAV PETATITTOUV OF TEQLOOGTEQO YEQOAIES PATELS ROOXONOTOYWDV XL EQU-
Boomnhdv pe yapaxmoEiotikd £i6n e mxepuxis movidag (FREYBERG 1951, XAPAAAMITAKHE 1951).

Ihciotetaproyeveic amobéoels: AVTQOOMITEVOVIOL (TG RHVOUS XOENUATMV Rt CAAOUBLOVS OYNUATIOROUS
%o TOQOVOLALoVY ueydhn empaveioxy eEdmhmon. [Tepuoodtego evivmmaolaxt] eivon 1 TeQITT®WOoN Tov peydiov
ROVOU ROQNUATWYV TTOV AVaTTTUOOETOL OTLS VOTLES ®Ateis g ITdpvnBog (néytoto mdyog yvpm ota 100 m) »ow
TAQOVOLALEL T poE@r| TVmLRoU EUTLdiov pe aEloonueiwro otabeEr] ®Aion mov avépyetar o 10° mpog NNA. Ou
pdoels petapdrrovior Eviova 1600 TAEVELRG GO0 ROl ROTAROQUYPO %KoL AOTEAOTVTOL OtG eVOAayES O
OUVEXTIXAV e PETOLAS 1] XOUNANS CUVEXTIXGTNTOGS ®QOXAAOAOTUTTOTAY@DY TTOV Evahhdooovtal pe opitovreg ma-
haroedagiv mdyxovg and 0,5 — 2 péroa. Ov ovyypoves alhovPLonés amoBEoeLs avanTicoovTal RUQIMS HOTA
uixog xow exatéQmBev T xataoxrevalopévng 080t Zrovpov-Elevoivag, amotehovvtol and eviehids aoivieTo
HETAED TOUg VMKA ®QORAAES, MaTtimes, dupovg xan eQUBEES ayilovg %ot To Ty og Tovg dev vepPaiver (oUp-
pova He TIg yewtenoets) ta 10-15 m.

3. TEKTONIKH

H neproxn perémge, 6mwg avagpépdnxre, avuurpoomnelel éva devtepns TdEng veotextovind fubopa, wov
avortiooeton avapeoa. 0to textovixd xépag g Idovnbag (ue yevuni dievbuvon dopdv A-A xow ABA-ANA)
%O TO TEXTOVIRG ®EQOS TOU Arydhem (pe xipueg devBivoeig BA-NA xzow BBA-NNA) xaw oto BA meuBdpro tov
Bubioparog Tov Aexavomediov Twv ABnvav (ue yeviry dievBuvon dopdv BA-NA). =t ouvvéyero Ba axolovbri-
OgL 1) TEQLYQOPY] TOOO TV TEQLOMOLOXMDY ONYUATWV GO0 %O CUTHV TOU OVOTTHOOOVTOL OTO ECWTEQLXO TOV
BuBioporog (Ewx. 1).

210 BA tpurjpa Tov TeEXToVIRoU REQaTog TOU ArydAem evromitovrol Toews peydies onEryeveis Cives. H mpd
and autég (P1) amotehel to NA mepBdipoLd tov, mov 1o 0pobetel and To fubiopa tov Aexavomrediov tmv Abn-
vav, €xeL detiBuvon BA-NA xow @€Qver 0g emogy ToOUg oATROUS OYNUATIONOUS TG YTTOTEAYOVIRIS UE VEOYE-
w1 o TetapToyevi tjuata. Katomrourés empaveies evromiCoviol o oQLopéves O€oeis pe Tinég xhioewv mei-
wov 60°-70°. H dAAn peydln onEryeviic v (P2) oproBetei aviiotoya 1o BA me@lfdpLo Tov Textovinoy xEQa-
106, €xeL yevixy] dievBuvon BBA-NNA xow meguhoppdver 3-4 rhpoxwtd priypora dievbuvong BBA-NNA xou
ujrovg 100 mepimov pérpwv ov evdvovrar ue puxpdtepa pfypata dievBuvong ABA-ANA pe pjrog pohg neot-
ROV PETomv. Ou ®AioELS TV ONELYEVEV EMLQPAVELDY Elvol TTOA peydles pue Tuég mov gBdvouv tig 70°-80° evad
TAVE OtV ETLQAVELD OeV TapaTENOnxav yoapués texrovirnys ohioBnong.

H onEuyeviic Cavn P3 aviimpoowmevel 1o fOpelo meptfdolo tov Avydhew €xet dievbuvon ABA-ANA non
xhion o BBA. Boioxeton Boppévn »dtw ams Toe XOQHPaTo RO SLOTTLOTMVETOL TEO0 OIT6 HOQPOAOYLRA ROLTI-
oot 600 %o amtd TG yewteroets (Ew. 2), o omoieg pdhota vroderxkviovy 6t to dipa g dev mapapéver otade-
06 og 6ho to wirog te. To dutind Tijpoe g Cdvne deiyver €va dhpa peyaritego and 50 pétpa, pépvovrag o
emagr To avlpaxxd g Ymomelayovirg peta&l toug, eved oto avatolxd gaivetar vo vrepfaiver Ta 100
uérpa, PEQVovtag ot emapy Ta avlpaxind pe Tig pdeyes Tov NeoyevoUs OTo OVITEQO TUMPOTCL KO TOUG CLATTL-
%0Ug oxNuaTopovs petaEl Tovg ota xotdtepa. Xe avni ™) ouvBem Aettovpyia g Tidvng avtrig gaivetol 6T
Sdradpaparitovv onpovuxd pdho xan to vrorowta eriypata (BBA-NNA 1 (duag dievBuvong) wov avorriooo-
VTOL TTROG TO E0MTEQLXS TR TG Aexdvng (PAw. ota endpeva).
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Euwx. 1. T'ewloyixds ydotns s megtoyijs ueAsrns. 1: aliovfia, 2: xavor xognudrwv, 3: veoyeveis axnuationoi,
4: ypoettirol avoxgnTidwxoi aofeoroiifor Tng ailoyBovns evaryrag Abyvav, 5: oyiotdiifor xar weiayinoi
avoxenTidixol aofeordiifor g alioybovys evornrag (oxyioroiibor AOvav), 6: aofeoroiifor xar dolouites g
Yrnonedayovixijs, 7: mepuo-toradixrf axolovdia s fdons g Yronedayovixis, 8: endisOnon (oriobyon-amoxdi-
Anon), 9: epinnevan, 10: prjyua.

Fig. 1. Geological map of the study area. 1: alluvial deposits, 2: talus cones, 3: neogene formations, 4: neritic
Upper Cretaceous limestones of the allochthon unit of Athens, 5: schists and pelagic limestones oh the allochthon
unit (schists of Athens), 6: limestones and dolomites of Subpelagonian unit, 7: Permo-Triassic sequence of the
base of Subpelagonian unit, 8: overthrust (detachment), 9: thrust, 10: fault.

Bopeldtepa, 0to voTIio meELBmELO Tov TEXTOVIXOU *RE€QaTtog TG [TdovnOag, evioniCetar dAAn o onELyevig
Cadvn (P4) mov pe dieviBuvon ABA-ANA xaw xhion mog ta NNA ywoilelr Toug netehmnotc oynpuotiopovs ot
vétia ad To ahmxd vrépaboo ota fSpeta. Ty natBpo 1 Thvn auni yivetow aviilnmty ond to gvbiyoapupo
QL0 OvApECa ot xopHpaTe ®a T ovBporind Tng Ymomehoyovintis aAAd xaow ot Tar rQGTEQNS TAENS R
avtigtoyms dtetBuvamg eriyuato mov evroniCovtar péoa oty avipaxixy pdta, pe #hioeic 60°-70°woog to. NNA.
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O yewtpnoels empPePaimoay myv vmapki ™mg, divoviag pdhoto éva dhpe mov mpénet va vrepPaiver ta 130
u€trpa, agol Bépera Tov ENypatog To almxd vtéfabgo amavidrol oe fabog 20 pérpwv evd véua oe fdbog
peyaiiteo twv 130 pétpwv (Ew. 2). Me pnEryeveig Toveg oproBetotvion emtiong to avatolxd xau Sutird 6olo
Tou TeXxToVIRoU Bubiopatog g megLoyrs. Zta avatohxd n Ldvn avr (PS) gépvel o emagt] to aimxd vaofo-
0p0 pe Ta noprjuata xow €xer yevany digvbuvon BBA-NNA pe xhion mpog ta ANA. H vrapEn tov prypotog
ovtov emPeforddnre and Tig yewtprioelg divoviag Eva dhpa mov vrepPaivel xow oty mepintwon avty ta 100
pérpo. 'ewtpnoeis mov €ywvav oto avorohxd g enEryevous Lbvng ouvdvmoay 1o almxd véfabpo ota 30
TEQITOV PETEU EVH) YEWTONOELS OV Eywvay ota dutrd tg Cavng naw épBaocav 1o Pabog twv 110 pétpmv dev
ovvavinoav 1o admixd vtéfabeo (Ew. 2). H dutixn onEryeviis Cavn (P6) mapovoudlet avtiotouym dievBuvon pe
™V mEoNYyoUpuevy aAlG avtiBeteg xhioelg mpog Ta ABA. Zuviotd 1o Sutird mepubmpLaxd ofypo. the Aexdvng Twv
Ave Aooimv ®ot TolQVEL TEQLOOGTEQO Tagt HoEET TEOS To VOTLo TUrjua. TTpog ta dutind ogLobetel ouyvEg
EUPAVIOELS TOV aAT0oU VTTOBAOEOV TOV ROMITTTOVTOL OUTG ROPNUATA. TTOV TO TTAY0G Tovs dev vepPaiver ta 20
pérea. Avtifeta, ovatohnd 0ploBETEl ATORAELOTIRG OYNUATIOROUS ROONUATWYV pE PEYALO TTAYOS, OVUPOVA UE
TS Yewteioels. Mdhoto. whnoiov g onEryevotg Tavng to mdyog ®vpaivetar and 50-70 pérpa, pe vépadoo
néte avBgand now TOTE VEOYEVT] QavEQWVOVTaS Eva Ghpa TG TAENS Twv 50 PETEMYV, EVM TEOG TO ECWTEQIXG
™G AEXAVNG RO VOTLOL TO TTAEYX0S TV ®oNUATOV Qaiveton va vrepfaivel ta 100 pérpa dnhdvovrag €va avtiotor-
¥NS ¥Aipaxag dipa (Ewx. 2).

Extég om6 ng neubwpranés onEryevelg Caiveg onuaviivd Qijypata eVIomiodnxay ®ow 0T0 E0WTEQIHG TOU
BuBiopatog wov 0To CUVOLS TOUg dnuovEyodv €vo uxedTeens TAENS OUVOETO TEXTOVING REQAC Pe YEVIRT] dLev-
Buvon ABA-ANA ora vona xow BBA-NNA ota fépeta. “Exer oynuatioBei otovg veoyeveis oxnpoatiopois, mov
Boioxovrar Boppévor xdtw amd ta xogfpato xon to cAhoGPia, og éva BAB0g Tov, CUPQOVA PE TLG YEWTOYOELS,
dev Eemepvd o 20-30 péroa (Ewk. 2). AvtiBeto exatépmBey ToOv TEXTOVIXOU OUTOU REQOTOS TO. VEOYEVT] ATOVT(H-
viow og Badn peyaritepa v 60-70 pétpmv pavepdvoviag TV TAEN Tov GAROTOS TV ENYRETOV owTdy, TOV
vohoyiCeton yopow orta 20-50 (1 %ow mEQLOOGTEQA) PETEO ®Od. mepinTmwon. To BA meofdoLo Tov Textovino
owtoy ®€PaTog amoteheiton amd po ovvBem) textovixti Ladvn (P70,B,Y,0) and empuéoovg priyporta pe SievBiv-
oeig BBA-NNA xoi ABA-ANA. Zm NA anéMngr ™mg 1 Codvn avni epgpaviterar omy emedveio xol optofetel
TOUC VEOYEVE(S OYNUaTIOpoUS omd to. chovBuo. Koromroumée empdvereg amovtdvion ondvio, pe otolyeio 60°-
70° mpog 020°. To dutrd meguBbELo amoteheiton emiong ard avriotoymg yewpetoiag orfypara (P8a,B,y,d), xau
dnwg damoTddnxre and Tig YewToioets o dhpata magovordlovran pxodtega oto BBA tutjua mg tadvng (Yiow
oto. 2-30 pétpar), oe aviiBeon pe to NNA mov eivon peyoritepo (>50 pérpa).

4. ZYNOEZH - ZYMIIEPAZMATA

Me Bdon 6o avopeEpnroy oTo TEONYOUNREVA, PITOQOVYV VO YIVOUV OL AXOCAOVBEC ETLONUAVOELS OXETLRA pE
™ YeWAoyL®1] Xow TEXTOVIRY dopr) TG EpLoxnc avdpeoa ong BA amoMjEeis tov Gpovg Arydhew xat v ITdovn-
Ba.

e Ou aAmxol OYNUOTIOHOL AVTLTTQOCMTEVOVTAL OTTG PKQES UTTOAEUPATIXES EPPOVIOELS TG alGYBovNs EVET-
Tag ATTrIg TOL eivan ewBNpuévy oty Yromehoyoviky EVOTTA, HE mo oot Textovi enagn dievbuvaong
BA-NA, »otd prixog twv NA xMtinv tov Avydhem xow g IdovnOac. Eowtepwrés Aemadoeig xaw oMadi-
OELg XoaxtEilouv ™ dopr xow Twv do evoTiTwy.

e  Merolmxol oxynuotiopol (Mpuvoyepoaio veoyevij, xopruata koL ahhovfia) epgaviCovron oty pxen Aexdvn
Twv Ave Avooiov, avdpeoa oto Avydhem xon v IdpvnBa, xar NA tov Arydhew mpog ™ Thevod Tov
Aexavonediov. O TeQLOOGTEQO YOAAQOT TYNUATIOUO! ATTAVTDVTOL OTO KEVIQLXG, VOTLO KaiL AVOTOMXKG TUpaL
™G AERAVNG.

e H textoviny douri yapoxtnoiletar and peydha weguBwoaxd priypata (pe dipata peyaritepo and 100
UETEO) TTOV OQLOBETOVY TOVG OATILROUG OIS TOVG PETOATUROUS OXNHOTLONOVS pe ®UpLeS devBivoeig BA-NA
yuo. v negoyyj NA tov Avydhem xar BBA-NNA »ow ABA-ANA yioo v mtegroxr] ™mg Aexdvng tav Ave
Aooimv.

o Muxpltepa prfypata, pe dhpora y9pm ota 50 pérpa xar aviiotoryes dievBivoeLs, eviomitovral kot 010 E0w-
TEQWO TG AEXAVNGS, dNUIoVEYWDVTOS mxEGTEENS TAENS TeEXTOVIRG REQOTO RO Pubiopata. To meQuocdtepa
atd QT EVIOTICOVTOL OTO REVIQIHG, VOTLO RO OVOTOMKGS TUHOL TNG AEXAVNG.

e H eEEMEN g veotextovixt|g TEQLOOU, KUQIWG OE OXEDN e T1) HQAOTNELOTOINOT TWY ONYUATWY, UTOQEL VoL
ovvoyLoBei ota axélovBo: Zmy mo-veoyevt) teiodo oty evEiTeEY TEQLOYT VpioToTon £va €VIovo aATiind
OVAYAUQO pe KUOLO XOQARTNOLOTIXA PL ROQPOAOYLRY] TOTEIVIION TTOV OTO KEVTQLXG TjpaL TG TTEQLOXNS Ba
TOEMEL VAL {TAV TEQLOOGTEQO £VvIoVN). ZT0 TEQUONN 0T VEoYeVY mepiodo Eextvd n dpaotnolomoinon twv
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Eux. 2. Xdotng 1oofabav vofd@gov. 1: emipaveiaxyj supdvion tov almixov (a) 1f veoyevovs (B) vmopdbgov, 2:
Pdbog almixov (a) 1f veoyevovs (B) vrofdboov < 20 uérpa, 3: fdbos almxov (a) 1j veoyevouvs (B) vmofdbpov
20 - 50 uérpa, 4: pdbos almixov (a) 1f veoyevovs (B) vmopdboov > 50 uéroa.

Fig. 2. Map showing the depth of the alpine or neogene basement. 1: surface outcrop of the alpine (a) or neogene
(b) basement, 2: depth of the alpine (a) or neogene (b) basement < 20 m, 3: depth of the alpine (a) or neogene
(b) basement 20 - 50 m, 4: depth of the alpine (a) or neogene (b) basement > 50 m.

peydAmv mepLbmpLaxdv onEtyevav Lwvdv, 1} xow GAA@V ov BEIOXROVTAL ECWTEQLXGTEQD, KOL O OYNUATIONGS
TOV ®UQLWV AEXAVAIV, OL OTTOIEG ElX 0V CLOONTA PEYOAUTEQN EXTAOT OITO TIG OUEQLVES EPPAVIOELS TWV VEOYEVAV
oxnpatiopdv. Katd my anddeon, ahlld xow petd mv amé0eon, Tiv VEOYEVAV OXNUOTION®OV ayiCel n dpaot-
ouiTTe. TWV ENYHATWOV Rt ENELYEVAY Cwvdv 010 e00TEQRGS TUTUa TS Aexdvng. Zrodioxd to TeQuBdAlov
YIVETOL NITELQWTLRG UE EVIOVES TAOELS AVUYPADOEWS ®aw £viovn dudfowon 1 omoia £dwoE ToVg EVIVTWOLOROUS
RAOVOVGS RoEMUATWYV TG mEQLOYNS. Katd mv meptodo avty eivon mbavs va ovveyiobnue n dpdon ogiopévav
onyudtwv, 1 oot Spms dev prroEet va TexpNELwBEl AGYm ™S Taxelag *EAUYNG TWV VAV TWV ONYUETOV
o6 T PEQTA VARG TV HROVWV.
“Eva gpdtmpo mov TiBeTan ot ouvE gL EIVOL AV 1) YEWAOYLXI] RO TEXTOVIXY OO TS TEQLOYNS UITOQEL Var
OUOYETLODEL AUECT UE TNV KATAVOUT] TWV HOTOOTROPWY KATA TOV CELONS Tov Zemtepfoeiov 1999, dedopévov ot
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TOL Y OQOKRTNOLOTLHA TOU OELOPOU A0 TWV KATOOREVMDV deV uopeoay o€ vGBe mepimtmwon va dioovy o mhovn
gopnveia. O roTaotEo@Es oty TEELOXN oL ueheTiOnxe evromiCovran og pia Caivn pe yeviry dievBuvon BBA-
NNA, dnhad #vpimg oTig TEPLOYES GOV autd Aoy edapwy OePeAwONG EMAEATOVY (e ONUOVTLLG TIGY0G) OL
TEQLOOGTEQO XOAQOL TYNUATIONOL, EITE QUTOL AVTLITOOOMITEVOVTOL Ot T 710 KOAAQE UEAY TOV ROVWV ROQT-
udrwyv eite and tg arhovfranés amobgoels.

AvTOg Gpmg HEV fTay o 0 povodros TapdyovTas Tov ®abOQLOE TV XATAVOUY] TWV XATAOTQOPMYV, poy oL
ONUOVTLRGTEQES 0TS aUTES evTomiCovTaL: 1) ®aTd pijnog g PeYAANGg TEXTOVIXIG AOUVEYELOG TTOV XWEITEL TG V0
OATURES EVETNTES RO 1i) OTNV TTEQLOYY GTTOV 1) CUYVETNTOL TWV ENYRATOV, TOU AVOTTTHOOOVTOL OTOL TTEQLOMOLL RO
TO E0WTEQLXG TNG VEOYEVOUS Aendvng, eivon pueydhn. Ta pfyporta autd dev emavadoaotnolomonidnxay ue to
oetopd, dtedpopdtioay Gpms oNUavIiré EGho otV “rotetiBuvon” xow “ExTGveOan” TS OELOKYG EVEQYELOS OE
OUYXERQUUEVES LAVEG.

Douvipeva basin effects xou boundary effects (LEKKAS 2000, SOMERVILLE 2000) 6mov n dourj tng hend-
VNG ROL 1) YEWUETQIO TV ENYRdTwV Aertovgynoay wg avaxhaotmeg eyrhmwpitoviag o “rorhamlacidtovros”
TOL OELOPRA RUROTOL PE AUECO OVTIXTUTIO ROiL OTOV TOAAATACLOLALOIO TWV EAPLRMV KVI|OEWY RO ETUTOYUVOEMY,
mp€ner vo Ehafav xdoa, dedougvou Gt oL YemAoYHES nail TEXTOVIRES TUVOXRES TG TEQLOYTS, GTwE avolion-
ROV OTOL TEOMYOUREVE, E(VOLL XOTAMNAES Y1 avTS. Aev eival Tuaio GAMmOTE GTL OL OTOOTEOPES EVTOTICOVTOL
OV REVIQUXI] RO OVOTOMXY] TTEQLOYY] TNG AERAVNG GOV TOL EYYHOTaL Kot o ooy eivan aAhd 1o oLOpnTLRd
TEQLOOGTEQQ.
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ANAGEQPHXH TOY I'EQAOITKOY XAPTH KAI TPIZAIAXTATH IIPOXOMOIQEZH
THE '’EQAOI'TIKHE AOMHX THE EYPYTEPHX IIEPIOXHX TOY ®APAITIOY THE
LAMAPIAZL, A. KPHTH"

E. MANOYTEZOIAOY"”, E. ZIIYPIAQNOE, A. SOUJON, ' & V. JACOBSHAGEN'

NEPIAHWH

H yneraxt t1oiodLdototn yEwUETOIXY] TEOTOPOiwo TNG YEMAOYWIG dOpS TS TEQLOYNS TOV QoY YLOU TNG
Zapapidg fooiotnre oTn HEAETN TNG OTEMUATOYQAPLXIG ddBowoNg xat TerTovirNg EEEMENS TWV HETOUOQP®W-
névov merpwudtwv g Opdadag twv IMhaxwdwdv AoeotoriBwv om SW Korjm, ota mhaiowr tov AteBvoig Igo-
yodupatogs Hrepwtundv Fewtprioewv (I.C.D.P.). [Tagovotdfovral ouvropa oL péBodot tpocopuoimong xat n
X0110M ToVg OTS YewemoTiues. Avalvetal 1 péBodog xataorevnic Tov opoudpatog xon eEetdlovrar 8o vobs-
OELG Yo TN YEWAOYLX1] dopr TG TEQLOYNG: O)EXEIVN TTOU TOOTEIVETOL QTG TOV VRAQYOVTX YEWAOYLRG YGQOTN
(ovyxhvirn peyarodowri) xou B)avt OV TEORVYITEL OTTG TOV CUVIVAOUS TWY VITORYSVIWY OTOLXEIWY, Twv dLo-
0DOEWV ROTOTULY YEMUETOIRWY TQOCOUOLNOEWY KL TG RO UNGS VEwV dedopévwv amtd vraiboLes Toatnon-
oelg »ou puetrjoets. [poteivetar xow mpooopotdetar pa véa, avixhvirny peyododopr ywo v mepuoyrj avti,
ue GEova dieviBuvong NNE/SSW, vrrofuBitépevo mpog NE.

ABSTRACT

The island of Crete is situated near the front of an active plate margin. Therefore, it is of great interest in the
framework of the International Continental Drilling Project (I.C.D.P.). A short review of the digital modelling
methods, their applications in the geosciences and the associated advantages is also presented. The digital 3-
dimensional geometric model of the geological structure of the Samaria Gorge region is based on the study of
the stratigraphy and the tectonic evolution of the metamorphic rocks of the Plattenkalk group in SW Crete.
Data from the geological map of Greece (Vatolakkos sheet, 1:50.000) and from the literature have been supple-
mented by geological mapping and structural analyses. In our study we applied interactive 3D CAD methods
implemented in the integrated software package SURPAC2000. The surface geology has been draped over a
digital elevation model of the topography in order to model the geometry of the subsurface structures. Two
hypotheses about the geological structure of the region are examined: a) the one given by the existing geological
map, which proposes a syncline structure and b) the one resulting from the combination of existing data, correc-
tions carried out through repeated 3D simulations and new field observations. After distinguishing in the S of
the study area the Trypali union, overthrusted on the Plattenkalk group, we propose an anticline structure with
a NNE/SSW striking axis dipping to the NE.

AEEEIZ KAEIAIA: Towodidotat npocopoinon, Zxediaouds pe m forideia vroroyioni, IThaxdders aofeots-
MBot, Zapapid, Ko
KEY WORDS : 3D modelling, CAD, Plattenkalk, Samaria gorge, Crete, Greece.

1. EIZAT'QI'H

H Ko, devtepn o€ péyeBog vijoog 070 VEOTEXRTOVIXA EVEQYS X0 TG avatoMxric Megoyeiov, Aéym g
ONUEQLVNG YEWTEXTOVIXNG TNG BE€0mMG 0TV euIeovoa TEQLOYT TV dU0 OUYRAMVOVTOV MBOCQOLQIRDY ARGV
(Evpootatirnis ®ow AQELraviriic), amoteAel yio Tovg pecomedbeopovs oromovs Tov International Continental
Drilling Program (I.C.D.P.) wa mBovii meprox] yla mv avopuEn wag ol Babids epevvnuixtic Yedtonons.
Zuvemaxohovda 1 Yvaion Tov HEYAAOSOP®DY TV ETGAANAMY TEXTOVIXDV EVOTIHTWY IOV HOUOTVY TN VOO TOQEYEL
avayRaieg TANQOPOQIES YL TOUG UNYAVIOROUS TAQOUGQPMONS TOV TETOWUATWV AUtV Ratd ™V eEEMEN TOV

* Revision of the geological map and 3D modelling of the geological structure of the Samaria Gorge Region, W. Crete.
1. Institut fiir Geologie, Geophysik und Geoinformatik der Freien Universitit Berlin, Malteserstr. 74-100, D-12249 Berlin, Germany
2. Technical University of Crete, Faculty of Mineral Resources Engineering, Chania

-29.-



ogoyevovg. Emimpdofeta emitpémel puo woaytn mpoogyyion yuo v eEEMEN %ol TV XATAVOWT] TOV TACEWY, TV
QOUVEXELDY RO YEVIXGTEQO AWV EXEIVOV Twv pueyeBdv mov €xovv xabopioel 1 emnpedlovv ) yewpunyovixy
OUUREQLPORA TV TETEWUATOV avtdv. Ta Tovg Adyous owtots 1 Textovird rordtegn evémra g Kojmg, ta
yvootd and T Bifloygapio petapogpuuéva merpdpato g Ouddog twv Miaxwddv Acfeoréhbav
(MANUTSOGLU et al. 1995a), twv omoiwv 1 ToAOYEWYQAPUXT] TOTOOETNON %ot 1) TOAMITAORY) TEXTOVOUETOL-
popgxrj eEEMEN amotelovv BEpa. TOMIXEOVMV ENLOTNUOVIX@EY CVENTHOEMV, CITOULTOUV (Lt AETTTOPEQETTEQRY) JAE-
Aém. Idwaitepa om dvtinaj Kot ov yew(popgo)hoyuwés auvOrixnes (pagdyyla mapdAning dievBémong ue
deiBuvom PopEd-veTo) EMTEETOVY TOV EAEYYXOUEVO YWQOTOEIXG CUOYETLOUG CTQMUCTOYQOPLRMY KOl TEXTOVL-
KWV SOPWV, pe ™V xion TELOdAOTaTWY HOVTEAWY YEWAOYIXY|G TEOCOMOIWONG *on egunveiag. Ztnv egyooio
o, TaEovotdLeTal 1 mETN TELOSLGOTOT) YNPLaXY] YEWAOYLXY] TTEOCONOIMOY, OWTH TNG EVEUTEQNS TEQLOXTS
TOV papayytol g Sopaplds omy megLoxn g vorodvtxis Korpme. Xenowwomowdvrag dedopéva vewtépuv
eQyaoudv alld xvping otouxeio amd egyaocieg vraiBpov, avabeweiBnxe n dopr] Tov gvEvtepoy YHEOV TOU
PoEayyLoU ™G ZapaoLds, autic moU TEOEXVTTTE OMS TOL VTLAQYOVTA OTOLXE(R TOU YEWAOYLXOU YAQTN ROl KOTO-
ongvaoTxe £va vEo, avaBewEnpuévo TELoOLAOTATO YNPLOKG YEWAOYLRG HOVIENO TG TEQLOXNCS.

2. IETOPIKH ANAAPOMH TPIZAIALZTATQN MEGOAQN ITPOZOMOIQXHZ

H woiodidoror yewhoywn mpooopoiwon (3D geological modelling) pe ) forifewe nhentoovinoy vroloyi-
ot] EYLOE va. EQaQUSTeToL Ko Vo eEEMOTETOL QTG KAl YLOL TG AVAYKES TOU UETAALEVTIROU KAAOOU OTIS OQYES
g dexaetiog Tov 1960. Zrabupoi mov xabéouoay ™y negautépw eEEMEN otov Topéa avtdv 1jtov 1 uébodog Tov
TOLOBLAOTATOV OpoudpaTog otafeot uwhox (3D fixed block model) mov yonowomouninxe o un orpworyevy 1
TEXTOVIXA TTOQaPOQPUpEVR oTpwaoryev| nortdopata (SHURTZ 1959) nou o ®Gvvafog mpocopoinong otpdong
(gridded seam model) (ZENSUS 1963) mov epaopudotnre o€ TEXTOVIRG adLOTEQOXTO OTQWOLYEVT] XOLTGONATO.
H paydaio eEEMEN otov topéa tav Yneroxrdv NAextEovixdy vrtohoylotdv €dmoe dBnon oty epaguoyr oxe-
daonndv pedSdwv pe m Poribewa vrohoyior (CAD - Computer Aided Design). A6 po oglpd peB6dwv
(VOELCKER & REQUICHA 1982, REQUICHA & VOELCKER 1983) n pé0odog mg mapdoraong opLondv
empavewdv (Boundary Representation, BRep) amodeiytnue n mo xardhnhn yia YEMUETOLRY TROCONOI0OT Ot
YEWAOYLRES EPAQUOYES. MLal EXTETOUEVT ETLORGTNOT TV TOLOdLAOTATWY PEBSdwV mov epaguétovron oTov To-
péa twv yewemornuwv ragovoiace o HOULDING (1994).

3. IPOXEITIZH THX MEO®OAOY

Katd m yewuetourj mpooopoimon evig yewhoytkolU gawvopévoy petafifdletol 1o yewhoywd mpdrumo-
opoiwpa (geological model) oe €va TOLOOLEOTOTO YNPLOKS YEMUETOIXG opoiwpa. H culkoy Twv mpwtoyevdv
dedopévav amd to Quowks meQLBdMov axohovBel Tig VOPOTEAELES TG YEWAOYIXT|S YaoToYedgnons. H eneEep-
yooio Tov dedopévav autdy, Tov CUPTANEHVOVTAL aNtd TO CUVOAO TWV VIOQXGVIMV i TV TTeQLoyy) dedopé-
V@V, YL0L T RETAPOQE TOVG OTO TEXVNTS TEQLURBAANOY, OV 0dNYEL TNV TEMMKT] YOQTOYQOPIXY] OTTERGVLOT, YIVETOL
He T xorion andAutwy yempeTourmy xavovav. Ta mepioodtepa dedopéva tng yemhoyixriis YapToypdgpnong ei-
VO YEWUETOLROU TUTOV (TOQOTAEELS, ®AIOELS) OV ROTOYQAPOVTOL VOTEQX QTG TAQATNOTOELS KO UETONOELS.
Aev helmer Spws xon 1 avaivon xow ToEOVsTao YDAV dESOUEVMV RaL TANEOPOLDY GOy TTROOEYYICOVTOL
%O TOUQOVOLATOVTOL PORQOYQOVIES, EXAAMAES XWEOXQOVIXES YEWAOYIXES DLEQYQOLES, TOV QUTOUTOVY KO EUTTE-
QLEYOUV TAUTGYQOVO TNV EQUNVEIR TOU EQEVVNTI]-XOQTOYQAPOV.

T ta dedopéva ovtoy Tov THITOV 0 XENOTNG VIOOTNEITETOL 0TS TO VIGUVILOL TOV YEOTN %Ol 06 OVILTQO-
OWTEVTRES YEWAOYIXES TOPES. ZTNV RAAOOLXY] OTOTUTMON TNG YEMAOYIXNG XOOTOYQGPNONG UETOPEQETOL EVOL
uépog g eounveiag otov xonom. Khaoows mapdderypo amoterel n xatavouri tov mdyovs twv dloapsomv
OYNUOTIONMY 0T0 alvoro Tng mepuoyris. To peyaiitepo de mdPfAnua Boloxetan oty egunveia Tov GApoTog Twv
onyudtmv g meguoyiic. Eival avtovénto én pe Ty xhaoowxr pé0odo amotimmwong éva pépog e epunveiag
TOU YEWAOYLXOU YAOTY PETOUPEPETOL OUTOUOLTOL OTOV YONOT.

H p€00d0og g 1o1081d0ToTng YEMAOYIRTG TEEVIONGS TToRovoLdlel ta eEfjg mheovexTiuato o8 OUYyXQLoN
UE TNV XAOOOLRY], OTOTLROT THTOV OTELRGVION:
® O pelemuic vmootEieTal oV RaTaoREVT EVES Aoyird 00000 TEOTUTOV. ZPAMIOTO ROL AVTLVOWIES YiVO-

VoL epgovij xatd T dradixaoia TG YEWUETOLRYIS TEOTOROIWONG ®aw ProQovy va d1oeBwHovy.
® To opdhuata egunveiags, oe ax€an UE TOV ®AAOOKG YE®AOYIXG XAt TEQLogilovial awabntd, ened ato

YneLoxs opoimpo peTapépoviol kot ouvdudiovron pe peyoditepn oxoiPera 1600 To. CUAAEYOUEVD TOWTO-

yevi] atouxeia, ta vdoyovra Biployoagird dedopéva, 600 naL OL EUTELQIES KAl OTTGPELS TOV EQEVVITY.
® O yewhoywdg xdotg dev vroomLeTar Hovo oé aVILTROCWTEVTIKES YEMAOYIRES TOPES aAAd amtd ™) du-
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VOTOTNTO, ROTAOKEVS OTOLCINTOTE TOUNG 1 TOUWY O ®Gbe drevibuvon.

®  Ou TA\EOPOPIES TOV TEQLEYOVTOL OTO TEGTUITO PITOQOVV EUROAN VL avartapo otV xat Vo Tapovotaototy
(e PE TY) LOQYY] TOPWV O OLdPOoEEs OLeVBUIVOELS ElTE VITESAPLRWDV YOQTHV.

® Tivetar duvani n €Uxoln xot axQuPrig TOCOTLROTOMON TS YEWAOYIXYE TANeooEias (dyrot, Ttdym, Ghpa
ONYHATOV, HAT.) ®ow 1 avriotolym ToQovotaon (1. AoTes womay v, opadoroinon, 1 yeveés onypdrmy).

® Tivetar €VXOAN 1 EVOORGTMON YNPLOROV EOVMV #OL OTOLXEIMY 0Itd TAETLOROTIROVS dOQUPSQOVS, Y1)
PLORA POTOYQOUPETOLRA GOYOVCL, LOVTEQVA TOTTOYQAPIXE GQYVAL, RO DOQUPOQLXE CUCTI|UOTO EVIOTLOUOY
(GPS).

® H puéBodog mopovotdlel peydreg ovalvtrés duvardmres wov eEaQubvVTaL atd TV ¥A{paxa YneLomoinong
™m¢ tomoypagiog. H duvatdmnra avt petatpéneton mooxtird o€ eloaywyr tinfooag taEndetiuévav dedo-
UEVWY, K0P 1) TOOSTNTA TWV OTOLYElMV Vo EMBQE OTNV ETOTTELC TNG Y AOTOYQUPLRIS OTTELROVIONG.

® Extdg amd TV EMTANVVON TG YUOTOYQUPIXNG TOOUYWYNS, TOQAUEVEL avolyty 1 dradixacia yio evrohdTe-
01N UETATEOTY, EVIIUEQWOT, HOL AVAOEMENOT TOV XAOT.
Tivetow e0xohn N moaywyr] eV BEPATIRGY XOQTOV VIO OUYREXQLUEVES EQUOROYES ROl XONOTEG.

® Eivau duvory 1 oUvdeon xaptoyapuray xou Bepomnav dedopévav yuo akloroinom oe €vo ovotpa thngo-
popwv (G.LS.).

Avo dopég dedopEvmy YONOLUOTOLOUVTOL YL TNV TOONREVON TWV YEMUETOLRMV OTOLEIWV OE YnNPLaxt
no@n:m dravvopatiry (vector) zow 1 poaooixy 1 ynedwt doprj dedopuévmv (raster). Zm dwavvopotirti dopr,
70 BaonG dedOPEVO ElvaiL TO ONUELD PE TLS CUVTETOYUEVES TOV (2- 1 3-01d0TUTO) %O OL YOAUPES TTOV EVEVOUY TO
onueia (strings). Zm ymeudoni dopr, n Paown) hoywi povdda eivan n ymeida, yvwoni xow g pixel. Kdbe pixel
€xeL ta Oud. Tov Bepotird dedopéva.

Zmv nopovoa epyaoio yonotporonidnxe to ovotyua SURPAC2000 (SSI, 1995a,b), oto omoio cuvdudlo-
vrow povtéha empaveiag ®ow oyropetoud (GOEBL 1992). ) diebvij fifloyoapio ta poviéha empaveiog
eivauw yvwotd eite oav DTM (Digital Terain Model) eite oav DEM (Digital Elevation Model). H vhomoinon twv
DTMs otov vohoywotj BaciCetan eite 08 0000YHVIO ®ovOVIrS dixTVO (ROVOVIRGS 0000YDVIOS RAvafog) elTe
oe pn xavovird toryovixd dixtvo (Triangular Irregular Network, TIN). H mpoogyyion pe fdon tov torymviond
avupetoniCel xaiitepa ™V peTafol TS TURVGTNTOS TOV OTOWEIWY OTO MO, RATL TOAMS ONUOVTIXG YidL TS
YEWAOYLRES EPOOUOYES, GOV 1 OHOLOYEVHS KWt xorovour] dedopévarv gival omdvia.

4. TEQAOI'TKA AEAOMENA
4.1. I'svixd

H Korjmn €xer puoe molimhonn yemhoywri doprj, GvILmposmmevtixy Tav TOAMTAORWY TEXTOVOUETAUOQPLAWDV
Sradueaoiv touv Ahmxot Opoyevetirot Kuxhov otov xapo g Avatohxic Meooyeiov. XapoxrtnLotizs mg
dopns g eivar 1 RAAVPPATIRY TOTTOOETNON TEXTOVIXGY EVOTITOV TTOV ATOTEAOUY MOOOTQWUATOYQUQPIRES ONd-
0€g TETOWUATWV TOU SLAPEQOUV Gyt UOVO 0TV QQYIXT] TOUS TAANOYEWYQAQIKY TEogAevan xat eEdmiman,
AL »ow 0T OUOTOON ®OL TOV PABRS peTaudeemons. Zmv Tdpodo Tmv TV oL SLdPOQES EQEVVITIXES OUAdES
OMG %o PEUOVOUEVOL EQEVYNTES, OTNV TROOTADEL TOVS VoL XOTAYQEYPOUY %O VO TTEQLYQGPOVY OVOTHUATIXG
TS LOLOROQPIES TV JLaPSQWV AUTHV EVOTHTOV TOV dopoTY T Vijoo, elofyayov €vay Tord ueydio aoubud
OVOUATOAOYLEV. MEVO yLoL TNV TEXTOVIRG RATWTEQEY EVOTNTAL, TOU JOPE TO PEYOMITEQO TOCOOTS TG VOOV,
€xovv yonowporronBei ou 6pou: Talea Ori-Serie (EPTING et al. 1972), Ida Zone (BONNEAU 1973), Talea Ori-
Gruppe (KUSS & THORBECKE 1974), Plattenkalk-Serie (CREUTZBURG & SEIDEL 1975), evémta/Cavn
Koritng-Mavng (PYTPOAAKHZ 1978, 1980). e TV OVTLUETHTLON TOV TTROPMjpaTog 1potddnxe o 6pog Oud-
da tov Manwdav AofeotdMBwv (Plattenkalk-Group), petd omd v oveeapy £QYOOLHV GITOU TEXUNQUDHONRE
N AVOyROLOTNTO TG ELOOYWYNS MOG VIS ovopatoroyias Bactopévng o MBooTOmUATOYQUEIRd KOLTHOLOL
(MANUTSOGLU et al. 1995b).
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Eux. 1 : Oon tng meguoyijc puedérns
Pic. 1 : Position of the study area

H Opdda v IMhonoddv AopeotéMbwv xoratdooeton oty mpoywea Twv EXvidwyv. To netpdpato g
epgavitovrar oty Iehomévynoo dopwvrog Toug opewvoig Gyrovg Tov Ildgvava, Tov Talyetov xow oASxAnEng
™G xepoovijoov ts Mdvng. Méow ¢ Korjmg 6mov xaw dopotv mdvw and to 70% g vijoov, cuvexiCovv v
epgpavion tovg omv Kdoo, Kdpmabo xal P6do. OAGxAnen n axolovBia yapoxteiterar ®vplng amd textovinyg
OUPTIEEOMS UE EVIOVY TTUXMOT, AETIOT, EQUITEVOELS ROL CUYRLVIUOTUIRY UETOUSOPOON).

Zmv Ko nahawdtepa oe nhxio netpopata g Opddag avnig foloxovtal, 08 avdoToo@n OTRWRATOYQA-
@urd B€om, ota Tarlaia ‘Opn g xevipuiic Korjmg, amotehotpeva and toug avBpaxinoig-*Aaotinols oxnuo-
Topovg Twv ®édeke naw Ziooeg, wov pe ™) forjfeia aroMBwpdrmy (tonpatopdpa, Boudtona, guxn row xwvédo-
Vo) xeovoroyiiBnxay wg nhxiog Avatépov ITépuiov. Zav 10 TAAUGTEQO TUUO TWV CXNUOTIOUGDY CUTHV TEQL-
yodgnxav ot oxtotéibol tov Fainvot mwov eEantiog puag moAd mhovolag amoMBwpévng mavidag xaw yAmpidog
TorofemiBnrav xpovixd oto 6po Avategov ABavBpaxrogpspov raw IT€puiov (EPTING et al. 1972, KOENIG
& KUSS 1980). ITpog to vereipevo, RETA amd Vo OTOWUOTOYQUMLKS ®EVE amd to Aviowo uéyor to Kdovio
axoAOVBEL L peydhov mdyovg axoAovbio oTEWUATOMBXGY SOAOUTEV TOV TO. KATWTEQC TUTUATA TNG XQOVO-
hoyniOnrav Awaciov niwriog, otn ouvéxewa Bpioxeton N yvooni avBooxiry axolovBia twv evolhaooduevmv
TAax0dDV aofeotéMBwv pe xegatoriBoug, and Gmov xon TEofABEe now 1 ovoparohoyio tg Opddog Twv TeTEw-
pdrav autdv xow T€Aog N axorovbio tov Kolafeod, évag ®xAaotirds oxnuotionds mov Sapépet eviehis and
Tov QAUoYN Twv dutkdv EMnvidwv. Zm Bdon tov Beébnxay tonparogpdpa nhxiog Kdtw Olydxroawvov (PY-
TPOAAKHZX 1972, BONNEAU 1973).

4.2. Hepioyn pelerns

Zm dvnnn Korm ou vimdpyovres yewhoyuxol xGoTeg xoovohoyotviow amd ) dexaetio tov 1960, yio opLopé-
vo tpjpato g g, 6mmg Yo ™y mepwoxn g Hohadyweag, o faocinds yemhoyinds xGotng dev €xel andun
exdoBel. Av non pa oE1Rd EMLOTUGVOV EXOUV EQYOOTEL ®a dnpooievoel oty evputepn mepoyy (TATAPHZ
& XPIZTOAOYAOY 1965; 1969, CREUTZBURG & SEIDEL 1975, XAVIER 1976, GREILING & SKALA
1977, 1979, ®YTPOAAKHZ 1978, 1980), e1dtxd yro. TV IEQLOXT] TOV pagaryyLtoy Tg ZopaQuds VdoyEL Hévo o
xdomg tov LI.M.E., pidho AMxiavig (TATAPHZ & XPIZTOAOYAOY 1969), tov omoio XonoLLomotjCopue
oav BAom Yio TV XOTOOXEVY) TOV a)LxoU TELodLAoTaTOU YEWAOYIX0U povtélov. Kord toug avetépm epevvnTég
OTNV TEQLOYM TTOV ROAUTTTEL O XAQETNG SLOXQIVOVTOL EXTOS TWV OXNUOTLOPDY Tov TETOQTOYEVOUS KAl TV VEOYE-
V@V axohovBudv tjpato ™mg oewpds g Teimolng Tou avTTEoomIEVOVTOL At LOVQAOIKYS Ko ®kENTLdKYG
nhxiog aofeotoBind metpdpota Tov eppaviCovion dutndtepa and t votia €£0d0 Tov papayyLol g Zapa-
oLdg.

210 BOEELO xaw SUTIXG TIITIOL TNG TEEQLOYTG, HE EUPAVY] TEXTOVLXY] ETTAUPT] TTOOG TO VITOXELUEVO EppaviCovion
y®EiCo nan Aeuxd dohopTinG PAQROQO TTOV EUTEQLEYOVV EVAL XAQUXTNOLOTIXG Brrovpeviovyo doloptind opio-
va, dyovs 2-3 pétpwv. Ta pdopapa tpooopotdtovy xatd BEoeLS TEOG TOUg MAARMIELS REUOTAAMROUS aofe-
otoAiBovg, xweis Spwg va epmepLéyovy mupttohiBous. ITpdxertar yia Tovg aofeotoriBoug g evémrag Tovna-
Mov (CREUTZBURG & SEIDEL 1975), tav omtolov 1 yewtextoviky 0€an eivar yvaort (dvio exmdnuévol
ndvw og tuwijporo ™ms Opddag twv IMaxmddv AcfeotéMBwy) alld n malaloyewypaguxkt Tovg B€on dyvwor.

Tnv voxreipevn evémro oty meproyt] dopotv ta metpdpata g Opddag twv IMannddv Aofeatorifmy.
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H mpdtn Aemropepris MBootpwpatoypaqxy mepryoaqrj, mov avademel xar v nlwia mov dideton amd To
xdom (AavBoaropspo-TIépuo), €yve andé tov PYTPOAAKH (1978, 1980) xow ovuminoddnre amd toug
SOUJON et al. (1998).

5. TO TEQAOI'TKO OMOIQMA THX IIEPIOXHXZ EPEYNAZ

Zmv wepoy PEAETG (Ex. 1) ROTOOREVAOTNRE QEYIXA TO YNPLOKG UOVTIEAO TNG TOTOYQOYIaG Ot ®Alpaxa
1:25.000 o pey€vBuom tov Tomoypagurol xdotn 1:50.000 (I.Y 2., 1972). Katémy mpofAibnxray tdve oe autd
TO OPOUMNIOL TNG TOTOYQUPIAS TO GQLAL TV YEWAOYIRWV OYXNUATLOUDY XKoL OXOAOUOWE RATACKEVAOTN®E 1) TOLO-
Aot YEWPETOIR TWV YEMAOYRMV OYNUATIOUGYV, XONOLUOTOUDVTOS T TEWTOYEVI] OTOLYE D (TTapoTdEeLs, diev-
Bvvoelg nAOE®MV ®ow TAYN TV OTQORATMV) oL TEQLEXEL O VIIAEYWY Yewhoyrog xdotng (TATAPHE KAI
XPIZTOAOYAOY 1969). Zipgpova ue autév oto BOQELGTEQO KO VOTLOTEQO TUUC TOV PUOAYYLOU EUQOVICE-
TOU TO VTTOXE(PEVO oUOTNUA TV TAOXWOWV aoPeotoribov. Evd oto BGREL0 Tujua vdoyouv 0pLopéva oToLyEio
yuo TV SLevBuvon o TS Ywvieg ®Mong Twv OTmUATwY, 0To VOTLO TURe AEiTtouy mavteMds. Xenotpromotdveog
T EMAYLOTO OUTA OTOLYE(R, OTNEWEGUEVOL KO OTNV TEATY OTEWUATOYQOPWXY ToadoY1] (TTOALGTEQO — VITOXE(-
UEVO, VEGTEQO — VTEQHRE(UEVO), aTAAEQNE YioL TNV dopr| £VOS TOLODAOTOTOV YEWAOYLROU HOVIENOU, OTNV HOTOL-
oxrevr] pag ouyrhviriig peyorodopns yia Ty meproyii avei (Ew. 2p).

e autd 10 0TddL0 evIomioTray OL BECELG/TEQLOYES EXEIVES GITOU 1) TTQOTELVOUEVY] YEWUETQIO TWV YEWAO-
YRV OXNUOTIORMV ATtd To VITEQYOVTO OTOLXEIC TOU XAQTN %Ol TO TOTOYQAPLXG avayAugo €oxoviay o€ avtibe-
on. Anhadi| evroniomray ta onpeia evios ™G meQLOXS HEAETNG, GTTOU TO TTROTELVGUEVO TAXOG HaL 1) XWEOOETN-
01 TWV YEWAOYLRGV OYNUATIOUGY VITEQERALVE TO TOTOYQRAPLRS avdylvgo. Me Bdon v medTn autiv meooopoi-
won axohovBnoayv gpyaocies vraiBpov vrooEWLSpeveEs artd To otouxela tg eneEepyaciog twv BiproyoogL-
RV dedopévav.

To yevind omodextd poviého yia v mepoyrj (CREUTZBURG & SEIDEL 1975, XAVIER 1976, Y-
TPOAAKHZ 1978, 1980), nou (dieg moparnenoets, emBepondvouy vy apln piog avurhvinig peyorodoprc.
Tn dowr} aut PToEovPE PE TOL VTAQYOVTO OTOLXELD TOU YEMAOYLXOU XGQT Vo TV eTBePatdoovpe ot pio Topr
devBuvong avatohis-diong omy Bopetdtepn mepLoy tov pagayytot (Ew. 2a), n onoia dev Poioxetar o€ oup-
pwvio pe mv o BoeEd-véTou Tov poviérov tov xdotn (Ewx. 2f).

Aemroperig mapdfeon Twv amoteleopdtav g vraibolag xoetoyedenons Ba Eerepvoioe ta oo ovToy
TOU dBPOV. AToQa{TNTA GRMG OTOLYE(D TTOV PITOQOVY VO GTNEIEOVY TNV avaBEMEN O TOV XEQTY YLOL TNV TTEQLOXT]
o), moTtomolovy Tig apatneoels tov PYTPOAAKH (1978, 1980), pe ehdyLotes SLopoQomonjoeLs:

A) To ovvoho g mepLoyrg pehémg amoterel twijpa g ueyorodowric. Eugpaviic muprivag avtiig amotehel 1
ropuerj FAiyrihog now GxL 0 Bohaxidg, Tg omoiog Ta metpwpato. omotehotviol amé doAoprtinoig aBeoTohL-
Bovug, dotpwtovg, otpwpatoMBirots, evdolatumomayeic kol evdorgoraromayeic. AGY® TG CTEWUATOYQO-
QUi Tovg BEoeLg mEEmeL va elvon xo Ta tahondteQa o€ nxia g opddag. O oxMUOTLONGS autds avapEQE-
taw oav Mavri Formation ané toug SOUJON et al. (1998). ExatépmBev g xoQugns owtric aAAdlouv oL
devBivoelg xhiong Twv veQREUEVOV, dlatnedvtog dia TadTaEn, yeviriic dievbuvong BBA/NNA. Ko
EVE) TaL UTEQREPEVA 0T Popetodutit] TAEVEE TOV BEIOHOVTOL XLVITOTTOMUEVA, IE EUPOVT] TEXTOVIXY] ETTOLEPT]
®rou Snpovyia peydhov dyovus TEXToVIXoU AaTUIORIYOUs, OTNV VOTLOOVATOMHRES TAQUYES, TTOQOTL ERQOVI-
Covtou Eviova OTOLE(0 OUUTILEOTLXYG TEXTOVIRYG (TTUXES, EMmOoELS naL ECWTEQLRES AemudoeLs) duotnei-
T 1) OTRWROTOYQAMLXY] OUVEXELX TV “OoTtowudtav Tov Iniyrilov” (PYTPOAAKHE 1978, 1980; Aloides
Formation xové SOUJON et al. 1998).

B) H peyahodopri vrtopuBiCetan mpog ta BA. Autd eixe oav amotéheopa vo diafowboiv euroldtega tayiteQa
Ta “otpdpata Tov I'iiynihov” Adyw ™mg ovotaong toug (ovyx. BYTPOAAKHZE 1978) »naw va dnuovoynBei
po TUTLRY] HOE@OAOYLRY dopun Aexdvng aroQEong 0To BGRELO TG TOV QOQaYYLOU.

I') S votadunni} wepLoyij Tov gagayytol s ZopaQlds dev epgaviCovial Ta TETQWUOTA TOU VITOKELUEVO
ovonijpatog Tov IMaxnddv AoBeotoriBov adhd medxertar yio Tovg doroptinoig aopeotoriBoug Tov ®a-
Mppatog g evémrag g Tovmohiov. H emoagn eivar textoviry, xar ouvodeveton amxd tnv UrtaQEn TeXToVL-
%00 Aaturomayots mov xatd 0ol Eemepvd ta dvo pétpo o mdyos. To mdxog Tov xaAdpuatog ot Bon
oty dev Eemepvder ta S0p.

To ovvolo Twv oot eiwv oV TEOERVPAV artd TV VTaiBoLa XoEToYRAENOT XONOLHOTON BNX®E yio TV Ko~
TAOREVY TO AVOOEWENUEVOU TOLONAOTOTOV YEWAOYLKOU POVTELOV IOV TAQOVOLALETOL OTIS E1vbveg 3 xau 4. To

HovtéAo autd eival 1 mEWTN YewAoywrt] Todmelo TANEOPOQLOV YNPLoriS HOQPNS, O YEMAOYLROUS OYMUOLTL-
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opovg mg Konmg, mov Eexrivnoe ota mpoxataprtnd otddia epevviv tov International Continental Drilling
Project (MANUTSOGLU et al 1999). Aotelei amd mv @uon tov duvynuxd mpooovEavipevo abotpua, ov Ho
euTAOVTICETOL OUTO TO. OTOLXEID TWV OUVENLLOUEVWV EQEVVAV OTIV TEQLOYY, TOV amoTtelel EXTOC 0l TEQLOXN
YEWETLOTNUOVIXOU EVOLOPEQOVTOS Kol AtoduAANG a&log pvnueio mg gpuong.

w E
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Tespal

100+ el |
| Mloides Formygion

Gigilos Formation

Eux. 2: T'ewloyixés touss diev@uvvons Avatodijs-Avons (a) xar Boged-Notov (f) tov yewAoyixov uovréiov wov
TQOTEIVEL 0 YEWAOYI20G XAOTHS

Pic. 2: Geological Sections in direction East-West (a) and North-South (b) resulting from the geological model
proposed by the geological map

Trypali Formation
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. Formation

[

Gigilos
Formation

Euwx. 3: T'ewloywxés Touss owevbvvons Avarodijs-Avons xar Boped-Notov Tov avafewgonuévov uovréiov
Pic. 3: Geological Sections in direction East-West and North-South of the revised model
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Euwx. 4:Toio0udorary ameixovion Tov avabewonuévov yewloyixov ydorny
Pic. 4:Thre dimensional view of the revised geological map
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IAAAIOTEQI'PA®IKH EEEAIZEH THX NA IIEAOIIONNHXOY
KATA TO TETAPTOTENELXL’

H. MAPIOAAKOY , I. ©OYNTOYAHE, I. AAAAL'

ZYNOWH

AR6 dLagpoovs eQEVVITES 0TO TaREAIGY, avagéQeTal 1 TaEovoie: ot TOMES BEoels péoa otig peTahmuég
anoB€0ELS TG XeQOOVIio0L TG TTuALaG, XQOXAAWY TOV TTROEEXOVTAL OTTG TOUS UETOUUOQPUUEVOUS OYTUATIOROVS
TOV ROTWTEQWYV YEWTEXTOVIX®V evoTiitav Tng ITehomovvijoov (evéimtes Agvog, Mdvng).

KabBos n onueowvi guowoyswyoogpuxtj ewwove tng NA Ilehomovviioov dev dunaroroyel v UmapEn avtwv
TV RQOXOADV 0TOVG PETEATUAHOVS OXNUaTLopovs g TTuhiag, agoy ou evétnres Agvag xaw Mdvng dev epgavi-
Covtar omy ITukio ahhd pévo oty omévovtt XeEoGvnoo g Mdvng, yivetow pa mpoordBeia yio v epunveia
g mahowoyewyoapunrc eEEMENGS g evEUTEONS TTEQLOYIS KOl AGOEONS OUTHV TWV TYNUATIOUGY.

ABSTRACT

Several geoscientists in the past have mentioned the presence of pebbles, that have originated from the
metamorphosed formations of the lower tectonic units of Peloponnese (Arna and Mani units), in the outcrops
of the post-alpine deposits of Pylia penninsula.

As the present physicogeographical appearance of SW Peloponnese does not justify the existence of those
pebbles in the post-alpine deposits of Pylia, since Arna and Mani units outcrop only at the Mani penninsula, an
efford is made for the interpretation of the paleogeographic evolution of the greater area and the conditions of
deposition of those formations.

KEY WORDS: Paleogeography, Neotectonics, Early, Middle, Upper Pleistocene, South-western Peloponnessos,
Greece.

1. EIZATQIH

“Yotepo amd AeTTOPEQRT] XOQTOYQAPNON ,OeLYLaTOAM Pl RO HEAET TV PETOATURWV 0TTOBETEWY TTOV TTEOY-
potomoniOnxe oe Oheg g Aerdveg e NA Iehomovviioov, droxpiBnxay, Pdoel OTRmUATOYQAPLRMY ®aL WCnuo-
TOAOYLRAV XQLTNOIWV, ETLUEQOVS AOOOTQWUATOYQAPLROT OYNUATIONOL 0 ®AOE Aexdvn. v mopovoa eQyaoia
€xouv taEwounfel xaw yivetor tOWTEQR avaQoQd O GAOUS TOUS OXNUTIOUOUS , TNG EVQUTEQNGS TEQLOXNS TG
Meoonviog, Tov TEQLEXOUY ROPORGAES OO PETAROQPOUEVO. TTETOWUATAL.

Zuvdudatovrog to dedopéva autd e T ONPEQEVY] VEOTEXRTOVIXY dopr] xouw xuvnuomxky s NA ITehomovvijoov,
TROOTAOOVIE VO AVOTOQUOTHOOURE TNV TaAOYEwyQapry EEEMEN TG mepLox1ig ®atd ) dudoxela tov IThet-
OTORAIVOV.

2. TEQAOTI'TA

Zm NA [TeAonévynoo amavtoliy oL orGAovOes 4 aATrEg YemTeXTOVIRES EVOTNTES: (@) ) EVOTNTA TG Mdvng
OV OTOTEAETONL OO OVaRQUOTAAMUEVOUS aoBeotdMBoug €wg pdopapa xoau petagpiioyn, (B) n evétnto g
AQvog oV aoTeAETOL AT PETAPOQPWUEVA TETRWHATA (OXLOTEMBOUG, uAAiTeS na yohaliteg), () n evomTa
TapedBov - Toilmwolng mov amotehelton amd vnertirvis dong avipaxird netpwpota (aopeotéhboug, dolopi-
1eg) mon phvoym, (8) n evémra mg Iivdou mov amotehelton oms avBoanind TeTQOUOTA TEAXYIRNG PAONGS, YPoLpt-
uiteg, Tnhiteg xou padohoQites.

Ané yewtextovixy dmoym, n evomta g Mdvng Bempeitar 6Tl aviipoomTeUel TV oYeTnd autdydovn
EVOTNTQ TS EVEUTEENS TTEQLOYNIG, TtV otV omoia €xovv enwBnbel dradoynd oL evétnteg Apvag, Toimolng
®ow Iivdov. H evémra mg Apvag tdaiteQa, Tepovotdiel TEQLOQLOUEVN ETupaveLloxy eEAmAwon roL epgavite-

* PALEOGEOGRAPHIC EVOLUTION OF SW PELOPONNESUS DURING QUATERNARY
1. University of Athens, Faculty of Geology, Department of Dynamic-Tectonic-Applied Geology, Panepistimioupoli Zografou, e-mails:
mariolakos@geol.uoa.gr, fountoulis@geol.uoa.gr ,iladas@cc.uoa.gr
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T pévo oto Popeto Tadyeto, (Ewr.2). Notdtepa ot dutindteQo and T onueovii mg EpgAavion, n evémnra
oUTH QPOIVETOL VO ATTOOPNVAVETAL AVAPETO. 0TV vIteexelpevy evamta g Toilmolng o Ty vroxeipevn g
Mdvng, #aBwg dev epgaviCeton oty xothdda tov motapot Koorapdxra, ovte ota andtopa mooav tov Kahd-
Brov 6povg, 6Iwov 1o OTIG HVO TEQUTTWOELS TAEATNEOVUE TOVG oxNuaTiopots ™ Telmohng va emwBovvrol ast’
gvbeiag mavm otovg oxnuatiopots g Mdvng.

Op.Mive

m
[o-100

[ 100-300
I 300-500
[ s00-700

Eux. 1.: To avdyAvgo, To vogoyoagixd dixTvo xat o toofaleis Tng eveuTepns megioxs ueAérng.
Fig. 1.: The relief, the drainage network and the isobaths of the study area.

O petahmxés amobéoels e meQLoyris neléme diompivovral, avdloya pe ™ @don tovg, o Boldooieg,
xeooaieg now Muvoieg. Awpvales amoBEoels amavrovv otn Aexdvn s Meyahdmolng 6rmov TaQovoLdCovy peyd-
Ao mdyog, nabwg nar oto dutrd TeELBbELo Tg Aerdvng tg Kopdvng (oymuatiouds ®ordving, Koutsouveli
1987). O Bahdooieg TeTapToYEVOUS nhriog, amoBéoels eppaviCovral oe OAeg TG PeTOATIKES Aexdveg Tng NA
ITehomovviioov, extdg omd Tig Aendves ™mg Avw Meoonviag (mov €xel minpwbei amoxrelotind and yepoaio
Wrjpora) ®au T Aendvn g Meyohomoins. Amotehovvion ®upiws s UGQYES, YOURITES, HOL RQOXOAOTTOYT.
"Exovv amotefel aoippuvo mdvm oto Tolaloavaylugo TV aATIRGY OXNIOTLONGY ROl TO TAX0S TOVS TOURIAEL
amd Aexdvn oe hexdvn, Eemepvaviog oe apretég BEoeig ta 200m. O xepoaieg amobgoelg amotehotvion amd
HOVOULRTOL RO TTOAMILRTOL ®QOROAOTIOYY, EQUBRES apyihoug ko eQuBEOTS muELTIXOUS Yapupites — dupovg. “E-
xouvv amotefel aovppwva eite mdvem ong Boldooieg amoBEoeLs, eite an’ evbeiog mdvm oto akmxd vreépaboo. H
nhxio ardBeong Tov xdbe emi pépovg oxnuatlopoy eival dagogetint oto didomuo petaEl Méoov — Avarté-
pov IThewotoxraivov.

Idwaitepn mepimTmon oVVIOTA 0 OYNUATIOUGS TWV KEoXRaAoTaYaY TG Meoonviog. ITpéxertal Yo Tohd ouve-
TR, TTOAGULATO RQOXAAOTIOLYT E HQORGAES TTOV TROEQYOVTaL ATt TOUS AoPBECTOMBOUG, TOVS POBLOAQITES RouL
10 QAo g evomrag g [Iivdov. "Exouvv amoteBel ®xvping mdvm oto ghioyn g evéomrag F'afoedfov, alhd
xow 0” avnijv v dra v evemra g ITivoov. To mdx0g autdv TmV RQORAAOTAYMDV EIVOL QKRETA CNUAVTLRG KOL
@OdaveL og rdmoreg O€oelg Ta 700m.

H Aemroperis xoptoyedenom, devypatodmpio xow HEAETN TV HETAMTRGV ATOBECEWMY TOV TTOAYUATOTOU]-
Onxe oe Sheg g Aendveg g NA Ilehomovvioov emétpeye vo duaxgivovpe, PAOEL OTQWUATOYQUPLAMV KO
Enpotoroydv xprtneinv, emuéeovs MHOOTEMUOTOYQOPLROTUS OYXNUOTLONOUS Ot #GBe empuépoug hexdvn. Oc-
WQEOUNE ONUOVTIKY, OF OQLOPEVOUG OYNUATIOUOUS, TV TTOQOVOIR RQOXOAMY /X0t AATUTIHV TOU TEOEQYOVTOL
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T TOL HETAUOQPOUEVH TETODUOTA TOV EVOTHTOV TG Apvag ®ow g Mdwvng, omd Tig »ototepeg dnhadr yemte-
ntovIRég evomreg g ITehomovvijoov. O oynuatiopol avtol, wov €xovv draxpbel og Bakdoolovg huvaiovg
AOLL YEQOLOVG, TTEQLYOAPOVTOL CUVOTTTLRG OTY OUVEXELX 0oL O BETELS epgpdviong Toug onueudvovtat oty Ew. 2.

i. @aldoololr KatmmALotorowinol oynuationoi

Zynpnatiopos Néda (0€om 1): Zn hendvn g NEda epgpaviCetar o oynuotiopds g NEda mov amoteleitan
omtd EVOAAQLYEG HOQYWV, YOUULTOIV KO TTOMIULRTWOV RQOROAOTOY(V TTOV €XOVV OmoTeDE] AoTUQWVAL TAV®W OTOVS
OYNUOTLOPROUS TS eVOTNTaS TG TTivoou. O #QORALES TWV TOAIUATMV XQOXANOTIOY DY TQOEQYOVIOL XUQIWGS 0TTd
TOUG OYNUATIOROUS TV evotiitwv g Iivdou nat tg Tolroing. Ze oguouéveg BEoeLs Sumg TEQLEXOUY O xS
0000T0 (1% ) %ot RQORANES OV TEOEQYOVTOL UTTO T UETAUOQPMUEVE TETQDUATOL TOV TYNUATIOUOU TN AQVag
(Povvtoving 1994). To péyeBog aUTWOY TV LEOKUAWV UETOUPAAAETOL ROl YIVETOL PXQOTEQO OO TA AVATOMAA.
TROG T SUTLRA, VITOINAWVOVTAS TN HETAPOQA TWV XOOXRAAGMY OTtd Ta avatolrd. H amdBeomn tov ev Adym oynuo-
Twopov €ywve oto Katwrego now Méoo IThewoténaivo.

Zynuoatiopds Ayiov I'engyiov (0€om 4):EvioniCeton oto NA mepBoipro tov fubioparog te Kdtw Meoon-
viog, ard ) Govpla Emg v Kahapdra. Eivow mapdxrtiag gpdong xot ouviotator o Youpltes 1o oA xRt
rpoxahomoyr. Ot #QORAAES TOOEPYOVTOL KVPIWE UG TOVG OXNUATIONOUS TwV evotitwv TolmoAng, Agvag xo
og uxrEOTEQO o000t amd Vv ITivdo. To péyebog tovg @Odvel ta. 20cm xow avEdver TAnoldlovrag mEog ™)
Bovpia zar mv Karapdro, AMGym Tov YeYovETog 6Tt #UQLES TNYES TROPOO0CINS TOU YAAOTIROU UMHKOU QITOTELE -
oav 1o TCpdppepa nan 0 otopuds Nédovrag. To uéyioto mdyog tov pbdver ta 100m. “"Exeu amotebel aoippova
ndvo ong vroxelpeveg Oardooreg Katomhetotoravirég amob€oeig, pe v mopepforn tahoaoeddpovg oe oQL-
ouéveg Boeis. To avaTteQo VYPORETQO EUpAVLONS Tov foioxetar oto 340m.

Zymuatiopds Exomevengiov (0€om 5): TIOOXEITOL YLOL LOVOULKTO. RQOXAAOTIOYT LE XQORANES TTOV TOEQYO-
VIO AORAELOTIRA amtd OYLoToMBOoVG, puikites nan yohaliteg (Mariolakos et al. 1993). EngpaviCetan oty »owhaé-
da Tov motopot Nédovta xan eSomhavetar péxol tov oopd Aaia BA g Kahapdrac. To péywoto opotd
ndog Tov eivan SOm naw €xel amoteOel oe deltaind mepifdirov. Iapampeeiton Tdve otg vtoreipeves Bardo-
O1eg popyaizég amoféoeis tov Kdrm IThelotordivou péoa OTig 0TOIES ROl BTTOCENVOVOVTCL TTAEVQLRA, TQOYW-
pavtag dvtrdtepa. Iogovotdler peydho Babud eTeQOUETEIOS, ETOL MOTE VO TAQATIQOUVTOL KOL TTOM) EVUEYE-
Oeig npondheg pe peydin dudpetpo mov gidvet xaw ta 60cm.

Lympaerniopds Behavidudg (0€om 5): Zuviotatar oand evarlhay€g pooyov, YOUULTOV KoL TOAIIURTOV RQOROL-
homoyddv pe ouvolrd mdyog mov Eemepvd ta 200m. Ot xQOXAMES OIS T TOMIULKTC, RQORUAOTIOYT] TOEEYOVTAL
ané tg evomreg [Mivdov, Telmohng, Apvog xow Mdavng. TTapovotdlet évrovn eTeQopeToia, pe néyebog #pora-
MOV o AMya exatootd €mg S0cm, £vd) TaQoTtnEovvToL ®aw 0yrGAMBoL 1m oV TEOEEYOVTUL ATtG TOUS OYNUATL-
ouovg g evomrag ™ms Apvag. Kalimter aoUugova 1o tovoprta ®QoxaAomayy Tov ZHOTEVTNEIOU, UE TV
mapeupohij ,oe TOMES BEoes, marawoeddpovg. To avtepo 60 eupdviong Tov Tdvw oTovg aoPeatéhboug
Botoxretan oty xothdda tov NEdovta ota 340m. TTagovoidletr aviiotouyn nahaoyewypoagwri Béom pe tov oy.
Avyiov I'ewpyiov, oto TEELOWELO TS Aerdvng g Kdtw Meoonviag now €xel amotedel oe mapdporo mepidihov
UE TOV OYNUATIONS Tov Xromevtneiov (Mariolakos et al. 1993).

Zynunartiopos Kapmov (0€om 6): Amoteleiton 06 LOVOULHTO RQORAAOTTAYT] UE RQORAAES TTOV TTQOEQYOVTOL
AmOXAELOTIRG QT T PAQROQA TG evATnTog ™S Mdvng. [apatneeitar oto opdvupo fibiopa tov Kdumov, og
ovvéyxela mdve ot Bahdooteg Katwmhelotonavinés payainés amoféoeis, xmois v magepfoiy acupugovi-
ag. To avatepo 6p1o epgpdviorig Toug fotoxretar ota 360m, (Mariolakos et al. 1992).

ii. Xepoaiol ITheiotonavinol oynuoTLouol

Zymuatiopos Avgoayiov (0€om 2): TTpoxertal Yo TOTOUUOYELUAQQLOS TTOOEAEVONGS OYNUOTLOUS TTOV TTOQOTN -
peiTou BOQELC TOV OPHVUIOU OLXLOROU. ZUVIOTUTOL OITTO HOVOULLTO KQOKOAOTIAYY] TTOV TTQOEQRYOVTOL CITOXAELTTL-
%A 06 TOUG UETOUOQPMUEVOUS OYNUATIONOUS TG eviTnrog ™S Apvags. Ot zpordhes mapovoldlovy apxetd
peyaro uéyeBog, pe duduetpo mov wat’ eEaipeon umopel va gOdoeL to 1m (oyréhBor). Kdatw and 1o oynuott-
oué Avppoylov VIOXEWVTOL PAQYES TTOU TG BemEoUne oUGLOYES TV AVOIAELOROWVIXS NMAriog papydv g
evomtag Maxrpuoiov (Povvroving 1994).
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Eux. 2. Ou Odoeis eu@dvions 1oV UETAATIXGY TXNUATIOUGY, TOV TEQIEXOVY XPOXAAES A0 UETAUOQPOUEVA
neroduara, oty NA Helomwovvnoo. 1:v000y0aqpixd dixtvo, 2:vd00x0ites, 3:100pabeis, 4:050e15 eupdvions,
5:evornra Mdvyg, 6:evotnra Agvag.

Fig. 2. The locations of post-alpine formation outcrops, that contain pebbles from metamorphosed rocks, within
SW Peloponnesus. 1: drainage network, 2:water divides, 3:isobaths, 4:locations, 5:Mani unit, 6:Arna unit.

Zynuatiopds Mohaviig (0€om 3): Zvviotator asrd TOAMIATO XQOROAOTTYY] TTOV EXOVV TANOWOEL TNV TOA-
yn g Mohaviic. O xpoxdAeg mEogpyovrar amd Tig evotres Apvog, Toimohng xau IMivdov. To péyeBog rou to
TOCOOTG CUPUETOYIS TOV UETOAUOQPMUEVWV KOOXAADYV UELDVETOL TQOXWOEWVTAS QOGS TO duTird, VTodnAdvo-
vIOS TV T00Q0d00ia TOV VMXOT aitd Ta avatoMxd meog ta dvutnd. “"Erol, and 50 cm omy gioodo ¢ méiyng
ot avoTohxrd, To pEyeBScs Tov petdveton ota 7-8 cm oty €E0do g téhyng ota dutixd. To péoo MPpSpeTEo g
ToAyNG eivor ofjpepa 660 m %ol T0 UEYLOTO TAXOS TWV ®kEoxohomaydv @Odvel to. 90 m. To moldpxta avtd
rpoxolomayn amotébnxav ond to Katdrepo ITheiotononvo péxol ojuepa, (Magrohdrog %.o 1999).

Zympatiopds Néag Kogavng (0éom 7): evromiCeron ot Aendvn g PakdvOng omv maodrtio mepoxy
yUpw amtd Tov orviopd g Néag Kopdvng. Tpdxertar Yo woApunta Roorahomoyt], dyovg Aywv pEtpmy mov
rOAMITTOVY CoUPQOVA TIC VTOXELPEVES Bahdooies amoBEoels. O npoxdhes mpoépyovian (o) amd Tovg aoPfeots-
MBovg twv evotrftov Iivdov xaw Toimoing, (B) amd to grioyn ITivéov xow Toimohng, (Y) and toug padiohapites
g Iivdov, (8) ad ta petapoppmuéva metpmpoto s Agvag xou (€) arnd ta pdopapa ™ Mdvns. Iagovoid-
CeL onuaviind Pabpo eTeQOPETEIOG 1oL EIVOL XOOOKTNOLOTING OTL, OF OQLOUEVES DECELS, TOOATNEOVVTOL EVUEYE-
0e1g ®porAAeS artd oxLotéMBovg pe diduetpo mov @Bdaver Ta 50-60 cm.

Zympotiopds Evayyehopov (0éom 9): Amoteheiton artd moMipnto #QOROAOTIAYY] TOV TTOQATOOVVTOL OOV
VIOLELPPOTING OTOONN TTEV® 01O PAToYN TS evomrag F'apedPov, oto eowrepnd g MMvhiaxnnig xepooviioov,
%rovtd atov oopd Evayyehopds (Putpordxng 1971). H MBoloyirn obotaon xot 1o péyeog Tmv ®ooroAwdy
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TTOV TTQOEQRYOVTOL ATTG UETAUOQPWUEVOL TETOWUATO ElVaL TTOEONOLO pe Ta xpoxahomaryn g Néag Kopavng xau
Bewpovpe 1L 1 a60e01] TOUg €yLve 0TO (010 YKEOVIKG dtdotua. Na onuelmBel 6Tl avtioToL e ®QOROAOTAYE(S
EPPOVIOELS EVIOTITOVTOL QOURPOVO X0 TTAVH 0TOUS OxXNHettopovs g Iivéov dvtnd g Kopwvng, ®ovtd otov
ouuopd Aefaddnia, (Kioxipag 1959).

iii. Awvaior KotwmAelorovirol oynuatopot

Zympoatiopss Pardving (0€om 8): Zuviotaran omd aQyhovyes HAQYES KO TTOMUULKTA ROQOXOAOTIALYT] UE KQO-
%nAheg wov mEOEEyovtan and Tig evatnreg Iivdov, Toimolng, Agvag o Mdvng. Méoa ota xpoxrahomayn apot-
ovvtow unEov mdyovs (5-10m) xortdopara Evhrdyv non Ayvitdv. H emgpoveianti tov eEdmhmon elivon mepLogt-
opévn oto dutrd TeEBDELO TG Aexdvng g Pakdvings. To avdteo G0 epgpavions Tov PEloxeTaL OYjueQa oTaL
120m mepimov. H nhxio aéBeons tmv agythovymy PoQydV RO TwV TOATIKTMY XQOROAOTOYDY HE TLG MyVITRES
evoLootedoels Toobeteiton, ovpgmvo pe Ty Koutsouveli (1987), Bdoel wohivohoyirnav otouyeinv, oto Katdre-
00 ITAetoxouvo. Ot ®QORGAES OV TEOEQYOVTOL ATtO PETOUUOQPWUEVOL TTETQDUATO EIVOLL IURQOTEQES OE OYEDT UE TIG
avtiotoueg TV oxnpuatopdv Néag Kopwvng xauw Evoryyehopot xou dev Eemepvd ta 15cm.

3. TEKTONIKH - NEOTEKTONIKH

H veotextovirt} paxgodowi mg NA Iehomovviioov yapaxtmeiletor and v maQovsio textovixdy ubi-
opdTwv ®ow xEQATWV OV 0pLobeTovvian amd onEiyeveis Tdves. AUtég oL HaxQOOOUES KapaxTNEILoVIaL ooy
TEWTNG TAENG ®au eivan o axdrovdeg (Ew. 3): () o #€pag tov Tatdyétov, (B) To peydho fubiopo Kahapdrtog —
Kvnopuooiag, (Y) to ovvBeto fiBiopa Meyahdmoins—Avxrarov-MivOns-TetpdCrov, (8) ta 6on ™ms Kurogiooi-
as, (&) o pubiopa Tov Bhaydmoviov, (0t) To ®épag Tov opfmv Tng Mukias.

Téoo péoa 010 E0WTEQLRG, GO0 %Ol OTO TEQLODELO CUTHV TOV JOUWMY, AVOTTTIOOOVTOL WXEOTEQNS TAENG
Textovixd fubiopora xon ®€Qora Tov toovotdiovy dievBuvon dilote toedinin xow dAhotE eyrEEOLO TEOG
TG HEYaAUTEQNS TAENS dopés.

Ané ) perét oe xdbe xhipoxa twv veorextoviray dopdv g NA ITelomovviioov, TQorimteL T oVpTéQa-
opo. 6Tl 1) TOEAPOEPWOY TOU EXEL VTOOTEL 1) TEQLOYY OUTH, RATA TN VEOTEXTOVIXY TeE{0do, dev elvar amhd
onEryevoig oAhd mAaoTivoBooOLYEVOTS TUTTOV, e TNV VTAQEN POXQOTTTUXMY HEYAANG OXTIVAGS XOUTUAGTITOS
(Mariolakos & Fountoulis 1990, ®ovvtotving 1994). EmumAéov n mivnuotinn eEEMEN xdBe poxpodowrc eivor
QQXETA OUVOETN RO TAQOTNQOVVTOL TTEQLOTROYPES YUOW atd 0pLEGVTIONS GEOVES pe dragpoomoinom g Tayvtn-
Tag avipwons 1j fong ota dxpo Twv empuépovg onEtepaydv, (Mariolakos & Fountoulis 1994).

H eEdmhmwon tov petohmrdv amobEoemv, o€ SLapoQETIRA VPOUETQO, 0T TEQLODOLOL TWV AEXAVIV RAVEL
O TTEQIMAOXY TNV EQUNVEIR RO AVOTAEAOTOOY OTO XWEO TS ®ivnuatxiis eEEMENS xdbe paxpodowis. “Etot, o
Taiyetog Bempeitan 6TL avurpoonmevel Eva QUG pe ouvOeT) nvnpuoatiny] eEEMEN mov €xel TEQLOTOUQEL o)
mpog to. ABA, yipw and opitévrio dEova BBA-NNA dievBuvong mov xhiver mpog BBA, ®08dg oto avatoMxs
neQBwELo g Aexdvng g Kdrw Meoonviag (Ave Apgela) oL VTOAEWMUATIRES EUQPOVIOELS TV Baldooiwy
HOTOTAELOTORAUVIRY OTOBECEWY TAQUTNQOVVTUL OF PUEYOAMITEQO VYPOUETEO (460m) arm’ 6t otV *oLhdda Tov
Evopdta (300m) xau f) moog to BBA yipw ané ogilldviio GEova ABA-ANA dievBuvong (Mariolakos & Fountoulis
1991). Avtiotouya, Ta 6on ™ Kumapiooiag ouviototv entong pua oUvOeT) popgpotextoviny dopr mou €xeL meQL-
otpagel emiong mEog ta ABA, yipw amté 0ptlovio dEova BBA-NNA Sietifuvong, adhd xon tpog ta NNA, yiom
oamé opuLovtio aEova ABA-ANA dieviBuvong (Mariolakos & Fountoulis 1994).

210 TEWTOL OTALAL TNG VEOTEXTOVIXNG TEQLOOOU TO PEYAAITEQO UEQOS TNG TEQLOYIG UEAETNG OUVIOTOVOE
Enpd mov otadiond o ouvéyela doyloe va PuBietar, (Kowalczyk & Winter 1979). H evpeom tov yagoxtmot-
onxov aroMBdpatog tov Kart. IThewotonaivov Hyalinea balthica oe didgopeg O€oers atovg Bahdoolovg oxnua-
Tiopovs g meQLoyng perétng, (Koutsouveli 1987, Markopoulou-Diacantoni et al. 1988, 1990, Frydas 1990,
Mariolakos et al. 1992, ®ovvtoving 1994, ®ovvroving & Mwoait 1994, 1998) vrodnhaver 6t 1 Bokdooia
iCnuatoyéveon éhafe ™ péyiom avdrtugr ms rord to Kat. ITheiotérouvo.

2o téhog tov Kar. IThelotoraivou 1o vabeotig fubiong, mov emnpatovos v mponyoltpevn mepiodo,
£€dwoe ) B€om tou o¢ éva rabeotiic avipwons, (Markopoulou-Diacantoni et al. 1988, 1990, Mariolakos et al.
1992, ®ovvroving 1994, dovvroving & Mwedit 1994, Povvroiing & Mweoait 1998). H otadiaxns avipwon
™G TEQLOYNS 0dNYNOE OV aGovEoN TS BAlacoas and peydho TIHOTA TWV TEXTOVIRGY BuBloudtmy, €tot
wote ofpepa to. Bohdoown heloTorouVIKG WHHATA Vo TTOQOTNEOUVTOL avupwugva ota meplddold tovg. Ta
ToAaootroroYLrd dedopévo s 1o avatohxd mepBmELo ™g Aexdvng e Kdrw Meoonviag deiyxvouv 6t dev
elyope amotoun perafori and pubuon o avipmon, alhd otadiont petdpaon repvaivrag and €va evildueco
rabeotdg otabepdmrag, (Markopoulou-Diacantoni et al. 1988).
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Eux. 3.: Neorexrovinés paxgodoués tns NA Ielomovwijoov. 1:0Aoxavixés amodoeis, 2:Xepoaies amobs-
oetg, 3:0aldooies amobsoeis, 4:Auvaies amobsoeis, 5:Ipoveoyeves vdfabpo, 6:4Eoves naxgorrvydv, 7:A&oveg
megrorgoris, 8:Pnryeveis (aves.
Fig. 3.: Neotectonic macrostructures of SW Peloponnesus. 1:Holocene deposits, 2:Terrestrial deposits, 3:Marine
deposits, 4:Lacustrine deposits, 5:Pre-Neogene basement, 6:macrofold axis, 7:Rotational axis, 8:Fault zones.

4. ZYZHTHXH - XYMIIEPAZMATA

ARG ™) perET) TOU CUVOAOU TWV PETOATLRGY OXNUATLONMY OtV eveutepn mepLoyij ™s Meoonviag, Bew-
QOUUE OOV ONUAVTIXG OTOLXELD YO TNV XOAUTEQY ROTAVEN 0N TS TUAQLOYEWYQO@UKYS eEEMENC TS TEQLoXNCS,
TNV TOQOVOI0 OTOVG OYNUATIOMOUS CUTOUS RQOKOAMDY %ol AUTUTHV TOU TOOEQYOVTOL OIS T UETAUOQPWUEVQL
TETQOUOTA TWV OYNUATIONDY TS Aovag (oyrotdMBoug — xahalites) naw g Mdvng (udopaoa).

Am6 toug petaAmirolc oxnpatiopois mov avagpépovrar oty Ew. 2 givan epgpaveég dti otoug Bardooioug
OYMUOTLONOUGS IOV apoTnEoUvTon oty TeQLoyt] ™ms Kahaudrag (oxnuatiopol Ay. I'ewpyiov, Zxromevimoeiov &
Behovididc) 1 HETAQOQE TV HETARORPOUEVOY RQOXROAWV EXEL YiVEL péom TOV ToTapoy NESovTa ®ow Tov ei-
papeov TCupdpeepa. Méow tov vdpoypagkol duxtiou Tov TCRoEEERMTOS €xEL YIVEL ETIONG RaL 1) PHETOPOQA
TOV UETOUOQPMUEVWV RQOROUADY OTOVG XEQOAIOVS OYNUTLOROUS otV toAyn g ITohawviig xou fopera Tov Avp-
payiov. Avtiotoua, o xeipapeos Kooxrapdrag anetéheoe vy 006 petagpods, ot Aexdvn tov Kdumov, tmv
HQOXAADV OV TEOEQYOVTaAL atd Toug avBpaxixots oxnuatiopois s Mdvng.

Idwaitepo evOLaQEQOY TaQOVOLALEL 1) TOEOVOTO KQORAADV TTOV TPOEQYOVIUL OTTO UETOUOQPWUEVOL. TETQW-
HOTOL OTOVS HETOATIXOUS OYXNUATLOROUS TS voTtlog TTuAiag, xabas n mapepfohi orjpepa tov Meoonvianos ®Oh-
OV ATTOPOVAIVEL TG OEOELS EUPAVIONG CUTAV TOV PETOATILREY OYXNUATLOUWDY 0Tt TIS EPPOAVIOELS TG AQVag OTNY
0000104 Tov Tavyérov, 6mwe emiong xow oty Aexdvn g NEda, »abdg ofjpega 1 vdQoAoYIHY Aexdvn TOV TOTO-
pov NEda elval aQrETA ATOPARQUOUEVY OIS TLG ENPOVIOELS TNG AQVag VOTLo TS Meyahdmoing. ZUpupovo ue to
DouvtotAn (1994) ot wxot ueyE00ug YUAMTIXES KOORAAES TTOU TAQATNQOTYTOL OTO OYNuaTopd NESda mpoép-
XOVTOUL Ot6 TEQLOXES TTOU PRiorOVTOL OvatoMKd TS Aexrdvng (evputepog xdEog Meyahdmoing). O xpoxdheg
QTES, HECM TANUUVELRADY TOROYDY oTnV TéTE TTahaohipvn s Meyahdmoing épaocay, oto didompa Katdte-
00 — Méoo ITAetoténauvo, ot hexdvn g NEda.

2 véta TTuhic SLomQIvVOUpaL TRELS OXTUOTLOUOUS TTOV TTEQLEYOUV KQORAAES QTG PETAUOQPWUEVOL TETQWUOTAL:
a) 0 Mpvaiog, ratomhetonavirtc nhxiog, oxnuatiopds s Pordving (Koutsouveli 1987), B) o xepoaios oxn-
patwopds g Néag Kopwvng xat v) o xepoaiog oynuatiopds Evayyehopou. Ze delypo mov mdodnxe amnd tig
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napydirnég amobéoerg oty mepwoy] e Kopwvng Poédnre 1o yaparmoewotnxd anoribBwpo Hyalinea balthica,
ouvvenac Bempovpe Gt row ot Aerdvn g PoaldvOng n Bakdooia IENPATOYEVEDY CUVEXIOTNRE HAVOVIRA OTO
Kat. [Miewotdrawvo. Zuvendg, 1 andBeon tov yepoaiov axnuatiopoy e Néag Kopwvng mdve ota Bakdooia
Wipoto €xen yiver petd to téhog tov Kat. IMiewotoraivov, dtav oty gvpuiteen eployy thng Meoonviag emxa-
Tovoe ®oOe0THg avipwaong.

Two ™y ®oAUteen ratavonon g Tahaoyewyoopuryis eEEMENS TS mepLoxis neAémg €yve 1 tou] A-A’-A”
gyrdooia ot dopn s ITvhaniis xepoovijoov, Tov Meoonvioxol xShmov xaw tov Tatyetov. O Meoonviondg
%XOMTOC CUVIOTA €va NuPUBLoPa e TO avaTolxo TEQLOMELO Vo elvar TOM eVEQYS ®aw VoL elval vTeiOuvo Yo
dmuovpyia ran daudemon Tov xGhmov, evd oto dutird dev evromitetan napd onEryevig Cavn, (Iaswavinohd-
ov %.a. 1988). Ovowaouxd dradn, ohdxAnEog 0 ®6Aog pali pe 1o dutird TOVAGYLOTOV TIUO TV 0QEWYV TG
TvAiag, (Aerdvn PardvOng), ouviotd €va ueydro textovird moltépayog. To molvtépayog avtd pall pe tov
Toilyeto CUUTEQLPEQOVTAL, AITS KIVHOTIRY] GOy, ooV TEXTOVIXG dimoAa OV TEQLOTEEPOVTAL TEOg To. ABA
yUow and dEoveg BBA-NNA 8t=tibuvong.

H wuvnuomxy ovpmeoupoed tov textovirdy dimdrhov Meoonviaxov- Talyetov vrodnidvetar xat amd to
veyovoc 6tL oto TeQLOWELO TS Aerdvng e Pardving to Bohdooia peTeATnd WIHOTO CUVOVTHVTOL UEXOL TO
180m, evad 1o dyog Twv Wnudtwv oto fuBs tov Meoonviaxot elvar ratd moki ueyoaritepo and 750m (Tlawa-
vixohdou x.a.. 1988). Avtiototya, oto fibiopa tov Kaumov, 10 avateQo VPORETEO EUPAVIONS TWV VITOAE UG-
v Twv Bahdoolwy amobéoewy Boloxretan ota 360m xar fogeldtepa oty mepLox] ™ Ave Apgelog ota 460p
(Maglohdrog ».a. 1992,1994), evd oy xothada tov Evpdra ota 300m. Bhémovpe dnhadij 6t n mepLotoopr
mov et vrootel o Tatlyetog eivon onpovind urGeTeEn o Ox€om pe auty Tov Meoonviaxoy ®OATov.

Elvan epgpaviig enfong 1 duagopd g ovipwong tov petahmndv anodéoenv om hendvy g Pakdvong oe
Ox£on ue to 6p0g AvrGdnpo, ote avatolxd TEavY Tov 0molov To avdTeQo dpLo eEAmAmoNg Twv aldooiwmv
petaimrav \npdtmv foloretar ota 360m. No tovioovpe de GTL XQORAAES TQOEQYOUEVES OTTO PETOUUOQPWUEVQL
TETQWUATO, TTOQATNEOVVTIAL POVO OTOUS OxNUatiopovs g votag ITuiias xat amovoldfovy mavtehws amd m
BSpeta TTuAMio xow aogakdg zow ard Ty teployy Tou Avrednuov. To Splo eEdmhwong mepLoiCeTan voTia g
onEryevots Cavng, dietBuvong A-A, mov dioweCer ™ Aexdvn g Pardving amd ™ dopr Tov Avrddnuov,
(Ew. 3). H onEyeviic avtij Ladvn, mov opovotdler zow 0pléviia ovviotdoa xivnong (vabdg mapatmpeitol
onuavTiryg TAEEAEN Twv aEdvov Twv mruxdv s Iivéov xovid ot onEryevy Ladvn), gaivetor 6t Talaloyew-
YOG ETOUEE ONUAVTIZG QOAO OTOV TEQLOQLOUG TS AOHETNE TV OYXNUOTLOUWY TOU TEQLEYOVV PETAUOQP®-
REVES REORAAEC NOVO OTO voTo TR g Mvhaniig xepooviioov.

NA BA
1 Km Tavyerocg
Mvlia T—» L

2 Km
Meoangviakég wkakmog

. Nea
1000 m 4 EveyrEROpOg Darovin Kopovn

o \

I:Meradmxd 15ijuara, 2:Igoveoyeves vaopabgo.
Fig. 4.: Schematic cross-section A-A’-A” across Messiniacos gulf and Taygetos mountain.
1:Post-alpine sediments, 2:Pre-neogene basement.

Aapfdvovtag voyn a) 6t 1 améBeon TOV XEQOUIWY KOORAAOTCYDV UE UETOUOQPWUEVES HQORGAES OTO
Yo g votwog ITuhiag €ywve petd v agyn Tov Méoov TTkelotoxraivov, xat B) 6t 1 eyyvitepn npog ™y ITukia
epgpdvion g Apvog Poloxetar otov BA Tatliyeto, mOTeloupe OTL 1) HETAPOQE TWV KQOXUAWY OTO XWDOEO TG
votag TTviiog mpémet va €xet yiver amd 1o BA mpog ta NA péow gevpudtmv peyding Petogpootris toveTnTog
LROVA VO, LETOQEQOVY aXOPE ®aL 0YROALBOUS. ZTny dmoymn aut OUVNYOQEED %ol TO YEYOVOS OTL TOL OVMTEQX
VYPORETOO TV BECEMV ERPAVLONG TMV PETAAMTURWDY TYNUATIORGY TTOU TEQLEXOVY Rl KQOXAAES UG UETAUOQPW-
uéva merpwpata ot NA Tlehordvvnoo peudvoviot, mtpoxwewvias oxd 1o BA mpog ta NA. “"Etor, o oynpom-
oudg Avppayiov (B€om 2, Ewx.2) foionetar ota +800m, o oympatiopds Iohaviic (Béon 3) ota 660m, ot Bahdo-
oot oynuatiopol oty evputepn mepwoyy e Kohaudtag (Béoeig 4 & 5) ota 340m »ow ov epgpavioels oty
meproyn g [Mukiog (B€oeig 7&9, Ew.2) ota 0-120m.
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Katd mv drnoyni pag, n omé0eon tov oynuotiopoy Néag Kopwvng mpémnet va €yive vamowa xeoviny otrypr
®rotd 10 ddompa. Méoo ~ Avdrego IThewoténouvo, o o tepiodo dmhad mov to fopeldteQo ToVAG LOTOV
Tuijpe Tov Meoonviaxot xGAov mpgner va eiye petatpamei o Ened xon maovoiole vymidtepo avdaylugo
omd xdmoro tpijpota g votuag IMuliag, €1ow dote va eivor duvatt] 1 HETopod Tov ®AAOTIROU VMKHOU EYRAQOLN
7EOS TNV oNpeELvr dopr} Tou ®OATOV OTwg avapEPeTal ®ow and Tov Kionvpa (1959).

To yeyovog awtd BéPaia, mooumoBETer xouw ™V TmapEn végoxrgutdv mov va xabopifovv v amopor ot
BBA-NNA xatetBuvaon, ané tov Bdpewo Taiiyeto mpog v véna IMukia kot va amopovedvouy v vdpoloyxr
ouni Aexdvn omté ) Boldooto TeQLoxy Tov vétiov Meoonvioxoy. H xivnpomn enopévags twv dUo molvtepoyL-
ROV TEXTOVIRAOV GV Meoonviaxot — Tatiyetov mpémetl va fitav diaqpogetint], (0 ox€on pe T onuegwvy),
oto dudompa andBeong Twv mpoavageEféviwy oynuotoudv. H toydtra avipwmong dnhadr tov avatolxot
neLBwEiov Tov Meoonviaxoy TEETEL VO 1TV ONUAVTLRGTERT QT6 TNV aviPwon Tov dutinol ¥aL aveiotowa, Vo
ftav oAU mwo €vrovn 1) avipmon Tov xeviproy Tatyétov oe oxéon pe to dutind Tov eELlwmELo.
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H ITAPOYZIA TQN EXQTEPIKQN EAAHNIAQN XTHN OPOXEIPA
TOY ITAPNQNA, KENTPOANATOAIKH IIEAOIIONNHXZOX*
E. LKOYPTZOL' , A, AAEEOIIOYAOEl, A. ZAMHETAKH-AEKKAI, & . AEKKAZ

1

IZYNOWH

Zmv opooelpd tov Idpvava (Kevrpoavatohnrj Iehomdvynoog)mdvm amd v evémra mg ITivdov, ana-
vid m «evomta Thvmiog», pio xhaotxr] orohovBio Timov «dyoLov @Aioyn», Tortoyevois nxias. Méoa oty
®UQLa Hdlo amavtoty pe Ty noe@y oMoboMbwy, avloaxixd metedpata YENTrs 1 TeAayiriic edong avem-
®ONTOWIG Nhiriog, avipoxrind TETROuATA YNENTXYS pdong mepunnis nhxiog, Mafeg pe Wipata avoxontdt-
uijg nhrlog, oepmevIvites e dyvwotg nhwiog ovvodd Wijuato xo padiorapites. H evémrta ot pmopel vo
BewonBel avdroyn pe m dudrmhaon s Epudvneg omv Agyolrida 1 ta xodvppdra Aofng xatr Muapot oty
Kovm.

ABSTRACT

Detailed mapping of the Parnon mountain range (centraleastern Peloponnesus) showed that over the al-
ready well-identified alpine units, which consist the principal mass of Peloponnesus, lies a clastic flysch-type
formation, named by the authors as Glypia unit (nappe). This unit encounters in the broader area of Paleochori-
Ag. Vasilios, west to the town of Leonidio.

The northern margin of the exposure overlies tectonically the Upper Cretaceous limestones of Pindos unit
whereas at the eastern, southern and western margins it overlies the Upper Cretaceous - Eocene limestones and
the transitional to flysch formation of Tripolis unit through an normal fault.

The principal flysch mass is consisted of reddish to brownish and greenish alterations of pelitic horizons,
yellowish marly limestones and greenish coarse-grained sandstones. The grains of the latter have been derived
from the erosion of a metamorphic exposure, most probably corresponding to ‘Pelagonian’ zone. After fossil
determination, which took place on some of the horizons of the marly limestones, they turn out to be of Danian
age.

The occurrence of exotic blocks within the flysch matrix of the Glypia unit is quite often. They have derived
from carbonate formations of Upper Cretaceous age with either pelagic or neritic character, carbonate forma-
tions of Permian age with a neritic character, dolomitic breccias, radiolarites, basaltic lavas along with reddish or
greenish pelites and microbrecciated limestones of Upper Creataceous age and, coming to the end, serpentinites
along with greenish pelites, sandstones and microbrecciated limestones of unknown age.

The study of the tectonic fabric of the Glypia unit reveals an early compressional tectonic event, which has
been overprinted by an intense extensional episode of NE-SW orientation. The latter has caused a significant
thinning of the unit.

The combination of the above mentioned data provides strong evidence, which integrates to the conclusion
that the Glypia unit represents a similar unit either to the Ermioni complex in Argolis or to the nappe of Arvi
and Miamou in Crete.

KEY WORDS: Wild flysch, olistholites, Internal Hellenides, Ermioni complex, Arvi nappe, Miamu nappe, Parnon,
Peloponnesus.
AEEZEIZ KAEIAIA: Ayprog @hioyng, olobBombolr, Ecwteguéc EMANvideg, Zoumheypa Eouovng, ndlvppo Ag-
png, vdivppa Muapov, Iapvovag, ITehomdvvnoog.

* THE OCCURRENCE OF THE INTERNAL HELLENIDES ON PARNON MOUNTAIN RANGE, CENTRALEASTERN
PELOPONNESUS.
1. University of Athens, Department of Geology, Panepistimioupolis Zografou, 15784 Athens, Greece.
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1. EIZATQI'H

O «dypLog pAioyme» omoteel pio Wiaitepn poerj Aoy mov xapaxteitetor amd v Tapovoin eEwTt-
XAV 1] EVOOYEVAV TEPAXDY, TA OTOI0 «XOAVUTTAVE» PECO OTNY TTLO AeTTOPEQT] ®UQLL pdta Tov. TETolES HoQQES
«dyoLov MoK €xouv TEQLYQOQE( ato XwEo s IMelomovvijoov ané tov DERCOURT (1964) oto Mavgo-
Bovvi Tov Apyovg, and tovg RICHTER & MARIOLAKOS (1973) omnv reproxy g Acéag, and tov FLEURY
(1976) omv Hrewpwtxy EMGda (evémre Méydofag), amd tov DE WEVER (1976) omv mteguoyn g Zapov-
yhag xow and tov AEKKA (1978) n evétnto IMohawoxdoag oty xeviowy] Apradia. diaitepn mepimtmon «d-
yorou pAioyn» amotelel 1 «oxrotoypopuTnt didmhaon g Epuidvne» (APANITHE, 1960a, b) 1 «ovumheypo:
™ms Eoudvng» (CLIFT & ROBERTSON 1989, CLIFT 1996) owmv xepoévnoo s Agyohidag, o Bowwtixdg
pMioyns (CLEMENT 1971, RICHTER et al 1996) oty Zteped EMMGSa now 1 «0e1pd Muapot» oty vijoo g
Korimg (BONNEAU 1973, 1976).

Zmv moovoa eQyacio Tapovotdletal 1 evotnta 1 To vdivppo ts Fhvniog, ) omola amotehel ™y avdTeen
Textoviny} evomra oty wepoxy tov Idpvova. Xoganmoeiteton and pia xhoouxii oaxorovbia timov «dyorov
PAMIoYKN» HoL TAEOVOLALEL piot OELRE atd YVWEIOHOTO AVGAOYO PE QUTA THG «OYLOTOopuTixtc dudmhaone g
Eomdvne» zow tov nodvppdtmv Agpng xaw Miopot oty vijoo g Kormg.

2. TEQAOI'TKH AOMH THX ITEPIOXHX MEAETHZ

Zopgwva pe tovg THIEBAULT (1982), BASSIAS (1984), BASSIAS & THIEBAULT (1985) xaw DOUTSOS
et al (2000), omv epLoy1} Tg 0pooeLRds Tov ITdovmva, o ®ETW TEOS TCL TAVW ATAVTOVY OL TOUQAXAETN TEXTO-
VIr€C EVOTNTEG:
¢ Koifins-Mdvng (petapopgouévn I6viog)
¢ Pvitdv-Xarolitdy
¢ Toimohng
¢ Tlivdov.

Aemropeiis yewhoywr xogroypdgnon oe xhipoxa 1:5000 tov peyohiteQov TUHATOS TS 0QOCELRAS TOU
ITdovova, €delEe GTL TO0 AVATEQO TEXTOVIHG RAAVPMQ 0TV TEQLOYY] avty], artotehel To rdAvpua g Thvmiog
(amé v apyaio T6AN oV oavtoUoe oty TTEQLOYY auTh), N empaveloxt eEGTAmon TS omolag, TEQLOQILETOL
avdpeoa ota xwoid Makowoywor xow Aywog Baoilewog (ewx. 1) dutnd tov Aewvidiov, 6o xoL oty aQyowst)-
To amavtovoe 1 woAn ™g Ihumiog. TTgog v Pooeta TAeVEA TO RAAVUPUC VITEQUELTAL TWV AVWXENTLOLKMY, TTAA-
rwddv aoPeororiBwv g Iivdov, pe ™ pecokdpnon evég pxeng xhiong (<30°) xavovirov prypatog (ewx.1),
£Ve) dUTIHA, VOTLOL KO OVALTOMKG, EQYETOL OF ETTOQPY HECM ROVOVIRADV ENYHATwY evitdpeons ®hiong (30°-60°), pe
avBponrd xow pe petafannd mog to grioyn Winata g evétnrag g Tolmolng, nhxiag Katotépov Konti-
oot — Hoxaivov (gux. 1).

H 6\ meproyn amotehel pia tentovirn Tdgeo, 1 omoia foioxetan avatohxd g ®oQupoyeaumis touv Ide-
vava. Eivow BéBato 6t avmj n dopn) mpootdreye to ndhvppa g Mumiog, 6mmg ko awtd g Iivoov, amrd
dudPowon xat ETETEEYE T SLATENOY TOV PEYOL OTjUEQQ.

2.1. IEPITPAPH TOY KAAYMMATOZ THX I'AYITIAZ

IModnertan Yo pioe xhaotxr, @Avoyry axohovBion amd evaAlayEg aQYLMXRAOY, YOUUTIROY 0QIOVIWY (e
EVOLLOTOWOELS POQYUIRDV 1] XQOAATUTTOTIOY0)Y 0OPEOTOMBWY, M omoia aporTnEitetar omd didgopa eEwye-
v tepdyn — oMoB6MBovg. Ta eEwyevii Tepdyn nwoel va givar gite didpoens @dong xow nMxiog aveooxind
neTpdpaTa, iTe dLopdpwv THmmV expnEryevr ue dudgopa ovvodd Wijparta, eite dohopuTivd Aatvumomayr xou
MrEd oopoTa ad eguOEovs padLohapITES.

Kvgux paco: H wogro pdto tov phioyn amoteheitan amd evorhoyég anMurdy 0otlovinyY xomduatog ®ooTo-
VvEQUOEOV 1] TEACLVOV, HITOLVOITTWY, VITOTOEOLVIYV, UOQYAIRGV 1] IXQOAATUTTOTOY 0V AoPBEOTOMOWY ROBMS KoL
AOVOQORORKWYV, TEAOLYEYQOMWV WYaputdy (eux. 2a). O anhtirol opiCovteg eppaviCovrar oxLoTomonuévor, £xo-
VTOG OvOTTTUEEL £VOL QoG OYLOUG, OF HEQIXES TTEQUTITMOELS aGun %o oytopd uoAufou (pencil cleavage), evad
ot aofeotopoyaizrol opitovreg eivan ouvnBwg wrErTrol, alwixol xot yaeaxtmeitovror and éva ovotua dia-
®AAOEWYV, *AOETO OTN OTEWOM, TOU TOMES POQES €xeL YeUioeL amd aofeonnrd vxrd. O Youpites epgpovico-
vrou gv0gumTol ®ow oabot, wWiailtepa otig CWVES EVIOVNG TEXTOVIXIG ROTATTGVNONG, HE QO] OTRMON %KoL OL
omoiot draoyitovrar omd éva mhovoo dixtvo draxrdoewy mov €xel TANEWOEL ad ouvrvnuoTre aofeotinnd
vAxd. To xodpo Toug mornilher atd mEATVOTS MG RITELVOITS, EVH 0L ®*AAOTES TOUG dElVOUY GTL E(vou TTROIG-
vio duaPowaong evog petopoprxoy mediov, mbavd g Melayovixiig Ldvns. Ou wxpohlaturomayeic aofeotoh-

<48



Bou elvar ouviiBwg TOAMIILETOL Ko 0L XAAOTES TOUG TEOEQRYOVTAL Al ®AaoTRd, avBQOrIXd 1| TOAD ouyvd amnd
EXONELYEVI] TTETOWUOLTO.

e hemtéc Topég amd ThorMOELS poQyairols aopectéhboue, damotdtnxe Gt avtol oynuotiCovv aoPe-
ototovpfLdites pe avBpoxrirovs xhdotec. ITpoodiopiomnav Rotaliidae, Miliolidae, Melobesiae, Globotruncanidae,
Globigerinidae »a0dg nonw Miscelanea sp., evd ov hatimeg pgépovy Bpaviopata otd @unn. Arté TovpfLdtind aofe-
otéMBo €QUBEOY Ypwuratog, dramotddnre N mapovoia dpbovwv axtvolwwv wow Globigerinidae.

To mopamdvm aroMBdpate vTodnhavouy 6t 1 NAwrio ™S ®UELag pdtog Tov «dypLov eAvoym» eivol TOUAd-
Xrotov Advio.

e i SN R ¥ ) A e ";N A Evérnra Mivdou

PSP N T T 1 A NEAOMONNHIOZ
4 <

I AYIOg BGO‘I)\EIOQ TN I T T = PAUoXNG-MoAaidkavo

MAakwdelg aoBectdAiBol
L1 Av Kpnudiké

KAQOTIKOG OXNHATIGHGS
Kar. Kpnudikd

el

; DAGoxng

MeroATikoi oxnuariopoi

Z0yXpoveg TTOTGIEG ATTOBEDEIG
AMoUBIa | Js-Ki

Kaphdra Evornta ®uAhiTwv-Xoraditwv

Evérnra Mutriag
AvBpakikd Ayiou

Tagidpxn , " .

Evérnra Kprjrng-Mavng
OwpidAiBoI e ouvodd
iZfpara MoAUXpwHO HaPHapa

AoBeardAiBol
Kar. Kpnrdiké-Hwkaivo

NGBEG e auvodd ifhuaTa

AvaoTpogo pfiyua

Nnpnrikof agBect6AiBol
: 4 4 Kavoviké priyda JeydAng
KAlong

MeAayikoi aoBeaToAIBOl
Av. Kpnuidiké . Kavoviké priypa pIKprig
kAlang

=1l | &
|

MnAiteg, yappiteg kai papyaikol
aaBeardAiBol |_’ AievBuvan oTpwpdiwy &
Popd péyioing khiong

Euwx. 1: T'ewAoyixos ydotng tng megroxns ueAérns. Aiaxpivetar n empaveiasj eEdniwon g evornrag I'vmiag ue
TIG ONUAVTIXOTEQES KA UEYAAVTEQES EUPAVIOELS TOV OlAPIQWY EEVTIXWGY TEUAYWY usoa oty xvgLa pdia Tng.
Fig. 1: Geological map of the study area. The main occurrences of some exotic blocks within the Glypia unit, are
indicated.

AofeotohBund tepndyn: Evidg g ®iotog phuoyixiic ndtog dimotabnre ot dLdpoes TEQLOYES, 1) TOQOVOTN
aoBeoTOMBRGY TERAY®Y, dtopdpou ueyEBoug xaw pdong. Me Bdor ) @don Toug ®ow TY MRS TOUS, HWTogotve
v dLoanELBovv o€ TE0oEQLS OpadES.

H modtn opnddo mepuhapufdver tepdyn and meloytrois aopeatéMBous, mroLttrols, epuBowmovs, ®KITOVm-
70U¢ 1 00dGYE00VG, UE EVILAOTOWOELS OROVQOYEMUMVY *AaoTrdv aoPeotohiBwy pe Globotruncanidae. Tlogotn-
poUvToN EVOLAOTOMOELS 1] ®OVOULOL TTVEITLOAIBWY RaBdS ®ou Aemrtd inhiurd otpdpato. O Gyrog Tovg XUPOIVETOL
a6 1m’. émc 50m?.

H dettepn opddo megrhaufdver yroillovg pecomhanddels €mg moyumhaxrddEeLs, puxgolatumonoyeis aopeots-
MBovg, oL omoiol Tépvovran antd €va urve dixtvo dramhdoewy mov €xer TAnewdel and aofeotitrnd vMrs. O
aopeatéMbol avrtoi wepLéyovv dgbova Orbitolinidae, Booiopata amd Eovdiotés, ehaopatofodyya, ®opdhha
O PUAY. ZTO PEYAAUTEQO 0TS TOL TEPAYT, TOQOTNEETaL pict peTdfaon meog eguBpots aofeatdhBoug nat TnAi-
TEC.

H toim opdda, yapaxmoeiletar amd yreitous émg Aevrois, froxkaotinols aopeotdbous mov eivar whovoo
oe amoMBopata tov [epuiov. Ipoodopiomrav Mizzia velebitana, Climacammina sp., Pachyfloia sp., Fusulinidae,
%0pdMua xau 8iBupa. OL aoPeotdBol auTol TOEOVGLELOVTOL HE TN HOOPY KWV TEROXDV Gyxrov 1-2m’.
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H tétoom opdda, 1 omoia €xeL vaw ™V puxpGteEn eEGmAwon, amoteleiton Al emUNXVOpPEVE odpato. dolo-
prx@v datvmonaydv. To mo peydho odpa €xel aoxetég dexnddeg pétpa wirog ("S0p.) o péhg AMya pérpa
mAdtog. H ®ipua pdlo tov metpdpatog kohimreton EWTEQURE amtd empAoLdUaTa aoBeoTiTinoy VAXOU.

ExonEuyev| tepdym: TIoAd peydhn ouppetoxy €xouy xow o eXoNELYEVT| eTodparta, Tor omoio poali pe o ouvo-
86 toug Wjpatar, xohirrouy oM peydheg exTAoELS TS EPgAvIoNS Tov GAToYY. AlGpopa OTMMTIAG CHUTE. 0T
VIGVE LE TV HOQPT] GTTOPOVOUEVMY TEPO@V Gyrov 1-2m?, eva oyrotomomuéves Bacaltinéc Mipeg ovvodevovion
amé dudpopa mehayrrd Wjpora (w. 2b), GOV Gpmg 1 TEXTOVIRY *RaTtomrévnom, dev emtpemnel T dwartiotmon av
oUTA TOTEAOUV TTEAYHOTL TO INPATOYEVES XdAvppa Tov Aafdv. ZuviBug amotehotvar omd fuoovéguboug 1
TQOOWOTOUS TNAITES, NOQYIROTS ®ar rQoraTuTonayels aofeatéMbovs, evios Twv omoiwy domatdnxe N
oot BEaVONGTOY OTTG TENUATOPORX, KATTOLX OTTG TOL OO0t TLOAVOAOYEITOL GTL AVIXOUV OTHV OLXOYEVELL
twv Orbitolinidae, evd) omovtovy ohdxinpa xehign and Globotruncanidae.

TToAU onpoviixy lvon ®aw 1 TUEOVOT0 CWUATOV dapEEmV PeYEBmV amd OEQTEVTILWPUEVOUS TTEQLOOTITES. ZTIg
TEQLOYES UE TN PEYOAUTEQY OUPUUETOYY TEUOYGV OTTG OEQIEVTLVITES, TAQOTNEOVVTAL 0ROVQOL TEAOWVOL 1] EQUBROL
mnAiteg now padtohopiteg pali pe #amoro yohaliaxd QOROAOTIOYY] Ko TOAG AT OVOQOKIXG. PURQOMTUTOTIOYT]
UE PEYAAN CUMUETOYY] EXONELYEVAV HAQOTEHV.

Aopeatbor Ayiov TaEudoyn: Ztnv meployr tov Ayiov Ta&udym, avdueoa ot youd TTohowoydor xow A-
ywg Baoiherog, amavtd pio peydin avBoonun] udla n omola evidooetar omy evotra Nhvniag (BAéme ew. 1).
Amotehelton ad yrOULOOTEOVS, HECOOTOMUATMOELS E0G TaVOTEWUATHdELS aoBeotdhBoug afabwbv vepwv mov
TEQLEYOUV 00TEOHMIN, BEAGVES eXIVOV 1 ®OQAAMCL, OL 0TTOTOL TTROG TOL TGV peTafaivouvy ot yreitovg, froxAa-
otrovg aopeatéMBovs ue Orbitolinidae. Ov aoPeotéMBol avtol emndBovian TEXTOVIXG 08 KAAOTROUG OYNUOTL-
OUOUG TOU «dyQLoU QAIOYN» MECH WIS VITOOQLEGVTLOG TEXTOVIXIS EMPAVELOS. ZENVOUEVE ®ATW OTd aut] T
pdla, amavtovv xatd mEQITTWON, peydlo TeEpdyn and oepmevIviTeg NOCl pe mEAOWVOUS TINATES %Ol POUNITES,
AETTTOTAOHMOELS puxQLTLroi aofeotéhbot, dyvawotng nhriog, yroitot, Aerrtomhoxmdels aopfeoréMBou pe filaments
omd 00oTtEar®ON, xohatiomd xpoxolomoytj, morbxta aofectoMBurd xpoxalomay, eQuBooi TnAiteg xou ALTOL-
vomoi payairol aofectéMbot.

Aopeatéhbor Iodaoywgiov: Aiyo o Ynhd and ty xevipun mhoreio tov Mahooymeiov epgpaviCeton pio
onopn avlpoxtj udta, n omoio emnddeTon PEcw piog 0QEGVIIOG TEXTOVIRNG ETUPAVELOG OTOV «GyQLO PATOYN»
(BA€me ewx. 1). AvtiBeto amd Ty mpomyoupevn avBpoaxiry pdla, ot yapaxmeiCeton amtd AeTTomAandIELs, TOVE-
Bdrtrovs aofeotoboug pue depbova Globotruncanidae, oe evoAaYES ue ARQLTIROUG AETTOTAAKRWDOELS OPEOTS-
MBovg. ITapdho mwov T0 RAMPUO PEQEL ECWTEQIRA TTOMES TEXTOVIXES ETUPAVELES, IAXQIVETOL YAOTOYQOPLXG Pio
€0wTEQHY AeTtiwon, dmov avdpeoo oe dUo Guota avBpaxixd A, TaEUPAAOVTOL KROXKIVOL TINATES (€ EPPAVT]
TNV EVIOVT) TEXTOVLXY ROTOTGVION).

2.2. Hepryoagprj Tov textovinov otov

H évrovn textovirt] xatardvnon g evémrog FAvmiog €ivor amotumwpévny o€ GAES TS KAHOXES HOL OF
TOMES B€oeis divel TV evdva evag textoviroy piypotog (mulange). H mowhio v MBoloyirdyv @dogmv mov
OUPUETEXOVY OE QUTITV, PE EVa TAYO0G POMS MYmV EXATOVTIAOWY HETOWY, ATODERVUEL TV EVIAON TG TAQAUGQ-
pwong oAhd xow ) Aémruvon mov €xeL VTooTeL M evéTnTa. Ze TOAEG B€oels pmopel vo drompLBel €vag Loyveds
eeAMVONSS, TaEAAMNAOS 0T 0TEMON, 0 0TO(0g EAUPE KWDEM PE TO OYNUATIOUS HVO CLOTOL(LHY QTS VITOTOGA-
AAeg datununés tauvieg (shear bands) pe petafd tovg yoviaxij oxéon 60°, dnpovpydvrag €va dixtvo ond
memheypéves dratpmunés Caves ue popufoedoirnric pooeiic mreoiBdves (ew. 2d). Avmi n dwadiwacio eixe wg
OTTOTEAECUAL TOV OTAILORG TERANLOUG TWV O GAXOUTTWV %ol OXANEOV 0QLLGVIWY, dnuoveydvrog dopég
boudinage. AvtiBeta ot WO EVTAAOTO OTEQOUATA, CYXNUATIOTNXOY OVOULOTOPOUNEVES ETUPAVELES OYLOUOY, 1
dudtatn twv onolwv eivon oyeTnd TaQdAAnAn mEog Tig dtaTpunTirég Touvies.

Ze peyahitepn xhipoxa onodnmi eival 1 TEEOVOTO PNYRATWY ROVOVIXOU YUQOXTOM TO OO0 TTOQOVOLH-
Couv éva wipro ovotuo dievbuvong BA-NA, evid mapamoeitor xow €va deUteo TAdyLo €wg ®GOETO OTO TEON-
yotpevo, dievibuvong BBA-NNA émg BA-NA. Ta mo molhd and outd neovotdlovy evoldpueoss €wg neyaes
®Moews mpog ta BA.

O tooutdvm eQeARVOTIRES DOPES EYOVV EMUOMIPEL EVOL TOWLUO CUUTLETTIXG YEYOVOS TOU OTTOIOU OL VIO-
Aeppomrés Tov Sopés amoteAOUVTOL ATt6 PECOOKROTUXTG HMPOROS TULOVECTQOUUEVES 1) HOTARERMPEVES TTTUYES
dievbuvong B-N émg BBA-NNA (g1x. 2¢), a6 jrQEg QUITEVOELS ®a ortd ovAoTOMa O1YROTa, 1j datpunmirég
Caveg.

H pelém tou textovinod 1otot mg evEeTTag, QaveQWVEL GTL XUQLAOXEITAL a0 £Vay £VIOVO EQEARVONG O
pio aEoviryj dieviBuvon BA-NA, o omotog 0dynoe omv Aémruvon g evémras. H évrovn mapovoia pnypdrov
mov #Aivouv mpog to. BA, amodidetar omy avdmtugr toug wg ouvBetikés diatprioeis (dworpoeis Riedel) oe
évav mEoodevTtnd eQeAVOUS AGyw Baputirns ohioBnones mpog ta BA, ue to véhowra ypata vo Aeltovpyoty
wg ovCuyn 1 devtepoyeveic SapriEeLs.
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2c

Eix. 2: (a) EvaAlayés xaoravéoulpwy IAitdy xar #TQIvORGY pagyaixav aofeotodibov and ty xvgia udia

10V «dyotov QAvoxn». (b) Zyiotomoinuéves Adfes o€ TexTovII] EMAPI] HE TYAOYOTOUS ETIONS TYLOTOTOHUE-

vovg mnAites. (c) Meoooxomixtjs xAiuaxas toomayijc xaraxexdiuévn arvyi oe evaillayés uagyaixdv aofeoroli-
Owv xar anirav e xvoias pdlag. (d) "Evrova oxtotomotmuevor moaoiveyeoot Yoauuites xar aniires ue
oouPoedouxric poopijs uixgoiilvves axcoaiov merpduaros.

Fig. 2: (a) The alternations of brownish-reddish pelites and yellowish marly limestones represent the matrix of
the Glypia unit. (b) Foliated lavas lay tectonically over the greenish also foliated pelites. (c) Mesoscope scale,
overturned fold into the matrix of the Glypia unit. (d) Intensely foliated greenish sandstones and pelites with

robmoedric-shaped microlithons of intact rock.

3. ZXOAIAZMOZ

[Tepumtaioelg «dyprtov pivoyn» omv Ielomovvioo, €xovv meprypagei ané tov DERCOURT (1964), RICH-
TER & MARIOLAKOS (1973), DE WEVER (1976), AEKKAX (1978), DEGNAN & ROBERTSON (1993)
%ol GALOUG, OL OTTOLES TEQLYQAPES ALPOQOTY TNV TOROVOTNL Pioig HAATTIXYG OELRAS OTN BAON TOU XOAVPUUOTOS TG
IMivéov. O THIEBAULT (1982) eixe evidEet tig eppavioeig mg ev Adyw evotnrag, omyv evémra [olawoydeag
tov AEKKA (1978). H Aemtopeiic Spms xaproypdgnon, anédelEe 6n n evomra Thumiag, eivol textovind
VIEQHREIPEVN ®ow TG evOTnTag ™S TTivdov, ndt mov pavepdver pio mo ecwteowxtj g Ilivdov mpoéhevon.

H napovoia otov xipto xoppd g Iehomovvioov, evotitwy mo ecwntepurdv g Iivoov, dev eivan xdt
v€o, nobwg oty meployy dutirnd g Movepfooids, €xel TEQLYQOYEL Eva TUTTOV TEXTOVIXOU Uiypatog rdlvpuo,
owtd g Ayyehaivag, To omoio vépxerton Twv evotrjtwv ITivdov, Toimohng xaw PvAMTdv-Xoaholitdy, xol Oem-
peltor vadheippa twv Ecwtepundv EAMvidov (GEROLYMATOS et al 1982, KOEBKE 1986,
HANTZIPANAGIOTOU 1990, GEROLYMATOS 1994, DANELIAN et al 2000).

Khaotixég axnorovbieg mov gépouvy ta yvmpiopata tg evémrog Thumiag #ow Tov amravtoty mo 0nTeQLd
g evomrag g Iivoov, éovv avagepBel 1600 oty Zteped EAAGdo (RICHTER et al, 1996), 600 »at oty
Agyohida xar Korjm.

-51-



Zmv Agyohida el meQrypagel 1 «oytotopapmtixt dudmiaon g Eppovidog» (APANITHZ 1960a, 1960b,
BANNERT & BENDER 1968), nhxiag Katwtépov Torroyevoig (BACHMANN & RISCH, 1979). To »tpwo
KOQOATNELOTIXG TNG ElVaL OTL «ROAVUTAVE» PEOO TG TENAYN oo Paoirég Adfies mov ouvodevovrar amd eha-
ywd Wijpata 1o Avortépov Konuduwov, nepidotites mov mpogpyoviar ond ™ dudfowon tov Hwehnvirot
ROUAIPPATOG, Kot averenTdxol, ynontxol aoBeotdAfoL IOV TEOEEYOVTOL UG TNV XATAQEEVOY piog ®ENTLdL-
g mhoargpopuag (CLIFT & ROBERTSON 1989, CLIFT 1996).

O\ CLIFT & ROBERTSON (1989), [TATIANIKOAAQY (1989) xat TAITANAKHE & ®QTIAAHE (1991),
avapéouy 4L 1 Aoy avt axohovbio, eivor ol mhovoloe o oMoBSABovg Timov AgPng. ZVuguva pue
tov BONNEAU (1973, 1976), to »dAvpua s Appns xapaxtneiletor and aofeotéMBous ue xeporoMOixeég
evdlaotpwoeLs, nhriag Toladirov-Iovpaotroy, padrolapites, avmrpntdirotc aofeotéMbous wow guBEES pdo-
YEG, oL omoioL ovvodevovral ol ommAites. H og1pd vt oUpgwva mdvta pe Tov ouyyQapEa, ITOQEL VO OUYXQL-
0ei pe \Ojpora g eomtepuriis Tivdov, 1 pe ta xohdppora ™me Avoiag xow amotehel éva aveEdomro rdlvppa,
VITOXEIUEVO TV OPLOAIBV ®ow TV xQuotarlooylotmdwv. Emiong o BONNEAU (1973, 1976) neourypdger TV
gvomto Miapot and gphuoyoeidn tlipata pe Aerronhandders aopeordhbous, pdoyes, Popuuites wou dafdoes,
To omoia elvan emmBnuéva enl Tov phioyn g Teimoing xow g Iivdov. O nhxies mov €xovv tpoodLogLotel
eivar To Kippepidio amd noporhogpdpovs aopeoréhBovs (BONNEAU, 1973, 1976) xou to Ave Konudind ard
Poroed evOLAOTEWON payaixov aopeotéMboy (PYTPOAAKHE, 1980).

H evémra Mumiog magovoidlet pio 0g1pd amd YvmQIouato Tou ToQATQOTVVTOL OTIS TAQATAV® EVOTYTES.
H nAwia mg eivon tovhdyotov Advio xow progei va OewenBei ovyrotown pe v nhwia mg didmhaong g
Eguiévng (Tlehaudrowo-Hdobnovo)(BACHMANN & RISCH 1979, TAITANAKHE & ®QTIAAHE 1991). E-
wiong T Tepdym amd MAPeg pe noxxivous mnhites now aopeotoMBous, nxiog Avotépov Konudirnot, mapov-
oudfouvv amdhuty opordmto pe owtd mov moparneotviar oty dudmhaon g Eouidvng xabdg ®ou 0to rdlvppa
™ Appns om Kovjtn. Ta aofeorohBuxd tepdym nhxios Avotépov Kontidixrou, eivarl og ammdAutn cupgovio pe
otd wov Taatnoovvron oy dudmhaon g Eppudvng, dmwg xow ou ogpmevivites (CLIFT & ROBERTSON
1989, CLIFT 1996).

H mpoéhevon twv mhovouwy o amoMbdpata tov Ieppiov aofeorolBindy tepay iy, moénel va avatnmOei
oto xdivppe g Yrmomehayovixic. ITapdpoies pdoeis €xovv avagpepbel ot meppotoradini fdon tov rahip-
potog e Yromehayovixiig omv Yoo (RENZ 1955, ROMERMANN 1968, BAUD et al 1991) xaw oto ®GAup-
uo ™ Ayyeddvag (GEROLYMATOS et al, 1982). O vnonuxol, avoxonuduoi aofeotéMbor omv meployi
tov Ay. Ta&Ldoym, TaQovoldtovy onpavitrég opotdmteg pe oawtovs g evémrag Axpog (VRIELYNCK 1978,
1981-82, TAITANAKHE & ®QTIAAHZ, 1991).

Evdiagépov maovotdlel 1 Teoghevon Twv ovoxrontidrdy Telaydv aofectoMBwy mov vtéerevioL Twv
iEudTav Tov dylov ghioyn oto ywois Iakaoywet. Ot TAITANAKHE & ®QTIAAHE (1991) mov mepiyod-
povv omv Apyohida aofeotohBous avdloyns @dong xrou avaloyng Textovivig B€ong, Tovg evidooouy 0To
x®eo ™g Avarohxnc EAMGdac. Edw mpémnel va emonuavOel 6t evauon ydpetpo dutixd tov Iolawoymeiov,
eVIOG piag GAANG TEXTOVIXIIG TAPEOV, aaVTAEL £Vag ¥AOOTIXOS OYNUATIONGS HE TOQGHOLOUS XOQURTIOES UE
atov T evomrag Muniog. Agyxrd avtdg eiye BewenBel lwoduvapog g evémrog Mahaoyweog tov AEKKA
(1978), naBddg vtoxeLTal TEXTOVIXA TV TAaX®IGV aoPeatéMBmv g evémrag g Ilivdov. Atomotdonxe G-
powg 6Tt ot PETAEY TOUG TEXTOVIXY ], TOQEUPAAAETAL pio peydhn TexTovirvyg ogiva, mtdyovg mepimov 30-
40p omé vnenteovg aofeotéhMBoug, nhuxiag Avartépov Kontidirol, Tov porQoOKROTKE HOL IXQOTROTKA,
elval améAuTo TOUTEONUOL UE EREIVOUS TTOV aTtavTOUY T000 Oty TEQLoXN Tov Ayiov TaEdeym, 600 rou e Ta
OQLOPEVOL TEPAYN OV «XOAVUTAVE» EVTOS TOV Aoy g Thvmiog. Emiong, pehetdviag v ®kivnpotint tov
navpparog g Iivéou ot megroyn avt, dtomotdlnre Gt avTd TOROVOLELEL T HoEPY £VOS BAQUTLROU %at-
Mppatog mov ohoBaivel meog ta BA, pe xovovirot yapoxrtioo dopég ot dutnd ko avAaoTQOpES OTA OVOTO-
Mxrd 6pta Tov radtpuatog. H epunveia ) omoia divetal, eivan 6tL ov avBpoxrunoi oynuatiopot g Iivdov, oli-
ofnoay Baputrnd meog Ta BA now emw®nxray wdve omy evémra Dhmiag, pio xivnon mov xapoxteitet tg
VOTLEG EPPOVIOELS TG EVOTNTAS OTNV EVEUTEQEN TTEQLOYT, avtiBeTa and Tig BopeLeg dmou m ITivdog, vmdrertan Tg
evomrag mg Fwmiog.

4. LYMIIEPAEMATA

Zmv 0ooelpd tov Ildgvmva, omy Kevipoavarohxii [lehomévynoo, 1 evémra (1 xdivppa) g Dhumiog
ROTEXEL TNV avaTEEN TEXTOVIXY BEom oty xohvppomxy oty g mepoxtc. TTodnerton yio pioe evémra pe
YOQUATNOLOTLXE «AYQLOV PAVOYN» PECT OTOV 0T0{0 TaRaTNEOVVTONL didpopa. eEwTnd TEPAYM. AVTtd UTOQEL Vo
eivon avoxpnmdrol, mehaywroi 1| vnonuxol aofeotéhbor, froxhaotirol meguxol aofeotéMbot, dolourtind
Aawvmomoyr, Baowrés Aafeg mov ouvodevovran artd avoxrenudriis nMxiog tehayd Wwipato, OEQmeVILVITES ue
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Gryvootng nhriog ouvodd wipata xot xed odpato QodLoAaQLTaV.

H pehétn tov texToVIRoU LOTOU TG EVOTNTUS PAVEQWVEL EVOL TTQMLUO CUUTILECTIXG TEXTOVLXO YEYOVAS TTOU
€yl EMUOAMVQTEL 0TS Evay Eviovo epeAruopd pe atoviry dielibuvon BA-NA mov 0dijynoe oty woyven Aémruv-
an ™g eveTnTag.

H napovoia ohoBohBwv timov ApPng, 1itor Mafeg pe avoxpnudumis nhxiag ouvodd ipata, oeQmevVTLvL-
TV, vOXONTOWMOY 0oBecToABwY vnonTrng edong »ow n nhxia g ®ipLag patags Tov pAvoYY, ETLTEETOVV T
OUY#OLOT TNG EVOTNTAS HE OVALOYES EPPAVIOELS artd TNV TTEQLOXN TS AYohidag 1 g Kojtng xou xupimg pe
oywotoypappnry ddmhaon e Eouovns 1 tg evémteg Appng xor Miapod.

‘O0ov agopd Toug mehaytnovs aopeatdMbovg, nhuiag Avatépov Kontidixot mov asovtdve oto TTakawoydot,
Bempovpe Gt avtol TEoEEyovTan amtd To xdlvppe g ITivoov waw torofetOnray tdvw ota Wijpota ™mg evot)-
tag Mumiag péow evég unyaviopot Bautiriic ohioBnong.
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QUATERNARY GEOLOGY, GEOMORPHOLOGY AND TECTONICS
IN THE OGOSTA RIVER VALLEY SYSTEM, THE DANUBIAN PLAIN (BULGARIA)
D. ANGELOVA'

ABSTRACT

The Quaternary in the Ogosta River valley system (the Danubian plain) is represented by various genetic
types of continental Quaternary sediments (eolian, alluvial, deluvial, proluvial). They lie on a diverse pre-Qua-
ternary base. It is uneven and with various denudation. The accepted correlation schemes are based on local data
in which the tectonic factor and duration of deformation have not been accounted for. The present work consid-
ers the complex results obtained during the investigation of the Quaternary sediments and formations.

The filling consists of clayey-sandy or calcareous-sandy materials, coloured in rusty nuances by iron hydrox-
ides. Their age has been determined on the basis of the found fauna: Elephas meridionalis Nesti, Anancus arvernensis
Cr. et Gob (Bakalov, Nikolov, 1962).

KEY WORDS: Quaternary geology, geomorphology, tectonics, lithology

1. INTRODUCTION

The Quaternary in the Ogosta River watershed is represented by various genetic types of Quaternary sediments
(Fig. 1). They overlie either a diverse pre-Quaternary base, which is uneven and with various denudation, or a
differing in age weathered crust. The thickness of the Quaternary sediments varies from several m to 110 m. They
have been the topic of investigation of many authors (Filipov et al., 1989 and others). Most of the reference
literature considers the loess and the loess complex. Regardless of the significant number of works on the Qua-
ternary, the problems concerning its range, genesis, age and correlations are still debatable. The eolian theory
about loess origin is accepted in Bulgaria. The present work shows a part of the complex investigations and
results obtained during the study of the Quaternary in the Ogosta River watershed in the Danubian plain (Fig.
2), in which the author has taken part too.

2. QUATERNARY GEOLOGY AND GEOMORPHOLOGY

The Quaternary is represented by different lithological varieties, building different morphological bodies
and complexes (Fig. 1). They are grouped as follows: Covering Gravel Formation, Red Clay Formation, Group
of Eolian Sediments and Formations (loess complex), Group of Alluvial Sediments (terrace complexes), eluvium,
deluvium, gravitational formations.

Covering Gravel Formation. The polygenic gravel with sandy-clayey filler, covering the ridges between the
valleys is included in this formation. It is observed at the surface in the form of single spots or strips of different
shape (Fig. 1). The gravel is widely distributed and has a considerable thickness from 10-15 m in the southern
parts of the investigated region to 1 m in the vicinity of the Danube River. The thickness is variable in west-east
direction too. This is due to the intensity of the neotectonic movements and to the specific features in the devel-
opment of the river-ravine network (Vaptsarov et al., 1993, Angelova et al., 2000). They overlie the Neogene
sediments with abrupt, uneven and eroded contact. The gravel is not cemented, unsorted, with various piece sizes
and diverse composition and processing of the material.

According to their origin these are alluvial-proluvial and alluvial deposits, building two morphological levels
at a height of 90-100 m and 130-150 m above the contemporary riverbeds.

Red Clay Formation. It is observed at the surface as narrow strips (Fig. 1)in the right valley slopes. The red
calcareous-sandy aleurite clays refer to this formation. In most of the cases they are situated between the coarse-
clastic sediments of the Covering Gravel Formation and the loess complex.

They are uniformly distributed and have been formed under conditions of warm and humid climate. The
clays are dense, thick, heavy, unstructured, with massive outlook without expressed stratification. Their bulk

1. Geological Institute, Bulgarian Academy of Sciences
Acad. G. Bonchev St., Bl. 24, 1113 Sofia, Bulgaria
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Fig. 1. Geological map of the Quaternary sediments in the watershed of the Ogosta River in the Danubian Plain
(according to the Geological Map of Bulgaria in Scale 1:100000, map sheets Kozloduy and Byala Slatina,
authors: Filipov et al., 1989 and 1993, with amendments): 1-4 - Holocene: 1 - alluvium; 2 - proluvium; 3 -
gravitation formations and sediments; 4 - deluvium; 5-9 Pleistocene: 5 - alluvium covered by loess; 6 - sandy
loess; 7 - typical loess; 8 - clayey loess; 9 - loess-like clay; 10-11 - Plio-Pleistocene: 10 - Red Clay Formation; 11 -
Gravel Cover Formation; 12 - pre-Quaternary rock complexes. The circular diagrams show the
clay:aleurite:sand ratio (%) in the loess varieties.

density varies from 1.74 to 2.27 g/cm’, the porosity reaches up to 20-30 % and the magnetic susceptibility - from
0 to 200 x 10 SI. They have high carbonate content - within the range of 10 to 50 % of the total rock mass. The
thickness of the red clays is not constant and changes from 1-2 m in the southern parts of the region to 21 m to the
north. The ratio between the building components is simultaneously changed from “clay : aleurite : sand” = 40-
50:10-20:5-25 % in the northern parts to 50-70: 10-15:2-5 % - n the southern parts. The age, as well as the origin
of the red clays in Bulgaria are debatable problems (Fig. 3). The author has accepted the eolian-alluvial-proluvial
origin as the most suitable one for the investigated territory. This has been confirmed by the pollens found in a
borehole at a depth of 24 to 31 m, that refer to the W, interstadial.

The polens have been determined by M. Dyakova (unpublished data, National Geofund, Sofia), who estab-
lished in them the predomination of AP = 88.4-94.4 % (Pinus, Picea, Abies) under the herbaceous (NAP = 5.6-
11.4 %) species with Gramineae. The investigated materials are the result of secondary redeposition of the
existing at that time paleo-river network.

The red clays were formed under conditions of warm and humid climate on various relief forms (denudation
levels, structural steps, river terraces) between 3.3-0.87 Ma (Evlogiev et al., 1995). The redeposition proceeded
in connection with the changes in the slopes of the topographic surface to the NE as a result of the neotectonic
movements (Angelova et al., 2000).
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Fig. 2. A map of the actual material: 1 - borehole; 2 - sample with vertebral fauna; 3 - sample with invertebral

Jauna; 4 - sample with microfauna; 5 - sample for spore-pollen analysis; 6 - sample for physical properties; 7 -

sample for mineralogical analysis; 8 - sample for granulometric analysis; 9 - sample for sediment-petrographic
analysis; 10 - profile line (I -1).

The Group of the Eolian Sediments and Formations includes the loess horizons with the buried soils in
them. They have a considerable thickness and are widely distributed in the studied region. Their thickness varies
from 1-2 to 110 m. It changes in the same directions as the red clays, which in single cases is also an indication for
secondary redeposition of the existing in these times paleoriver network. It has been established from the per-
formed investigations that there are no complete stratigraphic sections. This shows that the correlations made
are relative in their essence. There are 5 loess horizons and several secondary redeposited ones in the investi-
gated area. The ratios between clay, aleurite and sand are different and they determine the loess division into:
sandy (10-20:40-50:15-20 %), typical and clayey (50-70:20-30:1-2 %) and loess-like clay (40-60:10-30:5-10 %).
The calcium carbonate content is high (20-40 %) and calcareous concretions have been formed in the loess.

The loess density varies from 1.69 to 2.16 g/cm’, the magnetic susceptibility is from 4 to 929 x 10 SI for the
clayey loess and from 0 to 186 x 10 SI for the loess-like clays. Teeth and bones of Castor sp. were found in the
loess-like clays near the Boukovets village. There about 1 to 5 buried soil horizons in the loess (Fig. 4). Almost all
researchers of the region have used them for stratigraphic purposes. According to the author it is difficult to use
them for stratigraphic purposes at this stage without additional studies, since it cannot be determined what are
the soil horizons of regional importance with spatial homogeneity and established age. Moreover, they are wedge-
like and interrupted in immediate proximity in one and the same morphological bodies. The buried soils are
calcareous-aleuritic to strongly aleuritic clays and only some of them are very rich in humus. Their density is
1.74-2.22 g/cm® and their magnetic susceptibility - from 25 to 250 x 10° SI. The distribution of the minerals in
them is not uniform. The age of the loess complex as a whole is not proved. Bearing fauna and flora specimens
are found in it but there are no guide forms. The encountered paleoflora confirms only the Wurmean (W, and
W,) and Holocene age.
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Fig. 3. Map of the distribution and thickness of the red clays: 1 - sections with no red clays; sections with red clay
thickness: 2 - 0-5 m, 3 5-10 m, 4 - 10-15 m. The circular diagrams show the clay:aleurite:sand ratio (%).

The Group of the Alluvial Sediments contains the sediments building the accumulative superstructures of
the high, middle high and low flood terraces belonging to the Pleistocene and of the flood Holocene river ter-
races. The high terraces are very often on different levels and are of relict character. The fifth overflood terrace
along the Ogosta River for example is observed at the level of 75-85 m, 60-70 m and 50-60 m. The average high
river terraces have medium relative heights: 40-50 m (for the fourth one), 30-35 m (for the third one), 18-25 m
and 8-12 m above the contemporary riverbeds (for the low overflood terraces). The alluvial sediments are from
the riverbed facies and have a thickness from several centimetres to 25-30 m. The gravel has mainly middle- and
small-size pieces and is well processed, with different composition and sand filler. The age of the first overflood
terrace is proved by the found fauna: Unio pictorum platyrhynshus Rossm, Coretus cerneus L. and Planorbis planorbis
L;

The alluvial sediments of the Holocene flood terrace complex comprise the sediments of the riverbed and
flood facies building the low and high flood terraces. The alluvium thickness is very variable - from 1 to 40 m. The
age is determined according to the found fauna: Theodoxus transversales Pfeif, Lithoglyphus Pfeif, Amphimelania
holandri Ferr, Fagita acicularis Ferr. (Kojumdgieva, unpublished data, National geofund).

The eluvial, gravitational and proluvial sediments have the greatest distribution compared to the other ge-
netic types (Fig. 1). Their formation had started before the Holocene and was enhanced during the Holocene
and the contemporary stage. The different sub-types of the chernozem soils as well as the coarse mechanogenic
eluvium filling the karst forms, are the most widely distributed eluvial sediments. According to their origin they
were the result of the mechanical, chemical and biogenic weathering. The eluvium thickness varies between 10-
20 cm and 10 m. It is very thin. The proluvial sediments have a more restricted distribution and their thickness
does not exceed 10 m. The gravitation formations are observed mainly along the right river valley slopes. They
are of different origin but their composition depends on the rocks building the slopes. These are coarse unsorted
materials. Their thickness is usually small (1-6 m) for the erosion provoked ones and much greater - for the
tectonically formed ones. The deluvial deposits in the loess terrains are fine, clayey-sandy ones.

The formation of the contemporary relief in the considered territory is related to the closing and filling with
sediments of the Fore-Carpathian basin and the following post-collision extension. Tectonically predetermined
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Fig. 4. Map of the distribution and number of the fossil soil horizons in the loess complex: 1-0; 2 - 1; 3 - 2; 4 -
3;5-4;6-5.

relief is observed: local fold-block forms, gravitation steps, negative structural-denudation lowerings filled and
buried by younger sediments, a number of faults predetermining the main directions of the river-valley network.
The most pronounced display of the action of the endogenic and exogenic processes is observed in the morphol-
ogy of the river valleys and the connected with them terrace complexes as well as of the karst forms. The karst is
either covered by the loess complex or is observed at the surface. The underground karst is also well presented.
The process of young karst formation is connected with the Late Pliocene - Early Quaternary development of the
relief. The stages in its development are closely related with the formation and evolution of the river-ravine
network. The karstification is an incomplete process and the development of karst forms continues till now. The
loess form complex is most widely distributed. It builds the loess accumulative surface. It is strongly dismem-
bered by gullies, dry valleys and ravines (Fig. 5).
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Fig. 5. A generalised geological section of the Quaternary sediments in the watershed of the Ogosta and Skut
Rivers in the Danubian Plain along the profile I-I (Fig. 2): 1 - borehole; 2 - soil horizons; 3 - contemporary
alluvium; 4 - loess horizons; 5 - clayey loess; 6 - red clays; 7 - gravel cover; 8 - pre-Quaternary rock complexes.

The surface relief in the investigated region is strongly anthropogenic as a result of the economic activity -
riverbed corrections, microdams, terraced slopes, quarries, dikes, etc.
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3. QUATERNARY TECTONICS

The investigated territory comprises parts of the Moezian Microplate (Lom structure) and the Deformed
Continental Edge (Angelova et al., 2000). Steps of the block type formed as a result of the listric extensional
tectonics are included in the deformed continental edge. The Quaternary tectonic units did not inherit the de-
pression Neogene units. They were controlled by the specific geodynamic processes in the investigated region.
The differences between the local tectonic units were realised during the Late Pliocene - Early Quaternary stage,
mainly during the Middle Pleistocene and at the Pleistocene-Holocene boundary. The Quaternary vertical tec-
tonic deformations have a total value between 80-100 m and 120-180 m. The vertical tectonic deformations were
reflected in the vertical deformations and outlevellings of the terrace levels. For example, the fifth overflood
Ogosta River terrace in the various sections is observed at levels 75-85 m, 60-70 m and 50-60 m. The vertical
tectonic movements between it and the fourth overflood terrace are between 10 and 45 m for the various local
morphostructural units. The fourth overflood terrace is on the average at a level of 40-45 m, but in the section
near the Hairedin village is at a height of 30-35 m and reflects the local tectonic subsidence. The tectonic move-
ments realised at the boundary between the fourth and third overflood terraces is of the order of 10-15 m,
between the third and second, and the second and first overflood terraces - about 10-12 m. The tectonic move-
ments realised at the Pleistocene-Holocene boundary were very differentiated - between +7 m and -30 m. Tec-
tonic anomalies are observed in some sections too - for example, between the villages of Lehchevo and Kriva
Bara, where the alluvial deposits of the second overflood terrace are in tectonic contact with the alluvial deposits
of the flood terrace. The horizontal tectonic deformations have a strike-slip fault character. Generally, these are
small-amplitude movements along fault structures. They played the control role in the change of the direction of
river water movement to the NE towards the erosion basis. For example, the Ogosta River flows along a fault
directed to the WE between the Vladimirovo and Gromshin villages, while it abruptly changes its flow direction
to the NE to the north of the Gromshin village. The morpho-delineating fault structures are seismo-generating.
Earthquakes with M=2-4 took place along them in the period 1980-1987. The contemporary vertical movements
for the period from 1930 till 1985 are 1.2-2.0 mm/a (Karagjuleva, Shanov, 1990, Vaptsarov et al., 1993, Spiridonov,
1994, Angelova et al., 2000). The tectonic movements at the Holocene-Pleistocene boundary were characterised
by great deformations and as a result the Kozloduy local block structure was formed. The total value of the
Holocene tectonic movements within its range were from -20 to -30 m. The contemporary vertical movements
here were from -1.2 to -2.5 mm/a, calculated for the period from 1930 till 1985 (Spiridonov, 1994, Angelova et al.,
2000).

4. CONCLUSIONS

The investigated terrain is representative for the geodynamic development of the Moezian Platform (the
Lom depression) during the Quaternary and the contemporary stage. Moreover, similar investigations are very
necessary especially in connection with the monitoring carried out for the “Kozloduy” Nuclear Power Plant,
situated in this area, as well as for other strategic economic enterprises in Bulgaria.
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PALAEOMAGNETISM AND MAGNETIC FABRICS OF THE ALMOPIAS, THESSALY
AND MILOS VOLCANICS. IMPLICATIONS FOR THE REGIONAL
DEFORMATION"®
A. ATZEMOGLOU', D. KONDOPOULOU’ AND I. ZANANIRI’

ABSTRACT

New palacomagnetic and rock magnetic data obtained from the plio-quaternary volcanics in Almopias (NW
Greece) are presented, together with existing ones from two other localities (Thessaly and Milos) in the Aegean
extensional area. In most cases a stable component, slightly deviated from the expected direction, has been
identified. Rock magnetic analysis reveals the presence of either magnetite (Thessaly), hematite (Milos) or both
(Almopias) The anisotropy of magnetic susceptibility reaches significant levels for only part of the samples
whereas the anisotropy ellipsoid could be defined in only one case (Almopias).

The existing structural data for the three areas, together with fault plane solutions provide a representative
deformation pattern. Comparison of -small- rotation angles and possible rotation of the stress field has been
possible in the case of Almopias.

KEY WORDS: palacomagnetism, volcanics, magnetic fabric, rotation, Almopias, Thessaly, Milos, Aegean tectonics.

NEPIAHWH

Néa mahaopoyvnTind omoTEAEOUATO A0 TO TAELOTETOQTOYEVY] NPOLOTELOXA TETOWUATA TS Alwriog
napovotdiovrar, nali pe 11dn vrdoyovia amd dvo dhhes TEQLOXES ™S EPEARVOTLRNG TTEQLOYTS TOV Aryaiov. ZTig
TEQLOOOTEQES MEQUITMOELS TEOGOL0PIoON®E o oTabeEY CuvioTWo 1 omoia amorhivel EhapEd od TV
avapevopevn dtetiBuvon. H avdivon tov poyvntxoyv 1dlotitov amoxalimter Ty moQovoio payvytit
(©eooalia), awpatity (MiAog) 1 apgpotépwy (Alpwmia). H avicotpomio TNG poryvnTixic emOEXTLIROTNTOS
TIMNOLACEL OF ONUOVTLAES TIES Yuot TURA TV SELypAToV, EVe To eAAEVPOEIdES TS avicoToming 0pioBN®E pe
axpifela pévo oe wa wepimrwon (Alporio).

Ta VTAQYOVTO TEXTOVIRA SEQOUEVA YL TG TOELS TTEQLOXES, OE CUVOUAOUG UE TOUS UNYAVIOUOUS YEVEONS TV
OELOUMY TAREXOVV EVOL AVTLTTQOTMITEVTIXG HOVIEAO TTOQAUGOPMONG. ZUYROLON TMV -UXQMV- YDVLDV TEQLOTQOPHS
TOV OYNUOTLOPMV ot TLOOVNG TEQLOTEOPNS TOU TTedOV TAOEMY TEAYUATOTOONKE OTNV TEQIMTWON TG
Alomiog.

1. INTRODUCTION

Plio-quaternary volcanics outcrop at several places in the broader Aegean province. They are related either
to the South Aegean active volcanic arc or to the back-arc extensional area. In all cases, radiometric data and
detailed mineralogical studies are available.

The present study focuses at three areas one of which belongs to the Aegean volcanic arc (Milos) whereas
the other two are situated further to the North (Thessaly, Almopias). The aim of the study was the careful
investigation of the palaeomagnetic and rock magnetic properties of these recent volcanics in order to define
stable, reliable directions and eventual rotations. At a second step, an examination of the existing numerous
neotectonic and seismological data would allow comparison between these rotations and stress field.

2. GEOLOGY AND SAMPLING

The studied formations are spread over a wide area of Greece, in three different geotectonic units: The

* TAAAIOMATNHTIZEMOZ KAI MAITNHTIKEZ Y®EX HPAIZTEIAKQN IMTETPQRMATQN AIIO THN AAMQIIIA, TH OEZZAAIA
KAI TH MHAO. ZYNEIIEIEZ I'TA THN TOITIKH ITAPAMOP®QXH.
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2. Aristotle University of Thessaloniki, P.O. Box 352-1, 54006 THESSALONIKI

e-mail: despi@geo.auth.gr
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Vardar zone (Almopias area), the Pelagonian zone (Thessaly) and the Attico-cycladic zone (Milos) (Fig. 1).

Almopias is situated about 130 Km north-west of Thessaloniki, near to Greek-FYROM frontiers and be-
longs to the Vardar zone. The volcanism was active in the mountainous area during the whole Pliocene. Vol-
canic centres are lava domes, dome complexes, lava flows and some dykes. In the surrounding area outcrops are
volcaniclastics confirming that explosive activity was intense. Volcanic centre alignment and dykes are oriented
in N-S to NE-SW directions. The magmatic products belong to calc-alcaline series with the most alkaline being
the youngest volcanic products. Ages vary between 1.8 to 4.5 Ma (Kolios et al, 1980). Sites AL (Alexandros),
KOU (Koukourou), PA (Papadhia) and SF (Sfines) belong to the SW part of the complex (Upper Pliocene).
Sites KFA, BA (Baltatsouko) are in the northen part (Lower Pliocene, Vougioukalakis, 1994)

Table 1: General information and paleomagnetic results from the studied sites.

Site N Age (Ma) D g k ag95 Location | Reference
I 7 2.0 182.2 -56.4 | 49.6 10.9 [Milos 1
111 8 2.3 167, 1 -54.7 | 31.4 12 Milos 1
v 6 2.3 156.7 ~62.8 198 6. 5 Milos 1
v 6 1.8 397.:6 53 20 17.7 |Milos 1
VI 5 0.95 176.1 ~32 73.5 10.7 |Milos 1
VII 5 0.95 163.9 -42,9:}1'58:6 12.1 | Milos 1
VIII 5 148 158.7 -42 78 14 Milos 1
MTHB1 7 1.4 196 -55 125 4.7 Thessaly 2
MTHB2 6 1.4 152 -66 14 16.2 Thessaly 2
MTHB3 5 1.4 181 -38 1.7 15 Thessaly 2
AGH 7 1.4 190 -62 374 2.7 Thessaly 2
AL 7 1.8-1.9 193.2 -59.6 27 e | Almopias 3
KOU 12 4.3-4.4 6.4 62 26 8.3 Almopias 3
KFA 4 4.6 11.7 81 111 6.6 Almopias 3
SF 8 1.8-1.9 353.1 58.8 50 6.6 Almopias 3
PA 6 2.5 5.5 49 26 11.1 Almopias 3
BA 9 4.6 348.5 54 63 5.9 Almopias 3
ALM-ALL 6 1.8-4.6 3.1 56.1 112 5.4 Almopias 3

1.  Kondopoulou and Pavlides (1990)
2.  Kondopoulou and Caputo, (1997)
3. Present study

The broader area of Thessaly-Pilion-Pagasitikos Gulf has been affected, during Early Pliocene to present, by
two main normal fault systems (Galanakis et al, 1998). At Thessaly, the NAFS (Nea Anchialos Fault System) is
the major tectonic structure, which lies along the prolongation of the North Aegean Trough (NAT) along which
oblique-slip and strike-slip motions are recorded from the focal mechanisms. Both structural and seismological
data indicate that the NAFS has a pure dip-slip normal structure (Caputo, 1996). According to available data,
NAFS had been active throughout quaternary and is still active up to present. The volcanics (basaltic lava flows),
sampled for this study, were dated at 1.4+0.1 Ma (Innocenti et al, 1979).

Milos Island is situated in the central-western part of the Hellenic volcanic arc, which extends from East
(Nisyros, Kos) through Santorini and Milos, to west (Methana, Aegina, Krommyonia). According to Fytikas et
al (1986), the calcaline volcanism began during the early Pliocene (5 Ma), while the submarine volcanic activity
of Milos began during the middle Pliocene (3.5-2 Ma). The oldest volcanic products consist of tuffs, pumice,
ignimbrites, andesitic and rhyolitic lava domes and flows, pyroclastics and lahars. The most recent eruptional
products are mainly rhyolites. The main faults are E-W in strike and secondly NW-SE. The oldest formations
are metamorphic rocks of the crystalline basement.

Drilled cores and oriented samples have been collected from the three areas on the basis of access facility
and freshness of materials. A total of 150 cores have been measured and 113 have been demagnetised (stepwise
thermally and by AF techniques). Measurements have been done in the laboratories of Thessaloniki, Stras-
bourg, Utrecht and Paris.
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3. RESULTS

Almopias: 6 sites have been sampled in the Almopias volcanic formations. A total of 80 cylindrical speci-
mens have been measured with a Molspin magnetometer among which 46 have been demagnetized by stepwise
heating as well as AF demagnetization. Thermal process was done in ENS (Paris) and in the laboratory of the
university of Strasbourg (EOST) and AF in Thessaloniki. In almost all cases, the demagnetization with an AF
shielded demagnetizer was not successful because an important amount of NRM remained after the highest
capacity was reached by the instrument (about 95 mT). Demagnetization procedure by stepwise heating up to
temperature ranges of 500° to 630C° was more satisfactory because a stable component could be defined and
destroyed.

Thessaly: The NRM values are sufficiently high ranging from 15 to 800 mA/m. The AF demagnetization
procedure was efficient in about 50% of the cases. During thermal demagnetization (heating up to temperature
ranges of 450-685°C), a stable component, directed to the origin, could be defined. Thermomagnetic curves
were obtained displaying Curie temperatures below 600°C. This, combined to the maximum unblocking tem-
peratures observed during thermal demagnetization (about 600°C), leads to the conclusion that the main mag-
netic carrier is magnetite. The factor of anisotropy of magnetic susceptibility varies from 0.6% - 5.4%.
(Kondopoulou & Caputo, 1997).

Milos: All samples are strongly magnetized with NRM intensities ranging between 50 and 4500 mA/m. AF
demagnetization on pilot samples was inefficient as half of the initial magnetization remain after applying a field
of 95 mT. Well-defined directions were obtained when the samples were stepwise heated between 25° and
550°°C. Details on these results can be found in Kondopoulou and Pavlides (1990).
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Figure 1. Location of studied areas, palaeomagnetic directions and stress fields.

Site SF. In most cases, a small viscous component and a stable one directed to the origin have been defined.
The maximum unblocking temperature (630°C) observed during thermal demagnetization leads to the conclu-
sion that the rocks of this site contain mainly hematite.

Site BA. We generally observe a stable component directed to the origin and rarely a small viscous one. The
samples are demagnetized at temperatures up to 585°C and alternating fields up to 60 mT, therefore magnetite
is the main magnetic carrier.

Site PA. Some samples are quickly demagnetized in fields up to 30 mT while others are not fully demagnet-
ized in higher fields (80 mT). In all cases, a viscous and a primary component are well defined. The dominant
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Figure 2(a,b): Typical analysis of palaeomagnetic directions and decay curves for representative samples.

magnetic mineral is magnetite.

Site AL. Using both AF and thermal techniques, two components are isolated, a strong viscous with stable

direction and a primary one. Magnetite is the main magnetic carrier.

Site KOU. Same as site AL. Two components have been registered: a viscous and a primary one directed to
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Figure 4: Isothermal remanent magnetization curves for site KOU.

the origin. In four cases magnetite and in most other cases hematite are the carriers of magnetization.

4. ANISOTROPY OF MAGNETIC SUSCEPTIBILITY.

By applying the method of anisotropy of magnetic susceptibility (AMS) on rock samples several parameters
-scalar and directional- arise (Zananiri, 2001 and references therein). The AMS measurements were performed
using the KLY-2 Kappabridge (Geofysica, Brno) equipment at the University Paul-Sabatier, of Toulouse (France).
The most important ones are examined.

The bulk magnetic susceptibility magnitude, K = 1/3 (K +K, +K,), varies from 196.49x10° SI to
26795.95x10° SI, with a mean value of 14161.00x10° SI. This, generally, high susceptibility can be attributed to
the presence of magnetite, which is confirmed by thermomagnetic analysis (figures 3a &3b) and microscopic’
examination of thin sections.

The anisotropy degree, P=K /K,, ranges, in the studied samples, from 1.001 to 1.065 - average of 1.028, that
is 2.8%. Those values are quite low, however they are expected for the case of volcanic rocks.

The variation plot of Jelinek (1981) of AMS anisotropy degree versus bulk magnetic susceptibility (Fig.5a)
shows that the anisotropy degree remains quite constant and there is no obvious correlation with the magnetic
susceptibility magnitude.
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Finally (fig.5b), the shape parameter 7 = -1, exhibits great variation, but changes irre-
1nK - an3

1

spective of the anisotropy degree. The majority of the samples lie in the T>0 domain, implying an oblate shape
of the AMS ellipsoid.

Figure 6: Lower-hemisphere stereoplot of AMS fabrics (squares = K, axes, triangles = K, axes, circles = K, axes).

Considering the orientation of the principal axes of the magnetic susceptibility ellipsoid, in most of the sites
they are quite well-clustered. Their mean values for the Almopias region are K =47/31, K,=325/38, K,=172/48

(Fig.6).
5. DISCUSSION AND CONCLUSIONS

The majority of the studied samples have displayed a coherent behavior during palacomagnetic processes.
Stable components have been isolated and their primary character confirmed by the existence of both normal
and reverse polarities. These directions are directed either N-S (Thessaly) or are slightly deviated (Milos,
Almopias). Inclinations significantly lower than the expected have been observed only in few sites of Milos that
are situated in the main depression (graben) of the island. In all other cases, I values are averaged around the
expected ones. The slight counterclockwise rotation of Milos (~11°) is in good agreement with palacomagnetic
results obtained in Naxos, Rhodes, Kassos and Crete (Duermeijer et al., 2000) and suggests a possible connec-
tion of the island with the central-eastern Aegean “bloc” which is probably coupled to the westward moving
Anatolia. Nevertheless, this small rotation is not supported by the rotation of the stress field which id directed
NE-SW as inferred by earthquake focal mechanisms (Louvari, 2000) and appears as constant at least since
Pliocene (Kondopoulou and Pavlides, 1990 and references therein).
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The absence of rotation in the Thessaly volcanics (Kissel et al, 1986; Kondopoulou and Caputo, 1997) con-
firms that no strike-slip motion could be in the origin of the deformation which is taken up by dip-slip normal
faulting. Therefore the movement of the older E-W dextral fault, formed in Miocene times (Mountrakis et al,
1993) seems to be totally replaced by the two normal re-activations suggested by the previous authors.

The new results from Almopias do not indicate a rotation for these volcanics (D=3"). Nevertheless previ-
ously obtained data from different parts of the complex had shown an about 15 to 17° clockwise rotation (Bobier,
1968; Kondopoulou and Lauer, 1984). When combined, the three sets of data yield a mean value of D=10.7°
and 1=58.8", indicating a small clockwise rotation which is supported by the counterclockwise rotation of the
stress field between Miocene and Quaternary (Pavlides, 1998, fig.1).

The existence of important geothermal fields in two of the studied areas (Milos and Almopias) could be
partly connected to the absence of important rotations. A similar case has been observed in Italy (Baldi et al,
1995), where in an extensional geothermal province (Tuscan, Latium) the inferred continuity between the crustal
and lithospheric parts, as this is suggested by the weak rotations, allows the persistence of the thermal processes.
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THE SO CALLED “TRIASSIC BRECCIAS” OF THE IONIAN ZONE IN GREECE
AND ALBANIA: THEIR STRATIGRAPHIC POSITION AND THE ENSUING
TECTONIC IMPLICATIONS

G. GUZZETTA' AND L. REPOLA’

ABSTRACT

Field observations are reported which show that: 1) at least part of the so called “Triassic breccias” of the
Ionian isopic zone actually represent a local variant of the basal breccias of a Middle-Upper Miocene marine
terrigenous sequence; 2) other portions of the same Miocenic basal breccias have been often mistaken in the
past for some other looking-like terrane of different age (from Jurassic to Quaternary!). Since some currently
accepted inferences on the time-sequence of both sedimentary and tectonic events ensuing from the above
misunderstandings become questionable, new field investigation should be extended to the entire Ionian zone
with due regard to the above terranes.

KEY WORDS: Ionian zone, Triassic breccias, stratigraphy, tectonics, evaporites, hydrocarbons, Greece, Albania.

1. INTRODUCTION

Distinct Mesozoic belts of strata exhibiting similar facies along their length have been recognized in the
southern branch of the Dinarides known as the Hellenides (Kober, 1929). The fact that each of these isopic (the
opposite of heteropic) zones underwent different styles of deformation, led Aubouin to use the area as the type-
example for his version of geosynclinal model late in the fifties (1959, 1963, 1965). Afterward the Hellenic
orogenic belt has been considered as resulting from development, foundering, and eventually shortening of a
passive continental margin associated with early Mesozoic opening and late Mesozoic-early Cenozoic closure of
the Neotethyan Ocean (Underhill, 1985). Several well-definite thrust sheets developed as a consequence of
ocean closure. Thrusting and emplacement initially developed on the site of Neotethys and migrated progres-
sively toward the foreland (Smith and Moores, 1974; Dewey and others, 1973).

The external Hellenides lying to the west of the Pindos thrust are subdivided into three isopic zones. From
East to West they are: (1) the Gavrovo-Tripolitza, (2) the Ionian and (3) the Pre-Apulian zones (Aubouin, 1959,
1965; Aubouin and Dercourt, 1962; Aubouin and others, 1976; Temple, 1968; Jenkins, 1972; Smith and Moores,
1974). The Gavrovo-Tripolitza and Tonian zones have been considered to represent the external large thrust
sheets emplaced onto the stable Pre-Apulian autochthon as part of the latest Hellenide events. Terranes of the
Ionian zone - generally considered to represent the most external deformed belt - outcrop from southwestern
Albania to western Peloponnesus.

The Ionian zone is a fold and thrust belt consisting of Mesozoic mostly carbonate rocks and a Cenozoic
flysch. Its deformation probably initiated during Eocene-Early Oligocene and reached a maximum rate in late
Oligocene-Miocene (Sejdini et al., 1994; Roure et al., 1995). Middle-Upper Miocenic clastic rocks unconformably
overlay the older deformed and eroded terms. Some authors hold that tectonic displacements fade out going
westward from the Gavrovo-Tripolitza zone to the Pre-Apulian; others believe that the Triassic evaporites en-
countered in some wells under the older terranes of the stratigraphic column of figure 1 (B.P., 1971) represent
an important imbricated dicollement surface even in the Ionian zone (Gill, 1964; Guzzetta, 1982 ; B.P., 1971;
Underhill, 1985).

The existence of real exposures of the same Triassic terranes encountered underground is somewhat contro-
versial. Actually, the breccias exposed in some broad strips along the Ionian zone, include masses of gypsum and
black or dark-gray limestones, the latter ones containing Cardita Gombeli PICHLER (Renz, 1955), and clasts
with Triassic microfossils (Dragastan et al., 1985; Pomoni-Papaioannou and Tsaila-Monopolis, 1983). They are
currently described as un-bedded bodies made up of angular fragments of vuggy limestones and dolomites and/

1. Universita di Napoli “Federico II”, Dipartimento di Geofisica e Vulcanologia - Largo San Marcellino, 10 — 80132 NAPOLI - ITALIA
2. Viale Mellusi, 91 — 82100 BENEVENTO - ITALIA
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or of a greysh or brown silt associated with blocks or fragments of black, foetid, fine-grained dolomite, resting on
various beds from Cretaceous to Miocene. In the opinion of the British Petroleum geologists, the drilling of a
borehole near Aitolikon (western Greece) offered some evidence that these breccias were derived from the
fragmentation of part of the Triassic evaporite series (B.P., 1971).
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FIGURE 1 ~ Simplified stratigraphic column of the Ionian zone (excluding Triassic terranes). J,: Pantokrator

neritic massive limestones and dolostones; J ,: Posidonia cherts and Ammonitico Rosso (Heteropies and minor

unconformities); C,: Vigla pelagic limestones with cherts; C,: Senonian lutites with coarse carbonate clasts; E:
Eocene pelagic lutites; fl: flysch.

These breccias have been interpreted as remnants of the cap-rock of leached salt diapirs (Bornovas, 1960),
or resulting from fragmentation of intercalated rocks both during (I.G.R.S.-L.F.P., 1966) or after (Pomoni-
Papaioannou, 1980; Karakitsios, 1992; Karakitsios and Pomoni-Papaioanou, 1998) the injection of the salt masses,
or as tectonic breccias (Guzzetta, 1982), or originating from diapirism assisted by thrusting. Formerly consid-
ered as Tertiary sediments, they hare now currently known as “Triassic breccias”, mapped as a single formation
of Triassic age (I.G.R.S., 1969; .G.R.S.-L.F.P, 1966) and represented in the stratigraphic sections as lying under-
neath the oldest outcropping terranes. Some authors (Underhill, 1988) maintain that, although the evaporites
are not commonly exposed, perhaps because they are covered by the brecciated carbonated cap rock (see also
Velaj et al., 1999), somewhere occasional isolated outcrops occur whose fabric has been supposed to show that
diapirism here had a complex history.

The present paper deals with new field data concerning the origin and stratigraphic position of the above-
mentioned “Triassic breccias” and the sequence of tectonic events in the folded belt of Western Greece and
South-western Albania. The new findings result from a very detailed geological mapping of most of the 1:50.000
sheets [goumenitsa, Paramithia and Parga (Greece) and field observations in a number of sites in South-western
Albania and Western Greece. They make questionable some current interpretations of the available indirect
information on subsurface structures of a region that seems still to be an attractive proposition for oil explora-
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tion.

2. STRATIGRAPHIC POSITION OF THE “TRIASSIC BRECCIAS”

Our exhaustive field work, done mostly within the Parga region in Epirus, roughly substantiates what has
been already recognized about the outcropping conformable sequence of marine terranes deposited from the
Upper Trias to the Lower Miocene. In the studied areas, neritic carbonates of the lower Jurassic are followed by
pelagic sediments (mostly carbonates) initially characterized by some heteropy and minor disconformities (Middle
and Upper Jurassic), with an Oligocenic-Miocenic flysch overlaying the youngest pelagic (Eocenic) limestones
(fig. 1).

On the contrary, we found plenty of field evidence that throws new light on the relationships among the
above terranes, the Middle-Upper Miocenic clastic sediments which have been deposited uncorformably over
them, and the so called “Triassic breccias”.

The uncorfomable Middle-Upper Miocenic sequence consists of unlayered breccias and/or coarse layered
clast- and matrix-supported conglomerates, followed by sands and sandy marls. Yhe poorly sorted basal breccias,
inclusive of large olistholites, are characterized by widely variable thikness, composition and external semblance,
but their common age may be recognized in a number of places where the upper fossiliferous terms of the
sequence escaped erosion. Field evidence shows that rudites already misinterpreted as sediments of different
age (from Mesozoic to Quaternary), make up, all together, the basal terms of the Upper-Middle Miocenic
marine sequence.

The sketch of figure 2, drawn taking into account all the sequences (1 to 9) exposed in a wide area around
Parga (covering about four 1:50.000 sheets), is a synoptic representation of all the documented relationaships
among the outcropping terranes. It shows that the Middle-Upper Miocenic clastic sediments overlay the folded,
faulted and deeply eroded series of marine terranes represented in figure 1. Somewhere, the unbedded trans-
gressive Miocenic breccias are nothing but the so called “Triassic breccias” whose clasts have been supposed to
originate from erosion of rocks belonging to the Triassic evaporite series (type Mb’, on the left of figure 2, while
elsewhere they consist only (or mostly) of clasts derived from all the younger formations of the exposed series
(type Mb”, on the right of figure 2). Both these main variants appear intercalated in Arilla, southwest of the
village of Perdika (sequence 5, center of figure 2; 20°17 28”E 39°21743”N); a gradual vertical transition, charac-
terized by mixture of clasts of both the above sources, may be observed in the sequences 2, 4 and 6 of figure 2,
respectively along the new road Parga-Perdika southwest of Perdika (approximately 20°18'3”E 39°18°46"N),
near the Kastro west of Anthousa (20°22°E 39°18725”N), along the asphalt road south of Aghia Kyriakp
(20°26"50”E 39°16°59”N). Both the variants Mb” and Mb” may lie directly on terranes belonging to the de-
formed and eroded series. The variant Mb” is resting on them in the already mentioned 6 and in the sequences
1 and 3, respectively along the road Parga-Perdika (20°20712”E 39°20°45”N), and along the coast of the Ormos
Aghiou Ioannou (20°27°58”E 39°16°50”); the variant Mb” in the sequences 7, 8 and 9, near Grava (20°185”E
39°1925"N), near Akros Trofali (20°23'46”E 39°17°10”"N) and at the Venetian castle of Parga (20°2020"E
39°1720) respectively.

3. TECTONIC OUTCOMES

Because of their manifold appearance, here and there the above described basal breccias have been mapped,
not only as part of the Middle-Upper Miocene and as “Triassic breccias”, but also as Liassic massive neritic
dolostones and limestones (Pantokrator formation; see, for instance, at the Kastro, west of Anthousa), Lower
Cretaceous lutites with cherts (Vigla formation; in Arilla, southwest of the village of Perdika), and even as
cemented Quaternary screes, between Anthousa and Parga (Parga sheet of the IGME geological map 1:50.000;
Epirus geologial map 1:100.000 in I.G.R.S.-L.LF.P., 1966; Guzzetta, 1982; Sorel, 1989).

The above mentioned misunderstandings led to interpretations of the local tectonic structure which are not
consistent with the above new findings. Among other things, the very existence of the overthrusting of the “Parga
Unit” (I.G.R.S.-L.F.P., 1966; Sorel, 1989) over Upper Miocenic and even younger (Pliocenic) terranes becomes
doubtful (showing, among other things, that some assumptions made in the past by one of the authors were
erroneous; Guzzetta, 1982). Just to mention one of the many pieces of evidence, north of the Parga village the
rocks making up the steep cliff dramatically crowning the lower angle slope have been mapped as massive
limestones and dolostones of Liassic age (Pantokrator formation) tectonically superposed over the Upper-Mid-
dle Miocenic sands and sandy marls exposed at lower altitude. Actually the cliff is mostly made of the basal
breccias of the Upper-Middle Miocenic sequence which are exposed again at a far lower altitude in the Parga
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FIGURE 2 - Synoptic sketch, based on sedimentary sequences (I to 9) and tectonic structures observed in the
Ionian zone, showing the succession of depositional, erosional, and tectonic events from the Oligocene-Lower
Miocene folding to the sedimentation of the Middle-Upper Miocenic terranes.

Jp Iy €, » Cp E and fi: terranes belonging to the stratigraphic column of figure 1; Mb”: breccias, mostly made
of clasts originating from erosion of terrains making up the series of figure 1, already known as the basal term of
the Middle-Upper Miocenic sequence; Mb’: breccias, mostly originating from erosion of exposed older evaporitic
terranes and currently mapped as “Triassic breccias”, representing a local variant of the basal breccias of the
same Middle-Upper Miocenic sequence; M, : sands and sandy marls of the same sequence; X  gypsum
olistholite; X ;: fossilipherous limestone olistholite; X ;+ limestone olistholites; F: thrust associated with the folding
accompaining and following the flysch deposition; F,: normal faulting followed by and|/or associated with the
deposition of the Middle-Upper Miocenic sediments.

bay. Plenty of field evidence concurs in showing that the present day setting results from dip-slip displacements
on sets of almost vertical faults, instead of being the consequence of a replay of the Oligocene-Lower Miocene
low angle thrusts. An easy and pleasant walk from the Venetian castle of Parga to the equally accessible Turkish
kastro of Anthousa could be enough to be persuaded.

4. CONCLUSIONS

Production of frequent and widespread debris flows seems to have preluded to the deposition of a Middle-
Upper Miocene terrigenous marine sequence in the Ionian zone of Albania and Greece. This phenomenon could
be put in relationship with an extensive tectonic phase responsible for topography rejuvenation and ensuing fast
erosion. The short distances the clasts covered gave rise to deposits of different composition from place to place,
depending on the locally outcropping rocks. Field evidence shows that at least part of the breccias already mapped
as “Triassic breccias” in Greece is a particular variant of these deposits. They are prevailingly made up of clasts
originating from erosion of then exposed rocks belonging to the evaporitic Triassic sequence. These breccias rest
on sediments whose age is older than Upper Miocene, including the Triassic ones from which they derive, like in
the Dumre region in Albania (Aliaj, 1999; Velaj et al., 1999). Even today, evaporitic terranes could be directly
exposed in a number of places, like, for instance, near the Bistrina river in southern Albania (Cirilli e Montanari,
1994). Unfortunately, it is likely that other exposures of Triassic terranes haven’t been distinguished from those of
the far younger Middle-Upper Miocenic “Triassic breccias” resulting from their erosion.

Other polygenic and monogenic types of breccias of the same Middle Miocenic age locally resulted from the
dismantling of rocks younger than Triassic. Here and there they have been recognized as the basal term of the
Miocenic sequence, but in a number of places the same unbedded rudites, roughly resembling some other terrane
outcropping in the area, have been mistaken for the latter.
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The recognition of both the above misunderstandings seems to invalidate some current opinions on the
succession of sedimentary and tectonic events and on local and regional structures, suggesting the need for
further field investigations. Of course, such a need may become more urgent if important interests are at stake.

REFERENCES

ALIAJ SH., 1999. Transverse faults in Albanian orogen front, Albanian Journal of Natural & Technical Sciences,
6, 121-132.

AUBOUIN J., 1959. Contribution a I'tude giologique de la Grfce septentrionale: les confins de I'Epire et de la
Thessalie, Ann. Geol. Pays Hell., 10, 1-125.

AUBOUIN J. et al., 1963. Esquisse de la giologie de la Grce, In: Livre ¢ la mumoire de Paul Fallot, 2, Soc. giol.
de France, 583-610.

AUBOUIN ., 1965. Geosynclines, Development in Geotectonics, Elsevier.

AUBOUIN J., J. DERCOURT, 1962. Zone Preapulienne, zone Ionienne et zone du Gavrovo en Peloponnese
occidental, Bull. Soc. giol. de France, 4, 6, 785-793.

AUBOUIN J. et al., 1977. Rwnion extraordinaire de la Sociut giologique de France en Grce co-organisie avec
la Sociutt giologique de Grécee (9-20 septembre 1976), Compte rendu coordonnt par Jean Dercourt, Bull.
Soc. giol. France, (7), XIX, 5-70.

BORNOVAS J., 1960. Observations nouvelles sur la giologie des zones priapulienne et ionienne (Grfce
occidentale), Bull. Soc. giol. France, (7), 11, 410-414.

CIRILLI S. and L. MONTANARI, 1994. Palaeopelagos, 4, 107-118.

DEWEY, J.F.,, W.C. PITMAN, and W.B.F. RYAN, 1973. Plate tectonics and the evolution of the Alpine sys-
tem, Geol. Soc. Of America Bull., 84, 3137-3180.

DRAGASTAN O., P. PAPANIKOS, 1985. Foraminiffres, Algues et microproblematica du Trias de
Messopotamos, Epire Grfce continentale), Revue de Micropaleontologie, 27, 244-248.

GILL W.D., 1964. The Mediterranean Basin, in ‘Salt basins around Africa, Institute of Petroleum’, London, 122 pp.

GUZZETTA G., 1982. Thin-skinned style of deformation in Epirus, Proceedings International Symposium on the
Hellenic Arc and Trench (H.E.A.T.), 1, 151-175.

I.G.R.S.-LF.P. (Institut de Geologie et Recherches du Sous-sol - Institut Frannais du Petrole), 1966. Etude
grologique de I’Epire (Grfce nord-occidentale), Editions Technip, Paris, 306pp.

L.G.R.S, 1969. Geologic map 1:50.000, sheet Parga.

JENKINS D.A.L., 1972. Structural development of western Greece, A.A.P.G Bull., 56, 128-149.

KARAKITSIOS V., 1992. Ouverture et inversion tectonique du basin ionien (Epire, Gréce), Ann. Geol. Pays
Hell., 35, 185-318.

KARAKITSIOS V. and F. POMONI-PAPAIOANNOU, 1998. Sedimentological study of the Triassic solution
collapse breccias of the Ionian zone (NW Greece), Carbonates & Evaporites, 13, 2, 207-218.

KOBER L., 1929. Die Grossgliederung der Dinariden, Cent.f. Min., etc., Abt. B, 426-427.

POMONI-PAPAIOANNOU F. and S. TSAILA-MONOPOLIS, 1983. Rivista Italiana di Paleontologia e
Stratigrafia, 88, 387-400.

RENZ C., 1955. Stratigraphie Griechenlands, I.G.R.S., Athens, 637 pp.

ROURE F,, E. PRENIASI, and Z. XHAFA, 1995. Albania: petroleum geology of the Albanian thrust belt,
A.AP.G. International Conference and Exhibition, Excursion 7 Field Trip Notes, 46.

SEJDINI B., P. COSTANTINESCU, and T. PIPERI, 1994. Petroleum exploration in Albania, in B. Popescu,
ed., Hydrocarbons of eastern central Europe, Heidelberg, Springer-Verlag, 1-28.

SMITH A.G. and E.M. MOORES, 1974. Hellenides, in Spencer A.M., ed., Mesozoic and Cenozoic orogenic
belts, Geological Society of London Spec. Publ. 4, 159-185.

SOREL D., 1989. L’evolution structurale de la Grfce nord-occidentale depuis le Miocene dans le cadre
grodynamique de ’Arc Egien, ThOse Doctorat, Universiti de Paris-Sud Centre Orsay, 297 pp.

TEMPLE P.G., 1968. Mechanics of large-scale gravity sliding in the Greek Peloponnesos, Geol. Soc. of America
Bull., 79, 687-700.

UNDERHILL J. R., 1985. Neogene and Quaternary tectonics and sedimentation in western Greece, PhD The-
sis, University of Wales, Cardiff.

UNDERHILL J. R., 1988. Triassic evaporites and Plio-Quaternary diapirism in western Greece, Jour. Geol.
Soc. of London, 145, 269-282.

UNDERHILLJ. R., 1989. Late Cenozoic deformation of the Hellenic foreland, W. Greece, Geol. Soc. of America
Bull., 101, 613-634.

VELAJ T, I. DAVISON, A. SERJANI, 1. ALSOP, 1999. Thrust tectonics and the role of evaporites in the
Ionian zone of the Albanides, A.A.P.G. Bull., 83, 9, 1408-1425.

-73-



=g . .
o e
e
an .
= - Ve ®
v own o 1
BMe o " .
.
KOS
o o
S
. BT
L
et
“a &
.
B "
; ix =
W 0 oats -
. =
L -
B a
B an
. .
LS ~ w
e
1 - b
[ s
a? =
. .
i -
0 o5
.=
Y
.
.
>
. '
.
W N
"y
AT
o
=




Aehtio g EMApvikiig Fewhoyikig Evmiping, Top. XXXIV/1, 75-82, 2001 Bulletin of the Geological Society of Greece, Vol. XXXIV/1, 75-82, 2001
MpokTika 9ou AigBvoig Zuvedpiou, ABriva, Zentépppiog 2001 Proceedings of the 9th International Congress, Athens, September 2001

STRUCTURAL EVOLUTION AND EXHUMATION HISTORY OF THE RHODOPE
UHP-HP METAMORPHIC PROVINCE (NORTHERN GREECE)
A. KROHE' & E. MPOSKOS’

ABSTRACT

Middle/Early Alpine UHP-HP domain of the Rhodope (N'Greece) show pressures >3.6 Gpa. UHP-HP
rocks have been emplaced in three major tectonic pulses: (i) At about 65->48 Ma the UHP Kimi Complex was
exhumed at the surface representing the structurally uppermost UHP unit. (ii) Between >42-30 Ma, the
Sidironero, Kardamos and Kechros Complexes were exhumed underlying the Kimi Complex in the central and
eastern Rhodope, respectively. They are characterized by HP-metamorphism (some parts by UHP-metamor-
phism), isothermal decompression and probably rapid exhumation. Exhumation tectonics involves deep level
thrusting, synchronous high level extension, and successive post-thrusting extension. The post-thrusting Xanthi
low angle normal detachment system extending over a distance of 100 km, from central Rhodope to eastern
Rhodope, is interpreted to be responsible for a decrease in recent crustal thickness of about 20 km from central
to eastern Rhodope. Lutetian (c. 48-43Ma) to Oligocene marine basins transgressed atop the Kimi Complex
representing the upper plate of all detachment generations. (iii) The third exhumation pulse between 26 to 8
Ma, exhumed the Thasos/Pangeon metamorphic core complexes representing the structurally lowermost tec-
tonic units of the Rhodope domain. Their exhumation occurred by displacements on the Miocene Strymon and
Thasos detachment systems.

KEY WORDS: Tertiary, exhumation, UHP-HP metamorphic rocks, structural geology, Rhodope Zone

1. INTRODUCTION

The ultra high- and high pressure (UHP-HP) province of the Rhodope Domain (Greek-Bulgarian boundary
region) consists of Variscan continental crust, Mesozoic metasediments and remnants of oceanic crust. The
tectonometamorphic record reflects an early Alpine oceanic and continental subduction/accretion, crustal thick-
ening and extension followed by Late Alpine back arc extension (Kilias et al., 1987, Mposkos, 1989, Dinter,
1998, Burg et al., 1996, Mposkos and Krohe, 2000). Alpine UHP metamorphism reaches more than of 3.6 GPa
at 800°C indicated by inclusions of diamonds and coesite pseudomorphs in garnet (Mposkos et al., 2001)

We introduce a new structural subdivision of the Greek “Rhodope Domain”; (cf. Mposkos and Krohe, 2000
for denotation; Fig.1). Based on new structural data, and on petrological and geochronological data (Fig. 1) we
present a kinematic model of the alpine crustal movements of the Rhodope Domain.

2. NEW TECTONIC SUBDIVISION-OVERVIEW

In the east, the UHP-HP province is overlain by a thin lid of supracrustal rocks of the corresponding to the
E’ Circum Rhodope Zone; (E* CRZ; Fig.1). This lid consists of ophiolitic sequences that stayed close to the
surface since the Jurassic, indicated by K-Ar hornblende ages and apatite fission track ages both ranging at
about 150 Ma (review in Hatzipanagiotou et al.; 1994; Bigazzi et al., 1989). Associated with the ophiolites are
weakly metamorphosed phyllites and marbles at temperatures not exceeding c. 400° (chlorite zone).

The UHP-HP province of the Rhodope Domain underneath this lid is itself a composite terrain of superim-
posed tectonic metamorphic complexes. These are separated from each other by large scale discrete low-angle
extensional detachment systems formed during several consecutive events (Mposkos and Krohe, 2000). Gener-
ally, geochronological ages decrease downward and suggest -roughly- three major episodes of successive exhu-
mation/cooling of structurally deeper sections.

1. University of Muenster, Institute for Mineralogy, Laboratory for Geochronology, Corrensstrasse 24, D-48149 Muenster (Germany), e-mail:
krohe@uni-muenster.de

2. National Technical University of Athens, Section of Geological Sciences, 9 Heroon Politechniou Str., GR-15780, Zografou, Greece, e-mail:
mposkos@metal.ntua.gr
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3. KIMI-, KOTILI-MELIVIA- AND VERTISKOS COMPLEXES

The uppermost tectonic complexes of the Rhodope Domain are the Kimi-, Kotili-Melivia- and the Vertiskos
Complexes (Fig. 1) in eastern, central and western Rhodope respectively. These consist of high-presstire high-
temperature (HP/HT) sequences of migmatitic gneisses and intercalated marbles that host boudins of eclogite-
amphibolites and metaperidotites. Cretaceous (>80 Ma) K-Ar mica cooling ages of the Vertiskos Complex and
transgressive Eocene conglomerates on the Kimi Complex (Fig.1) indicate that these complexes were exhumed
before the Eocene.

The metamorphic history of the Kimi Complex is representative for the uppermost high-grade metamorphic
complexes. UHP metamorphism is locally recorded by inclusions of diamond and coesite pseudomorphs in
garnet. Boudins of spinel-garnet pyroxenites, (Grt-Cpx+Sp+OI-Hbl; abbreviations after Bucher and Frey, 1994),
garnet-peridotites (Grt-Cpx-Opx-OI-Spl) and eclogites (Grt-Cpx-Qtz-Rt) record HP metamorphism at 15.5 kbar
and 77040 °C probably after exhumation of these rocks from the UHP-stage. This is inferred by Grt-Cpx
geothermometry in eclogites and from the equilibrium conditions of the reaction Cpx+Opx+Spl®® Grt+0l
(Mposkos and Krohe, 2000). A successive amphibolite facies metamorphism is associated with formation of
muscovite-pegmatites and migmatites in the gneisses at about 10 kbar. A Sm-Nd garnet-clinopyroxene-whole
rock age from a garnet-spinel-pyroxenite yielded c. 119 Ma (Wawrzenitz and Mposkos, 1997). A Rb-Sr mica age
of 65 Ma from a pegmatite formed during the amphibolite facies stage is interpreted as crystallization age
(Mposkos and Wawrzenitz, 1995).

4. KERDILION, SIDIRONERO, KARDAMOS AND KECHROS COMPLEXES

The Vertiscos, Kotili-Melivia and Kimi Complexes are underlain by the Kerdilion (W’ Rhodope), Sidironero,
Kardamos (central Rhodope), and Kechros (E” Rhodope; Fig.1) Complexes. These complexes consist of para-
and orthogneisses (locally migmatitic), marbles, amphibolites, eclogites and sparse ultramafic rocks that under-
went variable degrees of metamorphism. Various K-Ar and Rb-Sr mineral ages (~45-32 Ma) indicate Early
Tertiary exhumation.

The Sidironero Complex is a composite tectonic complex characterized by downwardly decreasing pres-
sures and temperatures during (U)HP metamorphism and successive decompression stages. The structurally
higher part mainly consists of orthogneisses and pelitic gneisses transformed to banded migmatites, containing
elongated boudins of amphibolitized eclogites. Locally, diamonds and polycrystalline quartz aggregates
pseudomorphing after coesite occur as inclusions in garnets of metapelites and amphibolitized eclogites respec-
tively (Mposkos et al., 2001) indicating minimum pressures of >36 Kbar for an assumed minimum T of 800°C. A
kyanite eclogite from the Thermes area (Fig.1) indicates minimum pressures of c. 19 kbar and at least 700°C
(Liati and Seidel (1996). Migmatites formed within the stability fields of kyanite+K-feldspar and sillimanite +K-
feldspar (Mposkos and Liati, 1993) suggesting a stage of near isothermal decompression. Successive cooling
into the stability field of Ms+Qtz occurred below 6 kbar as is indicated by the low Si content of the magmatic
muscovites (Si=6.2) from migmatitic pegmatites. Decompression was accompanied by strong pervasive plastic
deformation followed by static annealing. SHRIMP-zircon data from a (partly amphibolized) eclogite and
migmatites are 40 and 42 Ma respectively (Liati and Gebauer; 1999). These reflect a minimum age of high-P
metamorphism and exhumation of the Sidironero Complex.

The lowermost part of the Sidironero Complex consisting of the Falakron (largely marble) and the Albite
Gneiss Series (Fig.1) is characterized by low grade metamorphism. Maximum temperatures did not exceed the
stability field of the mineral assemblage Grt+Cld+Chl in metapelites. The maximum phengite component
(Si=7.11 in albite gneisses) and the calculated reaction curve Cld+Chl+Qtz—Grt(rim)+H20 (using Grt and
Cld compositions from metapelites) indicate an equilibration stage at 12 kbar at 490°C (Mposkos and Krohe,
2000).

Decompression occurred with slightly increasing temperature. This is suggested by prograde compositional
zoning in hornblende from amphibolite, from tremolitic in the core to tschermakitic hornblende in the rim
(Mposkos and Krohe, 2000). Orthogneisses, metapelites and amphibolites are mylonitic. Phengitic white mica
flakes are generally pre-mylonitic clasts. Recrystallized white-mica have a lower Si-content confirming deforma-
tion during decompression (at pressures of 5-6 kbar; Mposkos and Krohe, 2000).

The Kardamos Complex is also a composite tectonic complex showing downwardly decreasing temperatures.
The structurally higher high grade part of the Kardamos Complex includes a broad migmatitic/magmatic zone. The
mineral assemblages Grt+St+Bi and St+Bi+Sil formed in metapelites during decompression infer minimum
temperatures of ~640 °C (Bucher and Fey, 1994). At this stage, the marginal parts of this zone were strongly
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Figure 1: Structural subdivision of the Rhodope Domain and location of major detachment systems.

mylonitized.

The structurally lower low grade part, of the Kardamos Complex consists of albite gneisses, metabasites and
intercalated marbles. In orthogneisses and layered paragneisses the relict HP mineral assemblage Grt-Ky-Zo-
P1(An19-25)-Qtz indicates 13-15 kbar for an assumed temperature of 600°C (Grt-Pl geobarometry). Decom-
pression produced the mineral assemblages Grt-Ms-Bi-Ab-Olg+Kfs-Qtz in pelitic gneisses and Grt-Hbl-Bi-
Czo-Ab-Olg-Qtz in metabasites. Staurolite coexisting with chlorite replaced garnet or kyanite. This limits the
peak temperature above 550°C and below 620°C (Bucher and Frey, 1994) suggesting that decompression was
nearly isothermal but at lower temperatures than in the structurally higher part of the Kardamos Complex.
During decompression rocks were pervasively mylonitized.

The Kechros Complex consists of low- to medium-grade orthogneisses, pelitic gneisses containing elon-
gated boudins of eclogites, and ultramafics. No H7/HP series are present. Eclogites [Grt+Omp (Jd,_ ) *Ky+Tr+
Hbl+Czo+Qtz+Rt+Phen] indicate minimum pressure of 15 kbar at c. 550°C (Mposkos and Perdikatsis, 1989,
Liati and Mposkos, 1990). In gneisses, the maximum phengite component of white micas is Si=7 atoms p.f.u
(Mposkos, 1989). Near isothermal decompression (to about 4 kbar) is indicated by staurolite formation by
chloritoid consuming reactions (e.g. Cld+Ky—St+Chl and Cld+Chl—St+Bi (Mposkos, 1989; Mposkos and
Liati, 1993). Thick mylonite zones were created during decompression. In the uppermost Kechros Complex
localized shearing continued through cooling to the lower greenschist facies.

5. THASOS/PANGEON METAMORPHIC CORE COMPLEXES

The lowermost tectonic units belong to the Thasos/Pangeon Metamorphic Core Complex in W’ Rhodope. It
consists of low to medium grade orthogneisses, metapelites, marble complexes as well as mafic rocks (Fig. 1). In
Pangeon Mountains phengitic white micas (Si =6.8 atoms p.f.u; Mposkos and Krohe, 2000) occurring as relicts
in mylonitized orthogneisses indicate an earlier high-P metamorphism. Mylonitization occurred during decom-
pression as it is indicated by the lower phengite component of the recystallized white mica. On Thasos Island,
the metamorphic grade downwardly increases (Wawrzenitz and Krohe, 1998).
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6. DEFORMATION DURING DECOMPRESSION (CENTRAL AND EASTERN RHODOPE)
Pervasive mylonite zones

In upper and lower part of the Sidironero Complex, foliation planes moderately dip to the NE and bear NE
plunging lineations. Shear sense criteria consistently document top to the SW (updip) movements in accordance
with thrusting of the hot upper part of the Sidironero Complex over cold lower part cf. Dinter et al., 1995, and
references therein; “Nestos thrust” zone).

Mylonites of the Kardamos Complex show inhomogeneous directions of shear. In the uppermost Kardamos
Complex the mylonitic foliation forms a moderately NW dipping antiform, with the migmatitic/magmatic zone
in the core. The plunge of lineations fluctuates around the antiform from SSW and S in the southern limb to SE
and ENE in the northern limb of the antiform. Shear senses indicate top to the S-, SE- and ENE-movements in
the respective zones. Thus, generally, a component of normal faulting is indicated. In the lower Kardamos
Complex, beneath the migmatitic/magmatic zone the dip of the mylonitic foliation and the plunge of the linea-
tion is to the NE. Shear senses indicate top to the SW movements, in accordance with SW thrusting of hotter
above cooler metamorphic rocks.

SwW NE

i Flexural upward bendin
I Doming I P! g

(Miocene) | 1 (Oligocene)
0 20 40km
WNW ESE
Section 3-3' 4

Flexural upward bending
0 20 40km (Oligocene)

Figure 2: Profile through the Rhodope domain. Vertical scale is two times horizontal scale. See Fig. 1 for location
of profiles, and for unit fillings.

In the Kechros Complex, the foliation planes of the thick mylonites and the localized shear zones trend NE
to NW, dip shallowly to the ~N and bear N to NE plunging lineations. Shear sense criteria generally indicate top
to the S and SSW shearing. These mylonites may be linked to compression and extension.

Discrete Tectonic Contacts (Detachment Surfaces)

The following detachment surfaces were formed within the 45-32 Ma episode:
1. The Xanthi detachment extending over more than 100 km, from E” of Kavala toward the NE into Bulgaria
.78 -



(Fig. 1), separates the Sidironero Complex from the uppermost ultramafic/migmatitic series of the Kimi
Complex, and the Tertiary sediments. This is a moderately to the SE dipping discrete detachment surface
that truncates the thrust related mylonitic foliation, lithological layering (Fig. 2), and metamorphic profile of
the underlying Sidironero Complex at high angle.

II. Tasmos detachment separates the W* Kardamos Complex from the overlying Kimi Complex (Fig. 1, 2). This
is, also, a discrete detachment surface that shallowly dips to the W truncating at intermediate to high angle
the mylonitic foliation, lithological layering and the metamorphic zonation of the underlying Kardamos Com-
plex. Both the Xanthi and the Kardamos detachment surfaces are underlain by a ~0.5-4m thick zone of
extensive cataclasis that affected the respective underlying series.

III. Kardamos detachment separates the E” part of the Kardamos Complex from the Kimi Complex (Fig. 1, 2).
This NE-SW trending discrete tectonic contact is oriented subparallel to the mylonitic foliation of the under-
lying E” Kardamos Complex. Mylonites immediately beneath the detachment surface accumulated strain
through cooling as it is indicated by fracturing and cataclasis of feldspar and by strongly elongated quartz
ribbons (aspect ratios >1:10). The translation directions on the detachment surface follow the shear senses
of the underlying mylonites.
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Figure 3. Schematic structural relationships among different tectonic metamorphic complexes and basins, and the
geometry of various generations of extensional detachment systems, see Figs 3 for explanation of the unit fillings.

IV. Kechros detachment separates the Kechros Complex from the overlying Kimi Complex (Fig. 1, 2). This
detachment broadly follows the trend of the lower greenschist facies localized shear zones. Microfabrics
suggest that deformation continuing through cooling.

All these systems are associated with emplacement of the Sidironero, Kerdilion, Kardamos, and Kechros
Complexes representing the footwall complexes. The hanging wall complexes of these detachment systems is
composed of the E" CRZ as well as of the ultramafic/migmatitic UHP-HP series of the Kimi, Kotili-Melivia and
Vertiskos Complexes. Frequent granitoids bounded to the detachment contacts suggest magmatism associated
with detachment formation.

7. AGE OF PERVASIVE STRAIN AND DISCRETE TECTONIC CONTACTS

In the high grade upper Sidironero Complex, the age of HT metamorphism and crystallization of muscovites
from the anatectic melt is constrained by U-Pb zircon SHRIMP data from migmatites (Liati and Gebauer, 1999)
and by Rb-Sr data of muscovites from pegmatoids yielding c. 40-41 Ma. Rb-Sr ages of muscovite and K-Ar ages
of hornblende from orthogneiss and amphibolite mylonites ranging at 37-41 Ma are interpreted as a minimum
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age for mylonitisation after migmatization. In the low grade lower Sidironero Complex, K-Ar ages of horn-
blende from amphibolite mylonites yielding c. 45 Ma are interpreted as dating mylonitization continuing through
cooling below the suggested closure temperatures of the K-Ar hornblende system. According to Dinter (1998),
this downward increase of K-Ar hornblende ages resulted from earlier cooling of the lower part of the Sidronero
Complex due to thrusting on top of a cold plate. The abrupt decrease in hornblende ages toward the higher
Sidironero Complex suggests that thrusting continued after closure of these isotope systems along discrete zones.
In the upper (E’) Kardamos Complex, K-Ar data of muscovite and biotite of c. 41-c. 39 Ma constrain shearing
continuing through cooling below 350-300° C. In the Kechros complex Rb-Sr and Ar-Ar white mica dates from
orthogneisses ranging between 35-39 Ma (Wawrzenitz and Mposkos, 1997; Lips et al., 2000) are roughly similar
to the K-Ar hornblende ages of the upper Sidironero Complex and might be interpreted as an approximate age
of mylonitization (cf. discussion in Wawrzenitz and Mposkos, 1997).

Also, intrusion ages of granitoids provide age constraints for the deformation: Near Xanthi, a mostly
undeformed granodiorite intrusion into the Sidironero Complex and the Xanthi detachment surface (Fig. 1)
shows K-Ar hornblende and biotite ages of 30 and 28 Ma, respectively. These suggest a minimum age of detach-
ment formation. Inferred intrusion depth correspond to ~2.5-3kbar being ~10 km (Liati, 1986). A strongly de-
formed granodiorite intrusion into the Sidironero Complex (near Kedavros; Fig. 1) shows K-Ar hornblende
ages of c. 38 Ma (Liati, 1986) indicating a maximum age of the Xanthi detachment surface. Hornblende
geothermobarometry (cf. Schmidt, 1992) estimates an intrusion depth of 5.1-5.4 kbar (~18-19 km). Rb-Sr biotite
ages from an undeformed granodiorite intrusion into the Kechros detachment surface (N” Alexandroupoli, E’
Rhodope; Fig. 1,2) indicate a minimum age of detachment formation of 30-32 Ma (Del Moro et al., 1988) in this
area. This detachment formation was broadly simultaneously with formation of marine basins in the E" Rhodope.

8. MIOCENE CORE COMPLEX FORMATION (WESTERN RHODOPE)

The Thasos/Pangeon complex (W Rhodope, Fig. 1) is characterized by flat laying pervasive shear zones
showing predominant top to the SW, and locally, top to the NE sense of shear. Deformation continued during
cooling. On Thasos Island, Rb-Sr data of white mica and biotite downwardly decrease to 20-18 Ma and 15-12
Ma, respectively (Fig. 1), in accordance with progressive extensional exhumation of an increasingly deeper crustal
part within the Early Miocene (Wawrzenitz and Krohe, 1998). K-Ar and Rb-Sr mica ages and fission track ages
of the sheared metamorphic rocks constrain formation of discrete low angle normal (Strymon- and Thasos-)
detachment surfaces bounding the Thasos/Pangeon complex between c. 15 Ma, and >8 Ma (Fig. 1; Dinter, 1995;
Wawrzenitz and Krohe, 1998). This temporally coincides with formation of Miocene basins in the W’ Rhodope
(Fig. 1) interpreted as supradetachment basins (Dinter et al., 1995).

9. DISCUSSION
Syn- and Post thrusting detachment faults (<42-30 Ma interval)

Summing up, Sidironero, Kardamos and Kechros Complexes experienced strong pervasive deformation at
T=500"700°C within the <42-30 Ma interval, during decompression/exhumation and cooling. Differences in
thermochronological evolutions among these Complexes within the <42-30 Ma interval (as suggested from the
geochronological data) reflect variations of mass movements paths during exhumation from different initial
depths. To the top and bottom, this crustal section is bounded by extensional detachment systems formed in the
<42-30 Ma and 23-8 Ma intervals, respectively. Thrusting within the Sidironero Complex during decompression
was accompanied by continuous removal of material from top of (i.e. exhumation of) the Sidironero Complex.
The main removal mechanism was normal faulting. This is evident from preservation of a metamorphic upper
plate consisting of pre-Late Eocene metamorphic rocks (Kimi-Complex) and transgressive Late Eocene to
Oligocene by marine (E” Rhodope) sediments. Migmatites of the upper Sidironero Complex formed simultane-
ously with the Early Oligocene basins that transgressed onto the Kimi Complex. Thus, several tens of km of
material have been excised along the contact of the Kimi and Sidironero Complex, that is within the crustal
profile, which is indicative for normal faulting. According to our kinematic reconstruction juxtaposition of these
two complexes occurred on two successive detachment systems:

I) We suggest a first stage of normal faulting, coeval with thrusting of hot over cold metamorphic rocks created
the E” Kardamos detachment system (Fig. 3) was formed, which is associated with plastic strain.

IT) A second stage of normal faulting (extension) clearly developed after compression tectonics and after the
migmatitic stage within the Sidironero and Kardamos Complexes. This stage created the Xanthi detachment
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system and the E” Kardamos detachment system (E’ of Xanthi-Echinos, see Fig. 2) separating the overlying

Kimi Complex (including the sediments) from the Sidironero Complex and Kardamos Complex, respec-

tively. These systems are essentially discrete, brittle surfaces, truncating the thrust related mylonites locally

at high angles and caused exhumation from depths not higher than 19 km as this system is.

We interpret the W Kardamos detachment fault as a secondary fault rooting into the Xanthi master detach-
ment fault (Fig. 2 and 3). Both excise the Kardamos Complex representing a piece of crust between Sidironero
and Kimi Complex in a way such as shown in Fig. 3. In this interpretation the Kardamos Complex (including the
older E” Kardamos detachment system), forms part of the upper plate with respect to the Xanthi master detach-
ment. The deeper Kardamos Complex showing thrusting of hot over cold rocks is equivalent to the lower and
upper Sidironero Complex (symbolized in Fig. 1 and 3 by indentation of the specific signatures).

9. XANTHI AND KECHROS DETACHMENT SYSTEMS: LARGE SCALE EXTENSIONAL RAMP-FLAT
STRUCTURE

According to geochronological data, the Kechros detachment system (E” Rhodope) was formed between "38
and 32 Ma, i.e. coeval with formation of the Xanthi detachment surface (Central Rhodope). However, the
Kechros-detachment surface is associated with plastic strain and developed at greater depth as the Xanthi de-
tachment surface.

We consider the Kechros detachment system as east continuation of the Xanthi detachment system inter-
secting from the brittle upper crust into a domain deforming essentially by plastic strain of quartz from the W’ to
the E’ Rhodope. This connected Xanthi/Kechros detachment system extends, thus, over a length of about 100
km showing a flat and ramp structure (Fig. 2 and 3). In our structural reconstruction in the E’ Rhodope this
Xanthi-Kechros connected detachment system excised hot HP rocks (upper Sidironero Complex) between Kimi
Complex and Kechros Complex. According to this reconstruction in E” Rhodope, this detachment system re-
moved an about 20 km thick piece of crust (the estimated thickness of the Kardamos+ Sidironero Complexes,
including Albite Gneiss and Falakron Series) from above the Kechros Complex. This is in coincidence with the
reduction of the present crustal thickness from the central to the E’ Rhodope from about 50 km to less than 30
km inferred from gravimetric data (Makris, 1982).

10. CONCLUSIONS

The structural relationships among the different shear zones and detachment systems of the Rhodope Do-

main can be summarized as follow (cf. Fig. 3):

(I) In the Late Eocene/Early Oligocene two episodes of extension created two sets of normal detachment sys-
tems. The older detachment system is clearly coeval with deeper level thrusting of hot over cold HP rocks (E
Kardamos detachment system; between 42 and 39 Ma).

(ii) The younger Xanthi- and Kechros detachment (37-30 Ma) systems post-dates thrusting and dismembered
the thrust structures. In E’ Rhodope, this connected Xanthi-Kechros detachment system excised a large
piece of crust and emplaced the upper plate Kimi Complex upon a structurally very lower level of the previ-
ous thrust structure (Kechros Complex). Hence, in E” Rhodope, crustal thinning, occurred already in the
Oligocene on the E’ dipping Xanthi-Kechros normal detachment system. This event is associated with Lutetian/
Priambonian and Oligocene basin formation, volcanic activity and calc-alcaline plutonism in E” Rhodope.

(iii) Pangeon/Thasos (metamorphic core) Complexes occupying the structurally lowermost level in W Rhodope,
were exhumed between c. 23 and c. 12 (8) Ma along the Strymon and Thasos normal detachment surfaces.
This extension tectonics distinctly postdated exhumation of HP rocks in the Sidironero-/Kardamos and Kechros
Complexes and probably reflects early Aegean back-arc extension. This stage was associated with lithospheric
heating, magmatism and plastic flow of the middle crust and probably reactivated earlier formed detachment
surfaces (Fig. 1).
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THE OCCURRENCE AND GEODYNAMIC SIGNIFICANCE OF THE VOLCANO-
SEDIMENTARY TYROS-BEDS (BASE OF THE GAVROVO-TRIPOLIS UNIT) ON
RHODES ISLAND, DODEKANESE, SE AEGEAN
E. LEKKAS', G. DANAMOS', E. SKOURTSOS', D. SAKELLARIOU’

ABSTRACT

The Archangelos volcano-sedimentary formation is described here. It outcrops at the base of the alpine
Archangelos unit of Rhodes island and displays sedimentary and lithological characteristics, which allow its
correlation with the Upper Paleozoic — Upper Triassic Tyros-beds, known from the base Gavrovo-Tripolis unit
in Peloponnesus, Kythira and Crete. Consequently Archangelos unit is correlated with the Gavrovo-Tripolis
unit. Moreover it is suggested that Tyros-beds characterize the base of the external carbonate platform of
Hellenides all along the southern Hellenic Arc, from Peloponnesus through Kythira and Crete to Rhodes Is-
land.

KEY WORDS: Tyros-beds, volcano-sedimentary, Rhodes, geodynamic evolution
1. INTRODUCTION - GEOTECTONIC UNITS OF RHODES ISLAND

The alpine geotectonic structure of Rhodes island is quite complicate as can be concluded by many different
opinions and hypotheses that have been expressed by the numerous geologists since the beginning of this cen-
tury. Thus, basic characteristics of the alpine structure of Rhodes, as the number and the nature of the alpine
units, the time span covered by their litho-stratigraphic columns, the tectonic relation between them as well as
their correlation with equivalent units occurring in mainland Greece, still remain obscure. To summarize the
various aspects and hypotheses expressed in the existing literature, six at least distinct alpine geotectonic units
have been recognized.

Most of the workers agree that the metamorphic Lindos unit is the structurally lowermost and
paleogeographically most external unit on the island (Aubouin & Dercourt 1970, Mutti et al. 1970) and corre-
sponds either to the Ionian or to the metamorphic Mani (“Plattenkalk”) unit (Pozzi & Orombelli 1965,
Leboulenger & Matesco 1975, Papanikolaou et al. 1995). The Lindos unit is tectonically overlain by a wild flysch
formation, called by Papanikolaou et al. (1995) and Lekkas et al. (2000) as Laerma Wild Flysch, which has
served itself as the basal sliding “plane” of the movement of the entire nappe stack of the island.

The Attavyros-Akramitis unit is the lower allochthonous unit above the Laerma Wild Flysch. The succession
of the litho- and biofacies of the Attavyros-Akramitis unit lithostratigraphy is identical to the one of the Ionian
unit of mainland Greece and Crete. Therefore it has been considered as the equivalent of the Ionian unit in the
SE extremity of the Hellenic orogenic belt (Renz 1929, 1955, Orombelli & Pozzi 1967, Aubouin & Dercourt
1970, Mutti et al. 1970, Leboulenger & Matesco 1975, Papanikolaou et al. 1995, Lekkas et al. 2000) although
Harbury & Hall (1988) proposed a paleogeographic position for the unit between the Pindos basin and the
Gavrovo — Tripolis shallow platform.

Archangelos unit is composed of a thick sequence of massive to thick bedded limestones and dolomites of
Upper Triassic to Lower Eocene and a Lower Eocene flysch on top of them (Mutti et al. 1970, Leboulenger &
Matesco 1975). All authors agree on the allochthony of the unit, which rests on the Laerma Wild Flysch
(Papanikolaou et al. 1995). Renz (1929, 1955) and Mutti et al. (1970) compare it with Parnassos — Giona unit of
mainland Greece while Orombelli & Pozzi (1967) suggest a paleogeographic position close to the Gavrovo zone.
Aubouin & Dercourt (1970), Leboulenger & Matesco (1975) and Papanikolaou et al. (1995) ascribed the calcar-
eous sequence of the unit to Gavrovo — Tripolis platform on the basis of the Eocene age of the uppermost
carbonate horizons as well as its tectonic position below the Profitis Ilias unit.

The latter Profitis Ilias unit is composed of pelagic limestones, red marls and radiolarites of Upper Triassic
to Upper Cretaceous age and undoubtfully corresponds to the Pindos unit by all authors listed previously. The
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Fig. 1 A. Geological map of the area SW of Archangelos. 1. Archangelos unit neritic limestones, 2(a).
Volcanoclastic sediments of “Tyros-beds” (formation 1 of the description of the profile), 2(b). Transitional beds
from the volcanoclastic “Tyros-beds” to the platform carbonate sediments (formations 2-8 of the description of

the profile), 3. Coastal deposits (Pleistocene), 4. Scree, 5. Tectonic contact.
B. Geological cross section A-A’. 1. Neritic limestones, 2. Pelites, 3. Sandstones, 4. Tuffites, 5. “Tyros-beds”
volcanoclastic sediments, 6. Andesite and diabase bodies in the volcanoclastic sediments of “Tyros-beds”, 7.
Brecciated limestones of the transitional beds, 8. Coastal deposits (Pleistocene).
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uppermost nappe of Rhodes island is composed of ophiolitic rocks (gabbros, diabases and serpentinites) which
lay tectonically on top of the Profitis Ilias unit (Aubouin & Dercourt 1970, Leboulenger & Matesco 1975,
Papanikolaou et al. 1995). On the contrary MUTTI et al. (1970) believe that the ophiolites are tectonically
emplaced between the Archangelos unit below and the Profitis Ilias unit above. Aubouin & Dercourt (1970)
ascribed the ophiolitic remnants of Rhodes to the “Subpelagonian Zone” while Papanikolaou et al. (1995) to
the Pindos oceanic basin.

New data concerning the nature of the base of Archangelos unit lithostratigraphic column were collected
recently from the area south of the homonymous village and may significantly improve our knowledge on the
correlation of the various units of the island with the ones of mainland Greece and Crete.

2. THE “TYROS-BEDS” OF RHODES: GEOGRAPHIC AND TECTONIC POSITION

As mentioned above, the dominant hypothesis in the existing literature favors the correlation of the
Archangelos unit with the Gavrovo — Tripolis unit of mainland Greece. The correlation between these two
stratigraphically and tectonically similar units is strongly supported by the occurrence of a volcano-sedimentary
sequence at the base of the platform of Archangelos unit, which is very similar to the Tyros-beds.

The Upper Paleozoic - Upper Triassic volcano-sedimentary formation at the base of the Gavrovo-Tripolis
shallow platform has been recognized very early (Ktenas 1926) and repeatedly described since then (Brauer et
al. 1980, Skarpelis 1982, Brauer 1983, Gerolymatos 1994, Dornsiepen & Manutsoglu 1996, and many others).
The continuous transition from the volcano-clastic sediments of “Tyros-beds” to the Gavrovo-Tripolis platform
has been already described at various places in Peloponnesus (Tataris & Maragoudakis 1967, Fytrolakis 1971,
Lekkas & Papanikolaou 1978, Thiebault 1982) and Crete (Bonneau & Karakitsios 1979, Fytrolakis 1980).
Danamos (1991, 1992) reports a tectonic relation between the underlying Tyros-beds and the overlying shallow
water carbonates.

The occurrence of the volcano — sedimentary sequence, southwest of the Archangelos village, has been
already found by Migliorini & Venzo (1934) and Mutti et al. (1970) but its paleogeographic position has re-
mained obscure.

The stratigraphically lower horizons of the Archangelos unit, which contain the volcano-sedimentary forma-
tion, outcrop on the eastern slope of Mt. Karavos, 500-600m southwest of the Archangelos village, at the central
eastern part of Rhodes island (Fig. 1). They are tectonically emplaced in-between calcareous sediments of the
Archangelos neritic plateau and are partly covered transgressionally by Quaternary shore deposits (Fig. 2). The
profile presented below has been described and studied along the road climbing the eastern slope of Mt. Karavos.

Fig. 2 Tyros-beds (Tr) outcrop in the Archangelos area. View from the east.
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Fig. 3 Transitional beds between the volcanoclastic series and the carbonate sediments of the platform.

The strata of the sequence strike NW-SE and SW-wards with 40°-70° (Fig. 3). They lay tectonically on white
to pinkish, thick bedded or massive, micritic to microbrechique and dolomitic limestones of Archagellos unit.
The age of the calcareous sediments remains unknown, since no fossils were found but at the base of their
sedimentary character we ascribe them to Upper Triassic - Lower Middle Jurassic. The volcano-sedimentary
formation itself is overlaid tectonically by white to pinkish 1-1,5m thick bedded microbrechique or endomicritic
limestones, which contain angular and rounded limestone clasts and dip NE-wards. (Fig. 4).

3. DESCRIPTION OF THE PROFILE

The volcano-sedimentary formation near Archangelos village prevails the following litho-stratigraphy from

the stratigraphical lower to the higher levels.

® The stratigraphically lower horizons are composed of alternations of pelites and tuffs with rare intercalations
of sandstone and limestone horizons. Green and rosa layers or rounded bodies of igneous rocks, as well as
foliated and strongly alterated pillow lavas, are usually observed within the clastic sediments. Quartz,
plagioclast, green amphibole, chlorite and opaque minerals have been observed in thin sections from the
volcanoclastic, tuff layers. Mineralogical analysis on thin sections from the lava layers and rounded bodies
revealed andesitic to diabasic composition with diopside phenocrystals flowing within microlithic matrix
composed of plagioclast, chlorite, epidote, calcite and opaque minerals. The sandstone and limestone hori-
zons become more abundant towards the higher stratigraphical levels. The calcareous layers are
endobiomicritic to bioclastic limestones and contain fragments of algae, echinoderms and corals. Their
thickness does not exceed 40cm. The total thickness of this part of the sequence reaches 250-300m (Fig. 5).

® Upwards follows a 4-5m thick sequence of yellowish sandstones and pelites within which greenish tuffs and
gray, brechique to microbrechique limestone beds of 10-12cm thickness are intercalated. The limestones
become thicker (up to 40-50cm) upwards and contain fragments of algae and echinus needles. Large calcar-
eous clasts of up to 1,5m in diameter have been deposited within the clastic sediments.

® Alternations of thin green-gray pelites and yellow-grayish limestones of 15m total thickness follow. The
thickness of the limestone horizons increases towards the top of the sequence from 1-15cm to 10-30cm. They
are microbrechique and contain fragments of corals and bryozoa, unilinear foraminifera, algae and crinoides
(Encrinus liliiformis) of Middle Triassic age. At the top of the sequence, a 30cm thick microbrechique to
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bioclastic limestone horizon contains coral fragments, bryozoa, crinoides (Encrinus liliiformis), algae (Diplopora
sp.), foraminifera and Echinus needles of Middle Triassic (Fig. 6).

Thickness 30-32m. Limestones and pelites with rare intercalations of 20-40cm thick green tuffs and 12-15cm
thick yellow sandstones. Two facies of limestone horizons have been observed within this sequence. The first
one corresponds to gray micritic limestones of 1-6cm thickness, which contain Echinus needles. The second
facies corresponds to brechiques bioclastic limestone horizons of 10-40cm thickness with some algae frag-
ments and recrystallized coral fragments.

Thickness 5m. Limestones with rare intercalations of green and yellow pelites. The thickness of the calcare-
ous beds reaches 60cm.

1m thick green pelites and tuffs.

Thickness 45m. Alternations of up to 1m thick limestone beds with up to 30-35cm thick pelites and yellow to
green tuffaceous horizons with rare intercalations of sandstones. The brechique limestone layers contain big
fragments of crinoides (Encrinus liliiformis), recrystallized algae fragments, (Diplopora sp.), rounded and
angular micritic pebbles and bryozoa. Their age is Middle Triassic.

Thickness 10m. Alternations of 5-25cm thick limestone beds and 5-10cm thick pelitic horizons. The micritic
facies become more rare.

Fig. 4 Tectonic displacement of the carbonate sediments over the volcanoclastic Tyros-beds.

Fig. 5 Andesite and diabase bodies in the pelites and tuffs of the volcanoclastic series.
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Fig. 6 Brecciated, bioclastic limestones with sections of Encrinus liliiformis (Middle Triassic).

4. CONCLUSIONS - DISCUSSION

The proposed equivalence of Archangelos volcano-sedimentary formation of Rhodes island to the Upper
Paleozoic — Upper Triassic Tyros-beds, which are known from many places of Peloponnesus, Kythira island and
Crete, provides significant new aspects for the geological structure of Rhodes island. The presence of the Tyros-
like formation at the base of Archangelos unit, the Eocene age of the uppermost carbonate horizons of the unit
below the flysch and the structural position of the unit below the Profitis Ilias (Pmdos) nappe, support strongly
the correlation between Archangelos and Gavrovo — Tripolis units.

Moreover the equivalence between Archangelos volcano-sedimentary formation and Tyros-beds indicates
that the latter constitutes a basic characteristic of the entire palacogeographic area of the external carbonate
platform of Hellenides, from Peloponnesus through Kythira and Crete to Rhodes, before the onset of the neritic
sedimentation in Middle - Upper Triassic.

The deposition of clastic sediments, accompanied by andesitic volcanism with lava flows and tuff layers,
predates the onset of the shallow marine calcareous sedimentation of the Gavrovo-Tripolis unit and is present
throughout the entire paleogeographic area of the unit. It is noteworthy that the sedimentary facies and the
lithological characteristics of the Upper Paleozoic — Upper Triassic volcano-sedimentary Tyros-beds formation
remain more or less constant all along the southern Hellenic Arc.

The origin of the volcanic rocks that accompany the clastic sediments is enigmatic. Until now two aspects
have been proposed: The first aspect correlates these volcanic rocks with a subduction zone (Panagos et al. 1979,
Pe-Piper & Kotopouli 1981, Skarpelis 1982, Gerolymatos 1994, Dornsiepen & Manutsoglu 1996). The second
one correlates them with a drifting of a continental terrain away from the former Gondwana continent (Thiebault
1982, Thiebault et al. 1985).
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GEOCHRONOLOGICAL AND STRUCTURAL INVESTIGATIONS OF THE
NORTHERN PELAGONIAN CRYSTALLINE ZONE. CONSTRAINTS FROM K/AR
AND ZIRCON AND APATITE FISSION TRACK DATING.

T. MOST', W. FRISCH', I. DUNKL', B. KADOSA’, B. BOEV’, A. AVGERINAS', A. KILIAS'

ABSTRACT

The northern part of the Pelagonian Zone experienced a polyphase deformation and metamorphism. Four
groups of K/Ar biotite and white mica ages document (I) Hercynian emplacement of plutonic rocks, (II) Eohellenic
nappe stacking associated with penetrative deformation / recrystallisation, (IIT) a Paleocene event in the Mesocoic
cover rocks in Greece and (IV) a westward movement of West Pelagonian nappes during Eocene to Oligocene
time. First zircon/apatite fission track ages clustering around 70 Ma and 45 to 30 Ma.

KEY WORDS: Central Pelagonian Zone, West Pelagonian Zone, Hercynian orogeny, Alpine orogeny, Eohellenic
nappe stacking, K/Ar chronology, fission track dating

1.) GEOLOGIC SETTING AND FRAMEWORK

The northern Pelagonian crystalline is part of NNW-SSE trending Pelagonian Zone which extends from
Skopje to northern Evvia covering a ca. 420 km long and ca. 60 km wide area (Fig. 1A). The most part of the
crystalline massif represents Mesocoic metaclastic and metacarbonatic sequence but also contains Hercynian
relics (PAPANIKOLAOU et al., 1982; PAPANIKOLAOU & STOJANOV, 1983).
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Fig. 14: Geological sketch map of major tectonic units in the Dinaridic - Hellenidic realm compiled from
AUBOUIN, 1973; 1B: Geographic position of the study area (hatched area)
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Tectonic windows within the Pelagonian Zone are known from the Olympus area and from the south. The
geographic position of the study area is shown in Fig. 1B.

For the southern part of the Pelagonian Zone Early Cretaceous nappe stacking a Tertiary extensional phase
is proven by numerous authors (e.g., SCHERMER et al., 1990; WALCOTT, 1998; LIPS et al., 1998, 1999).

From the northern part of the Pelagonian Zone practically no modern structural geological, petrological
and thermochronological data are available. First petrogenetic characteristics of the rocks and some structural
data have been presented by KOSSMAT, 1924; MEDWENITSCH, 1956; JANCEYV et al., 1977 and
DUMURDZANOV, 1985. An unspecified K/Ar age of 800-1000 Ma for a Pelagonian granite had been pre-
sented by DELEON, 1966.

The aim of this paper is to present new K/Ar-, and preliminary zircon and apatite fission track data.

2.) PETROLOGY

Following the framework of KOSSMAT, 1924; MEDWENISTSCH, 1956; ARSOVSKI et al., 1977 and
JANCEV, 1977 the Central Pelagonian Zone (CPZ, Fig.2) can be separated into two different units. The lower
(central part) consists of gneisses, micaschists, granitoids, amphibolites and migmatites, while the upper part
comprises a mixed series of micaschists, gneisses and marbles. The metamorphic gradient increases from
greenschist facies (quartz + plagioclase + garnet + biotite + white mica + chlorite + epidote * actinolite +
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chloritoid) conditions at the margin of the Central Pelagonian crystalline to amphibolite facies (quartz +
plagioclase + kyanite + staurolite + white mica + biotite) conditions in the central part. The high pressure / low
temperature paragenesis of crossite + epidote + white mica + albite + quartz represents a metamorphic event
under blueschist facies conditions at the northern margin of the Pelagonian Zone (Mt. Vodno near Skopje).

3.) STRUCTURAL GEOLOGY

First macro- and microscopic structural investigations document a polyphase deformation history of the
Central Pelagonian Zone and the adjacent tectonic units of the Vardar- and West Pelagonian Zone.

Regarding to the current investigations in this paper only a brief summary of the tectonic features of the
Central Pelagonian Zone is given below.

The dominating fabric element is a penetrative foliation affecting all metamorphosed Pelagonian rocks,
whereas the granitoids are only deformed along their margins. The foliation is associated with isoclinal folding
and dips slightly to eastern directions in the east and to western directions in the west, while the central part is
characterised by both dip directions. Wide to open folds and a crenulation cleavage document a later phase. The
latest, brittle deformation stage is represented by cataclastic shear zones and pseudotachylites.

Macro- and microscopic shear sense indicators show NE directed movement in the E and W-SW directed
transport in the western part of the Central Pelagonian Zone (Fig. 2).
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4.) THERMOCHRONOLOGICAL DATA

Geological processes in the ductile regime can be dated by the K/Ar method according to the blocking
temperatures of the isotopic system for biotite (300°C = 50°C) and white mica (350°C + 50°C) (PURDY &
JAGER, 1976). The closure temperatures of zircon (225°C % 25°C) and apatite (100°C = 20°C) are used to
date processes within the brittle, low temperature regime.

4.1) K/Ar data

More than 30 samples from the Central Pelagonian, West Pelagonian and the Vardar Zone (Fig. 3) have
been dated by the K/Ar technique. More than 40 biotite and white mica mineral concentrates have been sepa-
rated by crushing, sieving and density and magnetic separation.

Five groups of mica ages could be differentiated:

(I) The first group comprises ages from biotite and white mica derived from unfoliated granitoids and
amphibolites of the Central Pelagonian Zone. They range from 447+17 Ma to 267+10 Ma (Fig. 3) and
show that relics of a Hercynian basement are present.

(ITa) Eohellenic ages between 148+6 Ma and 111+4 Ma of the second group representing Late Jurassic to
Early Cretaceous nappe stacking associated with the development of the dominating fabrics and struc-
tures in the rocks of the Central Pelagonian Zone. All micas of this group have been separated from
strongly foliated paragneisses, orthogneisses (foliated granites), micaschists, cipollinos and blueschists.

(IIb) Three K/Ar ages between 102+4 Ma and 86+3 Ma derived from micaschists and gneisses from the south-
ern part (Kaimacalan), overlain by mesocoic cover rocks and micaschists of the Vardar Zone (Fig. 3).

(III) Tertiary white mica ages around 64 Ma were obtained from rocks of the Mesocoic sequence (Fig. 3) from
the SE part of the study area.

(IV) Westward movement along mylonitic shear zones in the western part of the study area (near Brod and
Florina (Fig. 3)) is documented by Upper Eocene to Lower Oligocene K/Ar white mica fabric ages (402
Ma and 36+1 Ma).

4.2) Preliminary zircon and apatite fission track data

Until now 4 zircon and 5 apatite samples have been dated using the external detector method and the zeta
calibration approach.
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Zircons from the central part of the Central Pelagonian Zone yield ages between 84+3 Ma and 68+4 Ma
(Fig. 3). These ages indicate cooling after the Eohellenic tectonometamorphic cycle and lack of Cenocoic reseting.

The apatite fission track ages are systematically younger than the zircon ages and range around 30 Ma in the
central part of the CPZ. An age of 45 Ma was obtained near its eastern margin (Fig. 3).

5.) CONCLUSIONS

According to our ongoing investigations the following cooling path (Fig. 4) of the Eohellenic orogeny can be
drawn from the data presented above. Further investigations are in progress and will be presented later. We
suggest that the divergent displacements along shear zones are related to the Eocene-Oligocene formation of a
metamorphic dome, which is responsible for the present structure of the Pelagonian Zone in the study area.
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PRE-TERTIARY BLUESCHIST FACIES METAMORPHISM IN THE HELLENIDES
EVIDENCED BY DETRITAL BLUE AMPHIBOLES IN THE PALEOCENE FLYSCH
OF THE OTHRYS MOUNTAIN

K. PETRAKAKIS' , P. FAUPLZ, G. MIGIROSJ, A. PAVLOPOULOS’

ABSTRACT

Analyses of detrital blue amphiboles from Paleocene flysch deposits of the western Othrys Mountain show
a narrow compositional variability and are comparable with published analyses from the Cycladic Islands. In
contrast, analyses from Pelagonian blueschists (Olympos, Ossa, Ambelakia) show a wide compositional varia-
tion that is rather due to the lithological variability of their parental rocks and incomplete overprinting by
blueschist facies metamorphism. Combined with published evidence, the above features exclude the Pelagonian
rocks from being the potential source of the detrital blue amphiboles. The latter were derived from a source
with “Cycladic” affinities that (1) presently is not exposed, but may have been covered tectonically during the
Tertiary and (2) has been already exposed to erosion in response to subduction at the Pindos oceanic realm at
the active external Pelagonian margin during Maastrichtian/Paleocene times. The data demonstrate that blueschist
facies metamorphism in the Hellenides started at Pre-Tertiary times.

KEY WORDS: Hellenides, Pelagonian Zone, Othrys Mountain, Paleocene, flysch deposits, detrital blue
amphiboles, “Cycladic” provenance.

1. INTRODUCTION

Blueschist facies metamorphic (HP/LT) rocks occur in many tectono-metamorphic units of the Hellenides
(the internal Peri-Rhodopian zone, the Paikon unit of the Vardar-Axios zone and Pelagonian zone; the Cycladic
Blueschist Belt; the external Phyllite-Quartzite Series). Widespread blueschist occurrences are restricted, how-
ever, to the Olympos and Ossa tectonic windows, the Pilion peninsula, southern Evia, the Cycladic islands and
Samos island, and the Phyllite-Quartzite Series in Peloponess and Crete.

Despite of pre-Tertiary ages that have been suggested long time ago (Maluski et al., 1981), radiometric
determinations from Cycladic rocks (59-35 Ma; see Avigad & Garfunkel 1991) and from the external Hellenides
(35-16 Ma; Seidel et al. 1982) have coined the idea in the last two decades that blueschist facies metamorphism
in the Hellenides was of Tertiary age.

However, support for a pre-Tertiary onset of HP/LT metamorphism based on tectonostratigraphic and/or
radiometric dating has been reported for the Paikon unit (Baroz et al., 1987), Evia (Bavay et al., 1980; Maluski
et al., 1981), the Pilion peninsula (Jacobshagen & Wallbrecher 1984), the Olympos and Ossa tectonic windows
(Schermer et al., 1990), Ambelakia unit (Lips et al., 1998), the Peri-Rhodopian Zone (Michard et al., 1994),
and, recently, Syros and Tinos islands (Brgcker & Enders, 1999). These results demonstrate clearly, that HP/LT
metamorphism was accompanied by intense tectonic activity within the Hellenides during the Cretaceous.

A pre-Tertiary age for the onset of HP/LT metamorphism is also supported by the occurrence of detrital
blue amphiboles in Early Tertiary flysch formations in the Ionian and Pindos zones and in the western Othrys
Mountain (Faupl et al., 1996, 1999). In the latter case, detrital blue amphiboles were found within Paleocene
flysch deposits that lie over karstified, occasionally strongly eroded Upper Maastrichtian limestones (Richter et
al., 1996a). This observation indicates that at Paleocene times some blueschist terrains were already exposed to
erosion.

The present work tries to reveal the potential provenance of the detrital blue amphiboles in the Paleocene
flysch deposits of the western Othrys Mountain by comparison of their chemistry with published amphibole analy-
ses from blueschist terrains of the Hellenides. Palacogeographic and palaeotectonic implications are discussed.
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2. GEOLOGICAL FRAMEWORK AND SAMPLING

The Pelagonian Zone s. l. has been subdivided into an unmetamorphosed western (Subpelagonian Zone)
and a metamorphosed eastern part (Pelagonian Zone s.s.). The western and central Othrys Mountain belongs to
the Subpelagonian Zone. Palaeogeographically, the Pelagonian Zone is considered to have been a micro-conti-
nental fragment bounded at its internal and external margins by the Vardar and Pindos oceans, respectively. It
exhibits a complex nappe structure due to repeated thrusting and ophiolite obduction from both oceanic realms
during Mid-Jurassic to early Tertiary times. This tectonic activity took place in response to subduction and
ocean closure at either active side of the Pelagonian Zone that was accompanied by the formation of ophiolites,
blueschist belts and final flysch deposition.

The Pelagonian Zone consists of a pre-Mid-Carboniferous metamorphic basement that is unconformably
overlain by clastic Late Carboniferous-Permian sediments. The latter are transgressively overlain by a Lower
Triassic volcano-sedimentary formation and a thick succession of Middle Triassic-Jurassic platform and intra-
platform and marginal carbonate successions. During the Late Jurassic and Early Cretaceous, higher tectonic
units, such as the Maliac nappes (basal units of the Othrys Ophiolite Complex that form the western and some
parts of the central Othrys) and the Eohellenic Ophiolitic Nappe were thrust over the Pelagonian successions.
After a period of extensive erosion, shallow-water limestones were deposited during the Upper Cretaceous.
Generally, these limestones passed gradually into pelagic limestones and flysch sediments. However, in the
western Othrys region Early Paleocene flysch deposition took place over karstified Upper Cretaceous lime-
stones.

The heavy mineral sample was taken in a section along the road from Thavmakos to Domokos at position N
39° 08" 167, E 022° 16" 35" (Faupl et al. 1999). It belongs to the Paleocene flysch sediments of the western
Othrys. There, the heavy mineral fraction is garnet-dominated (>70%), containing less than 10% of the zircon-
tourmaline-rutile-apatite association as well as very minor amounts of ophiolite-derived chrome spinel. Minor
amounts (<10%) of blue amphiboles were observed frequently.

3. ANALYTICAL AND CALCULATION PROCEDURES

Thirty-three detrital amphibole grains were analysed with a Cameca SX100 at the Institute of Petrology,
University of Vienna. As analytical uncertainty is periodically checked to be better than 0.5% (1s) for major and
minor oxides, the observed overall uncertainty (Tab. 1) is rather due to grain inhomogeneity (e.g. zoning) and
varying bulk composition of the parent rocks.

Table 1: Compositional variability of detrital blue amphiboles from the Paleocene flysch deposits of the western

Othrys Mountain.
t-% Si0, | TiO, | A1,03 |Cr,03] FeO | MnO | MgO | CaO | Na,O| K,O0 |Total
Mean of 41 57.61|0.08|11.36(0.03]11.11{0.04| 9.4 |0.31{7.31]0.01}]97.27
Std. Dev. 0.95(0.06] 1.12 |0.02| 2.54 |0.04|1.46]0.16/0.16]/0.01

For a successful discrimination of the source of the detrital blue amphiboles, measured and published analy-
ses (a) were checked to fulfil the quality criteria for amphiboles described by Schumacher in Leake et al. (1997)
and (b) were plotted into many diagrams like that of Fig. 1 by using the same model for formula recalculation.
“Passed” analyses did not violate stoichiometric constrains for the maximum Fe®*-models “Sum of cations-Ca-
Na-K=13" or “Sum of cations-K=15".

Factors controlling the chemical composition of blue amphiboles are P, T, X ... f . and bulk rock composi-
tion X, . Fluids were excluded from consideration because ordinary microprobe analysis lacks fluid components.
Regional differences in P~T-f , and X are reflected in the amount of glaucophane, riebeckite, edenite and
various Tschermaks-type substitutions. Various plots using the amounts of these exchange components may be
useful for depicting the possible provenance of the detrital blue amphiboles. -

Figure 1 shows two representative plots that depict the variation of exchange components among published
analyses and measured analyses of the detrital grains. For each potential blue amphibole source as well as for
the detrital blue amphiboles unique metamorphic conditions are assumed. Therefore, the variation shown for
each potential source as well as for the detrital grains reflects the combined effects of analytical uncertainty,
variation of bulk rock composition (i.e., different samples from the same source-region) and degree of chemical
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inhomogeneity. The latter is due to crystal zoning (that is not always explicitly documented in the literature) and
incomplete overprinting relations (see below). We assume also that for all analyses treated here the analytical
uncertainty is equally low and constant and corresponding to typical values assigned to microprobe analysis
techniques. The combined effect of all these factors is difficult to estimate quantitatively. Nevertheless, Fig. 1
shows a rather clear positive or negative affinity of the detrital blue amphiboles towards certain potential sources.

4. RESULTS AND DISCUSSION

A careful inspection of the plots in Fig. 1 reveals the following: (1) Blue amphiboles from Pelagonian rocks
of the Olympos and Ossa areas show a very wide variation. (2) Blue amphibole analyses from the Ampelakia
unit show a narrow variation that does not coincide either with that of the detrital grains or of Cycladic sources.
(3) Most Cycladic sources show a narrow compositional variation that generally coincides with that of the detri-
tal blue amphiboles. Analyses of blue amphiboles from Pelagonian rocks of the Ossa and Olympos areas were
derived from strikingly different rocks reflecting the wide lithologic range of the Pelagonian stratigraphic col-
umn. For example, blue amphiboles have been observed in many different rocks of the Ossa area (Tsangalidis,
1990). Notably, in most of them, blue amphiboles overgrew green amphiboles. Complex overgrowths of amphiboles
trending from actinolite to barroisite and glaucophane/crossite yielding strongly varying, obviously disequilibium,
compositions of the latter have been confirmed recently for various Pelagonian rocks from the Ossa region by
M. Perraki (pers. comm.).Similarly, Schermer et al. (1990) argued that HP/LT metamorphism in the Pelagonian
Zone and Ambelakia unit evolved through several tectono-metamorphic events 100 Ma ago by overprinting
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Figure I: Representative plots showing the relation of the detrital blue amphiboles with blue amphiboles from
blueschist terrains of the Hellenides and adjacent areas. A: Plotted analyses are recalculated on the basis of 23
oxygens and “Sum_of cations-K = 15”. B: Plotted analyses are recalculated on the basis of 23 oxygens and
“Sum_of _cations-Ca-Na-K = 13”. Abbreviations: [A], [T], [C] = crystallographic sites in the amphibole
structure; Rie = riebeckite component; Tsch = Tschermak’s molecule.
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early greenschist facies assemblages that still persist as relics in blue amphiboles. Such incomplete overprinting
relations are indicated also for glaucophanites of the Ambelakia unit that often contain porphyroclasts of (mag-
matic?) perthites and relics of calcic clinopyroxenes replaced partly by crossite (Tsangalidis, 1990). The Samos
blue amphibole analyses were derived from variably overprinted metagabbros that may still contain magmatic
relics. These observations suggest that the HP/LT overprint was rather incomplete for each rock and/or for each
amphibole grain. Thus, the large variability shown in the plots of Fig. 1 for Pelagonian rocks of the Olympos and
Ossa blue amphiboles is best explained by (a) the widely varying bulk composition of the Pelagonian rocks and
(b) their incomplete overprinting relations.

In contrast to this “Pelagonian” behaviour, the narrow variation of the detrital blue amphiboles suggests
that the source rocks were rather more similar in terms of bulk composition; they were also better equilibrated
and not strongly affected by retrograde processes and/or incomplete overprinting of earlier greenschist facies
assemblages. In accordance with the references given in Fig. 1, these attributes may be assigned also to the
Cycladic potential sources. Notably, the detrital blue amphiboles overlap with Cycladic potential sources; they
do not overlap with blue amphiboles of the Ambelakia unit, which, in contrast to the Pelagonian sources, show
a narrow compositional variation.

However, the compositional similarity of the detrital blue amphiboles with those from the Cycladic Islands
does not necessarily imply that the former were derived directly from any of these islands. It suggests that the
source rocks were “Cycladic” (i.e. exhibiting the paragenetic, textural and chemical features matching the rocks
of Cycladic Islands), rather than Pelagonian. The exclusion of a Pelagonian source agrees well with numerous
observations that the Pelagonian rocks in the Olympos-Ossa-Pilion region underwent incomplete recrystallization
under HP/LT conditions as early as the Lutetian. Derycke & Godfrieux (1979) reported, for example, that
Upper Cretaceous to Mid Eocene limestones and flysch successions in the Olympos region were affected by HP/
LT metamorphism. Wallbrecher (1983) noted that rocks of the transgressive Upper Cretaceous and of the
overlying early Tertiary ophiolite nappes of the southern Pilion peninsula and Sporades islands contain blue
amphiboles. Schermer et al. (1990) pointed out that thrusting of the stacked Pelagonian (Pierien and Infrapierien
units) and Ambelakia units over the autochthonous Olympos carbonates took place under still prevailing HP/
LT conditions in late Eocene times (40-36 Ma). Obviously, these Pelagonian rocks could not have been provid-
ing detrital blue amphiboles into the Paleocene flysch sediments of the western Othrys Mountain and, therefore,
can be excluded as potential sources.

The “Cycladic” source of the detrital blue amphiboles is presently not exposed in the neighbourhood of the
Othrys Mountain. However, it cannot be excluded that the detrital blue amphiboles were transported over large
distances along orogen-parallel structures into the Paleocene flysch basin of the western Othrys Mountain.
Irrespective of its exact palacogeographic position, we suggest that this “Cycladic” blueschist source was located
near the external (currently western) Pelagonian margin. Its formation may be ascribed to the subduction of the
Pindos Ocean (Faupl et al. 1999). The detrital blue amphiboles in question demonstrate that HP/LT metamor-
phism was active at Pre-Tertiary times. This is consistent with the radiometric age determinations stated earlier.

5. CONCLUSIONS

As detrital blue amphiboles are frequent in the Paleocene flysch deposits of the western Othrys Mountain,
but completely missing farther to the east of the Pelagonian Zone (Faupl et al. 1999), we suggest that the “Cycladic”
blueschist source terrain was (1) located near the external (currently western) margin of the Pelagonian micro-
continent, (2) formed and then tectonically exhumed in response to subduction of the Pindos Ocean and (3) the
Cycladic blueschists, their northward continuation (southern Evia, Pilion peninsula and blueschist in the Ossa
and Olympos tectonic windows) and the “Cycladic” source of the detrital blue amphiboles were “extruded”
slices of HP/LT rocks from one or more orogenic wedges that were active during the Cretaceous (Grasemann et
al., 1998). The “Cycladic” source is currently not exposed in the neighbourhood of the western Othrys Mountain
because it either has been completely eroded or, most probably, tectonically covered during Tertiary tectonic
activity. Thus, the current western tectonic boundary of the Pelagonian Zone should not be confused with the
active, external margin of the Pelagonian micro-continent during the Cretaceous and Paleocene.

The occurrence of detrital blue amphiboles in the Paleocene flysch deposits of the western Othrys Mountain
is consistent with the radiometric age determinations referred earlier; they demonstrates clearly, that HP/LT
metamorphism in the “Cycladic” source terrain was active as late as the Maastrichtian. They also suggest that
the earliest exhumation and erosion of “Cycladic” blueschists took place as late as the Maastrichtian/Paleocene.
A lower age limit for exhumation and erosion of “Cycladic” blueschists is constrained by the absence of detrital
blue amphiboles in the Turonian turbidites of the “First Pindos Flysch” (Faupl et al., 1998).
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The detrital blue amphiboles in question, the Turonian turbidites of the “First Pindos Flysch” and the Lower
Cretaceous and Turonian turbidites of the Beotian Trough (Richter et al., 1996b,c) demonstrate that during the
Cretaceous the external margin of the Pelagonian micro-continent, as well as the adjacent external areas (Pindos
and Beotian basins), were sites of “Cycladic”-type blueschist facies metamorphism, intense tectonic activity and
blueschists exhumation in response to the subduction of the Pindos Ocean.
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STRATIGRAPHY AND GEOLOGICAL STRUCTURE OF THE LAVRION AREA
(ATTICA, GREECE).
A. PHOTIADES' & N. CARRAS'

ABSTRACT

The geological mapping of the Lavrion area lead to a revision of the lithostratigraphic subdivision and the
recognition of three superposed tectonic units. The lower unit, the so-called autochthonous system, consists of a
Triassic — Jurassic metamorphic Pelagonian series, a disconformity related to the Eohellenic orogenic phase,
and a Tithonian — Lower Cretaceous non-metamorphic transgressive cover. Upon the lower unit, the “phyllite”
nappe lies (middle unit), having on the top some remnants of a non-metamorphic Pelagonian nappe (upper
unit).

KEY WORDS: mapping, stratigraphy, transgression, autochthonous, allochthonous, internal Hellenides, Lavrion,
Attica.

1. INTRODUCTION

The Lavrion area (or Lavreotiki peninsula) constitutes the northwestern part of the Attic-Cycladic Meta-
morphic Complex; it also belongs to the Median Metamorphic Belt of the Hellenides (Dorr et al., 1978;
Papanikolaou, 1984) and is built up of various alpine tectonic units (Papanikolaou, 1984; Katsikatsos ef al.,
1986).

It is known that at the Lavreotiki peninsula and generally in the central and south Attica (Fig.1) a lower
metamorphic system, relatively autochthonous, crops out (Kober, 1929; Marinos & Petrascheck, 1956). This
system consists of the following formations, from the lowermost to the uppermost: a) Vari schists, b) Pirnari
dolomites, c) Lower marble, d) Kamariza (old name of the Aghios Konstantinos village) or Kessariani schists
and e) Upper marble (Lepsius, 1893; Kober, 1929; Sindowski, 1948; Trikkalinos, 1955). In the Lavreotiki area,
this succession was named «Kamariza series» (Leleu, 1966a).

This metamorphic and relatively autochthonous system is overlain by the «Plaka series» (Leleu, 1966a;
1966b), which is composed by limestones at the base (member P1) and then by phyllites (member P2) and
carbonate remnants (P3). The «Plaka series», under various names, was interpreted as a transgressive cover
(Lepsius, 1893; Negris, 1915-1919; Sindowski, 1948; Leleu, 1966a; Leleu & Neumann, 1969), or as an overthrust
nappe (Marinos & Petrascheck, 1956; Katsikatsos, 1977; Papanikolaou & Syskakis, 1991), while Kober (1929)
accepted as transgressive only the lower member (P1) and as a nappe the overlying formations.

The consideration of the position of the “autochthonous” unit of Attica (including Lavreotiki) within the
Hellenide framework has been subject to various modifications. According to an opinion, the Attica “autoch-
thonous” and the Euboea Almyropotamos units have been indirectly considered to belong to the Internal
Hellenides (Leleu & Neumann, 1969; Katsikatsos, 1977; Katsikatsos et al., in Marinos et al., 1977). According to
another, the Attica and the Almyropotamos unit belong to the external Hellenides (Katsikatsos et al., 1982;
Katsikatsos et al., 1986). Finally, Papanikolaou (1986), on a general overview, ascribes the Almyropotamos unit
to the external Hellenides and the Attica autochthonous to the internal.

In this study, based on a geological mapping on a scale of 1:50.000 of the LAVRION sheet, the stratigraphy
and the structure of the area are reexamined and

the consideration of the Lavreotiki “autochthonous” unit within the geotectonic context of the Hellenides is
documented.

2. TECTONO-STRATIGRAPHIC SETTING

In the Lavrion area the following units have been recognized, from the lowermost to the uppermost (Fig. 1):
- the metamorphic formations of the «Kamariza series» which belong to the relatively autochthonous unit,
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and

- the non-metamorphic, lower carbonate formation of the «Plaka series», i.e. the member «P1», which is
transgressive and thereby belongs to the “autochthonous” unit, as well;

- the metamorphic, allochthonous unit of the «phyllite nappe», consisting only of the middle and upper parts
of the «Plaka series» (phyllites-P2 and carbonate remnants-P3);

- the non-metamorphic Cretaceous limestone remnants, associated with an ophiolite tectonic sole, which
constitute relicts of an upper tectonic unit.

2.1. “AUTOCHTHONOUS” UNIT (LOWER TECTONIC UNIT)

2.1.1. «LOWER» KAMARIZA MARBLE

This formation is also known as «Lower Attic Marble» (Lepsius, 1893). It crops out largely in the eastern
Attica and Lavreotiki; its thickness reaches 350-500 m.

The lowermost members of the formation crop out in the Skordi hill area. They are composed of alterna-
tions of violet muscovite-bearing schist, of greenschist and of thin-bedded dolomitic marble, they present a
limited thickness, and correspond to the “Vari Schists”. Upon these beds, dolomite and grey-white, medium- to
thick-bedded, dolomitized marble are developed, 150 m thick ca., corresponding to the “Pirnari dolomites”.
These two members have probably a Permian — Triassic age.

Upwards, white to grey-bluish, massive, thick- or mid-bedded, coarse-grained marbles follow. Towards the
top they become white, thin-bedded and microcrystalline and, mainly in the western parts of the Lavrion penin-
sula, they become breccious to red nodular.

Within the formation, the following fossils have been identified: at Paneion hill, the Rhaetian Terebratula
and the Triassic — Jurassic Macroporella (Petrascheck & Marinos, 1953); in the northern Hymettus, corals
(Bdcking, 1881), Calamophyllia (Steinmann, 1890), Lithodendron (Kober, 1929); in the southern Hymettus,
Triassic corals (Renz, 1910); at Kessariani area the Triassic Gyroporella vesiculifera and Isastraea guembeli (Negris,
1915-19). This formation was considered of Triassic — Jurassic age; however, we presume that these citations
and the whole stratigraphic context indicate a Triassic - ? Lower Jurassic age. (The pre-Carboniferous age
assigned by Papadeas, 2000, is affirmed without any stratigraphical indication).

2.1.2. KAMARIZA SCHISTS

The Kamariza schists are homologous to the Kessariani schists. They are grey, dark grey, brownish, rich in
muscovite, quartz, albite and chlorite, with granoblastic to lepidoblastic texture; the thickness is up to 200 m.
The existence of volcanic activity and hydrothermal circulations has been supported by the presence of porphyritic
rock (known as “epidotite” in the literature) at the top of the Kamariza schists, and by the spatial relation with
massive sulphides and Fe — Mn mineralisations (Marinos & Petrascheck, 1956; Leleu, 1966a; 1969). Moreover,
at Kessariani area, the presence of mafic and ultramafic ophiolitic bodies at the top of the formation has been
reported (Lepsius, 1893; Ktenas, 1909; Voreadis, 1920; Kober, 1929).

During the Miocene Plaka granodiorite intrusion (Marakis, 1968), the adjacent to the metamorphic aureole
schists were metamorphosed into hornfels or “plakites” (Marinos, 1937).

In some marble intercalations in the basal part of the formation, the following fossils have been identified:
at Kessariani area, but also at Aghios Konstantinos (Serpieri shaft), Teutloporella triasina (?) (Negris, 1915-19);
west of Hymettus, the Triassic coral Thecosmilia (Renz, 1910); corals were also identified east of Hymettus
(Biicking, 1881).

The species T. triasina (today named Euteutloporella triasina) is a marker of the Middle Triassic (De Castro,
1993; Granier & Deloffre, 1994). The «Triassic» age indicated by these citations can be justified if we consider
these «marble intercalations» as redeposited bodies from the underlying marble (limestone at that time) in a
Jurassic basin of clastic sedimentation. The Jurassic age of the schists and the whole depositional context indi-
cate a volcano-sedimentary melange, in accordance with Sindowski (1948) who, based on the presence of ophiolite
bodies, considered this formation corresponding to the volcano-sedimentary formation of the «Eastern Hel-
lenic zone».

2.1.3. «UPPER» KAMARIZA MARBLE

The «Upper» Kamariza marble, synonymous of the «Upper Attic marble», consists of grey to white, mid- to
thin-bedded and banded microcrystalline marble; the upper beds are rich in metasilex and dolomite boudins.
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Fig. 1. The tectonic units of Attica and Euboea (Katsikatsos et al., 1986), modified (A); geological map of the

> Lavrion sheet (B) with its interpretative stratigraphic column (C).

A: (1) Almyropotamos unit; (2) Attica unit (the lower unit at Lavrion); (3) blueschist unit (the middle
unit); (4) non-metamorphic Pelagonian unit (the upper unit); (5) Neogene and Quaternary deposits.

B & C: (1-5) lower tectonic unit: (1) dolomite and schist; (2) “Lower” Kamariza marble; (3a) Kamariza
schist with (3b) hornfels and volcanic rocks; (4) “Upper” Kamariza marble; (5) transgressive calcareous
Jormation; (6) middle tectonic unit: (6a) schist; (6b) meta-ophiolite; (6¢) crystalline limestone; (7) upper

tectonic unit (limestone and ophiolite remnants); (8) Miocene deposits; (9) Pliocene deposits; (10) Quaternary
deposits; (11) mining wastes; (12) thrust; (13) Jault; (14) synclinal axis with its plunging direction.

The thickness is various (from some meters to 150) due to penetrative structure deformational phases (Lozios,
1991) and to uplift and erosion of the whole Kamariza series.

In this formation, the following fossils have been identified: the Triassic — Jurassic Lithodedron in the Sounion
area (Petrascheck & Marinos, 1953); crinoids at Lavrion (Cordellas, 1878); Diplopora, Lithodedron and
brachiopods in the Northern Hymettus (Kober, 1929); at Kessariani monastery, Gyroporella vesiculifera (Kober,
1929; Negris, 1915-19), and Thecosmilia, algae and gastropods of Triassic — Lower Jurassic age (Katsikatsos,
1977). These citations indicate a Triassic - ? Lower Jurassic age, identical to the «Lower» Marble age (see § 3).

The whole Triassic — Jurassic Kamariza series has been tectonized and metamorphosed under greenschist to
amphibolite facies (Marinos & Petrascheck, 1956; Paraskevopoulos, 1957; Leleu, 1966a).

2.1.4. TRANSGRESSIVE CALCAREOUS FORMATION

This formation, up to 50 m thick, lies transgressively either on the “Upper” Marble, or directly on the Kamariza
schists. The basal part consists of a conglomerate, followed by limestones. When the formation overlies the
marble, the substratum frequently presents some dissolution cavities (1 m large or more), filled with the con-
glomerate.

The conglomerate contains reworked schist and marble pebbles from the underlying formations. In several
places the basal conglomerate is cemented by massive iron oxides and hydroxides; it must be noted the presence
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of Ni (0,5 - 2%) in the form of garnierite (Cordellas, 1878; Leleu, 1966a), a known product of ultrabasic rock
laterization.

The limestones are massive to thick-bedded, slightly recrystallized and dolomitized; the colour is yellow-,
brown- and reddish, due to the iron infiltrations. They contain (Negris, 1915-19) fragments of Ellipsactinia in the
lower part (Tithonian), Miliolidae and rudist fragments in the upper part (Cretaceous). According to Negris, the
upper part corresponds to the calcareous level C1 of the Hymettus hill (Lepsius, 1893), in which he recognized
Orbitolina conoideay this species, today named Neorbitolinopsis conulus, is a marker of the Lower Upper Albian
(Schroeder, in Schroeder & Neumann, 1985).

2.2. “PHYLLITE NAPPE” (MIDDLE TECTONIC UNIT)

The Lavreotiki “Phyllite” nappe, synonymous of the «Athens Schists» (Lepsius, 1893), is overthrust on the
“autochthonous” unit; it overlies the transgressive formation in the eastern part, and lies directly on the «Lower»
Marble in the western, due to a palaeo-uplift and erosion of this part. It consists of various metamorphic forma-
tions, which are, from the lowermost to the uppermost, schists, meta-ophiolite mafic rocks and crystalline lime-
stones.

The schists largely crop out in the Lavrion area, as well as to the North and to the West; the thickness is from
100 to 250 m. They are principally microfolded, and bearing muscovite, quartz, albite, chlorite, glaucophane and
epidote; quartzites also coexist, usually under the form of lenses, passing quite often into quartziferous schists.

The mafic meta-ophiolites (prasinites, metadiabases and metagabbros), rich in glaucophane (Kokkoros,
1928), are often schistose; they crop out mainly in the form of hillocks, i.e. remnants up to 10 m thick, upon the
schists (and not intercalated within the schists).

The limestones overlie the meta-ophiolite bodies, constituting the uppermost part of the nappe, up to 40 m
thick; they are crystalline, greenish, grey and dark-grey and contain metasilex intercalations and nodules; they
are thick-bedded to massive at the lower part, and medium- to thin-bedded at the upper. In several places the
colour is dark-brownish to reddish, due to an ankeritization process.

In general, the “phyllite” nappe consists of schists, locally overlain by some meta-ophiolite bodies, followed
by crystalline limestones; this superimposition is clear, the members not being intercalated between them. The
nappe is characterized by an Eocene blueschist facies and a Miocene retrogressive greenschist facies due to a
granite intrusion (Marakis, 1968; Altherr ef al., 1982).

2.3. LIMESTONE AND OPHIOLITE REMNANTS (UPPER TECTONIC UNIT)

Limestone tectonic remnants, up to 50 m thick, bearing a tectonic sole of serpentinite or tectonized Jurassic
(?) red chert, locally crop out upon the “Phyllite” nappe schists.

The limestone beds have been studied and variously interpreted in the literature: Leleu & Neumann (1969)
reported them as Cenomanian (?) lenses within the Plaka phyllites. Katsikatsos (1977) considered them as
Aptian — Albian limestones, transgressively lying on the phyllites. Katsiavrias (1990) and Katsiavrias et al. (1991)
considered them as a new unit tectonically intercalated between the autochthonous and the phyllite systems;
they found Middle Cenomanian inner platform facies at the base of an outcrop, and Campanian — Early
Maastrichtian pelagic facies at the top.

The limestones are yellowish and brownish, locally ferruginous and ankeritized, thick- to thin-bedded. In
some outcrops, we found Aptian inner platform facies with Salpingoporella dinarica, Palorbitolina lenticularis,
Vercorsella scarsellai, Spiroloculina cf. cretacea, and “Valvulineria” sp., and Albian — Cenomanian inner to outer
(?) platform facies with Salpingoporella hasi and Cuneolina pavonia. All the above indicate a carbonate sedimen-
tation that started with neritic facies in the Aptian (and probably earlier), and turned to pelagic during the
Senonian.

3. DISCUSSION

“Autochthonous” unit: The “autochthonous” unit of Lavreotiki corresponds to a Triassic - ? Early Jurassic
carbonate platform (marble, see later) that, after a collapse, received the deposition of a Jurassic volcano-
sedimentary melange (Kamariza schists), followed by a Late Jurassic tectono-metamorphic phase and then by a
Late Jurassic — Early Cretaceous transgression.

The Triassic - ? Lower Jurassic carbonate platform was chronologically undivided. Indeed, the “upper” and
the “lower” marbles contain the same fossils, are of the same age and consequently represent the same forma-
tion, which is overlain by the Kamariza schists. The only difference between them is the presence of metasilex
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nodules in the “upper” marble.

The identity between “upper” and “lower” marble into a single formation was previously supported by Kober
(1929), who interpreted this repetition invoking a series of thrust slices, and Avdis (1991), who invoked a high-
angle faulting. In the present paper, the repetition of the marble over the Kamariza schists is interpreted consid-
ering the “upper” marble as the reversed limb of a recumbent syncline, the schists occupying the core of the
syncline. The “upper” marble would constitute the lateral transition of the «lower» towards the platform mar-
gin; this could justify the presence of the metasilex nodules.

Later, the collapse of the platform permitted the deposition of clastic and volcanogenic materials (the
Kamariza schists).

A Late Jurassic tectono-metamorphic phase followed, during which the precedent formations were folded
(e.g. the marble repetition) and affected by a greenschist to amphibolite metamorphic facies. This tectono-
metamorphic phase corresponds to the known Eohellenic orogenic event of the Internal Hellenides, dated ra-
diometrically by Mercier (1966) in the Northern Greece, and more precisely to the JE1 phase of Vergely (1984);
this phase is related to ophiolite obduction, revealed by the presence of ophiolitic bodies at Kessariani and Fe-
Ni laterites in the overlying transgressive conglomerate at Kamariza.

Upon this metamorphic substratum, a non-metamorphic transgressive formation lies, consisting of a basal
conglomerate and Upper Jurassic — Lower Cretaceous limestones.

All the above-mentioned indicate that the so-called autochthonous unit of Lavreotiki presents the charac-
ters of the internal Hellenides and not those of the Olympus-Ossa-Almyropotamos series, which belong to the
external ones. Its sedimentation was not continuous from the Triassic to the Eocene, since the succession presents
an Upper Jurassic stratigraphic gap; moreover, this gap corresponds to a metamorphic unconformity. These
features suggest that the relatively autochthonous unit of the Lavreotiki has suffered the action of the early
orogenic phases of the Internal Hellenides, just like the metamorphic Pelagonian zone sensu Mercier (1966).

“Phyllite” nappe: The metamorphic conditions of the “phyllite” nappe (Eocene blueschist and Miocene retro-
gressive greenschist facies) are typical of the median metamorphic belt of the Hellenides, largely expressed in the
Attic-Cycladic Metamorphic Complex (Altherr et al., 1982; Papanikolaou, 1984). According to various authors, the
Cycladic Blueschist unit would be originated in the Pindos basin (e.g. Altherr et al., 1979). On the other hand, the
stratigraphical features resemble an original succession consisted of a volcano-sedimentary melange, an ophiolitic
nappe and its transgressive (?) calcareous cover, i.e. a succession of the Internal (?) Hellenides.

This unit identified with the «Neohellenic nappe» of the Southern Euboea (Maluski et al., 1981; Vergely,
1984; Katsikatsos et al., 1986), overthrust during the Middle - Upper Miocene (Dermitzakis & Papanikolaou,
1980; Papanikolaou & Syskakis, 1991) drifting along its base an Upper Eocene — Lower Oligocene non-meta-
morphic clastic formation (Alexopoulos et al., 1998).

Limestone and ophiolite remnants: The non-metamorphic calcareous remnants are thrust, together with
their ophiolitic sole, over the Lavreotiki “phyllite” nappe; so, they are emplaced not between the autochthonous
and the phyllite systems as sustained by Katsiavrias (1990). Indeed, some equivalent non-metamorphic calcare-
ous tectonic remnants associated with ophiolites constitute the Upper non-metamorphic tectonic unit within the
Attic-Cycladic Metamorphic Complex (Ddrr et al., 1978; Papanikolaou, 1984), as well as the post-flysch nappes
of the Pelagonian s.. domain. In conclusion, the upper unit could be the upper part of a non-metamorphic
Pelagonian nappe.

4. CONCLUSION

The suggested geological structure of the Lavrion area is the following: the relatively autochthonous (the
lower tectonic unit) corresponds to the metamorphic Pelagonian zone with its non-metamorphic transgressive
cover, while the Almyropotamos unit (external Hellenides), which would be the lowest tectonic unit, does not
crop out there. Upon the lower unit, the “phyllite” nappe (the middle unit) lies having on the top some remnants
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of a non-metamorphic Pelagonian nappe (the upper unit).
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CONTRIBUTION TO THE STRUCTURAL STUDY OF THE RHODIANI
OPHIOLITES, VOURINOS MASSIF
A. PHOTIADES' & F. POMONI-PAPAIOANNOY

ABSTRACT

The Rhodiani area geologically is comprised of a sequence of Mesozoic and Tertiary thrust sheets, including
the Jurassic ophiolite and sedimentary covers; they composed of an ultramafic unit overlain by an Albian to
Cenomanian redeposited limestone cover, and at the top a volcanic unit that is overlain by neritic to pelagic
Upper Jurassic to Upper Cretaceous age limestone and Upper Maastrichtian flysch deposits. These thrust sheets
were emplaced over the Pelagonian platform. Therefore the Rhodiani “ophiolite” is not a single thrust unit, but
it is an imbricated ophiolite tectonic structure resulting from a two-stage emplacement process; the ultramafic
unit was overthrust on the melange of the Pelagonian platform during the initial emplacement (Jurassic) and the
volcanic unit was re-thrust on the former during subsequent post-Eocene tectonic phase.

KEY WORDS: mapping; stratigraphy; structure; ophiolite; obduction; internal Hellenides; Vourinos; Rhodiani;
Greece.

1. INTRODUCTION

The study area occupies the eastern slopes of the Vourinos massif, which represents the eastern boundaries
of the Meso-Hellenic trough. Geotectonically it belongs to the Pelagonian domain.

The tectonic origin of the Vourinos ophiolite is controversial and two different emplacement models have
been proposed for it: a) an easterly derived with emplacement verging to the Southwest onto the Pelagonian
zone (Vergely, 1977; 1984), and b) of a westerly derivation from within the Pindos ocean (Naylor & Harle, 1976;
Smith et al., 1979; Mountrakis, 1984; Jones & Robertson, 1991; Grivas et al., 1993).

The Rhodiani ophiolite massif lies in a distance of 3 km to the east of the Vourinos ophiolite complex
(Fig.1). It trends from NW to the SE; it is about 15 km long, 2 km wide, and up to 750m thick. The ophiolite
forms slopping and narrow lowland separating the steep anticlinal mountain of Vourinos marbles in the west,
from the calcareous hills of Rhodiani at the east.

The tectonic and petrogenetic relation between the Rhodiani ophiolite and the Vourinos complex is un-
clear; both are part of the Jurassic “Tethyan” ophiolite system and have been exploited for chrome. In the
Rhodiani area about 60.000 tons of massive ore were produced (Economou et al. 1986).

The ophiolitic complex has been considered, on the whole, as a unique tectonic unit thrust on the metamor-
phic Triassic-Jurassic platform of the area and its overlain by single and simplified Upper Jurassic to Upper
Cretaceous limestone cover with flysch (Brunn, 1956; Moores, 1969; Zimmerman, 1972; Mavridis & Kelepertzis,
1993).

In this study, based on a detailed geological mapping, the tectono-stratigraphy of the ophiolite complex and
of the overlying carbonate cover are re-evaluated.

2. TECTONO-STRATIGRAPHIC SETTING

The following units have been recognised from bottom to top:

-The para-autochthonous unit, which consists of Triassic - Jurassic marbles, overlain by a volcano-sedimen-
tary mulange;

-The ultramafic unit and the overlying Cretaceous sedimentary cover; and

-The volcanic unit and the overlying Jurassic — Cretaceous limestone formation with flysch deposits.

1. Institute of Geology and Mineral Exploration, 115 27 Athens, GREECE.
2. University of Athens, Department of Geology, 15784 Athens, GREECE.
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2.1 PARA-AUTOCHTHONOUS UNIT

This unit consists of a thick (200 - 600 m) metamorphic carbonate series of fine-grained marble and dolo-
mite intercalation of Triassic to Jurassic age (Brunn, 1956; Mercier, 1968; Mavridis & Matarangas, 1979;
Papanikolaou & Zambetakis-Lekkas, 1980; Mavridis & Kelepertzis, 1993). Towards the top, they become thin-
bedded and bear silex nodules, and are overlain by a milange formation. The marbles exhibit characteristic
isoclinal and recumbent folds of long length with flow schistosity. From base to top the mulange consists of a
metaclastic sequence bearing strongly deformed red cherts, mudstones, shales, siltstones and schists, including
olistholites of schistose metabasalts, rodingites, and serpentinised-schistose ultramafics with blocks of marble
and amphibolite bodies. This assemblage is analogous to the Aghios Nikolaos formation found at the base of
Vourinos ophiolite complex (Naylor & Harle, 1976; Vergely, 1977; 1984;).

This basal unit belongs to the Triassic — Jurassic Pelagonian platform, having on its top a volcano-sedimen-
tary mulange, and it is considered to belong to the amphibolite to greenschist facies metamorphism that took
place during the Upper Jurassic times and prior to the ophiolite emplacement (Mercier, 1968; Mountrakis,
1984).

On that basement, which is exposed mainly at the western part of the study area (eastern Vourinos foothill),
an ultramafic ophiolite unit is in tectonic contact.

2.2 ULTRAMAFIC UNIT (MIDDLE UNIT)

This unit, up to 600 m thick, is generally composed of ultramafic rocks, and locally covered by meso-autoch-
thonous Cretaceous sediments; it is overthrust on the muange and the marble of the para-autochthonous unit.
Additionally, the ultramafic unit represents part of an important ophiolite nappe that is exposed in the whole
Pelagonian domain and, is also found between Pindos, Vourinos and Vermion. Furthermore, the dating of
amphibolites from the base of Vourinos ophiolite complex indicates the Middle Jurassic age of its emplacement
(Spray & Roddick, 1980; Spray et al., 1984).

Small amphibolite blocks are also sporadically wedged at the basal part of the unit, and serpentinised, banded
ultramafic mylonites are observed immediately above the tectonic contact with the marble. They contain a tec-
tonic fabric that parallels the underlying mulange.

The ultramafic unit consists of deformed and serpentinised mantle tectonite restite (depleted mantle
harzburgite) and dunite as small pods and layers including abundant chromitite, and harzburgite intruded by
equally deformed pyroxenite, gabbro and rodingitized dykes.

At the southern part of the area (Kastro locality, Fig. 2), the harzburgites and dunites contain a strong planar
foliation defined by the alignment of orthopyroxene and spinel crystals, which elongate and define a lineation
within the plane of the foliation.

Mantle tectonic studies of this ultramafic part show that high-temperature mantle fabrics trend NW and dip
at approximately 40° towards the SW. Parallel mylonite zones accompany these fabrics; also thrust displacement
towards the present NE has occurred. These fabrics are also parallel to the thrust planes, where chromitite
bodies are included in the dunite masses. These high-temperature fabrics are significant because they probably
represent structures during initial ductile thrusting.

The Vourinos high-temperature foliation is extremely comparable with the study area (50° to the SW),
suggesting that the foliation in these peridotites was fossilized at high-temperature during the initial detachment

Fig.1: Geological map of Vourinos ophiolitic complex in relation to the Rhodiani area (Moores, 1969;
Zimmerman, 1972) modified (A); geological map of the Rhodiani area (B) with its interpretative tectono-
stratigraphic column (C) and geological cross-sections X-X’, Y-Y’ & Z-Z’ (D).

A: (1) Triassic - Jurassic carbonates (Pelagonian marbles); (2) tectonic milange; (3) dunites and harzburgites;
(4) gabbros and diorites; (5) effusive and hypabyssal rocks; (6) Upper Jurassic to Upper Cretaceous limestone.
B, C & D: (1) Pelagonian marbles; (2) volcano-sedimentary milange; (3) ultramafic tectonic unit; (3a)
serpentinised and banded ultramafic mylonites; (3b) mainly harzburgites and dunites; (3c) brecciated dunite;
(3d) chromitite pods; (4) Albian - Cenomanian calcarenite; (5) volcanic tectonic unit; (5a) sheeted dolerite
complex; (b) pillow lava with boninitic dyke and red chert; (6) Upper Jurassic limestone; (p) bauxite horizon; (7)
Upper Cretaceous limestone; (7a) conglomerate limestone; (7b) neritic and debris flow limestones; (7c) pelagic
limestone; (8) Upper Maastrichtian flysch; (9) molasse formation; (10a) Neogene and Quaternary deposits;
(10b) Quaternary talus cone and scree; (P) thrust; (d) detachment fault; (f) fault.
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Fig. 2: Tectonic structures within the southern part of the ultramafic unit (Kastro locallity) and stereonet, equal

area/lower hemisphere, of high-temperature fabrics (N=43). 1: harzburgite and dunite; 2: marble; 3: chromite

mine; 4: tectonic contact (detachment); 5: high-temperature mineral foliation (strike with dip); 6:strike with dip
in marble; 7: mylonite zone; 8:brittle shear; 9: cataclastic zone.

and obduction of the peridotite towards the NE (Roberts et al., 1988; Grivas et al., 1993). However, the position
of the Rhodiani ultramafic unit appears to be originally controlled by the Jurassic emplacement movement of
the northern Vourinos ophiolite complex. Therefore, the Rhodiani ultramafic unit is interpreted as an eastward
continuation of the Vourinos ophiolite complex.

On that ultramafic basement, in some localities (e.g. Kteni village, see Fig.1) an Albian-Cenomanian age cover,
up to 50 m thick, is preserved. The base of the section consists of thick-bedded shallow-water grainstone limestone
and towards the top, thin-bedded redeposited calcirudite and calcarenite limestones with ultramafic detritus.

This sequence shows good turbiditic structures and consists mainly of hemipelagic sediments, and contains
Cuneolina pavonia, Praechrysalidina infracretacea and Salpingoporella hasi (determinations after Dr. V. Skourtsis-
Coroneou, 1993-97 and Dr. N. Carras, 1998). It was derived almost entirely from shallow-marine shelf-type source
(ophiolite and limestone). It appears to have resulted from significant tectonic event affecting the source area.

Elsewhere the ultramafic unit, as at the northwest narrow area consists of deformed serpentinites bearing
dunite bodies, rodingitized gabbro dykes folded along sub-horizontal axes, coarse-grained isotropic gabbro, as
boudins and various tectonic slices of tightly folded Cretaceous limestones dipping NE (Fig.1). The presence of
mylonites and various ophiolitic boudins along the tectonic contact reveals a semi-ductile extensional tectonic
fabrics (detachment fault; Fig.1 see D)). This deformation is probably associated with impressive extensional
phase which affected the Vourinos ophiolites simultaneously with the Meso-Hellenic trough creation during
Oligocene times (Mountrakis et al., 1993).

However, this tectonic event was also responsible for the large scale normal faults trending NW-SE and
dipping NE in the area, in brittle conditions.
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2.3 VOLCANIC UNIT (UPPER UNIT)

In the eastern parts of the massif, a crustal sequence with intrusive and extrusive rocks, up to 150 m thick, is
exposed (Fig.1). It overlies tectonically the previous ultramafic unit with its carbonate cover, overlying a post-
Eocene thrust fault. Perhaps this thrust fault is also reactivated during the subsequent Oligocene extensional
phase. It is marked by the presence of dunite bodies, isotropic gabbros, rodingites, diorites, amphibolite and
dolerite boudins. Although tectonized, the volcanic unit preserves many original igneous contact relationships,
and therefore it represents a typical oceanic crust.

The base of this volcanic unit consists of coarse-grained sheeted dolerite dykes (individually up to 2 m thick)
including at its deepest part rare fine-grained gabbro screens. The transition upwards into volcanic sequence dem-
onstrated by the appearance of screens of pillowed and massive basalts. Towards the top, porphyritic (boninite)
dykes crosscut the microphyric to vesicular pillow-lava flow sequence. Epidote is common, either as vein mineral or
filling vesicles. Near to Leucopighi, sheeted dykes pass locally upwards into boninitic pillow lavas. The presence of
boninitic dykes has also been provided evidence of their late-stage intrusion. Finally, the pillow-lava is overlain
locally by red cherts. In general, this unit has experienced intense hydrothermal metamorphism within the oceanic
environment. All the volcanic products display lower to upper greenschist facies oceanic metamorphism.

The crustal sequence overlain by an upper Pelagonian sedimentary sequence composed from the bottom to
the top, of a Middle Jurassic crystalline and coral limestone bearing Lohmaeosmilia WELLS, an Upper Jurassic
limestone with Clypeina jurassica and Macroporella Selli, locally bauxite deposits, a Lower Cretaceous limestone
with Orbitolina Conoidea, various Turonian conglomerate and debris flow limestones and finally an Upper Cre-
taceous pelagic limestone, followed by Upper Maastrichtian flysch deposition (Brunn, 1956; Faugfres & Robert,
1969; Brunn et al., 1972; Pichon, 1977; Mavridis & Kelepertzis, 1993; Bortolotti ez al., 2000).

In several places, the crustal sequence has been partially eroded up to the level of sheeted dykes, and has
been overlain by a basal conglomerate and debris flow limestone of Turonian transgression followed by an
Upper Cretaceous pelagic limestone and flysch deposit.

This sequence can be correlated with that of the upper part of the western Vourinos ophiolite complex,
where in the Krapa Hills the Upper Jurassic limestone is pelagic, and presents a slightly unconformable Creta-
ceous limestone (Pichon, 1977; Paupy, 1976; Pichon & Lys, 1976; Mavrides et al., 1977; Beccaluva et al., 1984;
Rassios et al., 1983).

Post-orogenic Tertiary conglomerates, that was named by Brunn (1956) as Metamorphosis conglomerates
(see Fig.1), consist of molasse sediments of fluvial origin, which overlie unconformably the northwestern part of
the study area. They consist of debris from all formations suggesting an active erosional phase due to the Terti-
ary post-orogenic collapse (Doutsos ef al., 1994), and deposited after the Aquitanien.

3. DISCUSSION-CONCLUSIONS -

Previous studies carried out in the Rhodiani area by Brunn (1956), Moores (1969), Zimmerman (1972),
Mavridis & Kelepertzis (1993), described a single and simplified ophiolite tectonic unit overlain by a unique
Upper Jurassic to Upper Cretaceous limestone cover. This study however suggests that the ophiolite outcrop
consists of an imbricated ophiolite structure, which is composed of two tectonic ophiolite units associated with
their limestone cover; the tectonic stacking order is related with the significant orogenic phases, which affected
the internal Hellenides.

The ophiolite was overthrust onto the muange of the Triassic — Jurassic platform during a late Jurassic plate
convergence at the Eohellenic orogeny (Jacobshagen et al., 1978). Following this, the ultramafic and volcanic
units developed neritic and deep-water carbonate deposits during Late Jurassic to Late Cretaceous.

The Rhodiani ophiolite appears to be an eastward thinning slab of the same oceanic and mantle sections as
the Vourinos ophiolite supra-subduction zone (Beccaluva et al., 1984) following deformation due to the north-
eastern emplacement process on the Pelagonian margin. Therefore, the position of ultramafic unit of Rhodiani
area appears to be originally controlled by the Jurassic emplacement movement of the Vourinos ophiolite (Roberts
et al., 1988; Grivas et al., 1993). During this process, the Rhodiani massif has been dismembered as ultramafic
and volcanic units and attained an increasingly imbricated ophiolite structure compared to the Vourinos ophiolite
complex. Following, the transgressive Jurassic - Cretaceous carbonate cover was deposited.

Furthermore, during the post-obduction Upper Jurassic — Lower Cretaceous period, some parts of the
ultramafic tectonic unit and the faulted carbonate platform were exposed and eroded and then materials from
both of these sources were fed into a basin composing the overlying turbiditic calcarenite sequence of Albian -
Cenomanian age.
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During the same post-obduction period, the wider Pelagonian domain was not affected by the same environ-
mental conditions; in the western Vermion the ultramafic thrust sheet, was suffered by exogenous conditions
and laterization process (Photiades et al., 1998), the Rhodiani volcanic ophiolitic unit developed bauxite depos-
its within the post-Upper Jurassic shallow water carbonate cover (Bortolotti et al., 2000), and finally the Rhodiani
ultramafic unit followed upwards by a flysch-type sequence of Albian - Cenomanian age, like a flysch-type se-
quence of Berriasian age intercalated between Pindos Eocene flysch and Pindos ophiolite thrust sheets (Terry &
Mercier, 1971).

During the Lower Cretaceous, ophiolitic basement was most probably still partly submerged and it was
affected by a significant tectonic event. This event is probably of Berriasian age, and therefore correlates to the
Late Jurassic to Early Cretaceous deformation of the eastern margin of the Pelagonian continent (phase J2b of
Vergely, 1984).

Finally, during Late Cretaceous the platform and slope carbonates are separated from the Late Cretaceous
basinal sediments, since they consist mainly of platform and slope-type carbonates and occupy a higher position
within the thrust stack.

The final closure of the remaining Pindos basin occurred when the Pelagonian microplate collided with the
Apulian one at early to middle Eocene time (Robertson et al., 1991). Subsequently, the Blueschist Unit that
originated in the Pindos basin (Altherr et al., 1979; Bonneau, 1984) was thrust over a carbonate shelf of Apulia
now exposed as tectonic metamorphic windows of the Kranea-Elassona, Olympus, Ossa and Almyropotamos
units (Vergely & Mercier, 1990). This post-Upper Eocene collisional phase is thought to have caused the thrust-
ing of the internal Hellenides over the external Hellenides and induced the re-thrusting of the Rhodiani volcanic
ophiolitic unit with Upper Jurassic — Cretaceous cover, overlying the ultramafic unit with Albian - Cenomanian
redeposited limestone cover.

Finally, an extensional phase affected the Vourinos and the Rhodiani ophiolites simultaneously with the
Meso-Hellenic trough creation during Oligocene times (Mountrakis et al., 1993), and then post-orogenic trans-
gressive molasse deposits covered the thrust sheets to the east and to the west.
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TEQHAEKTPIKEX AIAXKOIITHXEIX XYTHN EPEYNA
TOY KAAYMMENOQOY PHI'MATOX TATOIOY*
L. AAEEOIIOYAOL, I. ®OYNTOYAHE, Il. KAMIIOYPHE', H. MAPIOAAKOY, T. IIAIIAAOIIOYAOYL'

IZYNOWH

"Exet oAU peydhn onpooio o EVIOmIopss OnyRETwy ov SEV QTAVOUY OTNY EMLQPAVEL, 1OLOITEQN OE TEQLO-
XES WOV TOOLELTOUL VO ROTOOREVOOTOUV TEXVIXA €QYaL 1] va owrodounBovv. Zmv magovoo eQyasia Taovotdto-
VIO T YEWAOYLXA, TEXTOVIXA %Ul YEWQUOLXG OTOLYED. PE TO. OTTOI0L TEXUNQLAVETOL 1] VIIOREN EVOS OMYUATOS
omv mepLoyr] dutikd Tov agpodopiov Tov Tatoiov, To omoio dev POAVEL PéYOL TV ETLPAVELD, APOT EXEL ROAV-
@Bel ue Toug avaTeQoug 0QILOVIES TWV TETAQTOYEVHV KQOKAAOAXTUTOTOY@DY TOU XWHVOL TV Oparopareddvav.

ABSTRACT

It is very important blind faults surface localization, especially in areas where buildings will be constructed.
In this paper, the combination of geological, tectonic and geophysical data suggest the presence of a blind fault
in the area west of Tatoi airport. This fault is covered by the uppermost horizons of the quaternary breccia-
conglomerates of the Thrakomakedones talus.

AEEEIZX KAEIAIA: Totdy, priypo, Bpaxopareddveg, yewnhextoixd.
1. EIZATQIrH

To Aexavomédio Twv ABnvav amotedel éva olvvBeTo veotextovind Bubiopa dievBuvong BA-NA mov éxel
oynuatofet petokd twv opéwv g Mdpwnbag xon Tov Avydhew oto dunnd non g Meviéhng xon tov Yuntrod
ota avotolxrd, €xel 8 mAnpwOel xvpiwg pe Mpvaieg xon Totapoyepoaies aroféoels and 1o Avatego Meid-
xnowvo puéyol onjpega (FREYBERG, 1951).

O1 MARIOLAKOS & FOUNTOULIS (2000) duaxpivouv pio oglpd puBiopata xou k€épato mxeoteons
TdENG péoa oto TUpa Tov Aexavomédiov Twv ABnvdv mov Peioxretar dutikd tov Knguoot wotapot. Avtég ou
veoTeEXTOVIXES dopég 0pLoBeTovVTOL PETAED TOUS pe pnfyuata ot SievBivaels Twv omolwy eivar ABA-ANA 1 BA-
NA. To Aexavomédio €xel mAnomOel pe petahmnés amobEoels Muvaiog xou xepooiog pdong and to AvateQo
MeiSxawvo péyoL ofuepa 1o Tdyos Twv onoiwv cvpgpwva pe tov B. V. FREYBERG (1951) vrepfaivel xatd
B€oeis 1o 600 pérpa. H Aemropepric yewhoywry xapToyedenon ™S CELOUGTANXTNG TEQLOXNS TOU OELGUOT TNG
ITéaevnBag tov 1999, oe ouvduaousd pe v xatovopr] Tawv Inudv drmg autég xogtoypagifnray and touvg MA-
PINOZ et al. (1999), deiyvouv 6t dev eivon Tuxaia 1 xotavopr) Tov nuudv alld ot éva onpovuxd Badbpd
eEaQTEVTOL OGS TV TAEOUoIa 1] Gy RATOLWY PNypdTwy Tov dev pBdvouy oy emupdvera. Avt vitav 1 faowrri
OrEYN DOTE VA TQOOUVUTOALTOUNUE TNV EQEVVA UE YEWPUOLKES NEOGOOVG TQORELUEVOU VAL EVIOTIOOVUE OUTG 1)
avtd ta fypota. Enewdn o ratowmnpévog xhpog Oev fitay evroha Tooofaoupog Yo autol Tov THmov i £pgv-
VEG, TEOCUVATOMOTI{XOUE OTNV TEQLOYT] OV TTEGRELTAL VO, 0LxodounBei To Ohvprtiors Xmeid fépera tov Mevi-
diov rar dvtkd Tov agpodoopiov Tov Tatoiov, GOV To HOQPOTEXTOVIXA XUQAKRTNOLOTIRG TNG TTEQLOXNGS VITOdN-
Addvouv Ty mBavn magovoia Textovirdy Lwvav. I 10 oxoné ot exteAéoTNRAV TEVTE (5) YEONAERTOLRES
BvBooxomijoes (Ewdva 2). Eni whéov, yio diepetivion Twv NAEXTORGOV LOLOTITWV TWV YEWAOYIRGYV OXNUOTL-
opudv xan v aELOAGYNON TV YEWNAEXTOGDV arroteheopdtwv, dieEixBnoav ‘enti Témov’ (in situ) PeTENOELS TG
edunrig avtiotaong, 1600 OF EMPAVELORES EPPOVIOELS (RVEIWS TS pdeYag) 600 ®oL o BE0ELS TOAULDY YE®-
TONOEWY, OTNV EVEUTEQEN TEQLOXN.

2. TEQAOTTKA-TEKTONIKA XAPAKTHPIETIKA THE EYPYTEPHE ITEPIOXHZ

“Eva tujpa tov Aexavomediov tov ABnvdv amotelel €va ovvOeTo veotextovinG Bibiopa dievBuvons BA-

* GEOELECTRICAL SURVEY FOR TATOI (ATHENS, GREECE) BLIND FAULT
1. EBvixé & Kamodworpuaxd Tav/po Abnvav, Tuijpa Tewroyiag, Topéag Tenguorrs-Tewbeppiag, Mavemamuotmoln, Zaypdgov, 157 84.
2. Tewhoyiog EBvirot & Kamodiotpraxot Tav/pov ABnvdv, Iavemomuovnoln, Zoyodgov, 157 84.
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NA mov €xet oxnuatiofei petali twv ogéwv g Idovnbog xat tov Avydrem ota dutird xow tov g Heviédng
%o ToV Ypuntro ote avotolrd, To omoio €xel wAnpmBel xvping pe Mpvaies xau notopoyepooies amofgoes
ond 1o Avarepo Mewdrawvo péxot orjpepa (FREYBERG, 1951). O mahaudtepeg petahmnés omobéoers elvor
avopeloxouvirtg nhrtog, Apvaiog pdong, amotehovpeves ®upiwg amd pdoyes, ®ow apyilovg pe magovoio At-
YVITOV ToV omoiwy yvotay expetdrrevon oro ITeprotéor xat 1o N. Hpdxhero. To mdyos avtdv twv amobgoewy
elvou peyahro nan ovpgpovo pe tov B. V. FREYBERG (1951) eivon peyoahitego twv 300 pétomy.

Katd to IMAetdxavo 1o VMG mov amotifBeton eivar oopdg mo adQONEQES O OXEON UE EXEIVO TOV AVOITE-
ou Metdrawvou. 2 fdon amavtolv Aupot xow Yappuites, ot omoiol eEeAicoovral ae xpoxaomayri eva 1 1n-
ROTOYEVEDT) XAIVEL pe AETTOPEQES VMG TdM fitot pe Aeurotic aofeotéMBoug xau agyilovg Tov ol mbovd vo
nepvdve xaw oto IThewoténowvo (B. V. FREYBERG, 1951). Oa mpénel va onpetwbei 6t 1 mpoéhevon twv
HOORAADV TOV RQOXAAOTAYWDV E(VUL ATOXAELOTLRG OGS TA PETAPOQPWUEVH TTeETROpaTa. Ta xporahomayr dev
azavrovy oto NA tpuiqpa ™mg Aendvng dnhadn omy meproyn Tov Aagviov xor Tov Ileprotepiov, eve) amd Ta
vouodutnd (Aagvi, ITegotépt) mpog ta fopetoavatoxd To TdY0g TE0O TWV KEOXANOTOYHY GO0 KAl YEVIRA
TV TAELORAVIXGV aroBéoewv avEdvel. Tia TaddeLypa To A0S TWV TAELOROUVIRMY OTOBETEWMV TNV TEQLO-
¥ Ave Awociov - Mevidiov urepfaivel ta 400 pétpa.

Bdépeta Tov Mevidiov epgavifovrar mdh o ovopelonovinés Mpvoies omof€oeis, oL omoieg mpog foped
rohimrovron dradoyrnd amd xepoaies TeTaQToYEVE(S, ¢ £l T0 mAeloTOV, 0dQOoNEQE(S OTOBEOELS, CUVLOTANEVES
KVEIMG OIS TOV PEYAAO RWVO ROPNUATOV TV Bpaxopuareddvav ota Bopelodutind 1 Ti§ TOTALES ATOBEOELS
ota BoQELOAVATOMXA.

Télog ou veoyeveis amob€aers xolimrovion and notdueg awoBéoers xau ruvoug ropnpdrwv. H mpoéhevon
oV ®*AaoTnkol vVMroU elvar omoxheloTivd and o apetapdeputa tetpdpata g [devnbag, oxnuartiCovrog
EVaL TTOAU YOQAKTNOLOTLHG ROIVO OTNV TEQLOXT TV OparoparedSvov.

ZuvoPitovtag T TaQamave Yo TS peTodmxés amoBEaels tov Aeravomédiov twv ABnvav, oo MAPIOAA-
KOZ & POYNTOYAHZ (2000) ®ataljyouv oto oxSGAovBo Cupmepdopoto, oxenxd pe ™y nepiodo anéBeong
TV Knpdtov:

o Zhuepa PAémovue to vroAelppata amoBEoemv wog peYaing Aluvng, dedopévou Gt avtiotouxns nhxiag
Mpvaior oxnpotiopoi arovtovy t6oo épeta g IdovnBag (weprox Malaxdoag, Avhdva, ®As.), 600 ko
voto ot Aexdvn tov Meydomv. Avtd onpaivel 6t o gvpitepog xdeog g ITdevnBag mepiBarldtav and
pla peydhn eviaio(?) Aipvn 1 and Aipveg xow TEEmeL vo fftay poxoLd atd Bahaooo agpot dev amavtoyv (xvn
Bordooag emidpaong, evd VIEAEXOVY 0pLouéves evOEiEELS mov vmodnidvouy 6t 1) otdBun ™mg TéTE Aipvng
dev Bo. mpgmen vou eiyxe peydhn vpouetorrt dragoed, amd T otddun g Téte Bdhaocoas.

e Tnv textovixt] noepio Tov Avwtéov MewGrawvov, diadéxeton pio don textoviris dpaoTnoidTnTag Tov
IThe6xouvou, 1) omoio. poivetor 6L BlyeL pévo 10 avaToMxs TUpa TG Aexdvng, ®abmg oL XPOXRGAES TEOE-
xovran pévo and tg petapoopmuéves evomreg. H IdovnBa emopévog xatd to IAewdrovo Bo mpémer vo
eixe pnodteEn evépyelo avayhigov and v [Teviéln xat tov Yunted, kote vo uny 10o@odotel pe viurd,
apov OVANEDO OTLS XOOXAAES TOV TAELOROUVIXDY KQOXOAOTaYDV eV £xOVY maQUTNENOEL XOORAAES TTOV VO
npogpyovral and ) IdovnOa.

3. NEOTEKTONIKH AOMH KAI ITIAPAMOP®QXH

O gvUTEQOG XWEOG TG ATTLXNG TAEOVOLALEL pio: oUVOETN petalmnr poegotentoviry dow, n omoio amote-
Aeiton amS to eEric peydho onErtepdym 1™ tdEng: Ta textovivd xépara mg IMdpvnBag, tov Avydhew, Tov Yunt-
100 ®ow ™G IMeviéhng wou to tertovird Pubiopata tov Oidotov mediov xow Tov Aexavomédiov Twv ABnvdy.
Méoo 0" atég g 1™ 1dEng dopég amavrddvron 2%, 3% xAm. pxdteenc tdEng fubiopata xow képata. OAGrAnEn
N TEQLOYY EMOUEVWG EIVOL ROTAXEQUATIONEVN Ot TOAG pnErtepdyn. H yewpuetpia avtdv ponEurepoydv eivar
ouvOeTn pe emrparovoeg dievBivoelg ABA-ANA xow BA-NA (Ewdva 1).
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Ewova 1. Zynuatixzos xdorng otov omoio gaivovrar ot xvgtes onEiyeveis {aves Tov gveutegov xwoov TS
wepioxjs peAETngs. 1. aviywon, 2. pvbion, 3. dSovag megioTooQifs, 4. exTiuduevo xaTaxogueo diua, 5. onSiye-
vijs §ovn, 6. vogoxpitns Aexdvns Kngroov m., 7. vogoxgitng Aexdvng Iavvovla n. (MARIOLAKOS &
FOUNTOULIS, 2000).

Figure 1. Sketch map depicting the major fault zones of the earthquake affected area: 1: uplift, 2. subsidence, 3.
rotational axis, 4. estimated vertical throw, 5. fault zone, 6. watershed of Kifissos R. basin, 7. watershed of
Giannoulas R. basin. The relative size of the markers for uplift or subsidence indicates respective rate (after
MARIOLAKOS & FOUNTOULIS, 2000).

Aopfavovtog vy ToL YEMAOYLHG ROL TEXTOVIXA OTOLXELD, TNV AETTOUEQT] YEMAOYLXY XOQTOYQAPNON TV
Neoyevav oxnuatiopdv (FREYBERG, 1951) zal tn popgotextovint pueréty (MARIOLAKOS &
FOUNTOULIS, 2000), eEdyovtot T0 ToQorAT® CUUTEQGONOTOL
e Ta dhpota Tav onypdtov Tov ogLoBetoty to empuégovg onErtepdyn mowilovy. "Etol uetali tomv ponEvepa-

xuwv g Ietpovmohng xow Mevidiov to dipa, and to ITAewdravo péxoL orjuega, eivor peyariteo amnd 400

uétoa, evd 1o dipo petal twv onErtepoydv Mevidiov xar Puic, ard to Tkeidravo puéxor ofjpega, eivar

peyoliteQo and 600 pérpa.

e H negroyr Avo Avociov — Mevidiov, avijrer oe €vo onErtépoog (textovind foBopa), to omoio moQovoid-
Ceu duaypovind peyohiteon pubion ta televtaio 5 Ma nepimov, péoa oe pio TEQLOYI| OV TEQLOTOEPETOL
yipw and opudvrio dEova devBuvong BA-NA moog 1o BA, mepuopiCovrag mpoodevtind my €xtaom g
TéTe Aipvng mpog ta BA, tuijpa tng omoiog omotelel VtGAELUPOL 0pOU TUQOUEVEL HEXOL RO OTUEQD TTEQLOOL-
%nd Aipvn (BA€me otdon Alpvn ota Ave Adowa).

e To vnépabpo morldv pnEttepaydv poioxretar ofjpepa oAl yaunhdtepa amd T onuepwy otddun g Bd-
haooag, Yeyovos vtodnlotixd g ouvexovs fUbLong mapdtt 0To OUVOAGS TG 1) TEQLOXY] AVEQYETAL.

e To peyolitepo VPSPETEO EppavIons Twv Mpvainv orobéoewv (tepimov 600 pétpa), foloxreTar oty TEQLO-
M Tov Ogaxopareddvav dMhadn oto mepBwELo g ITdevnBag Grov maovoLdlovtal xat T peyohitepo
oaméAvta vpopetoa (Tepimov 1.100 pétpa) Tov 0pevoy Gyrov. X7 ot TV TEQLOXY OL RAIOELS TWV Auvaiwy
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eivan 35" mpog Ta BA. Touto onpaiver 6t ot avodunés xuvioets mg IdevnBag Oo mpémeL vo. §xouy yivel petd
™V anéBeon mAelorouvixdv Mpvaiwv oroféoewv rotd to IThelotdnavo, rdn mov elxe wg OUVETELDL TNV
dnurovpyic Tov PEYAAOV RHVOU ROENUATWY OTNV TEQLOYY], O OTOL0G ElxE OTTORAELTTIXY TOOPODOTTO Ot TNV
ITaovnOa.

4. TEQ®YZIKH EPEYNA

H yeomhextounr] néBodog yevird map€yetl aELomoTo amoTeAECUATO, OF TEQUTTWOELS 0QLLOVILWV YEWAOYL-
ROV OXNUOTLORWY KoL OPaA@V Tomoypogpurav avaylMigwy (TTAITAAOIIOYAOZX T., 1985, MAPIOAAKOZX et
al., 1987, HAENI, 1995, LARSON, 1995, AAEEOIIOYAOZ I., 1998, AAEEOITIOYAOZX 1. et al., 1999). Ou
petprioets vaiBpou dieEnynoay pe Gpyavo vynhric texvoroyiag xow motétrog (Terrameter SAS 300C & SAS
2000 Booster).

Ewdirdtepa, yonowpomouninxe n dudrokn Schlumberger pe péywoto avdmmuypa nhextoodiny pevuotog (AB)
1000 pérpmv xon Babog €pevvag peyaitego twv 200 pétpwv. Extedéobnuay 5 yeeomhentourés pubooromnoets
(Ewdva 2). H owwonny avdmamugn omy gvpitepn meptoyy, dev emétpene ) dieEaywyn nepuoodtepmv fubo-
OROMOEWY, YLaL TaL BAEON OV ATALTOVOE 1) CUYRERQLUEVT €QEVVAL.

Oéon yewndextpixic fuboordmong
¥ VES location

4 Pofwyeviig Jovn (Mapiokdxog & Gouviodng,2000)
‘~ Fault zone (after Mariolakos & Fountoulis, 2000)

Phiypa, mou mpoxmTel ané v apovoa peAETn
Investigated fault, in the framework of geophysical investigations

"‘._. ThiBavo priypa, mov mpoxUTITe] and T mapoiod peAst
" Probable mvestigated fault, in the framework of geophysical investigations

j‘ NIDIFZ.
4 \ P
18000 Mevici g
I | |
19000 4000 17000

Euwxova 2. Xdotns tng megioxns ueAérng.
Figure 2. Location map of the area under investigation.

H pelém tov nAeRTO@V WBI0TTomVv TOV TETEOUATOV OTNY TEQLOXY] EQEVVIS TROYUATOTOU ONXE pe TV
extELEON ‘entl TOTOV” (in situ) PETQHOEWVY TNG ELORNG avTiOTOONG, O BECELS EPRPAVIONG TOV UETAATLRWDV OTTOOE-
CEWV TTOV QTaVTOUY 0TV EVEUTEQEN TTEQLOXY] EQEVVAS. ATIO TIG HETRVOELS AUTES TROEXRMPE GTL OL TUEG TNG ELOLXIIG
avtiotaong mg pdeyos xvpoivoviar ard 25-65 Ohm.m, avdloyo pe ™y TEQLEXTIROTNTA TG OF CRYLMUA %KoL
Poppurtnd vMKd, avtiotoux. ATe PETOOELS TNG EWDLKIG avTioTaomg, Ot BE0ELS TOAALODY YEWTOOEWY, TQOEX-
Pav Tpég amd 350-500 Ohm.m xaw 70-250 Ohm.m, Yo To. CUVERTIRA RO TO Y OUACQE HQOKUAOAUTUTTOTIOYY], AVTi-
atouya.

T tov EAeyy0 TG TAEVOIRNG AVOUOLOYEVELAS TWV YEWAOYIROV OYNUOTIOpGY o dvo daotdoeis (Yevdo2-
D), nataoxrevdobnxe 1 topr] Tg @auvipuevns ewdurrs avtiotaong g Ewdvag 3. H xataoxeu t€Tolwy mogaotd-
OEWV QIO OTOLYE(D TTOV EYOVV TEOXVPEL 0TS TNV ENEEEQ YOO TMWV TTRWTOYEVAV dESOUEVMV, YWOIS TV LECONG-
Bnon akypBpmy ToooTXRIG EQUNVEINS TTOV XENOLUOTOLOVYTOL 0T AOYLOMXA TOXETO, dIOEL pict koAUTeEQY ELRG-
VaL TG OTRMROTOYQOPLRYS dLdoBomang.
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N TOMH KATANOMHZ ®AINOMENHZ EIA. ANTIZTAZHZ
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Ewxova 3. Tourj xatavourjc g gaitvouevns etdixis avrioraons.
Figure 3. Apparent resistivity cross-section.

Me tov 1670 0T6 TEAYRATOTON|ONKE Pt TEWTN TEOTEYYLON (TOLOTLXN) TOV YEMNAERTOUAWV TOTEAE OG-
Tov ko extuinxe n aglomotia ™mg mocotryg avdivong twv Bubooromijcewy, TOv £XEL TEOXMPEL atd 1-D
eneEeoyaoio vt epunveic. ATG TV Topy avt TEoXUITEL:

e uio TOOOJEVTIXNY] PEIWON TOV TLHHDV TOV PALVOUEVOV EWDHAOV avTLoTdoemV artd 600 Ohm.m oe 25 Ohm.m,
oamd v em@dveln (LxeEg amootdoels AB/2) mpog peyahitepo fA0n (peydres amootdosig AB/2).

e uio yeviroteen PUBLoN TV LOGTIRWY ROPTUA®Y Qavopevng ewduniig aviiotaongs and véto meog foopd, dn-
hadn amé ™ B€on g fubooxdmnong S5 meog v S1.

o uio andropn PUOLoN TV WETUWY ROUTOADY oY TTEQLOXY TV Pubooromioemv S3 xal S4, yeyovoc mov
aEloloyelTan wg TAEVOLRY] COVVEYELD TV YEMNAERTOIRMV TYXNUATIOUDV 0TV TEQLOYN.

TN v moootiny} EQuUNVELD TV PETOOEWY, XENOLHoTOBON®E 1 HEBOSOS TNG CVTLOTEOPNS TOV ETUVONTE O
A.A.R.ZOHDY (1989), v omoia ®aB0pilet 1600 0TOMROTA GO0 EIVOL TO PNPLOTONUEVO, ONUELD THE RAUTTIANG
vraiBov @, (AB/2). Eivou pia Oeopnrind amh xou evguris pébodog, n omoio magéyel aEidmora amote éopata

TOMH KATANOMHE (MPATMATIKHZ) EIAIKHZ ANTIZTAZHX

-——7r—rTrrr 7T
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400
AMNOZTAZH (u)

Edikn avriotaon oe Ohm.m

50 100 150 200 2650 300 350 400 450 500

Euwova 4. Tourj zatavourjs s (moayuaruajs) eidixijs avrioraons uerd tov fdbovg, oe xlipaxa 1:2.
Figure 4. Resistivity cross-section, in scale 1:2.
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oe nepifdirovia inpatoyevav Aexavdv (YUNGUL, 1996). Metd v OLOTIXY AQOVOIOON TG QPOLVEHEVNS
edung avriotoong xow ™mv ader] oxLyRdeNom TS OTEMpaTOYROPIXS dtdpBowong, xopdyBnxe N Topn g
rozovounis g (reaypatnis) ewdwrg avtiotaong pe 1o BAO0S, OVpQWVa pE 10 ATOTEAEORATA TNG TOCOTLRNG
avdivong 1-D (Ewdva 4). H xataorevi 1€T010v nogaotdosny arodidel minpéorepn emdva o 8o (Yevdo2-
D amewdévion) dlaotdoels, g xatovouic e ewdirrc aviiotaong pe to fadog xan eEfyxOnoav ovumepdopoTa
Yo T QUom xow T dopt] TWwV VTESAPIRDY TYNUOTIONGY TTov dregevviibnrav. Amé v Topy autr) TEOXVTTEL 1}
{dwo mepimov ewmdva pe exeivn ™G QaLvOpeVNS WIS avtioTaons, ue pio Yevindteen Pubion twv 1oéTpmv
ROUTUAOV (TRaypatixiic) ewduniic avtiotaong and véto meog foed xau pia amdroun Pubion Toug oty mepLoxn
Twv puBooxomioewv S3 xow S4.

5. ZYMIIEPAZMATA

Me Bdom to vdEYovTa YEWAOYIXE Kow TEXTOVIXA OTOLYE [0 XABWG ROw TA YEWPUOLKE OESOPEVQ, ROTAOREVE-
abnxe N yewAoywij-yewquowxij Topr g Ewdvag 5.

ARG v topn poivetol 6t

O oYNUATLOPGS TOV KQOXAAOAUTUTOTIOY()V KOAUTITEL EMLPAVELAKRA TO CUVOAO TNG TEQLOXNG.

AT TG TIUES TV ELORADY avVTLOTAOE WV, AOQORERT) VMKA. pe Eviovo To avBpaxixd atouyeio (300-500 Ohm.m)
mdyovg ~50-85 pétpa, amavrdvion ot POOELES koL REVIQUKES TEQLOXES TOV mediov €peuvag, aviioTouyo
(BvBooxromioerg S1, S2 nou S3). Tavhxd avtd eEehiooovion fabditepa ot Aemropep€otepa (170-180 Ohm.m).

e O sm@aveloxds adQopuepns oYNUOTLONOS TV BOREIMY KoL REVIQIXWY TEQLOXMY, TEOG VOTO eEEMOOETONL
nmpoodevtikd ot Aemropepéotego (70-100 Ohm.m) (fuBooxomioerg S4 xaw S5).

o Qg unéfabpo oy meELoyy £pevvag diepevviiOnxe oxMUaTIONGs 25-65 Ohm.m, wov amodidetan o™ pdeya
UE QQYIMHA o WPappuTnd vMxd, ovtiotou . XaoaxrTnelotks sival 6Tl 0 OYNUOTIONGS OVT6S Ep@aviteTol
EMUPAVELOXRA. VOTIOTEQX 0TO PEépa XeMdovoic nan o€ QuorES Topég otov motopd Knguod xon foperdrepo
oV eELoXN Twv OpoxopaxedSvav.

e H pdpya mpocdiogiomxe ong Béoeig twv fubBoaromioewvy S5 xow S4 (véua) oe fabog ~35 pérowv, oty S3
oe Babog ~60 pétpmv xow otig S2 waw S1 o Pdbog ~85 & ~130 pérpwv avriotoryo. H mpoodsvtny avEnon
TOV TREY TG EONG avtiotaong, 25-65 Ohm.m, tov vroloyiomxav Bopetdrepa, amodidetar oTny Hratn
AUUOV KoL YOUULTAY, OVTIOTOL A, HECA OTO OXNUATIONG ToU vrrofdBoou.

o H opognj g pdpyag, evd ot Béoeig twv fubBooromijoewy S5 ron S4, tpoodiopileton ot andhuto LPSueTEo
~190 péroa xou ~205 pérpa, aviiotovya, om Pubooxrdnnam S3 mpoodiopitetar oe andiuto Mpdpetpo ~180
p€rpmv, omv S2 oe ~170 pérpo o oty S1 oe ~165 pérpa.

o Aaufdvovtag vy Ta YEMAOYIXA, TEXTOVIRG KO VEOTEXTOVIXA YOQUXTOLOTIXA TNG EVQUTEQRNS CELONGTTAN-
ntng mepuoyiic IIdovnOags-hexavonediov AOvav (Ewdva 1), g YemAOYIRES TAUQATNOOELS OTNV TEQLOXT
Bpaxoponeddvav - Mevidiov, ™y morotxi] (Ewrdva 3) xow ty ocotirr (Ewdva 4) epunveia 1ov yewguot-
ROV OLOROTHOEWY, TEOXVTTEL OTL OTNY TEQLOYY PeTaED Twv PuBooromioewy S3 xaw S4 (dvmnd tov aepo-
dpoptov Taroiov) evromiomxe QriYRa, pe ®atoxéouepo dipa mepimov 25 pétoa (Ewdva 2). To priypo outd
dev epgpoviteton omy empaven, 0AG «ofrivewr péoa otovg avdTEQOUS 0QICOVIES TWV TETAQTOYEVHV %QO-
rohohorvromoydv. To priypa avté tov Tazotov, Poioretar mhnaiov g enEryevorig Lovng F1 (Ewdva. 2)
%o TOavey va avijrer ot Lovn avnyj. Magoameeiton exiong pio prerj fUBuom g opogric g pdoyos (me-
pirov 10 péroar), petokd Twv fuBooxromijoewv S2 xaw S3, N omoio MBAVSV vo amoxraivrTer TV VoEn evog
dettegov PYHaTog, ToU avixeL kot avtd oty dia onEryevi Lavn F1.

e H duevBuvon v magamdve onypdtov dev eivon duvardv vo mpoodiogtotel pe axpifea, dedopévov Gt ta
ofypora cutd dev pOdvouy oty emupdvela xon 1 didTaEn Tov yeonlextowmdy fubooromioewy dev fondd
otov 1Ro0dLoELoUs g devBuvong tougs. TTdvrwg pe Pdon to xapToypagnuévo fyuato otov evpUteQO
X0 TV Aenavomediov extpdron 6Tl o mEEmer va €xovv dievBuvon E-W nor WNW-ESE.

e Eival yeyovig 6 pio muxveteen ®aAvym pe YEm@uotkd otoryeio TG TEQLOXNS EQEVVAG, HE TNV EQUQOROYT|
®ow dAAwv peBodoroyudv (Baguuxés petprioets), Bo €dive mepLoodTepa OTOLE(D YL TO TEXTOVIXG %OOE-
OTAS TG TEQLOYNG KoL ATOTEAEL HEAAOVTLRG OTGYO TWV OUYYQUPEMY.
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TEKTONIKH EEEAIEH TOY IIEAAT'ONIKOY KPYLETAAAOZXIETQAOYE KATA
THN AIAPKEIA TOY KPHTIAIKOY
(AYTIKO TMHMA OPOZXEIPAX BOPA, MAKEAONIA, EAAAAA)®

A. AYTEPINAZ, A. KIAIAZ', A. KOPONAIOZ, A. I\'ZIOYNTPAKHE‘, W. FRISCH’, I. DUNKL’
& T. MOST

ZYNOWH

Zro Iehayovind xpuotarhooyiotwdeg oto dutnd Bopa, avayvowpiomue éva D -textovind yeyovdg ndtw
rONTLOLKIG NMAMRIOG TUV-UETAROQPIHG WS TTEOG pia, VYMAG TEaotvooxLoToOMBNS—YaunAis augpifoltinis @d-
ong M, -uetapdepwon (~135ex. xo. nhnio Yi&ng). Zro Méoo-Avw Konudud ou D, douég emmoedLovrar and
éva, wuelayo, D -tentovind yeyovdg, pe wiga €vvola mg #ivnong meog ta NA. To D, cuvodevmxe and po
avadgopn meaotvioylotoMBurrs pdong M -petapdepwon (~90ex. xe.). H S -oyiotémra mrvydvetar ovyvd ard
aolppeTeeg mruy€s BA-NA avdntuEne. "Eva vedteo TeRTOVIXG YEYOVES, OV YaoxTneICETaL aAtd TV ovATTY-
En nuuthaotirdv Lovdv didtunong pe xipla mweog ta NA €vvola tg xivnong, enneéaoe oe andpo YuxeoTeQEs
P-T ovvbrixes oto Avey Konudins (~60ex. %0.), ®upiwg, Ta avatepa Tujpata tov ®euotailooyiotwdovs. Emni-
01¢ 08 MAOUTWVIRG. OOROTO., TOU SLELddiovy To *keuoTarhooytotddes vdfabpo, mpoadiopiodnre nhxio dieio-
dvong 300+3ex. xo.

ABSTRACT

The kinematic of the Cretaceous deformation and the relationship between deformation and metamor-
phism of the Pelagonian crystalline was studied in Voras Mt (northern Greece).

The Pelagonian crystalline in this area has been subdivided into a lower, core part, consisting mainly of
gneissic rocks and schists and an upper, cover part, consistine of schists and quartzites with marble intercala-
tions. Intensely deformed granitic rocks of Upper Paleozoic age intrude the Pelagonian crystalline basement.

An S foliation is the oldest fabric recognized in the Pelagonian crystalline. S, is mainly defined by syn-S
garnet(Gr)), biotite(Bt ), white mica (Wm,), chloritoid, kyanite and plagioclase in the metapelitic rocks and
green amphibole, epidote, plagioclase, and biotite(Bt,) in the amphibolite. Garnet grows also in some cases
post-kinematically. Ilmenite and tourmaline are often found in the pelitic rocks as well.

S, is overprinted by an S, foliation that developed as a crenulation cleavage. In most places, however, S, has
destroyed all earlier fabrics and a single S, fabric is present related to, isoclinal or sheath folds intrafolial in
places. S, in the metapelitic rocks is characterized by the syn-S, development of chlorite, white mica(Wm,) and
plagioclase. In the amphibolite S, is mainly defined by the syn-kinematic development of actinolite, plagioclase,
biotite(Bt,), white mica(Wm,) and chlorite. During D, garnet(Gr,) and biotite(Bt,) are partially replaced by
chlorite, while green amphibole is replaced by actinolite and chlorite. Chloritoid remains generally stable along
the S -planes but in some places transforms to chlorite and sericite. Furthermore, D, was locally followed by a
static post-kinematic annealing indicated by polygonal quartz microfabrics with equilibrated grain boundaries
and triple points. The overall orientation of S, is dome shaped with a gentle SW-ward and NE-ward dip in the
southwestern and northeastern flanks of the dome respectively. Syn-S, minerals defined a very well exposed
NW-SE trending stretching lineation. Kinematic indicators show a main top to the SE sense of movement.

An S, crenulation cleavage associated with asymmetric NW-SE trending folds is also present in most parts of
the core and cover rocks, possibly, related to a constrictional type of deformation.

A well developed, S, shear band cleavage is mainly present in the upper parts of the metamorphic dome and
formed under cooler conditions. S, shear bands are associated with a NW-SE developed stretching lineation
defined by elongated and dynamically recrystallized quartz grains and a preferred orientation of white mica and

* CRETACEOUS STRUCTURAL EVOLUTION OF THE PELAGONIAN CRYSTALLINE IN WESTERN VORAS MT (MACEDO-
NIA, NORTHERN GREECE)

1. School of Geology, Aristotle University of Thessaloniki, GR-54006 Thessaloniki, Greece

2. Institut fiir Geologie und Paldontologie, Eberhard Karls-Universitit 72076 Tiibingen, Sigwartstr. 10, Germany.
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Fig. 1. Geological map of the western Voras Mt. (Macedonia, Greece), (modified by Mountrakis 1983 and
Migiros & Galeos 1990).

chlorite. Along the S, shear bands a transformation of garnet, biotite, chloritoid and amphibole into chlorite is
always observed. S, shear bands indicate a main top to the SE sense of movement.

The P-T metamorphic conditions were derived from textural equilibria and mineral assemblages, as well as
from the spatial distribution of the metamorphic minerals. Syn-D, metamorphism reached the conditions of the
boundaries between greenschist and amphibolite facies. Syn-D, retrogression took place under greenschist facie
conditions.

K/Ar radiometric datings on coarse-grained syn-S, and younger fine-grained syn-S, micas define an Early
Cretaceous cooling age ("135Ma) for the older event and a Mid- to Late Cretaceous age ("90-80Ma) for the
second event. A white mica age of ca. 65Ma correlates with S, shear band clevage. Furthermore, the intrusion
age of a granitic body into the Pelagonian crystalline is dated using the Pb/Pb single zircon evaporation method.
The estimated intrusion age of 300+3Ma suggests that the Pelagonian crystalline was affected by a pre-kin-
ematic magmatic activity relative to its Cretaceous deformation.

AEEEIX KAEIAIA: TTehayovird xpuotorhooyiot®deg, Konudixo, TEXTOVIRG-PETAUOQQOOT, YEWYXQOVOASYN-

on, 0pooeLpd Bépa.
KEY WORDS: Pelagonian crystalline, Cretaceous, tectonics-metamorphism, geochronology, Voras Mountain.
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1. EIZATQI'H - TEQAOI'TKH TOIIOGETHEIH

H meproym perémng xarahapfdver to dutind tuijua g 0pooelpds Tov Bépo oty BA Maxedovio (Bdpewa
EMGda). “Eva peydho tujpa mg avixel yeotextovind oto Iehayovird xdivppa xot 1o dhho oty Tdvn AE1ov
(Mercier 1968) (Zyx. 1).

H yewhoyuj doun Tov dutiwoy Bépa peketiOnxe ond tovg Mercier (1968), Movvtpdxng (1976, 1983),
Kihog (1980) »ou Kilias (1991). 'Opwg ot tyv pehérn avt, €hewte 1 AeTTOREQS vGAVON TG VPG ROL TG
HVNUOTLRG.

To yeyovig ovTd amoTEAECE VAL ONUOVTLAO KIVITQO YLOL TV ETOVATOTOOETNON TG TEXTOVIXT|G LOTOQIOG THG
Loy Tov dutwol Bdpa. H gpyaoio avt anotehel éva mowto frpa yio Ty TpoordOelo autr xow TeQuhop-
Bdver vy perémn T Textoviryg dopuric xon eEEMENS, xaBwg xow TNG OVVOTRES RETOUGOPMONG TG RQUOTUAAO-
oyrotddovg patog vov Iehayovinol RoAIUPATOS 0T CUYREXQLUEVT TEQLOXH.

T Tov onomd avtd yoptoyoupiinxe pe AeTtopné el 1) QUOTOALOOYLOTAdNS ndto Tov dutivot Bépa pe
TOUG YEWAOYLROUG OXNUATLONOUS 7OV TNV TEQLRAAAOUY, PEAETI{ONXE N RIVUATLRY TG TTOQAUGQPOONG KO OU-
oyetiomrov petogl Tovg mapapdeemon xaw P-T cuvixeg petapdopmwong.

H Caiyvn AE1oU omv meproxn] uehémng (Zy. 1) amotekeiton omd TG yewhoynég evomres g Ahpmmiag, péoa
otig onoieg maeuParlovran TEXTOVIRA 0PLOAMBIRA TeTEWRATA TOV WxeAVOU TS TnOvog. OL yemAoyirég evoty-
TeC ™S AMOTIOG TOTOOETOUVTOL PETOEY TOUS UE TNV HOQPY] TEXTOVIXMDV AETIWV, TOLTOYEVOUS Nhxiog. And to
ovaToM®d TEOS T, SUTIKG RO ATTG AV TEOS TaL ®ATM dtonpivovtal otny, evotnta Avvag (ITétepvix), evémnta
Aovtpdv Agudaiag (Aovtewv IT6Cag) xow evémro Kepaoudg. O evémreg ovtég pall pe ta ogproBixd meto-
UOToL TOTTOOETOVVTOU TEXTOVIXA ®aTd TNV didpxrera tov Honailvou mdvw oto ITehayovind ndhvupae (Medwenitsch
1956, Mercier 1968, Mouvtpdxng 1976, 1983 xau Galeos et al. 1994).

To IMTeharyovird ndivppo Tov Avirot Bépa amoteleitor omd mdve mpog ta vdtw and (Zy. 1): (o) tov dvw
ronudirrig-radaoravinns nxiag pAioym, () Tous elaped avaruotaAhwpévoug ronudiuig nhxiog aofe-
otéMBoug, (7) ™V avaruotaAhmpévn Toladrotovpaoxiic nhxiag avBpaxiwy oelpd xou (8) to mokaolmixrig
1M ®ou TOALGTEQO XEVOTAAOCYLOTHdES VTGFaBO, TOV ETAVOOQAOTNELOTOMONRE KT TNV OATILXY] 0QOYEVED
%o OLaKQEIVETAL, O EVOV XATHOTEQO TEXTOVLXO 0QILOVTAATOTEAOUUEVO OTTO YVEVOLOUS %ol OYLOTOMBOUS ®aL o€
EVav avoTEQO, TYLOTOMBLKG, TEXTOVIXG 0QICOVIQ, OTO AVHTEQN TIIUOTO TOV 0TTOIOV TAQEUPAMMOVTOL HAQUOQA.
IMhovtwvind metpdpara ®otd OE0elg Eviova TaQAUOQPOUEVH OLELGOTOVY TO HETOAUOQPWUEVO VTS VTTGPaBoo
(Mercier 1968, Mouvtpdxng 1976, 1983 nou Kihag 1980).

2. KINHMATIKH ANAAYXZH THX ITAPAMOP®QEIHX

Kowrijora vt v Eaximwon g »uvnpoivic ts TeQopuée@mons amoTELETAY, Qaivopeva aAAnhoemidoa-
ong TV TEXTOVIRWY dopdv peta&l tovs, S-C vgéc, Cdveg dudtunong, ecc-dopés, aovppetoa “boudinage” n
avdamtuEn o xau & xhaotodv xow “mica fisch” (Lister & Snocke 1984, Passchier & Trouw 1996).

H nahaudteon verj (D, mapapdegwon) mov avayvoeionxe oto Melayovind xouotarhooylotddes omy
meQLoyY uekémg, amoteheltan amd pia S -oxotémTe. Zroug mnhtixovs oxtotéhboug 1 S, xabopiletal xuping,
azé ™My ouv-S, avamTuEn yoavdm, Aevxot poguauyic(Wm, ), Brotitn (B, ), xhootroetdn xow mhayidxhaotov(Pl).
Avtiotoa ovv-S, avdmtugn medowng augpBiov, emddtor xow mhayidrhdotov(Pl ) yapaxmoeiCovy to augpt-
PolMTind werpdpata, eve) ovv-S, avamtvgn K-aotgiov, Aevrod paguaguyic(Wm,), fiotit(Bt,), emdstov xou
ouyvd YoavaTn OUVOEETAL PE TOVGS YVEVTLOVG.

H S -oyiotémra enneedletal amd pua S -ox1otéTnTo. 1 omoia AvamTiCOETOL OUXVE WG ILoL YLOTETNTA QUTI-
dwong. Ev 100T0Lg TIg TEQLOTGTEQES PORES M S, XATACTOEPEL TIG TQONYOUUEVES VPES KO ATTOTEAEL TN HOVOdLHI]
%o XUOLOL OYLOTGTNTO TOV XQUOTAAOTYLOTWIOUS, TOV OVOTTTHOOETOL TOQAANAQ WG TEOG TNV AEOVIXT| ETLPAVELD
worhvayv 1 “sheath” mruydv, “intrafolial” notd 0€oeig(Xy. 2, 3).

H S -oyrotémia otovg mnittnovs oxtotéhiBoug yapantoitetol amd ty ovv-S, avamtuEn, yhweit, Aevrol
uoouauyic(Wm,) zow mhayidriactov(PL). Zrovg augipolites n S, vaboplletal xuping omd TV ouv-rivnuaTt-
wij avdmmugn, axtvéMBov, mhayidxiaotou(PL), flotit(Bt,), Aevrot poguoguyic(Wm,) ot yhooim. Téhog
0ToUg YVeuoiovg, 0TV ouv-S, avartiooeton Aevrds pappaouyiog(Wm,), frotimg(Bt,), mhayidxhaoto(PL,) »at
€midoTO.

H S,-o1otémro avartiooetal, 0 YEVIXES YOOUUES e BA-NA moodtagn xou StedBuvon xhiong moog ta NA
xow BA avtiotoya 0t0 votiodutind xat FOQeLoavotoMxd THIjIe TOV QUOTOAROOYLOTHOOUS, oynuatiovias &-
TOL e HEYAAng vAipaxag avuxiwvirn dowrj (Zy. 1, 2).

Ta ovv-S, ogurtd ogitovv pio L-yodupwon éxtaong pe BA-NA avdntgn, mov amotehel xat v xiota
yodpuuwon tov [ehayovirol xQuotahhooytotddous (Zy. 2, 3). Avahoyn YOAuumon €xtaong pe v o, avdmry-
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Fig. 2. Structure sketch map of the Pelagonian crystalline basement at the western Voras Mt.

En, avayvopiteton xow oto TeLodtkoiovaoixiic nhriog avBpoxind rdlvuppo tov kguotarlooylotddous (Zy. 2).
‘Ohou ot deinteg nvnpotxnis €6e1Eav o xopLa Evvora Tng ®ivnomg, to endve meog ta NA (Zy. 3) énwg, ava-
yvopioBnue xau omd tov Kilias (1991).

Mio. S,-oxotétnTa euTidwong cuvdedepnévn pe oovppetoeg avowrtés, BA-NA avamtuEng mruyes, eppavite-
Tow eTONG oVYVA. oTa TeTedporto Tov ITehayovinod xpuotarhooyiotddous (Zy. 3). Ou B -mrvxés Ba pmogovoav
VoL EQUNVEVBOTY (G OTTOTEAEOUA PO TTORAUOQPWONG, TUTTOV aEovixtig emmiruvong mov €Aafe xha rotd ™y
eEEMEN Tov D,-mo0aopoyTnot YeyoveTog.

Tnv D,-mapapdepmon axohottnoe wa oxetivd vedteen D,-tapopdeemnon, mov xaeaxtmeiletoun omnd my
avdmTuEn Nuurhootindy, epelrvonndy Lovadv dudtunong ovvdedepsvov pe wa S -oxtotémra (2. 3). H D,
avoyvwiCeton xuelng ote avaiTEQM TUHATO. TOU HETOUORQLXOU d6pou (Zy. 2). Ou S -empdveieg ouvodetovra
amd o yedupwon €xtaons pe BA-NA avdrtvgn, n onola meoodiopiletar ammé v empuiruvon xou v duva-
px avaxQUOTAAMOT xOR*OV Xohalio ®aw amd TOV ®OTA TEOTIUYOT TEOCAVATOMONG TOU AEUXOU POQUaQUYIN
#aL Tov Yhweim. Ou S ~empdveireg dudtunong deiyvouy pa xipa Evvoue g %ivong, To endve meog ta NA (Zy.
3).
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Zy. 3. Towodidorary oynuatvaj ameixovion s rexrovixtjs douris Tov Iedayovinov xgvorallooyioréovs.
Fig. 3. Schematic 3-D presentation of the Pelagonian crystalline structure.

3. ZXEXEIZ METAMOP®QIHEL KAI IAPAMOP®QIHE KAI EYNOHKELZ METAM OP®QLHE

Ou P-T ouvOnireg petapdopmons voloyiomxray pue BAON TG KOUUTUAES LOOQQOTINS TWV OQUXTHV UETAEY
TOUG O TG OQUATOMOYIHES TTOQAYEVETELS TV SLAPOQWV TETEOLOYIRMV THTWV ®aBdg emions xow ™) XwEuxt
ROTOVOPT] TOV UETOUOQPLREIY OQUATHV.

Araxgifnroy 6o xipLe pETOPOQPLXE YEYOVATO. M, ®au M, Ouvtextovind og meog Tt S, nou S -oxLotémteg
ovtiotouya.

M -perapdopoon

1

H nouti] ouv-S, M -mapay€veon otoug Stdpopoug TETRoAoYIroUg TUIOUS Eiva:

a) petamnhite: Aevnds pagpaguyiog(Wm ) + xarotiog + yoavdmg + yhooiroewdc + mhayidxhaoto(Pl) +
Brotitng(Bt,) % nvavimg + uevitng + amatitng + tovpparivng. O yoovdTng avamtioceTal OUxVE ®au PeTd
TNV TEXTOVLXY] OYNUATICOVTIAS ROQWVES OTO VEO YOOVATY YURW QTG CUV-XLVIIUOLTLROUG TTUPNVES YOOVOTOV.

B) angiporitec: mpdown apgifohog + xaratiog + mhayidrhacto(Pl) + enidoto + Aevrndg pogpaguyiog(Wm,)
* Botimg(Bt,) * yoavdng

Y) yvevowou: mhayiéxhaoto(Pl) + K-dotolog + Aevndg paguaguyias(Wm, ) + Brotimg(Bt,) + yahaliog +
emidoto *+ yoavdrn
Me Bdon mv ouv-S, M, -taQay€veon Tmv RETOTNATIRGY TETEWHATOV, xon Bempavtag wg rotdteen Hegpo-

®paoia dnuovgyiag tov yoavdm v Bepuoxpacia tepimov twv 450°C (Bucher & Frey 1994) xau 611 0 xhwot-

10115 ROTOOTEEPETOL TV oS Tovg ~520°C, ovpgwva pe v ovridpaon cld + gtz = st + alm + H,0 (Pawell

& Holland 1990), pmogovtpe vo. umoBécovpe yio v M, -petapudopwon e Oegpoxgaocio avamtuEng petagl

~450°C naw ~520°C (Zy. 4).

H ovv-S, avdmtvgn mg medovng appiférov xal tov emddtov otous apglorites amotehel v xaoaxmoL-
ot} TaayEéveon g emdotixrg augpoirtiris pdong (Spear 1993).

O M, -mapayevéoeils gavepdvory 6t n M, -uetapdegwon €hafe xdoa otig ouviires ms vyniiis moaoivo-
oxLotolBuris €mg xapunMic apgLBoltinng pdons.

Ta Spta tng mieong xotd mv M -petapdegmon dev progotv va raboguotody pe axpifewa, agpol Aeimouvv
%OI0LUO 0QUARTA. ACUPAVOVTOS VTGN AVTWTQOOMITEVTIKES EXTU|OELS TILECEMV YL TETQWUATA TTOV RETOUUOQPH)-
Onrav oe AAeg 0QOYEVVETIRES LWVES OTIS avdloyeg ouvOires BeQUOorQOOiog He T TETQWRATA TOV duTroy
Béoa, Ba progovoe va emheyBet pro ovvenonuxrj draxipavon g ieons peta&d Skb €wg 7kb (Bucher & Frey
1994): H magovaio. eEGhhov thuevitn omv M -mogay€veon, 0e OUVOVOORS Pe TNV ToQaTENom #QUOTGALWY
QOVTIA{OV, TTOV TLOAVOV VO AVIROUV O€ RETOLO TOUAOLOTEQO UETOUOQPLRE YEYOVOS, delyvouy mBavey po rdon
TV ouvbnrdy Tieong xotd My dudonera g M, -petaudepuwong xdtw and ta “9kb ciugpova pe my aviidoaon
wooppomiag Alm + Rt = Ilm + Ky + Qz (Bohlen et al. 1983) (Zy. 4).
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M -ueraudopwon

2

H ouv-§, M -mapayéveom yapoaxmeitetor otovg:

) petamnhites amd: Aevrd pogpauyio(Wm,) + yAweim + xoahatio + mhayidrhaoto(Pl,)

B) augfolrites and: axnvomOun] apgiBoro + Protim(Bt,) + yhweim + xohatio + mhayiéxhaoto(Pl,) +
enidoto + Aevxd papgpaguyio(Wm,)

Y) yvevotovg amd: Aevrd paguopuyie(Wm,) + frotit(Bt,) + yhweim + mhayidxhaoro(Pl,) + yohalio +
emidoto

Kard myv dudgreia tov D -mogapoggomnot yeyoveTtog ote, PETOmNALTLRG TETRWUHATO 0 YeavaTg ®a Bloti-
e(Bt,) netorpémovian peQurdds o€ YAwQiT) ®aTd WiXog TV S -EMPAVELDV, EVE 0 XAwEToeldis dwrtmoeiton
ouvvifog omig S -emupdveles otabepds. Eviottolg oe aouetég TeQUTTMOELS, 0 YAwEITOEWDNS POIVETOL VOL AVTLRO-
Biotaror s yhoeitn kot oepuxity. Avdhoya 0toug au@lBOoMTES 1) TEAOWYY AupIBOLOG HETATQETETAL OE OXTLVO-
MO0 now yAwoit.

H pevargomi Tov rotitn xar ypavd oe xhwitn %ot Wirog Tov S,-EMpaveldy, g ouvdvaopus pe mv M, -
TOQUYEVED OTC. PETATNAMTIAG TETQDUATA PovEQUWVOLY 6T | M, éMafe xdoa o€ ouvbixeg g TEAOIVOOYLOTO-
MBuic pdong rdtw omtd Tovg ~450°C (Zy. 4). Avaroyeg OuVRirES TEORVITTOUY RO 0TS T AUPLBOALTIRG. TETQW-
pota, Ommg el VEL 1) HETATEOM] TS TRACLVNG apgLBGhov oe axTvelBo %ot yAwoiT.

The equilibrium reaction curves taken from
Pawell & Holland (1990), Yardley(1889) and Spear(1993)
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3. 4. P-T-t dudygauua s magaudepwons tov Helayovixov xguorallooyiorédovs aro dvrixd Boga.
Fig. 4. P-T-t diagram of the deformation of the Pelagonian crystalline basement at the western Voras Mt.

To Tig ouvBijxeg mieong xatd ) didgxera g D, -magapdepmang Ba progovcapue va vrobécovpue pio dua-
wipovon g wieong peta&y 3-6kb, ovvBixeg mov yapaxEICouy YEVIRG TV TEOOIVOOXLOTOABLXY] Qdo).

‘Ol To. xaponTnEWTiRd ™G M -UeTONSEQWONG 08 CUVOVOOUS pe TO %atd TEOCEYYLON Tedio avamTuEng
avmig 6mmg VITOLOYIOTNUE, PAVEQUIVOUY TOV OVAOQONO XaQUATIEO TS M, -ueTandepmong.

H D,-mapapdepaon axolovbrinxe eviottolg, Tomixd omd pio otomu] peto-rumpomin avaBéppavon ommg ovt
eEdryeTou, ot TOMYOVIXES IxQOVPES Yoholion pe Lo0QEOmUEVE. GOLOL HOXKWY KaL “TOLTAG ompeia’” WWoEEOTTOG.

Téhog 1 ovv-rivnpomxt] avamtuEn yhmeit xow Aeurol pagpaguyio ®aL 1 OAMXY PETOTOOM| TOV YRavATY,
Tov Protitn, Tov YhoELtoeldn 1o Mg ap@LSiov oe YAl xatd pixog Twv S -emipavewdy didTunong, pavegd-
VOUV TTEQAUTEQM TTWON TV ouvBNXdV Bgppoxpaociog. H duvauxy avaxouotdihwon eviovtols tov yahalio
#od. ixog Tov S -empaveldv dnhdver my duatiionon me Beppoxpacicg, Tovhdylotov, Teve and tovg 250°C
%0Td TO OTAdL0 CTO TAEAPSEPWONS (ZX. 4).
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4. LYZHTHZH - YYMIIEPAZMATA

T v eEanpifwon g nhxiog g TeEAPGEEMONS GTWS CUTY TEQLYQAWTNKE YLXL TNV XQUOTAAAOCHLOTMON
udCo oty meELoy Tov dutrot Bopa, mpoypoatomonxay tootomxés avolioels pe mv pébodo K/Ar oe ouv-
HIVNPOTLROUG HOQUOQUYIES MG TTROG T dLAPOQA TAQUUOQPWTLRA YEYOVATO.

Zuv-§, paguaguyieg avartioooviol ouviiing 08 AdQGROUKOVS XQUOTAALOUG, EVE) CUV-RIVNUOTIAT] AVORQU-
OTAAWON HOQUAEUYLHV OUVOEETAL CVUVHOWS pE AETTGRORKY avATTTUEN RKQUOTAAWY.

[Mpoodrogiomray €toL yia v ovv-S, petapudppwon e xdtw xenudwmrg nhxiag Yikn (regimov 135ex.
XQOVICL) %O YLCL TV VEMTEQN OUV-S, HETAUSQPWON piat RECO — v xonmdixy nhxia (repimov 90-80ex. yodviar).
H nhxio tov pogproguytdy, tov vroloyiomxe mepimov 65ex. xoovia, MADVEL TV nhuxia vewTEQNS OYLOTOTY-
tag v D, -Lovav didtunong.

ZUUQOVO PE TLS TOQUTNENOELS HOG Qaivetal OtL xatd v didoxer tov Kontuduov 1 xguotahhooytotddng
udCo tov IMehoryovirot xohbppatog otov dutind Bopa, veiotaton po otadioxn Yign xow mrdon twv ouvinrav
mieons (Zx. 4), YEYOVOS OV POVEQUIVEL TNV CUVEYT avOdLXI] TTOQELDL RIVNOTIG TNG KATA TO YQOVIXG CVTS dLdaTnpaL.

Téhog wootomxég avolioels pe v uéBodo Pb/Pb eEatpuiCoviog povorQuoTAALOUS U ®ANQOVOUNUEVAV
porypomnav Cloroviov, o€ €va and o SLoomaguéva uxed oe Gy%o TAOVTWVLRG CHUNTO TG XQUOTOALOOYLOTH-
dovug pdlag Tov dvnnot Béga Pdpeia tov xmoot Aywog ABavdolog, €dwoav nhxia dieiodvong 300+3Ma. H
nhxic ot foloxetar o ouppwvic we NArieg avaloywy TAOVTOVIRGY CORATOV TTOU JLELTOVOUVY TO RQUOTOA-
hooyotaddes vopaboo tov Iehayovinol rolippatog o yertovirneg meploxes (Movvtpdxng 1983, Koroneos et
al. 1993). AvayvwpiCetor €tol 0to ITeAayovirs ®QUOTOAMOOYLOTMOES ULOL TTQO-KIVNUOTLRY] poypomiry dpaaty-
QLOTNTAL MG TTEOG TNV XENTLOLXY TAQAUGOPWOY) TOU.

EYXAPIZTIEZ: O¢epud gvyaprotovpe tov Prof. T. Reischmann tov mavemomuiov Mainz xrow tov Ap. A.
Knotémovho yua TV 1eoopoed TmV LOOTOTMXMY AVAAIOEWY 0T CLOXROVLO.
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ITPQTA ATIOTEAEXMATA MEAETHX THX TEQAOTIKHX AOMHX KAI THX
KINHMATIKHX THX IIAPAMOP®QXHX XTO OPOX TZENA
(YIIOZQNH ITAIKOY, KENTPIKH MAKEAONIA, EAAAAA)*

E. KATPIBANOE', A. MOYNTPAKHE', A. KIAIAL, E. IIAYAIAHE'

IZYNOWH

H opewn pdta g TCévag (votwvn IMdwmov evidg ™mg Lavng AELov) amotehel mg oUvolo piar petapooem-
uévn Wnpatoyev) axolovBio nhriog Ave Iolaolwirot — Konuduov pe v mapepfoh evog opitovra nga-
otelaxwv 1ov Iovpaowot. To 6ho cvompa veéom pia Loyver didTunon xaw pulovitioon pe dievbuvon NA-BA
RO PE OVYXQOVN 0vGdQopun PETAPSEPOON 0TV TEACLVOOKLOTOMOKY pdon. ATG T OYETLXT XEOVOAGYNOT TRO-
®rUmwTeL 6L ) apopdepwon avty éhafe xdpa oto Tortoyevés. Avdhoyng nhriag xon SievBuvong textovind
yeyovota mov €xovv motonown0el oe dhheg mepLox€g g Boperag EMAdog rov mpoxahoty Ty extogrj Tav
petTapoe@Lx@v cvpmieypdtov (MCC) 0dnyotv oto mbavs ovumépadpa xat’ ovahoyia ue avtd ot 1 otadiaxi
aviypmaon tov 0goyevous otn TCEva natd to Tortoyeveg £ywve ouyypdvmg pe v xivnon mpog NA ouvdedepévn
UE EQPEARVOUS.

ABSTRACT

The Tzena Mt. belongs to the Paikon subzone (Axios zone, Central Macedonia, Greece) and consists of 5
distinguishable lithological units, which are from the lower to the upper the following: the lower unit of gneisses,
the marbles unit, the black phyllites, the meta-volcanosedimentary unit and the meta-flysch.

These units form a metamorphic sedimentary sequence of Upper Paleozoic to Lower Cretaceous age, while
the metarhyolites of the volcanosedimentary unit are of Jurassic age.

Kinematic analysis of the deformation in Tzena Mt. suggests that the whole metamorphic sequence has been
affected by a strong shearing and mylonitisation in ductile to semi-ductile conditions, trending SW-NE, contem-
poraneous with a retrograde metamorphism in greenschist facies. Kinematic indicators show sense of move-
ment both top to the SW and NE while a streching lineation, trending SW-NE, defined by preferred orientation
of white mica and chlorite remains stable all over the metamorphic sequence.

The Upper Cretaceous carbonates of the adjacent to Tzena, Pinovon Mt., have been affected by this defor-
mation as well, and hence the deformation took place in Tertiary times.

However, the contact between the lower gneiss unit and the marbles unit constitute a shear zone, in ductile
to semi-ductile conditions, trending SW-NE with a sense of shear top to the SW. Thus, the marbles have been
moved upon the gneisses along a large shear zone towards SW, during the Tertiary deformation.

Correlation between this tertiary SW-NE deformation event in Tzena Mt. with the similar tertiary shear
deformation towards SW in Paikon Mt., suggests that Tzena and Paikon Mts. have the same tectonic history in
Tertiary times.

Analogous Tertiary tectonic events with similar geometry and kinematics of the deformation have already
been established for several other areas in Greece (Olympos — Ossa Mts., Rhodope Mt., Cyclades islands etc.)
where they have caused the exhumation of metamorphic core complex (Kilias & Mountrakis, 1990, Sokoutis et al.,
1993, Kilias, 1995, Dinter, 1998, Kilias et al., 1999). Thus, in relation to these, an exhumation of the Tzena orogen,
consisting of the metamorphic sequence, during the Tertiary extensional tectonic process could be very possible.

KEY WORDS: Paikon subzone, Tzena Mt., Tertiary, kinematics, deformation, shear zone, metamorphism, orogen,
extension.

AEEEIX KAEIAIA: votévn Idwov, 6pog TCEva, TELTOYEVES, ®ivnuomixy, Tooudepwon, tovn didtunone,
UETARGQPWON), OQOYEVEGS, EPEARVOUOG.

* PRELIMINARY RESULTS OF THE GEOLOGICAL STRUCTURE AND KINEMATICS OF DEFORMATION IN MT. TZENA
(PAIKON SUBZONE, CENTRAL MACEDONIA, GREECE)

1. Department of Geology, Aristotle University, Thessaloniki, GR-540 06, GREECE. Corresponding author: Tel.: +30 31 998512, e-mail:
ekatriva@geo.auth.gr
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1. EIZAI'QT'H - T'EQAOI'TKO ITAAIZIO

H opewi pata mg TCévag, mov Peionetar 0to avatolMxd Tuipa T 0pooelds Tov Bopa xon amotehel to
puoré avvopo EMddoc — FYROM eivan 1o avtirelpevo g €pevvag autic.

ZuyrexQUUEVQ 1) EQEUVOL ETUXEVTQWVETOL 0T PEAETN TG YewAoywrg doprg Tov opewoy dyxov g TCévas,
™ SLEQEVVNON TG TEOEAEVONG TOV UETAUOQPWUEVOV TETQMUATMV TOU TN dOpovv, xabdg xat T peAétn g
rvnuaTis s magaudppwons. Mexol ofuepa, av xar n yewhoywry épevva €dwoe moMd otorxeio yio 10
vYerrovixd 6pog tov Idwov, ev tovtols €henpe 1 Aemrtopeiig ®ou cvotnuatixij LeAETn ™G yYewAoyirig dopng g
TEévag, mov avijrel yewtertovind ot vroldvn tov Ildwov (Mercier, 1966), g tdvng AELov.

Extdg and ™ puelét g metQoyoapiag twv MBokoyirav evonitay and T 0moles amoteleitol T 600G ™G
TCévag 1 €pevva emnevipdBnxre ®voiwg oty perém Twv ouvBnxrdY enagis peta&d Twv evotjtay avtdy. EEGA-
Aov, Y Tnv eEaxpifwon g xuvnpomniis emdvog g tagaudepwons ot TTéva yonowporonidnray xormjola
dudTpunong, 6mwg S-C veés, tauvieg didrunong, aoippetpe boudins, 0-8 #hdoteg th. (Hanmer & Passchier,
1991, Passchier & Trouw, 1996).

Ta mpdta aEiéhoya yewhoywd dedopgva yia ) Laidvn Tov Idov mpoépyovrar and to Mercier (1966), o
omoiog diEnpive v eviaio Cavny AEL0U o Toelg enl pépovg taveg, T Tavn Alpwmiag ota dvtxd, t Tovy
ITéwxov oto xévrpo xow ™ Lavn Mawoviog ota avatoMxd. ZUpgova pe ™ dudxowon avni, oty tavn ITdwmov
AVIXOVV YEWTEXTOVIXA Ol 0QEWES udleg Tov IMdwov, g TCEévag xon tov ITivofov. “Extote otn yewmhoywni
opohoyio avogépetan eite wg «CLadvn Idwov» eite ovvnOéotepa xou yevirdtepa amodext wg «YmoLdvn Idi-
%®oU» G Cavng A&Lov.

H onpepwvij eidva mov €xovpe yioe t Ladvn tov Iduxov mpoximter and €vo 0UVOAO amOPEWY YLOL TV TT0L-
hawoyemyagio xow ™) YewTEXTOVIXT] EEEMEN TG, OL TAEOV OVTIRQOVGUEVES QTG TLS OTTOIES PITOQOVV VO TUVOYL-
oBovv otig mapordTm d¥o ®UpLeg VITOBEoELS:

e H Tohvn tov Idwwov amotelei Tovpaowrd vnoudtiro t6Eo, pe €vrovn neaotewaxy] dpdom SEwmv ®ueimg
NQPOUOTELAXDV EXQNEEMV OL OTTOLES TTEOWBEVOAY TO TUEOXANOTIXG VARG OIS PuBlopéveg mAevQES Tov V-
oudtiwov T6Eov (Mercier et al., 1975). To ynowdtxo avtd t6Eo (ratd tovg Ferriere & Stais, 1994) duaxdoile
pio TeQuOmELony] Aexdvn ota avotolxd (opuéibol I'evyehic), amd pio wxedvia Aexdvn ota Sutind (ogLo-
MBoL AMpmmiag), 6Tmg TEOXVITEL RO OTTS T1) SLOPOQETLRY] YEWYNIED TWV NPALOTELAKRGY VMKV 0TO duTind
xou avotolxd Ildwo (Bebien et al., 1994), oAld xow amd mv UrmapEn petopdopwong HP/LT pdévo oto duti-
%6 Idwxo (Baroz et al., 1987).

e H pdto tov ITanov amotelel TOITOYEVES AVTIHMVIXG TEXTOVIXG TOABUEO 0T0 0TOl0 QTTOXRAATITTOVTOL TTE-
todpara g [ehayovirrig Lavng xdtm and to emwdnuéva twijpora Twv ogroliBwy g tadvng AELoU, eve 1
opewrj pdta g TCévag amotelel TOUToyEVES HETAUOQPIXS RGE%OG TTOV TTROEEYETOL 0mtd TV EMnvixti Evdo-
XWOEOL %o TOTOOETETOUL TEOO TAVM OTOVS OPLOABOVG GO0 %Al OTA TETODROLTO TOV TEXTOVIXROU TapdBuov Tou
Iéwrov (Godfriaux & Ricou, 1991, Ricou & Godfriaux, 1991). O xatdtepeg evomreg tov Iduov ovoyeti-
Covran pe ™V avBporint] evaTnTo Tov OAGWITOU KoL TOL VITEQREIUEVA ETWONUEVA NPOLOTELARA VMKA UE TOVG
petofaodites twv Aumehaxrinv, evd to pdxrog g TCévag pati pe ta xolippota ms Osooakovixng, Tov
Kartaguyiov zow tov ITérepvin amotehovv vind g Poddmng mov ohioBnoe evidg g ohoBootpmpxric
Aexdvng tov AEwov xord to Kontdwé (Ricou & Godfriaux, 1995).

2 ovvéyeia Bo avamruyBovv oL ToQaTENOELS TG Tagovoag §pgvvag otig MBoloyixés evemreg g TCE-
vag. H nluxio tov evonjtov avtdv xabopiotxe and to Mercier (1966) wg Ave Mokarotwixi €ng Kdtw Kon-
Tdwr, evad n nhria g yertoviris avBpaxixic nalag tov Iivofou wg Ave Konudurii.

2. OI AIOOAOT'TKEX ENOTHTEX THX TZENAX

H opewij pdta g TCévag amoteleiton amd mévie peydreg MOOLOYIRES EVOTNTES, TTOV OTTO TNV RATATEQEN
TEOG TV avdteen elvan (Zy. 1 & 2):

1) n rordteen yvevolaxij evétnta, 2) 1 evOTTo TV PoQudomy, 3) 1 evémta Twv paipwv QUAMTGY, 4) n
LLETOL - NPOLOTELOILNUOTOYEVIS EVETNTA, 5) 1) EVOTNTOL TOV UETOPAVOYY).

2.1. Kardtepn yvevoraxi evornra

H yvevowaxi evétra eivor n xatdreen xou €xeL mdyog tovhdyiotov 1500 pérpa. Aopeiton xard ®HQLo Adyo
ond aABrTirovg kot YAWELTHOUS YVEVCIOUG, XOWROTOS AEV®0U €wg TEAOWOU, oL 0mtoioL Tapovotdlovy Téhela
UETAUOQPLRY OTQWUATWON, EVA OF 0QILoVTES TaEEUBAMOVTAL CUTOMVIRG WAQNOQC, CLUPLBOAITES KOL TLEUOVTL-
ot oyLoToMbot.
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NORTH Equal-area projection, lower hemisphere
(Schmidt diagram)

® Lineation with no sense of shear

“a Lineation with sense of shear
indicated by arrow

® LAGADHIA

® PERIKLIA
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2y 1. Amdomoumuévos yewAoyixos ydetns s megioxrs ueAétns. 1. Teragroyeveis anobéoeis 2. Avoeortixeés
Adpes IMAgoxaivov 3. Aofeorolifor Avw Konridixov Mivofov 4. Evornra uerapivoyn 5. Mera — npatoreioln-
uaroyevijs evoryra 6. Evotnra pavgwv guilirdv 7. Evornra pagudowv 8. Evotyra yvevoiov 9. Zovy ddtun-
ong 10. Ppéryevijs yoauuj Agrdaiag.
Fig. 1. Simplified geological map of the study region. 1. Quaternary deposits 2. Pliocene Andesites 3. Upper
Cretaceous limestones of Pinovon 4. Metaflysch unit 5. Meta — volcanosedimentary unit 6. Black phyllites unit 7.
Marbles unit 8. Gneisses unit 9. Shear zone 10. Aridea fault.

H pnpoonominy] pehém) twv ahfrindv — yAworunayv yvevoiwv €0eiEe v eEfg 0puxTOLOYLRY TOQYEVEO:
oAPitng + xahaliog + Aevrds pappaguyiag + opurtd g opddag emddtov + yAweime + Protitng £ aoPeoti-
™mg = anatitmg £ axuvélbog = titavimg * Quondvio. H opuxtoroywxi] avurardotoaom tov Blotitn and yhw-
oi, ®aBdg ®ow N TaEovoia AeuroU papuaguyie delyvel GtL oL YVeHoLoL £XOUV VITOOTEL ovAdQouT HETApSEQ-
N 0TV TEACWOTYLOTOMOXY pdoY. ZTnv ®UQLo OYLOTGTNTO TOV TETOWUATOS TOTOOETE[TOL AeURGS PaQUaQLYi-
ag %o YAMQITNC, YEYOVGS TTOU SEIYVEL GTL 1) VGO PETAUGOPMOT) CUUTTITTEL YOOVIXG. LE TV %L TOQAUSGQ-
POOT TOV TETQWUOTOS.
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Zy. 2. Zvvomrunf ABoorowuaroygapuxij — textovixy orijin s Téévag. 1. Aopeordiibor ivoPov 2. Pvidites

3. Merayapuires 4. Mera — avBpaxixd 5. Mvlovitiouévor ueragvdiifor 6. Ipaowvites 7. Aofeoroiifor 8.
Mavgot puildites 9. Mdouaga 10. Aofeoritixoi ayroroiibor 11. I'vevoror 12. IMiguovritiroi oyioroiifor 13.
Zwwodives 14. Auqpifoiites 15. Zovy didrunong.

Fig. 2. Simplified lithostratigraphical ~ structural column of Tzena Mt. 1. Pinovon Limestones 2. Phyllites 3.
Metasandstones 4. Metacalcareous rocks 5. Mylonitised metarhyolites 6. Greenstones 7. Limestones 8. Black phyllites
9. Marbles 10. Calc-schists 11. Gneiss 12. Piemontite schists 13. Cipolines 14. Amphibolites 15. Shear zone.

Agdopévng g TELELOG HETAUOQPLRIS OTEMUATOONG TTOV TAEOVOLALOUV OL YVEUOLOL Ko TNV TavTeAr EMAEL-
Yn xahMovywv aoTeinv oty oVOTOOT TOUS, CUUTEQOLIVETOL GTL TQOXELTOL TEQL EVOS OYNUOTLONOU (Tnuatoyevoug
mEoéhevong, pe mbave mpwtéMBo €va Yappit. IIgog v rareiBuvon oty cuvnyopel ®ow o YeYoves Tng
VRaEENS TwV avBooxIr@V 0QLLAVIMY EVIGE TG EVOTNTAS QUTHS OE TQWTOYEVY] ETTOPY] E T VITOAOLTA TETOWUAL-
Ta.

Ta. ouwolvid paouao. arotehovvron and: aofeotity + xaholio = Aevrd popupaguyio. Ot TEPOVTITIROL
oyrotéMBor ouviotovtor oms: mepoveity + xahatio + Aevrd pappaguyia + enidoto + augiforo = yoovdrn =
nravit *+ awatit + Giexdvio. H petargomi twv opgpiféhmv mepupepeiaxd ot axtvéMbo deiyvel 6t to mé-
ToWUQ €XEL VITOOTEL avadpoun petoudepwon. TElog, ov apgiforites ovviotavron ond: apgiforo + yhwoeitm +
emidoto + yohalio + aAfi.

Ané ™V mopomtdve MBohoywt] TEQLYQOQY TG EVOTNTOS OUUTEQAIVETOL GTL 1) TTEWTOYEVS axolovBia g
UETAUOQPWUEVIC OTUEQO. EVOTNTAS TWV YVEVOIWV 0oTéBN®E wg Wnparoyev] oelpd o€ piot Aendvn ®haotinnig
®ratd ®UpLo Aéyo Wnpotoyéveons. H mlxio g evémrag ovpmepaiveton og Ave TTakawotwwmri — Torodury
(Mercier, 1966).
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2.2. Evotnyra pagudowv

H evémra tov poopdowv mtdyovs 900 pétowv, POloreTot ETAV® OTNV ROTHTEQN YVEVOLORY EVOTNTOL KOl 1)
nhxio g Bewpeitan Toraduwii (Mercier, 1966).

Amotehelton a6 oupmaryt HdQuoQa, HE CUOTAON Ko V@] Tov TTRodidouv peta-avipanind metpupota vinoL-
TKNG TEOEAEVONG Ko TG AOPECTITIROTS OYLOTOALB0VS e ovotaom xouw ven Aemtomhanddn mov deiyvouy nui-
mehayunis pdong aofeotélBoug, TAOUOLOVS OF 0QYLARG 1] poQYOiKG VAMXG.

Muxpooromird, amwotehovvian oxedov amoxrielonnd and: aofeotity + yaralio + Aevrd pappaguyia.

ITpoxvrter Aowtdv Gt M TEWTOYEVT|S 0xohovBio TG evotnTag amotéOnxe o pia afadn Aerdvn vnoltrig
£mg Nuuehoryric @aong, mov amotehel eEEMATINT XOOVIXE CUVEYELQ TS TTEONYOUREVTC.

2.3. Evotyra pavgov @uiiiray

H evémra tov podpwv guAlitdy, pe mdyog 200 pétpa, vméQreltal TV paopdomy ot Beweital vedtepn
avtdv. IMpdtol or Muyxipog & Taréog (1990) draxbdoioay Toug gurhites autols wg diaxoit evétnra, agoy o
Mercier (1966) dev drowpiCer v evémta avni xow Bewel Toug paipovg QuAkiteg pali pue to vepxeipeva
xohaiond Toegueoewdj we pio evémnra Iovpaouxrig nhxiag.

H oepd dopeitar oxeddv amorhelotind amd povpovg QUALTes, 2aBdg N povn mowihhic Tng MBoroyiag
opeideTon otig xahalionés AEPeg mov €xovv diewodioel mapdnia amv wigla doprj — oxLoTdTNTO TOV PUANL-
tév. Ietpoypopund, amotelovvion and: yahalio + enidoto + yAweitn + yoait + aoctplovg, pe To Yhwolty
vo VAOTTOLEL T oyLoTdTTO.

Katd mv drmoyr pag, or paipot QuALITES TEONABaY amd T PETAPGEEEOT TINATLXEY TETQMUATWY TOQOVCLO.
yeaput.

2.4. Mera - Hpaioteoitnuaroyevijs evornra

H peta - npoioteloilnpuatoyevig evOTnTo VTEQRELTOL TWV HOURWY QUAMTAY, €xel tdxos 900 uétoa, xau
gvrdooetal oty lovpaory nealoTeldTnTa ToV Youwtxoy T6Eov ov dnuoveyibnxe oty Tnbv mowv to *Aei-
owo tov wxeavoy (Bebien et al., 1994).

Amoteheiton ®vpiwg and pulovitimpévous petauihibovs (xohaliaxd mopgpuooeldr »otd Mercier, 1966)
ne TaQEUPOLES TEAOVITAV. YIAQYEL TOVAIYLOTOV €vag ovBpaxindg 0QILovTog eViGs TG O8RS, UE TTdYO0S OV
dev Eemepvd ta 10 pérpo.

Ou petoguéMBor ovviotavron and: xohalio + dotoovg + Aevrd paguoaguyio + xhweitm + enidoto +
Brotim. H pvrovitimon xar avaxQuotdiimon tov mopgueofractav yohatia eivar Wuaitepa €viovn, evd 1
OYLOTOTNTA VAOTTOLE (TOL ®UQIMG artd Aeurd Poppaguyic. AmS TV TaQayEVEDN auTi TEOXVTTEL GTL 0L QUGALBOL
UeTapoQpadnray oe ouvhires mEaovooyLloTolMOLxg pdong.

Méoa omv evémra nagepfdilovral 0QIoVIES TEUOLYLTEY OV TBOVHS AVILITQOCWIEVOUV TO, UETOUOQPL-
%A TEOIOVTA E(TE TOPPWVY 0L OTTOIOL CVVGIEVOOV TLG QUOMBLXES EXYVOELS, ETE AQYIARDV LENUATWV TTOV TOQEVE-
oTEABNXAY EVISS TWV QUOAIBWY.

OL tpaowviteg awtol ouviotavrat amd: Aevrd pagpoguyia + xAweitn + enidoto + axtvéhbo. H magovoio
oxTVOMBOU ®aBdG rot 0QUXTAV TG opddag Twv emdSTmY, 6nwg o Lwioitng xow 0 xhvolwioitg, amotehel
€vOELEN PETAPSOPONG OTNY TEAGLVOOYLOTOMOLAY QAo

Iduatiteo yopoxtoLoTrs g evotnrog eival ot xohatioxés pAERes mov daTtEEXOVY Ta TETEDUATA TNG.
Ynrdoyouvv @réBeg mov €xouv dLelodVoeL ®OTd Pijrog veoteQmv dLapiEemv %ot deV moQovaLtdlouy ixvn TAaoTL-
%NS TAQOUSEPMONG ROt AALES OV Elval OVOLAOTLRG TAQAAMNAES OTNV KUQLOL dOPT TWV UETAPOQPLTHV EVH ROt
oL (dLeg ElvOL LETAUOQPWOUEVES RO TTOQAUOQPOUEVES. OL LETATERTOVIRES XaAQTLOXES PAEPES HECOL OTOL METQM-
ROTOL TGS EVOTNTOS AUTiG OQEAoVTaL TROPAVMS Ot VeSTERES VOPoBEQMKES dpdoeLs, (Iowg avt] Tov ouvédevoe
v Tetagroyevi nparotetdtta s Alpwmniag), dedopévov udhota otL oL AEPeg elvan moluminB€otepes oToug
avateQovg 0pitovteg mpog ta BA, dnhadii minowdtovrag omy mepoxn g Tetaproyevoig npaLoTeLdTTog.

AT6 ™V mapoamdve MBohoyr TEQLYQOPY TNG EVOTNTAS CUNUTEQAIVETOL OTL VITHEXE WO AEXAVY OXETIXA
afabng, oty omoila exxviOnxray oL QuhBor oe evarhayég pe iuoto aQythriig oUvoTaonG.

2.5. Evotnta petagphioyn

H avdtepn evétro oty opewn pdta mg TTévag elvar  evémro tov petagprioyn (A. Iovpaows-K. Kont-
Ord) pe mdyog 600 pérpa.

AmnagriCetar amd eVOAAYES ®UEING PUAMTWV, PETOPUUILITEV KOL POUUULTOUOQYIRWY aoBECTOABwWY mTov
OUVLOTOUV Uio peTagpluoyrti axohovBia, n ool Sratéyetar and yoralioxés prépes.

H npwtoyeviig axolovBic TG HETAPOQPOUEVNS OUTHS EVOTNTOS ATTOTEONKRE O NITELQWTLRY RATWPEQELD VTG
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poo@] TovEPLdITAV pe eVoOAayEg Aemtononxov xnaw adpdroxxov vMxov. H evémro tov @ldoyn pmoei vo
amoTteLel OUVEYELD TNG TTEONYOUUEVNS NPALOTELOLLNUATOYEVOUS EVOTNTAS TV HETOQUOMOWY a6 apabeis ouv-
O1jneg O€ YEITOVIRES OUVONRES NTELQOTIRNG ROTWPEQELAG.

2.6. Aafeorodibor Iivofov

H opewij pdata tov ITivofov amoteleiton oxeddv amoxrheonnd amd ehagped avorguotarlouévovs aofe-
otéMBovg, wov 1 nhxia Toug €yl motomomBel pe amoMBopata, g Ave Konuduer (Mercier,1966). Evtdg g
oeLpdg ToepPAAOVTOL TETRWUATA THTTOV PAVOYN o GAn 1 evomta Pubitetan BA, vrepreipevn g evomrag
TOU PETAPAVOYY OV TEQLYQUPTNUE TAQAUTAV®.

3. TEKTONIKH

H nmoganjgnon oty moufpo alhd ror 0to prpoonronio delyvel Gt oty meguoyn uehétg deondlel m emi-
dpaom evig HUELOV TEXTOVIROD YEYOVETOG ROTd T SLdenera Tov Torroyevouig (petd to Avew Kontidird), ovyyod-
VG HE Pio ovAdQOoNT HETOUGQEPWOY OTNY TEAOLVOOXLOTOMOLKY PAOY).

H textovini} ven Tov YeYovEeTog 0UToU OUTOTUTTWVETOL TLO EVIUTTMOLOXA 0TIV XATOTEQY YVEVOLAXY] OELQd,
oTaL EVOLAPEDT PAQUAQO KO OTOVG PUAOVITLOUEVOUGS RETOQUAAMBOVS RO TLO 1TTLCL TNV EVETNTOL TOV PETAPAVOYN
%O 0TV EVETTOL TWV QUAMTEY, TOOVEV AGYm TG guiomng Twv vAMxdY.

Me Bdom to otouyeio vgrig Tg Tapopdeemong eEaxoBdnxe €va xvpiaExo textovirs yeyovdgs (D1). Te-
HTOVIRES VPES QUTOU TOV TAQAUOQPWTIROY YEYOVGTOS ToTEAOUV pict ®ohd Srartnonuévn duopsmepn oylotdnta
(S1) mapdAnha tog TV aEoviry EmpAvELL LOOXAMVAV TTTuy WV Ko katd B€oels intra-folial wouydv. H oyloto-
™ avt eivon 1 xipuo oxLoTGTNTO TV AMBOAOYIRWY EVOTHTWV TOV TEQLYQAPTNHALY TAQOTAVD KoL TAVH TG
OTOTUTAVETOL EVROWAS pia. L1 yodupwon pe oxetnd otabeprj BA-NA dievbBuvon avdmruEng, mov ouvijfng
BubiCeton NA pe ) yovio ®hions. Iapdnho omy L1 ypdupwon éxtaons diatdooovion ou b-GEoves tov
LOORMY@V TTUXWDY TTOV OUVOEOVTOL OUVIIBWS KE TNV EVIOVN TTTOXWON TG TEOYEVEOTEQNS OYLOTOTNTOS 1) OTRMONG
(So). H S1 oywotémro. avamriooeton oe yeVireés YOOUpES ue NA-BA mapdragn pubilldpevn mpog ta BA. Tig
TEQLOOGTEQES POQRES OL SO EMPAVELES TEQLOTOEPOVTAL KO TOTTOOETOUVTOL TTOREAANA OTa emtimeda g S1 oyt~
otéTTag, £ToL dote 1) didxELon| e va rabiotator oxXEdGV avEpurTn. _

H L1 oguxtoloyuxt] YOGUU®ON EXTOONG DLPOQPOVETOL EVIOS TV dtdgpoowy hBoroyndv evonijtov and
™MV TaedAANAN TotoBETon opurTaV Sriwg: YAweimg + Aevxds pagpaguyiog + xaratiog.

‘Olot ou delnteg ®vnpaTxiic ®ow Ta xorrole. didtunong xatd to ®vpiapyo avtd D1 textoving yeyoveg
£delEav pia ovvolnt opoakovixt] (?) mapapdopwon eite pe poed mpog ta NA, eite mpog 1a BA (Pwrt. 1).

Zta tedevtaio otddio g D1 textoviniic xow oe YPuyxpoteQes TAEoV ouvONxeS, %L EVA ouveyiCetol To ®UQLo
Sratun s yeyovds, ouyxedvmg pe pio avabsimon tov ogoyevous avamticoovtol {ihveg SidTpunong piog moa-
VG U1 opoaEovixris TapapsEEmMonNg pe xioLo poed xivinong meog to. NA. Xapaxtnorotndteen Cdvn dudtun-
ong eivan avti 0To 6QLO YVEVOIWV — POOUAQMY.

Aedopévov 6t NA-BA yodupwon dev avoyvwpiomxe o0ta neaoteloxd tetpduoto e Alpwmiog, nhri-
og 5 Ma., evd gppaviCeton xau oto Ave Konuduurg nhxiag avBpoxind metpdpota tov Iivofou (pue perwpévn
BéRona TV €vraom TG TOQAUGEPMONG), 1 OXETLX] NAMXICL TG TAQOUOQPWTLRIG cvTHS QAons mbavoloyeitol
wg peto - Avo Konuduxn zow o — ITheoxouviny (Torroyeveg).

To B€pa g ovvdeoS ™S TORANGEPMONS avtig pe T Neoyevt] eQeArvoTiny] ToQUUGQPOOT TOU XUTUKEQ-
patiCer o apryds onEryeveis (brittle) ovvBrixes v mepuoyri xow dnuwoveyel T peydin onEyevy yoouur g
Aopdaiag (mov duomeiter To ITdro omé ) TCéva), mapapéver avouytd.

4. ZXEXLEIZ AIOOAOTI'TKQN ENOTHTQN
4.1. H ema@if THG %aTATEQNS YVEVOLAKIS EVOTNHTAS UE TA VITEQXEIUEVA HAQUAQA

Koppio aEioonueiowm aovpgovia dev €xer péxol 1o ovapedel petall Tmv yvevoimv ®ow TV popd-
owv, avuBétwg meprypdgeton (Mercier, 1966) 6tu ou yveuolot petafaivouvy ota pdopuao Opaid.

A6 v ggyacia vraiBoov oty TeQLoy, SomoTOoapE GTL VTAQYEL TEXTOVIRY] emtag] HETOED TG ROTATE-
ONS YVEVOLOXNG EVOTNTOS KOL TWV VITEQREIUEVOV HAQUAQWY, TR’ Ao GTL naw oL dvo evétntes PubiCovran oog
ta BA pe gawvopevirvt ovpgmvio (Zy. 3).
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2x. 3. T'ewloyuxri Tourj Ts voTioavarodixijs mAevods Tov doovs s Téévag. 1. Teragroyeveis amobéoeis. 2-3:
Evornra Magudoav (2. Mdouaga, 3. Aofeoritixoi oyiorolifor) 4-8: Evornra I'vevoiwv (4. Aofiearomvoitinog
TEXTOVIXOG TXNUATIONOS THS ema@ifs, 5. I'vevotol, 6. Ilicuovritixoi oyiotodibor, 7. Zimodives 8. Augifolites) 9-

11: Ierodpara tov Idixov (9. Aofeororifor Avew Kontidixov, 10. Zeginitinol oyioroiifor, 11. Mdouaga
I'ndvrarg) 12. Zaovy dudtunons 13. Priyua
Fig. 3. Geological cross-section in the southeastern part of Tzena Mt. 1. Quaternary deposits 2-3: Marbles unit
(2. Marble, 3. Calc-schists) 4-8: Gneisses unit (4. Calc-silicate rocks of the tectonic contact, 5. Gneiss, 6.
Piemontite schist, 7. Cipolines, 8. Amphibolites) 9-11: Rocks of Paikon Mt. (9. Upper Cretaceous limestones, 10.
Sericitic schists, 11. Gandatch marbles) 12. Shear zone 13. Fault.

TTodnertan yia pia Lodvn dudTumong pe dreviBuvon NA-BA rou pe gopd xivnong pog NA, n oroia tapovotd-
Cerm dopnj mov gaivetar ot Pwr. 1. H mapapdogpwon evids g Ladvng didtunong eivar thaotiny (ductile), evd
oe pio BEon ovvumdeyovy mhaotnij xaw EnEryevig (brittle) mBovov vedtepn mapapdepmon pe poed teog NA.
Ta pdopapa dnhadi €xovy xivnBel Tavo amd TOVg YVEVOIOUE ®oTd Wirog wiog Covng didtunong pe xivnon mtpog
NA.

Axppodg ndtm amd ™ Ldvn emagiic ol yveiotot €xovy meooidfel Ca amd ta HAQUAQO HE ATTOTEAEOND VOL
aVOTTUOOETOL OLOPETTOTVOITIROG OYNUATIOROS TTdyovg 5 — 10 pérpwy. TTotevouvpe 6t n mpdoinym Ca ogeihe-
Tow otV avdmougn Beppudmrag Adym ™ didtumong mov cuvERn axpipac oto GpLo, e amotéheopa ™ didyvon
nepiooelag Ca 0Tovg ROTWTEQOVGS YVEVOIOUG, Ue pnyaviopots didhvong rar evamoeong (Passchier & Trouw,
1996).

Ayvootn mapapéver 1 ornig niwric dnpoveyiag g tapamdve tovne dudtpunons. EEdMov, dev yvwoi-
Covpe av Aettoveynoe wia M tepLocdtepes QoEs. Mropotpe Spms vo vroBéoovpe Gt 1 Lovn dudTunong yvev-
olmv — poppudev pe opd mpog NA oynpatiotmxe xotd v O yemhoywij tepiodo pe ™ dnuoveyia g
dLatpre QOUS YOAUU®ONGS TTOV SLaTREYEL OACL T TETEWUOTO. TNS 0QEWNS palag T TCEvag pe dievBuvon emiong
NA-BA.

Me fdon mv mepryoagr] Tmv U0 eVOTHT®MV %ot xVEims ™S TOUVNS IENUATOYEVOUS TEOEAEVONS TWV YVEVOT-
WV, N 0QYLXY] OXEON EMAPS TNG YVEVOLAXNG EVOTNTUS UE TO VITEQREIREVO PAQROO0 NTay TLOOVATOTO RavOVLK,
oM 0 TEXTOVIONGS TOV 000V petd 1o Aver Konudird pe ™ datpnuint] mtaoauéo@mon mov TeQuyod@He
nopamdve dev emtpémel Tov axopr] ®aboLopd Tng aywis Wnpatoyevoig oxéong.

4.2. Emaqg1j g evoTNTas TOV HOQUAQWY UE TOVS VIEQREIUEVOVS HAUQOVS PUALITES

Ze avahoyia pe TV TEQLYQUMY] TOU 0QIOV YVEUOTMV — HOQUGQMY, 1 ETTOMT TV HUOUAQMY IE TOUS UTEQKEL-
UEVOUS POiPOVE PUAMTES (aIVETOL VO SLOTAQACOETOL HGVO OTTO VEOTEQES OLATUNOELG — HUAOVITIBHOELS.

"Etot, av ®ot povopevird dnpoveyeital n eviimmon yio. pio ovpgovn petdfaon tov Tetpmpdtov twmv o
evoTiTaV pe yeviry fBLom mpog BA, 10 0UVOLO TV TETQOUATOV TwV S0 EVOTITWV €YEL VITOOTEL TOQAUGQPMOT
oe Codveg dudtpunong - purovitiwong pe detiBuvon NA-BA, mov eivar n dievBuvon e yodpuuwong §xtaong,
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YWEIg Spwg va rataotel duvatds 0 ®aBoELoUGS ™S QoEAS TG XIVNong xatd uixog ™ Lovng emagic Twv
UOQUAQMV X0 QUAMTOV, OTI0G SLomLotdBnxe yio Vv emapy yvevolwv — pappdowv (2. 4 & dwt. 1).

1800 m

1 2 3 4 5 6
%" 4 [ B0 B ™ E

Zx. 4. I'twloyvaj tourj oto ogos TGEva xard urjxos Twv ovvegwy (Géon Iogra). 1. MuioviTiouévor ueraguoii-
Oot 2. ITgaowiteg 3. Kovoraiiixoi aofeoroiifor 4. Mavgor puidites 5. Mdguaga 6. Zaovny dudtunong.
Fig. 4. Geological cross-section in Tzena Mt. along the frontiers (Porta site). 1. Mylonitised metarhyolites 2.
Greenstones 3. Limestones 4. Black phyllites 5. Marbles 6. Shear zone.

4.3. Emagij tng evoTnTas Tov pavgey QUAALITGY UE TV VTEQXEIUEVY]) HETA — NPALOTELOISHUATOYEVY EvoTnTA

H tdmapEn tov pulovitiopévav uetaguéMbmy, oe 0plCovIES OV VIEQKEWVTOL GUETE TWV ROUEWY PUAMTEV
amotelel €vOeLEnN 6T To GoLo TV dUo evotitwy elvan ofjuepa textoviopuévo. Ta pawvépeva puhovitioong dev
neplopitovran BE€Pata pévo xoved oy exagn, ahhd oe GAn T PAlo Tov PETA - NPALOTELOILNHATOYEVOUS OYMUOL-
TLOUOY, TLOTOTTOLHVTAS £TOL ot YEVIRT] OLAUTEQOTS YOQOXTRO. TAEOUGEPWOY TpooavatoMopuot NA-BA. H
20010 pala TV PUAOVITLIOUEVWV PETOQUOMBWY EIvOL AETTOXQUOTOAMXY, OVOXQUOTOAMWUEVY UE EVTOVATOTN
dudTpumon — worovitioon.

4.4. Ena@ij TG peta — patateloilnuatoyevous evoTTas HE TOV VITEQREINEVO UETAPAVOY

IMpdxerton yia pion ovpgovn petdfaomn Tov PeTonlnudTny TG HETO - NPOLOTELOILNILATOYEVOUS EVOTNTOS OF
@UALiTES TOV peTagiioy.

Av %o 1 YOAUR®on €xtaons teooavotolMopot NA-BA elvot SLoueng, EVIOUTOLS 1) £VTOoT TG ToQauc-
PWONG OTO UETOPAVOYN EIVOL AORETA PELWUEVN. A€V TOQOTNEHONKAY PUAOVITUOOELS VEAOYES QUTHV TTOU 70~
eamEOnxav otoug petapuéMBoug g viroxeipevng evotras. H ovotaon xal 1 maoapdo@unon Twv TETQmrd-
TOV ®oVTd ot Lovn emagric dev mapovoldler rappuio dSuopod. amd Tovg virGhoTovs 0pltovies evidg Twv dUo
EVOTHTOV.

“Etot, 0 Wnpatoyeviig XooaxrtiQas e ayriis oxEons emagis petaly twv dogpdpmy evoTijtwy dtatneitan
TOAMU ®oAUTEQX €O 0TV ETTAUPT] TNG PETOL — NPOLOTELOLLNUATOYEVOUG EVOTNTAUS RO TOU UETAPAUOYN, TR OTaL
VTTOKEUEVOL TTETQDPOTCL, OTCL OTTO(0L TG TEQLYQAPTNHE TOQATAV® 1) EVTOLON TNG TAQAUOQPWONG EIVOL PeYaAv-
TEQY), PTAVOVTOS T1) PEYLOTN TLUY TNG OTNY XOTWTEQY EVOTNTA TV YVEVOIWY.

Oa weénel £ va Tovioovpe TV UTaEN TEXTOVIRGV ETUPOVELDY OAOBNONG pe kY Yovio ®Along, evidg
™G EVOTNTOG TOV PETAPATOYN RO AXQLBMS ®ATW 0TS TNV ETAQH] TOV pe Ta vtepxreipeva Ave Konudwmd avBoo-
xuxd werodporo tov Iivofov. Tldvm oty textoviry empdveia ohioBnang, n omoia fubiCeron BA, amotvmdve-
Tow pio Yoappumon €xraong pe tpooavotoMopd NA-BA xou pe gpopd xivnong mpog NA, Grmg meorvTTer amd Ty
VroEN Touvidv dudtunong (shear bands).

IMotetovpe 6T OL TERTOVIRES QUTES EmpAveLeg OAoBnomg o oL Taveg dudTunong oxnuatioTnray xotd Tov
B0 yewhoyrd xp6vo t6oo pe T Lodvn dudtpnong yvevoimv — poQudowy 600 ®ou [E TN YEVIXT] HUAOVLTIMOT %o
dudTunom Tov ovvéhov g 0eewig naag g TCévags pe mpooavotolopd NA-BA, petd 1o Ave Konudund.

5. LYMIIEPAXMATA - YYZHTHZH
MéyoL mpdTvog ftav Yevird Tapadexto ot peTatl Twv TeTpwpdtwy TS 0Qewns ndlag mg TCévag emxQa-
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tel plo oy€on mEmToyevoUs OVPP®VING, 1) 0ol OVOLAOTIRG OLTNEONKE TOQRA TNV GTTOLOL UETOUSQPWOT KO
TOQOUGQPWOT] TOVG.

H dmoyn mwov texpnowcdveton ed elvan 6t n opewvy ndo tng TLEvag amotehel mg OUvolo pict HETAUOQP®-
uévn inpotoyevi axorovbio pe TOREVECTOWOELS NPULOTELOXMY VAMXMY, 1) 0Toio VITESTN OTY CUVEXELD pict -
oyven dudtunon zow porovitioon. H dvorpntixr ovtr mopopudepmon enédoaoe oe Gheg Tig evotntes g TCEVag
e devbuvon NA-BA, pe ovyypovn avadooun HETaUGQpmon Oty ToaovooyLotoMBxt gdon. Amd ) oxetiny
XOOVOAOYNON TQORVTTTEL GTL 1) TAPAROEPWON aut| EAafe ydoa 0to TELTOYEVES RO TEORAAETE HVQIWGS TNV TEOG
T NA SLoipuyn] Tov OYMUOTLORMDY UE TEXTOVLOUG TV ETAPAOV TV SLopdomv evotitav (Zy. 5).

\
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Zyx. 5. Zynuatvaj yeoloyuaj tourf Tov ogevay oyxwv s tovng Hdixov dni. Tov Mivofov, s Téévag xat Tov
Hduxov. 1. Teragroyeveis amobéoeis 2. Aveo Kontidixoi aofeoroiibor Ilivafov 3. Meraplvoyns 4. Mera-
noatoreioinuaroyevijs evornra 5. Mavgor puilites 6. Mdouaga 7. I'vevoiot 8. Zimorives 9. Augipoliites 10.
OgbOoyvevoior Kaoraveprjs 11. Opiorifor I'evyedris 12. Exwbijocis-Equnnevoes 13. EpeAxvotixd orjyuara
amoxoAinons-Goves owdrunons 14. Priyua.

Fig. 5. Schematic geological cross-section of Paikon zone mountains, i.e. Pinovon, Tzena and Paikon Mts. 1.
Quaternary deposits 2. Upper Cretaceous limestones of Pinovon 3. Metaflysch 4. Meta-volcanosedimentary unit
5. Black phyllites unit 6. Marbles 7. Gneiss 8. Cipolines 9. Amphibolites 10. Kastaneri orthogneiss 11. Gevgeli
ophiolites 12. Thrust 13. Detachment-shear zone 14. Fault.

H otyxrowon g NA-BA Towoyevous mapaudopmong me TCévag ue v avtiotouym oto Idwo motomolel
Gt oL ogewvoi Gynor TCEvag na TTduxov elxav xowr textovirrj wotopio ®ord 1o Tortoyeveg dedopévou Gt now
ato 6pog ITdwro avagépetal avaroyn drotpmux] Tapopudoeman tov Tortoyevois pe xivnon mtpog 1o NA (Brown
& Robertson, 1994).

A6 ™ otyxrouon xau ovoyéton tov Towtoyevois D1 mopoapoegotirol autol yeyovetog dievbuvong NA-
BA pe 1o avdloyng nhuxiog xau dtevBuvong yeyovis mwov €xel Poebel oe dhheg mepLoyés s Bopewag EAMGdOg
%o ovyxexouéva otn Podomm, ™ Zepfopaxedovin xor tov ‘Olvpmo, ovpmeQaivetol GTL TOXELTAL YLOL TO (010
YEYOVOG IOV TTROKRAAECE TNV EXTOPY TV UETOPOQPIRAY ouumAeypdtmv (Metamorphic Core Complexes) ot
Poddmn xau ) ZepPopaxedoviry xord 1o Hodrowo — Olydrawvo, pe gpopd mpog NA (Kilias & Mountrakis,
1990, Sokoutis et al., 1993, Dinter, 1998, Kilias et al., 1999) xow v extagni twv HP/LT petapoopopévov me-
ToopdTov omy mepoyy OAbpmov - ‘Oocog ®otd 1o OMydxowvo pe dievBuvon NA-BA (Kilias, 1995). Eivou
emOpEVOGS TOAU BOVG ST To 0poYeVES ot TCEVa notd 10 TOLTOYEVES OTADORE OVIPDVETOL CUYXQGVOS PE TNV
nivnon mpog NA, gawvopeva to omolo. TEETEL VO CUVIEOVTOL e EQPEARVOUS.
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BPAAY-OPOTI'ENETIKH EKTAXH XTIX EAAHNIAEYX OPOXEIPEX
A. KIAIAL'

ZYNOWH

MeheTdTon 1) YEOUETOIO KOl XVNUATLRY TG BRadu-000YEVETIRIS ExTaong Twv EAMvIdwv xatd ) Sudpreia
tov Tortoyevous. Zto EAMNVIRG 0Q0YEVES avaryvewQiletat, TG00 O TUTOGS TS CUMUETOLXNG GO0 X0 TG QOUpUE-
TONS PEadU-0QOYEVITIRIIG €XTAONG KOL RATAQQEVONG TOU 0QOYEVOUS, Tov odnyel ot otadiaxy dvodo xral amo-
RAAYT TV TETQWUATOV TOV BaBUTeQMV TEXTOVIROY 0QLLGVTOV TOU @AOLOU. ZuppeToury, drg @oeds *otdo-
0€VON, XEIlg onuaviy avafépuoavon Tov pAoLoY, EAafe xwea 0to ®QUo mEiopo exavEnong (regloxés OG-
umov, Ocoag, TInhtov row Korjtng). Aotppeton, moog po xipLa. ®atetBuvon RatdpEevon, e ONUOVTIXY OvaL-
B€puavon ™g MBSoporpas, Ehafe xwea oty TeQLOXT TIOW 0TS TO 0EOYEVITIXG TGEO (TteQLoxgs Poddmmg »on
Kuriddwv). H Tortoyevrig foadu-opoyevetinij éxtaon ong EMnvides, arotéheos paly pe  ouvodo oupmieon
0T0 PETWITO XAOE POQE TG EXTEWVOUEVNS TAAXAC, Evar peTavaoTevov tpog NA duvapxé ovompua, tov Egxivioe
até 1o Honouvo otig ecmteounés EAMvideg xou €gpBaoe 1o Mewdrawvo ot eEmtepunég EMAvidec. H xatavour
QUTH TNG YEMRETOLAG Ko ®ivnong g feadu-opoyevetriis Extaong oto EMnvixé opoyevée, Ba mpémel va omo-
dwBel otV ahharyr] Tov EUBROT ovYRALONG TV Thorv Tng Agpowris xau Bvpaoiag ratd ™ dudoxewa Tov Torto-
YEVoUC.

ABSTRACT

In the Hellenic orogen both typs of late orogenic extension, associated with deep crustal parts exhumation,
are recognized during the Tertiare: In the areas of Olympos-Ossa and Pelion Mts in Northern Greece, as well as
in the island of Crete in Southern Greece a bivergent late orogenic extension is recognized. Nappes collapse
took place immediately above the cold accretionary wedge while compression was active at depth. Heer high
pressure assemplages were good preserved. On the contrary, in the Rhodope and Cyclades areas an asymmetric
extension dominates. Heer extensional exhumation of deep crustal rocks took place in the high thermal flow
back-arc region and high pressure metamorphic rocks were highly overprinted by greenschist to amphibolite
facies metamorphism. Partial melting and granitoids intrusions followed the high grade metamorphic reworking
of the rocks.

Tertiary late orogenic extension in the Hellenides tooke place simultaneously with successive subductions
processes and crustal thickening at the front of the extended plate, forming with the associated compression a
SW-ward migrated system. Extension started in the Rhodope massif during the Eocene/Oligocene to be reached
in the Olympos, Ossa, Pilion and Cyclades areas in the Oligocene/Miocene and final in the Crete island at the
more external Hellenides, during the Mid-Miocene. Changes in the rate of convergence between Africa and
Eurasia associated with retreating plate boundaries conditions allowed the successive, extensional exhumation
of the deep crustal rocks in the Hellenides.

Assymetric collapse in the back-arc area was possibly favoured, because the high potential energy of the
thickened crust in the active orogenic arc was counteracted by the continuing subduction along the boundaries
of the converging segments of Africa and Eurasia. Symmetric collapse of the overthickened crust above the cold
accretionary prism was favoured probably, due to an increasing of the upward pressure produced by the
unterplating of the lithospheric slap beneath the accretionary wedge.

KEYWORDS: Late orogenic extension, Tertiary, exhumation, accretionary prism, back-arc.
AEEEIZX KAEIAIA: Bpadv-opoyevetirt €xtaon, Tottoyeveés, amordhunpn, toiona exaiEn-ong, omaobs-tagog

1. EIZATQI'H-TEQAOITKH TOIIOGETHXH

Zta tehevtaio xoovia 1 Boadu-opoyevetivy €xtaon, dniady n €xtaon, mov axolovBel ™y ogoyeveTLry

* LATE OROGENIC EXTENSION IN HELLENIDES
1. Department of Geology and Paleontology, Aristotle University of Thessaloniki, 54006 Thessaloniki, Greece.email:kilias@geo.auth.gr
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maxvvon G MBOopALROS Row CUVOEETOL PE TNV AVODO HaL OTTORGAVYN TETOMUATWY TV BOOVTEQWY TEXTOVIXDY
00EGVTImV Tov NIELRWTLROY PAOLOY, ateTELEDE TO OvTLReleVO QeVvas TOAMGY YeEwAGYwY, divovtag o GAAn
dudotaon oty eounveio g tertoviniis eEEMENS Tov opoyevoig (Wernicke 1981, Platt 1986, Dewey 1988).
Avodog nou amordAVYN TV TETEOUATWY TOV PadUTEQWY TEXTOVIXMY TUNUATOY TOU NTEWNOTIXOU PAOLOT (ra-
tdhteEn mAGxa) g amotéheopa e Poadu-ogoyevetinc Extaong, ouvdEovton ue TV TEXTOVIXY doguyn Tmv
UTEQUEUEVIV YEWAOYIXGDY OYNUATIOUGV (OVATEQN TAGKC), KOTE UKOG EPEARVOTIRWY Covav dudTunong o
ROVOVIXDV ONYHATOV dLopuyngs.

Me Bdomn ™ ye@UETOIO TG RIVUOTIXIS TOV EQEARVOTIRAOY Cwvav didtunong draxpivovior dvo opLoxés
HopEs g Poadv-opoyevetirng €xtaons (Malavieille 1993): (o) H mepioodtepo ouviing poogij eivan n aotp-
UETON, un-opoagovirii €xtaon. Avti xaooaxtneiCetor amd v avarTtuEn evéc ®ipLov cVoTHUATOS, EPEARVOTL-
ROV SroTunTrdy Covav pe x| yovio ®¥Along xou pe o, mog wo pévo xatetibuvon évvora g didtunong,
%o xow puag faoctrns epelxrvotinis Ldvng daguyrs. (B) H devteon poo@ri xapaxmoeiteton arnd vy avdmru-
En dvo ovluydv, mxois yoviag xhiong ovompdrov, epehrvotirdy Covav didtunong xow pe aviibem évvoa
™ xivnong. H magapdegmon avtr anotehel oto oUvoAs Tg po opoagovixt] maoapdeepmon).

Avo nigua textovird mepidihovta elvou duvatdv vo droxglBotv, péoa ota omoia Bo progovoe vo ovasty-
¥0el éntoon oe ogoyevetnég Laves. Kau otig §00 mepuutdoels 1 éxtoon eAéyyetor amd ) oyenxt touTnTo
®xivnong twv do mhaxdv mov ovyxhivovv (Royden 1993), evd ovvdéetan dpeoa pe ) foagureny xow Beouuxi
00TAOELD, TOU TTEOHOAELTOL GG TNV TTAXUVOT TOU PAOLOY HOw/1] THY OTOUARQUVOY TOU RATWTEQOV TUHHOTOS TG
MB6opapag (Malavieille 1993): (o)) Zto mpdto meQuBdAlov 1 €xtoon avartiooeton ®atd T dudorela ovyrht-
ong TV MBoopoLpRdy AoV xor 0pLLEVILS oVEEIXVWONS TS MBGopaLpag, Grov axdun N ddvaun faoim-
tog (fg) elvon pnpdtepn €mg lom pe mv Textoviry duvapun g ovumieons (ft). (B) Zmn devtepn mepimtmon 1
€xtoon avartiooetal 0 €va TEOoYXMWENUEVO otddio g eEEMENS Tov ogoyevolg, tav 1idn Ba woyvoeL 1 oxgon
fg > ft, TOORAAMDVTUGS TAUTOYQOVE ONUAVTLRY EXTAON %Ol AETTUVOY OTO TUHUO TOU 0QOYEVOUC.

H epyaoio avni yogroypopei xaw ovoyeTiCer petoEl Toug Ta xivnuatixd otoueia g Boadv-opoyeveTirig
éxtaong oug EMMvides 0pooetgég xatd 1o ToLtoyeveg, ne oxomd va dMOeL piot OAOXANQMUEVY ELrGVA TG TTO-
pelag g Poadv-opoyeveTirnis €xtaong oto EAAnvins opoyevég ratd tv mepiodo oy, oAAd xaw va xatavon-
Oel walhitego 0 pnyoviopog xardeEevons tov EAAvizot opoyevotc xatd t dudoxrela g AMmtirrg opoyEve-
one.

2. H TEKTONIKH AOMH TOY EAAHNIKOY OPOTENOYZX KATA TO TPITOI'ENEZL, ITPIN THN EKTAZH

To EMnvind opoyevég (0y.1), og tufua Tou gupitepov AAmirot opoyevois otov Evpaoiatind xmheo, eivor
otevd ouvOedepEvo pe T olyrhon ™mg Agouravinis ko Evpaotatixis mhdxag xotd v nepiodo tov Meootw-
oV rouw Torroyevoug.

Koatd ™ diudoxera ovyrhons twv do avtdy peydimnv tunpudrov mg MOSopopag, uxodtepa Tepdyn ms
MBSopapag, 6w ot puxeomhdxres g Amotlag xat ™ Mehoyoviric, ouyxotodnray peta&l Toug ®oTd. To
Kdrw- Méoo Tortoyeveg dnuoveydvrog to peyaliteo tuijpa v EAANvidwv 0000e1pav pe Gha to emandhov-
B0 YEMAOYLRE POUVOREVQ, POYROTLOPRS, HETONGOPmON, Wnuatoyévean (oyl) (Jacobshagen 1978, Godfriaux 1968,
Seidel et al. 1982, Mountrakis 1986, Schermer et al. 1989, Doutsos et al.1993).

ZUO0MQEVAN TEXTOVIXMDY ROUAVURETOV pe xivnon moog ta NA (o€ ayxéon ue ™ onpeowvi] avdmruEr toug) xou
TAXLVVON) TOU NTELQWTLROY PAOLOT XaparTnECeL T0 0TddL0 awtd dnuoveyiag Tov EMMnvidwv. Zvcowpevon twv
TEXTOVIXAV XOAUPpdTwY ouveyiobnxre 6ho 10 TOITOYEVES He Lot PETATOMIOY ORI TOV PETMIOV TG ETHONONG
xaw ovpmieong meog tae NA (aubouin 1959, Schermer et al. 1989). Zqueoa eveyr| ovpmieon evromiCeTol xod
uixog ™mg Ldvng vrofuiBiong g Agorrc xdtw and tg EANvideg (0y.2,3) (Spakman et al. 1988, Meulenkamp
et al. 1988).

Apeoo ouvdedepévn pe v Torroyevi] Textoviny g oupmieong eivon 1 dnuoveyio do xVELwV PETOPOQpL-
v Lovay vymhiic mieong/younhicbepponpaoios, mov avarTiocovIaL ONUEQD RE TN POOPY dU0 OUOHEVIQWY
T6EMV, EVOC ECMTEQIROU %O EVOG EEMTEQLXOY, PAVEQWIVOVTOS OUYXEGOVWE TNV EEEMEN Sradoyxdv diegyaaidv
vrofubiong (oy.2):H eowtepunij Ladvn vynhiig mieong, elvar norawvinis nhxiag (Godfriaux 1968, Wijbrans &
McDougal 1988, Schermer et al 1989) »ou yapaxmoeiet T Thvn ovppagrs petall ecwteQurdv (avdTeEn TAd-
%a) now eEwteQUr@Y eEMNVIdwy (ratdten mAdna) xotd wixog Twv 0gooewdv Oliprov, ‘Oacag, IInkiov xow
TV ynoudv g elforog xou Kuxhddwv. H eEmregunri Tadvn vymirig mieomg, elivar Ohryorouwvixric/Metoxowvixiis
nhwxiog (Seidel et al. 1982) xou yapaxmeiter po Ldvn ovppagis peta&l evotijtov tmwv eEntepindv EMnvidmv
ot Nota ITehonévvnoo xan Ko

“Eva 1o(10 YEYOVAS VYNMg TEEONG TEQLYQAPETOL EMIONG, ECWTEQIXGTEQ, OTNY KQUOTUANOOYLOTMON pndla
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e Poddmng, 1 nhxia tov omoiov dev €xet moadioguofel axdun, emaxgipas. IMTodxrertar mbavov, yia €va
yeyovog vymhiis mieomg, xonudiic nhxiog (Wawrzenitz & Mposkos 1997) 1| noxouvinrc nhniog (Liati &
Gebauer 1999).

3. TPITOI'ENHX BPAAY-OPOI'ENETIKH EKTAXH
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2. 1: Aourj xar niixia rov EAAnvixov ogoyevous
Fig. 1: Structure and age of the Hellenic orogenic belt

H extatin textoviny petd v ogoygveon émaiEe €vo onuavard goho oty telntj dtapdopwon tov Eiln-
vizov Opoyevolig, mov avadidnxe xatd m dudopxrera Tov Tortoyevous. Boadu-0QoyeveTiny TexTOVIRY artoroAy-
mreTan 1000 ong ecwteQuréc EMMvidec (vouotarhooyiotddng pdta Poddmng), 600 xat xatd wixog tav dio
Covav vymiic mieong, noxowvinig ®ar olyorowviniic/uetonouviric nhxiog, avriotowya (ox. 2). H extotixy
QUTH TEXTOVIRT] TIQOXGAEOE ROTAQQEVOT) TOU OLKOBOWIUATOG TWV TEXTOVIXMY ROAVRUUATWY %o onpovTint] AErTuvon
0V Photoy Tou EMnvixot ogoyevois. Katdppevon tov 0poyevols ouvodeiBnxe amd v amoxdAun pe m
HOQ@Y TEXTOVIRMV TOQABUQMV ROl TVRHVOV PETOUOQPIRMDV CUUTAEYUATWYV, TOV VTOXEIREVWV TEXTOVIXHDV EVO-
THTWV TOU PECOIOV %Ol KOTWTEQOV TEXTOVIXOU 0QICOVTa Tov NrelpwTrol phowov (oy. 4) (Lister et al 1984,
Schermer et al 1989, Kilias et al 1991, 1994,1995, Dinter & Royden 1993).

H yewpetoio v epehruotindv {ovadv didtpunons xon tov Lovav duaguyris mov ovvdgovial pe T eQelny-
OTLKT] ROTGQQEVAT) TOU OQOYEVOUS, OTLS ETUUEQOVS TEQLOKES dLaROQPWVETAL wg EENS (0). 2,3,4).

Tug eonteQuréc EMnvidec oty rovotaihooytotddn pdtae g Poddnng (Kilias & Mountrakis 1990, Dinter
& Royden 1993), xaBdg xar omv weployi twv Kurhddwv (Gautier & Brunn 1994), epehrnvonn natdopevon
EhaPe YD ®OTA P®OG EVEG QNS YWVIOG OUOTHROTOG EQeMkVOTIRGV Lovadv SudTpunong pe Evvoro g 1ivnong
TOU EmGVM TEPdYOVE OGS Tot NA 2o BBA, avtiotouo. Zuvohixt pn-opoaEoviry Tooopuéopmon xooaxtmeitet
™mv éxtoom otg dVo weloxés. Ta amoxalvgBEvTo TETEDUATO TG «XOTHTEENS TAAXOS» 0QLOOETOVVTAL UE TNV
«aviTeEN IAAxo» pe o onEryevii Tdvn draguyris, wov epgpavitetar avabolwpévn axohovBdvrag ™y avads-
MO TG AVEQYOIEVNG, «RATWDTEQNS TAARAGC». ZTIS TEQLOXES Tov OMiustov, ‘Oaoag, Iniiov (oy. 4) (Kilias 1991,
Kilias et al 1991, 1995) o Korjmgs (Kilias et al 1994, Fasoulas et al 1994), mpoodiopioBnxe €va dimig gpoodg
%rvnomg, extatnd ®abeotde. T TEQLOYES CUTES OQOYEVETIRY ROTAQEEVOM, Ehafie XWEA roTd wijxog dvo ui-
XONS YWVIOS CVOTNUATWY EQEAXVOTIRGV CovAV pe avtiBet) goed xivnong otg S0 TAEVEES TV OmOROAVPOE-
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VIOV TETEOUATOV TG “RaTATEONS TAG®OS”. Ol epelrvotnés avtég Lives avamtiyxnray eite oyxedov Tavto-
xoova pe ™ dQAom uog opoaEoviric CUVOMXNIG TOQOUGEQPMONS E(Te 1 o 08 ouvExela TS GAMS, doTe To
TEMHO OTOTEAEOPA VO OUVOEETOL PE LTS POQAS EPEARVOTIHG ROOEOTMS KO CUPUETOLXY] LOQPT] TOU OTTOROAU-
@O€vTog dGpov. Zmv mepoyy Tov OAipmov, ‘Occag, Inhiov, xvELEEYNOE RATAEEEVON PE POOG RIVIONG TTEOG
o NA non BA, v oty Kojm 1 xatdopegvon €hafe ywoa mpog 1o B now N.

g neQLox£g mg Poddnng xaw Kuxhddwv egelnvotinn amwordAum cuvBudotn®e ne puo onpoveinn adEnon

N G C eV N
..Q..k’. m..‘a -mwn:-mﬂ

N Ofligooens-Early Miocene
» N wm
9 A Meior voroanoss of Asgean aro

o i ] ESTESREEIT

X Sy ag M'.; pdd-.‘nhu&mto
. O‘ "‘ v * clystaiine
&) '/wf J Bence of shear during
'- iy 1 Ppa—

~”

Zx. 2: Ou dvo Laves ovppaijs vymirjs micons xat 1 yewuerola s xivyons s foadv-ogoyeverixis éxraons
onig EAAnvides. Aeiyvovrar ot Odoeis Twv yewdoyixav Toudy tov oy. 4.
Fig. 2: The two high pressure suture belts and the geometry of kinematics of the late orogenic extension in
Hellenides. The location of the cross-sections of the fig. 4 are shown.

™mg Beppoxrpaocias ™mg MBGOPAQOS KoL RETARCOPWON TOV TETEQWUATMOV O OUVONKRES TEACLVOTXLOTOMOWXKIG
£wg aupLpoltinns gpdong (Liati 1986, Wijbrans & McDougall 1988, Kilias et al.1999). AvtiBeta otig mepLoygsg
Tov OMipmov, ‘Ocoag, TInhiov xow Koritng epelrvotiny amoxdAvyn TV TETOWUATWV TOV ROTHTEQOV PAOLOY
éhaPe ywpa o” €va oyennd Yuyeo nepipdilov, oe ouvOreS LOGOEQUNG OTTOCUNITIEONG, HE QTTOTEAECHA Va. dia-
™mMENB0VV Ot TETEDROTO, CEHETA RAAG, OL TTRONYOVREVES, VYNAIG TTIEONS TOQAYEVEDELS, OF oUVOLAONG BERata
UE TN YO1YOQY EMLOTQOPY] TOUS OTLg Empovelaxés ouvBnixeg (Schermer et al. 1989, Kilias et al. 1991, 1995,
Thomson et al. 1998).

Egelrvotii ®atdpeevon Tov 0Qoyevous o meploxés Poddmng rwon Kuxhddwv éhafe xdpo mticw amd to
opoyevetrd 1650 (oy. 3) (Lister et al 1984, Jolivet et al. 1994, Kilias & Mountrakis 1998), evd aviibeto otg
neLoy€g OMipmov, ‘Oooag, Inhiov ko Korfing egpelrvonnn xordoeevon éAafe xdoa tdve oto %QUo meioua
enavEnong tov eMAnvirol ogoyevois (oy. 3) (Kilias 1991, Jolivet et al 1994, Kilias et al 1994, Fassoulas et al.
1994).
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Zy. 3: ZYNuaTIRES YewAOYIrES TOUES, OV ATEXOVILOVY TIY XIVIUATIN] a1 YEOUETOIO THS Poadv-ogoyeverixnric
€xraong xat 5 0vvodoU ovumicons, ora didpoga Tujuara Tov EALvidwv xai o drapopetinés yoovinés
TEQLODOVG.

Fig. 3: Schematic cross-sections illustrating the geometry and kinematics of the late orogenic extension and the
associated compression at the several parts of the Hellenides and in different time.

Zrovyeio wootomndy avahioewv Edwoav pa otadioxn nhxia YoEng me xouotallooxiotddove pdtac ™mg
Podémng, amd 1o nepubipro meog tov mugiiva mg, and to Hanawo/Olydrauvo émg to Mewdxavo (Liati 1986,
Dinter & Royden 1993, Wawrzenitz 1997). Kilias et al. 1999 cuvédeoav m aradiom av dvodo g Poddmng pe
epeMvOTINY xaTAQEEVON TOV 0QOYEVOTS. AvtioToya, otig Kuxhddeg 1 Poadu-opoyevetinn éxtaon GQYLOE RO~
16 10 OMySrawo-Merawvo, 6rmg Selyvouy oL NALRIES TWV LOOTOTXGY avarioewy YLOL TN HETOUCQPWOT] TN
ovyyoovn pe TV €xtaon (Altherr et al 1982, Lister et al. 1984). Twa g neproyés Ohipmov, ‘Oooag, TInhiov
epelnvonnn nardoeevon %ol dvodog Eexivioe xatd 10 Olydxawvo-Meidxawvo (Schermer et al. 1989, Kilias
1991, Sfeikos et al. 1991), evd) aviotora, Yo mv meguoxi ms Kormg xowd to Méoo Mewrawo (Kilias et al
1994, Fasoulas et al. 1994).

H touwroyeviic Boadu-opoyevenin éxtaon xapaxmpiteror and my avdamruin pog dopmepovc S,-whmvint-
g vgig, ouvdedepévng pe o L-yodppumon éxtaone, diagopetinic BERona, nhixiag, Beppoxpaoiog xow TO-
oavatoMopoy, 6mmg TeQLyRdenxe yio ta: Sidpoa Tprjpatae Tov EAAnvinoy ogoyevouc (oy 2,3). S, enmoedte o€
ueydho Babud M now eEapavilel Tig TEQLOOGTEQES YOQEES TNV TTEONYOTREVN, WPmAGTEQNS MiEONC S -ve1 Tov me-
TOWPOTOG.

Egehwonnés S -Lives dudmunong, avaloya, oe meQuo06teQo YuxpEs ouvBiixec xau ot nabopLopéveg -
OIS, YOQaXTEICOVY TO0 APECWS ENGPEVO OTAILO TG EXTAONG, PAVEQWDVOVTAS TV TOOS Tt TAVKD ®nivnon tun-
RATWVY TOV 0QOYEVOUG.

Téhog ueyding ywviog xavovird piypota pe avaloyn ®vnpuomin CUPHETOI, amoTteAovY 10 €MOUEVO PNEL-
YeVES 0TA010 TNG TOQAPSEPMONS, dNAdvovTas To TeMxé OTddio g mopeiac avédou, Twv TETQWUATOV TWV
ROTOTEQWY TUNUATWV TOV PAOLOU.
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4. LYZHTHIH-EYMIIEPAZMATA

ZUpQmva. e TV TEQLYQAPT TV RUQLOV XUQUXTHEMV XKoL TOV Xo0vou dpdong g Tottoyevoig foadv-opo-
veveturiic éxtoaong otg EAnvidec 0pooelp€g, aut magovotdlel po votépnom tov xedvou €vapéng dpdong g
moog to. NNA %ot amd tig eowteQunés mpog tig eEmtepunés EMnvides: (o) Zmv xpuotallooyoteddn pdta me
Pod6mng 0 xe6vog EVaENG TG EXTOONG XKoL TG ROTAQQEVONS TOV 0QOYEVOUS TEoadLopion#e xotd To Hodnou-
vo-Olyoxawvo. (B) EEwtepurdtepa, ®otd wixog s ecnte@uriic tovng vymhijs mteong (neguoyés Olvpmov,
‘Ocoag, IImhiov xow Kuxhddwv) n éxtaon Eexnwvd xatd 1o Olydxarvo-Mewdrowo. (Y) Axdun eEntepurdteQa,
®natd wixog e eEwtepunrig Lvng vymhng mieong (eproyxn Konme) n €xtaon €éhafe ywoa yia mpdTn goed 1o
Méoo-Mewdrarvo.

AmS v dAln mhevod, n Boadu-ogoyevetiry Extaon ot EAANVIdeg 0Qooewés gaivetal 6t eEeMoadtay o
€va ®aOeoTWE oUVEXLLOUEVNS OUYXRALONG TV ALBOOPALQIRMDV TAARDY, TAUTOYQOVO TAVTOTE UE CUUTTLECTURY TE-
ATOVIXT] RO TAYVVOT TOU PAOLOY, ®GOe oQd 0t EEMTEQLRGTEQOVS XDEOVS TOV 0Q0oYEVOUG(0Y.3)(Schermer et al
1989, Kilias et al. 1999). Avtiotouya, ®d0e @opd 1 foadvopoyevetinr] €xtoom axohovBovoe To xipa TG OVpTTiE-
ong ®o Tayvvons ™me MBdopaipag, mov ouvodgvoviay amd, vYnhig Ttieong, pETapdopmon ko vrofuoion AMOs-
OQaALQOS.

NE
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[l blues schists 5
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2. 4: T'ewdoyixés Touss, mov amexoviGovy Ty dutij pood xiviong s feadv-0QoyeveTixis xaTdgoevons Tov
EAAnvixov ogoyevous otig megioxés, OAvumov, Oaoas xar IyAiov
Fig. 4: Geological cross-sections illustrating the bivergent sense of movement of the orogenic collapse of
Hellenides at the Olympos, Ossa and Pelion areas
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Zav ovvénewa Ba progovoe va eEayOel to ovpmépaopa,dt xatd T dudpxrela Tov Toitoyevous, Extaon xat
ovpmieon, oxnudtiiov éva duvapxrd olotnua, Tov TEoodevtnd petatonitoviay mpog to NNA, of éva nabe-
atedg ovveyovg ovyrhong MBoogpapirdv mhaxrdy. Ta fabitepa textovird TuiuoTe Tov QAOLOY aroxaiigon-
OV ROTA TY) OLAQRELN EPEARVOTINYG TEXTOVIRNG, TOVTG OV e ofibion vitrov g MBGopaLoas ®ow CUGoH-
QEVOT) TEUTOVIREY HOAVURATWV OTOL EENTEQURGTEQO TUIATCL, OTO HETOITO TG 0QOYEVETLRYS Tadvng (0y.2,3)(Kilias
et al 1999).

Omov Bpadu-0poyeveTint epeArvotiry textoviry Ehafe YOO O€ TEQLOYY TLOW a6 TO 0QOYEVETIRG TOEO
(npvotarhooyotddng pata g Poddmng xaw Kuxhddec), mapatnoeitan pior aoUpupeTon ®atdooevon Tov 0Q0YEe-
voUg, Ue TV avamTuEn evOg POvo, ®¥UELOV CUOTIHUOTOS EPEARVOTIRGY Cavdv didtunong (0y.2,3). AvtiBeta, xo-
TAEEEVON TTAvVe OTo Tlopa emavEnong (meployés Olipmov, ‘Oaoag, Inhiov o Korme), paivetar 6t guvost
TN CUURETOLXY LOOYY] OVATITUENG EQEARVOTIRAV draTuntuxdv Covdy, ue aviBetnr €vvola g xivnong otig ddo
TAEVEES TOU dOPOV TV TETEWUATWY, TTOU amoxaivmteton (0y.2,3,4).

H awtio yu ovtr] mv #ivnpoexi-duvapzy Yempetoio Tov ®oTapEOVTOS 0Q0YEVOUS OTa £TTL HEQOVS TUHNATG
ToU, Do TEETEL, ROTA TN YVOUN Rag, Vo avalnmOel 0T OUVONXES, TOV aVOTTHO0OVTOL OTIS TTEQLOXES TWV 0pIwV
OUYRALONG TV MBOCPULOIRWV TAARDYV.

Alay otig ouvBireg ovyrMong Tmv Tepaydv g Agowiis xal Evpaoiag, »atd ) dudoxewa tov Tortoye-
voug (Dercourt et al. 1986), og ouvdvaopd ue v avdrtugn omoboywpoiviwy opimv mhaxwv (Royden 1993),
EMETOEY OV TNV RATAOEEVON TOU EAANVIROU 000YEVOUG %Ot TV EPEARVOTING ATTORGAVYY TWV TETQOUATOV TWV
ROUTOTEQWV TEXTOVIRWV 0QLOVTIMV TOV PAOLOU. Ze TEQLOYES TTIOW AmG TO 0QOYEVETLXO TGEO, 1 VPNAY duvouri
EVEQYELD. TOV VITEQTAXVUEVOY PAOLOU TOU 0QOYEVETIXOU TOEOU, TTOU avartTiyOnune ®aOe QoA ®aTd WjrOS TOV
opilov otyrMong twv dragpdowv Tepayxwv ™ms Agowiic »ar Evpaoiag, aviédpace evdviio ot ouveyildpevn
vrtoPubion, €10l doTe va TEorAnOel | aovppeTon ®aTdEeVoN Tov 0poYvevoUs. H onuavtivg Aémtuvon tng MO6-
TPULEOG, TTOV aXOAOUONOE TNV RATAQEEVON XL EXTAON TOU 0QOYEVOUS, OUVOIEVONKE O Lo CUPTTURVWOY) TWY
1000€opmV ®ow avENON TN BeEUOXEAOTOS TOV PAOLOY. AVTIDETO, £XTALON TOV VITEQTOYVUEVOL PAOLOY TTEVK 0TO
%oU0 mpiopa enavEnong, ouvdedepévn pe o mbovij, atEnon g ieons, Tov aoxeiton TEOS Ta TAVW AT TNV
vrofuOILSpE VN TAARO, EVVONOE T1) CURUETOLXT] ROTAQQEVOY] TOU 0OQOYEVOUS RO TNV OVEITTUEY MLOG OUUUETOLRNG
HOEPHS A6UOV aTTd TOL AVEQYOUEVA TETOWUATA TOV BABUTEQMV TEXTOVIXMV TUNUAT®Y TOV PAOLOU.

EYXAPIEZTIEX: Evyapiotd tov ®af.N. dutgohdxn yio tv xortery Bewdonon mg epyaciog.
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NEOTEKTONIKH AOMH KAI EEEAIEH THE NHEOY AEYKAAAXL"
E. A. AEKKAL' T. A. AANAMOE' L. T.AOZIOL

ZYNOWH

ITeprypdgovtal avolunird oL YEMAOYWXO! OYXNUATLONOL TTOU CUMIETEXOUV OTN YewAoywi| dowj ™mg vijoou
Agurddag, rafMg ®oL To ®VQLOL XOQOKTNOLOTLRA TNG VEOTEXTOVIXNG OouNc. ZTal TAQIOLOL TTEQLYQOTIC TOv eNELye-
vOUG LOTOU ETTLXELQEITOL 1) YEWUETOLXY], RIVIUOTLXY] O KQOVIXIY AVAAVON TwV eppavitopevov onELyevav emi-
QaVELDV. ZTNV TEOOQOTN LOTOEIA TNG VEOTEXTOVIXIG TAQAUOQP®WONS ™S Agurddag urogovv va diaxptéovv
Paowrd emeLT0dLa CUPUTLECTIROU XOLQOATIOC, TOL OTTOLCL EXOVV OLOKOTEL (TS TEQLODOUG, GOV EMRQATEL EQEARV-
opos amd fagumra.

ABSTRACT

In this paper, the formations that participate in the geological structure of Lefkada island are described in
detail, as well as two alpine tectonic phases that affected the island, together with the criteria for their evalua-
tion. The tectonic fabric is then described and the mapped fault systems are analysed kinematically and geo-
metrically through the time. The current geodynamic regime has found its expression on the island through a
dense fault network that has overprinted the pre-existing thrust-related features and has been dominant throughout
the Plioquaternary. The dense fault network has broken up the island in a multitude of independent fault blocks
which are described; an attempt is also made to determine the relative movements among these fault-blocks.
The recent geological history of Lefkada is characterized by basic periods of predominant compression, inter-
rupted by brief extensional episodes, where gravitational movements are favoured.

AEZEIZ KAEIAIA: onEuyevig LOTOg, VEOTEXTOVIREG EVOTNTEG-ONELTENDYT, VEOTEXTOVIXT] dopr] ®ow EEEMEN
KEY WORDS: fault fabric, neotectonic units-blocks, neotectonic structure and evolution

1. EIZAI'QT'H

H vijoog Agurddo pali ue tg dhheg viiooug tov Ioviov o folorovion votidtepa avtig »ow Ty Iehomdvyvny-
00 oynuatiCouv 1o dutrd Tjpa Tov eEwteQxol Ynolwtivol ToEov twv EAnvidwy. To yewtentovind mhaiolo
™ms Agvrddog xaBopiletal and to 6o vmofiBong Tov grotot Tg Avatohiric Mecoyeiov ®dtm and to gphotd
oV Aryaiov, To omoto foloxetal dutind T vijoov.

Ta empgovg otddio xo o £100¢ ™G TOEAUGEPOONS TOV EXOVV VITOOTEL TOL TETQWUATA TNS VIjOOU PITOQOTV
vo. dLarELBOUV aERETA ROAG YAQLS 0T OTOLYELD TTOU TAQEYEL 1) YEWAOYLXY] XOQTOYQAPNO %O OL TAQUTNOTOELS
vraiBpov, xafdg ron 1 nhria Twv MBokoyrdy pdoemy, Srwe avti mEorvTel omtd To. BLpAoyoapixd dedops-
vo. (UNDERHILL 1985, 1989).

Zmv tagovoa eQyaaia, agoy oxlarypagnbolvy auviopa oL PACELS TG AATIRIG CUUTLECTIXG TOQUUGQPM-
ONG, TEQLYQRAPETOL O ENELYEVHS LOTOG RO TOL LOLAUTEQQ YUQOUKTNOLOTLRA TNG VEOTEXTOVIXNG dours TS vijoou xat
EMYELQEITOL o avamadoTaot Twv otadinv g Yemloywrg g eEEMENS xotd TV veotextoviry mepiodo,
UETA TNV TOTTODETNON TWV TEXTOVIRMY ROAPUGTOV %O TN Lapé@on Tov oAuxoU LoToU.

2. AIOOETPQRMATOI'PA®IKH AIAPOPQIH THE AEYKAAAY — PALEIEX AATIIKHE ITAPAMOP®QEHL

21t yewhoywi dopr] tg Agunddag ouppetéxovy ahmxol, pohacowroi ko petahmixol oynuonopoi (Ewmdvo
1). O akmrol oynpatiopol megihapfdvouvy avBpoxind xow xhaotnd Cinata Tov avixovy otg dvo eEwteQures
YEWTERTOVIRES EVOTNTES TOL TOEOL TV EAANVidwv, Snhadyj v evéomrta MaEdv xow v I6vio evémro, pe nhxi-
¢ Toradind — Toetdvio non Toradind — Axovitdvio avtiotoryo (RENZ 1955, MITOPNOBAZX 1964). Ot pohao-
owol oynuatiopol Teprthopfdvouy ®haotnd xvplnwg Baldoowa Wijuata (pdoyes, proxiaotinols vpoloyeveis
aoBeoréhBovg, Aatumonayi] — kpoxahomayn, Ppouuiteg) pe nhrio Kardrepo — Méoo Mewdxawvo (Bovpdrydhio

* NEOTECTONIC STRUCTURE AND EVOLUTION OF LEFKADA ISLAND
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— Adyy10), T omoio VITEQRELVTOUL ETUHAVOLYEVAS TOV TTUXWUEVAY OYXNRatiopdy g Ioviov evétnrag, mov dopel
TOV %0010 GYX0 TG Vijoou. AvtiBeta oto dutixd Turpa (xeQodvnoos Aguxdtmy 1j ABaviov), 6Tou averTiooeToL
1 evéomra IMaEdv, ta 1dyeova Tmv POAMCOMOY TYNUOTIoRGY EHRATo aroTe oty To, ROTMTEQX TUUATO TG
rhaouxis pAuoyoewdovs oelds g ev Adym evémrag (MIIOPNOBAZX 1964, IGRS-IFP 1966, B.P.Co 1971,
CUSHING 1985). Téhog ot petodmxol oynuonopol tephapfdvouy xhaouxrd (\Ojpora tov Neoyevoie (IThero-
%AVOV) e MPUVOYEQOQIOVG 1] YEQOUIOUS XOUQURTHOES, RAUBDG KO TETAQTOYEVEIS ATOBETELS TUQARTIES, XEQOO-
€¢ 1) AivoBordooteg (MITOPNOBAZX 1964, IGRS-IFP 1966, CUSHING 1985).

Zto Thaiolo Tov OATILOU TEXTOVIOROU TG VI{OOU Eivai OopEoTaty 1 dLdnpLon avapeoa o §U0 TeERTOVIRES
TOQOUOQPWTIRES PAOELS, OL OTTOIES OVOLAOTIXA dNLOVEYNOOV TO YEWAOYIRS ohTiLrG vIEGPabo T vijoov, mtd-
Vo 070 0Toio emndBovtal oL oxeTIxd vedteQol oynuatiopol. H modtn @don oAmixo TeXTovIopos TexpunoLdve-
Tou pe PAOT TV ETUKAVOLYEVY] OTTGOEON TV HOAAOOLREV CXNUOTIOUMV ETTL TOV TOQAUOQPWUEVOV LENUATWY TG
Toviov, Ta omolo xou €xeL emnpedoet, exdnidveton de vord v mepliodo Katdrepo — Méoo Bovpdiydho (IGRS-
IFP, 1966) 1 oto Av. Bovpdiydio — Kat. Adyyro (CUSHING, 1985). Ta ({Oijpata g evémrag [TaEdy éuewvay
2OTG TV TEE(0d0 oty avETNEEOTA ams TIG TEXTOVIRES ®vijoels. Katd T didoxeia avtic g mpdTne TeEXTOVL-
1S pdong ovadidnxe 1o peyahiteQo TUHCL TG VHOOU (TO XEVIQIXG — OVATOMXG), EVE TO VOTIOdUTIXG TUua
OV avTLOTOLKEL 0T YeQOoOvnoo Agvrdtwv (ABaviov) mapépetve vd m Bdracoa. Iapgdinia dnpuoveyrn-
OV TMULOVEOTQOUUEVES 1| HOTORERAUEVES TTTUYES, AVAOTQOPE. QTYUOTO KoL EQPUTTEVOELS PECH OtV [6VI0 V-
mro. H devtepn @pdon almxol textoviopos texunoudveton ard m dnuoveyia e emupdvelag emdnong, -
Eoutiag g TEXTOVIRI|S EQATTTOPEVIXT)S %IVONG TTROG Ta duTird, mov tomobeTel o Whijpata g Ioviov evémrag
adve oty evomra [ToEdv. H pdon avt exdnhdvetar xotd mv nepiodo Av. Toptévio/Meomijvio — Katdtepo
IMAewdnauvo (CUSHING, 1985). Katd ™ dudoxerd g ohoxinpwbnxe n avdduon mg vijoov. EEautiog g dev-
TEQNS PAONG TAEARORPHBNXAY apvded o o LEpato ™G EMUAOLYEVOUS HOAAOOLXRTS OELRAS, TO OTOi0L X0
paxmEitovrar and mruyés peyding axtivag ropumuhdTTag.

3. NEOTEKTONIKH EPEYNA THEX AOMHX THEX NHEZOY AEYKAAAX

To ovyyeovo yemduvaurd ®abeotdg €xeL EmrQaTioeL 0Ty Vijo0 petd Ty exdfhwon xow Tav Televtainy
OAMTUROV EQPOTTOPEVIHGY ®IVNOEWV elvan Oe nvpiayo »o®’ Ok ) dudoxrela tov IMAeo-Tetagroyevois. “Ex-
PEa0m Aty ToU Yewduvapuxol ®ofeotdtog amotehel o Tunve dixTuo pnypdtwy, Ta omoia §xouv roTaTepayi-
OEL, TO0O0 TIG UTOKEIUEVES CATIKES OELRES TG Vijoou (evdmnteg TTaEdv o Ioviov), o0 xaw To UnEQREIUEVOL
aovpgova torobemmpéva wKipata. To dixtvo Tov pnypdtov wov dpaotnolomolovvion xatd to ITiewo-Tetogto-
yevég dnuovyel éva molimhoro cvotpa aveEAQTTOV PETAED TOUg ENELTERAYDY, TWV OTOIWV Ol ETUEQOUC
OXETHES HWVHOELS LOVO RUTA TTQOCEYYLON PTOQOVY VA TOOCGOLOQLOTOUV.

Ta ovorijuara Ty enyudrwy

To ovolo TwV EVEQYWDY ONYUATMV TTOU CUYRQOTOUV TOV VEGTEQO ENELYEVN LOTO TS Aguxrddag dianpivovron
pe Bdom g devBivoels Tovg oe dUo ®UPLES OUADES.

H mpw opdda mepihapfdver priypoto pe dievbivoeis BA-NA €mg BA-NA. Ou meguoodtepeg onEryeveig
EMLPAVELES QTS TNG OUAdag eival TEOCOVATOMONEVES TORdAMNAa TRog ™) dieviBuvon BBA-NNA éwg B-N,
eivon dhadn mapdinheg 1 oxeddv mapdiinies mEog tov dEova g tdpeov (1 ®dBeteg TEOS TO AVUoNa TG
®rivnong Tov Thaxav omy teployij). H dettepn opdda mepihapfdver priypoto pe dievBivoeig ané ABA-ANA
g ANA-ABA dnhadn yopm amd pa péon dievbuvon A-A. O emupdveles owTég eivar mapdAnies 1 oxeddv
mapdhnhes mpog T enEryevii Cavn Znepyerot — Appooxrinot, tov dipyetar Poperta g Asvrddac.

Ieprypapij Tov xivijocowv Tov pnyudrov

Av now ta ofypata agBovoliy ot vijoo, EVIOUTOLS Aiya HOVO TEOGPEQOVTOL YO KivnpaTxt avdivon. Ot
TAQATNENOELS OTLS YOORPES TEOOTOLRYS oV €xovy datnenBel mavw otig onryeveis empdveieg odnyovy oto
OUUTEQAONAL GTL TOL QT YROTOL THG TR NG opddag (ne uéon dievibuvon B-N) mopovoidlovy dipata 6mov emxoa-
el 1 naTOXRGQUPN CVVIOTHOO OMTBNONG (Ravovirnd 1 Thaytonavovird), evd awtd g devteens opddag, dhua-
Ta Greov emnpatel n 0plloviie ouviotdoo oAotnong. Auts amotelel Vo ONUOVTIXG KOLTHOLO YEVETIXY|G OVOYE-
TLONG TV PECOOKROTURTG 1) HOQOOXOTUXYG ®Alpamag dopdv g vijoou pe tg peyadopés (Tivn vropubong,
onyiEeviig Civn Zrepyerot) Tov EAAnvirot t6Eov oty meproyyj avty tov Ioviov.

O omovdandrepeg onEryeveis Caves g Asvrddag eivar or andhovBeg:
¢ PnEuyeviic Cdvn ®puviov — Aolrtaivov. H Tavn ot amaved oto BEQeLo Tunjpo tg vijoou o artoteleiton
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Eux. 1 Neotextovixog ydotng Nijoov Aevuddag. 1: aldovfia, 2: xogijuata, 3: polaooixoi oxnuariouoi, 4: Ioviog
evornra, 5: evornra IHakdv, 6: endbnon, 7: epinmevon, 8: grjyua, I: veorexrovixl evornra noins Asvxddag, II:
veotexrovixyf evornra Toovkaldowv — Karovvag, III: veotrextovixy evoryra Ayiov Nuxijra, IV: veorextovixf
evotyra Agvudva, V: veorextoviunij evornra Meydiov ‘Ogovs — Zudgwv, VI: veorextoviny evornra BAvyov —
Hopov, VII: veotexrovinf evotnra Zixepov — Aypddag, VIII: veorextovinf evornra yegoovijoov Acvxrdrov, IX:
veotextovixf evornra fvbiouaros Baoiluajs.

Fig. 1 Neotectonic map of Lefkada island (1: alluvials, 2: scree, 3: molassic formations, 4: Ionian unit, 5: Paxos
neotectonic unit, 6: Thrust, 7: Reverse fault, 8: fault, I: Lefkada town neotectonic unit, II: Tsoukalades-Katouna
unit, I11:Agios Nikitas neotectonic unit, IV: Drymona neotectonic unit, V: Megalo Oros-Skari neotectonic unit,
VI: Vlychos-Poros neotectonic unit, VII: Sikeros-Achrada neotectonic unit, VIII: Lefkata peninsula neotectonic
unit, IX: Vassiliki graben neotectonic unit.
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1600 and erynata ue opltéviia ohiobnom 6oo xar amd pRypata pue xoraxéouen. ITodxerton Yo pa en
echelon dudtakEn onEryevdv empaveldv mov opLoBeTolv v gvpelo Todmeto pe v mokn tg Agvrddag
7005 BoEEd. amd Tov 0pewd Gyro Toovralddwv — Kaguwedv moog véto, dnhadi tetagroyeveils amobéoeig
(mapdntieg kot allovPLarég) amd ahmrovs xou pohaootrots oxnuatiopots. Ta priypata pe dietibuvon A-A
OTGVLO TTOQOVOLALOVV YOOUUES TEXTOVIRYS OMOONONG pe TAAYLOXOVOVIXG dAna, EVD TO 1jypa Pouviov —
Anolnaivov pe devBuvon B-N mogovoldCer yoaupgs mpootoufc xatd xhiom.

¢ PnEuyeveig Laveg Ayiov Nunijta — Agupdvo. [Tpéxrertan yioo ovompua tapdhnhwv onypudtov pe péom diev-
Buvon BBA-NNA, n dpdon v omolwv €xeL dnpovpyriost duadoynd textovind xépata nou fubiopata oty
TEQLOYT] TOV REVTRO-OUTLROU TUMROTOS TS VOOV, Ot TOQATNQEOUUEVES YQOUUUES TROOTELRNS TAV® OTLS ROTO-
TTOWES ETUPAVELES TOV ONYUATOV, GOV QUTES VTAEYOLY, elvar ®otd »hiom. Agttepng TdEng onEryeveis
EMPAVELES TTOU aviirouy oty dua nEryevii Cavn avamtiooovral oty megoyxy g magaiiog «Kdabiopa»,
duanpivovron de o do opddes: N mEdtn €xel dievBuvony ABA xou yoopupés meootoupiic ratd xhion xow 1
devtepn meguhapfdver xoraxrdoueo priypata pe péon devbuvon A-A now 0QIEOVTLES YQOUUES TEXTOVIXTS
ohioBnong.

¢ PnEuyeveic Tdveg Ay. IIfrpov — Baowhwris. TIpoxnerton yio ovompa tapdMnhwv onypudrov pe dievbuvon
BBA-NNA 10 0m0{0 avouttiooeTon 0to vOTLoduTiRG Tuijua Tg vijoov (Tepuoyr] xooudv Agaydvov — Ay.
TTétpov — ITovtiov — Baowhryc). Ou yoapués textovintis ohioBnong mov éxouvv magamoenbei minoiov g
oxTHg, Vot Tov ¥wetoU TTovtiov, eivar ®ord xAiom.

¢ PnEuwyeveis Cdveg vétov tprjpatos Asurddag. Tpdxerton yiow onEryeveis emupdvetes mov dnuovgyovv ov-
onijuata onypdtov dievbuvong eite BBA-NNA, eite BBA-NNA.

¢ PnEuyevic Ldvn Spovg Zudgot. H Thvn av pe dievBuvon A-A ovartiooeTon ®otd Pirog Twv VETumy vim-
QEUDV TOV 6QOVG ZHAQOL OTO REVIQLRG-OvVOTOMKO TRIjpa TG Vijoov. Optobetel Tov 0QeVs Gyxo mpog Boppd
and ™ hexdvn tov Nudpiov mpog Néto. Zvyypoveg amob€oelg ®aAimTovy g YOORUES mEootofg, aAhd
QoilveTal Tog 1 xivnom TV ENETEROYDV AVILOTOLYED O TAAYLOXAVOVIXG GApcL.

Hlwxia Tov gnyudrov

To oivoho Twv ENELyevav Cavav xow ENYRAT®Y TOU TEQLYQAPNXOY TOONYOUUEVE, AVTLOTOLXEL CUMPWVA E
TOL (ONOLUOTTOLOUUEVE YEWAOYIRG %ol POQPOLOYIRG ®orTioLe O eveQYEg dopés. To yeyovig Gt 6ha oyeddv
TOEOVOLALOVV EPPVES PETMITO, GOV AVOTTUOCOVTOL KATOTTOIKES ETUPAVELES, RAOMDS KOl GTL TOL TEQLOOGTEQO.
and avtd oproBetotv mESopates amobioels (vopripata, eite aAOVPLOXES TPOOYKWDOELS), ATODELRVIEL TG €-
XOUV dQAOEL TOVAGLOTOV e POQE ROTd TO TEGOPTO YemAoYrs Tapeh8Sv (IThero-Tetagroyeves). Emopévag
uwoet va avuotoynel oe avtd po nxia dnuroveyiog 1 HoTNELOTOIMONG TAELOTETAQTOYEVT|G.

4. NEOTEKTONIKEX ENOTHTEE: IIEPII'PA®H PHEITEMAXQN

‘Onwg mpoavoapépnxe, 10 dinto Twv pnypdrav mov dpaomelorolovvial xotd ) didoxeia tov IThelo-
Tetagroyevous, £xel xaBopioeL ot viioo €va ovvoho aveEdpmrtov peta&l Tovg pnErtepaydv. Eivaw duvatd pe
Bdon g peydhres onEryeveic Edveg 1j Ta pjypota mov Tig 0ptofeToty va Siaxotfotv oL arGlovBES VEOTERTOVL-
%€g evomreg (Ewodva 1):

Bogera Asvndda

AroxQivovtol oL axGAOVOES VEOTEXTOVIXES EVOTITES:

¢ Neotextovirii evémnro wong Aeurddag. Aviorotyet 0to fOQELGTATO TU TS VIJOOV, GTTOU EIVOL XTLIOUEVN
N Téhn g Agvxddag. OpLobeteiton TEog véTo amtd T peydin onEryevr Livn ®ouviov — Aolraivov. Ipo-
RELTOL Y10 EVOL EVEV AT, Gtov €XouV amoTefel ahhovPLanés TEOOYDOELS, OL OTTOIES ROAUTTOVY AOVUPOVOL
TOUg VIoxeipevovs Bahdooiovg xau ApvoBaldooiovs oxnuatiopots (Ynerronayés Zmonjpos xotd Mmog-
viBa (1964), mapdxties amobéoews, ¥hr.). H mepuox] avt doxuudleton ouyvd omnd oeopovs, 6mmng emon-
paiver xow 0 Mmovoag (1964), ov xotaotoopés de eivow mohd cofaés, Adyw xnan Tov Yeyovétog 6Tl To
£dagog Bepehinong twv owxodopdv eivan oxetxd xorapd. H meguoxy] umoel va BewenBei wg textovind
Bubwopa, Grwg deiyvouv oL xvioELs xatd urixog tg onEryevoig tdvne, Aaupdvovrag BéPata vrdyn xaw T
oNuavTiky 0QLEAVIIO CUVIOTMOO PETAXIVONG OTa Efypota pe SievBuvon A-A.

¢ Neotextovinj evotta Toovrahddwv — Katovvags. H evémra ovt avartiooetol véTa tg moonyovpevng,
ovvamotehel 6€ ue o To BEeLo Twijpa Tg vijoov. Ipog Boed opLoBeteitar amd T enEryevri Lovn Pouvi-
ov — Anohraivmy, Tog voro de amd ™ enEryevi Lavn Mnyadnodvov — ®oakiov, dievBuvong A-A, n omoia
xaoxtneleTan and onpaviiry] ouviotdoa oplidviiag ohioBnong (BA. Neotextovirnd xdom). H xivnpotin
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OUUTEQLPOQE. TOV ONELTERAYOVS aUTOU AVTLOTOLKEl 08 OUMTEQLPOQRA TEXTOVIROU %Epatog. H évtovn rotd
Babog duafowan, mov mapaTnEeiton oTlg XaEddEes TS evelitepng meELoyrs ToovraAddwy xon Wiaitepa
oto eépa g Fowdg Aayrddag (dvtrd Tuua onErtepdyovs), deiyxver avodurég xivijoels. H mapovoio tg
peyding mapahaxis onEryevois tavng, dieviBuvong B-N, n omolo xaw oproBetel mpog dvouds Ty v Adywm
VEOTEXTOVIXY EVATNTA, €XEL dNUOVEYHOEL HOTA Ur0oG TS duTrrg axTig ®at 0To QGO PETAED TOV YwELHV
Ay. Nujto wow Toovrahddwv, wa Thvn rataxeguatiopévav aopeotoribBov, tov ®abiotolv aotadn ta
moavy. EvdeiEeig yia g avoduxég nivjoeis tov idiov pnErtepudyovs map€xouv xot oL 0ahGooLES 1| TOQAKTLES
ATUITORQORAAOTIALYELS ATOOETELS, OL OTTOIES OVOTTTUOCOVTOL XATA (KOS TNG OVOTOMXKIG OHTHS KO OQLOTE-
4 Tou dOuov petaEl Avyidg xar Nuwdvag (Ppakiov). Ou anobéoelg avtés, nhxiog Av. Meloraivov
(MITOPNOBAZ, 1964) 1j Kat. IMhetoraivov (IFP-IGEY, 1966) Poioxovton pepund pétoo move omd Ty
emupavewa g Bdhlacoag.

Kevrounj Asvxdda

10 ®EVTOXG TUYUC TG VIjOOU amtavtd €va molvoivBeto ovotnpuo enEttepay @y and To omoie: HTogovy v

dLaxLBovv Ta ToardT!:

¢ Neotextoviry evémra Ayiov Nurjra. ITpdxertan yio pirQo textovird *®€00g. Ot mpdopates avodRES wvij-
oeLg, MOym dpdong Tmv TEQLOMELORMY PNYRATWV €XOUV TEOOOWOEL OTN VEOTEXTOVIXY QUTH EVOTNTO X0Q0-
%0 poe@oroyiis €Eapomg. ITog ta avatohird ogrofeteital amd ™ peydin onEryevn empdvela tov Ay.
Nujra, eve) mog dvopds ané pa onEryevn Laivn mapdAnin mpog ™ onueovii axt.

¢ Neotexrtovinn evomnra Agupava. ITpdxrerton Yo To TaQAKREIPEVO TOV TEXTOVIROU ®EQaTOg Ay. Nurrjta TEXTO-
vir6 Bubiopa. Ogrodeteiton Eog ta dutind omd ™ enEryevy Lddvn Ay. Nurijra, oog to avatohnd 8 omd m)
onEryevn Lidvn Agupdva, dietBuvong BA-NA. TTpog v6to ta 6ot Tov eNELTepudyovs CUPTiTTouy pe T onELe
Neotextoviry evomrta Meydhov 6povg — Zrdpmv. H evétnro ot exteiveton avatolxd Tg 1oonyovpevns.
OgpuoBeteitar meog Poeed and ™ enEryevr tdvn Inyadnodvwv — @ookiov mog véto de amd T enEryevn
Cavn Z6Beov - Nudpiou (BA. Neotentovind x4otm). Ztnv TOayROTHOTNTO TQOXKELTOL YL €V TTOMITAOKO
oUOTNUOL IAHEGTEQWY ENELTEUAX DY, TV OTOIWYV OL EMUEQOVS OYETUES HIVIOELS Elvar TToA) donolo vo. dua-
%p0ovv. "Eva mhifog prpdtepmv onypdtmy tepoyitel 1o onErtépoyog avtd oe GAAa undtepmv diootdoe-
wv. O emxpatovoeg dievBivoels Tav onypdtov eivan B-N éog BA-NA.

Nota Agvxdoa

Avonpivovtor oL axOhovBES VEOTEXTOVIRES EVOTNTES:

¢ Neotextovixy evémra Aaivaxiov — Bhuyov — I1égov. H evémta vt aviloTtolyel 0To VOTLOOVATOMXS TH-
poc g vijoov. TTpog ta fopetodutirvd oproBeteiton &rtd T enEryevn Lavn ZuBov — Nudpiou mpog ta votio-
avatolMxrd Oe amd ™ Lavn Zupotwv — ZuPoov. Ko oe autd 1o peydio onErtépayos propoty va donplfoiv
emPUEQOVS WrEGTEQX ENELTENAYN, OTTwg eivan N opewT] pdta Acivaxiov nan oL yepadvnoor Bhuyot zou IT6-
QOV, IOV TAQOVOLALOVY 1OLaTEQES NETAEY TOUG OYETIRES KIVIJOELG.

¢ Neotextovixi evomra Baowhxric. TTpdxetton yua peydho onELtéuayog, to omolo meQAapBAVEL TOVG OQEL-
voug Gyxrovg Zixed xow Axpdda. Oplobeteiton TEog to. fopetodutind and  enEryevii Lovn Baowharig, tov
amotehel ouvEyela exeivng tov ZUPov-Nudpiov xau mog Poperoavatohxd and ) enEvyevr Livn Zvfo-
Tov. Ou ONELYEVEIS EMUPAVELES OL AVATTTUOOGUEVES HEoa 0To ENELTEUaYOGS TEpayiCovy TV evoTnTa auT Ot
URQOTEENGS TAENG VEOTEXTOVIXES VTOEVETNTES, Gntwg elvar oL evamtes Mapavtoympiov — Axeddag, Zixepol
HOL {EQOOVIIOOU ALPOTUQYOUL.

¢ Neotextovixt] evémTa XeQO0oVHooU AEVRATOV. AVTLOTOLKEL OTO VOTLOdUTIXG T TS vijoov Aguxrddos.
KaBopiteton mpog pev ta avatolxnd ond tig onryeveic Laveg Kolamroiov — EEdvOewag o Meydhov 6-
povg — Eyxhoufric, mpog véto de amd ) onEryevii Lovn Baouhxic. TTepuhapfdver dhha pxpdrtepa onEitepd-
¥ ne Wialteeg netakl tovg oyetinés mvioeis. "Eva and to onErtepdyn cvtd eivor To textoving fodiopo
Apaydvov mov meQLoitetan atd priypota dievBuvong BBA-NNA.

5. LYMIIEPALMATA - NEOTEKTONIKH EEEAIZEH

H ohoxMjpowonm g devtepng xou ®xUpLag pdong Textoviopoy oto Av. Meoonvio — Kart. [TAeidratvo onpato-
dotel v €voEn g ovyyoovng yemhoyixrrg eEEMENG g vijoov (UNDERHILL 1985, 1989).

Zmv Kegpahhovid xow ot Zdxuvlo oL TeXTovireg Sopég, Adyw oupmieons (eQuITeEVoeLs, TTUXES), oxnuoti-
Covtat oto yxeovird didompa Togtévio — Meoarvio (SOREL, 1976), evdd oty Képrnvpa o oynuotiopds tov
dopdv awtdv hoppdvel xdpo iowg mo apyd, oto Kat. IMhewdrawvo (JAMET, 1982). O Meulenkamp (1985)
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tomoBeTel TNV oY TS veotextovirng eEEMENG TG evpuTEENS TTEQLOXNS TV Tovimy viiowv oto GpLo Zeafdh-

Mov — Totéviov. PaiveTow Tws artd TV ETOYT| AUTY EVAG YEVIXEVRUEVOS ONYHATOYOVOS TEXTOVIORIS EMNEEALEL

og oAGxAnEn TV Extaot] g T Agurdda, 1 dpdon Tov e ovveyitetan o GAn T dudorera Tov TThero-Tetogro-

yevoug (ta televtaia 5-5.5 exatoppipia xodvia). H amovoia Bardooiwmv itnudtov tov IMhetoxaivov xow TTker-

otoxaivov delyver GtL 1) TEQLOYT] TS VIjo0oV Xatd T Sidoxela auTiig s repLddov dev eBaldooevoe. EEaupeiton

10 BOQEELGTATO GXEO TNG VIjoOoV, Gtov Bohdooies pdaoeLs, eite Tov IThewoxaivov, eite Tov TThelotoxaivov eivon

TOQOVOEG.
Me pBaon ta Bifhoyoagpuxd dedopéva non Tig TapaTnEfoels vraiboov eivar duvatd vo duomoiBoiv to and-

AovBa xpLo otddio. eEEMENC votd To TTAero-Tetaproyeveg:

¢ 3o Katdrtepo IMhewdnouvo (4.5-5 exaroppiouo xodvia oy amd ofjpepa) ohoxinpavovror o dtadiraoieg
O TOL POLVOUEVOL TNG EPOITTOUEVIXRTIG TEXTOVIXI|G PE TN dmuioveyia avdhoywv dopdv (EQUITEVCEMY, TTTV-
XWV) ndtw and éva xabeotwg ovunieons (MERCIER et al., 1987).

¢+ Kard m dudoxreia tov Katdrepov IThewdxavou (p.p) — Katdrepov ITieiotdrarvov (p.p) (4.5-1 exaroppioia
xoovia) Aapfdvet yoea n duoveyia Tov veotextovirot pnEryevois 1otoy. To dixTvo 1wV VEOTEXTOVIRGDY
oNyudTmv TepoyiCer ™ vijoo xow dnuioveyel Eva ovompo onEITEpOOY e aveEGQTNTES ETUEQOVS KIVIOELS,
eite avoduxéc, eite xabodiéc. H enidpaomn tov onypatoysvou TEXTOVIONOU, av xat SNuoveyel éva pmoaind
and Textovird r€pato xou fubiopata, eviovTtolws Ta tehevtaio dev xorarAitoviol 0to 0UVOAS Tovg amtd
Bdlaooa, 6mmg ovvdyetan amd TV amovoia Bahdooiwy gdoswv. ITapdha avtd 1 ratefiOion Tovhdyotov
evog Tuipotos s fopetag Asvrddag Bewpeitar BEPaw, TeErUNQLIVETOL dE G TNV TOEOVOT avAAOYwV
@doewv (BahGooLY PoQYEY Rol Auuwy TAELoRoVIXYS Nhriag), tov delyvouv wxed Bdbog andBeong (ma-
pdxrtieg amoB€oeig) (CUSHING, 1985). To yevirnd nabeotds twv tdoewy Bo mpénel vo, elvon ouvOeTo, Smmg
Sl vouv oL UIVIOELS TV ENELTERAYEY TTOU TEQLAAUPBAVOUY TOCO RATAXGQUET], GO0 %0l 0QILGVTLL OUVIOTHO
oMofnong. O Mercier et al. (1987) Bewpotv 6t T0 ®abBeoTds TAOEWY OTNY EVEUTEQETN TEQLOXY] WTOQEL VO
elvon Tomnd ovd€Tepo 1 evdexdpeva apvdpis EPEARVOTIXG.

¢ Kard m dudpxreia Tov Kotdtepov IThewoténarvou (p.p) (1 exaroppipro — 700.000 yodvia) oty gvpiteen
nepLoytj Tav Ioviov vijowy exdnidveton €vo €viovo TEXTOVING EMELOGOL0 OUpTTiEONS, TOV dNULOVEYED RaL
éM avdotpoga priypoto xon wrvyés (SOREL 1976, MERCIER et al. 1987, SOREL et al. 1988). Z Aev-
%ndda o Cushing (1985) texpnprdiver ) ovpmieotint ot @don eniong oto Kar. IThewotérouwvo (Kat. Tetap-
TOYEVEC), T OLOoYeTiLeL e pe v exdidwon deErdotpogng ouidvriag ohioBnong tou priynotog AnEovpiov —
Agvrddag, 10 omolo Bewpeiton cuvéxela g onEryevois Livng Zmepyerot — Apfoarnot. H dretiBuvon tng
ovpmieong €xer mpoodiopuotel wg ANA-ABA (SOREL 1976, MERCIER et al. 1987).

¢ Ané 10 Méoo Mhewotérawvo (700.000 yodoviar) puéxor ofpepa Tto YEVIRGTEQO Yewduvomnrd rabeotds oty
neouoyn v Ioviwv viiowv avtotouel o eEAATIWON TOV CURTECEMV TOV ToQOTEEN®aV RaTd TV TTEO-
Nyovpevn wepiodo, dMiadr oe wa pdomn xordowons (MERCIER et al. 1987, Sorel et al. 1988). Ztn Asvrdda
0L KVIOELS TV oNETERODY ®atd ) didoxeta avtig g meguddov eEaxorovBoiv va eivar oUvBeTeg, ex-
podtovron de wupiwg pe mhoylonovovind dhpora ohiobnong.
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NEOTEKTONIKH AOMH KAI EEEAIEH THE NHXOY TAAAMINAX"
H. MAPIOAAKOZX', 1. OYNTOYAHE', A. @EOXAPHY

IYNOWH

O popgotextovirés dievBivoeig mov ®ugLaEyotv oty Zohapiva €xovv dievBuvon A-A xow BA-NA, mou
£xouv oav artotéleopa ™ dnuovEyia veotextovirdv fubiopdrwv xow kepdTwv aviiotorywv dievbivoewv. H
KLV UOTURT] TOV VEOTEXTOVIXAV ONELTEpay v €xer aiEel ®aBoQLotnd QOLO OIS TOQATNQOUREVES CLOVUUETOLEG
twv vdgoyoagirdv duxtiwv. Enewdri n Zakapiva foloxeton o€ pia meguoxri oty omoio ouvumdoyovy dievBiv-
oelg dopdv A-A (KopwvBuards Kéhmog, tentovind fubiopa Meydowy, F'epdveia, Iotépag) xar BA-NA (Avyd-
Aew, Yunrrée, Aexavonédio AOnvav) moovotdier pia ovvBet) veotextovixt dopn.

ABSTRACT

The morphotectonic structure that dominate in Salamis Island strike E-W and NE-SW, having as a result
that neotectonic grabens and horsts follow these general directions. The asymmetry of the drainage network is
due to the kinematic regime of the neotectonic blocks. Salamis Island is located in an area where structural
trendings of E-W (Corinthian Gulf, Megara graben, Gerania Mt., Pateras Mt.) and NE-SW (Aigaleo Mt.,
Ymittos Mt., Athens Basin) are intersected, resulting a complicated neotectonic structure.

AEZEIZ KAEIAIA: Neotextovixy, Zohapiva, EAMGda
KEY WORDS: Neotectonics, Salamis, Greece

1. EIZATQI'H

H Zahopiva eivar 1o peyolitepo vnot tov Zaguvirot KSAmov xat 1o mtAinoléotepo omig axtég mg Attinig
(Ew.1). Bpioxetow oto fGeLo Tuijpa tov Zagmvirol xou Xmweiletor ard Tig axtés me ATuxiig Be To ZTevo mg
TIdyng (dumnd) xon To Z1evé tov Iepdpatog (avatolxd). Ou dvo avtol diavhor opLoBetovv Tov Koimo tng
Elevoivag mov exteiveton fopera g Zarapivog.

ZAPONIKOZX KOAINOZ

w e
T
- N
-
> .

Euwx. 1. H ysoypaguxy Odon s Zalapuivag.
Fig. 1. Location map of Salamis Island

* NEOTECTONIC STRUCTURE AND EVOLUTION OF SALAMIS ISLAND (GREECE)
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H Zolapive €xel #vijoeL 10 Ye®AOYIRG EVOLOPEQOV ol TLS AEYES TOU TTEONYOUREVOU audva. Ou §pevveg
SpmG OV TEOYPOTOTOLONHAY E0TIAOTHRAY KVEIMG OTOVS AATLROUS OYXNUATIOROUS ®a Wlaitepa og dvo Yao-
®INOLOTXES eppovioels. Ztnv meppotorodiny oelpd g vonag Zahapivag (Mépave, Koxj Biyha) (Renz 1912,
Bopeddng 1929, Tdarapng 1967, Zideopng 1986, Tdraons & Zideons 1989, x.a..) ®abdg xow 0Ty OYL0TOREQOTOMOL-
%1} dudmhaon xow WLaiteQa ot OXEON TG HE TOVG LOVEACLXOTS aoBeotdhbovs (Bopeddng 1927, 1932, Taraong
1972, 1989, 1997, Tdraons & Zideong 1989, %.a.).

Iapdho To TMjBog QyaoLdV Tov X0V TTEAYUOTOTOMBEL % SNUOOLEVTEL YuoL TNV chruuxy] Yewhoyio kot Te-
nrovin, eAdyrota otouyeio elvon Yvwotd yio v veotextoviki tepiodo. O eQyaoies mov avagéovial oty TeQ(-
0do awvnj meplopitovron o autés twv AelBaditm & IMhéooa (1990) yio g axtés tov vowou, Twv Povioyudvvn —
Towpndov & Tohavdxn (1991) xaw [Teguocopdg xow ovv. (1991) yia 1o xeQoaio xau VTOHAAACOL0 avTioToL oL
Tujpa Tov draihov Zahapivog — Iepduartog, evd Bo mémnel va avagpepBotv xou oL egyacies twv Papanikolaou et
al. (1988) nau IMomwoavixohdov xow ouv. (1989) yia ) veotextoviry doprj Tov Zapwvinoy ®GATov.

Zromog ™G TAQOVOoS EQYQTTNS EIVOL VOL TTOQOVOLOOTOVY TOL UEYOL OTUEQD OTOLYEID ROL 1) EQUNVELD TOVS YLat
™ veotextovixt] dopn g Zahapivac.

O eVIOMIOPGG, M XOQTOYQAPNON %ol 1) LEAETN TV ENELYEVEY COVHV ROl TOV ONYRATWV OTNEiXTNXE:
®  Z1n PerETN TV AEQOPMTOYQAMLEV TG TeQLoXNS (vhipaxag 1:33.000 mepinov) xabidg xon otV avdyvoon

dopupoprwv eldvmy ot omoieg pog fonbovv va xobogicovpe peyding ¥hipoxrog dopéc.
® Y uelétn 010 Yo TV ETLPAVELDY TV ONYUATOV, GOV oy SUVaTs, ®aL Oty TaQOTHENON Xow HE-

TONON HVNPOTLREY dETAY row ®ABE GAhov otoryeiov mtov Ba pag fonBovoe oty ohoxhjowon g TexTovL-

%1jg avdivong.
® 311 peAET) TV POQPOLOYLRMV OTOLYEIWY, GOV PEAETONHAY LOQPOAOYIRES COUVEYELES, 1) HOTAVOWT] KO 1)

HOQPY] TV EMPAVELDV eMTEdWONG, avwpahies Tov vdQoYEaEROT dxtiou pe ™ xovon Tov IMapdyovra

Aovpperpiog AF (Hare & Gardner 1985, ®ovvtoting & Mroaxomotviov 1999) xow tov mopdyovio Eyxdo-

owag Tomoypaguuis Zvpuetgiag T (Cox 1994, Povvroliing & Mmaxomovilov 1999),  xatavouwi xoooxmot-

OTLRMY TEXTOVOILNHOTOYEVADY SOP@V KAT, OE CUVEVOONG [E TEXTOVIXES TOQOTNEYOELS RO YEWAOYLXA dedo-

péva (Beoydong 2001).
® 3t perérn otorxeimv and yewpuowkés draoxomioels xow epevvntirés yewtonoes (Iepuoopdg & ovv

1991).
® v aEoAGynom twv otot eiwv Tov TEOEXRVPAV artd Tovg 1jdN VITAQYOVTES YEWAOYIKOUS XAQTES HAlHOKAGS

1:50.000 Tov I'ME (Taitavdxng 1982, Taitavdxns & ovv. 1984, Aovvag 1971, Katowdroog & ouv. 1986),

ToV VTOBAAGOOLO VEOTEXTOVIXG XAET TOU Zapmviroy ®GAov ®hipaxag 1:100.000 (MMamwavixohdov & ovv.

1989) zaBws ®at Tav PLPAOYQOELREV dedOpNEVOV.

2. TEQAOI'TA

Zm Zahopivo amavtdvat 1600 almrol 600 kot petolmtinol oxnuatiopol. Ot aAmirol oYNUaTLopol avijxouy
oS YEWTEXTOVIRES eVOTTES TNg Avortohxiis EAddag, yia 1o xooviré didompa and 1o Kevopdvio émg to
Honouvo, ot g «YTOmeEAyoVIRTc» Yo TO XeoVire didompa amtd 1o ITéguo — Toraduxé éwg to Katwrepo
Konudwd (ITomwovixordov 1986).

210 vnoi epgovitetar 6y n axolovdio Twv TETEOPATOVY TG «Yome ayoviric» evétnrog. Iagoatneeiton
o xopoxtnolotxr dapogomoinon g akmxrg Yewhoyiag oto véTio kot 0to BOQELO TUiua Tov Voot xatd
unxog mg yoouwis Avdvrewo — Koxrj Biyha. Zto vétio tpijpa epgpoviCovron to TahMdTeQQ TETQWRATOL, EWS TOUG
avotoadinots aofeotéMBoug, evd fopedtepa pévo o avotpradirol aofectéMBor xau Ta vedrepa hijpota
(Térapns & Zideons 1989).

Ou oynpomopot ™mg Avatohxris EMddag epgaviCoviar pévo oto BERELO Tjua Tov vnolot pe ®uQuoteon
epgdvion avtyj ™me mepuoxfs netal dppov Iorovrimv xow Sppov Zahapivag (Taitavdxng 1982, Taitavdanns &
ouv. 1984). An6 ) Zahapiva armovolder 0 pAToYNG TG EVETNTOG.

Ta petodmnd WCiparo eivon 1600 Bordoowas pdong 6oo xou xepoaios (Faitavdxng 1982, Taitavdxns &
ovv. 1984). Ta mrakardrepo Bordooio Wijparo etvor Aveo Melorowviniic nhriog xon amavtdvior pévo oto avo-
ToMxS GxEo g xepoovioov Kuvéoovpa. Ta vedtepa Bardoowo IMAgionavintis nhxiog Wijpota amavrdvean
oe téooeplg B€oels. O TReIS atd owTég PBeloroviar avatoMxd and Tov xUoLo onueQLYs VdEOX®EITY TOU YNOLOU
dtevBuvong BBA-NNA, o omoiog xwoiCer to vnot o do tpipata. H térapm 8€on (ITépapa Pavepmpévng)
meémneL vo, oxeTiCeTon pe o Lljpara xow g ouvoxes andBeong g Aerdvng twv Meydomv. Ta Baldooio [TAewo-
rouvird, Wrjporo awotehovvion ®uEimg o pagyoixols aofeotoMBous, NAQYES, WOUUITES KO RQOROAOTTOYY
Bahdoolag 1 TaEAATLOG PAoNG.
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Ta yepoaio perohmnd Wwipata Eextvotv oto 6pto Avwtépov IMheldxravou — Ihelotédrovov, mepiodo xatd
™V 0TOol0L PA{VETONL GTL PETOTTTOVV OF (£Q00 OL TEQLOOOTEQES EQLOXES. TToOxEITOL Yot XEQOQIO ROORAAOTTOYY
HOVOIRTO. 1] TOAGIRTEL, YL TOAOULG ROW OUYXQOVOL TAEVOLRA ROQTUOTOL RO RMVOVS ROQNUATWY, ahhovPraxég
amoBgoeis »ou beach rocks oe opiouéveg Béoeig (Ewx 2). Ta jpota avtd ®ohimtouy ®ueing To ReVIOLRG KoL
BO0ELO TUHOL TOV YNOLOY, EVE EIVOL YUOOUTNOLOTINY 1) JKQEY] TOVS TTAQOVOIC OTO VOTLO TP TOV.

3. NEOTEKTONIKH AOMH

H veotextovunii dopn g Zoalapivag yaoorteiCetor oms v UrtaQEn TEXTOVIRGY ®EQAT®V %ot fubopdtwv
1% 1GEng pe drevBuvon rvpiwg A-A, oL omoieg oproBeTovvran and enEryeveis Toves. H »dbe pia omd avtés tig
dopég mapovotdler xar dragogetivy xivnuotiry eEEMEN. TTpéner va onuewwdel Gt ou dopés autég eivan 1™
TAENGS OYETLRG pe T PEYEHOS TOVG ot POVO YLOLTY) OTEVY] TEEQLOYY MEAETNS %att O TROOSLOPIOGS TOV peyEB0VS THS
dopng Toug dev avtamoxpiveTo 0T OXEON TOUS PE TS SOUES TG EVEUTEENS TEQLOXNG.

O drevBivoers Tav megograxdv gnEtyevay Covdy eivar A-A xuging alld xar BA-NA mov gaivetar va
eivar 1) vedteen devBuvon Srwg €xel dramotwbel otoug vToBardooLovg X HEOVE Tov Zapwvixoy xohwov (Ilo-
mavinohdou & ouv. 1989) xow tov diowhov Zahapivag — Iepdpatog (Ileguocopdtng & cuv. 1991).

OL veoTexTOVIXES PorQOdOUES TG vioov Zakapivag eivar ol eErig (Ewx. 2):

Moggotextovini] douri Bopewag Zaapivag
Bubiopa Apselaxiov — Zahopivag
Képog Mavgofovviov — Biyhag - Kuvéoouvpag
Bubwopa Avavieiov — Kaniig Biyhag
Képag Anduavta
Bu6wopa Kéhmov Zahapivog
Eva OROUOL YOQOXTNELOTLXG Elvan M TOEOVCTt dopdV uxEdTeENS TGENS OTo ECMTEQIXG 1) OTa TEQLOWQLLL
TV pueydAmv dopdv. Ou dopés autég umoel va €xovv dagpopetint] Stdtakn oL vo avarTiooovTaL £yraQoLa 1
ToQAAMAQ 0" autée.

O SLoWELORGS TWV VEOTEXTOVIXWY dONMV Tearypatomouionxe pue Pdom xvoing yemioywrd otouxeio ahld
2OL TNV LOQPOTEXTOVLXY] OVAAVON TV YEWUOQPUYV.

O pnEryeveic dopég oproBeTovvion amd pnEryeveis Lwveg To péye00g TV 0TOlWY KoL 1) ONUOCIC TOUG TNV
eEEMEN pog mepLoyns raboitel mv TdEn g doprc.

O evtomopds TV ENELYEVAY Cwvdv %ot Twv oNYRaTwy dev elval TAVTO EUVROMOC, LOLAITEQQ EXEIVWV TWV
Cwvav wov émouEav ran eEaxohovBoiv va maitovy ®aboprotnd poho oty eEEMEN g mepuoyric. TTogatnoron-
ROV OQLOPEVEG ETLPAVELES OL OTTOLES HLOTNEOVY ()XVN RIVUOTLRGY dEWRTAV (YQOUPES TEOOTOLRYS, AVAORMOELS,
#AT). Av nou e foéOnrav empdveies pe fxvn ToAhahig dpaomELETTAS, TO XIVUATIXG TTEGTUTO TTOV TTQOKY-
7TEL OElyVEL OTIS MOAMGTEQES EMUPAVELES ONUaVTIXY] 0EGVTIOL OUVIOTHO0. PETATOTIONG eV 0TS VEGTEQES 1)
uetordmion eivar 6pbo-ravoviry €wg 6pBo-rataxdpuen (Acoxdong 2001).

Ar0hoVOWS TEQLYQAPOVIOL TO HOQPOTEXTOVIXA XOLQOKTNOLOTIRA TS RAOE VEOTEXTOVIXI|C HoxQOdowic.

H poogorextovirij doprj Bogerag Zalapivag eivor pio oGvOetn veotextovivig dowr) n omoio optoBeteiton
OT0 VETo TUjpa TS and ™ onEryevy Ldvn Holouxriov — Zahapivag — Péoty (P.ZILE.P.). Zto e0wteQurd autiig
™mg dopig avamtiocovior dvo 2™ TdEng veotrexrtovinég dopég, o textovind répas Péotn — Mrotoi(la Ew. 2)
%o 10 textovirg Pubuopa Morovrimv — Aégovu (1f Ew. 2). Zug dopés 2™ 1dEng avarticooviar £€vo ovvolo
dopdv wredteENS TAENGS TTOV OPEILOVTOL OTOV XOTOKEQUOTIONS TNG TTEQLOXNS OF urEGTEQX ENELTENdyn antd To
Mi00g Twv onypdtmv mov ™ drooyiCovv. H magovoia oto dutxd dxeo tov textovixoy répatog Péotn — Mro-
toi Cnudrav ™mg avoxenudiis exirivong, ®abds xow 1 VraeEn pubopugévav beach rock otov Gpuo tov Ay.
Tewpyiov deiyver puio meprotpo@r] g douns avtis mEog ta dutind Yipw amd opidviio dEova devBuvong
mepimov B-N. H peiwon tov vpopéromy twv emeavelidv emmrédmong, oto Adgpo Mratoi, delyvel emiong pio
TEQLOTROPT| TS TEEQLOYNG TTROG VATO YU ot opLidvtio dEova dievBuvong mepimov A-A. H avtiotpogn xivnon
POLVETOL VO TOAYROTOTTOLE(TOL OTOV AGpo PEotng, dnhadij mepiotpogn mpog foeod. O xvijoeLs autés moary-
UOTOTOLOUVTOUL RECK LAdOYLRWV TEXTOVIXGY BUBLOUATWOV RO KEQATWV IMKQGTEONS TAENS. ZTO TEXTOVIXG BUOL-
opa ITahovrinv — A€QOV 1 ROTOVOUY] TWV ETLPAVELDV ETTEdWONG ROOMS ®ow 1 YEwAoyrY doun TS TEQLOXNS
E TLG UEYOAUTEQES EPPAVIOELS TNG DLATAAONG RO TWV OPLOMOLREV TETQWUATWY VO BEIOROVTAL OTO VOTLO TUpaL
g delyver pia meguotpogy meog too NNA yipw amtdé ogutdviio dEova dietBuvong mepimov BA-NA. H xivnon
avtij 8ev elvan T600 €viovn 0To VOTLO avatolzd dxeo ™mg doprjg 6mov epgaviCeton o Adpog Booxry xaBwg zat
070 V6T dutind dro dmov epgpavitetar o Adgog Ipog. HAiag ol omoior avvypdvovron o T dpdon e onEL-
yevoug Lavng Iakovriov — Zakapivas — PEéotn. H xivnon avm] duxawohoyet v UmaEn g fublldpevng megLo-
M Boettd, to omoio elva évo. PuBopa evepyd. O yweog autds eival xHog diaotaipmang peydhwy onELyevay
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Covav, 1600 detBuvong A-A oo xaw BA-NA. Ta pfypoata dievBuvons BA-NA Aettovpyouv oav Yoldwtd
ofyporo.

Eviuagépov mapovotdlet 1 SudtaEn TEXTOVIRGDV REQATMV Kot TEXTOVIXMY BuOLOPATOV OV OVOTTUO0OVTOL
OTO VGTLO %o 010 dvtrd meEBmELo g dopng xow petatomiCovial and priyuata detibuvong mepinov B-N &n-
ULOVQYMVTAS XaEoXTNOLOTLXY *Aparwtr| StdTokn.

To textovind Pubiopa Apmelaxniov — Zakapivag eivar 1o ®iplo Pubiopa 1™ tdEng g meproyrc. OpLobe-
Teitan mEog Boppd and ™ enEiryevii Lodvn Iahovriov — Zahapivag (P.Z.I1.X.P.), n omoia oty mepLox Boettd
dev elvan opamij, xou QOGS vOTo amd v enEryevr Covn Apmehoxriwv — Ay. Ilapaoxevng (P.Z.A.A). ITpog ta
avatoMxrd duoyweiteton amd Ty mpogxtaom g enEryevots Ldvng Mavpofouviov xatd ujxog ™ms Aogooelpdg
m™mg neproytic Katdomuo. H magovoia tav avuypmpévav beach rock oto dvnnd drgo oty axni tov 6ppov g
Zohauivag, xabdg xat Tov fubopuévav ota ITakovxia, N magovoia Twv BUBLOREVOV QEYOLOTITWY OTNV OXTH
Twv Apmehaxiwv, o ®xipLog vdpoximg Tov Pubionarog mov PeloxreTan mo xovrd oty dvtwii axt, 1 O€on TV
Bardooiwv ITAelonauvirdv wnudtmv, deiyvouv pia mepLotEopn T doung TEog ta avatolrd Yipw amd opLtd-
vtio aEova dievBuvong mepirov B-N.

To textovine xégag MavgoBovviov — Biyhag - Kvvéoovgag PoloxeTon 0TO REVIQIKG TWIIUA TOU VNIOLOY %Ot
€xeL YEVIA dievBuvom A-A. OpoBeteitan Tpog Boped omtd v enEryevri Lavn Apehaxinv — Ay. ITapaoxevrg
(P.Z.A.A.), mpog véto amd v enEryevr tavn Kaxrig Biyhog - Ay. ABavaciov (P.Z.K.B.A.) xou pog to dutird
omd ™ enEvyevr Lovny Mavgopouviov (P.Z.M.). H napovaoia tov peyalite v vpopétowv Tov avdyAugou ato
dutirS raw 0to vOTLo TR TS dopnc, N HEIWON TOV MPORETEWV TWV ETMPOVELDV ETLTEDMONG TOOG TO. AVOTOM-
%d, T WiRN TOV XAAOWV OV QE0VV TEOG TOL OVATOMXKA. KOl TROG TA SUTLd aBWS ®aw 1) EXT00N TOV RoTOAAUPE-
vouv ta vdgoypaprd dixtua, 1 acuppetoia Tov VOPOYEAPIROT dirTiou Twv Zednvinv, ta fubopéva beach
rocks twv Zehviwv, n Ttagovoia twv Bakdooiwy ITAsorawixdv inpdrov ot Biyha ota 260 m xabdg ko m
ol yewhoywi dour) delyvouy pia ovvBeT) mteQuotpo@t| g dopis TG00 TEOG Ta avaTtoMrd YUQw omtd oQLEs-
vto GEova dievBuvong epimov B-N 600 xan wpog foepd. yipm amd opttéviio dEova dievbuvong mepimov A-A.

To textovird piOopa Avavreiov — Kaxijg Biyhag eivow ) pixpdtepn oe péyeBog doptj 1™ tdEng Tov vnotod.
Avantiooetal avapeco oto Textovivg xépag tov Mavpofouviov — Biylag - Kuvéoovpog #ow OT0 TEXTOVIXG
x€pag Tov Axdpavra. ITpog Boppd opuoBeteitan amd v enEryevy Tavn Kaxijg Biyhoag — Ay. ABavaciov
(P.Z.K.B.A.) xau mpog v6to omd v enEryevi) Ladvn Avavteiov — Kaxric Biyhag (P.Z.A.K.B.). ITpog ta dvnnd
oproBeteiton amd v mpogxtaon g enEryevots tavng Mavpofouvviov (P.Z.M.). H dopj avti gaivetar 6t
TEAYPOToToLel puio toAvouvBe xivion. H mopovoia tov avupwpévav beach rocks otnv fépeia oxtm tng Ko~
%1ig Biyhag, 1 UooEn twv xdvov xopnudtwv oto dutird tpijpa g doprig xow ota do mepLddoLa, 1 TaQovaio
®ratd fdabog diafowaong oto voTo dutkd Tuipa G, 1 oAmky Yemwhoyiry] dopn tmv meLBweinv ko oL deixteg
aovppetpiog (Ew. 2) tov dvo vdpoypapirdv dutiwv g dowrig delxvouv mepLotpog mog vaTo, yipw amnd
optiovtio dEova deviBuvong A-A, 0to avOTOMHG GXRQEO HOL TEQLOTEOPT| TTEOS To. fopeLa - BGpetoavaTolrd,
yipw and optldvtio dEova dievBuvang mepinov ABA-ANA, oto dutixd dxpo.

To textovine xégag Tov Axdpavrta elvol T0 ®UELO TEXTOVIXO REQAS TOV YNnooy. OgloBeteitan mpog food
omd v enEryevii Livn Axdpovia (P.Z.A.), mov 1o duayweiter and 1o textovind fubiopa tov ‘Oppov Zaha-
pivag, ®oBmg koL omtd TNV CUVEXELD auTiS TG ENELYEVOUS Cayvng o eivan 1 onEryeviig Lavn Awavteiov — Kaxiig
Biyhog (P.Z.A.K.B.) mou 10 0pLo0etel oo to textovind fubopa Avavteiov — Kaxng Biyhag. H onEuryevrig Covn
ArGPavTO %O 1) TEOEXTOON TNG ELVAL 1) ONRAVTLXGTEQEN Q0 TS PNELYEVTiS Cidveg mov draoyCovv To Yot agov to
¥wEiTeL og &0 emaEyieg ATG TNV ATOYN TOV YEMAOYLRMDV OYXNUATIORY OV epgavitovrol. H yevirn dietBuvon
™ dowig eivar A-A. ‘'Ontwg row otg diheg dopég 1™ tdEng Tov vnoLol mToQEATNEOUVTOL CEKETES MKQOTEQNS
TAENG dopés Grwg ta pnErtepdyn Iépavt, Kéyms, Ntdovilag, Mdhag #Ar. To xdfe éva and avtd ta pnEitepd-
xM €xer ™ dunn Tou nvnpotxy. ‘O ®UL0g GYROG TOU ARGUAVTOL, OTIWGS TTEOKVITTEL 0TS TNV ROTAVOUY TOV ETLPOL-
veldv emmédwong (Oeoydons 2001) xabug xan T drevBuvon tov véOYPAPIKOU dirTiou OTREPETUL TTROGS VETO
YUow atd dEova dievbuvong A-A. Empéoug tuipatd tov Spmg TQoyRatomolovy ®ow GAAES ®IVIOELS Grwg TO
TeRTOVIHG *EQag NS NTdeviLog Tov TEQLOTREPETAL KAt TTROS Ta duTrd YUpW 0atd dEova dievBuvong B-N Grwg
TORVTTEL 0TS TNV CLOVRUETEIC TWV d¥0 VOPOYRUPIHWDY ditntdmvy Tov T draoyiovv. AvtiBeta To PNETEROYOS
¢ [Tépavi oteépetan mpog to. BBA Grmg mooximttel TG00 omtd T HOQ@T| RO TNV AOVUUETQI TOV VOQOYQAPIROT
duxtiou raBmg Raw atd v YrapEn Twv avupouévev beach rock. Enpavunij eivow n arovoia twv Boldoouwy
HETOATIRGV WENUATWY RaBS KoL 1) PHEY] EUPAVLOT OUVOMKA TV PETOATRGY WCnpdTwv.

H onEryeviic Tadvn tov Axdpovta eivon to devtego tpijpa g onEryevots Taivng e Kaxwds Zxrdhag mov
draoyiter To vnoi. H Suagpopd Spwg pe T onEryevii Lovn Mahovrimv — Zohapivas — Péom eivou 6t €86 avunpad-
VETaL TO VETLO TRHua Tov enEitepdyous oe avtiBeon pe v meploxr g Kaxidg Zndhag ®abwg xow tnv fépea
npogxtaon ™me ot Zakauiva, v enEryevn tavn Makovrinv — Zakopivag — P€on, tov ovupdvetor 1o BGoeLo
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onErépayos. IMepintwon scissor fault.

To textovine pvbiope Tov ‘Ogpov tng Tehapivag eivor 1o ovyyeovo fibiopa tov vnowov. To dutrd tov
Twijpo €xeL yevirnr dietiBuvom A-A, evd to avatolxd tov BBA-NNA. Oguofeteital mpog foeod o v onErye-
vij Eodvn Makovriwv — Zakapivag — PEotn, mpog véto amd ) enEryevi Cavny Axdpavto xow Teog To avotoMrd
omd ™ enEryevn Cdvn Mawgofouvviov. Anté Ty xatavout] Tov Babdv gaivetol 1 dopr| vo TeQLOTEEPETOL TTROG
Bopod yipow and dEova dievibuvong A-A.

H onéryeviig Ldvn Mavgofovviov (Ewx. 3) opiobetel to textoviné répas Mavpofovviov and to fubwopa
70U Gopov Tng Zahauivag ko Exet yeviry dieviBuvon B-N. Autd eivat to turjpa ™e onEuyevots dvng wou ol
eppovas oguoBeTel pua doprj 1™ 1dEng. TG00 Spng o Yewhoyrd otouxein, 600 ®ow ams TV PEAETN AEQOPW-
TOYQOUPLIDV %o BOQUPOQIHRAV ELHOVOIV, RaBMDS Ko ot T PoQEoTeEXTOVIXY] avdluon gaiveton Gt n onELyevig
Codvn mpoexteiveton 1600 mEOg OEEA GO0 ®aL TTROS VATO.

H mpog Boppd mpoéxtaon e oproBetel to BiBiopa Apmeraninv — Zahapivag ard To fibopa tov Sppov
™ Zahopivog rotd pixog T Aogooelds tg mepoxrs Katdomua, ydvetor omv meproxy Boettd xou om
ouvéxela epgpoviteton vo duayweiler Tov Adpo Mmatoi and tov Aépo Agdmmg, Tov aotehotv doués urpdte-
NG TAENG g popgotexrtovirtg dourc Péotn — Mmatol. A6 tig dopég 1™ 1dEng otig dopés prodteons tdEng
mopatnEeiton ahhoyn Tov ®vnpaTroy yoaxtoo. g onEryevoig tdvne. “Etol eved otg dopég 1™ tdEng avv-
YPAVETOUL TO avaToMHO TEPAY0S, Popeldtepa, otig Sopég wxrpdteons TdEng, avuypdvetor 1o dutrd tépayos. H
onEuyevrig Cdvn dnhadr gaiveron vo Aettovpyel oav Yadwrd priypa (scissor fault).

ITpog to véto N enEryeviic Tdvn oproBetei To Textovird fiBopa Avavteiov — Koxrjg Biyhoag and to tentovi-
%6 fBopa Tov dppov g Zahapivag o dooyitoviag Tov Moo Nrdovilo xatahijyer oto Zotphy. Ko 0” avtd
70 TIjpa ToaTNEETOL ot TV draotaipwon ™ enEryevotg Lhvng Mavpofouviov pe v onEryevn Tavn Axd-
HOVTOL RO TEQOG TO VOTO SLOPOQETIRY RLVNUATINY] CUUTTEQLPOQA eTtiong Ot dopéc unpdteons TaEnG.

Zug Loveg Saotatpmong Twv onELyevdy Covdv TapoTneEiTon ROTAXEQUOTIONOS TWV TETOWUATWY.

4. NEOTEKTONIKH EZEAIZH

Me Bdon ta mponyovuevo yiveton TooomdOelo va meQLypapel 1 veotextovixy eEEMEN Tng Zaauivag. Ta
oATrd TETEWROTO TG ZoAapuivag €XoUV VTOOTED TNV ®UELO OATTLXY] TOQAUOQPWTLXY] (PAom OTo dudotnua. A.
Hdmawvo — Ohydxouwvo (TTamoviroldov 1986). Zro K. Mewdxaivo 1 teproyy] folordtay omy téte omobotdgo.
Ta mohouwdtega petolmind wipata tov ovvavidue eivor Ave Meworawvirnig nhxiog ot xepodvnoo g Kuvé-
oovpag. X’ owtd 1o dudompa (A. Mewgrovo) mpémel va doyLoe 1 Aettoveyio twv onEryevdy Lovav tov Axdpo-
vro. xou ITahovrinv — Zohapivag — Péotn pe m dnuoveyia toudv xiptwv dopdv. Avo textovird xéQoto. ot
Bdpeta xaw T voTia Zakapivo xat £vo fubopo avapeod tovg (Ewx. 4).

H dopr ot votia Zahopivo Tov GHUEQE OVTLITQOOMITEVEL TO TEXTOVIXG XEQUS TOU AXAUOVTO. TQETEL VO
glvow M wEwTn oL XEpoevoe oto Av. Meiwdxrawvo 1 oto IThewdrouwvo. H dmoym avt emPeparddveron amd v
amovoia Twv Boddooiwy petodmndy Wnpdtmv (xwols vo aroxheleton  mbavémra va dafoddnxav), mv
£XTOLON TTOV ROTOAAUPAVOUY OL ETUPAVELES ETUTEDMONG, TNV AVATTTUYUEVN PoR@Y] vdEOYEOQLX0T dixTiov ®0BWg
O OTTO TNV owoUoial EXTETOUEVV KeQoaimv amoBéoemv. H emdva g meguoyrs eivar exeivn meguoyrs mou
Boioxetan vitd xabeotdg dudfowong yia peydro xovixd didompa.

H dowj ot Bépera Zahapiva mpénet va xépoevoe apyotepa. Katd to MMiewdrouvo tufuatd tg 6mug oto
dutnd axo dmov epgoavitetar o oynuatiouds IMepdpotog - avepwuEvng xabwg xoL 0To AVOTOMAS dXEO
dvtnd Tov AGgov Bpoxxt, dmov ovvavrdpe vroleippota Bardooiwv iinpudtov xdtw and yepooiss amobéoes,
TEEMEL VO ouVEXLLaY va eivon Bahdooteg 1] TapdxrTies 1| MpuvoBoNAOoLES MeRAVES. ZNUaVTLRG, T ROTe. SPOS TG
doprig mpémeL va elxav YEQOEVOEL OIS PaiveTal amd Ta epoaio mheloxavixd ipota mov €xovv omoteBel
ot poegotextoviry dopn tg Bopeiag Zahapivos.

H evdidpeon dowi mapovotdCel v mo ouvOetn eEEMEN. To avatohxs Tujpo g Sowris TETEL VO ATOTE-
hovoe Tufua Bahdoowag Aerdvng xatd T dudorewa tov Ikeoraivov, didomua xatd To omolo ay et n dodon
twv onEryevav Lovav Mavpofouviou, Aumehaxiov — Ay. Iapaoxevic xoaw Koaxrg Biyhag — Ay. ABavaociov
mov elye oov amoTéLeopn TOV REQUOTLONS Tng doung pe ™) dnuoveyia Tov empépovg onuegvayv dopwv 1™
TAENg, 6mwg Tov Pubioporog Aumehaninv — Zolapivag, Tov texToviroy xépatos Mavgofouvviov — Biyhag -
Kvvéoovpag, tov fubiopotog Awavteiov — Kaxrig Biyhog xow tov fuBiopartog tov dppov mg Zohapivas. H
TEQLOTROPY] TTROG T AVOTOMXKA TWV PaxQOdoUGY TEENEL vo eEgMiooeTan amd autd 1o ¥EovirG didoTnua pe
OTOTEALEOUOL TV XEQOEVON RATOQYHV TWV JUTRGV TTEQLOYGV. AvT omoderrvietal amd Ty UmoQEn v TAELo-
rowvirns nuriog rognudrtwyv ®veing oto dutnd Tuwijpe xobmg ®or and to Bahdoowa Whinoto g Biyhas ta
omoto elvon pdrhov magdxtiag 1 Mpuvobordoolas gaong.
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Euwx. 3. Wnguaxo povrédo eddgovs turjuaros g Zatauivag amd ra ovtixd. Araxgivovrar oo 1 onéryevijs
taévy Mavgopovviov (P.Z.M.) ue 1ig mpoextdoets s 1000 mog Poed doo xai wog voro. Exiong dtaxpiverar n
owdrasn A-A Tov yeouoppav xalus xar 1 en echelon dwdra&n g en&iyevovs Ewvne Maiovxiov — Zalauivag -

Péory (P.Z.IL.Z.P.).

Fig. 3. Digital Terrain Model (DTM) of Salamis island, view from west. There can be seen the Mavrovouni fault
zone (P.Z.M.) and its extensions towards the north and the south. Also the arrangement of the geomorphic
structures is featured, as well as the en echelon arrangement of the Paloukia — Salamis - Resti fault zone
(P.ZILZ.P.).

Zmv Ew. 4 magovoudletar oxnpatind oe topi  €EEMEN twv paxpodopdv ot dievbuvon B-N. Metd 1o
ITAeLSnawvo 1 weQLoyi] XEQOEVEL CUVOAUA, Y0 VO VTtooTeL TNV EEEMEN ®atd To TETAQTOYEVES PE TS EMUITTOOELS
™G CVEOREIMONE TWV TTOYETOVIV OF TOYRGOULO XATUOKA RO TO YEOOUVOULKA QOLVOIEVX TTOV TOUGS arohovon-
oav, Mhadi| ©g petaPorés g otdbung g BGhaooag Tov gixe ooV amoTELECUO TNV ETAVEIAUUEVY XEQOELVON
xaw Bohdoowon peydhwv mepLoydv, T dnuovyio Muvdv uéxols 6tov AGPeL ™ onueQLV] ™S poE@t} TTov €yl
ouppei pohig ta tehevtaia 5.000 xodvia mepimov and téte dMradii Tov 1 otdbun e OGhaooog TaUQOUEVEL
mepimov oto do eninedo.

5. ZYMIIEPAXMATA - £YZHTHZIH

A6 10 OUVOLO TV TTOQOTNENOEWY TOV TEOEXVYPAY XATA TNV dLdOXELN TG EQYAOTOG VTTaiBEOV, XaBMS naL
ond to Oedopuéva EQYOOLWV, OXETIXG HE TO (005 TG VEOTEXTOVIXIG TOQAUGQPMONS TOU EMANVIXOU X®hEOoU
(Theodoropoulos 1968, Freyberg 1973, Magiohdxog 1975, Mariolakos et al. 1982, Mariolakos & Papanikolaou
1982, Moplohdrog & Zteipog 1986, Mariolakos & Stiros 1987, Magrohdrog & IMoamavirordov 1987, TTamaviro-
Adov & AGLrog 1990, Povvrovlyg 1994, Mariolakos & Fountoulis 2000, Mariolakos et al. 2000) to. ouurepdopa-
TaL Yo T veotextovixtj dopr] g vijoov Zodapivag eivon duvatdy va ouvoyototv wg eErg:
® H wijoog Zahopivo dopeitar amd €51 veotextovinég dopés 1™ 1dEng. Ou doués avtég draymwpiCovrar and

onEuyeveic Caveg detiBuvomg nvping A-A oAhd xow BA-NA.
® H yevixy dievibBuvon v paxgodopdv eivor tepitov A-A.
® 370 E0WTEQIXO QUTHV TWV OPWYV TOQATNQOUVTOL IXQGTEQA TEXTOVIXG, PUBIOUOTO RO REQOTO, VEOTEXTOVL-

%€g SopEg WrEGTEONS TAENG, VITOTOQAAANA 1] %Ol OE OQLOPEVES TEQUITWOELS EYRAQOL PUE TS PEYOAES So-

nés.
® O uxpdtepes dopés droyweitovrar petofl Tovg amd meplbmpronés onEryeveic Loves. e 0pLonéves omd

otég BoéBnrav otouyeio TpdopaTng dpaotELGTNTAC.
® To ®vnuomrs TEGTUTO IOV TTEOXVITTEL AT KvnpomroUs deintes (YOOUpES TEOTTOLPYG, CUAAXMOELS *ATT)
delyvel oTLg TOMUGTEQES EMUPAVELES ONUOVTIXT] 0QLEOVTLO. OUVIOTDOO. PETATOTLONG EVM OTLS VEGTEQES 1 PE-

Tarénion eivoar 6pfo-ravovin €mg GoBo-ratorduen.
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¢ To weQLoodteQo ONYROTA TOU KGPOVY TOUG HETOATILROVS OXNHATLONOVS Eivan Ravovind, dievBuvong mepimov
B-N, eva) To. onpoviind eypRata Tov 0QLoOETOUV T TEQLOWDELA TV AEXAVEV HECK OTLG OTTO(ES £XOVV OTOTE-
Oel elvon drevbBuvong A-A.

® TlogotnEeitor dtapoQomoioN TOV RATAXGQUPOU GAUATOS KOTA WITXOS OQLOREVWY TEQLOWOLOKRMV' Cwvav,
200ms xow drapoeTinn xivnuatiny Tmv enErtepaydv ov drayweitovv deiyvovrag én Aertovpyovy oav Pa-
Mdwtd pfiypata (scissor faults).

® Ta oriyporo mov omotehovy opuopéves meptbmouanés onEryeveic Taves magovotdfovy xhponwtr dudrakn
(en echellon). H pnE&yevric tadvn Ialovxkiov —Zalapivag — PEom eivan 1 mo xoooxmoLotixy and outég
deiyvovrag va eivor amotéheopo. deEidotpogng didtunong.

® [TaQaTNEOVVTOL CUOTNUOTLRES TEQLOTQOPES OQLOREVOV ONELTEUOY WY, OF OQLOUEVES UAMOTA TTEQUITTHOELS
TAQATNEOVVTOUL KOt TEQLOTQOPES TNG (610G PoxEOdOUNS OGS dLaoReTIKES dlevBivoeLg.

® JlopoTnEovvTal COVRUETRIES VOQOYQUPIRMY MXTIWV.

®  OQLOUEVES YEMUOPPES TOROVOLATOVY XOQAXTNOLOTRES OLYHOELDES poppés mov delyvouy deEvdoTtpogpn did-
Twnom.

e Jlopatnoovvron petoromopéva beach rocks efte avupwpéva eite fubiopévo. Ze 0pLopEvo amd otd €xovy
Boebel TuijpoTa REQOULRMDYV.

e tov Gopo TV Apmehaxinv oavopéoovial BuBopEVES ooy aLGTNTES.

e >t onEuyevii Lodvn Mavpofovviov mopatmoovvior TouAdyotov 800 YEVIES TOLY@VIX®DV TTRavVEY Ttov dei-
Xvouv touldxiotov dvo @pdoelg mpdopatns dpaotoLdTtnTog.
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TEKTONIKA EAETXOMENH EEEAIZEH YAPOI'PA®IKQN AIKTYQN ETH
AOKPIAA (ETEPEA EAAAAA)*

H. MAPIOAAKOX', X. KPANHE', X. MAPOYKIAN® & I. §OYNTOYAHL'

ZYNOWH

Zmv maEovoa. £QY0OIa TAEOVOLALOVTOL TO ATTOTEAECPUATO EQEVVMV OTNV eELoXN Tg Aoxpidag (Zteped
EMGG) avogpoQuxnd HE T1) OXEON TWV VEOTEXTOVIXMY JOUMV KL TNG OVTOTGROLONG TOV VOQOYEOPLXOU dinTiou
OTN OUVEXLLOUEVY VEOTEXTOVIXY] TOQAUGQPWOY). ALOTLOTAVETOL OTL TO VOQOYQAPIKG OirTVO Elvow OF PEYAAO
BobuG tenToVING ELEYYOUEVO, RO PAMOTO, YIVETOL PAVEQGS GTL OL PEYOAITEQNS TAENS VEOTEXTOVIRES DOUES ETN-
pedCovv peyoliteong TdENG xAddovs Tov vdEOYEUPLXOT dxTiov. H X0QToYQaenon xan 1) YEMUETOIXY] HOL XtV
ROTLRY OVAAVOT) TOV VEOTEXTOVIXGY S0PV 08 CUVOUROUG PE TLS LOQPOTEXTOVIXES TTAQOTNQYOELS ETTL TOV VOQO-
YOOPLXOU dxtiou ®aBLoTovv duvatd va TEOodLOQLOTEL TO TEGTUTO TAQUUGEPMONS TG TEQLOYI|S, TO OO0
OVTLOTOL EL O TAQAUGQPWON OTOEYNS.

ABSTRACT

This paper presents the results of our research in the area of Lokris (Central Greece), regarding the rela-
tionship between the neotectonic structures and the response of the drainage network, which is found to be
tectonically controlled to a great degree. Neotectonic mapping, geometrical and kinematic analysis, and
morphotectonic investigation have shown that the local neotectonic grain is attributable to torsional deforma-
tion.

AEEEIZ KAEIAIA: VEOTEXTOVLXY], LOQPOTEXTOVLRT], VOQOYQUPLO dixTVO, avBoELdES, drateorotpor], Aoxpida,
Zteped EMada
KEY WORDS: neotectonics, morphotectonics, drainage network, flower structure, transrotation, Lokris, Cen-
tral Greece

1. EIZATQI'H

H ntepuoxi} tg Aoxgidag xoaxmeiletol ams Tuxve TEXRTOVIRG LOTO, ATOTEAE GO TG EVEQYOU TEXTOVIXIG, 1
omoia expEdletol xvping pécm enyudtmy xor onELyevav Lovav, to omoia it 0QL00eTOVY £iTe evTomiovTol
EVIOS TV UEYAAMY HOQPOTEXRTOVIXRWV EVOTHTOV TG TTEQLOXNS. Mia €€’ autdv elvan ) Aexdvn g Aoxpidog, 1
omoia opLoBeTeitan amd ™ pueydin onEvyevn Lavn tov Karridpopov (PZK) ota vota, ™ 0.0 Mevdevitoog —
B¢pponviiv (PZMO) ota dutrd, eve ta BopeLd g meptbwoLa eival mo ouvBeTa, pe mv mopovoia Tav o.C.
Agyoiov Bpoviov (PZAO®) now Karvovpro — Toave Aade (PZKTA) (rov amotehotv xot To VOTLOo 60L0 Tov
6povg Kvnuig)oto xevipund-fopeto meptbmpld mg, ms 0.6. Mwiov (PZMQ) ota BA xaw tg 0.C. Tovhepiov
(PZT'O) ota BA (Kodvng, 1999). H idia 1 Aexdvn tng Aoxpidog xwpiletan oe avorohxn xot dutirn volend-
v, pe PAom textovird, YEmhoywd row otpopoatoypapird xormote (Kodvng, 1999).

H magovoa avoaroivion aoyOLe(TaL e TN VEOTEXTOVIXI] TOQAUOQPMOOT KoL TO, AWTOTEAECROTO. QUTHG 0T
pooen %ot eEEMEN Tov VOEOYEAPLROV dxTioU TG dutirng vroherdvng tg Aoxpidag (Ew. 1). ITeprypdgpovion
nat aQyNV Ta TOTAMO cuoTiuata Tov T dtateéyouy. Iiveta diailtepn avagopd oTig TelRaTeieg XAAdWY Ko
adpn TEQLYQPY TOV VEOTEXTOVIXOU LOTOU. Xt ouvéyel ta dedougva avtd Ba ovlnmBovv row Ba yivel mpo-
ondOgL0. OVVOEDTIC TOUG %ot EVIAENS TOVE OE €Val EVQUTEQO VEOTEXRTOVIXG TTAXIOLO.

2. YAPOTPA®IKO AIKTYO
2.1 Aatiopeupa
O Eepomdtapog Aattopeupa (Ewx. 1) péer oto dutnd drpo g Aerdvng g Aoxpidags. Eivor tétapmg

* TECTONICALLY CONTROLLED DRAINAGE EVOLUTION IN LOKRIS (CENTRAL GREECE)
1. Topéag Avvayunrg, Textovirrg & Eqappoopévng Temhoyiog, Havemoriuo ABnvay, 15784 Abjva e-mail: mariolakos@geol.uoa.gr
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TGENG nord Horton #aw 1) Aendvn ammoQotig tov €xer éxtaon 28.5 km? O Gvw Qovg ToV ovamTiOOETOL OE OATTL-
®OUg OYNUOTLOROUS (#VEImg avBaXIXd TETEDUATO oL £V LEQEL XAOOTINA) ROw €XEL OLevBuvon A-A, mov OTEé-
et apystepa mEog BA (pépa Ihvxa). O xdtm povs Tov dafodvel petalmind lipora, ®uing TAeloToRmLvL-
%n1ig NAxiog now €xel dtevBuvon B-N, exfdilel 8¢ péow g eyrateAAELUEVNS KOITNG TOU TOTOUOU ZIEQYELOU.

H poognj tov voypagunoy Tou dintiov eivar dioxrolo va TaEwvopndel oe piol o TG EUTELQIRA OVayvV®-
oLopéves nop@és (Baowrol 1 ouvdvaopuévor timot xatd Howard (1967), mpocopordloviag o€ aoUupeToo emipm-
%eg devdpLTrd 1 vtomodAnro. Avtd mdvtmg mtov eivor aEloonpeinto eivar 1 wWaitepa Eviovn aovppeToico
oy avdrtvEn Twv ®*Mddwv Tov kdtm Eov. ITo ouyrexQLuéva, o ®UELOg ¥AADOG elval EVIOVO UETATOTLONEVOS
OGS TO aVOTOMH®S GOLO TNG AErAVNG, 1E Toug ®hAdovg mou oupufdrlovy ¢ avTév amd Ta avatolxd va eivo
oAU uxot (200-500 p.), xow amoxhelotind mewTng TAENG.

Avamriooet ok €vrovn xatd fdbog didfowon ota dUo Tt Tov WiKoUs TOU REVTPLXOU ®AGOOU (amtd to
péno I'hina, oto yewypagpwwd whdrog e Mevdevitoug xar meog Popod). Ztov dvm Tou pov dLaTEExeL TV
emmuixn éhyn g Molooovfdhrag, n omoio petoTeémeton O emOLOMT} AV, ®OTA TOUS YELUEQLVOUS HOL EQLOL-
VOUg PUHVEG.

O xvgLog xAddog tov ev AGyw vdpoypagirot dixtiov, dev péel anevBeiog mpog foepd, péow Touv Elago-
Bovviov, ahld to magoxdumtel and Ta avotoMxd. To yeyovds avtd Bo meénet va amodobel 0To 6t T0 dvew
TUYUe TOU VOQOYEAPIXOT SRTUOU Elval ®ANQOVOUNUEVO, OTNV TIQOXELUEVT] TTEQITTTMOT TTOO-TTAELOTOXALVIXG. An-
hadn gaiveton 6tu 1 pon Tov vVdEOYEUPLKOT dtxTiov TEwv amd to (?M) IMhewotdrouvo ftav ard dvtnd TEOg
avatoMrd. Av pdhota oty dpdon avtol Tov mahoro(rotapot) amodobel xaw 1 artéBeon Tov oxNUATLOROT TG
Mevdevitoag, tote emPePordveron xow 1 exdoyn tov Philip (1974) yia T dievBuvon tpogodooiag avtdv twv
AaTumomoy .

AT6 ) X0QTOYQAPN 0N VITABOO0U Kot TN UEAETN TV TEXTOVIRGYV, RO LOQPOAOYLRMV OTOLXEIMV (PaiveTOon GTL
1 01 TOV TTOTaPOY eivan OXedGV €E” 0MOXA OOV TEXTOVIRG ENEYYXOUEVT. AQYI*A, O #VQLOG ®AADOG PEEL OF dLev-
Buvon A-A, magdMnha pe ™ peydin onEryevn tovn tov Kadhidpopov (neproxy Mahooovfdrag). Zm ouvé-
XeLa, 00N oteépeton TEog BA xat yua o artéotoon 3 yAp., Tow otpogei oplotind mog foped. H televtaio
avn] adhayr] dievBuvong yivetol pe ™V (0080 TOV TOTAROT OTO TEXTOVING ®EQS TS Mevdevitoag xoL ouvo-
deveton e@ekrc amd évrovn xord faBog Sidapewon, 1 omoio YiveTow arOpo RaAITEQO EXPOUOHEVY UE TN dLEAEV-
on tov Aaropéuparog amd ™ onEryevi Ldvn Mevdevitoog - Ogppomulav, 6mov ko agyitel vo dafodver to
oynpratiopd s Mevdevitoag, dnuoveydvas eviumwotond gaodyyt.

2.2. Awamarogoena

TMpdxerton yio axeTd peydho TOTApoXElpapEo (éxtaom hexdvng 43 km?) mov €eL 0T0 HEVTQHS TUMRO TNG
dutnrig vrohexdvng g Aoxpidag (Ewx. 1). H pon tou eivon xvping emoxiny, eXtdg Twv €10V pe peydio tipog
RATORONUVIOUATOV. O ®GTW EOVS TOV TOTAOU Eivar ROAG QVETTTUYREVOS e powavdpurt or. To peyahitego
MEQOG TNG AEXAVNS TOV QVOTTTHOOETAL 08 PeTOATIRA WjpoTa, ®ow povo To votio daPodvel Tovg ahmnois oyn-
patiopotc tov Kahhidoouov.

IInydCer and to KarAidoouo xat g€el mpog foged, yio va. exfdirer oto Makiaxd Kohmo. Aiyo Booeidtepa
Tov XxmELo¥ KaAlidoopo ovpupdrrer 0° oavtd to pépa Bodpa 1 Xahd. To televtaio mnydlel aoretd dvtndtepa,
xorevfvveton yio 3-4 yAu. Bopeta — fopetoavatohnd. (pépa Khewootvpa, vétia g Mevdevitoog), xon xordmey
OTEEPETOL OGS AVOTOAGS Yo Vo EVWOEL pe 0 Avartordpepa. O Timog Tov véEOYEAPLKOU Tov duxTiov Eivor
WxTos, e Toug ®Adadovg pxng TdEng va avamriooovron devipLtird 1i/xon xMpoxwtd ®ou Tovg ®*Addovg peyo-
Mitepng 16Eng va cupfdrlovv pe tov ®evTErs vitd 0B yovia. AEwoonueiwtn eivon eniong n povémheven
avamwtuEn tov péparog Mrdota, vétia tov Ay. Xapoahdumov, 1o orolo péel and d1on mog avatoht] xat xAddot
7oV va oupPAAoVV 0 0TS 0Tt TO VETO OVOLOLOTIXA HEV VTTAQYOUV.

210 0UVOLGS TOV TAVTWG TO ALTTOTORQEN. TTOROVOLALEL £viovn acuppetia. O ®iplog ®Addog elval onpo-
VILRd PETATOTLOUEVOS TTROG TO AVOTOMXG GO0 TG AerdvNG, amEXOovVToS omtd owtd xatd péco 6po 1 xip. Ou
®AddoL ota avatolxd cvpfdiiovy vTd 0B Ywvio TEOG QUTGV KoL TO UXOg TOVG £lval, QUOLKd, wxed. O
avoTOMAGS VOQOXQITNG TNG AEXAVNG CUUTTITETEL PE ULCL HEYOL-QMTOYQAURMOY, dievBuvong B-N eved and ta dutt-
%d, 6mwg mpoavopéptnxe, o vdpoxpimg pe v Motoud €xel devBuvon BA-NA xou eivon diaitepa evBiyoopupoc.

H 6\ popgr tov vdoypagpLrot dixtiou gaivetal va eivol €viova textovixd eheyyopevn. H textovirn, xow
O OUYREXQUUEVY 1 VEOTEXTOVIXT] dpaOTNOLGTNTO EYEL EMNEEAOEL ONUAVTLRE TG00 TNV EXTOOT TG AERAVNS GO0
%O TN LOEQT| TOU VEQOYEAPLROY dtxTioV. AuTdg (dn). 1 TEXTOVIXI) PaiveTaL va elval 0 AGYOg YL TOV 0TToio T
oéna Khewootpo otpépetar mpog Tt avatolxd xoar oupBdiler oto pépa Bodpa, avei vo. oupfarier pe mv
IMotawd, rmg gaivetor xat oto ydem g Ew. 3.

H d¢ aovpperpio oty avdmtuEn twv xMadwv mov magatneeiton Bo teénel va 0modobel entiong oe TEXTOVL-
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%0VUg wapdyovtes. Ia tovg ®Addoug wrpdtepns TdEng, 6mwe oto EEpa MrdoTo ®at OTOVS TAQOTOTAUOUS TOU, 1)
noE@ Tovg uwoel var eEnynOel LEcw RVIIOEWV PWHQMV VEOTEXTOVIXGY TEPCLYWIV, TO OTTOlCL 0QILOVTaL Ot Q1YHOTOL.

Maliakos Gulf

N. Evoikos Gulf

Eux. 1. Tomoypapuxds ydotng g meQoytjs ueA€Tng, ue ta vogoygapixd dixtva mov eEerdiovrar evrds xetuevov.
Fig 1. Topographic map of the study area, with the drainage networks discussed in text.

T ™) yevirdteEn aouppeTEiot TV dixTiov, 6TTMG avapEQBNKE RaL 0TV TEQLYQOPY TOV VOEOYQUPLXROY di-
%©TUov Tov Aatlopeépatog, Ba deiytel ot dev emaprel pio eQuNVElD ATAGV TEQLOTQUUUEVMV TEROYOIV, OAAG Eval
OUVOETOTEQO TEXTOVIRG XAOECTAG.

2.3. Horauid

Eivaw éva oyetind pixd motdm (€xtaom Aexdvng amoppors ~18 km?), ov péet (emoyiand) oto #eEVIQodu-
TG TR TG dUTRNG VITOAERAVNS ®ow oL TNYES Tg Poionovtan oty avBpaxwn ndla tov Kahhidpopou (Ew.
1). ITagovoldter apretd peydln CUPRETQICt 0TV AVATTUEN TV ®AASWVY TOV, ANV TS VoTLoduTLRY|S AXENG TG
AenAvNg, 6OV RO PALVETOL UL OYETLRA 0oTOBNS OYEON PE TO TaQaeINEVO TG TEOG T dutird Aatldppeua. Ot
RALOELS TWV TEOVAY EIVOL CVENUEVES OTO VOTLOOVATOMXAG TG TU AL, EVE O VOQORQITNS TG KE TO ALTOTOQE PO
ota avatolMxd eivar wWialtepo gvBUypappog, pe dievBuvon BA-NA xon Tovtileran pe opaxrtoLomxy pwto-
YOARU®WON 0TV TTEQLOXY.

"Eva x00oxmeLotind Tov motopot autoy eival 1) peydiy OTeQEOTAQOYY] TOV, GIMS QAIVETOL ROl ATG TO
evuéyeBeg (yio v €xtaon tov) aAhovPlaxd tov ouridio, endve 0to Omolo Elval XTLOUEVN M RWUSTIOAN TOU
Mdhov, yio. TV meootaoio g omoing and TANupiees 1 ®oit ™ Motouds €xel eyrvpwriotel texyntd. And
ot aivetat, 1 otopud €xer po Wiaitepa avEnuévn “duvauxii”, vitd v €vvola Gt €xeL UEYAAN HETOPOQLXT|
avemta, oA xon otepeomagoyy]. No avagepfel eniong ot dev magarneeitan €vrovn xatd fdaBog didfowon
OTOVG (rEOTEENS TAENS XEIRAEEOVS, EXTOS amtd ™V TeQLoyy ™S Mevdevitoog, 6mov xow SLEQYETOL TO TOTAML
and ™ PZM®. o propovoe rotd ouvénelo vo BewonOel 6t 1 ITotoud xatolapfdaver Evo VEOTEXTOVIXG
ULXQO-TEUOYOG TO 0mtoio ouvolxd avépyetol. H vréBeom avni Ba eEetaotei ot ouvéyela, agot magatefoiv
%O TOL TEXTOVIXG. OTOLYE (0L, AL TTQOG TO TTOEGV %ot AVO Tt TNV EEETAON TV YEMUOQPOLOYLRMDY XALQOUKTNQLOTL-
noVv e Térote vobeon Bo mpéner va Angdel voyn. EEdAhov, n veoBeon vty pumogel va eEnynoeL, TovAd-
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XLOTO €V HEQEL KO TNV CLOVUPETOT avAmTuEN tov Aattopépupatog ota dvtrd (Ew. 1)

2.4. Iiaravidg (Bodygiog)

Me éxtaom Aexdvng 100.4 km? givan aré Toug peyolitegovg motapovs om Aoxpida. O Aendveg Tov ava-
srvooovrar peta&y tov Kahidoopov naw g Kvnuidog, pe tov IThatavid va v ToQoxduwtel and to dutixd,
vy va exBdiler otov Bépewo Evfoind Kéhmo (Ew. 1).

Togoamneeitan évrovn aouppeTpio oty avdmtuEn Tov motapoy avtot. H ®ipla xoit tov foloxretar o€ péon
anéotaon uoMg evog IMONETEOL amd To dutnd vdpoxreitn Tng Aerdvng.

Avagouxd pe Tov Timo tov vdgoypapirot duxtiov Tov Mhatavid, Bo mpénel va draywoerotovv dUo #xigLot
topeic. O vOTLog, GOV X0l TO TTOTAUL OVATTTOOOETOL OTOUS OATILXOUS OYNUATIOROUS 2o TO dixtuo eivon devdputt-
%G %o 0to BOEELD, GOV %o 1) pOEPT| TOV dxtiou eivon empuixng devdortxtj. O motapds avamricoeTon WLoiTe-
Q0L ALOVPUETON EVIOE THG AEXGVIG TOV, PE TOV ®UQLO ®AADO Vo ElvaL HETATOTONUEVOS EVTOVa TTEOG dUONAS, Alyeg
exarovrddeg nétpa and tov vdooxpim tg Aerdvng.

2.5. Hegateics xAddwv

H emdéva mov amoxopiCer xaveig and v eE€Taon tov vdpoyagixol duxtiou ot dutixr] vmohendvn g
Aoxpidag elvar avnj g aotdbelog xar oxeTrd yoryoons petafolis twv ouvBnxdv povs. To yeyovig avtd
YIVETOL LXOVOTTOUNTLRG AVTLANTTTG QTG TG TTOAVAQLOPES TTEQUTTMOELS TTELQUTELMV TTOV TTOQATQOUVTOL KO [E TLG
omoieg Ba aoxoAnBovpe ot ouvEyelo E0TLALOVTOG POVO OTLS KUOLGTEQES (AUTES TV ®AAdWV peyoliteons Td-
Eng) mwov uwoEovv va 0dMY1ioouV 08 OQLOUEVO CUPNTTEQEOUOTA OVOLPOQLHA. ILE TO TEXTOVIXG EAEYYO TOV VOPOYEQ-
PLroU duxtiov.

H mpdym mepintwon evroniCeton ota Kapafidia, foperodutind mg Mevdevitoog (Ew. 3, 0€on 1). Zm 6€om
aut €xeL duoveynBel eviumwaorany avepotoun (Eux. 2, 3), eEoutiog g amoromg tov dvem pov Tov Aatlop€p-
Ratog omd auTé oL 1Ty XATOTE 1) PUOLKY OUVEYELD, %o M omtoia dev elvar GAAN amd v Hotopud. Zto onpeio,
and 1o omoto dépyeton  PnE. Zdvn Mevdevitoag — Oeppomumiayv (PZMO), n dievBuvon tov Aatfopépuarog
petafdrreton omé NA-BA og N-B. H IMotopud, ad 1 GAAY pegrd, éxer duatnoijoet évay pévo onpavund »hddo
(drevBuvong B-N) ané to turjpa mov g avixe, o omotog diépyeton axpifas dutind g Mevdevitoag.

H devtepn nepimrwon Poloxetan Aiyo avatohMxdtepa not €xel va xavel pe v Hotapid xat 1o magaxeipevo
Awamorépeppa (Ewx. 1, 3). Edd vpiotovton yapoxmmelotirés opfoydvieg rappels oe ®hddovg tov Gvm pov tov
Auvamatoéppatog véta g Mevdevitoog, ou omoiol p€ovy agyuxd pue xatevfuvon mpog BBA, yia va otpagovv
omdtopa Eog ANA %o va oupfdriovy pe to pépo Xdaha, To omoio QEeL TaRAAMNAL E TO 0QELVE UETWITO TOV
Kolridgopov. O xhddor ool agyird €peeav aveptodioto teog Boeed, diegyduevor axoBws avatoird tg
Mevdevitoog non amotelovoav Turjua tov vdpoypagikot dixtiov g Motaudgs.

H 1pit nepintwon evromiteton avarohxd tov xwewov Karlidgopo (Ew. 3, B€on 3). Zm 0€on awvm), €vag
TOQOITOTAPOS TOU ALToTOQEUUATOS TOv PEeL ue narevBuvon BA otpépeton natd 90° mepimov wpog BA nou,
avti va ovpPdrher, 6rwg Ba ftav avouevopevo pe tov Bodyoro mov foloxeton ota avatoMnd, ouvovtd 1o QEpa
Bodua (vé 0pdM ywvia pdiora).

3. TEKTONIKOX IZETOZ

H mepuoyrj mg dummnic vrohexdvng oprobeteiton onEryeveis Lives: ota fépeia and m PZMQ oto dutnd and
™ PZM®O %ou 10 Q. Avafoag, oto votio artd ™ PZK xon ot avatolxd xow fopetoavatohnd omd my PZKTA xo
™ PZA® (Ew. 3). Ta oriypoto xou ov onEryeveis Tiveg g dutirig viohendvng xoaravépovion faowd oe dbo
dievBivoeig: BA-NA éwg ABA-ANA x#aw BA-NA. Ta modta givar %001 ®avovIXOU YUQoxTHOO, HE ROTERACUEVO
70 BOQELOOVATOMAG TOUS TEROXOG, EVE TOMA 0Tt oTd TOWTICOVTIOL PE KOQAURTNOLOTIXES HOQPOAOYIKES AOUVE-
XELES KOL TEQLOXES OENUEVIV pop@oloytrdv xhioewv. T devtepn rnotnyopia evidoocovion dvo onEryeveis Cao-
veg, N 0.C. Hotodg (PZITO) #aw 1 0.8 Avamoaropépotog (PZAIT) (Ew. 3), ou omoleg opitovv éva VEOTEXTOVIRG
«r€pag» ov Poioxreton oto péoov g dutmric vrorexrdvng. Eivon dAhwote yapoxmoionxd n peydro pépog tov
VGTLOU, OVOTOALROU %o dutivoy teuBwEiov g Aerdvng (6mov xow £QOVIaL O€ ETTOPTY OL HETAATILLOL CYNROTLOPOL
pe autovg Tov ahmxol vtoBdBoov) eivon TomoyQopLRA YOUNAGTEQN ATTG TO REVIQO TS AERAVNG.

H peyohiteon 0.C., cvni tov Kalhidpopov xaparmoeiteton wg mhayioxavoviki — deEidotpogn (mo0ootd opt-
téva ovviotdoog ~20-25%) (Kodvng, 1999), evad onpaviixdtom eivou xon 1 mwaepovoio g avidetinis 0.8 mov
éxeL avartruyBel xaw Tov £xeL SUOVEYHOEL oL EmLpunixn Tomevmpuévn Ampida axpifag otovg fopetovs mpdmodeg
TOU 6QOVG, VM 08 GUVdVOONG pe TV PZMO €yer dnuovpyrioet to xépag ms Mevdevitoag (Ew. 1, 3).
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Eux. 2. Aveuorourj votia s Mevoevitoas, opetdouevy o€ megareia xAddwv tns Horauds and to Aariogeuua
(0éon 1 otnv Eix. 3).
Fig. 2 Windgap caused by stream piracy by Latzorema (Loc.1 in Fig. 3)

H dAn mepbmoiaxy Covn amoteheiton and g PZA® xwaw PZKTA, ou omoieg €xovv meQLotoagel xatd
TETOLOV TEOTO HOTE TWE VO SIVOUV TNV ERGVA AVAOTROPWY — TAXYLOOVAOTROPWY nELYeviv Lavav (Kodvng,
1999). H PZMQ amotehel »aL to opatd B-BBA mepiBwpro g virohexndyng xaw amwoteheliton amd dvo peydia
Twijporo, dotaypéva deEldotpogpa ®hpoxwtd (0. Maiov kot o. Towmdegov).

4. LYZHTHZH - EYMIIEPAZMATA

H mowotixn pekétn tov vdpoypagpuxol Sixtiov, 0 CUVOVIOUS UE HOQPOTEXTOVIXES TTOQATNQNOELS KO VEO-
TEXTOVIXY] XOOTOYQAgMON avEédelEe tov Textovird €heyyo mov veiotatal To vépoyQogwrd dixtvo oty dutirr
vroAerdavn g Aoridag. O textovindg EAEYYOS Elval 00aTOg OF dLAPORES EXPEATELS TOTO TOU VAEOYQUPLROY
dutiov, 600 raw TG poeoroyiog. Ot aouppeTles, alAd ®oL OQLOUEVES (POLVOUEVIXG TOLQOPWVIES OTIS TOTA-
peg Aexdveg eEnyotvion xat "aQyfiv HEOW TwV TELQUTELDV TOU €xouv ouvvieleotel. [Towo ouyxrexpuuéva: (i) n
IMotoud €xet xdoet peydho péEog amd v vdPOoYEAPLXY TG Aexdvn AGY® TELQOTELDY TOV €X0UV OUVIEAECTEL
TG00 OT0 VOTLOdUTIRG GO0 ®ow OTO VOTLo TPua ™g. To yeyovig autd eEnyel to evpéyeBeg alovfraxd g
outidiLo, To omoio eiva WaiteQo peYdAo yua TNV €xtaon g Aerdvng me. H textovini] arotehel £dw nabopoLott-
%O TORAYOVTA EAEYYOV TWV TELQOTELWV. ZTNV TEQITTWON TNG TELQATEINS ATt TO ALOTATOQEUULL, VITaiTLaL (VO M)
UraEn g PZMO, 1 ool avupaver 1o textovird x€pag tov Ehagofouviov, oto omolo evidooeTon %ot To
uxedteENS TAEns xépag e Mevdevitoas. H mepimrmon g melpateiog and 1o AlTatoQe o CUVIEETL UE
™V UmaeEn ™me avibetnns pnEryevois Lavng tov Kaiiidpouou (Kpdvng, 1999), n omoia €xel dnpovpyiiceL to
EMIUNXES TEXTOVIG PUBLONA OTIG VITWQEELES TOV GQOVG, VTGS TOU 0TTOI0V QEEL aEoVIKG TO PEua XA,

H Aexdvn tov Bodyptov xabiotaror AyoteQo aoUppeTon, av TG TQOOUETENOEL %o TO TUIA TTOU €)EL Ao-
romel Moyw mepatelag and 1o Awarardpoenc. Kow og avnijv vy megimrwon xafoouotirdg eivar 0 gGhog g
avuBetniic .C. Tov KaAhidpopov, mov, dnuoveydvrog to fubiopa, dievréiuve T ovdinym tov ®Addov and to
Alomordpeppo. Qotéoo, axéun xoL €T0L, 1 ACVRUETOIR TS Aexdvng Tov Bodyouou eivar wdiaitega toviougvn,
eva) 10 (dLo eEanolovBel va toyler xou yiat To Alamordpeppa. Ze avtd Aowtdy To onpeio o tEmeL va CVOYETL-
OTOUY 0L TAEELS TV ®AAdWY pe Tig TaEels Twv enELyevdv doudv o vpiotavton oty mepLoyri. Me dhha Adyia
€xeL motomomBel oty eproxy 6t wrEs TAEng ®¥Addol emnpedlovionl dueco omd Ta PYRATO. TOV AITAVTOVY
OTO E0MWTEQLXG TNG AeRAVNG: OWTS Elvon Aueoa QaveEd otn xevToury xou BOQELR TEQLOXT| TNG VTTOAERAVNG, GITOV
oL drevBivoelg Twv ®hadwv 1" now 2" tdEng TawtiCovrar o€ TOMES TEQUTTDOELS UE Y AQTOYQAPNUEVE QY HOTaL
dievBuvong ABA-ANA.

-179 -



Maliakos Gulf
% N. Evoikos Gulf

2 1 5 km

5 § F‘
o
%%h §
I |
s 2
3, 2
& H

b

Fig. 3.(a) Tectonic map of the western sub-basin. Hachure ov downthrown block, strike-slip component is indicated,
when present (after Kranis, 1999). KFZ: Kalldromo f.z. (incl. the antithetic f.z);MTFZ: Mendenitsa-Thermopyles
Jfz; MOFZ: Molos f.z.; POFZ: Potamia f.z.; AHFZ: Agios Haralambos f.z; LPFZ: Liapatorema f.z; ATFZ: Ancient
Thronio f.z; KTLFZ: Kainourio-Trano Livadi f.z; KVFZ: Kamena Vourla f.z. Also noted the stream piracies (1, 2 &
3). Arrows indicate locations of reverse confluence. (b) Torsional deformation model, after Mariolakos et al., 1991.
Eux. 3. (a) Texrovixds ydorns tns dvtierjs volexdvns. Ta orfyuata €40vv 006vTwon 0T0 XATEQYOUEVO TERAY0G XAl
onueldveral 1 0ptGovria ovviotrdoo oliobnong, omov vdgyer (xavd Kodvn, 1999). KFZ: ¢.5. KaAlidpouov.
MTFZ: 0. Mevoeviroag — Ocguonvidv. MOFZ: 0.5. MéAov. AHFZ: 9.5. Ay. Xagpaldumov. POFZ: ¢.§. Iorauuds.
LPFZ: 9.¢. Avamarogéuaros. ATFZ. 9.5 Ag. @goviov. KTLFZ: ¢.5. Katvovgio — Teave Aifddr. KVFZ: 9.5 Kau.
Bovgiwv. Znueidvovrar o eEeraloueves Odoeis mepareiag (1, 2 & 3) Ta Péin deiyvovy Ocoeis «avriBeTns»
ovupoirjc xAddwv. (b) To meoTvmo magaucopwons oreéyns, xard Mariolakos et al.,
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To amotéheopa TS Taitong autis elival TG00 €vtovo, Hote ouyvd Toeateeiton ®*Addor preng TdEng va
ovppdrrovv avtiBeta amé T poEd PO RE TOVS PEYAAITEQOVS (Xagaan'Lonxd TOQAOEIYIATA OTOV RATW QOV
TOU ALoTToToQEppoTog ®oL tov Bodyolov). Meyaliteons tdEng ofypata dievBetolv aviiotouyo pneyaiiteong
TAENS ®hddov, pe yaparTnoLoTIvdTEQO Tapddeypo t PZATL, dievBuvong BA-NA, 1 oroia 0piCel 1o #€p0g Tov
Ay. Xapardpmov amnd ta NA »ow tovtiCetal pe 1o g€po Mdota, 10 0molo ONHELWTEOV €XEL EVTIOVOTOTO POVO-
TAeVEY avdmTuln, oxedov ravéva »hddo va un ovufdiier o autd amd o NA, eve aviiBeta and o BA va
VITAQYEL MLt OELRE VOTOQAAMNAWY petaEy toug ®Addwv dievbuvong BA-NA ov omoiol ovppdrilovy mepimou
opBoydvia pe to . Mrdota, evad oL TEQLOOGTEQOL UE QUTOUS TOVTILOVTOL UE nrEOTEONS TAENS O1yHaTa TOoU
meQLOQICovVTaL EVIGS TOV ®EQUTOS Tov Ay. XapaAdumov.

Tpoywewvtag ot peyahitepn tdEn »hddwv, Bo otabotpe otov zdtw Eov Tov Bodyptov (ahhd nat Tov Awa-
atopéupatos). Ou oxetird evBvyoaupor autol #Addot géovy pe xarevfuvon BBA mapdhnho non mold xovd
0 €vag otov AAO YL TEQLOGATEQO amtd 7-9 km xwois va ovufdiiovy. To tehevtaio Ba ftav xot 1o avauevope-
vo, dedopévou GtL oL peyding TdEng »hddol tov Bodypov péovv pe ratevBuvon ABA xau 1) omoio toug «odmye»
0T0 VONT6 %EVIo TS dutirng vtohexndvng (dmov o rjtav xaw avapevouevo vo ratevbuvBoiv). Kdu tétolo
Suwg de ovppaivet, xat €xovue ™V avartuEn 60 TOTAWMY CUOTNUATOV, KOQUXTOLOTIXA AOUUUETOMY KOL UE
TOUS ®UELOVE ®AGdOVE TaEAANAOUS HETOEY TOVUS %A UETATOTULOREVOVS EVIOVGTOTO OGS TOV KOO TOUS VOQO-
%pim. To yeyovig autd pmoel va. egunveutel av Mgoel vdyn Gt veioTaTaL Po X0QTOYQOMNUEVY LeYAAN
tertovirt] aouvéyela dievbuvong BBA-NNA 1 omola yweitet to Kahhidoopo o 890 draxorrd tepdyn, eLo€oye-
Tow evrog g dutirnc vrolexdvng (Ewx. 3), eva elvow aviyvetouun yia toAhd km 70og 10 vOTO, TOVAGYLOTO HEYOL
tov [Mapvaood (Kodvng 1999).

Emmhéov, 10 Alamotépepupa, apd To YEYOVOS OTL €ival 0TO OUVOAS TOV €va TOTAULO OUOTNHOL TTOV eXBaBU-
VEL TIG ROITES TOV RO PE EVTOVH LaPOOTIXY LRAVOTNTAL, TAQOVOLALEL TO PAVOUEVIA TORASOED VaL EXEL PatLoLv-
dpurég popEg o€ £va TuipaL g ®UELAS ®OLTNG TOV, amd T oupfolj Tou pe to 0. Mrdota »ou yua 3.5 km mpog ta
Bopeia. Ze Gho To AAOTHRA AUTE, TAEATNEOVVTOL XOAA draTneNuéves avafabuides evd to motdur dev exBabi-
veL TAEOV. AVTIBETQ, TTROG TAL HATAVTN 1) HOLOVOELKY] ®aL ®ATA TOTTOVS TEMAEYUEVY LOQPT TOV diveL adTopa ™)
B€om e oe amhy evBUyoouuUN 1] EAAPOE KUROTOELDY HOEEMY %O TOL TTEAVY] THS KOLTNS YIVOVTOL OTTGTONCL, TAQOV-
oudlovrac évrovn xatd pdaboc dudPowon. To yeyovee avtd pmoel vo arrodobei oto 6t 10 onueio avtd ariayig
OUUTEQLPOQRAS TOV TTOTaUoy Tawtiletan pe ™ dEAevon evig and ta dvo wipra prypata mg P.Z. Mdiov (o.
Toi®op@ov), 1 omoio amotelel ®on T0 TEXTOVIXG B G010 g epgdviong Tmv amoBEcemy g Aexdvng, €Xoviog
dMULoVEYoEL Eva LOURUETOO REQUS, UE TAVTGYQOVY ERQPAVLON TOV CATIIXGY ovBaxiradY Tov vTtofddpov, 1 km
dutixd TS ®oltng TOU AlotatoQ€ ppatog (0Tov dEovd Tov Spmg To TOTAM SLaPEEVEL 0RGUN RETOATLROUS OYN)-
HOTLOPOUS). ZTNV TOOXELUEVY mepimtmon Aowdv 1 PZMQ €yel Onuoveyoet €va «@podyra» 1o 0moio ®eheitol
VoL SLOOTTACEL TO ALOTTOTORE RN, RATL TO OTTOLO ETUTUYYAVEL UOVO OTOQUdMNA, GTAV AUENUEVO ROTOAQMUYIOpOTOL
TEOYOJOTICOVV TO TOTAUL OQUETA MDOTE VO, WTOQEL VO, VITEQYELAMOEL TO «(POAYUL».

"Eyive avagopd mpmtitepa oto TexTovirg ®épag tou Ay. Xapahdumov, To omoto oprofeteitol omd ta NA
om6 ™ PZATL, ev) omtd ta BA amtd mv mapdhnhi e PZITO, v mopovoia g omolog £lye TowToemonuavOet
omd tov Philip (1974). Me dMa AGyLa, v@ioTaton 0To ®EVIQO TG AeUAVNG €VaL TEXTOVIXG REQUG, TO OTOI0 PLAO-
Eevel pdhoto opoviioMotntuurnég onEryeveic COVES, TOU €X0UV ONULOVEYHOEL YOQUKXTNOLOTIXG apVTIXd avOo-
eudj (flower structures) émog 1 wxen 0.6 Ay. Xapardumov (Kodvng, 1999). O mpoadloplopds Tmv ogimv Tou
%®EQUTOG OWTOU, ®abMg now 0 ndmowo Pabud o EAeyyog TG CUPTEQLPOQAS TOUS €YLVE MOL UE TN HELETY TOV
vdPOYEAPIROT dLrTioU.

Kdr exiong mwov Ba meénel va toviotel eivon n yovia wov oxnpoticovv ov onEuyeveis Coveg mov evromiCo-
VT eVTOg Tov ®EQ0Tog Tov Ay. Xapoaldumov pe tig PZAIT xow PZITO, nou m ooio perddveton mpog BA. Zuyxe-
xnowpéva, n PZAX oynuatiCer yovia 40° wg mpog ) PZITO, v 1 dutxdten, wov evromiteton BA thg Mevde-
vitoag, eivan eyrdpoia oug PZITO xow PZATL Osmwpivrog 6t ov 80 tehevtaies, exTOg amd TV RATondQuen,
£xouv xau optévtia ouviotdoa ohioBnong, PAEmovpe Ta Tepdym evidg Tov “xépatog” €xouvv mepLoToapel (1
udrhov €xovv vrootel dateorotpori). H ouvolnt ywvia mepiotporis avEdveran mpog ta BA. O Adyog eivan
6t mBavitora 1 xivnon meog ta NA mapeprodietor and 1 PZM® xaw PZK, ou omoieg Adyw tov mpooava-
TOMOPOU %o TG OYEONG Toug pe Tig mpoavagepbeioes onEuyeveis Ldves, de quvinpotv v »ivnom, amotenm-
viog €tol €vo oxetrd otaBepd 6pto. Aviibeta, mpog ta BA, émov 1 vivnom yivetow mo ehetiBepa, N ovvolxuy
yovio ovEdvetor. "Eva avdhoyo ot Te ®vnuotirig eivon ovtd mg “ohiotnong pagplot Biiobnxng” (book-
shelf sliding) (Davis & Reynolds, 1996).

T Vo atorTO0VY (PUOLKY] ONUAOTOL OL OVITEQW) TTALOQUTNONOELS HOL 1] OTTOTELQC EQUNVELOS TOU HEVTOLHOU
Topga e duTrvig vtolexdvng, Ba mEémeL avni va evtayBel o €va YevindteQo xaBeoTwg, xat To omoio Ha
VITOYOEEVETOL QTS TNV ®vnuatrt] Twv dopdv peyoliteons tdEng. EEetdlovrag howtdv m dudtaEn tmv reptfm-
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piwv g dutrrig VtoAerdvNG, 0ALG KOl TN YEMUETQIO TOU TEXTOVIXOU TG LOTOV, gaivovtol Ta eENg:

H dvtunr vmohendvn €xer oxfjua pouPoedpov, pe mepifdpia mov €xovv 1dn avagepdei. To yaparmmoionxd
aToU Tov QOPBSESEOU Elva GTL N pio. TOV «TthevpG» (TO VETLO TEQLOMOLO) OTTOTEAEITAL TG PLoL TTAOLYLOROVOVINY]
onEryevii Cvn (PZK), evdd n «amévavis (1o fopetoavotolxd mepudoplo) tavtiteton pe tig PZKTA xouw PZA®.
B0 propovoape dMhadn vo pavraototue Ty agyxt Sudtagn e dutris vrtohexdvng og éva Alyo-tohi opBoyd-
V10 T QOAMAGYEapHO, TO 0Tl €)EL TaRAUoEPWOEL AdYm ®ivnomg ota U0 «avTikQuoTtd» Tov TEQLODELA, Ko EXEL
yiver gopfdedo. Autd To povrEho Taaudppwong mpdtewvay ol Mariolakos ef al. (1991) ywo ) AeySpevn mapa-
uéopwon oteéyng (torsional deformation) xaw To omoio €@yeTar vo eEnyijoet txavomomtid v Twowy dudtokn
v gnEuyevav Covav mg dvtniis vtohexdvng (Ew. 3). To poviého moQopdeemons Tmv ovetépmn eQEUVITUIY
TouQUALeL 08 TOAG OMUETDL E TV VPLOTAUEVT RATAOTOON TNG JUTLXRIIS VITOAEXAVNS, HE KVQLATEQO. ONuEln ETOPTS
™V avdmugn peydhov onypdtmv (rueing) xavovirol xapaxmioo, eyrdoola otov dEovo péylomgs €xtaong, o
omolog oty EoreWévn mepimTwon el mpooavatoMopd BA-NA émwg ABA-ANA xau ™) dnpoveyio ogtfoviiol-
ofnuxdv onEryevav Tovav vromodAnio pe ta dove g SvorunTixrtig Chvne (6mmg n PZAX), twv omolwv pdi-
ota 1) Qoed dudtunong etvar avtiBeT) ad ot ™) ouvol.

Qot600, N Tapovaio 0pLEGVTIaS CVVIoTHOOS OAoBNONE 0dNYEl Ot TTeQUTAORY, SLoTL TAEOV 1) CUVOAKY| TTaQa-
uéopmaon eivar «toLodidotatn». To yeyovdg autd duoyeQaivel TV atGAuTy TOUTLOT TOU TUTOU TOQANGOPWONS
™G dutinrig VmoAeRAvNG pe ®ATOL0 TS TO TEOTAOEVTA EmG TR poviéra. Xt Piloypagio vdoyovy Alyeg
QVOPOQES O€ TEQLITTWOELS OTOV 1) OUVOMKRY TOQAUGRPWOY OPEIAETAL 08 OUVOVAOUS 0QLEGVTLOG RO RATARGQV-
N owviotdoog petatdmions (wy. Tronn & Brun, 1991, Richard et al., 1995) wot600 autég €X0VV TEQLOQLOTEL OE
ROTOYQOUPT] TWV TTOQOTNOHOEMV, XWEIG Vo emexTafouv ot Suvautrt] g TaQAUSQPONG.

Zuvolrd Aowtdv yiveton pavepd 6t 1 evanobnoio Tov vdoyEaPLoy dtutiov ot HETABOAES TOV TEORA-
hovVTOL 0TS TEXTOVIXOUG TTORAYOVTES ATOTELEL LXaVG BeinTy), 0 0mOl0g 08 CVVOVOOUS e VEOTEXTOVIXG dedopE-
va elvaw o€ B€om va SLOAEVRAVEL TOV TEXTOVIXGS YapaxTioa pog TeQLoxrc. Pavipeva 6mwg 1 melpateles ®Ad-
dwv xaw n avtiBemg popds oupBoli Toug eival ToMi ouxvd. amotéleopa Textovixiig dpdong, eva 1 dtevBétmon
®AAdwV, M poeE1} Tou VdpoyEaELoy dixtiov xow N xotd BABog ddfemon WToEOUV Vo XONOLUEVOOUV ROTA
TMEQITTWON %O OTOV TQOTILOQLOUGS TOU KAVNUOTLROD YO0OoXTOO ONELYEVAV dopdv.

EYXAPIZTIEZ

Evyopoiototpe v Ag. ©. Povioyudvvn xo €vay avdvupo Xum Yuo TiS ETOXOOUNTIXES TOQATNOELS TOUG
XOTA TNV KOO TOU KELUEVOL.
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MOPP®ONEOTEKTONIKH AOMH TOY OPOYX ITAPNHGOA ATTIKHYX®
H. MAPIOAAKOZX', I. SOYNTOYAHE', X. ZIAEPHE', . XATOYIIHE'

ZYNOWH

H popgoveotextoviny pehétn g IIdovnBag diveton amd Tig empdveLles mmEdmoNg Twv avhouxndy T
oVORENTLOWRNG ETIXAVONG, KL TWV VEOYEVAY Mpuvaimv iICnpudtwy, oL 0moies TaQovotdlovy ta peyaiitega omd-
Ata VPOUETOO OTN REVTQOOUTIXY TTEQLOYY] TOU GQOVE, GOV %At O EMUPOVELOXOS VOEOREIS Bolwtinol Acwmoy
xna Niavvotio — Zagaviandtopov, pe otadiaxii peimon fépewa mpog ta BBA xouw vétia mpog voto. Zmv mewtn
EVTUTMOT WO peya-avitrhvinric dowric 1Be va. tooteOel aEyrd 0 TEXTOVIXRGS LOTOS TV TAQOTLRGV SOV
TV InudTov g entrhuong, 1e TLg L0OrMVELS xaw ®AELOTES TTTuXEg pe dievBuvon aEdvav B-N éwg BA-NA va
BuBiCovran Bopeta g revrpLrig meELoXNs (Ztaveds — Bouvé ®uig) mpogs foed xat votia Toog VOTOo, ETNQE-
QOUEVES ams e VEOTEQN Ao pe avouytés muyéc ABA-ANA. H xataoxev ot Cuvéyelo Tov veedogurot
%Gt s Ave Konuduwig entrhvong (aovpguviog mov Aettovpyel wg »oteEoyiv empaveln TeExToVirig a-
TOXGAANONG), TEXUNQIWOE TV TOQOVOI TG HeTaATKS peyo-avixhvirts doprg dieviBuvong ABA-ANA, 1
070{0L 0€ OCUVOUAOUS UE TIS ETUUEQOVS TTEQLOTOEYELS TOV ULXQOTEUOWDY YUOW 07t 0ptEGvTio dEova mapdAAAng
devBuvong (MARIOLAKOS, I., FOUNTOULIS, I. 2000), tuotomotei T ovvBet evepyrj veotextovixy dopr
s Hdovnbag.

ABSTRACT

The morphoneotectonic study of the Parnis’ mountain showed that the higher planation surfaces lay at the
central area of the eastern Parnis, while the rest of them lay lower towards the north, south and west, giving the
impression of a mega-anticlinic structure, in accordance to the east-west trending water divide of the mountain.
In addition, the open folds of the L. Cretaceous carbonates with axes trending E-W, appear to have folded the
older isoclinal or closed folds whose axes plunge northwards or southwards respectively. The contour-map of
the contact between the L.Cretaceous carbonates and the underlying formations (originally an unconformity,
but now only observed as a thrust surface) reveals that this contact is curved in a mega-anticline shape, with an
axis trending approximately E-W, and plunging westwards. Thus, we conclude that Parnis Mt. is a complicated
morphoneotectonic structure due to a long term active brittle-ductile deformation, expressed as a mega-anti-
cline of an E-W axis with active fault zones with respective strike.

AEZEIZ KAEIAIA: veotextovint], popgoveotextoviry, [TdpvnOa, vredagpundg xdotg, onEitepdym, tepLotpo-
@1}, avORENTOKY ETIXAVOY, TAOOTLRY, TAQOUSQPWOT
KEY WORDS: neotectonic, morphoneotectonic, Parnis, strike contour map, fault-blocks, rotation, Late Creta-
ceous transgression, ductile deformation

1. EIZATQI'H

O Kibapwvag, n ITdotpa xow  IIdevnBa arxotehotv po. tdidpooepn popgotextovixrt doun oto xHeo m™mg
Atuno-Bowwtiag. Zra mhaiowa TG ®atavénong autig g ovvBemc noppotextoviryg dopric peretifnxe v Mdo-
vnBa. Agopuri ToU TEOBANUATIOROT Yiat TNV XaTavonon g ragapdppwaons ™ [IdovnBag xatd ) veoTexTovL-
»1] mepiodo frav n Lovaidng avdrtuEn twv Wnudtwv ™mg avoxenudiric enirivong oe dievibuvon BA-NA ndvw
OTOV 0QELVE OYXO.

H neproxn uelémg evromiCeton oto o g dutxric IIdevnbag petall tov mepfmoiaxdv Lwvdv tou
Bpudaiov mediov votia, Tov Avhava BopeLa, Ts xoQueris g IdevnBag ovatolxd xot g TéAyng Twv Zxovp-
Twv duvtnd. Koo popgporoyind xapoxtnoLotind amotelel o emupavelands vdgoxpitng dievbuvong A-A mov
Eexivd avotohxd and ) 8om Kogugr (1413 m) xow votaljyet, péom g Aogooelpds MovyyouMde-Erowedc-

* THE MORPHONEOTECTONIC STRUCTURE OF PARNIS MT. (ATTICA, GREECE)
1. University of Athens, Faculty of Geology, Department of Dynamic Tectonic Applied Geology, Panepistimiopolis Zografou, 15784, Athens
Greece, fountoulis@geol.uoa.gr
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Idotea (1016 m), oto 6pog KiBarpava (1408 m) dutird, oproBetdiviag Ta emipavelaxd veQd mpog To NGt
EvfBoiné (Boiwtndg Acwmdg) ot Zagwviré xoAmo (Zapaviandtapog — lNavvotiag) avriotouyo (Ew. 1).

OP. NATEPA

OP. TEPANION

L el
Euwx.1: H otevif »au 1 evUiTegn megioyif tng £oevvag.
Fig.1: Location map of the study area.

- >

TTpoxepévou va rotavondel n uopgotextoviry dopn xow eEEMEN g Idovnbag xatd ™ veotextovin me-
000, peretiOnrav o empdveieg emmEdWONG, TO VIQOYRAPIXG dixTvo KL | WAQUPGPPWOOT) TOV TATKOVU
TERTOVIXOV LOTOV.

H pebodoroyia mov axorovdinre omopiytxre : @) ot XaETOYRAPNON o PeAETY Tov LVdPOYEAPIROT di-
ATVOV, OTOV EVIOTONG TEQLOYWV EVToVNg ratd faBog Sudfpwong, ot YEWYQUPLXT] RATAVOUY] TWV ETLPOVELDV
eMITEdWONG HOOWS KL TWV HOQPOAOYLRMY ACVVEYELDV PE PAOM TOUS TOTOYQUPLROUS XdeTeS TS 'YX xhiponag
1:50.000, ) otV ROTOYQOEPY TOV OEVTEQOYEVAV TEXTOVIRMV RO TTQWTOYEVAY dopdv oty ¥rando, 6w otot-
xelo. aEGVMV TTTUXDYV, QNYUATOV %Ol OTQMOELS VEOYEVAVY WNUATOV KoL Y) OTNY RATAOKEVT] TOU VTESAPLROY TE-
2TOVIXOU XAt ™G emagrs ™ Ave Kontdurrg enirhvong pe to vtéfabdoo ot xhipana 1:50.000

2. AIOOZTPQRMATOI'PA®IA - AAIIIKH AOMH

H nteproxm perémg dopeiton mg emi to TAEIOTOV atd AATTLROVS OXNUOTLOROUS TTOV EVIGOCOVTOL 0TV EVOTNTOL
™G Avatohxric EAMGSaS - Yrmomehoryovirig, EVE omovtoiy oxOput) MxES epgpavioets Mpvainv veoyevav 1tn-
udrov ®abag ron xepoaic tetagroyevy Wwipato (KATSIKATSOS G. et al. 1986, LEPSIUS R. 1893, DOUNAS
A.1971) (Eux. 2).

O admixoi oynpatiopol TG TEQLOYNS EIVOL, A6 TOUS AOYOULGTEQOVS OGS TOUS VEGTEQOVG:
® To ngootewoitnuoroyevég ovumheypo pe nxio Kardrego - Méoo Towadixd, mov amotehel ) fdon g

xohavag g Ymomehayovirnyig, dnhadi tov apyoudtepo oxnuations mg Idovnbag. Iepihapfdver mnhiteg,

YOUPITES KoL NPALOTITES (1EQOTOPUEES) RaBG ra OAMOBSAMO0VE poipwy mepuiray aofeotdMbwv (ZIAE-

PHZ X. 1986).
® O moyis ynorros avBpaxmnds oxnuatiouds pe nhxric Kdaovio émg Méoo Iovpaowxd, mov vaépxettal tov

OUUTTAEYROTOG E GOLO TEXTOVIXTIS TOXGAANONG. ZTn Bdom Tov amavtovy poditovres aoPeotéhbol mov eEe-

MooovTon 08 OVOLRTOXQMUOUS TTOVOTOMUATMIELS Ko ROTd O€0ELg AaTvmomoyels.
®  TIeTpdporo Tov 0PLoMBLrol cupmhéypartog, pe évrovo Babpd eEalhoimong (oepmeviviwon) Twv vrepPaot-

ROV TETOWUATOV.

e O emxdvoryeveic avoronudixol aopeotéhBol e Avatohnric EMGdoc, pooydixol ot fdon oxoves-
KOOt QOUSLOTOPAEOL OTN CUVEYELX pE pueTafatind meog To YAUoYN ota xogugaic. H Bdon g emixivong
xopaxmEiCetal notd OE0ELS amd TV maEovoia EPpaVIcENY odnEovIXEMOTXWV HETOAAEVRATWY.

® O IMohowoxouvinés AioMS, TOv OAOXANR@VEL TOV aATuXS ®UxAO (EnHatoyEveons.

O\ peredmxoi oynpoTiopol amoteAovvial omod:
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®  Ta hpvaio Cipata tov Aveo Mewdrawvov — IThewdrawvov (FREYBERG, B. V. 1951, METTOS, A. 1992), ue

EVOMAYES COYIAROV HOQYODV — YOUILTOV RO RQOXaAOTOYDV otV 00o@t. EvioniCovtor oe Aexdveg pe

dtevBuvon ABA-ANA xow 08 vPSpeTo mov @ravel ta 600 pétpa (Aylog Anpitolog Zrovtmy).

Ta xepoaio wg el 10 TAe(OTOV AOQOUEQRT] TETAQTOYEVT] LOUATA, TTOV CUVIOTAVTOL KVQIWG OTTG TOTAMES

AOOETELS RO ROVOUS ROQNUATMV, PE TORAELOTIXY] TROPOAOTTO VAMKOT QITd TO AUETAUGOPONTAL TTETOWUATA

m™m¢ ITaovnbac.

H otvBetn dopn twv odmnav oxnuotiopdv €ywve oe dio xixhovg: tov stohawoolmnd (Av. Iovpaowrs —
Kdrm Konudwrd) xow tov admxd (Horovo). Ko otovg d9o ninhoug maoatnootvior AETLMOELS O TTTUYMOOELS.
H onpeowi) yempetpia twv Aemdv tov ®haotirot Towadwoy (oxeddv evbeia yoouwi oe dievBuvon A-A), avti-
otouyel o QOpES pe peyahn xiion, mov €xovy mBavVEV enavadQomELoTomBel WS XAVOVIRG Q1 YROTCL.

r

Erx. 2: I'ewdoyixos Xdorns A. HldgvnBag (amwo ITME us ovumAnedoss).
Fig. 2: Geological map of W. Parnis (from IGME with modifications).




3. TEQRQMOPP®OAOTI'TKA XAPAKTHPIZTIKA

A6 T0 YEWUOQQPOLOYLHA YOQUKTNOLOTIRG, neleTiOnxay To vdooyoamixd dixtvo, n xatd fdbog dudfowon
%O OL EMPAVELES EMITEdWONG TTOU €Youv dNuoveynBel otovg avwxenudirots aofectéMBoUg xow Ta VEOYEVY]
Wipota (Ew. 3).

To vdgoygagird dixtvo T eVEUTEENS TEQLOYTG amoTeLElTan s Tov Zopavtamdtauo dutird, Tov 'avvou-
Ao votua, Tov Bolwtird Acwnd fogeia pue v xAelomi xapotxy Aexrdvn tTmv Zrotgtov xoL tov Knglod avatohl-
®d. H rataoxreni godoyoaupdtov ovxvomrag dievBuvong twv empuépovg ®hadwv, €dwoe o cogrj ewméva
£TLOEONG TOV VIQOYEUPLROT UTVOV QTS TN VEOTERTOVIXY] TAQOUGEP®OT], OTTWS 0 ZOQAVTOTOTAROS KoL 0 ACw-
76g pe #hddoug B-N xonw A-A, yewpetolo magdAnin xol eyrdoaoie. ota priypate g teoloxis. Idwaitepn ep-
paviteton n wepimtmon Tov Tiovvotha, 6rtov ®uELoEYoUY ot #hddot pe dietiBuvon BA-NA évavt tov A-A zou B-
N, yeyovds mov ogeiletal oty andropn avipwon g IIdovnbag oto BA tuijpa g Aexdvng.

H évrovn natd Babog dudPowon evromiCerar rvping eyrdooia otg peydieg onEryeveis Caveg xau ovyne-
®OUWEva : @) votia ot mepLoyr} tov Bpudotov tediov, amd Tov Diavvoila oto avatolrd ®ow ToV ZoQovTtomts-
Topo dutrd, pe dievBuvon poric BBA-NNA, B) Bépera otoug mogamdtapous Tov Bowwtizot Acwmnol (Mavede-
Qepa), oty meQLoytj netaly Avkdva — Bovmuo pe dietiBuvon gotig B-N émg BA-NA xow y) avatohxd oty
meLoy] Twv Opanopoxedovov pe dievBuvon vdpoyeapov dxtiov BA-NA. Ot peydhec autéc pogpoloyinés
dopég elvon amOTEAEOUO EVIOVOV OVOIXMDV HVHOEMV EMLPEQOVS PNELTERAX WDV TTOV EAEYYOVTOL RVEIWS 0T TIG
neydheg meguimoLanés onEryeveis thves e Idovnbog.

N

~ =
W e

~
W, WA SRR g (Z
(o eppiok -~
Q‘-.¢ Amg Pk -~~~

Pod6ypappa HiedBuvorn >4 Eiwong vy pou ¥ ;
XN WO ATlos /4 ::;d Emmmde m:ﬁ lg% ggg- m
avBpakik@v enfkAuong " (=3
800-700 =8

S~ . Emgaveiaxog ubpokping % ATTGAUTO UYORETPO 700-600 SN
DR 4ind 600-500
- Afovag kipiag BiedBuvang 500-300 [m AmeAuTo uybpETpO

* » cmg. EmmEdwong emikAong s SEmarion
it el 300-100 0 avBpaxikav mg emikhuong

Eux. 3: Xdotns empaverdv emaédnons xar vogoygagixov dixrvov A. Ildovnag.
Fig. 3: Map of planation surfaces and drainage network of W. Parnis.
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OL emupdvereg emmédoong mov €xovv dnuoveyndel tdve otovs avorenudirwols aopectélbous mapov-
owdtovy dvo wigua yaparTnolord: a) yevinij dievBuvon avdmwtviEng ABA-ANA (mweproxn Avidva — Aloyo)
xaBeta ot StevBuvon epgaviong tov avBporindv BA-NA o f) epgdvion twv peyoltépmv npopétony (800
— 1000 m) zatd pirog vontot dEova dieviBuvong ANA-ABA mov dLépyetar and tig Béoes Zravpds — Movyyov-
Mg — Ay. Fedpyrog, ne oradioxy pelwon mpog Boped row véto, Teog Tig teloyég Bouvohdxt (300m) war dulr
(300m) avtiotoryo. ITpGxeLTOAL VIO YOQAXTNOLOTIRES HOQPES TTOV TRETEL VO OPELAOVTAL 0TV TAQAUGQPWOT) TNG
mEoUTdEyovo0g alrtxiig doung dievBuvong BA-NA and v mpdogatn veotextovixt magausopmnon ABA-A-
NA.

AvALoyn eppoviCeTal xat M TEQITTWON TWV EMPOAVELDV ETTEMONG TWV VEOYEVAV LIENUATOV, GTWG OTOTU-
TAHVETOL OTTO TO OTTGAUTO VPOUETEO EPPAVLONS TOVG. Ta peyahitepa vpopetpa evromitovral otig BEoelg Znovp-
T ®a Ay. Anprjroiog (500-600 m), xatd wixog gvbeiag ABA-ANA, evd) mapatmoeiton po otodioxrn peimon
mpog foeEd »at véto avtiotouxa (dutird tov Avhdva — ®uA). H avdmtuEn tav emgpoverdv emmédmong oto
VEOYEVT], TOQOVOLGEEL PLat 70 o] art’ GTL TEONYOUUEVA YEWRETOIR, ®VEIWS O0To fdpeto Turjuc, ue ABA-ANA
dLevBuvon avamTtuEng, N omoia oPeILETOL TOXAELOTIRG 0TIV TOQOVOI TWV EMUEQOVS TEQLOMOLaXGV ONELYE-
vav Lovdv. “Exovrog Mdfet vréym 1o puxed améluto MPGUETEO TV VEOYEVMV AEXAVAV Ratd TV Tepiodo 1Ln-
poroyéveong oto Avmn Mewdrouvo — IMiewdraivo (xovtd oto eninedo g 0Ahaooag), EIVOL KOQUXRTNOLOTLRY 1|
peydAn avipwon mov maatneeiton ®otd to Tetogroyevés otov 0pevd Gyxo tng ITdpvnBag, ®vping oty me-
oot} peTokU Ay. Anuntoiov xaw Opanopaxedsvav, Tov amotehel vont gvbeio eppAviong Twv pHeyaiitepmv
ASATOY VYORETRMY VEOYEVAV ilnudtmv.

4. NEOTEKTONIKH AOMH

O gvpUteEog XHEOS TG ATTLRYG TAEOVOLALEL pict oUVOETN PETOATLXY] popoTERTOVIXY dopr], N Omoin awoTe-
Aglton oo to. eErjg peydaha onErtepdym 1™ 1dEng: ta textovird xégata g Idpvnbog, Tov Avydrew, Tov Yunt-
T0U ®aw g [Meviéing vou ta tertovind Pubiopata tov OpLdolov wediov nat Tov Aexavomédiov tmv ABnvoy.
Méoa 0 autég g 1" 1dEng dopée amavrdvran 2, 3" k. predteens 1dEng Pubiopata xar xépata Grwg yo
mapdderypa to Textovird fUBopa g Duirc. OAGxANEN 1) TEQLOXY ETOUEVMS EIVOL KATOKEQUATIOUEVY] OF TTOA-
MG onErtepdyn. H yeopetpla avtdy tav gnErtepoydv eivar ovvOeTn pe emnpatovoes dievbivoeig ABA-ANA
xat BA-NA.

To 0UvOeTO VEOTEXTOVIXG ROOECTHS EMNEEGTEL TO CUVOLO TOV TAQOTAV® OATIXOU LOTOU UE TG ENELYEVE(S
Tdveg g ®ow delTEENS TAENS, 600 %o P TLS TAAOTIXES DOPES TTOV EVTOMITOVTOL OTN HECO- RO PORQOOKO-
uxt] ®Afpoxo.

‘Onwg TEOoovVapEQONRE, 0 OATILRGS TEXTOVINGS LOTOG XOQAXTNOICETOL ATtS TG AETUDOELS Kot TTvXdoeLs. [To
OUYRERQUUEVQ, OTOL LEHPIATO TNG avrENTLORNG ENixAVONG amavTovv Aemudoers dievBuvong BBA-NNA éwg BA-
NA (mepuox Towpa), ®aBdg naw xhelotég wg mold #uhelotés mruyés ue dievbuvon aEdvav B-N émg BA-NA
(Ewt. 4). H BiBiom tov aE6vmv Twv ruyov cutdv BOQELe g xooupoyoopuris Ztaveds — Bouve ®uiic — Aloyo
eivaw mpog Boeed (10° — 20°), eved véua avtis meog voto. H vonui avty gvbeio TavtiCetol ue Tov emgpaveloxd
vdonpitn oty Bom Zrawpds, eve xvoupevn avatohxd Beioxetan 2 pe 3 yrAduetoa votdrepa. O peTOHOELS
TV ®AELTTAV VXV 0Tl BE0ELS aTég yapaxrmeletar and fubioels a&dvav 1600 mEOg vGTo, 600 %O TEOG
Boopd, pe Tés purpdtees mov xupaivoviow and 0 €mg 10 polpes. H yempetplo tmv aEGvmv xow Tmv eQLTmev-
OEMV OTO. LWCHROTO TS AVOXENTIOWIS ETIRAVONG EIVOL TTOQGUOLOL UE TNV ROTOVOUT] TWV ETUPOVELDV ETLTESMONG
7oV avorTTiooovion Tdvm og avtd. Paivetoar Mhadr ot ohmnds TEXTOVIRGE LOTOG €L TAPAUOPPWOEL peTarye-
véotepa (veotextovixy meQindo) ote va mpoxrinBel avti n drogpogomoinon ot fiBon twv aESvav Twv mTTu-
KOV.

Opavoryeveig dopés mEATNG TAENS OV 00LOBETOVY OGS POEEA KA TEOG VOTO AVTICTOLY O TOV OQELVS GYRO
mc¢ [Idpvnbag, amotehotv or pnEryeveic Laveg a) votia otnv megoyti Tov Opudotov mediov, am’ dmov »aL 0
oewopds s Athjvags otig 7/9/1999 xau B) BA otn megrox Tov Avhdva. [Todrertan yia evepYEg TEXTOVIRES doueg
UE X OQOAXTNOLOTLXY LOQPOLOYLRY AOVVEXELD, TETOQTOYEVEIG RIVOUS ROPNUATWV Xat EYrAQOL EvTovn ®atd Bd-
Bog dudapomon. ITagovordlovv v idua yempetpion ABA-ANA, pe yapoaxtmoronxt xMpoxwty (en-echelon) dud-
TaEn vow devteens TdEng dopés dievBuvong A-A.

Avdroyng dtevBuvong textovirég dopés mxeoteENS TAENG EVIomLovIaL ®oL 0T0 E0MTEQRG TS AVTLxiig
IT6ovnBag (Ewt. 4), dnuoveywviag dtadoyind mrpd TEXTOVIXG REQUTO KL AEXRAVES, OTNV TAELOYNPIO TV
omoiwv evtomiCovran ta Mpvaia veoyev| tipata, ahhd xow o kipleg rapotxés dopég (méhyy Zrovorav —
ZTeQAvNg).
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atovag pnypdTwy *QVOIXTEC

Eux. 4: Texrovinog Xdorns A. Ildgvnag.
Fig. 4: Tectonic map of W. Parnis.

IMAaoTinot Timov veotentovinés dopég eviomioTnuoy ota veoyevij Wijpota petodmnay amobéoewv o
poxgooromxy ®¥Aipaxa. Tvmxé napdderypa amotehel | Aexdvn ov exteiveTol Eva YIMOPETQO AVOTOMAKE TOV
ZroUQTWY, GIOV UETENOELS OTLS YMOELS TWV OTRWOEMY 0TO VOTLO ®oL BGREL0 eEBmELo Edwoav wma cogy ov-
yrAwvee peyadopn pe GEova ANA-ABA xaw ehagoud fUBLom mog o avatohMxd, evd iduag dievBuvong avor-
XTEC TTUXES UECOOXROTURNG HKAIUOROG, EVIOTIOTHAY RO 0T AvVORENTWOWME avBpaxxd Wijpata ™mg entnlvong
otg meELoyEég Movyyovhas xow “Towpo (XATOYITHZ 6. 1999).

IMooxewévou vo. xatovondei 1 TAEEAEN TwV aEGVWV TV TTUXDV TOU ATAVTOUY OTOUS OXNROTIOROUS TG
OVORONTLOLRTG ETIHRAVONG ROTAOREVAOTNHRE O VITEDAPLRAS TEXTOVINGS YAQTNG TNG ETAPHS TV AVORONTLOLRGY
00PEOTOMBWY IOV ONUELWTEOV OXEDGV TAVTOU OTOVTATOL WG TEXTOVIXY] ETOQT| PLE TOL VITOXE(PEV oAU A Ljpo-
to. g Yrorehoyoviriis. To peyohitepo mpdueto (800m) xord wirog tng evbeiog Ztowpds — Bouvé duhiis ~
Aloyo rou 1 oTadLomy| peiwom mov mapovotdlel mpog foEEd xat VETO avtiotouye, dIVEL uior OopY] HEYO-OVTLXAL-
viry] mhooto-0pauotyeviic dopr, pe dEova dietBuvong A-A émg NA-BA oto dutird tujpa tov xdom (Ew. 5).
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Eix. 5: Yaedapinos Xdotns s exaijs Tov avoxgntidixdy aofeoréiiboy (Texto-vixij amoxoiinon) ue ta
vmoxeiueva almxd Gijpata g Ynomelayovixijs.
Fig. 5: Strike contour map of the contact of the Cretaceous slope with the substratum deposits of Ypopelagonian
geological unit.

5. ZYMIIEPAZMATA

H €E£T0.0M T™V POQQOTERTOVIXWYV YAQUKTNOLOTIXMV, TOV TEXTOVIXMV OTOLXE(WV, QARG row TwV OEcEMV ENRA-
VIONGS TOU YEWAOYLRoU vmofdBoov, deixver otL o ywoeog g Idpovnbag amotelel pwa oivOeTn xon mopdAAnio
eveQYN veotextovixij dopr).

Avtij 1) ovvBeTn dopn €xeL TporHPEL 0mS depyaoies TOEARGRPWONS, OL 0TTOlES PrTtoREl va danptBovy o
TOELS POOLrESG ®URAMOVG:

Tov mahaoarmins (Avw Iovpaoixd — Kdrw Kontiduwd) pe equrmeioeis dieiBuvong A-A (e@urmedoeis Tov
NPOLOTELOIC LOTOYEVOUS CUUTAEYpOTOS TTdve ota WCjpata g Totadirohdoiag mhatpdopag), Tov aimxé (H-
dnavo — OySrouvo) pe dieibuvon aEdvav mruydv B-N émg BA-NA xou 10 veotextoviné mov dnuoipynoe
Boavotyeveig now mAaotnég dopég devBuvong ABA-ANA, evepyéc néyor orjpegat.

H mhaotue) mogapdegpoon tg IaovnBog ®atd T veotextovint] epiodo amodetkvieTal amd T Lot Twv
TAQOTAEEMV TOV VTTESALPLHOT YXAQTY TG ETOPNS TWV AVORONTLILRGV AVOQUHKIRGV TETQOUATOV e To VEoRaboo,
and ™Y TAEEAEN TV AEGVOV TV TTUXEHY TOV TAQATNQOUVIOL 0T AVOXONTLOLXE avBROXIXE ROBMS ratt A ™
YEQYQOPLXT] RATOVORT] TV EMPOVELDV EMTESMONG. AVTH 1) TAAOTIRY TOQAUSEPWON EXEL EMNOEEATEL %Ol TOL
petodmird Wrijpora Srwg diamotddnre ot Aerdvn mov extelveTon €va YUMOUETQO VATOAMXE TWV Zr0VQTWY.

H 6gavoryeviis magapdeewon eivar £viovn xau evepyr dnuoveydvrog Bpavoryeveic dopég 1%, 2" uhsm.
TAENG, oL omoleg opLoBeTovvian ueTaEl Toug pe pnELyevelg Loves. OPLOpEVES 0Tt auTég EMAVOSRAUOTNOLOTON]-
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Onxav wotd ™ oswopri} diéyepon me 7-9-99 (MARIOLAKOS I. & FOUNTOULIS I. 2000, MARIOLAKOS 1.
et al. 2000).

ZXETIHG UE TO EVEQYO KLVNUATIXG RODEOTWG EXOVUE VO TAQOTNEHOOVHE TaL ovShovBor:

H IldpvnBa avvypwvetal o oxéon pe 1o Aexavomédio twv ABnvayv, to Ooudoo medio now tov Evfoind
%60 yevindrepa. H avipwon avtj dev eivar opordpoegn og 6An mv IdovnOa orhd mogatmpoivial diogo-
QOTOUOELS TOTO UETAEY TWV EMPEQOVS ONEITEUAXDY TTOV TN CUVIOTOUV 600 %O 0TO TUVOLG TNG.

Enuaviry ovipwon tov oewvol Gyxov g IldpvnBag, mov amotehel éva 1™ 1GENG veOoTEXTOVIHG KEQUG,
yiveton Ta tehevtaia 1,8 ex. xoovia meQimov, YEYOVAS TOU TOTOMOLETTOL 0mtd TV €viovn xatd fdBog dudfowon
ota TeQLOWELL, AAAG ®ow 0TT6 TO OTTOAITO VYPOUETQO EPPAVIONG TWV VEOYEVHYV, TO 0moio grdvel Ta 600 péroa
(meproxég Ay. Anmitolog xon Opoxopaxeddveg) xow to 400 pérpa oty mepoyi| g Puhic.

Ta 2™ 16En¢ textovird onErtepdyn ABA-ANA péong dietibuvong, ®abopiCovv ) popgr Tov vdpoypapLrot
duxtiov, i B€oeis Tg ®otd PABog SiAPEMONS ®otL TV RVEUWV RAQOTLRWY dOopmV, aAhd xa To ardAuta MPpSue-
TOO TOV EMPOVEUDY EMITEdWONG TV avBgamix@Y TS avaxnudixrig exixlvong, dnravovrog wa oo enidoa-
0OY] TG VEOTEXTOVIXTC TTORANGQPOONS OTLS LOQQPOYEVETIXES OLOOIRAOTES. ZUYREXOUEVQ EVIOTILOVTOL OTREPELS
WXQOTERAYBY YUOW artd oQiEdvtio dEovo devBuvong ABA-ANA 1600 010 véTLo mepLfdpLo (OQLdolo) meog
Boppd, 600 %ar 0to BEEEL0 (Avhdvag) OGS VOTo. TETOLES TEQLOTROPES EXOUV avapEQDEL xa OF PREOTEQENS
xhipoxag veotextovinég dopég oty meproyy tov Avidva (MARIOLAKOSI. et al. 1997, MAPIOAAKOZ H. &
TTATIANIKOAAOQOY A. 1981, FREYBERG B. V. 1973).

H IIdovnBa xatd ™ veotextovixt] tepiodo, elvar cagés ot dev omotehel pio ohy] poEE@T VEOTEXTOVIROU
réparog drevbuvang A-A. Tlpbxertan yior e o ovvOeT) meQinTwan 1 omolo dev mEEmeL va eEETATTEL PLOVOuE-
g ol og cuvduaous pe TLg dOPES TOU EVEUTEQOU YWEOU.
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PAINOMENA ZYNIZHMATOTENOYX TEKTONIEMOY KATA TH METABAXH
AITIO THN ANOPAKIKH XTHN KAAXTIKH IZHMATOI'ENEXH ETHN IONIA
ENOTHTA (ITIEPIOXH MEXOAOITT)*

I. A. TATIANIKOAAOY' , E. A AEKKAL®

ILYNOWH

Avagépovtal, Yio TEMTN POQd, PULVOUEVO CUVIENUATOYEVOUS TEXTOVIOPOU Xatd TV pETdfaon and v
avBpaxrxi oty ®haotxn WCnuatoyéveon oty Idvia evémra omy neplox] Megohoyyiov. Ta cuvilnuatoyeviy
oNypoTo £60aoay ROTA TNV TAPEOTOMON TS PAVOYIRIS AexdvNg OYNUATICOVIOS YAOOXTNOLOTIRES YOVUDOELS
HOQQES OTNY ETTOPY] TV SVO OYNUATIOUDY Kol SLATOQACCOVTOS TG EUPAVIOELS TWV XATHTEQWY UEADY TOU QAT-
oym, VD ouvOEovTaL xaL teE TNV Ttoovoia ooBGMBwy. H mahaoyewyoagunr BEom e mepuoyis torobeteita
oe pnErtepdyn petdfaong amd Ty mhatgoppa tov Fafedfov omy Aexrdvn g Ioviov.

ABSTRACT

It is well-known that the sedimentation in the Ionian Unit between the limestones and the flysch succession
continued without interruption leading to the formation of relatively thick transitional beds. In this paper, phe-
nomena of syn-sedimentary tectonism are reported for the first time during this grading up from the limestones
into the flysch, near the village of Kato Retsina in Mesolongi area. Although, a gradual progression from the
limestones to the flysch is also observed, in certain locations there is an abrupt change in the sedimentation.
Transitional marly beds are missing and faulting is present. Field evidence indicates that faulting in the area
took place during the onset of the flysch deposition. These faults are related to the formation of the graben
within the flysch basin and form a characteristic angular shape in the limestone-flysch boundary. As a result,
there is a change of dip in the strata towards the boundary involving significant disturbance in the lower mem-
bers of the flysch succession, where also olistoliths are observed. Similar phenomena have been reported from
other geotectonic Units such as Tripoli and Parnassos Units. The latter phenomena are characterized by the
transition from neritic carbonate to pelagic clastic sedimentation and partly resulted in immersion, erosion,
karstification and emergence so as to receive the flysch sediments. However, the Ionian Unit experienced a
pelagic carbonate sedimentation that did not lead to erosion and karstification processes. In that case, the
theory of non-deposition is proposed, in a paleoenvironment of steep slopes and strong sea currents.

These phenomena depict the influence of the neighboring neritic Gavrovo-Tripolis unit. Overall, the study
area is located in tectonic blocks that represent the transition from the neritic platform of Gavrovo to the pelagic
Ionian Unit.

AEEEIZ KAEIAIA: ovvitnhuatoyevig textoviopds, Metafonxd otpdpota, Iovia evémra, Mecoldyyr, EMdda
KEY WORDS: synsedimentary tectonism, transitional sediments, Ionian unit, Messologi, Greece

1. EIZAI'QT'H

H I6viog evomra eivat yvooTty og 1 evotta ov GAOEE TaAOYEOYQAPIXES oUVORES ROTA TV EEEMEN
™m¢ anté 1o Towadnd uéyot to Avatepo Olydrawvo-Mewdrawvo. H alhayr] avni eivor Told xahd eviomopévn
yoovixd oto Méoo Aldoto, dtav 1 vnortixt] tinHoToyEVEDT) HETATEETETOL O TEAQYLXY] RO OTO avwtego Hunou-
vo, tav 1 froymuxry avBoaxuxt tnuatoyéveon petatpéneton oe xhaouxy (KARAKITSIOS 1992, 1995). Mo
TMjENg otpwpatoypaguxky] otiin g Ioviov evémnrag 060nxre apyxd amé tov Renz (1955) row €nerta omd Tovg
I.G.S.R. & LF.P. (1966). E\dwdtepa o€ Gt 0pod ™) petdfaon ams vy avlpoxixn otnv ®*Aaotxy WCnuatoye-
VEOT] OL AVAPOQRES ETUONUAIVOUV GTL AUTY| TTOOY UOLTOTTOLE (TOL ATTOXAELOTVRG HECH PETARATIRAOV OTOWUATOV, At

* SYN-SEDIMENTARY TECTONICS IN THE IONIAN UNIT DURING THE TRANSITION FROM CARBONATE TO CLASTIC
SEDIMENTATION

1. Department of Geological Sciences, University College London (UCL), Gower Street, WC1E 6BT London

2. Mavemomuo Adnvadv, Tujua Tewroyiag, Mavemomuiovmoln, 15784 Atjva
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VALY ES xRV 0ofeotorBwy xou TNMTMV, T0 TAY0G TV 0moiwy xatd O€oelg vepPaiver To 50 1 axndpo
%o toe 100 pérpa (BELLAS 1997, AVRAMIDIS et al. 2000). O Aubouin (1959) avagéper 6t n nhxio tov
petafotiradyv otpwudtov g Ioviag onmwe mpoodiogiomre and v epgpdvion g Globorotalia sp. wou g
Globigerina sp. péoa o poQyairovs xoxrxvomovs aofeotoriBovg ot Bdon tov grvoyy, eivan IIoiaumdvio,
YEYOVOS Y T0 omoio elye avapepOel agynd xar o Dalloni (1923) oty meproyyj votio twv Inavvivoy.

Ov vgrotapeves BPMOYQa@IRES avagoEEs Yo TV Teployt] BOReLa s ToANg tov Meooloyylov emaonpai-
vouv TV UraEn twv petafatrdv otpmudtwy (FLEURY, 1980) xabdg emiong kot v magovoia g peyding
onEryevorg Cavng g Ayouhdg (BP Co. Ltd. 1971, PIPER et al. 1978). Ev tovtowg, n épgvva natédetEe 6t m
petdfoon dev mEarypaTomoLETOL PGVO HECW PETAPOTIRGV OTOWUATWY MG TadAinho TaQATnEOVVTOL QPOLVE-
pEVOL OUVIENUATOYEVOUS TEXTOVIOUOU TTOU OYETICOVTON KO K€ TNV VIEOQEN TOOUTAQXOVIWY dLoQOVIRMY TEXTOVL-
®av Covav, YeEYovas 1o omoio happdver xdoa yia tpot goed oty Iévio evémta. [Tpdobeta, eneldi| to powvo-
HEVOL QUTA EIVOL YVWOTA RO O GALES TEQLOYES KO YEWTEXTOVIXES EVOTITES, Omwg otnv Toimohn ko otov IMap-
vaoo6 (RICHTER & MARIOLAKOS 1973, 1975) divevon 1 duvatdmra oy mopotoo epyaoio va yivouy
OUYXQIOELS KO VAL EXQPOOOTEL e vEa damoym yuaw T yewduvapxy eEEMEN.

2. TEQAOI'IKH AOMH

Me Pdon extetopgvn €pgvva vitaibpov mov €ywve oty gvpUTeEn TeQLOXY Popeta tov Meooloyyiov xal 1
omoto omnEixOnxe: (i) omv AewropeEr] yewAoywr xootoypdgnon ot xhipora 1:5.000, (ii) oe mhiBog petoroswy
%o mapamEoEnY, (iii) ota vglotdueva wg T PipMoyoagird dedopéva (FLEURY 1980, KOYPHZ 1996),
xau (iv) omy eE€taon A/, amoxtiOnxre wa cogrg eova g MBootpmuatoypapxis didpbowong xat g
TerTOVLXI|S doung, 1 omota meprypdgeton ot ovvéxew (Ew. 1).

Aopeorombor Kegalipouoov: Bioxhaotirol Aaturonayeis mayvotpopatddels aofeotéMbol tov mepLé-
yxouv Bpoavopata Povdiotdv. H nhxia toug eivar Kapmdvio - Mouotpiyto »ow to 0patd mdyog tovg 100-120
RETEA 0TO VOTLOdUTIXG TP TNG TEQLOXNS (EXTOS Tou Xdot) ™G Ewx.1).

AopeotoMBor Aveo Movoovpag: ITodxrertal Yo puxormnovs, prpolaturonayels, oofeotdhboug yodpatog
AeUROU €wg AEVRORITOIVOU, AETTOCTOMUATHIELS €S UECOOTOMUOTMOELS HE ROVITAOUG R, HLOOTRWMOELS TTLVEL-
TolBwv. Mepiéxovv Nummulites spp., Discocyclina spp., Melobesiodeae, Planorotalites compressa ».o. pe fdon
to. omoia ) NAxia tovg eivan Mahoudrawo — Avdtepgo Hairawvo. To opatd mdyos tovs voloyitetor o 300-
400p. :
Zympatiopds Kdto Peroivag. ITooxetton yio o petafatind otoodpote amd v avloomnirnt] otny xhaotixy
Cnuatoyéveon g Ioviag evémrag. Ewduxdtepa, mooxetrtol yio evalhoy€s aoBeotoAlBmy xot poQyindy otpm-
pdtwv urEol TAxovs, *abmg nat Yo EVOLAOTRMOELS MKEWY AoPEOTOMOGOV Tdy®RWV TOA @raydv Ot mAa-
yrrovind omohBdpato (Globigerinides), evd n nwio tov tomoBeteitan oto Tlpiopmdvio ot eldxdtega 0To
6oo Hoxaivov — OMyoxraivov (FLEURY, 1980). H petdfaon mpaypatomoteivon péoo omd evorlayeg otpw-
pdtmv aopeatoribwy, pogyaixdv aofectoriBmy xow IAttdv pe otadionr peiwon Tov avBpoxxoy vAxol o
gmxedmon tov xhaotxov. To wdxog dev vrepPaiver Tig Myeg denddeg uéroa. Eppavileton oe por emprixn
Tdhvn omv gvpvtepn meproxn netokl tmv xweldv Kdtw Petoiva xaw Ave Movoovpa.

PLioyns: Katd B€oeig AGym tov onEryevous TexTovVIopoy QYETOL GUECH O ETOPT| LE TOUS OPEOTEALO0UG
¥wEis ™V moepBol] TV peTafaTiidy oTEMUATWY. Alonpivovtol Telo ®UpLo REAN, Ta OToln aITd TO KOTWTEQM
ot ovATEQX Eival To. axdhovBo:

o M¢éhog AoBeonitndv Magydv Ayiag Kvguaxiis. "Exouv xodpo nvove €mg mpdowvo, ue xoyyudn pavopd.
AToTENOTV TO ROTHTEQO PENOG TOV PAVOYY %o VTEQUELVTOU GALOTE TWV PETORATIRWV OTOWUATOV Ko GANOTE
dueoa Twv aoBeotohBwv TG EVETTOG, EVA £X0UV ROTA OE0ELS EMNEENOTE! OTTG PUVOUEVE CUVIENPUOTOYE-
voug textoviopov. To mdyog tov dev vepPaiver T peQuég dexnddeg pérpa.

® Méhog IInhrdv - Wapmrav Ayiov Oopd. ITodxertar yioo eVOAOYES TINATOV-YPapPRITEY Ol OTOlES ama-
VTOUV OTO PEYAAUTEQO TUWUC TG EUPAVIONG TOV QAVTYN. Avaloya pe to Babud ovppetoxns g xdbe Abo-
hoytog duaxpiveton eite n Inltopoappnixr eite 1 Papurrornhury paon. To Tdyog TV YAPRITIRWY OTEW-
pdtwv ®upaivetar ard 5 €wg 60exart., Evd TV TNMTGV 06 5 €0 25exat. ZUYVA OTO CUYHEXQLUEVO PEAOG
amavtoty peydhotr aofeotoMBuxol oMoBGABoL dLaotdoewy aEreTWY deXAdWV PETEWY, RaBMS emiong o
IXQOTEQOL TNE TAENS TV UEQIRMDV XUPBHAV PETEWV. OL EPQPOVIOELS TOVG (VL DIOTETAYPEVES OE MLOL YEVIXY
dtevBuvon BA-NA xou 1o ouvolxd mdyog tov péhovg avépyetol mepimov og 1.000u.

o Méhog Waopprov AgdxvvBov. ITooxertar yiot PEOCGRORKOVS EWC AOQORORKOVS YOUUITES, OF TAYROVG Th-
¥0ug €wg 15 p. To péhog atd eivar ko 1o TAEOV EVALAKQLTO KO OTTAVTE 0TIV ROQUPH| TNG ETUI|HOUS OQOOEL-
0dg Tov ApdxuvBov dnuovEydvtag éva xenuvaddes avdayivgo. H kgl epgdvion amavtd amd tv mepuoxm
ToU w0t KMjua (exTdg TS TEQLOYIIS TOV GO TG ELXGVaG 1) Grtov oL EPQaVIoELs SLOXRGTTOVTOL ATTGTOpO.
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Tetuptoyevelg AnoBeceLg AcpPproroiLBoL Aww Moucolpag

Quaternary Deposits Ano Mousoura Limestones
- oot
Flysch : grilia 11n1 ? )
Tynuetiopéc Kétw Petoivec . bMpme xo glauvn ngosxwm 'cm.r
(Me TEPETLRE OTPORETE) Fault and its possible extension
FKato Retsina Formation . ALzUBuvon KoL KALON oTpwpdTy

{(Transitional Beds) Strike and dip of beds

Eux.1 I'cwAoyixog ydetns tng megioxrs oevvag.
Fig.1 Geological map of the study area.
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OGS Tt POREL AGY® TNG TaEOVOTOG EYRAQOLNV ENYUATV g enEryevots Tavng g Ayowhds, €wg v
nepoxn tov Evnvov motapot xau g opdvoung onguyevois Cavng mpog o voTio. 6ou ®ot amorGITTOVIOL.
To péywoto mayog Tovg grdvet T 400 p. epimov.

O avBpaxixol oxNUOTLOpOL EppoviCovial TEog To JUTLRO TIREL TS TEQLOYIS ToV XdoTn. H ®hion twv otpm-
ATV TOUG EVOL YEVIRG xE1] xon Exel Tourileg devBivoels. EldixGTeQa, 0TO REVIQIHO %Ol OVATOMKRO TURpUA
TOV EPPAVIOEWV ROVTA OTO GOLO PE TOV VITEQXELPEVO PAUOYN, M YEVIRY #hion elvan 10° €wg 20° mpog ta BA. =10
dutnd tuijpa 1 yeviry xhion eivan 20° émg 30° meog ta NA, evd 0to vETLO Tjpat Tot OTMpTa ®AVOUV TEOG T
véto. Anhadr oty mepoyn viragyet po pEyo-avitrhivinr dopn pe yevixij dievBuvon BA-NA. Tn peydin ovt
adoN TTiYwon ouvodetouy xow TOM avoLyTES TTUXES TGS TAENS TV HEQIRMY HETOWY, OL OTTOLES €XOUV TV (diat
devBuvon aEdvav pe ™ peyoadoptr] (BA-NA). T6oo oL rampels peyding ®Aipoxag, 600 o oL TTUXES HQOTE-
ong xAiporog opethovron ot dpdon evig aoBevois ovpmeotxov mediov pe yevixt dievbuvon ovpmieong BA-
NA, to omoio Boloxeton o€ mArjEN aviiotouiot pe T YEVIXY] YEWUETOIO xow duvautrr] Tov eEmTEQLROU TRIRATOS
twv EMnvidov om Avuxr EMMGda (ITAITANIKOAAQOY, 1986).

Zmy mepLoyri epgpavions twv aofeotéMbmv droxpivetar €va xipto ouotpa pnypdtwy dievBuvong BA-NA.
Ze aut6 to ovotua dievBuvong BA-NA evidooetor xou to onpovaxs ofypa tov Kegaldfouoov, To puirog tov
omoiou grdvel ta Syht. Me eEaipeon v mponyoipevn mepimtmon, Ta pfynarta avtd dev petaf€Tovy onpavTikd
TOVG EXOTEQWOEV OYMNUATLOUOUS, YEYOVAS TO OO0 PaiveTal ®oL amtd 10 Ot deV TEORAAOTY OUVIiBwS peydhes
HOQYOAOYIXES aouvEyeLes. TTooneTan ATOXAELTTIRG YL QYROTOL TTOV YapaxTNEICOVTaL s UeYAhes ®AIOELS
TOV ROTOTTQLRAV ETULPOVELDV UE RaTd ®AION peTdOeon Twv eXATEQWOEY TEPAYWDY, Onhadn kovovird pfypata. H
ovpfohi Toug oy Textovixy doprj xar eEEMEN g meQoxts Bewpeitan apeintéa.

AvtiBeTo pe Toug avBaxrIrOUg OYNUATIONOUS, 1) YEVIXRY] XALOT TV OTROUATWY TOV PATOYN TOQAUEVEL OE OAN
oyedAv v €xtaon epgdvions otaber] pe Tpég 25%-45° mpog ta BA. Avtiotoyouv ovoaoTikd 0To avaToMrd
onéhog ™G peya-rruyic Tav aopectodiBuv. O oynpomouds xapoxtneitetar and o povatovn evailoyij -
TGV, nexMpévav otpwudtnv pe dievbuvon mpog ta BA. Ouyapprtirol 0iCovies Tov prioyn, ToQouEvouy g
€7i 10 MAE(OTOV OdLATAQUXTOL, YEYOVOS TTOU VITOINAWVEL ATOVOia ENYUATWYV, EQPUITEVOEMV Ko TTUXWV. Mova-
duréc eEaupéoeis amotehovv oL dapoQeTInEg TIRES ®AIOEWY ROVTA OTNY ey pe TOVS 0oPeCTEMBOUG YEYOVAS
ov emPefaLdveL TV avaTaQoyt TOV TEOXRAAOUV Ta Pavépeva ouviNPaTOYEVOUS TEXTOVIONOU XaBMdg non
®ord Wixog g onEryevoug Ldvng Tg Ayothds exatéowbev g omolog TaEovoLdovron onuaviires dtogpoo-
TOWOELG.

3. IEPITPA®H PAINOMENQN ZYNIZHMATOTI'ENOYE TEKTONIEMOY

Ta PoVOHEVO OUVIENHOTOYEVOUS TEXTOVIONOU YivovTow 0QoTd TG00 dueca péom g Tagovoias ouvitnpa-
TOYEVMV ONYUATWV, 00 KoL EUPECH LECW TNG SLATOQOYNG TTOV SLOTTLOTMVETOL OTLS RMOELS TWV ROTWTEQWY OTOW-
pdTav Tov AGoYN *on TS TaQovaias aofeotoMOdY Tepaydv péoa ot ovtd. ITpdobeta, n dadoyri Twv peto-
Batindv otpopdtov StaxdrTeTon TEOG T VOTL atd TNV TRLpovoia g peyding onEryevoug Tavng e Aypthdg,
vVoTGTEQX TNG OTOf0G ®aL Gmov elva duvary 1 mapatienon Ta puetafotind aovotdiovy, Yeyoveg mov (owg
OQELLETOL HOL OF PALYOUEVO OLOVUPUOVIOS.

Ta cvvilnuotoyevi pfiypara €8paoav xatd ™y TapEomoinon kot TV vaeEn ™ms plvoynic itnpatoyEve-
ong xow PEQVOVV art’ evbeiag o emagy Tovg aoBeoTGMOOVS pue TOo PAIOYN, XWEIE ™V TaEeuPoM] petafoTinadv
otpopdtonv. H vmakn tov petapatndv oe opiopéva onpeia vrodnidver mo fimeg duadinaoieg petdfaong. Ta
QOLVOPEVA OVTA OV %O Elval evkEwvy dev ratahapfdvouy peydin éxtaom. To wijxog Twv enypdtov eivon pxpd
nou dev vmepPaiver to 1 M., evd oL dievBivoelg Toug eivar xvping BA-NA, alld xar BA-NA. EvroniCoviow og
800 meLoxEs, N par 1-2xAp. PogeLa Tov xweLov Ave Petoiva xow 1 GAAN 1-2Au. véma tov xwewov EAAnvind. To
ofynoTa outd oxnRatiCouy pLot xeeoxTnELOTLkY Yaviddn popgn timov Cryr-Cdyx (Ew.2). Avayvopitovron £0-
®ohat oy ouVIENUATOYEVY YOt OEV TEUVOUY TOUG VTEQHREINEVOUS PappuLTinovs 0pllovies Tov Aoy, oL omoiot
TOQOUEVOUV AQOUXTNOLOTIXG OOLOTAQOXTOL.

O oVVIENUOTOYEVIIG TEXTOVIOUOS €XEL WG OTTOTEAECHOL TNV PETAPBOM] TV RAOEWY TV OTRWUATWY KOVTH
oY ETOPY], EVED TEOXAAEL ®ow EVTOVES SLOTAQAEELS OTLG EPPUVIOELS TOV OOPECTLITIRAY ROQYWDY OL OTTOLES CTTO-
TehOUV TO ®OTATEQO PELOS TOV AUOYM. “Eva TéTolo yopaxmmeionxd napdderypa amavtd oty meouoyr 1.4yip.
NA 1ov owtopot Ave Movoovpa #or entl Tov emaQylaxol 0popov Ayouhds-EAAvirdy. Zmv cuyrexoupuévn
TEQITTMON TAEATNEOVVTOL TAANLO-OMOOOELS AOPECTITIRGY HOQYWV OL OTTOIES EPPAVITOVTOL TEUAXLOUEVES V-
76 TV oYY, OENVAY ®ow OMOBOABOY, 0t SLapoQeTLRY] GELRG QTS T1 OTRWUATOYQOMLXT] TOVS didTaEn avauE-
00 0TOVG AdLATAQAKTOVS YAUULTIXOVS 0QILOVTES TOV PATOYN X WEIS Va TapovoLdlovy xapia arolitwg dwatdoa-
En omv yewpetpio twv otpopdtov tovg (Ew.3). Téhog a&ioonueiw eival ®ow 1 magovoio aofeotoMmay
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oMoBOABWY pEda oTo PATOYN RaL ROVTA 0TV ETAQPY TOV HE TOVS OOPBECTOMBOUS UE TTLO YOQURTNOLOTIXG TTOQG-
derypo ot B€on 1.5xhu. votia tov ywewold EAMvird.

H onEuyeviic Cidvn g Ayouuds omotehel puo peydin textoviv dopr mov téuvet toug aofeatéMBoug ®at 1o
hioym, dLépyeTan BOpEL TS AyOLMAg ®ow Toug owmtopots Adgvn row Khjua, €xel dieiBuvon BA-NA xou wijrog
mov vreppaiver ta 15 yip. H Thvn duaxpivetan gvxoho oty emagy twv aoBeotéMBwy ot tov grioyn oe Topu
ROTA WiH0g TOU emapyLonoy dpdpov Ayothd-Kdtw Petoiva, ov aviimpoonmetieton and: (i) éva peydho pfiyna
ave oy emagy, (i) and €va uxpdtepo 150pn. fopetdtepa mov TéUvVEL pévo tovg aopeotdMBoug xau (iii) omd
TOMG opdAAha Qfypato purQSTeENS Spms xhiporos. AviiBeta, QO Tot FOQELOAVOTOMAA 0TV TEQLOYT] EN-
PAVLONG TOU PAIOYN O EVIOTLOUGS O 1) XAQTOYQA@NOY TS oNEryevols Livng mapovoldfovy duoxrohic. H Tavn
duo€eton oe TOMG priynarta dog yevirng dievbuvong, yeyovog mov gaiveton omtd ™) SltdoaEn, TV TEUayLoUs,
ROL TEMRA TV OLOROTN] TG CUVEYELOS TOV OVITEQMV TTOMUOTOYQAPUXA YPAPULTHY Tov AgdxruvBou otnv fopeidte-
on Tehnn aSANEN ™ ®ovtd oto xweLd Kijua. To prjiyua evroniCeton amod €va TEXTOVIXG MTUTTOmay €S e TTAYOS
gpgpaviong mov grdvet to. 20 uétpa. To vxd elval EVIOVH ROTAXEQUATIOUEVO ROl OAEVQOTOMUEVO, EVH TQOG TNV
TAEVQA TV 0oPBECTOABWY daxpivovrol xat 0QLOPEV OOTAoUEVO TEPdYN aoPeotoliBwy. ITpdobeta, epgpovi-
Covtan nou devtepeviovoeg onEryevels empdveleg o ™) SoxAdd®OoN TOv ®VELOV ENYUATOS, EVA OL RAIOELS TOU
Mioyn nou TV aoPeatoriBwv rovrd omv onEyev) Cavn epgpaviCovior Eviova dLatoayEVES xaL »oTd BETELS
oMdlovv dpaotnd. Me Bdon ta YemueTord ®on xvnuomird otoyeia diamotdvetat 6t Tpoxertol Yo deEL6-
OTEOQO T YIO. LE TTAOYLOROVOVIXG XaeaxTioa. To YEYOVAS GTL TOORELTAL YLOL L ®UQLOL TEXTOVLXY] dour] deV Tenun-
QLOVETAL PUOVO atd TO PEYAAO UNKOG TS CAOVNG Ko TO PEYANO TTAYOG TOU TEXTOVIZOU AXTUITOTTayoUs OAAG O ol
TG ONUAVTIRES LOPOQOTIOLTELS TTOU TTAEATNEOVVTAL EXATEQWOEY TG Ladvng oe o vpvteen mepoxy. O diago-
QOTOMOELS QUTES apoQOVV: (i) 0TV aTTGTOUN SLOROTT TMV AVOQOHIRY CYNUOTLOUMY RO TWV UETARATIRGY OTQM-
pdtwv g Ioviov evémrag mpog ta votio ®ow (i) oty amdTopr dLarom TG CUVEXELUS TOU REAOUS TWV YOUULTHV
ToU ApdxuvBou pog to. foeeLa otV EELOY Tov owtopnot Kivjua. EvdeiEeig Gt mpdrertan yior puo o g tdEe-
g dop aotehovv mESoBeTa OL epovioels OMOOSMOWY pueydhwv dLOTACEMVY OTNY TQOEXTUON TOU QNYUATOS
péoa ato pAioym. Tovto vodeviel ot mbavdtato TEdxerTon Yo po. duoeoviry onEryevii Cavn 1 omoio €dpa-
og %o ®atd T dudprelo g WEnuatoyEveons, ahhd xow O PETOYEVEOTEQES (QOVIRES eELGdoVE. Notdtepa Touv
ofypatog mow 1 6An dowri Tov ahmrol vofddoou rohvEOEl a6 TOVS TETOPTOYEVEIS OXNUOTLOMOVS THS OG-
®uog Cavng, ta otdpaTe ™S petdfaong aovotdtovy wat to Wipoata Tov phioyn épxovial og amevdeliog o
ue tovg aopeordiboug g Ave Movaoipag (Homouwvo).

4. ZYZHTHZIH- LYNOEXH AEAOMENQN

Me Bdon 1o avoTEQM, 0 CUVIENUATOYEVG TEXTOVIOUOS OTNV TTEQLOYY TG EQEVVAS TEXUNQLOVETOL OIS TNV:
(i) mapovoio Twv ENYRAT®WVY CVTHY %a’ QUTHV UE TNV YOQOXTNOLOTLXY] YOVLDON Hoepy tovg, (ii) amovoio Twv
petafotindv otpwpdrov otg BEoelg avtég, (iii) andtopn petafori Tav xhioewv Twv oTpwpdtmy Tov PAUoYN
ROVTA OTNV ENAPY] TQOKOADVTOS EVIOVES OLATAQAEELS ®VQIWG OTIG EPPOVIOELS TOV UOBECTITIRAYV POQYAV, OL
0moleg AmMOTEAOVY %ol TO RATOTEQO UEAOS TOV QAUOYN xon (iv) TV magovoia aofeotorBixmy oMoBGMBwy
XOVTQ 0TV ETOY] PECA OTO QAVOYY).

AvAloyo, @avopevo, ouviENIOTOYEVOUS TEXTOVIONOU UE TOQOUOLOVS YOQAXTIOES €xouv avagepbel 1600
omv evémnto g Teimoing, oo »wow oty evémta [Mapvaoool. EWdwdtepa oty evémra Tolmoing, 6oov ago-
04 ota 6oL peTaEY TOV PAUOYN ®aL TV VTOREIPEVOV aoPBeCTOMBWY oL amdels diloTavtan. VUV e TV
W EXdOYN, N HETAPaON amtd Tovg aofeotdifovg oto gAvoyn yivetar fobuaio péow g TaEOVoIag amro-
rheLoTd peTafaTindy oTpwudtmy xweig dtaxom ™mg Wwnuatoyéveong (AUBOUIN 1959, BIZON et al. 1963)
ROL TO OTTOLOL TEXTOVIXA (POLVOPEVQL TTOV TTOQATNQOVVTOL EIVOL OAQPMS TAAUOTEQX. 1] VEWDTEQX TG OOOEONS TV
rhaotrav npudtov (DERCOURT & FLEURY, 1977). Ztpgwva pe ™ devteon exdoxn, n emagn eivon dAhote
opathn] HECW UETAROTIHEV OTRWUATWY ®oL GALOTE avadpakn, INAady textovini 1 péow aovpgpwvics (OEOAQ-
POITIOYAOZX 1973, RICHTER & MARIOLAKOS 1973, 1979, MAPIOAAKOZ 1976, AEKKAZX 1978).

O Maprohdxog (1976) avagpépel 6t £xT6S TS AOVPQWVNS aréBe0ons TOU AIOYN TAVW Ot €V TaAUOOVA-
YAU@O, 0UTGg 08 TOAAES TEQUITTWOELS POIORETAL OF TEXTOVIRY ETAPI] UE TOUS AOPETTEAMOOUS Yo iinog yLthope-
towv. IMapdinha mapatmoel 6t 1 onEryevic emagj dev eivan enimedn emgdvela, aAhd oxnuatiCer popgn
solvmhevoou (Cryxr-Coryn). H don tov onypatoydvou textoviopoy €hafe xwoo oty v andbeom tov gphioyn 1
AMyo petd v €vaogn ™ QAo XIS IENUATOYEVEONS RO EIYE MG ATOTEAEOUOL TOV ROTAKEQUATLOUG TG EVOTNTOS
%o TV OMuoveylo TEXToVIRMY ®eQdTmv xou fubiopdtwy. Eniong ot Richter & Mariolakos (1973) avagépouvy
TNV TAQOVOI0 ATOROUUEVMV 0o eotoMBaV palov mowibov peyéBovs péoa oto phioyn. Téhog ot Richter &
Mariolakos (1975) mapanjonoov mapdporo gowvépeva. xow oty evotto [Magvaccov-I'udvog, émov 1 pad-
uadio petdfoon twv aopectoriBuwv Tov Avartépov Konudixot-TTakatoxaivov mpog tv «epuon oeipd», duaxd-

-195-



Eux.2 Amwoyn tav ovvilnuatoyevay yovioddy gnyudrov otny exagl aofeoroiibwv/plvoxn.
Fig.2 Syn-sedimentary angular faults on the limestones|flysch boundary

Eux.3 Maiato-oAiobrjocts aofeoritindgy pagydv vio T poger o@nvav xat 0Atofodidov avdueoa orovg
adlaTaEaxTovs YauuiTinovs 0Qitovres Tov pAvOY.
Fig.3 Paleosliding of calcitic marls that are covered by undisturbed sandstone horizons, in the lower member of
the flysch succession.

Up . EOCENE-OLIGOCENE
IONIA GAVROVO-TRIPOLIS

Undisturbed, thick Flysch akconformities,
transitional beds ;iig or I karstification and
x  CRewstNa syn-sedimentary
tectonics in the
e 1 iMe@stone/flysch
Ltic boundary
limestones

'hin-bedded
pelagic
limestones

Thin transitional beds
or rere———lt

phenomena of syn-
sedimentary tectonism

Euwx.4 Zxitoo 1o omoio ameixoviGel Ty malatoyewygapixii ogydvwon tov ogiov I'afodfov-Ioviov oty megroyij
™¢ foevvag.
Fig.4 Sketch that depicts the paleogeographic structure of the Gavrovo-lonia boundary. The study area is located
in tectonic blocks that represent the transition from the neritic platform of Gavrovo to the pelagic Ionian Unit.
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wretan xatd 0€0elg and ™Y exOAwoN €VOS CUVIENUATOYEVOUS TEXTOVIOUOU 0 OTO(0g OUYVA CUVOOETETL KO
oand ohobobouppatind pavoueva.

H nepintwon g Ioviov mapovoidlel iaitego evdlagpépov didtt 1o aviteo avipaxixd Tmijua Tov virs-
AELTOLL TOV PAVOYN aroTehe(ToL amd AeTTOOTOMUATOOELS E0G PETOOTEWUATMIELS aoPeaTGABoug ue xovdvhoug
%ot draotpdoels muptttodiBoy mov vtodnidvouy oxetind wavd fdbog wnuatoyéveons, evd o Fleury (1980)
déyeton opoyevomomueves ouviiires LLNUATOYEVEONS YiaL TOV £VQUTEQO TTahaloyemyapLrd xwo. H mapovaia
vnortxdv arolbopdtov 6mwe o Nummulites 0tovg melayizots aoPeotohBous, Oty OUYREXQLUEVT TEQLOYTY
ogeileTan mBavoTata 08 RATOMOONTRA PALVOUEVQ, TTOV TOUG HETEPEQAY ATTO TOVUS YELTOVIXOUS VNOLTLXOUS O-
opeotdMBoug Tov T'afodfou (Ew.4). "Etol, evd agyd veiotoron évo joepo meoipdilov pe Broymuxn tnua-
Toyéveon €wg to 6pLo0 Hoxaivov-Olyoxraivov, exdnidvovial geldpata mhoiole 08 #Aaotivé vMxo To 0moio
amotiBeTan wg eVALHOTEWOELS 0TV avBaxiry npatoyéveon, n omoia Spmg ouveyiCetal. [apatnpeiton dnha-
O wa dadraoio n omoia yapoxtnEiCetal amd ovveyels evorrayes Boynmrnis tnuatoyéveons xat tovepLdt-
TV gevpdtov. “"Etol veplotaton 1 yopaxtototxy petdfoon amd ) floynuury tehoyiw] oty #haotny meio-
v pe evorlhay€g amd optlovieg aofeotohiBmv rat ®haotrot VM*oU 0To 0moio ot mewtol Babuiaic eAaTTd-
vovta ®ot oL devtepot tpoodevtird auEdvovion €mg GTou eXpndeVIOTED 1) PLoynmnt] noL XUELAEYNOEL 1) HAUOTL-
i nuatoyéveon (ITAITANIKOAAQY, 1986).

TTod ™) Yevir) auni elxova, To QUVOREVO OUVIENUATOYEVOUS TEXTOVIOUOYU TTOV TTEQLYQAENAOY VITOONAG-
VOUV TG OQLOUEVO TUNUATA TS EVOTNTAS axolovOnoav o dtogpoeetiry dadwmaoio n omoia yaportnileTon
o o amdTopun orhayy oty IKNROTOYEVEDT, HE GUECO ATOTEAECUN TNV QUTOVOT TV UETAPUTIRMV OTOWWIA-
twv. Ov mBavég mepurtdoels eivan dUo ron eldumndtepa eite vmijpEe avdadvon row dudfewon, eite vtieEay ouv-
Onjnec un améBeonc. H mpdtn gounveia vpivetar pdhhov amiBavny av Angbel voyn 6t o aofeotéhbol eival
TEAAYLROT ROL QITEULTOVVTOL TOYUTATOL QUOROT ROTOXRGQUPMY KIVIOEMV YO TNV avAduon Toug pEoa 08 oAU mTe-
OLOQLOUEVO YEOVIXG SLAOTNUE, KoL 0T OUVEXELR YOTTYoOY Emavafifion Tovg yia v andBeon tov ®Aaotxoy
vaxov. Emiong, dev mapammontnray goawvopeva xaponromoinong 1j dnuoveyio toharoavayAigoy 0Tous umo-
xelpevoug aopeotéMbouc. Avtibeta, omv evémnta g Tolmohng émov Adufoave oo vnortxry avBoonixn (\n-
UOTOYEVEDT TOQUTNONONKAY QPOLVOUEVA KAQOTIROTOMONG UEYAANS EXTAONS HOL OLAPEMONG CYNUOATIOUWY pPE-
ydhov mdyovs. Evdewmtnd avagpépetal 6t oty meproxy Avakijppenc-TInyadariwv-Bhayorepaods diofoddn-
2OV OYL UOVO OL TOLTOYEVE(S 0moBgoels, alhd xow ohdxAnpo 1o Konudixd (AEKKAZX 1978, RICHTER AND
MARIOLAKOS 1979).

Mze fdon ta avotéem 1 epunveia tng un avddvong xadiotaton mo peahotry. "Eva tétoto mahawomeoupdh-
Aov yapaxmeiCeton amd TOAD amGTopa TEXTOVIRG EAeYXOUEVa TEQLODOLO - TEOVY] TTOV OF CUVOVAOUG PE TNV
V&N oyxvedy Bardooiwy pevpdtwy epddioay Ty andBeon Wwnudtwy. Ipdxerton dradi yio xdt avdroyo
UE TNV NITELOWTLXY ROTWPEQELQL, GOV O OVVOVAOUOS UEYAING HOEQOLOYIXYG ®ATONG o BEAONS LOYVOMY QEVUG-
Twv odnyel o amovoia tCnuatoyéveone 1 axdpa wow og dudfomon tov vrofdbpov. H mapovaia petagpeouévmy
otV amoilBwpdtny otovg medayirots aofectoMBoUs HETMm RATOMOOINTIRMV PALVOREVMV TTOV TQOXAAOT-
VIOL OTT0 T1) HEYAAN POEMOAOYIXY ®Aion eVIOYUEL THY EQUNVELD CUTY.

Téhog, Bo mp€mer vo doBel WLaiTe N Epaon OTO YEYOVOS OTL 1) CUYXEXQLUEVY] TTEQLOYY] EQEVVAS AVIJXEL OTO
e0wTeQLRO mEQLBMOLO TG Aexdvng g Toviov o foloxeton o) zovtd oty vhormry avipoxuxy Todrela Tov
T'afpdPov, n ool Exel eMNEEAOTEL AT TOQOUOLA YEYOVATA ONYUATOYGVOU TEXTOVIOUOU %Ol O OTTOI0S OQETAE-
TOL OTOUG UNYOVIOROUS RETATOILONG TS AEXAVNG TS TTEOYXMOUS RATA TNV UETAVACTEVON TOV TEXTOVIXWDYV ROAV-
udtwv (KARAKITSIOS, 1998). ‘Onwg eivar yvwotd, ot pev Bapdoofa vegiotatar pa aovpgovia, ot O
KhoroBa n petdfaon yiverar amdtopa n€ow g andBeong evég oxnuatiopot hardground mdyovg 1-2 pétpwv
TAVW OF UL TOALOONELYEVT] ETLQAVELL. ZUNTEQUOUATLAA, 1] TOAULOYEWYQAPLRY BEOM TG TEQLOYNS TOU EQEV-
viiOnxe evtomiCetan oe evdidpeoa onErtepdyn petdpaong petat mg mhatgpdopas Fafodfouv ral e Aexdvng
g loviov (Ew.4). Zta mhaiowe autd, 08 OTOPORQUONEVES TTAAALOYEWYQUPLRG TEQLOXES QTG TV TAOTQROQU
tov T'apedpov rovtd oty atovinr meuoyij ™mg Ioviov, amovoidovy ta pauvopeva ouviinuoToyevoUs TEXTOVL-
OpOU %O OVOUEVOVTOL HETARATIRG OTQOROTO PE PEYGAN avAmTuEY %o Tdy0g.

Evyagwoties: Evyapiototpe tov Kaf. A. TTaswavizohdov yia tig ouvintioels mov elyopue oL oL omwoies PeAti-
woav To ®elpevo xan v xo. M. Ileppdxn yia ™ forifeid g oto vmanbeo.
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ITAAATIOXEIEMOAOI'TKH MEAETH TOY ANATOAIKOY KAAAOY TOY
PHI'MATOX THX EAIKHE (KOPIN®GIAKOZX)"

Y. [IAYAIAHZ', I. KOYKOYBEAAY', A. E'I‘AMAT?IIOYAO):Z, A. lerPAq)mTH):‘, I.A. AAEEANAPHY,
B. ZYTOYPH’, L. EMIIOPAL

NEPIAHWH

H mohaooelopohoyirt] avaAluon pog ETTOETEL VO XOTUVOT|COUIE TNV TTROOEQOLTY OELOULXY LOTOQIC TOV QYYpeL-
tog g EAlxng, pe yewhoywd dedopéva. Katd pixog tov ovatohrot “tufpatog” (xAdadov) tov piypatog moay-
poromoOnray 5 exoraEg (Tohoooelopohoyxés Topés 8x5x2m). Ta torydpatd Tovg xoeToyoagitnxay o
rhipoxa 1:20 xow avoliOnzov pe AETTOPEQELD TEXTOVOOTQWUATOYQAPIRA EVH XOOVOLOYNONXOAV QVILITQOOMm-
mevnrd orpwpato pe C,, . O Keguvitng motapdg o omoiog draoyiler #dbeta 1o pypo mg Ehlung amd vétio
7p0g Popeta xor eQodLaler pe vixo v aklovfrani] tedudda, N omoio BuBileTan pe puBuS 1.4 mm/gr, eixe
devBuvon porg ad duTnd TEOG T AVATOARA, GTMGS TEORVTTEL AUTTO THV PEAETN TWV TOTAULMOY RQORANOTALYDV
mov Beénrav Bopgéva xdtm amd Tig ®oMovfLaxés amoBEoels otig Topes. Me fdon Ty oTEmUATOYQOPLXY] Oh-
Mhovyio %o TLG TEXTOVIRES (OELOWHES) UETATOTIOELS OLOXQITAY 0QLLOVTIMV Byfray CUUTEQAGUOTO. YioL TEio
TOVAAYLOTOV OELOULRA YEYOVOTO VEGTEQO TOU PeYdhov oelopoy tov 373m.X. xow dipare 0.93m, 1.37m %o 0.44m.

ABSTRACT

Paleoseismological analysis based on geological data enable us to understand the recent seismic history of
the Eliki fault. Along the eastern “segment (or strand)” scarp 5 trenches have been excavated (8x5x2m), their
walls were mapped in scale 1:20 and further analyzed by precise tectono-stratigraphic methodology. The Kerynitis
river, which crosses the Eliki fault from S to N and supplies the alluvial plain, has subsided at a rate of 1.4 mm/
yr. The river was running from west to east, resulting the fluvial conglomerates in the trenches, which have
buried under the colluvial sediments. Based on colluvium stratigraphy, displacement of distinct horizons, depo-
sition of sedimentary layers and C14 dating, faulting events have been identified affecting unconsolidated
sediments in the trench. The penultimate 373 BC event and the two younger events with a throw of 0.93 m and
1.37 m respectively, the third event, with a throw of 0.44 m, suggest a variable seismic history.

KEY WORDS: Active fault, Heliki, Corinthian Gulf, Paleoseismology.

1. EIZATQI'H

To prjyna g EAlxng, elvar po onpovaxr] veotextoviry dopni (epimov 40km pixog) tov dunxot Kopuv-
Braxov (Avyroheio) mov ouvdgeton pe U0 Tovhdytotov BeBoLmpPEVovg ONUAVTIXOUS ROTOOTQOPLKOUS OELOUOTS,
373 7. X. non 1861 (Schmidt 1879, Mapwvdtog 1960, Mouyaris et al. 1992, Soter & Katsonopoulou 1998,
Papadopoulos 2000, Koukouvelas 1998) xaw mBavag pe 1o oetopd tov 1402. To priypa ennpedlet toug totadi-
RO-LOVEOOLROVG OOPBECTOMBOUS %O KVEIWG TOL TAELORAUVIXE RQOROAOTTAYY] (VOTLO TUIUCL, OVUYPOUEVO TEUOLYOS)
ROL OLOPUOQPUIVEL TO ONUEQVO OvAYAVQO, ue TNV mopdxtia Lovn (Bopeto tujpa — Bubillopevo TE€poyog) Twv
TETAPTOYEVAOV — ahAouPLandv motopoyeppdoiv aroféoewv (Doutsos & Piper 1990, Collier et al. 1992, Doutsos
& Poulimenos 1992, Koukouvelas 1998a, Koukouvelas et al 2001). Me fdon ) YewpoQgpoloyio ®at T YEWUE-
tei0 Tov (stepping) to prjypa g EAlxng proet va dtoxoidel og 0 Tovhdyiotov tujpato (segments), Gvatoht-
%0 nat dutixd pe dvoyworotrt] yoouwj tov Kepuvity motapd (oxfjuata 1,2,3).

Me tov 600 mahaooeioporoyior dnhavetar 1 EpEVva pe YEAOYIG XOLTHOL TG PUOMG, TOU XQOVOU YEVE-
ong, ™mg B€ong xow Tov peyEBoug oTLypaimy TeEXTOVIRGY ovpfdvimv, hadi oglopwy, TEwv and ™ Aertovpyin
OELOPOAOYLRAV 00YAVY (OAGHOUVO-Y OTEQOTAELTTORAUVO), (DOTE VO ROTAVOY|OOURE TN CELOWLKI] LOTOQIa YVO-

* PALEOSEISMOLOGICAL INVESTIGATION OF THE EASTERN “SEGMENT” OF THE HELIKI FAULT, GULF OF CORINTH,
GREECE.

1.Tuwjpa Tewhroyiag, AILO., 54006 Oco/viny

2. Twjua Tewhoyiag, Maver/po Matpdv.
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@ Bip direcuion of it

. Excavatien’s area

3.1 Textovind ayédio Tis vid peAéTy meuoyijs, mov deixyver Ta xvgia xavovixd orypata, ocLopIxEs dagorsers
XAl HAXQOCELOUIXG, YAQAXTIQLITIXG Ta. 0TTOLG OXETILOVTAL UE TOVS OELOpOUS Tov 1861 oty Elixn (toomomoun-
uévo petd tov Schmidt, 1879) »ar Tov 1995 oo Aiyio (dedouéva and Kovxovpéda xat Aoviroo, 1996). Zro
&vbero eupavitoviar Ta mEvre xavovixd grfyuara votia Tov Aryiov, otn voTiodvTixi axtij Tov KogivOiaxov
xOAmov.

Fig.1 Tectonic sketch of the study area, shoeing major normal faults, earthquake related ruptures and
macroseismical features associated to the 1861 Heliki (modified after Schmidt, 1879) and 1995 Egion earth-
quakes (data from Koukouvelas and Doutsos, 1996). Inset shows the five named normal faults south of Egion, on
the southwestern shore of the gulf of Corinth.

Zy.2 dwroygagpio Tov Avarodixov Tujuaros Tov grjyuaros s EAlxng, puerakv Tov morauwv Keovvirtny (K) xar
Bovpaixov (B). Me Béin deiyvovrar ot OE0eLs TOV TALGIOOELOUIXGY EXORAPHY.
Fig.2 Photograph that shows the eastern part of the Heliki fault, between the rivers Kerynites (K) and Vouraikos
(B). The arrows show the palaioseismological trenches.
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>x.3 (@) Mog@otextovixds ydotns Tng megLoxifs, mov deixver Ty onéiyevij Lavy g EAlxns xat To ovornua
amooTedyyIons #aTd uijxos Tov meavovs Tov gifyuatos. Ta évrova vovuepa deixvovy Tig 1000Yeis ue 100d1dora-
on 100m xai T agiBunuéva wiaiowa areixoviGovy Ta géuara Tov awooTeayyibovy To mEaves Tov Qifyuaros. (B)
Awdyoauua wov deiyver dedouéva Vf ota wévre ueyavrega QEuaTa amrooTedyyions Tov Ieavovs Tov Qifyuaros.
To vovuggo oro didyoaupua avramoxgiverar ota agiunuéva pguata Tov HoQQOTEXTOVIXZOU YdoTH. () AcnToue-

01fc TomOYAPIXTS YAQTNS HE 10001G0TA0N TEFOAPWY UETOWY TTOV deiyver TNV TOTOBEOIR TWY TOUWY (LHavQa

000oydvia) xar Tovs amotnoauévovs magamorduovs Tov Keouvity wg diaxexouusves yxoiles yoapuuss.

Fig. 3 (a) Morphotectonic map of the study area, showing the Heliki fault zone and drainage pattern across the
fault scarp. The rectangle shows the area of the detailed topographic map. (b) Diagram showing Vf data in the
five longer streams draining the fault scarp. Number in the diagram corresponds to the numbered streams on the
morphotectonic map. (c) Detailed topographic map, contouring at 4 meters interval, showing the location of
trenches as solid parallelograms and abandoned branches of the Kerynites river as dashed grey lines.

OTHY EVEQYOY ONYRATOV Yo THY ®ahitegn eXTipon Tg Cewouryg emmwvduvomrag wog mepuoys (Crone &
Omdahl 1987, McCalpin 1996, Pavlides 1996, Yeats et al. 1997, Pavlides et al. 1999, ITawvAidng & Xattnmérpog
2000). Ot TaAOLOCEIOROAOYIXES HENETES (UE TNV EXORUPI] TOUWY ROL TNV TEXTOVOOTQWUOTOYQUMIKI] avaluom
UTTOQOUY VO, CUUTANQMOOVY %o VoL ETEXTEVOUY 0 BABog xeGVOU Tor eEAALTY] OELOROTIOTOOKA OTOLYElD, EVED M
LETTOUEQNS OTEWUATOYQUPLRY] VARV TWV TEGCPATWY LENUATWY TTOV OYETILOVTOL e TO QYT 1] GTOTUTWOT
Tovg o€ #hipaxc ouvidwe 1:20 #au o axpiBels yoovoroynoelg fonboiv ouviiwg oty makaromeQLpariovioro-
YUY #OTOVONON TG EVQUTEQENGS TTEQLOYNS OF OYEON UE TIC EMUVAOQUOTNOLOTOHOELS TOV ONYUATOV.

Sty gpyaoia auty SIVOVTOL OTQMUATOYQUMLXG KO TEXTOVIXA OTOLYEl0L 0Ttd TEVTE (5) TAAALOTELOUOAOYIRES
Topéc (enonagés diaordosmv wirovg 8m x faBovs 4m  xou whdtovg 2m mEQITMOV) IOV TOOLYUATOTOUONHAY
#atd T €m 1998, 1999 %o 2000 oto avatohxd Tuiua tov eriypoatos mgs EAixng (Pllopvros-Zaxhooltixa, oy. 2)
RO TOL TEDTO OUUTEQAOUOTAL Y10, TNV TtohatomepLaihoviinr} oxéon orjypartog - Kepuvitn motapot xow g ena-
VOSQAOTNOLOTOWOELS TOV (TUAALOCELOROL) OE LOTOQIXG. ®OL TTOOIOTOQIXA XOOVICL.

2. E'TPQRQMATOI'PAPIA TQN TOMOQN

T1ig TEVTE TOUES TOU Sravoiytray xGOeTa 0To (YVog ToV ENYRaTOS BEEBMHAY TECOEQLS dLrQITOL OTOWNOL-
ToYQU@LOl 0Q(CoVTES OV Elvaw 0L avGLOVBOL 0TS TOV ROTHTEQD TOOS TOV AVITEQO:

Xepooyeveis eguigdyomuor wotdmag mEoéhevong oxnuatiopoi. Ta otpdpate autd exTpdTon 6TL EXOUV pE-
Y10TO Tax0g 3 m ®ou gppavitovran ®uping onig Topég I xan IL Zto orpdpa mepLéyovrar ®uping aofeotoMbirég
HOOUGAES %aiL OTO CVIHTEQO TUNIOL TOV EPaviCovTaL aofeoTTind OUYRQINOTO VTOOMADVOVTAS EOUPOYEVEDT).

Iotaueg omodéaers. Tlepthapfdvouy xpoxahomayrj pe péyebog peydrov aEova #pordAwyv omd 7 Ewg 25
EXATOOTA, IOV EpQaviCovton oe Oheg Tig TORES. To PEYLoTo A0S TOV OYNUATIOROY €ivar 2,5 m %o ArovTaToL
omv towi IV. Kpoxahopetpio otig Topég IV, V. %ot poxQooRomKES TaQaTnOOELS OTIG VITOAOLTES TOPES RO
yewTENoELS £0e1Eay OTL 1) amtd0E0T TOU %EORAAOTIOYOUS cuTol TOOVOV Vo €xel TOOEADEL amd Evay TOTOpG pe
00N aITé SUTLHE TEOS TC AVATOMHA, YEYOVOS TOU VTOONADVEL GTL TaL ®QOXRAOTAYY| €XOUV TEOENDEL QTG TLG QOES
tov Kepuvity motapov.
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KolovBroxés amoBéoers. [TeQuAaufdvouy ®OR®IVOU 1| ROPE KOWUATOS TOAVUELRTES ATOOECELS TTOV EOWTE-
owd dragopomolovvror avdhoya pe to Babus edagoyéveons. To péyLoTto mdyxog TV OTEMUATOV, OV KO TOLKI-
Ag1, elvor weEimmov 2 m now epgavitetan oty topn L. Ztig xohovfraxég amobEoelg duadedopévn elvan n mopep-
Bol malooedagpurav 0QEVIMVY TOU AVTLOTLOTOL(OUY Ot TEQLOSOVS TEXTOVIXIG NOVYIAS.

AmoBéoerg hoomogodv. ITepihapfdvouv rgorolomayn R{TEVOU XEWROTOE OE PUXOUS HEYLOTOL Ttdyovg 1 m.
Ou amoB€oels autég €xouv mAeVEXY| OXE0N UE TIS ®ROMOVPLARES amOBETELS.

3. TEKTONIKH TQN TOMQN

ARG TG TOPES mov dravolymroy PEYOMITEQO EVOLOPEQOY Ot GOy TaAOCELOHOAOYIOE TQOVOLELoUY
ovtopés I, IV, V xou Yo 1o Aoyo autd meprydgovtol AemtopeQEoTeQa.

Tourj 1. (ox. 4) “Eva piypa, mov avortdooeton oe andotaoy lm and 1o megiBwoloxd ®iplo ovjypa mg
EAixng, emnoedtel to otvoro oxeddv tov otpmpdtmy péxeL xon 1o mohaoédagog nhniog 750 mepimov £twv
(C14) pe péyoro dpo otoug avategovs opitovres 0.93m. AvernEEaoTog TAQOUEVEL PGVO 0 O TEGCPATOG
edagundg pavdiog (volhovroxrés amoBéoels row ovyyoovo €dagog)mdyovg 0.30-0.80m, o omoiog cuppetéyet
ETUPOVELOXA 0T dlapdEpmon Tov Textovixov mpavovs. "Eva devtepo mapdiinho orypa pe dhpo 1.37m duoxd-
wreL EVOLAPECOVS OTRMUOTOYRAPLROTUS 00{CoVTES %o eivon ViEevBuvo yio ) dnpuoveyia §do pxpdv xorhovfia-
ROV OPNVAY, OTO RATEQYXOUEVO TENOYOS. TTBavaS Vo OUVIEETOL e CUV-OELOKT] PETATOTLON TTOWV TO UEYAAO
oelopd Tov 1861. To tolto Eriypna mov emnpedlel Babitepa orpdparta, NArios PeTd-eAANVIOTIRY G £ TOWUNG
Pwpaixng emoxrig, ue faon Tov meoodloplopd BOOVOUATMY REQUUIRMV KOL UE RATOAXOQUEY peToTomion 0.44m,
ouvdgetan pe Bappévo mahanompaveg xat xolovfioxy opiva.

Tounj IV. (0y.6) Tola prypota (1,2,3) epgpaviCoviar oty Topr oty TOU RETOTOTILOVY TG TOTAPLES KO TG
®rohovBrarég amoféoets. ‘Oha ta ofypato. xAivouy meog ta fépeta now 1) péom ®hion toug eivan peyohitepn twv

Zyx.4 doroygagia (a): H exoxaqrj (tourj) IV (IovAdiog 2000) ot yevixrf dmoyn. (b): Aenrousoeia Tov orjyuaros
HE dApa mov erneedGer Tig duuovs xat Ta xpoxaionayrj (morduies amolEoeis) xar 0To TAVE AQLOTEQD AHQO
Oraxgivetau pio «xoldovfraxij opijvar. (c) : Aexroudoeta ano ™y rourj V omov @aiverar 1 ueraTomion Twv

malatoxgoxalonaywsv tov Kegvvitny. Kavapos 1x1 m. (F=Pijyua)
Fig.4 Photo (a): The trench IV (July 2000) in general view. (b) : detail of the fault displacement that affects
sands and conglomerates (stream deposits) on the top left corner a collouvial wedge can be seen. (c) : Detail from
trench V where a displacement of paleo-conglomerates of Kerynites can be seen. Grid 1xI m. (F=Fault)
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A. East wall

Brownish-yellow fluvial deposits E ] B""’::’:}:’:ﬂ:"‘"“
E g“‘;‘ godaclistioy [F2 =1 Medium grain clastics with pottery
- L) Fine grain clastics

(marnly conglomerates)

2x.5: H malarooeiguodoyixif tourj I o€ oxitoo perd amo anorvnwon o ¥Ajuaxa 1:20. Fault A: IlegiOwgiaxnd
xvUguo orjyua EAixng. Fault B: To mowro oifyua-dideonén tov ociouov tov 1861. Fault C-D: Ialaioreons
doaorngromoinons. (N= fogeds)
Fig.5: Log of the trench Heliki I, Initial mapping 1:20. Dashed line shows the roll-over anticline. Fault A:
Marginal main fault of Heliki. Fault B: 1861 fault trace. Fault C-D: Older (post-Hellenistic) fault re-activation.

860BP | om

2610BP  g70BP
»

2170BP T

4s408p  1520BP
| 3

2.6 H rouif 1V. AgiBuoi:yoovoloyijoeis ue C, amo to wagov (1950). 1,2,3: Pijyuara. C: Koiiovfia, S: Auuo,
R: Ilotduieg amobsoeis.
Fig.6 Log of trench IV. Numbers: C |, date Before Present (1950) Radiocarbon Analysis. The University of
Georgia, USA. 1,2,3: Faults. C: Coluvium, S: Sand, R: River deposits.

60°. Me fdon Tig ueTatonioels Twv xohovflaxav arobéoewv ta pfiypata 2 xat 3 €xovv petaronioes 0,75 now
0,30 m avtiotowya. To meplBwELand ®ipLo Pyna netoEl vmofdbov roat ovyyEovmV amoBEoEmV OTO VOTLOTEQD
Ano ™G Topng extiudtan Ot €xer petatdmon (dhpa) mou vepPaiver Ta 4 m.

Tour V. Zmv toptj epgaviCoval T€00€Q0. Q1YROTO, TO OO0 HETATOTICOVY TOUS ROAOUPLOKOUS KOL TOUS
motauovg oxnuatiopovs. ‘Oha ta priypata x®Aivouy mpog Bogela xat 1 aoBuntint] T g ®Along Tovg eiva
avdroyn Twv x®AMoewv Twv pnypdtov oty topr IV. And 1o pfypoto autd 1o tepldmeiaxd prypa extpdtol ot
€L RATOXRAQOTIRY] COVN TTdxovg 20 cm o dAuo peyahitepo tov 4 m. Ta tola priypota oty Topr] €Xouv GApato
amd 1o voTdTteQO 1ROg To foeetdtepo 0,70, 0,60 »ar 0,80 m.
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Zy.7:H xaraxdoven ueraromon (diua) 0.93m uerasv tov xgoxalonayovs s fdons (Brick orange fluvial
deposits, Koukouvelas et al 2001), malaioeddpovs (palaeosoil) niuxiag 750 yodvwv (C,) xar vedregwy mievgi-
>0V xognudrov (colluvium+soil), onws amoxalvgpOnxe oty exoxapi 1.

Fig.7: The vertical displacement 0.93m, between the conglomerate of the base (Bric orange fluvial deposits,
Koukouvelas et al 2001), 750 years old palaeosoil (C,) and recent colluvium and soil, as it was exposed in the
trench I.

LYMIIEPAXMATA

1. H textoviny] 80aomoudtnTa oty TeQLOXY] TWV TAALOCELOPOMOYLRMY TORMY ELYE GOV OTOTELECNA. 1] QO] TOV
%0eLov ®Addov tov Kepuvitn motapot va eivon mopdrinha mpog 1o pfypo g EAiung, ue ratetiBuvon and ta
dutixd mEOG TaL avOToMKG. METAYEVEOTEQES TEXTOVIXES ETOVADQOITYOLOTON]OELS TOU QY YHOTOS OF Cuvdua-
OGS UE TANUUVOLRG PALVOPEVO EXTRETTOUY TY) QOY] TOV TTOTAUOV TTEOG TaL SUTLRA PEXOL T ONUEQVH TOU BEom .

2. TovhdxloToV TRELS OELTROL £X0uV aviyvevBei oto avatoMxd xhddo tov prypatogs g EAixng, vedtepol tov
yeyovétog Ttov 373m.X. O vedtepog pe dhpa 0.93m ouvdéetan pe to oewopd 1861 (emPefaiwon tov péyiotov
oUV-0eLor0oU diparog tov Schmidt 1879). Ot §0 dAAoL uroQovV Vo CUGYETLOTOVY O TTRWTOS UE TELOUG TV
QOUOIRAV XEOVWV %ol 0 dEVTEQOS AYVWOTOG,.

3. Me Bdon TG PETATOTIOELS €T TV ENYRATWV KoL EPTTELQIRA drarypdppata petatémong-pey€0ovg oelouov
gxTpdron GTL oL OELOPOL IOV EYLvay ENC TOV ENYUOTOS Ytav tg TdEns peyéboug twv 6.6 R. (Wells R Copper-
smith 1994, Pavlides et al 2001)

EYXAPIZTIEZ

H epyaoio avti pegund xonparodotibnre and ta Fewhoywd tuipata tov Hovemompiov Iotpwv ot
Oeooalovixng xow 1o Evpwnaind Epevvnuxd npdypappo CORSEIS. EvyoQLotolipe Toug GUVEQYATES Pog OTO
npdyeapua CORSEIS : P.Bernard, D.Pantosti, M. P. DeMartini, R.Collier, I. Stewart xau tovg S. Soter xou N.
Karoovomoulov, yia tg ovinmioeLs, Toug toofAnuatiopois ko m forbewa tovg oty trondgo.
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NEOTEKTONIKEXZ KINHXEIZ, IZHMATOI'ENEZH KAI AIAKYMANZH THZ
LTAOGMHEX THX AIMNHX BET'OPITIAAX XTO ANQTEPO TETAPTOTENEX®

A. ZAKEAAAPIOY', I. POYZAKHE, X. KPANHE, E. KAMIIEPH , II. TEQPTIOY'
& N. ZKOYAIKIAHZ

IZYNOWH

H Alpvn ratohapfdver To ounAwteQo Tuiie. Tg veotertovirtg Aexdvng Beyooitidag, n eEEMEN g omoiag
eh€yyxetar amd v opdvupn onEryevii Lavn mov oguoBetel ™ Aendvn mpog A. To piiypa Ayiov Iavielenuova,
pe devBuvon A-A non nivnon opitovriag oMoBnong, xweitet Tnv Aexdvn oe €va POEELO TUNOL e EVTOVES VEO-
TEXTOVIREG KIVIOELS Kot EVOL VOTLO TjaL ALy adteQo eVEQYOS. YymAric dtaxorudtnrog yempuotrég toués Boomer
and v Aipvn Beyopitda €deiEav v mapovoic U0 OELOUIROOTOWUATOYQAPIXWY arOAOVOLDV OTaL OVEITEQQ
50-60m. Tov VTOOTEAOUATOG, HETAEY TwV omoimv Tapepufdrletar pio emupAveln aovppoviag ue dafeuworyevi
yapaxtijoo. H dtofomaotyeviic emupdvelo avumpoowmevet xapniy otddun mg Muvng xatd v nepiodo mow
13.000yr, dnhadn Aiyo petd 1o téhog g tehevtaiog mayetddovs tepddou. H xaraxdouen ratavour Tov 1oots-
mtov ?Pb oe muprjva ard ta. iiporo mg AMpvng £€8eiEe 6t o QUGS InuatoyEveons g Muvng exnpsdotnxue
€vrova and TV avBpwmoyevois mpoéhevong vropifaon g otdOung g Aipvng ta televtaia 45 xodvia.

SUMMARY

Lake Vegoritis is a 20km long lake located within the NE-SW oriented, Late Pliocene - Quaternary Vegoritis
neotectonic depression. More than 200km of high resolution Boomer profiles provided valuable data on the
recent evolution of the area.

Two main seismic units separated from each other by an erosional surface (Reflector “W”) were recognized
in the upper 50-60m below the lakebed. The upper seismic unit is an onlapping basin fill characterized by paral-
lel, sub-horizontal internal reflectors. The thickness of the unit reaches 15-20m in the deeper part of the lake.
The lower seismic unit is a parallel-stratified unit with continuous internal reflections, slightly folded or inclined.
We interpret Reflector “W” as the peri-lake land-surface during the last lake-level low stand, i.e. during the last
glacial maximum. The lake has amassed on average 15-20m of sediments since the end of Wurm Glacial Period
with a mean sedimentation rate of about Im/kyr. ?°Pb geochronology applied on a sediment core recovered in
front of the main water stream outflow yielded maximum sedimentation rate of 0.4cm/y for the time before 1956
and 0.6cm/y since 1956. The later is attributed to the dramatic man-induced lowering of the lake level by more
than 30m between 1956-1990.

Both the lakebed and the sediments below dip gently westwards, towards the SW-NE trending Vegoritis
marginal fault. Slope failure phenomena occur in various stratigraphic levels along the fault-controlled western
steep slope. The newly discovered E-W trending Ag Panteleimon fault divides Vegoritis fault into a northern
active segment and a southern less effective one. On the seismic profiles the southern fault block subsides
forming a 2m high morphological step on the lakebed, while the lake sediments are slightly folded. Further to
the west Ag. Panteleimon fault separates Jurassic marbles to the north from Pleistocene conglomerates to the
south and divides the NE-SW trending Petron-lake fault into two segments. We interpret Ag. Panteleimon fault
as a dextral strike slip fault with minor normal component.

In conclusion, strike slip movements have significantly influenced the formation and evolution of the Late
Pliocene-Quaternary Vegoritis asymmetric graben and possibly of other basins in NW Greece. Despite the
“suspicious” very low seismicity of the area, both normal and strike slip faults remain presently active with high
seismic potential.

* NEOTECTONIC MOVEMENTS, SEDIMENTATION AND WATER-LEVEL FLUCTUATION OF THE LAKE VEGORITIS IN UP-
PER QUATERNARY
1. E6vix6 Kévrpo Oardooimv Epevvav, Ayiog Koopdg 16604 EAnvixe, Abrjva
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AEZEEIX KAEIAIA: Neotextovixig, evepyd pfypata, oolloviie oMoBnom, aovppeton Aerdvn, taximro lnua-
Toyéveong, moyetddng mepiodog, Sraxdpavon orddbung, étomo Pb
KEY WORDS: Neotectonics, active faults, strike slip, asymmetric basin, sedimentation rate, glacial period, lake
level fluctuation, *'°Pb

1. EIZAI'QI'H

H Atuvn Beyopitig elvon puow guowrij Aipvn, 1 omoio atahapfaver 1o YopnA@TeQO TUMUO TS VEOTEXTOVIXIG
Aexdvng Beyooitidag (Ew. 1) xou otepeiton emgoveioxnc amopeorc. H emprixng Aexdvn tg Beyopitdog €xet
deviBuvon BBA-NNA, purjxog 25-30 xAp., mhdrog 5 xhu. mepimov xon gvpioneton og vpépetoo 500-550 w., peta&d
Twv 0000eR®V Bépa mpog A. (vy. 2000p.) xaw Béppov avorohnd (v. 1600p.). Artotehel Tuijpor g petoime-
»1ic hexdvng Phdpvag — Beyopitdog — Itolepaidas, n omoic dnuoveynbnxre oto Méoo — Avdrepo Mewdnat-
vo pe dtevBuvon BA-NA xat ouviotd T onpovindteon petohmunt] epelxrvonn douri ms BA EMAGdog (Pavlides
& Moundrakis, 1987).

IMooahmuxol yvevoror xow apgiBoiites zow ohmxol oxrotéMbor xow pdopaga ™g Mehoyovinic MdCog wow
TOV PETA-LENUOTOYEVOUS XoADppaTos TG dopotv to vréPabpo g Aexdvng Prdpovas — Beyopitidag — IMroke-
poidag xow epgavitovron ota el avtic (Brunn 1956, Moundrakis 1984). Kooxohomoyrj, pdoyes, Goyt-
Mot xou EvAiteg Avmpetorawviniis nhxiog amwotehovv Ta agyoudtepa Whijpata mg Aendvng (Velitzelos & Petrescu
1981). Apyihxég amoBéoes xau Ayviteg ITheronauvinnig nhriog #00wg entong TetaQTroyevr] xpoxrahomayrj, ®o-
VoL XOQNUATOV ®a CAAOUBLAKES aTOBETELS OUPTANQWVOUY TN OTQWHATOYQOQIXT] OTIiAN Tng Aexdvng (Van de
Veerd 1979, Koufos 1982, Toakim 1984).

Egelrnvopds dievBuvong BA-NA natd to Av. [TAewdxrawvo xouw Tetoproyeves odiynoe ot dnpovpyio te-
UTOVIROV TAPEWV Hou VBwpdtov dievBuvong BA-NA, wdBeta mpog ) dievBuvon g wipiag hendvng (Pavlides
& Moundrakis 1987), pe mAéov yopaxtmotonxd modderypa ) Aexdvn Beyopitdas.

Lz

£

[-OFLORINA . Vevi

E
A
£ s
EB: E3s ,
-
33 ~ 7 = 2 rhagatta x
% 3 o) k. o “ g Tperd
E 4 \ '-'X'L A o

Fig. 1: Geological map of the Florina — Ptolemais basin (modified after Pavlides & Mountrakis, 1987). 1:
Quaternary, 2: Neogene, 3: Ophiolites, 4: Marbles (Mesozoic), 5: Granites (U. Carboniferous), 6: Metamorphics
(L. Paleozoic), 7: Overthrust, 8: Fault. APF: Agios Panteleimon Fault, VF: Vegoritis Fault.

Ewx. 1: T'ewAoyinog ydorns s Aexdvns PAdovag — ITroleuaidag (rgomon. ano Pavlides & Mountrakis, 1987).
1: Teraproyevés, 2: Neoyeves, 3: Ogiorifo, 4: Mdouaga (Meoolwixd), 5: Ioavites (A. Ai@avBpaxogpogo), 6:
Merauogpuuéva mergduara (K. Halaolwixd), 7: Exdbnon, 8: Pifyua. APF: Pijyua Ay. Havrelejuova, VF:
Pijypa Beyogitidag
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Fig. 2: Topographical, bathymetric and track line
map. Contour interval is 100m, depth contour interval
(dotted lines) is 5Sm. Dashed line shows the coastline
shown in the HAGS topographic maps.

Eux. 2: Tomoygagixog, fvOouctoixog xatr ydorns
axovotixdv touwv s Aiuvys. loodidoraon tov
VYOUETOIXWY xaumviav givao 100u. xar Tov
Pabvuctoindv xapurviov (cotiyuéves xaumvdeg) Su.
H dwaxexouévn yoauulj avrimpoowmever Ty
axToyoauuij OTWS EUPAvICETaL aTOVS TOTOYQAPLXOUS
xdoteg g I'YX

Fig. 3: Tectonic and geological map of Lake Vegoritis.
Faults and geology on land after Matarangas (1981);
Brunn (1982); Pavlides & Mountrakis (1987);
Mercier et al (1988) and Koukouzas (1997).

Eux. 3: Texvovinog xar yewAoyixos ydorns tns Aiuvng
Beyogitidas. Ta yewAoyixd xai Textovizd orotyeia
oty x€000 mooggxovrar ano Matarangas (1981);
Brunn (1982); Pavlides & Mountrakis (1987);
Mercier et al (1988) and Koukouzas (1997).

To Bépeto Twijpa mg Aexdvng Beyopltdog, pe mv opavopun Aipvn, €xel avortuyel petal Tov pooudomy
tov ITehayovirot Karippatog mov epgaviCoviar ot meppdAhovoes 0pooelég tov Bopa dutird won tov Bep-
piov avoTolrd rou xoaxmEIGeToL amd evdidxrorta TepmELL TEOS T oATrs vtdBabo. H onEryeviig Cadvn
™ms Beyoopttdag, pe dietiBuvon BBA-NNA, opuobetel mpog A ) Aerdvn xou €xel ONUOVOYHOEL VPOUETOIXN
dragopd g tdEng twv 1000m mepimov petal Tov 0ewoU Gyrou Tov Bépo nat g hexndvng. Awvaieg xau
TOTOUOYELUAQLES AAhOVPLOKES amoBEoeLs ROMITTTOUY T AeRAVY €V AAAOUBLOKOT XHDVOL RO KWVOL XOQNUATMY
engpavitovror ota TeQLOMELL TNG.

To véto o ™g Aexdvng Beyopludag €xer avomtuyOei péoa ot petolmnés amobéoels e herdvng
Prdowvas-TItohenoidog-Beyoolitdos. AVmUELORAUVIXES-ROUTOTAELORAUVIXES WAQYES UE EVOLAOTOMOELS MyVITHV
dopovv To TEQLBMELA TOV VATLOV TUWHROTOS TG AERAVNS %o vpwvovion el ta 150-200m dve amé avtiv. O
muBpgvag g Aexdvng raivnreton and IMieotonauvizd xporahomayr ®ow arhovpranés omobéoeis.

2. MEGOAOAOTI'TA
ITeptmwov 200km vPMANG SLOKOLTIRGTNTAS TOUOYQAPLHV ROt BOBVUETOIRMV TOPDY ROTAYQAPNXRAY ROTd T
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dudpxrela TV eQyaoLdv mediov and ™ Apvn Beyopitda tov ZemtéuBoro 1999 (Eu. 2). T ™) xotarypogr tav
TOPOYQAPLHV XonotpomotiBnxe Topoypdgog Boomer ota 175 Joule ®ol e900g ouyvoTitmv TOU NYNTLROU Ofpa-
t0¢ netoky 1-2,5kHz. Me ta maomdve Xaooxtnolotind emtelynxe dieioduon tov nynuxol orfjpatog oe Ba-
Bog uéxot mepimov 60m. xdtw omd Tov TBUEVA TS AMpvng oTis TEQLOYES OTIG Omoieg Ta LipaTe ™ Alpvng dev
1ftav ®opeouEva o€ PLOYEVES A€QLO.

ZopumAnempatind TEOS TO. TAQATAVE TEYPAToTonjOnxe pia Tuenvolmpics 0To VOTLO TUHRA TG MPVNG ne
0%0T6 TOV VTOAOYLONS TOU euBNOU IEnpatoyéveong ue m péBodo tov wotdmov *Pb.

3. BAOYMETPIA

Tov Zenrtéuforo 1999 1 otdbun g Aipyng porondtav oe vpépetoo 513-515 p. H Afpvn ™ mepiodo avni eiye
péywoto pinog oe drevbuvon BBA-NNA mepl ta 12 yApu. vow uéyioto mhdrog 5 xAp. (Ewx. 2). To vétio tprijpa g
AMpvng yapoxmeitetar ond uxred padog xow déxeTon TV aGOeoN TV PEQTWY VAMXGY TOU épatog ZovAoy, To
omoto duatEéxet To voTLo TP TS Aexdvns. To BdA0og g AMpvng avEdveton otadiaxd mpog Boppd xau gpBdver
ta 48m (améhuto vpSpeTEo 465m mepimov). To Pabditego Tuijpa ms Aipyns evpionetaw ot Pdon Tov dvmxnov
oGTOpov mEavoys. AviiBeta meog A o fAB0g peldveETaL OTadLOXd, YEYOVOS TTOU TEOTOIOEL COPY] LOUUUETOIOL
ot poegoloyio Tov TuBUEVa.

4. ZEIEtMIKH XTPQMATOT'PA®IA

To paEROQEE. TOU TEAXYOVIXOU ROANGPUOTOG, TA OTTOiC. CUVILOTOVY To Vtdfafoo Twv Mpvaiwy tnudtwv, arno-
TeAOUV 10 axovotrd vofadEo twv Topoyeagudv Boomer xou mapovoidlovranr 0to dumnd meaves rou kovTd,
omv avatolrii axti g Alpvng (Ewt. 3). Ze évo peydho tuijua Tov viootpdpatos g Apvng, 1 OTQmPaToYo.-
@lo TV IENUETOV RAAITTETOL 06 TV TAEOVOT0 AEQIMY, T OTTOL0L TROEPYOVTOL aNG TV avaeebfia ojym op-
yoviroU VAMKOU. ZTO VITGAOWTO THILA TOV VITOOTEMDRATOC, XUEIWE HROVTA 0TV ovatolxy| ®at Tnv dutixy| thevod,
avayvopiomxay dUo otpworyevels oelounés anorovbies (Ewx. 4).

SE NwW

12,5msec

25msec

37,5msec

50msec

62,5msec

Lower Sequence ! R & TS

Fig. 4: BOOMER 175] seismic profile showing the western slope of the lake off Agios Panteleimon village. Note
the inferred plain of Vegoritis fault and the slumping phenomena indicated by small arrows. A secondary
synthetic fault (F) controls the mobilisation of organic gas within the sediments. M: multiple. For location see
Fig. 3.

Eux. 4: Touoypagiac BOOMER 175] and to dvtixd meaves s Ajuvns. Me draxexouévy yoauuj ragovaidGerai
n 0gon Tov grfyuaros Beyogitidas (VF). Ta pixod PEin deixyvovv dousés odiobnons. Eva devregevor orfyua (F)
ogrofetei Ty eEdmAwon Tov ogyavirou aggiov ora iGuara. M: 2n avdxiaoy. H 0¢on tne Toujs magovordGerat
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oy Ex. 3.

H xatdrepn axorovBia yapoaxtmeitetor omd ovveyels moQdAAnAovs avarlaotieeg, oL omoiol evarlhdooo-
VIO UE TEQLOOOTEQOD dragaveis opitovies. To péyloto opatd mdyog g ratwTeEns anohovBiog @odvel Ta 45-
50m. H dieiodvon tov nymurod orjpatog oe pabog uéxot 50-60m. zdtw amxd tov mubpéva g Apvng dev enétope
™V TOQATHENOT ToL damédov TS kot TeENS arolovBiag. O oeLowxoi 0plLovTeg *AIVOUY OUOTHUATIXG TTROG A,
dnhadi] eds ™V onEryevn Cdvn Beyopitdag. Xe apretd onpeio »atd wixog Tov dutrot xvping odhd xat Tov
avatoMxrol TEavoys, xoL € SLdgoEa OTEMUATOYQOMXd emtimeda, mapatnoOnxray dopés Paguuirng ohiotn-
ong nalav (Ew. 4).

H opogn ¢ rotdteens axohovdiog amotehel Evay OLa{TEQO OELOWXRG avarAaoTHO HE TTOAD EVTOVY ava-
RAOOTXOTNTOL RO OAPT] YOQaxTEo dtdPEwong, 0 omotog ot ouveyela Ba amoxaheitar avarhaorijoog W. Ou
OELOUXOL 0QICOVTES TNG ROTWTEENS avohoUBing dLarGmTovTaL TEOS TO TAVW, EVA) OL OQICOVIES TG OVATEQNS
oxohovBiog ®ahimTouy aolugve TV voxeipevn doun. Xe Topég maEdAANAeS TEOG TV axToYQOoUUY TG M-
pvng drampivetar xabapd n ovyyEvela g nop@oroyiog tov avaxioaonioa W pe ) poe@oloyio ™G moQali-
pviag eooaiag meoroxris. H arnhovyio avrtepelopdtmy kot ®*othddwv g mapolipviag Tegloyig ouveyileton
XWEIG dLoxOTTN TEOG TOL ROTAVTL, ®ATW QIO TNV OTABUN RO TOV ONUEQELVO TVBUEVA TS Mpvng, oty “Vto-uBpue-
Vi) popgoroyia Tov avaxiaotijoa W.

H napoamdve dopn tov avaxhaonioa W mapatnenxe o TOROYQAQIieS XKOVTA OTNV SUTLXY| RO TV AVOTOAL-
%1} oxti ™G Alpyng row oe ouvolxrd Babog tov avoaxhaotoo uéxor 25-30m. and ™ otddun g Alpvng. Ze
ueyohvtepa BAn o dlog avarhaotigag, OOV 1 HELWUEVY) TOQOVO(0 OEQIMV ETLTRETEL TNV TO.QATIONON TOV,
Sratneel TV oA €vtovn avoxrhaotrdTnTa, dEV TAPOVOLELEL CRWE X AQOATNOLOTIXA dLOPEWOLYEVOUS EMLQA-
verog. Avtifeta moepfalheTol HeTaEyU TV OELOWARGY 0QLEOVTMV TNE ROTWTEQRNS KOL TG OVAITEQNS aroAOVOIag
X0l va mapatnoouvio evoeEels acupupwviog petagd tovg 1 dtaxomic ™ms Mpvaiag ittnuotoyéveong.

H avdtepn oelopuxr axorovbio yopoxmeitetor and ovveyeis xou moapdidnhes, aobeveic avorhdoels, oL
omoieg eivor mapdrlinkes nou mog tov mubuéva mg Aluvng (Ew. 4). Tevind mapovoidlet diapovr yapaxtioo
OUYRQLVOUEVY e TNV ®oTdITEQEN ovohovBia. To mdyog g avEAvVETOL QTS TNV OXTOYQOUWY] TTEOG TO REVIQO TNS
Apvng raw @Bdver péyol 15m mepimov. Aopég ohioOnong poalov magamoendnray ®veing ®atd uijrog Tov dutt-
%0V TEAVOUS TG Alpvng.

5. PHEITENHX TEKTONIEMOZX

Katd uirog g fdong tov dutixol andtopov moa-
voug T AMuvng evromiCetal to {yvog tov BEpetov vAd-
dov g pnEyevois Tivng Beyopitdag, to omoio &-
Aéyyer natd wiplo AGyo ™mv eEEMEN tg Mpvaiag Ae-
xnavng (Ew. 3 & 5). O mubuévag g Mpvng xon ta At-
pvaio Wijpora ®hivouy otabepd tpog A, dnhadr mpog
™ onEuyevy emupdvela, dnhdvovrag ™y TeExToVIXY O-
ouppeTeia g Aerdvng g Beyopitdag. To amdtopo
duTrS TEaVES TS ApvNG elvon ETTIONG TOTEAEOUOL TNG
®xIivNoNg xatd Pixog me oNELyevous avtic emLpaveLag.

Basement

I3

H ouvvolui] xataxduen petatémon UeTagl tov
aveQyOpevov (0pooeLpd Bopa) ot Tov RoTEQYOPREVOU
(Aendvn) onEirepdyovg exatépmbev Tou fopeLtov
®hddov g Twvng Beyopitdog vreppaiver ta 600-
700m. H petotdmon autr teoxrimtel ®uping amd poe-
ohoyLrd xortoLe, dedougévou ot dev VTAQYOVY OTOW-
Hatoyea@rd 1Wwoduvapor 0Qilovtes exatéQwley g

100msec | e
ONELYEVOUC ETQPAVELOG, EVA ETTIONG deV ROTEOTEL dU-
voté vo tpoodLlopLobel To PEYLoTo mTAx0g TWV IENUG- Fig. 5: BOOMER 175] seismic profile showing the
TV ™G Mpvng Beyopitdag. Aettepng tdEng uxodte- steep slope formed along the Vegoritis fault at the
oa efypara dievBuvong BA-NA mapamerdnxay otov western lakeside. For location see Fig. 3.
muluéva g Alpvng. Eux. 5: Touoygapio BOOMER 175] and o aworouo
Ta priyuato cutd petadétovy o Mpvaio ijpora Svid meavés TG Aumis, xaTd o Tov gIfyraTos

%o EXNEEATOVY o ToV TTOuEva ™S MpvNG, EVE Tow- Beyoginidag. H Osom g Tourjc magovordCerar orpy Ewx. 3.
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TOYEOVA AELTOUEYOUY TOv GOLOL YL TNV EEGTAMON TV 0QYOVIXMV OEQIMY 0TO VTTGOTEWUA TNG AMPVNG. AEVTEQEU-
ovta priypato dievBuvong B-N émg BA-NA mapomeibnray exiong ®atd wijrog g avatoxis Thevpds g
AMpvng xar pmoovv va BewenBoiv g avibenxd ng mpog ™ dutixky mepldweraxti onEryevi Tavn.

H onEryewiic Lavn g Beyopitdag mapovoidler dumhé yapaxtmjoo. O Bépetog xhddog g Ldvng, Popsia
antd tov Ayo Iavreherpova, xoeoxteileTon omd onpuavTiry ®aTaxréQuen Hetatdmion ot ) dnuoveyia €vro-
vou avayMigov peTaEl Tov aveQYSHEVOU ®aL TOV RaTEQYSUEVOL pNErtepdyovs. Ta ouyvd gawvipeva aotddeLag
TOV TEAVOUS ®ow 1) ¥Aom Twv Mpvaimy Wnudtov o tov mdpéve. e Mpvng meog ™ onEryevii emgdveio dnho-
vouv 6Tl TaQapuéVeL evepyos. Avtifeta o vétiog ®Adadog g Lavng, votio amd tov Aywo IMavrelerpova, TaQov-
oudter oagag acbevéotepa yopaxmoeotxd. H vpopetouny duagpoed tov avayligou exetépwbey Tov vétou
#»hddov dev vrepPaiver ta 200m xow eivon xatd 3-4 oEg wrpdteen and avnijv tov fépetov xAddou (Ew. 3).

H Cddvn petdnrrwong petakl tov fGpeov vat Tov votov ®hddov g onEryevois Covng Beyopitdag svpioxe-
Touw otV ovartoMxt] TAeVEd Tou Ayiov TTovTeAEjUOVOL KO CUUTITTTEL e TO (VoS Tov opdvupov eiypotog (Ew.
3), To omolo mapoTEOnxe ot topoyeapies Boomer (Ew. 6). To priypa Ayiov Iavieherjpova éxel dievbuvon
oxedOV A-A %nou TRORUAEL ROTARGQUPN HETATOTION TOU TTVBUEVE TG Apvng ®atd 1-2m. H rataxdouen petors-
mon ovEdveton pe to fdBog xdtw amé Tov TuBpéva Tg Apvng.

H empdvela tov ofypatog eivar oxeddv xoraxrdouen 1j »hiver pe peydin xhion mpog N. ZUpgmvo. pe Ty
@OQA. TG RETOTOMLONG OV TOQATNEYONX®E OTIS TOPOYQUWPIES, TO VOTLO ENELTENYOS, TO 0TTOI0 OUVIOTA TO ENXO
TUipe ™S AMpvNg, RatépyeTal, eve Té Popeto pNErténayog, dnhadi] to fabitepo Tuua g AMpvng, patvopevird
avupavetar. Ta Mpvaio Wijpora tagovotdfovion Tapapoo@muéva ®oved ot onELyevij EmpaveLo , eva Wiai-
TeQa POQEL 0TS AUTHY TOQUTNEOUVTOL RAPYPELS EWG AVOLYTH TTTHXWON TV IENUdTwy, oV INADGVEL CUNTLECTL-
%S HOQPYS TOQAUSOPWOT).

H mpoéxtaon tov {xvoug tov prypatog Ayiov Iovreherjuovo meog A CUNTHTTTEL e TO VOTLO GQLO TV HOQUA-
owv Tov dutnov meQLBmiov g Aipvng (Ew. 3) evd oxdpa mo dutxd tavtiCeton pe ™ Ldvn petdmroong
petako dvo xhdadwv me onEryevois Ldvng Nupgaiwv — Ietpdv, vétio and 1o xwetd Iétoeg (Ew. 1).

6. MEQOAOEX “"PB - PYOMOX. IZHMATOTENELZHE

Evog mugnvag prfixovg 70 exatootdv oulAExOnxe amd o emupaveromd Winate omd 1o vOTo onys Tuipe me
Muvng. H 8€om g muonvolnyiog svpioxetar Myeg exatoviddes pétoa Bogetdtepa amd mv exfolrj Tov p€parog
Zovhot, oe fdBog vepot 1,5m. To auyxreRQLUEVO ONuelo AVEIREL OTO RATEQYOUEVO TEUAYOS TOV VITLOU *AdOOU TG
onEryevoic Zavng Beyopltidag #ou 0to avouevind avegySpevo Tépoyog tov prypatog Ayiov Iaviehepova. H
meQroyt} ot g Mpvng xapoaxmeiteton amd vYnAs pubps nuotoyéveongc, dedopévov G d€xeton v oméBeon
TOV QPEQTWV VMRMV TOU QEROTOS ZOVA0Y, TO 0T0i0 dLatREYEL TO VATIO TUMUa. TS Aexdvng Beyopitdac.

SSwW NNE

. , x :

3 |
Reflector W

Gas

§ R e e’m
Fig. 6: BOOMER 175] seismic profile close to Agios Panteleimon village (see Fig. 3 for location). Note the
deformation of the lower sequence sediments to the north of Agios Panteleimon fault plain (APF).

Euwx. 6: Touoygagpia BOOMER 175] avatroiixd and tov Ayo Havredefjuova (PA. Ewx. 3 yia Ocon). Zn
TopOYQApia Eivat EUPavijs 1 TagaudePwon Twv (SHudrwy TS xaraTegns axolovlias fooeta axd To grfyua
Ayiov Havredeijuwva (APF).
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O mEoodLopLoude tov wétomov *Pb oto (Tnuo yivetar Eupeca, HEGm TOU TEOGOLOPLOUOU TOV LOGTOTOU
MPo. 1o Tnua N ovyxévipmon tov *'Po woduvapel pe avti tov *'Pb, 16T, AMGym Tov wxeot xedvou nulons
tov 2Po (138 nuépeg), ta do wétoma Beloxovral oe wooppomia. Etol, o vohoyioudg tov *°Pb oto {Tnua
vivetan pe podnpuomréc eEI0WOELS YONOIROTOLOVTAS amevBeiag v éviaon axtvofoliag Tov *°Po.

H devypatoinypio tov mupnva €ywve avd lem ota avarepa 10cm xow avd S5cm 0to VTGAOLTO TUUO UEYOL TO
%A1 Gro. Ta delypata drehvromoniBnxay Ihjowe ®al 0m cuvéyelo 1o wWétomo *"Po mpoopoginxre oty
empavela dioxov ard iAo xabapoi apyipov. H ohuij axtiviforio a petorifnune oe petonmi ORTEC EG&G
(Sanchez-Cabesa et al., 1998) xou 1 axtvoBolio. Tov *Pb vrohoyiomue amd myv aviiotouym tov **Po.

Onwg qaivetar omy Ewx. 7, n xataxdouen xotavour Tov *°Pb mogovotdlel aouvijoiom poeey. Aré tov
mBpéva e Mpuvne xow péyol to. mwto. 30cm mapaTnEeiTan aEnon g TEQLEXTIRGTTAS OTo 106ToTO “'*Pb. ANt
TO ONPELD QUTO ROL UEYOL TO HOTWTEQO GAXQO TOV TVEHVa (-70cm) 1) TEQLEXTIXATNTA UELWHVETOL EXOETINA TOQOV-
audtovrog oxedov Weat rotavouy. H xatavou ot dev umoet va eEnyn0el pe fdon ta Bemontird mpdtuma
amoeEdgnong tov *°Pb g atpdopaipag amd To Auvaio jpata, yeyovoes ov Snhdvel 6t GALoL TadyovTES,
oyetrol pe v eEEMEN ™g Mpvaiag Aerdvng emneéaoay Ty Tagamdve diepyaoio.

H otdBun mg Apvng tov Zemtépforo 1999 vitay oe vpdpetpo 515m mepimov. Méyot 1o 1956, Gtav uetondn-
®e M vPnAadTEEN 0TdBUN TV TEevTaimy 100 xodvwv (542m, Ztopog 1996), o dioarvpdvoetg g otdOung axo-
hovBovoay Tig neTaorEg Twv rhpomrdy togauétponv (Ew. 8). To 1956 1€Bnxe ot Aetovpyia n orjpayya g
Apviooag 010 foetoavatoMrs dreo g Mpvng, dio HEcov g omoiag SLoYeTEUON ROV NEYANES TTOOGTNTES Ve-
00U mpog tov Edecoaio motoud pe orond v vépoddtmon tov YHE Aypa. Anotéheopa Toltov 1tav 1) OUveEXig
TTon g otddung g Alpvng, n oroila epbaoe og VPSUETEO YapnAiwtego Twv 515,5m to 1990, Stav n orjpayya
TéOnue extdg Aettovpyiog.

IMotetdovpe 6t 1 acvviiBlom xatavoun Tov *Pb ogeiheton omy paydaio mrdon e otddung g Apyng
netd to 1956 xau v ovvemaxrSlovdn arlaym Ty cuvOnxav inuatoyéveons. Onmg avagéednxre n 0o Tuen-
volMiag amelye Alyes exarovtddes uétpa amd tig exPoréc Tov énarog Zovhov, eva To fdbog g AMuvng oto
d1o onpeio tov ZemrépPoro 1999 rrav 1,5 p. Mot to 1956, Stav dnhadn n otdOun g Alpvng ftav Tovhdyotov
20 p. vymhdrepa, o Pabog oto (OLo onueio vwepéParve ta 20 . eV N amdoTaon TOv atd TS EXPOAES TOU
EER0Tog ZovhoU 1Ty HEQLRA YLMOUETOOL.

210pp activity (dpm/g)
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Fig. 7: *°Pb distribution along the sediment core recovered from Vegoritis lake bed.
Euwx. 7: Kataxdoven xaravourf tov *’Pb orov mvgijva axd my Aiuvy Beyogitida

T tovg mapamdvm AGyoug vrohoyioaue dUo SLapoQeTIRES ToUTTES LNUATOYEVEONS VIO TO TUHOITOL TOV
mveiiva petakd 30-70cm xow 0-30cm xdtw and tov mubpéva. Ta to ®atwtego Tuipa Tov mugriva (30-70cm), to
0mol0 CUPQ®VO. UE TO TAQOTAV® AVILTQOOMITEVEL TNV XQ0VIXY mepiodo moLv 1o 1956, yonowwomorfnxe o po-
viého CRS (Constant Rate of Supply, Appleby & Oldfield 1978) xaw vohoyioBnxre toyiro Wnpatoyéveong 4
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mm/yr. ExaxéhovBa to avdtepo twijpa tov weiva (0-30cm) aswoténxre oto xoovird didotnpa tav 45 xo6vav
antd to 1956 péxot 1o 1999 pe tayvmra 6 mm/yr.

7. ZYZHTHXH - ZYMIIEPAZMATA

AR6 o véo oToL el Tov TEOERVYPaV s TV YEmQUOWKY diepeuvnon g AMpvng Beyopindag xou magov-
OLAOTNXOY TOROTAV® TEOXVITTEL GTL 1) Aexdvn g Beyopimdag mogovotdlel cogr Xo0oxTioo TEXTOVIXIS O-
ovppetpiog. Tnv magomdvew dmoym evioyxiouy (1) To vYnié avdyhugo tou dutinot meptbmeiov xon 1o ardTopo
dutnd mEavég g Aexdvng, mov €xer dMuoveyndel xatd ufirog e enEryevouig tavng g Beyopitdag, (2) to
OYETRA. XOUNAG avayAUQO TOU avaTOAMXOU TEQLOMEIOV KO OL HTLES KAIOELS TOV avoToM®oU TEavoUg xat (3) n
otafeQt] mEOog A, ®Aion Tov muBpéva ron Twv IEnudtmy ™mg AMpvng.

H onEryeviis Tadvn Beyopitdag amoteheiton and do #hddovs. O Bopetog xhddog, fopeta amd tov Aylo
Moavtelerpova, ouviotd To onELyevEg dutird eptBLo Tov peyahiteQov xou fabitepov TuipaTog Ts Auvaiog
Aexdvng zow droyweiCer to Mpvaia ttipata amd to ohmrd vadBabo wov epgpavitetar oto dutrs meptdwoLo. O
vétog ®hddog avtiBeta mapovordetan Aydtepo evepyds. H textovinr fUBLom tov vétiov tujpatog g Aexd-
g eite €xeL otapanioel eite €xeL LOOOKEMOOET td ™V TGBEON TOTOUOYENAQIWY RO Apvainv (nudtmy.
Emumpdobeta 1o avdylugo tov dutixoi tegtdweiov Tov vOTou Tijpotog ivor ot xaunis cuyROLVOpREVO e
10 avdyAgo touv avtiotorgov tepumpiov Tov fépetov Twipatog ™me Aerdvng, xou dopeiton amd To raTdreQa
Cpata g Aexdvng Phoovag — IMrohepaidog, nhxiog A. Mewdrawvov — K. TTheidxaivov.

H Codvn petdmrwong petaly tmv 8o »hddwv g enEryevots Ldvng Beyopitidag evpionetar avatolrd tov
Avyiov ITavteherjpova ko OVPRITTEL HE TNV TTROG A TEOEXTAON TOV 1fypatos tov Ayiov IMavieherjpova. To
o1iypa avtd TaQaTnEonKe Yo TGt YOEd OTiS TopoYQapies Boomer mou xotayQd@nxray omtd T Aluv ®o 1o
{xvog Tov mpoexteiveton dutnd péxor mv onEryevii Lavn Nupgaiov — Ietpdv. Me dieiBuvon ABA-ANA xou
RaToxGELEN 1 TOAD peydin xhion mpog N ywoilel, ext6g amd Tovg dvo ®hadovs g enEryevoic Livne Beyopi-
©dag, xow ™V B ™V veotextoviry Aexdvn oe €va BEpeto tujua, tov €xet dnuoveynBel netay twv poopd-
WV OV aATnoU VToPdBEov 1o TEOVOLATEL EvTovn TeXTOVIXT] BUOLOM, Row EVa VETLO TUpO, TO 0TTolo dnpove-
yOnxre ota mpoimdeyovro Mewo-TITheoxouvind jparta tng Aexndvng ®hdpwvag — Irorepaidag xau dev mapov-
ouaer aElohoyn textoviry fubon.

H napamdve xivnpomxr tov 890 tpunpdrov tg Aexdvng £oxetol oe avtiBeon ue v yewuetola xon nvnpo-
©wxij Tov pHypatos Ayiov ovreherjpova, 6rws mapovotdleral otg Topoyeopics Boomer. Ztig tehevtaieg to
vOTo ENETEROYO0S TOV EyHatog, dnAadn to onxd Tuipe g A{pynG, (POLVOREVIHG ROTEQYETAL OE OXECN PE TO
BSpero pnErtépayos, dnhadn to fabitepo tuipa e Aipvng. H magamdve avavuototyio, 08 CuvOLaous ue mv
UEYAAN, OXeAGV naTtorSQUEN »Ahion TS ENELYEVOUS ETUPAVELOS KON TV OUPTILEOTLXY] TAQAUCOPWON TWV APvOL-
v iInudtwv (Ew. 6), progel va eEnynBel pe v mapadoxri opttéviiag ohiobnong votd uirog Tou Q1jypoTog
Ayiov [Mavreherjpova. H diéhevon g dutinng mpo€xtaons tov piypatog ond ) Ldves petdntwong petaty
ageveg Tav 8o ®hadwv g Tdvne Beyopitdag agetépov twv dto »hddwv g Ldvng Nupgainy — Ietpdv
EVLOYUEL TNV TOQOTAVY vTéBeon.

O1 veotexrtovirés SLEQYNOIES TNG EQLOYNS X0V OOPAS EMNEEACEL ®ow TNV EEEMEN g nuatoyéveong ot
Apvn Beyooitida, dev eivar pmg duvatdv pévo pe autég va dobei ixavomoumtny €Erjynom yuo ) moovoio 1o
onuaoic Tov avaxhootigo W. O avoxrhaotioas outds atoTeAEl EMLPAEVELD. 0OVPPOVIaS PETAED TG ROTHTEONS
®ow g avateens MBoosiowxrc axorovdiog Tov Wnpdtmv g AMpVNg ®al TOQOVOLATEL X0QaxTNOLOTXA dLd-
Bowang. To yeyovds autd dMAdvet 6t petall e amdBeoms e ROTATEQNS XAl TNG AVATEQNS 0xoAoVBiag pedo-
Mipnoe éva yooviré didotpa, ®atd To omoto 1 otddun g AMpvng ftav xotd 25-30 p. xounAdtepo amd ™
onueowy otdbun, oe VPSpeTEo dnhadn 485-490m mepimov xaw 1) €T oL ROTOAAUPOVE Ty TTOAD prQGTE-
on. To Tujue g AMpvng mou x€poevoe 0To ddoTnua ouTo, eXTEBMKE 0TV XEQoOin ddfowon xat To avdylhgo
ov dmpovEytnxre ®ohipinxe and ta Wijpata ™mg avateens axolovdiog, 6tav 1 otddun g Alpvng avéPnxre
%ot AL

O AGyor g mTwong g otdbung ™mg Aipvng Bo ménel vo avalnmBoiv otg xApatinés PeTaBorég Twv
televtaiov yemhoyixdv xoévwv. Exel mopotnondel (Prentice et al. 1992) 6w ou AMipveg g mepLoxris g Avato-
Mxiic Meooyeiov mapovordtovy eAdyiot otdBun oty ard 13.000yr, dnhadij AMiyo petd to téhog g tehevtaiog
TayeTdOOUS TEQLGDOV, YEYOVAS TTOU OIOdIdETOL 0T ONUAVTIXY HEIMON TWV YEUEQVAV BQOYOTTHOEMY UETE
™MV aéovoY TV TOYETHVOV TEOG B.

H mogovoio twv mayetdvav g tehevtaiog mepuddou €xel 1jdn motomomBel omv EAGda, ®vplng ota 6on
Todupog (2520m) xow Zpdhxag (2637m) om BA EMdda, Olvprog (2911m) om @eooohio nou [ogvaoodg (2450m),
Truiva (2510m) zow Bapdotowa (2495m) ot Kevroun EAGdo (Messerli 1967, Denton & Hughes 1981, Smith et
al 1994). Ext6g tav magamdve €xouv eviomodel YEmIOQEES xou amoOE0eLs mayeTddOVS TEOEAEVONG 0T AVH-
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TEQQ TUHROTO Aerovav amoppons s BA EXddag, dnwg otig Aerdves tov Boidopd xar Tov Metoofitinov
notapot (Woodward et al 1995). H amwodederypévn mogovoicn Yempuop@wv xot omoféoewv maryetddovg Teoglev-
ong omv Bépewa row Kevrpun EAAGda zow oL mapatenoets twv Prentice et al. (1992) pog emtoémovy va vmobg-
covpe Gt ) Tehevtaio Toyetdng mepiodog emnpéaoe xou Ty otdbun ™mg Aluvng Beyopitdag.
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Fig. 8: Fluctuations of Vegoritis lake-level during the last century (Stamos 1996).
Eux. 8: Avaxvuavon g ordOuns s Ajuvng ueralv 1896-1990 (Zrduos 1996)

Me don v moparmdvm veefeon o avoxhaonjeas W mov mopatenxe otig topoypapieg Boomer avri-
TEOOMTEVEL TOV TVOUEVA TOV TUROTOG TG Apvng mtov x€poevoe o daPowbnxre xatd Ty mepiodo mowv and
13.000yr, dnhadij Myo petd to téhog g Tehevtaiog mayeTddovs TepLddov. Zav Aoywxr] ouvérela to hjpata g
avateng arohovdiog amotéOnuay xotd ™ dudorea Twv televtainv 13.000yr, eved 1 xatwdreen axolovbio
avTItEOoWEVEL TG armoBEoeLs g AMpuvng »atd ) didoxela g televtaiog mayeTddovs teQLddov.

Sipgpova pe v vébeon avni n péyot toyuTTo npatoyEveons xotd Ty aréBeon e avaTEENS 0rOo-
hovBiag sivon mepimou 1-1,2m/kyr, dedopévov Gt to péyLoto mdxog ™ axorovbiog avnic @bdver Ta 15m. H
TouTnTe. vty eivon ®ord 3,5-4 QoEEg uxeGTEEN amtd Tov QUOUG IENUOTOYEVEOT S TTOV VITOAOYIOTNXE PE TN UE-
00do Tov 1otémov *Pb yia 10 ®oTdTEQEO TWNA TOV TVEYva (30-70cm, 4mm/yr = 4m/kyr). H Siapopd owt
eivo dunanohoynpEVN yLati to péyLoto dxog g avateengs arohovBing mapoaTnBnxe otig topoypagpieg Boomer
ot To XEVTOXO TP TS AMpvng, eva n B€om tng supnvokmpiog evpioxeton 0to véTo Tijua g AMpvng, to
omoio d€xeTon TV ardBeON TV PEQTAV VMAHV TOU PEUOTOS Zovhot ®ow 1 nuatoyEveon eival ToyUTeQn.

Me Bdom to magamdve 1 Aipvn Beyoopitis amotehel mbavdtata v npdtm mepintwon omv EMdGda, omy
omoio. TapoTtNEEToL N eXidQOoN TG HETAfOMi TV xhpaTndy odhaydy tov Av. ITkewotoxraivou - Ohonaivov
oe hpvaio neQLdrrov. Enpoviind 06Ao 0TV ONUEQLVY] RATAOTOON THS Alpvng dradpaudticay ov avBpwmoye-
veig ToepfdoeLs, Wtaitepa 1 Sroguyri vepoU do. péaov g ofeayyas ™s AQVLOOAG, 1) OToio ETEDQOOE Apec
otov euipd nuatoyEveons g AMuvng, 6Tmwg TEOXVITTEL OIS TV ROTOXGEUEN *aTavopy Tov Loténov *°Pb
aTov muErjvo. Tov OVAAEXONre. TEhog To BSELo Tuua TG AlUvng o TG AEXAVNG %ot LOLAITEQX OL TEXTOVIXES
dopég mov eA€yyouv v eEEMEN g, dnhadij n onEryeviic Civn Beyopitidag xaw to pfjypa Ayiov ITaviehenuova
TAQOUEVOUV EVEQYES.
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TEKTONIKH AOMH KAI EEEAIZEH THX ANQTEPHX ITAAKAY TOY METAMOP-
®IKOY ITYPHNA THX BAAXOKEPAXIAY (KENTPIKH IIEAOIIONNHXOY)*
E. ZKOYPTZOL', A. AAEEOIIOYAOL' & E. AEKKAZL'

ZYNOWH

H avdtepn mhdxa Tov petopopeuoy muprva s Bhayorepaolds omyv xeviowr Ilehomdvvnoo, Tapovold-
Cetou LoYUEA RATAXREQUATIOREVN amtd S0 ovoTHRaT PNYRATWY pE avtiBet) molxrdtta, ) Aettovgyia Twv omol-
v 0dfynoe omy woyven Aémtuvon owtrg. Ta «Ztpdpata Tvpov» xrat ov Puliites-Xohaliteg oty Tapomdve
daduracio amotelotv €va maxy 0pilovra amorGAANoNG UECH OTOV OTTOI0 TO PYHATO TG AVATEQNS TAARAS
ovaoTOPMVOVTOL RO dLodAavtar odnydviag oe €va peyding ®hipaxag gowvopevo «boudinage». Ot TEXTOVIRES
EMAUPES HETOEY TMV VTOREUEVOV UETAUOQPWUEVOV KO TWV VTEQKEIUEVWV OUETAUOQPMOTMV EVOTHTMWV AVILTQO-
OWTEVOUY PEYAING KAIONG RAVOVIXA Q1YUATA TTOV AELTOVQYNOOV EVTOS TOU BOUOLYEVOUS TUHRATOS TOV PAOLOU,
T0L OTOL0L RATA TNV EPEARVOTINT SLadiraolo, TEQLOTEAPNRAV ETOL MOTE VO YIVOUV TOQAMNALL UE TNV WRETIG-
#AONG TEXTOVOUETAROQPLRY ETLpAvELn aovvExelas. H diadiraaia avti éhafe oo ®otd to xeovird didotua
arté to Kat. Mewdrouwvo €mg 1o Av. ITheldranvo.
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