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O1 mpooxeXAUEVES OpIALES TOV TTOROVOLALOVTON OTOV 6° TOUO EXPEALOVY TS améYEeLs Tov ovyypagéwy. H
Opyavotuxi Emitgomi dev @épel vapuio evbivn o5 oG TO TEQLEXCUEVO TOVS. ZTIC TQOTREXAMUEVES OJALES, WG
£X TOU Y0QuXT OO TOVG, deV axorovBinxe 1 diadiwaocio g xpiosws mov arolovdibnxe otig dAheg eQyaoieg
Tou Zuvedgiov.

Ovumoypagrrés d1opBoeLs Twv doxipimv Twv epyaoudv Tov EAMvav ovyypagéwy, oty Ty el dudtadn
TOUG OTOV 60 TEUO, €yLve amd Toug 1Wiovg Toug ouyypageis. Ze uio 1 dvo epyaoies n modmra twv oxediny eivar
EMNOEEAOUEVT QIO TNV TTTWYY TOLGTNTA TWV TQWTOTUTWV.

The invited keynote lectures presented in volume 6 express the opinions of the authors. The Organizing
Committee is not responsible for their content.

The invited keynote lectures were not subjected to review, which was the typical process for the other papers
in volumes 1 to 5.
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IIPOAOI'OX

O 6™ 16pog tov Aghtiov XXXIV e EMinviniic Tewhoyuric Etawpiog exdidetar apéows petd 1o ZuveédoLo
s Etaupioag mov €ywve ot 26 pe 28 Zemrepfoiov 2001 oy AbBnva rwou mepihapfdver ta xelpevo twv
TOEOOKEXIMUEVDV BEpOTIROV OWAMGY TTOV Gvoryav xdbe pia omté tg Bepanxéc Zvvedpleg tov Zuvedpiov. O
BeoUGS TV TEOORERMUEVOY BEPATIXDV OUALDV EQAOUOOTNXE OTO ZUVEDQLO AT PE OROTO VO TOQOVTLAOTOUV
€QYOO(EC EMOROTNONG ETL TOV ONUEQLYOY EMITEDOV YVONS xal va ouintnBoly ol emnpatovoeg TAOELS TG
onueovi|s €pevvag Patl pe To ATOTEAEOUAT VEMV ONUAVILRWOY BEWENOEWV.

O Bepatirég opthies avagépoviar ota Bépata Tevirn T'ewhoyia - Tertovinr, I'ewpopgpohoyia,
IMoAalovrohoyia - Zrpmpotoypagia, Oardooia T'ewhoyia, Opuvxtohoyia - TTetporoyia, Kowtaouatoroyia,
Teoymueia, Egappoopévn Fenguowry, Zewopohoyia, Texvinr Fewioyia, Ydooyewhoyia.

Ztov tépo autd dnpootetvetal eniong n ohic g Evaprmowag Zvvedpioag «ewmepupaihoviiny didotaon
mg eAnviriig pubBoroyicg» mov tagovoldomre and tov Ipdedpo ™mg E.TE. KaOnynm H. Magioldxro. Tov
TORO TELOC RAEIVEL Lt GUVTOUT ETLOROTINOT 7T TV EMLOTUOVIRGY EQYALTLEV TOV Zuvedpiov mov dnuooievovial
otoug tépovg 1 €mg 5.

H Opyavotuxn Emtpomi embBupel va evyoolomjoel GAOUEC TOUS TOOOREXRANUEVOUS OMANTES TTOV [E TIC
goyaoieg Tovg oLVERalav e1g ™V emoTpoviry emtuyio Tov Zuvedpiov g Etoupios.

Havrog T'. Mapivog
ITpdedpos Opyavwuxiic Emitponig

Abnva, PePoovdorog 2002

PROLOGUE

The 6™ Volume of the XXXIV Bulletin of the Geological Society of Greece is published after the Congress
held in Athens on September 26-28, 2001 and contains the Invited Keynote Lectures that were presented in the
opening of each session of the Congress. The invitation for Keynote Lectures was applied in this congress in
order to present general papers with a review character including up to date knowledge and also to discuss the
recent scientific research tendency, together with results of new important theories.

Invited lectures refer to the following subjects: General Geology- Tectonics, Geomorphology, Paleontology-
Stratigraphy, Marine Geology, Mineralogy- Petrology, Ore Deposits, Geochemistry, Applied Geophysics, Seis-
mology, Engineering Geology, Hydrogeology.

In this volume the open session lecture entitled “Geoenvironmental dimension of the Greek mythology”, by
Professor 1. Mariolakos is also included. The volume closes with an overview of the scientific papers presented
in the congress.

The Organizing Committee would like to thank all invited lecturers for their contribution to the scientific
success of the Congress.

Paul G. Marinos
President of the Organizing Committee

Athens, February 2002
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H I'EQITEPIBAAAONTIKH AIAXTAYXH THX EAAHNIKHY MYO®OAOTIIAYL'
HAIAZ A. MAPIOAAKOL'

NEPIAHWH

O autdyBoveg TOMTLONOL, GTTWG O 0RYUOEAMNVIXGS, CUVOEOVTOL GUECH PE TO YEMAOYLRG dUVOULXS KO TO
PUOLHOYEWYQAPLXO TTEQLRAALOV TOV EVEUTEQOV XWEOU OTOV OTOI0 EXOUV avarTtuyBel, nouw ®vEiwg pe TV eEEMEN
Tov petd v televtaia wayetddn wepiodo (18.000 BP) (Before Present, mowv amtd ofpega = m.0.0.).

210 YEWAOYIRO OUVOULXG VTTAYOVTOL TA NQAIOTELR, OL OELOUOL, O 0QUXTOS TAOUTOG ROl TO VITOYELO VEQO.

210 QUOKOYEMYQEAPLRG SUVOUXS EVOS TOTTOU EVIAOOOVTOL UOIWS TO £8apog, TO XA, TO OVAYAVQO %ot M
xatavowi Enpds xou Bdhaocoag.

O 1pitog mapdyovtag eivar to avBpdmivo duvourd xot xvpimg 1 Benoxeia, oL YVAOELS ®aL TO TOMTIXG
ovoTnpet.

O gvpiteog eAadIRGS YOG, exel dnhadi| mov avarrtiyBnre 0 TEOLOTOEIRAE KA LOTOQLRGS QY OEAAVL-
%0¢ ohTiopds (EAAadnds xdpog, Avyaio ot wopdha Muxpds Aclog), omd YEwTeXTOVIRY droyn amotehel TO
EAMnvizd TSEo zat o@oxtnoiCetal amd EVIovn TEXTOVIXY, GELOULXY XKoL NPALOTELOXRT doaoToLdTNTOL.

“Evag amd Toug BaotrGTeQOUS aQdyoVTes ov ouvERalay oty avdmatuEn tov EAAvirot molMtiopoy, eivae
10 ®A{pa xow o peTaforég Tov, Waitepa ta tehevtaio 18.000 xodvia xaw ®VEING OL ETUTTMOELS TWV PETABOMDY
oTAV 0TN SLOPCOPWON TWV AUTOYQOUUMV KO YEVIRA TV TAQARTLOV TEQLOXMDV.

To nAfpa €ivor yVwoto Ot peToArAeTon TeQLOdrd %ot OTL TO KUOLGTEQO QUTLOL QUTHS TNG TEQLONHITNTAS
eivou aotpovoprd (Bewoia Milankowitch). “Etot, zatd to Tetatoyeveg, €xovv mapatnonBei diadoyiné maye-
TAELS RO PECOTIAYETWOELS TTEQIODOL, AOYm avEopeimong g nhaniig axtvofoliog wov d€xetow n I'n. H telev-
Tao waryetwdng mepiodog Tehetwvel mow and 18.000 €t mepimov, emeldr, yuo Tovg (dLovg aotEovourovg AS-
youg, N péon Beppoxpacio g I'mg doyoe oxeddv amdropa vo avEdveton. EEautiog avnig mg avEnong, tepd-
OTLES WALES TAYETWVWY TTOU EIXOLV CUOCMOEVTEL OTIG NTEIQOUS GOYLOMY VO THXOVTOL, UE OTTOTEAECUOL TV OITE-
LevBEQWON TEQAOTLWV TOCOTHTWYV VIATMV, TTOU PEXOL TETE NTUV SECUEVUEVO OTOUG TTOLYETWVES, UE ETORGAOVO0
mv paduaia dvodo g otdBung g moyrdopog Bdhacoag, Tov yipw oto 18.000 BP Boioxdtay mepi ta 125
pétrpa younAdtepo and onpepa. H dvodog avti mpoxrdieoe Babuiaio tnv xatdxhvon wolav weQLoxwyv o
orjuea aoteovv Tov muBpéva Tou Avyaiov péyol €va fdbog yipm ota 125 pétpa, xow avté ouvePn néca o
Alyeg yhdadeg xoovia, ol ueta&l tov 18.000 xat tov 6.000 xevia LY aTd OYUeQOL TEQITOV.

O npoioTopirds dvBpwmog AowTdy, OV XoTOoLOUoE 0TV £VEUTEQN TEQLOXY TOV Atyaiov, Evd UéyoL moLwv
18.000 yodvia Lovoe ya dexddes yMAdes xodvia 0° €va yewmeQLBAAAov duoueveg pev, ahld oyetxd otabed,
petd to 18.000 BP, eEautiog g aviEnomg g péong Beppoxpaoiag e atudogaipag g I'Mg, yivetow pdotvooag
KOOUOYOVLRWV PETAPONOIY, WLaitega GO0V apopd TV HETAPOM] TOV TOQAXTLOU TOTLOV, apoy XOGVO PE TO XQ0-
vO xoTaxACovTay, apyd nev, ahhd otabeQd oL TOQAXTIES TEQLOYES, LWE LEYAAES OXETLRA HECES TAXVTNTES, QLPOU
ATW G 0QLOPEVES CUVOTIRES TOETEL VO EENMEQVOVOAY TA 5 EXATOOTOUETON TO XQEGVO.

Edv pati p’ avtés tg petoforés twv axtoyQaupdv MaBoupe vioym 1ot T CELOUHGTNTO, THY NPOLOTELGTNTO
O TOL OUVOQOPN PALVOREVOL (TAAMQOOLOXA RUPOTA, OTTGTOUES HOTAPUOITELS 1| OVUPDOELS TAQGRTLOV TEQLOY WY
AOyw OELOPWV, ROTOMODNOELS, HATATTAOELS POAYWY %.01.) TO PUOLXOYEWYQOPIXG OXNVIXS, WiaiteQa ®atd ™)
dudoxeLa OQLOUEVQV TTEQLOdWV, TEETEL VAL fitay eLathtind. Ty epiodo v, Teémel va dnuoveyriBnxe 1 ol
YEVIA TV BE@V TOV TROEEYETAL antd To Levydowua g Falag, g Meyding Mdvag twv mtdviwv, xat tov Ov-
pavov: ot Tuitdveg, o Exatdyyeipeg, or Kixhwmeg vow ov [iyavtes, TEETEL VA AVTLITQOCWIEVOUV TNG KATAOTQO-
PUES dUVAPELS TG PUONG, CWTES TTOU TOV TEOUOXQATOUV ROl TOV aigvouy T ' »dtw omnd ta téda Tov.

T dAho pmopel vo aviutpoowmevouv ot I'iyavieg mapd neaiotela 6tav, ovpgpwva pe v EAnvivy Mv-
Bohoyia, “... Emveay muE a6 TO OTOPO TOVG...”, “...Expalav ayoldtata...”, “... axdvulov 8 otovg ovEavoUg
nétpeg o d€vipa avoppéva...”;

O nohawolBinds dvBpmmog Sumg, ExeL avdyxn vo. dMuoveynoet ®kt dAhovg Beotg mov Ba Tov EooTaTey-
OOVY OT6 TLG QUOLRES RATAOTROYES. "Etot, dnpovgyel v té€taom yevid Bewv and 1o Cevydowua evig Tirdva,
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! Mavemomjuo ABnvav, Tpjpa Teoloyiag, Havemomuovmoky Zwyedepov, 157 84, AOHNA
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tov Kobvov, xau pag Titavidag, g Péag. 27 avtiy m YEVIA avixouy 0QLopévoL atd Tovg peydiovs Beovg o
ovyREXQEVQ oL 6 TTpdToL, 6mms 1 Ajuntoa,  Eotia, n "Hoa, o Adng, o ITooeddv xow o Zevg.

EEdALov, To gvvoird tov ®hipotog, eEaopalilel otov mpoioTtoowrd dvBpmmo ta faowd eidn diatpogrg Tov,
gite elvau TQOPOCUAAERTNG EiTE TOOPOTAAYWYSS, ®ait HAMOTO XWQIS 1OLOTEQN TEOOTAOE LD, RATL TOU ONUOLIVEL
6t Tov agijver ELeUBEQO XEGVO TOV TOV EMTEETEL VO HIVETO OVUVEXDS €Em 0TOV EAEVOEQO XWDEO %O TOV ETTL-
TEETEL VO CUVAVOOTREPETAL AAAOVS avORMTOVS, TTOU %Ki cwTol £xouv eetiBepo yodvo. INa va prog€oel vo ota-
O&l ot x| Tov Rovwvia Spws TEETEL v KABEL Vo GUINTAEL, VO ETUXELNUATOAOYEL, VO AVTLXQOVEL, VO U~
povel | va dapuvel pe Tov ouvouhnt) tov. ‘Ol autd ta otoLxelo Gpuwg amoTteholV oOVoLoTXdG Tar Podird,
atouyelo ™G ANUORQEATIOG, TOV TOMTEVHATOS TOV AGYOU KOl TOU (VTEAOYOU.

Epeic Aowtdv muoteiovpe 6Tl Ot QUOLKOYEWYQAMPIXES RO YEMAOYIRES PETOPOLES naTd TV PUBOAOYLRY] KO
YEVIRA TNV TEOLOTOQOLXY] ETTOYI| EXOVV ®0B0QIOEL Apeoa 1 Eppeca GAoL Ta EMUEQOVS OTOLYE R, AAG %L Uty TV
d1o. v eEEMEN ToU 0EYOEMNVIXOU TOMTLONOV.

ABSTRACT

Native civilizations, as that of the ancient Greeks, are directly connected to the geological and the
physicogeographical regime of the regional area in which they have been developed, and mainly to its
geoenvironmental evolution since the last glacial period (18,000 BP).

Volcanoes, earthquakes and mineral resources, as building materials, the underground water and the vari-
ous minerals, consist the so called geological regime.

Soil, climate, relief, shorelines and coastal areas belong to the physicogeographical regime of an area.

The regional territory, where the prehistorical and historical ancient Hellenic civilization has been devel-
oped is the Hellenic Peninsula, Aegean Sea and the coasts of Minor Asia, from the geotectonic point of view,
composing the Hellenic Arc which is characterized by intense tectonic, seismic and volcanic activity.

The main factor contributing to the evolution of the Hellenic civilization is the climate and its fluctuations,
mainly during the last 18,000 years, and most essentially the impact of these changes in the displacement of the
shorelines and the coastal areas in general.

It is widely known that climate changes periodically and that the main reasons for this periodicity are astro-
nomical (Milankowitch theory). Thus, during Quaternary, several successive glacial and interglacial periods
have been observed due to the increasing and decreasing of the solar radiation that earth receives. The last
glacial period ends approximately 18,000 years BP, since, for the same astronomical reasons, earth’s mean tem-
perature abruptly increased. Due to this increase, huge volume of glaciers started to melt resulting to the release
of large water quantities, which until that time were trapped within the glaciers, resulting in the gradual rise of
the global sea level that, around 18,000 years BP, was about 125 m. lower than today. This rise caused succes-
sively transgression of all areas that nowadays constitutes the seafloor of Aegean Sea until a depth around 125
m. This transgression happened within a few thousands of years, namely between 18,000 and 6,000 years BP
approximately.

Therefore, prehistoric man who inhabited the area of the Aegean Sea, though until 18,000 years BP was
living for tens of thousands of years in a geoenvironment unfavourable but more or less stable, following 18,000
BP and due to the increase of the mean temperature of the earth’s atmosphere, he witnessed cosmogony changes.
These especially concern the change of the coastal scene, since year after year, slowly but steadily, coastal areas
are being submerged, featuring high mean velocities that under certain conditions should exceed 5 m per year.

Together with these shoreline displacements if one takes also into account seismicity, volcanic activity and
the related phenomena (tsunamis, abrupt uplift or subsidence of the coastal areas caused by earthquakes, land-
slides, rockfalls, etc.), the physicogeological scenery should have been a nightmare. The third generation of the
Gods must have been originated during this period. This generation is the result of the union of Gaia (Earth),
the Big Mother of all, and Ouranos (Heaven), namely Titans, Ekatoncheires, Cyclops and Giants, who might
represent the destructive natural powers that terrify man and move the earth under his feet.

What else than volcanoes might Giants represent, when, according to the Hellenic Mythology “.... they (the
giants) breathed fire from their mouth ....” “...they were crying out wildly....”, “they were shooting rocks and
blazing trees in the sky “! ?

Yet, Paleolithic and Mesolithic man needs to create more gods who will protect him from all these natural
disasters. So, he originates the fourth generation that comes out of the union of the Titan Kronos and the
Titanide Rhea. In this generation belong some of the great gods, such as Hera, Demeter, Estia, Hades, Poseidon
and Zeus.

» &
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The favorable climate ensures the basic nutrition species that man needs, either he is a food collector or he
is a food producer, and especially without any particular effort. This means that it allows prehistoric man to have
enough free time. Especially after his inhabitance in towns, he may be continuously mobile in the open space
and he may communicate with other men having free time as well. In order to attitude within his small society,
he has to learn to discuss, to argue, to oppose, to agree or to disagree with his co-speakers. Yet, all these
constitute the basic substantial features of Democracy.

All these physicogeographical and geological changes of the mythological and the prehistorical, in general,
era, that have determined directly or indirectly all partial settings and the evolution of the civilization itself,
should be promoted in such a way that the relationship between physicogeographical environment and civiliza-
tion should be primarily introduced.

ITPOAET'OMENA

Kvoie TTpéedos,
Ayamnroi ouvddergot,
Kvopteg nouw Kiptot,

Kat agyv a 18eha va guyoaprotion myv Opyavotiny Emrooni tov Zuvedpiov mov pov mpdtelve va elpa
owAnmic omy Evaprtioia Zuvedpio.

To Bépa mov duareEa va avartiEw avadewrviel wa dyvoot ev molhoig didotaon g Fewhoylog, no
OUYREXQLUEVEL TY) OXEON TOV PUOLROYEWAOYIROU xaBE0TMITOC TOU Aryounarol xat TTeguanyouaxrol xmeov Kot Tov
ApyaroeMnvinot IMolopoy. H oxéon avni Ba pmogovoe, »atdinka aElomoloipevn zot TeoParhopevn, va
ovppdirier oty ToMTIomxY] ®ow otV TEQLBaAOVTLXRY TTAUdED TV TTOMTHOV %ol RVEIMS TWV VEMV.

1. EIXAI'QI'H

TToAol €lvor auTol TTOU TLOTEVOUY GTL O 0QYAOEANVIXGS TOMTLOUGS EIVaL VOGS ATtG TOUS QY OLGTEQOUS KA
€vag and tovg peydhovg mohtiopots tov Homo sapiens. EEdhov eivon avapgiofimro 6t to dnuoxpatind
ToALTELUA, 1) AOYOTEY VIR, M TTOiNOM, TO BE0TEO, 0 ABANTLOUGS, N PLAocOPiC, 1) ONTOQLXN, 1) EVVOLAL TV CUMLRTUM-
VLIV, 1 QQYLTEXTOVLRY], 1) TTOAEODOWICL, M YAUTTTLRY] AT YEVVION®OY RO avarttiyOnray OTov TEQLOLYOLOnd YWEO.
Zuyyoovags ov "EAnveg gihdoogot arhd zot dAkot, 6mmg pafnuatirol, uotkot, aotoovopoL, YLoTeoi ®As. €0e-
oav TS PACELS YLa TLS OVYYQOVES ETLOTIUES.

Kau eved 6ha avtd avayvmpiCovral amd toug Tolhols, vdeyouv ®ot dAAOL Tov, ne dLdgoQa EMLYELT LT,
moomafovv vo amodelEovy 6Tl GAa auTd Ta ETITEVYROTO TOAMTIopoU ov "EAMnveg ta €xovv petagépel amo
2ATOU 0hhovU ®oL ®VEIWS omtd ™V Mecomotaplia, v Alyvrro, v vtdhoun Méon Avatohi 1 and tig Ivdieg,
agivovtog vo evvonbel pdhota 6Tl T EXOVV OPETEQLOTEL ROL OTL RATA RATOLO TEOTO €XOUV EEQTATIOEL TNV
TAYROOPULOL ROLVOVICL.

“Eto, y1o Tapddery o, 0QLoUEVOL TOTEVOVY OTL T uabnuatixd »ow v acteovouia ov EXAveg ta diddyt-
%xav ané Tovg Avyvmtiovg. AMot Loyveitovial 6Tt oL apaLGTEQES YOOPES, OTws M yoauuixs A ®au B, aAhd ot
0AG%ANQO TO EAAMVIHG Ch@AfNTO TO EYOVHE UETAPEQEL OO RATOU CAAOU.

Axdpa xat ot Oeol twv EAjvav dnuovpyinray and dhovg haoig xal xatdyoviatl andé dAAOUE Tomovg,
0QLOUEVOL pdALota BemEovy dtL 1 Bed Amvd elvar padpn xow TEOEEYETAL artd TV Agpouxn. A6 TV Agpouxi
RATAYETAL ROL O UEYAAOG PLAGOOQOS ZrEATNG, £MEW] WS LOYVEICOoVTAL £XEL TAUROUTOWTY Uit ®ou Yelin
mhaTd.

Alou i d€xovron yia tapdderyua ot ot Konteg twv Mivoindv xoovmv fitav Aifueg xat 6tL axdun »at o
TToogdov ritav Bedg Twv Aoy, POavovy pdioto oto onpeio va woyveiCovrar 6t ov Aifveg M ot TTpwtohi-
Buec 1 ov Tpwroonuiteg »aw ou Xaprtrol Aaol frav autol Tov Edwaoav Tg ovouaoies tov EAMnvirev opémv,
TV VNOLOV, TOV TOTAUDY, TOV TEOTWV CUVOLXLOUMY ROl TOAEMY AROUN KOl T OVOUATO, QUTHY TOV BEdV ®ou
tov novwv!! Kat axdun dt avtol eivor mov petédmaay ) Opnoxreia toug, T YA®OOoo ToUg, TOV TOMTLOUS TOUS,
™V gvguia xan dEaoTELOTTA ToVg 0TS %aTomy ovopaoeioeg EAAnvinég ywoeg.

Eueic facitouevor mavw oty guotxoyswioyixij eEEMEn tov mepiaryaiaxov ywmoov Bo mpoomabioovue va
amodelEovpe:

i) 'O ta dedgooa mediua eAdnvird 1j/xar TEWTOEANVIXA PUAQ TTOV RATOLROVOOY OTNV TEQLOYT], ey GhaL
exelva ta goebiouara amo v uon, yia va avarxtvovy, av oyt avaTeEs, TOVAGYIOTOV TIS [OLEC PUOLKES TTVED-
UATIXES IXAVOTNTES UE TOVS YETOVES TOVG.
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ii)  Epeis 6o mpoomabroovpe va amodeiEovpe ot 0 Zopwvirdg xow 0 KopvBuonds Kohmog, to Avyaio
%o yevirotepa o ITepraryowaxds xMeog, mg QUOLKOYEWYQAPIXG OVOTNUA, TTQOOWEQEL av d)t TEQLOTOTEQA, TOV-
AdyLotov to. o epeBiopara pe exeiva tov Aéhta tov Neihov, mg Meoomotapiog 1 g Nexpds @dhaooag, g
Auping M tng ABromtiag ko ™s Bapuhwviag yio mapdderypa.

iii)  Epeig Oa mpoomadioovpe va amodeiEovue Gn Ta tdiaitepa yapaxTnoLoTIXd YYwQIOUATa TOV YEWTTE-
oipdAdovros tov EAAadixov xar tov Ilepiaryaixov ywoov, mov 10 diapopomolotv ard ta yewmegtpdilovia
AWV XWEMV TOV EVEUTEQOV XWEOV TS Avatolxiis Meooyeiov, éxovv amorvrwbel otny EAAqvixt MvBoloyia
O OUYRENQLUEVAL OTLS BRATTNELETNTES TV BEDV %L TV NODWY TOV CQYXAUOEAMIVOV ROl KOT' ETERTACT TWV
TEWTOOEAM VWV,

Ba amodeiEovpe dMradii 6t ov mahawdtepor Beol Twv apyainv EAMjvev eivar yévvnua Boéupa autot tov
TOMOU %ot CUVIEOVTOL GUECO UE TO PUOLKOYEMAOYIXG TTEQLRAANOV *aw TLG HETAPOLES TOV.

Aopahig T0 QUOKOYEWAOYIXS cUoTnua Tov Avyaraxoy xow Iegaryonaxot xdeov dev eivarl ®AeLoTd *i
EMOPEVIG VITAQYEL OTTWOONTOTE TAVTOL UioL ETUHOWWVICL ROl CUVETHS Pict AAANAETIOQAON TWV TOWDLUWY TOALTL-
ouwv. Ta Boowxd otouxeia Spws Tov aEYaLoEAMANVIXOU TOMTLOUOT TOU ALyauoxol XMEOU CUVOEOVTOL GUECH UE
10 YemeQLBAALOV non TG neTtaforég mov véotel ratd To tedevtaia 20000 xpovia ®uiwg.

Ta doa Ba avamrvyBovy ota emdueva Oev LOYVEILOUAOTE OTL eival xal 1 povaodixiyj TEoTaon EQuUNVELas, a-
TAGBS aTo ueydAo avtd Oéua tne dnuLovEyias Tov TOMTIOUOU xal ELOIXOTEQA TOV TQWIUOV AQYALOEAAVIXOY
woltiouov divovue Ty QuotkoyewAoyxi-yewmeoipatlioviiny didoraon. Tlgoonaboipe dMnhadi va dboovue
mv Fewpvboloyixntj Egunveia tng Ogoyovias. EEGMOU 10 yewmeQuBdAlov, rotd v drwoyn] pog, maiCel xaboQt-
ot 6o, Yot modhol dexdpaote Gt €vag hads dev pmoel va TaQdyeL TOMTIONG KoL WOAMOTA TOMTIOUG
avtol tov emmédov, dtav to yewmepfdAlov eivar dvoueveés 1j/xar exBoixd. Thiotevoupe dnhadn ot évag hadg
dev Ba uopovoe vo dnuovEyoet €va 1600 VYNAG TOMTIOPS edv, eEuTiog TwV SUOUEVAV PUOLROYEWAOYIRGV
OUVONRAV, 1TOV VITOYEEWUEVOS Va oywviteTtaw VuxBnuedv yia va dtaopahiost v emPino tov.

B0 TEEMEL VO TOVLOTEL GTL GTOV RAVOUUE AGYO L0 QQYALOEAANVIXG TOMTIONG, EV OVOPEQOUAOTE OTOV
Muwvwixé 1 tTov Muxnvaixd, ovte otov moMTopd mov avémtvEav ot "EMAnveg petd tov Towird méhepo, aAld
OTOV TOMTLOPG TNG TQOUOTOQLRNG ETOXN|S KOl CUYKEXQLUEVO TOU YQOVIXOU SLOOTIUATOS OIT6 TNV TEAevTaia o~
AawoMBuxr| oy PEYOL xaw TV EOYY TOU YOAXOU.

Avagepdpaote dMA. 0° autd mov MEpe iLes Tov apxatoeAAnvixoy ToATIoNoU %i QUTO VLTl ELPAOTE TNG ATTO-
Yng 6t ahdg EBAeme 0 xdtowrog Tov Zowvikot Tov 12.000 mowv and ofpepa (w.c.0.) Tov ITooeddva xot
oMudds 0 rdtowrog Tov 5.000 .00 TG (dLog TEQLOYNS %o eviehds drapopetind o ABnvaiog mohitg ™g ®haoot-
i emoyns. Kan B€Rana avagepdpaote ®upimwg otn Beoyovia, agpov to Bonorevtind cuvaiodnuo xal n Opnoxei-
o YeVIXA eivon T0 BAOXGTEQO OTOLXELD GYL HGVO TOV GTTOLOV TTOATLIONOV, AAAG %Ot TO RABOQLOTIXG OTOLYELD Yo
™V xowvmviry Tov eEEMEN.

2. IOAITTEMOZX KAI I'EQIIEPIBAAAON

« ... Agv mdeL omoloodrote Bedg ¢ OTOLOVONTOTE TOTO ... »

« ... 'Eotm xou av epeic dev pmogoipe vo CUAMAGBOUNE YLor TOLaY axQUBOS OULTion KO PLE TTOLOV AXQUPBAS TEOTO
€vog opLopévog Bedg déBnxre p’ évav ogLopévo T6mo, auoBavdpaote dt elvor adivato o YaEOXTEAS TOU TOTOV
Vo v ExeL xapio oxEon UE TOV XaQoXTHE TOV dtroU Tou Beov».

X. Kagovtog
Q) aLordyos

2.1 I'evixd

O dudgogot ToMTLopot Ba pogovoay va droxlBovv ae autdybBoves, av Exouvy YeVVNOED xaL EXOUV avouTTy-
X0l 08 Evay OUYRERQLUEVO YEWYQAMIXO WO How adddyfoves, av €xouv petagepbet and po opddo avlpwmwy,
7OV Y1at SLAPOEOVS AGYOUS EYRATELELPAY TOV YEMYQAPLKS YOO OTOV OT0{0 avATTUEXY TOV TOALTLOUG TOUG RO
EYROTOOTAON®AY OE RATOLOV GANO.

XapaxrtnELotrs TaQddEYIo. auTdyBovwy ToMTIoUGY €IVaL O QQXALOEAANVIXAS, TTROIOTORIXGS KOl LOTOQL-
%0¢, 0 TOMTLONGS Twv “Tvra, 0 TOMTIONGS Twv Mdyia, o Kivelixde, 0 Atyumnaxds, 0 TOMTIOPGS Tmv ZOUREQIWY
%0

Tumiré madderypa ahhdyBovou ToMTLOROU Eival O TOMTIORGS TG APEQLRNG UETA TNV ETOVOVARGAT TG
and tov Xp. KoAdupo.

Eipaote até autots mov motetovy 6t ot autdyBoves oATiopuol, ETOPEVOS KoL O AQYALOEAAN VXSS, oUviE-
ovTaL GUEsa pE TO PUOLXOYEWAOYIXG TeQIBdAlov Tov evEUTEQOY YWEOoV TOV £XOVV avorttuyBel xow Ty eEEMEN
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Tov #atd ta tehevtaia 18.000 €1 xvplng.

H 8€on avni BaciCetar oty droyn 6t ov Baowrés meovimobéoeis yia v e&éMEn xar avdrrvén pag avBo-
VNG ROWVOVIOLS CUVOEETAL IUE TOELS KVQIMG TAQAYOVTES, TOU ATOTEAOVY TO avBowToyewyQa@pind OVvauIxo €-
VGG T6moU o Ba poovoay va darlBoltv 0To YEMAOYIRG, TO QUOLKOYEMYQOPLXO %ot TO avBpwmivo duvaut-
®0.

Zta endpeva Ba tpoomabioovpe va aodelEovpe 3Tl 0 AEYAOEAAVIRGS TOMTIONOS Elval dponxTa ouvie-
OEUEVOS UE TO QUOLXOYEWAOYING Svvauixd xal meQifdliov Tov EAAadixov ywoov rar ®uplwg pe tig petaforés
Tov ohanomeQLpaArovtdg tov. EEGALOV To YeYOVAg Gt oL 0y aloeAANVIRGG TOMTIONGS Elval €vog oo Toug
TOALGTEQOVG %A TOUG VYNAGTEQOUS TTOU €xeL dnuovpynoel moté o Homo sapiens ogeiletal, ®otd T yvodpn
nog, 0To Gt Gheg oL TEOUTODETELS TOV EVVOIRES, Ol HGVOY ®OTd TV TEQI0dO TTOU ElYe PTATEL TNV ROQUEPAIN
ToU oTLypr}, OARG na drayeovird, 1itot €8 xaw 18.000 xodvia ToLy HEXQOL Ha OUEQQ, %L EMOUEVWS ®ald” OAN TV
TEOTOTOELXY ®aw LoToEwrt] tepindo. H mepiodog twv 18.000 etdv mowv and orjuepo eivar xabogrotiny, emedn
™V XEOVLXY oty oty oY ICeL pua véa xAyatixj emoyr mov CUVOEETAL PE TNV OXETIRA otdTopy avEnon g
péong eTolag BEQUORQEACTAS TOV TTACVITY HOL UE TLS DQAUOTIRES ETUTTWOELS, TOV EIXE OUTY 1 AHENON OTO OVG-
YAvgo, oty BAdomon, ®abdg koL oV Tavida ®oL ®VEIWS OToV AvOE®ITO KL 0TV Xowwvio Tov elye 110
Sdrapoppioet, xafug eniong xow otov Tomo ov Bo eEgMaodtay ot ouvéyewa. Ty emoy oVt 0 TEOIOTOPWKAS
GvBpwmog yivetor Gyl amhds ndeTUEaS ahhd TEWTOYWVIOTIS CUVTCQOXTIXMY AAYDY, CUVEXHV HETABOAGY,
agot yo. 12.000 ohéxAnpa xodvia, fitor péxot To 6.000 mowv atd ofjuepo ta tdvra petafdiloviot. Metafdlie-
tat 1 Oeguoxpacia nwon ov fooyontdoeis, petofdrheTon  ordbun s Odiacoas mwov €xgr wg emandhovbo v
UETATOTLON TV axtoyoeauudy. Tnv Oue emoxn SLUpoQE@VOVTOL OL ROTES TMV XEWUAQOWY KOl TWV TOTOUDY,
mohawol Brétomol xataotoépovion ®oL VEou dnpuoveyotviar, tohatég Aipveg petofdrloviar og Odhacoa 1 oh-
LdCovv Gpra. TTOMES omS Tig TTOMES TNYES, T’ GOV 0 AVBEMITOS ETLAULQVE TO VEQS, ROTAKATLOVTOL %L QUTES Atd
Bdlacoa xor rouvoupyLes epgavicoviar. O mrayetdves vaoyweovv oto PeYalo YEWYQAPXA TAGTY KoL OTo
YNAG 601 %ot 0 GvOEMITOS TV TEQLOYWV cTaV ®eEOITEL Edapog, evd amevavtiag o dvBpwmog ov {ovoe novid
oy Bdhaooa avoyraleTal vo LIToYWEOEL ko Vo TioeL Yynhdtepa, EmELdN 0 XHOOS TOV RATOKOUOE UEYOL TNV
emoyn] exelvn dExLoe va rataxAiletan ovyd ovyd amnd vy 6dhaooa.

Tnv (da oy 0 AvOEMIOG PLAVEL pLaL ATtd TLG OUYRAOVIOTIXOTEQES OTLYRES TNG LOTORIAS TOV, TTOU Elval M
7eElodog xatd Ty omoio and Teo@oovAAéxTng yiveton Toogomapaywyds. H mepiodog avt yiveton axdun mo
ovyrhovioTtiry av oxrepBovpe Gt o AvBPWIOg PEYOL TATE EAeYYGTAY QTG THY QUOY, EVE Qs TNV ETOXY] EXEIVY
OV GQYLOE VO YIVETOL TTOQOYWYOS, AOXLOE HOL O AVOOMITOS Vo EAEYYEL T priom.

Tnv mepiodo ot ko péoa 0” avtd 10 PETAPAAASPEVO YEOTEQLRAMOV PE TIC CUVTOQOXTIXES HETABOAES OV
ovppaivovv 0 oOAGxANEO TO TAOVHTY, O AVOPWTOS dLapnopp@VeL oryd ovyd Ta facixd ototxeia Tng Bpnoxreiog
Tov %o TAAOEL Toug Be0vg Tov. To yewmeQUBAAOV Aowtdv, nan ot peToBOAES TOLV oUVIEOVTOL GUETO PE TO POOL-
®GTEQO (0WG OToLKelo Tov ToMTopov wov eival 1 Bonoxeia.

Avotuy g 1 oxEon vt TV BEMV ROL TV MWWV UE TO PUOLLOYEWYQUPIXE XMEO aYVOElTaL OYEdSV TTavToy
xou wavro. Epels €xovpe my yvoun 6t m oxgon avti petaki agyatoeAAnvirtc 0onoxeiog oL ®ot” ETERTAOT TOU
QEYOLOEANVIXOU TOMTLOUOU %o TOV TEQLRBAAAOVTOS TOETEL, 0poU dromotwBel, oty ouvEXELD VO avadeLyTel,
yiati dev eivon pévov entinann, ahhd ot xafooLotirt], agov €ppeca Bo oupfdriet, pargompdbeoua, oto oefa-
oué tov mepifdiiovroc.

2.2 Tewloyind Avvauixno

210 yewAOYrO duvapurs EVIGO00VTAL XVEIMS TO NQAiOTELN, Ol OELOUOL XKoL YEVIXA TO YEWIUVOUKRS KO-
g0t PG TEQLOYNS 1 WLaLS XDEAS, KOS ETIONG KOL O OQUKTOS TTAOUTOG XAl T VTTOYELX VEQC.

2.2.1 Heaioreia

Ta npaioreia woL YEVIRGTEQX N YALOTELAXT] OQAOTNOLOTHTA CUVOEOVTOL UE TO YEWTEXTOVIXG RABETTHGS OV
emxpatel oe po epoyty. TTo ovyrexrppuéva to neaiotela dnpoveyotvion ®uping ota mepubdoua dvo Abo-
oQaLEIXdY TAaxY, TOV, £{Te amouaxQUvovrat, £iTe ovyxpovovTaL How OUYXEXQUUEVA GTov N i fuBieTan xd-
T o7t ™V dAAN. O yMuopSs g MAPOG oL ROT ETERTAON 1) OQUXTOAOYLXI] CVOTAON TWV TETOWUAT®Y, X0
€TLONG 0 TUTTOG %O 1) LOEYPY TOV NPALOTE{OV AT EEQQTHVTOL OVOLAOTIRG QTG TV YEWTEXTOVIXY OE0m.

Ta neaiotera tov EAAadixot xdpov, wov €xouv dpaotmoromomBei ta tehevtaia 2-3 ex. €11, 0oteholy 10
Aeyopuevo Hpaworewaxd Toko tov Aryaiov, mov Eexwvdel omd tov Bépewo Evpoixd xou dua e Kowppvwviog, g
Atywag, tov IIépov, twv MeBdvav, g Mijhov, tng Zavropivns, mg Nwovpov, e Kw »hw. @bBdver oty M.
Adio.
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H Aerrovpyia tov Hpatoteiaxov ToEov tov Aryaiov mov deyLoe okl mQotol EUgaviotel 10 avBodmvo
€idog o I'n, ahhd ovveyilel vo Aettovpyet péxot Tig NUEQES pag, ouvOEEToL Oe pe TV OUYREOVOM TS AQOLXOL-
virng now g Evpaotatiniis mhdxag xow ewdidtepa pe v fubion e Apeuravinis xdtm and v tekevtaio. O
GvBPWIOG, ETOUEVMS, OGS TETE OV TEWTOEUPOVIOTNXE O QTH TV Ywvia Tov Thavijtn xow WaiteQa oto Avyai-
0 X0 OTOV TELQOUALYOULRS MO0, LEYAADVE WG GTORO O WG ROLVWVIC Pl P TO NPAIOTELD ROL TNV NPOLOTELRT]
1 ™mv puetongoroteoaxtj dpaomoidtra. Fvwotés eEGMAov elvar ov expNEeLs e Orjpag, OV RATECTREYAV TOV
TOMTLOUG TOV YNOL0Y, ®dmov ota péoa Tov 170v awdva w.X.

2.2.2 Zewouoi

Eilvouw yvwotd 6n oto Aeydpevo EMnvirs T6Eo exdnhaveton mdvm amd 1o 50% g oelopniic EVEQYELUS TOU
exdnAwdveron o ohdxAnen v Evpwmaixi felo.

TN va yiver avidnmeo] 1 onpooio Twv GELOUGY Ot SLopépmaon Tov axaoe AANVIXOU ToAMTLoHOoY B TTRE-
TEL VO ONUELWBOVY %o To oxShovBat:

e ‘Ot oL oglopoi eival €va QUOIKS POLVOUEVO TTOV TQOUOXQATEL TAvTa TOV AvBpWo o dnuioveyel TooparTL-
%ES ROTAOTROPES PE oA Bvpata, Wiaitega otig eEEMYUEVES OVOQWILVES ROLVWVIEG.

e ‘Ou woMEG QOEES OL OELOPOL, TEQAY TMV KATACTQOPMDV TOV RTLOIWYV, TV RATOTTHOEDY TOV 0QOPHV TWV
oAV, TOV OTGTOR®MY OVUPDOOEWV KoL BUBITEMY TWV TOQAXRTIOV TEQLOYWYV, CUVOIEVOVTAL KoL Q6 TTO.-
Motoxd. xupara (ov eivar yvwotd. dieBvig mg tsunamis) ov oL EXAVAIQUOTIELOTOWOELS TWV ONYUATWV
yivouv otov muBuéva g 0dhacoas. Autd AoWToV To TAAQQOLOXA RURATO, RATW 06 OQLOUEVES OUVOTXEG,
givar duvatdv va xataoTteéPouy 1 xow va eEaQaviCouy ToMES TaQAXTLES TTOAELS 1] OLXLOPOVC.

O avOewog ETOUEVIG, 0TS TOTE TOV EUPAVIOTRE OTOV EVQUTEQEO X0 Tov EAAnvinoy t6Eov ot Tav yei-
TOVIXOV TEQLOY WYV, 1TV RAQTUQAGS TWV TELOUMYV ROL TWV EMTTOOEDV TOVG, OO TOL TOWTO KLGAAS XOOVLLL TG
maovaiag Tov TAve O auTH TV YwVLd Tov TAavit). Zto onueio autd Ba mpénel va toviotel 6t €vag dhhog
AvOMITOE, XATOLROG LG GAANG TTeQLoYS Y. TG Kevrpuniig Evpaimmg, mov eivol Spog TEXTOVIXRG Ko ETOUEVHS
%o OELOWRG aVEVEQYT, eV VINEEE HAQTUEOS TWV CELOUMV ROL TWV ETUTTOOEMY TOUG.

2.2.3 Oguxtos miovtog xar Ynoyeia vepd

Edd) vdyovra:

o Ta 0QuxTd ROW TO TETEWUATA TOV XONOLREVAY OTOV AVOQMTO Yiot VO RATAOREVAOEL didgpooa wdwrd eQ-
yoheio, CVOREVES oL OTTAQ, OTTWG EVaL VLo TOQADELY RO O oYdiavds (oYLavag).

o Ta vepd, vroyeia xar empaveiaxa, Bo progovoay va eviayBouv otov 0guxtd mhovto. Ta vepd eivar amd
TOUG ONUAVTIXGTEQOVS TTOQAYOVTES YL TNV AVATTTUEN TWV XOVWVLGV.

3. ®YILIKOTEQI'PA®IKO AYNAMIKO

To édagog, pe v medoAoyixyj €vvola TOU 6QOV, eivor £vag YEWAOYLROS OYXNUATLOUOS OtV dnpovyio Tov
omoiov xaBopLoTxs pdlo €xel diadoauartioer o Prodoyinds mapdyovras xar ovyxexowuéva n PAdornon. Kotd
v eE€taom tmv edapav meémel va Aappdvovrar vdym xow To axdrovba

e 'Ot 0 oynpomopds xaw o THmog evag eddgoug eEaptdton katd ®HLo AGYo amd To ®Aipa, evd To MBoloyind
vrépabpo maitel devtepevovia pGAO.
‘Ot 0 oYNUOTIONGS VOGS £ddpovg elvar Suvatdy va emitevyBel o€ OxeTIRA PLrEO YEOVIXG didoTNpa.
‘O1L 0 OYNUATIOROS TOU EHAPOVS AVILTROCMIEVEL pict foeun mepiodo amd dmoyn xAipatog, didfowong o
TEXTOVIOUOU.

Oa meémeL vo. onuelwbel 6, Tégay Twv AAAwV, AerTtopeEris peAET xow avdluom Tov edapdv pag ETLTOETEL
V@, TEOOOLOQICOVE TO TOAAORALUO PLag TTEQLOYNG. AUTS YiveTan duvard, emewdri oL didpopotl TUmoL Twv oQyLAL-
ROV OQUXTMV TTOV ATOVTOUY 07 £va £80ipog %o 1] TOCOOTLOI0. CURUETOYXY TOVG O° owtd, pe dGAha Adywa 1) mapory€-
VEON TV QQYLMXMDV OQUATHY, CUVOEETOL GUETQ. PE TO KALUOL TTOV EMLREATOVOE ROTH TNV TtEE0dO0 ™G dapoyEve-
one.
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3.2 To xAipa
3.2.1 TI'svixd

Toa onpavtrdteQa otoLyelo Tov ®¥Aipatog eivan 1 Oeguoxpacia RoL TO ATUOTPALQIXA XATAKXONUVIOUATA KOL
ax0AOVBOVY 1 NAOPAVELR ROL OL GVEUOL.

To xhipo pog eLoxns eEapTdton ®Xving ot To yewyoagLxd TAGTOS ROl TO UETO VYOUETQO TOV TOTOV, 00
TOL ATPOCPALOLRE CUOTIUOTA TTOV ETURQOTOVY OTOV EVQUTEQO X WO, AItd TNV amGoToon omd Ty Odhacoa xabwg
%o od GANOUS TOQAYOVTES.

To xAipa duws eivar yvword ot petafdlietar xar udiiota n uetafolij avtij mapovordler pia wepiodixdTn-
ta. Ta aita g petafolrg tov »Aipatog eivor TOAG ®ot IO TO YEYOVOS OTL YVWEILOUpE TTdoa TOAAG YU’ ovTd,
dev Ba puroQovoe vou LoYVELOTEL KATTOLOC GTL YVWEITOUNE TO TAVTOL OTLG AETTTOPEQELES TOVG.

Méyot mpdogata déyovrav 6t vatd v didoxela Tov Tetaproyevoug, dnh. xatd v dudpxela Twv TEhEV-
TOLWV 2 EXOTO. ETAV, VIOYoV 4 peyding dudoxretag royetddels xow 4 pecomayetwders (Beopéc) mepiodot. Ta
amoteéopata Spwg g €peuvag €8eEav GTi, TEQOV TWV TEONYOUREVMV, VITAdOYXOUV *at dAAES Ttepiodot xat
pdhoto epiodot Twv 100 k. non twv 10 ddov eTav.

ITépav Spms ovtdv Twv peyoritepns didoxelag meplddwy, vaoyovy now dhleg Tav 500 eTwv, aROUa KoL
nepiodor twv 100-150 etarv. Ou tehevtaies vahotvion wow ypevddxvxdor (Jinsun et al.,1993).

Topgpwva pe Tov Milankowitch (1941), n weprodixij ueraforij tov xAiuarog ouvOEeTan Aueca pe TV NALOKY
oxtvoforio mov d€xeton  I'm, ) omola wagovordter meprodixornra. H mepodirdmra g nAaris axtvoBohl-
0g OUVOEETOL XUQLWG PE LOTQOVOULRA QTLOL RO GUYRERQUUEVEL (1) UE TNV EXXEVTOOTHTA TNS TOOXLAS TNS IS YW
o Tov Ao ov apovotdtel teprodirdtnro 100 xan 400 yhddwy etdv, (ii) pe v Adéwon tov dEova s I'ng
OV TAEOVOLALEL TeQLodndTaL TS TAENS TV 41 phddwv etav vau (iii) pe v uerdrarwon tov déova pe
neprodurdtnra 19-23 ihddwv eTdv.

To 18.000 BP mapamoeitan 1 tehevtaio peyaiiten eEATAmON TV TOYETHVOYV. B0 PTOQOVCE VO TTEL KO-
veig 6t to tehevtaia 60.000 yodvia mepimou xan péyot to 18.000 mowy and orjpeoa, 0to peyoriTeQo TUipua g
I'ng emxpatovoe €vog atéLeLmTog XEtubvas. To Tdyog Twy TayeETOvVHY 08 0QLOPEVES TEQLOXES TS ZXavOLVapi-
ac #aw tov Kavada Eenepvotoe ta 3.000 m, evd o dyrog toug ta 15x10° km® (1 km® = 1 &ig m?).

O 1poadLopLouds ™ alatobepuoxpadiag wow Twv PeTAfordv ™G yivetow ue didgpopeg pebodovg mov é-
youv avarruy el Tig tehevtaies dexaetieg. H onpavurdten and autés eival exeivn mov Pacileton otn oyéon
B0O/"°0 mov gumeQLEyeTaL ot avBoanind onehetind otolyeia Stapdpwy ogyaviopwy. H oygon avti eEagrdtol
ad ™V péon Beporpaoio Tov TOAALO-BLOTOTOV TOV OQYUVIOUMY.

Egappslovrag howtdv didgopec nedédouve xat xupine exeivy mov Pacitetar ot oxéon *0/°0, €xovv
RATAOREVAOTEL SLAPOEOL dLoryQAUPATA TTOV TTAQOVOLALOVY TIg HETABOAES QUTIS TNG OYEONG KOL ROT ETERTOON PE
TS peTaforEs g Bepponpaaiag .

Zmv Ew.1 gaivoviar ov drorvpdvoeis g Bgpuoxpooiog yia to televtaio 150.000 xodvia, Mol omd v
Q¥ oxedGV ™G TEOTEAEVTALOG UECOTALYETWOOVS TEQLGDOU PEYOL TIC PEQES HAG.

S 4 T
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Eux.1: Metafolés tng Oeguorgaoias xard ta tedevraia 150.000 yoovia (xavd D. DUFF, 1993).
Fig.1: Chages in temperature during the last 150.000 years (after D. DUFF, 1993).
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Eux.2: Merafoliés twv fooyonrdocwv xar Tns Ocouoxgaocios xatd 1o Av. Teraproyevés ano v Kevrouaj I'aidia
(an6 Guiot et al., 1989).

Fig.2: Changes in precipitations and temperature during Upper Quaternary times in Central France (after Guiot
et al., 1989).

Katd mv meprodunn petaforj tov xhipatog dev petafdihetan pévov n Beppoxrpaocic, alid xow o fooyo-
mwoels. Zmv Euw.2 gaivetor 6t 08 0pLOuEveg meQlox€g 1 avEnom g Beppoxpaoiog ouvodevetal koL and
CUENOMN TV BEOYOTTHOEWV, RATL TOV OVAPEVETOL, Aoy 1 aiEnom tng Beppoxpaciag ouvdgeTal pe aiEnon g
eEdTuong. ZTov TEQLALYOLOKS YWEO TOETEL VO CUPPOLIVEL RATL TALESHOLO. AvtiBeTa, aTo Yo T Nexrpric Od-
haooag 1 avENon g Bepuorpaciog cuvOgetal yevird pe ehdttmon Tov fpoyormtwoswy. Idviweg, aveEdotnro
LE TNV YEVIXOTEQY TAON OV VIAQYEL, EXEL mapaTENBel, Yevird, pio poxed vyen mepiodog va diandmteTtal,
ouvviBog amdtopa, and feoyuyodvies mepLédoug Enpaoiag.

MéyoL mpotvog dev divape onpacio oty TEQLOSLOTNTA TWV RALPATLROV PETAPOADY, TOV, 6TTWG AvapEQON-
xe 110m, ouvdEeTon xVplwg pe aotgovord altio. ZNUEQC GUMGE, OV OL aVAYXES TS avBPWTATNTOS OF VEQD
YIVOVTOUL OUVEYMS KL HEYUAITEQEG, OL XMUOTIRES PETOPOAES TOLOUY ONUOVTIXG QOAO OTNV OUCAY ROLWVWVLXO-
owovopurt] eEEMEN wag xweog. Edv duwg to ®Aipo mailer onpovind pOho Yo ToV dvBQmmo TNV ONUEQLVI]
eMOY1], YIVETOL EVXOA ROTOVONTO GTL RATA TV QLOYALOTNTAL, KO LOLOLITEQC RATA TNV TTQOLOTOQLXY ETTOYH, 1) ONUOL-
oia tov »hiparog meémnel va ftav xaboprotiry. ITpog emfePaimon g onpaociog avtdv Tov xMpatirgy petafo-
MOV, OVAQEQOUUE OTNY OUVEYEL OQLOUEVOL OO TC TTLO YVOOTAE RAUOTIXE PULVOIEVO TTOU ETNQEQTOV TNV QV-
Bpdmvn rowvavio dpeoa 1j éupeca, xatd ™y mepiodo twv tehevtainy 18.000 etwv.

H mepiodog ot eivan ompovirii exeldn) tote 1 péon emjora Begpoxpaocio g I'ng doyloe va avEdveton, pe
OUVETELEC TTOV GAMOEQY GUECH UEV TNV YEWROQPOAOYLXT] EAVA TNG emupdveLas ™S I'mg, éppeca de o€ opLopE-
VEG XMDOES, TEOOIGOLOY TNV TOQE LD TOV TOMTLOROU TOU 0vBRMITOV. AVOTUXME, 1) OXEON PETAED TNG TTEOIOTOQL-
1ic eEEMENS Twv SLapdpmv Aadv, Tov ®MUOTOG 2oL TV HETAROMDY TOU avayAigov dev €xel ondun pehemOel.

3.2.2 Aucoes emmraoers — Kluarosvoratixés mivijoeis

O dueoes emardoelg omd v avEnom mg Bepporpaociag rjtav 1 anehevBEpwon Tepaotinv TocotTwy VOG-
TWV, TOV PEYOL TOTE OOV SEOUEVUEVES OTOVS TTAYETWVES, UE ATOTEAECUQL, TTEQAY TV AAMWY, T cuveyn avipw-
on me otdBuns ™mg Bdhacoas. “Exet vrohoylotel 6t xatd v tehevtaia wepiodo mov 1 Bepponpaocio eiye
grdoel oty I'n ta xapnidtepd mg enimeda, n otddun g Bdhacoag rteémer va ray mepi to 120-140 m. xoun-
Aotepa art’ Gt onuepa. Avté ouveRn yipw oto 18.000 wowv and ovjpea.

Eneudri Spowg n petafolri g Bepponpaoios mapovotdlel pio teprodtndTTa, eival ETOUEVO ®at OL PETORO-
Méc e otdbung g Bdhaooag va apovotdtovy avtiotovyn teprodirdmta. “Extote, non péyor o 6.000 m.0.0.,
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1 0td0un g Bdhacoag deyloe va avefaivel Adym tg aiEnong g néong moryréouag Bepporpaaiog g oTus-
OQALOUG.

Ou petafolréc autég g 0tdbuns g 0AAQCOAC, TTOV EIVOL YVOOTES WG XAUATOEVOTATIHES XIVIJOELS, TTOQOV-
OoLatouv 1daiteQo eVOLOPEQROV Yia TaEABaAROOLES XWOES, Grwg eivan 1 EAAGda nan yevixdtepa o Aryouanog
xau Tepranyonandg xbeog, emeldr ndbe petafoir tng otddung e BGAacoag CUVOEETOL KOl UE PETATOTLON TWV
OUTOYQOLUUGIV.

O petaforéc tg otdBuns g Bdhaooog xotd ta tedevtaia 18.000 yodvia elvan wWiailtepa onpaviixes,
emeldn v mepiodo owtrj o AvBowmog tov Nedviegtah €xer eEapaviotel, xaw pévog ®vpiayog mdvew om I'n
€xeL peiver o Homo sapiens wov, magd. 1o YEYOVOS GTL iva aropn T00pOoouALEXTIS Ko ®UVNYSS, €xEL 110N aoyi-
OEL V0L OQYOVDVETOL OE PHQES ROLVOVIES, Kot ®ATAOoXEVALEL 0N eEehypéva AiBiva ggyoleia.

H otd8un g 8dhacoag Ba grdoet to anpepvd g emineda uetafl tou 6.000 xar 4.000 xodvia o and
ofjpepa. Zmv Eut. 3 8idovtal oL di1dqopeg andrpels oxetind pe Tov Teomo xaw Ty touTnTe. avodou g otdung
mg Bdhaooag xatd to tehevtaio 12.000 xodvia. Katd ) yvaiun pog, oL emtdoets and Ty avodo e otdfung
g 0dhaooag eivon TOMES now dQAUATIRES.

"Evag amd Toug AGyous, Yior TOAOELY IO, TOU OQLOREVE. QIO TOL TALQARTLO OTjAcLOL BOIOROVTOL TTEQITOV 07T
otdun g Bdhaocoog 1j xow ®dTw amd avti ouvOEeTan oxLPas pe avt T fadbuaio aiEnon g Bepporpacios.

x10° ETH MPIN ANO EHMEPA

OQANAZIAT

YNOMNHMA

EYZITATIKQON METABOAQON
THZ ZTAOMHZ THZ ©AAAIIAL

—— FAIRBRIDGE, 1961
JELGERSMA. 1966
""" SHEPARD, 1963

—*= " CURRAY, 1965

EPMHNEIEZ TOQN NATKOZIMIQN I
—==-== MILLIMAN & EMERY, 1968 I
—== MORNER, 1969
— — BLOOM 1870

=~ TERS, 1973 I
£0

Eix. 3: Meginés and tig ovyvoTega Onpootevueves xaumvdes uerafoirjc e mayxoouas ordbuns s Odlacoas
AGY0 #Aipatoevoratingy xvijoewv. O TAQATNQOUUEVES OLAPOQES HETAEY TV dIaPOQWY EQEVVITGY TQETEL va
TUVOEOVTAL UE YEWAOYIXOUS TAQAYOVTES TOV EVQUTEQOV Y toov mov diekrjfyn n éovva (Kard J.C. KRAFT, D.F.
BELKNAP & J. M. DEMAREST, 1985).

Fig.3: Some of the most often published curves showing changes of sea-levels caused by climato-eustatic move-
ments. The observed differences between the authors must be connected to different geological factors of each
study area (after J].C. KRAFT, D.F. BELKNAP & J.M. DEMAREST, 1985).

3.3.To #Aipa xard to OLoxaivo

TTohhot d€xovtar Gt oL oNUeQLVES ®hpomrég ouvOfreg emrpdmooay ot I'n 10.000 yodvia owv amd orjpe-
oa, YU oautd 0plLouvy zar v €vaEn tov Oloxaivou 0g avtd o XEovird 0pto. Ta amote éopata Spwe TV
TEAEVTOUUWV TOAALORMUATOAOYIRMY EQEVVAV dEVOUY OTL TO ¥A{po ovolaoTind oAAATeL ouvexdg PEYOL KAl TO
6.000 mt.a.0. xan otafepomoteitanl vdmov peta&l 6.000 zow 4.000 m.0.0.

To Okérawvo eivon n emwoyy tov Homo sapiens. Tnv mepiodo avni apyiCer ovyd ovyd n xvptoyio Tov av-
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Bpwmov mavw ot I'n. v Ew.4 didovrou or petaforés xaw o diaxvudvoeic e Beppuorpaoiag ta tehevtaio
18.000 yodvia, 1jtol petd Ty Tehevtaio moyeTmdn tepiodo, uéxoL ofueQa.

To péxor orfjuepa amoteAéopata g €peuvag €xouv deiEel 0Tl xdmou peta€l 6.000 xow 4.000 yedvia mowv
(not” dAhovg petaky 5.500 xau 3.000 xodvia wowv), 0° oAGxANEO TOV TAAVITTY VEe €va xAwatixd optimum,
oV XaEOHTNOLWLGTOV a6 OYETRG VYNAGTEQES POOYOTTWOELS KoL OXETRA VYMAGTEQES Héoeg BEQUORQOOTES,
PUOLRA PE TTEQLOOHES DLONVIAVOELS.

Emntdoeils autot Tov euvoirdtepov ®AMpoatog xatd v meeiodo tov xhpoatirol optimum, gival Gt

O TOEOYES TWV TOTOUWY ROL TV TNYDV TOETEL VOL 1TAY OOPHG UEYOAMITEQES, CUYKQLTLRA UE TIC ONUEQLVES.
O vdpopGoL 0pitovteg mEEmeL va ey TOA) YNAGTEQD CUYRQLTLXA UE UETOYEVEOTEQES ETTOYES.

H pAdotnon mpénet va ftay Thovoldteon).

H ota0un tg Bdhaooag mémet va fjtay Ayo Ynhdtepa o’ GtL onuepa.

Katd tnv toroguxrj megiodo opoing xar yia. o wegiodo 500 eTdv meQimov XKoL CUYKEXQIUEVE RATOV PETAEY
Tov 800 o 1.300 p.X., 0’ 6ho Tov whavijtn magarneeitar Eva dAAo uixpo xAiuatixo optimum (Ewx.4), avdloyo
TOV TQOTIYOUREVOV WOV, TEQAY TWV GALOV, eixE ®aBOQLOTIXES EMATOOELS 0TV LoTOQUXT] EEEMEN TN6 Even-
nne. "Etol, ovpgove pe Tig ancpels oQuopévoy, Ty nepiodo avtr], xor eEartiag Tov EVVoirdTEQOV XAIpATOG,
dagyroay g emdgopes or fopetor evgomaior ot Vikings, mov emowovv xow tnv I'eorkavdia, agov doyroay va
TI{XOVTaL OL TAdYOL O€ OQLOREVA OTNNELD TNG, neE emaxciovdo To vnoi vo “rgacivioer”.

To xhipo Spwg dev mapapéver otabed, rwg €xer NON avageEBdel, ald cuveyws petofArieTol ®ow pal-
ota teLodikas. To xMpoaTivd optimum ™G LOTOELXYS TEQLEOOV aXOAOVOEL pa. tex o1 Tayetdong mepiodos omd
10 1.300 €mwg to 1.850 p.X., mwov eivon yvwoni oty diebvn Bifhoypapia wg Little Ice Age. Opiopévor d€xovran
0Tl TEQAY QUTHG TNG WXETS TTAYETWOOVS TEQLG0U, VjEEaY %t AAAES TAOUOLES PETA TO RApaTRG MpiBeQUO
tov Méoov Oloxaivov.

N

1 Khipoukd optimum -
Climatic Optimum

Mu?pn Mayerdd ‘BgEﬁi‘m

MetaPoin g Beppokpasiag (C)
Change of temperature (C)

i, } AN S : T Ve
I NeorepnDryas B S —
| Younger Dryas | :
- '
| IS S S : N S S S-S
18 16 14 12 10 8 6 4 2 0

Xuddeg ypévia Tpv amd onpepa

Thousand years before present

Euwx.4: H puerafoisj tng usons Oeguoxgaoias s I'ng xard ta relevraia 18.000 yoovia
(rard D. DUFF, 1993).

Fig.4: The change of the mean earth temperature during the last 18.000 years

(after D. DUFF, 1993).

OL emITTAOOELS A6 TLG KAMUOTIXES HETAPOAES, TEQUV QUTWV TTOV ovapERBNKay eivar TOMES, Ommg:

o LNV yE0QYW1] RAQAYOYI], OOV O 0QLOREVES TEQLRTACELS Eival duvatdv v’ alhdEovv ot xalléQyeres xar
®atd ovvénewa v’ ahddEer ohoxdnen 1 owxovopia.

o Kard tig weguidovg Engaociag xataoxevdtoviar véa vdigovhxd €oye, dnwg véa vdgaywyeia, Siavoiyovrar
véa @eéata 1) exfadivovriar wadard xAmw.

e O meprodixég uetaforéc tov xhpotog eivar duvatdy vo ouvodevovtaL and emANUIES, OQLOUEVES QIO TLG
omoieg €xouv pelver oty LoTopio.

e Alote dh gival duvordy va agyioovy emdoopeg atd dAhovs Aaovg ®AT.
Zyumepaopotixd, Ba pmogovoe va AexBel, Gt 1 pehém) Twv HETABOAMV TOU ®AIpOTOg Elvar TOAD onpovTix,

oot eival duvatdv va doeL advnom o€ TdEo TOAG EQWTHUOTOL IOV CUVIEOVTOL LE TNV OO OULOAOYLXY] EQEVVAL.
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B Agpikaviki TTAdKa
MAdxa Mg AmrouAiag
[ 3

|___:l Evpwmraiki wAdaxa
Nna1wTiké 1680
I:I OmioBoTagpog
Heaioteiakd 160

Mop@oveoTEKTOVIKI] TTEPIOXH]
MNT | MOPQOVEOTEKTOVIKGG TORERS

Ewn.5: To EAAnvino Too oro omoio diaxpiverar n Oon tov nopatoreiaxov tékov.
Fig.5: The Hellenic Arc and the location of the volcanic arc.

4. TEQIIEPIBAAAONTIKEX AAAATEX KAI AITAMOP®QYXH OPHIKEYTIKHE LYNEIAHZHZ
4.1 T'evixad

Emeidn motevovpe dtu n Bpnoxeio amotehel to pacirdrepo otowyelo »dbe mohtiopo, Ba mpoomabioovpe
vo SelEoVIE OTOL EGUEVOL UE TTOLO TEOTO T PUOLKOYEWAOYIRA. XAUQAKTNOLOTIXRG TOV TOTOV ®afdpLoav TV dia-
uéepmwon g Bonoxevtinis cuveidnong tov xatolxwy Tov Avyowaxot xon Iegraryaaxroy xdeov mov éinoav
xotd v Avateon TMakoohBuxn emoxq xan otig emdpeves enoyxés péxot o 4.000 m.a.o. (2.000 n.X.) meplmov.
XaportnoLotind Topdderypo atotelel | oyEon g puowoyemioyrnc eEEMENS Tov AQYOoHQEMVLROU RO TOU
peydiov O¢ov Iooewddva. H ovpmtwon eivor evivmmoioxy xouw dev agriver xoud apgLBorio dn dev umopei va
eivow GALOG 0 T6mOG HRAOTNELGTNTAS TOV UEYAAOU auToy Beot Tou aEYaoe A VIXOU TavBEov.

IMpotoy texpnoLdoovpe Ty droyn o, ag dovue Sung mowog 1jray o ITooedav.

‘Onwg givar yvwotd, o ITooewdwv elvar yiog tov Tirdva Kodvou xar g Trwavidag Péag. Zdupwva pe po
dmoym, Témog YEvvnoris tov Bempeital 1o 0gomédio Tolmolng ot ouyrexouéva n Mavtiveia. ZUpugavo e v
EManvixyp MuBohoyio, dtav n Péa fitav éyxvog Boébnxe oty Mavtivewa. Exewdn rav yévvnoe ritav n emoyr
mov o Kodvog €tpmye ta moudid Tov, dgnae to foépog Iooewddva dimha o€ pua iy, v Agva, Tov ovopdoT-
ne €tol emeldn yipw and to PEpog o v Ny} ovyrevipdvoviav apvid. H iy owt foloneton amévavt
and 1o onuepwd xwEwd Neotdvn. Znpewwtéov ot 1 Neotdvn vgiotatal omy i BEon mohhols auwves moo
Xpotov.

O Iooedavag eivor adehpds Tov Ato xow Tov Adn now aotehovv ™y 4" yevid tov Bedv. Outpeig Koovideg,
6nmg Ayovtor ot TELS avtoi peydiol Beol, £xovy YU autd (0o dtradpaTo 0Tov ®GOHO, TTOU TOV HOIRAOUY UE
®Mjoo. “Etot, 0 Alag €ywve ®upioyog tov Ovpavoy, o ITooewddv g @dhaooag zow o Adng tov Kdtw Kéopov.
Tov ‘Ohupsto Tov Apnoay opoipaoTo Yo VO TOV XXQOVTOL KA OL TOELS OVEUTAOOLOTAL.

Ag dovpe Twpa T yivetan otov Zapwvird, oto Keviound Avyalo ®ou OTig yUQm TEQLOYES, RO OUYHERQIUEVA
70L0 1jTay T0 YeWTmEQUPAANOY %ol TTOLES oL YemmeptRorlhovunés arhayés ta terevtaio 18.000 xodvia.
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4.2 Teomegifaliovrines ueraforés xard ra redevraia 18.000 yoovia

‘Onog givon Yvwotd, oAGxAneog 0 EAMadIHGS X1Eog vidyetanr 0° ouTé oV, G YEMTEXTOVIXY Aoy, ao-
xoheiton EMnvind T6Eo (Ewx.5). O EMadundg xHpog, He TNV EVEELR YEWYQOQPLKT] EVVOLa TOU 600V, EXEL ML
ovvhet yewhoywwo-textoviry doprj xonw eEEMEN, mov ayiler ovolaotird o and 250 exaToppvoLe YOOVLK
MEeQITOV, OTaV AEYLoE vo dnuLovpyeitan €vag vEog, Yo TV emoy)] eXELVY, WXREAVOS OV TOV €XOUV OVOUGOEL
Ty69y. ‘Oho. oxedv Tt metpdpora Tov PAETOVHE OTOVG 0PEWOTS Gyrovg €xovv amotedel wg Wijpata 1j €xovy
exxVBel W NPAULOTELORE 07 TSV ToV wxeovs g TnBvog, 6rtmg yio tapdderypa Ta metpdpota otov ‘Olvpmro,
oty ITivdo, otov Taiyero, otov ITagvaood xAx., ToAl wpotol dnpoveynBel o ATAavTinds wrEAVOS.

2’ aut6 To 1ERdoTIo Ot SLdExeLd XEOVIrG Sdompa, oxedSV Gha Exouv OAAAEEL 0TV EMLPAVELD TOU TTAGVY-
™. ‘Oheg autég oL ahhoyég ouvdEovTon ®UEIMS Pe TLG LETATOTIOELS TV MBOOQALOXMY TAORWMY, TOV TNV TEQ(-
wrwon ™s EMAdag fabuiaio odjynoov oty onueovy Suvopixt] Xatdotoom Kot OTNY ONUEQLVI] YEWROQPOAOYL-
%1 ewéva Tou EXNAadinot xweov, 6mov AGyw g toEoetdovg didtakng twv vowdv, 6nng ovpfaiver pe ta Entd-
vnoa xon v Korjm, adhd xar mv toEoetd] SLdTagn v 0QEVHV GYRMV KoL TV NQULOTEIDY, ®oOWS KoL TV
GAWV poE@OTEXTOVIRGDY dopmv, whdpe Yo EMinvind ToEo (Ewx.5). Avt 1) toEoewdiic dudragn wg popgpodour,
QA 10 YEYOVEG 6T TOAG. 0TS Tar TETEWUATA TG Elvan Tahoud, dev eivon yewAoyrd oA wahd, agov doyLoe
vo. SLOpHOQPAVETOL RaTd TNV AEYOUEVN VeoTEXTOVIXT| TTEQ(0O0, IOV Eexivnoe mowv 10 exaroppvola xoovia mepi-
mov o m eEEMEN g ouveyiCeton péxor orjuepa. Avtd TavTwg wov BAETOVIE TNV CUEQLVY ETTOXY] OTOV EVQUTE-
00 EXLadux6 xdo eivon amotéheopa yemduvaprdy SLepyaotdv tamv televtaliwy 2 exatop. eTdv xou Waitepo.
tov tedevtainv 700.000-1.000.000 etdv.

“Eva. anté ta yapaxmolonxd tov EMnvinot TéEov, mov notd v yvdun pag dadpapdnos ®aboouonnd
6Ao otov EMMvirG poiotoQind TOMTIONG, £ivol GTL TOORELTOL Yo EvaL EVEQYS TOED.

EnaveQyOUevoL oty TeQLOY1] TOU AQYOOUQWVIXOU, TOETEL VO, AVOPEQOVUE OTL OTTO TOL AQOKTIQLOTIXOTEQO
YVWEIoPATO TG EVEUTEQNS TEQLOXNS TOV E(VOL OL OELOPOL, TTOV elval TOAG ouyvor, Waitepa and to M. ITAelotd-
xouvo (500.000) péxol ovjueoa. EEdhhov, ndpa morhd prpypata dwaoyiCovv Ty evpitepn meQLoxY, EVE HEYAAES
onEryeveis Taveg eivan yvwotég, dmwg oL pnEryeveig Laves g Toolnviag, g Koaxids Zralag, To mapmollo
offynarta Tov Io6pov e KopivBou, ov gnEryeveic Loves v Tepaveiwy, tov [Tiooinv, g Pabag, ®Ar. Exeudi
0 QNYROTLXOG TEXTOVIOUGS ELVOL EVEQYOGS TTOQATIQOVVTOL GUYVES ETOVAOQAOTNOLOTOLOELS TWV EVEQYWHV ONYUA-
tov . Zug Ew. 6, 7, xau 8 amewoviCovral oQuopéva priypata amtd outés Tig eviunwolaxés ongryeveis Loveg.

Euwx.6: H evegyrj onéyevijs {ovny ora ITiooa (fogeto Ewx.7: Turjua g onéryevovs Lovns s Kaxidg
moeavés I'spaveiow). Zndlag (ArTixrs).

Fig.6: The active fault zone of Pissia (northern slope Fig.7: Part of the Kakia Skala (Attica) fault zone.
of Geraneia Mt.).
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Eux.8: Zerouixo oijypa oty topj tng dwdouyas g Eux. 9: Agyaio xriouata oris Keyyoecs, ta omoia

Kogivbov orjugoa poioxovrar xdrw axo i ordbun s Bdiacoag.
Fig.8: Seismic fault in the cross section of Korinthos Fig.9: Ancient buildings at Kehrees which are actually
canal. below sea-level.

IIégav opog g eMAVEdQAOTNOLOTOINGNS TOV ENYRLATOYV, CTOV EVQUTEQO XDQO TMV TUAQAXTLOV TEQLOYBY
T0V ZaQoVixov, TUQUTTQ0VVTIUL TOA OVUYVA RUL XATAXOQUPES XIVIOELS TOV (PAOLOU, OGS VL0 TTAQAOELYHA KA~
Bodinés otig Keyyoe€s #ar avodinés otny Iooedwvia. 1o ovyxexpipéva, otig Keyyoeés, (Ewx. 9) xriopata
amo TNV aEYULOTNTA, AAAE XUl TOVS TEATOVS YOLOTLAVIXOVS XQOVOUS, PoioxovTal o1jpeQa ®AT® amo T1) 0Td0-
un s 0draooas. To axgifds avrifeto ovppaiver oty Hooedwvia, mov Poioxetar otV €i00do TG dudEL-
vas s Kogivlouv mpog tnv wheved Tov KogivBuaxovy (Ewx.10). Xt 0€on avti] mov éxel amoxalvglel éva
ipa s geyaias Aiokxov, ogopévor dopxoi AiBou T omoias ralvnroviar andé perayevéotepa beach
rocks, évav yeohoyixd oynuotiops dnhadn mov £xer dnuoveyn0ei axoifus ®dtw ané tn otddun tng Odrao-
oag, onpeoa Poioxoviar agretrd mdve amxo Tn 6drhacoa.

KROPINGIARKOL KOALIOX £ YTIOMNHMA
ANAYKAMINO KOMMATI

TOMH
EM®ANHY ®EMEAIQYH

TOMLL

-A, EM®ANHT @EMEAIOQTH

., TEAOI THI AIOAKOY
MITPOSTA ETH AIQPYTA

IMEPIOXH EM@®ANOY X
ANY'POQLLL

LAPONIKOY KOATIOZ

Eux.10: H weguoyij s Hooeidwviag xar n Oon s Aiodxov (and Verdrelis, 1956):
Fig.10: The Poseidonia area and the location of Diolkos (after Verdelis, 1956)
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OL oNUaVTIRGTEQES OpPS OAAAYES IOV EYOVV ETLOVUPEL OTOV EVEUTEQO XWEO TOV ZAPWVIXOU EIVAL OL PETA-
BoAég mov €xouvv maaTnENOEL OTLS OXTOYQUNMES.

Smv Em.11 gaiverar  poeen mov gixov or axtoypoppés oto Zapuvind Kéhmo os do meprédovg frot, 10
18.000 mpwv atd orfjpepa, wov Omwg €xel avopepBel, mpgnel vo fpioroviav mepi to 125 m. xounAdtepa, o T0
12.000 oy omé ofpeQa, Tov exTipdTon 6Tt TEEMEL vo. foloroviay yipw ota 75 m. younhdteQa.

Ta ovpmepdopata mov eivar duvatdy va eEoyBoltv and Tovg xdTes owtolg eivon TaEa TOAG, TOAD ON-
ROoVTEHd %Kot 0QLOUEVO ouyRAOVIoTIRG! AGY® Ypov Ba meELoQLoToUpe ot axdAouBo oAy Adya:

T poppés oKty
18.000 BP 125 m)

T papEs or1Gi
12000BF (-70 m)

1
; Znpepivig I poppes onTioy

Eix.11: Ot axroygauués otov evoUTEQO Y00 TOV ONUEQIVOU Zagwvixov xatd tnv megiodo 18.000 B.P. (-125 m.)
®#a: 12.000 B.P. (-70 m.) (B.P. = Before Present = mtv ano otjusga = m.a.a.).

Fig.11: The actual shorelines of the broader area of Saronikos Gulf and those of 18.000 B.P. (-125 m.) of 12.000
(-70 m.) B.P. (B.P. = Before Present).

e To 18.000 m.a.0. oL 16T OXTOYQAUUUES DEV EXOUV HOULE OYEON UE TG ONUEQLVES, OUTE Gt Aoy HOEYPNS
ovte and yewypapry 6€om. O yvwotdg pog Zapuvirds Kohmog v emoyn ovt amhovotato dev vmoye.
Tnv enoyrj avni howtdv 1 Ilehomdvvnoog ritav evopévn pe ™ Atuxij, ool ta ynowd Ayxiotol, Alywa,

Kvpd, Awdmogot, Aayotoeg, Zolapiva, PAEPec, 1o vnot tov Iatpdrhov, oAhd xow 1 Maxpdvnoog amotelovooy

po. eviaia Ened mwov frav evopévo pe ™y Atuxr. To onpepvd vnowd tov Zoapwvirol arwote ooy TujpoTo

g yégueag Enpdg, tov IalawoioBuov s Afywvag, evd petald ovtic mg yépuooag xat e Ilehomovvijoov,

exel mov onpepa extelvetaw o KGhmog twv Keyypedv xaw o Kéirog g Emdavgov, vioye wa Apvn, 1 Ia-

Aarodiuvy tne Tootnviag.

Znuetwtéov 6tL TV eMOY oWy, mwg paivetaw oty Ew.12, o KopuvBioxdg Kohmog fitav wu avtdg Aipvn,
eve 0 Notog Evpoixdg riray pa peydin medidda mov €vove mv Avatohxri Atux ue v Notwo Evfoua.

e Mo oyennd pxon Apvn mp€mel va elye oxnuatiotel entong exel megimov mov ofpepa exteivetar o Kéhmog
¢ Elevaoivag, Tnv omoia €xovue ovopdoel Kvyoeia.

e Tnv emoyn ot eMOpEVIG, 0 TaAooMOGS AVOOWTOS PITOEOVOE VO TEQAOEL TTEQMATHVIAS ATG TNV TEQLO-
M ™S Atuxiic omv onpepwvy Ilehomdvynoo xan eniong and v Attinr oty Evfora.
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e ‘Ola oo ONPEQVA VNOLA TOU ZaQmvixoy Ouven®g dnuoveyridnxay petd to 18.000 mowv and ofjuepo xal
@uowd Gyt Gha pok.

o To 12.000 m.a.0. ) ovdBun g Bdhacoog Boroxdtav mepirov 70 m. xaunidtepa, evd ro 10.000 m.a.0. meQi-
mov 30 - 40 m yopnAdtepa.

Tnv emoyn avnj o TI6pog nan n Aoxdg 1joav evopéva axdpa pe Ty Ielomdvvnoo, evad n Zahapiva kol o
PAEPec Noav eVOPEVES ue ™V Atuxr. Amevavtiag, | Atywva, 1o Ayxiotol xan oL vnoideg Yymin xaw Aayovoeg
amotehovoav eviaio voi, v Halato-Alywa 1 IMowto-Alywva.

o Merabv 10.000 - 7.000 7.a.0. nepimov 1) BGhaooa ovveyitel vV avepaiver pe Ny do tayvTnta, evd Yipw o0to
7.000 m.a.0. ) otaBpn g mpEnel va. forondtav yipm ota 10 m. fabitepa o’ 6,TL ovjpea.

e H dtoapdppmon e onpepvIig HOEQNS OXTWY TOU ZaQWVIXOU OTTGTE KO ATOOTAOTNXE ) Zahapiva ard Ty
Atuxn, mp€nel va €ywve yipw oto 6.000 w.a.0., Téte dh. tov apyCeL naw 10 *Auatins optimum tov Oloxai-
Yov, IOV JUOHECE, CUUPOVO UE TLG ATTAPELS TWV TEQLOOGTEQWY EQEVYNTAY, uéxoL 1o 4.000 m.a.0. TeQimov,
Onh. p€xot o 2.000 mt.X. Tnv mepiodo aut, 1600 1 pHeom Beppoxpaoict 00 X oL fOOYOTTWOELS TOETEL VaL
Mooy VYNASTEQES QTG TLS ONUEQLVEG.

Zug Ew.12a now 12b gaiveran 1 poo@ mov meEmeL va elXay Ol AXTOYQOUUES OTOV AQYOORQMWVIXG, OTO
Kevtound now Noto Avyaio, »abag raw otov KoptvBuaxd xatd to 18.000 w.a.0. ®ow o 12.000 m.0.0.

MOhg Spwg deyLoe vo avéQyetal  otddun e Bdlacoag ta mavra agyitovy va alhdfovy ral fabuiaio ot
TAALOMOLKES QQYHA, KOl 0TI CUVEXELD OL HECOMBIKES rau VEOMBIXES rOowvwvieg Ttov Lovoav og auvtiv Ty
TEQLOYN AVOYRAOTNXRAY VO LOUY OUVEXHDS RATW 0TS TO PAOUN TOV ROTOXAoHoY, va Lovy ouveyde vité xabe-
OTMOS AVOLOPALELOS, 0POU YEGVO Pe TO XeAEVO 1 Bdlacoa vordxAule TNV ENOd, HE CUVETELD TNV ROTACTOOPY TMV
VYQORBLOTOTWV, TV TORAxTIWY TNYdV ®Awt. H ouveyric Enod mov €fhemay pmpoortd tovg edw raw yhddeg x0o0-
via, xa8’ 6y v mayetddn mepiodo, fitor and To 70.000 uéxot to 18.000 m.a.0., péoa o€ Aiya xoGvia HeTaPdi-
LETO O€ YNOLd, Aoy €va Peydro TURO TG RaTOAIOTRE OO T BAA0oo0. AUTd GAo ouveyioT AV HEXOL KO
70 6.000 LY amtd ofpEQa, OTTATE 1 OTABUN TNG OAANCTOG OTAPOTAEL VOL AVEQYETAL KO OXEIGV OTUOEQOTOLETAL.

H »ardotaon avt, tépav tov dAhav, tagovotdlet Wiaitepo evitagpépov yia vy apyatohoyixy €ogvva,
emeld] oL TEOIoTOELHOL RATOLXOL TV TARAXTLWYV TTEQLOY MY TOU TTepraryauanol xWEov, aAd ®ow TV VoKV R
Wialtepa oL ®AToLRoL TG AVATEENS TAAOMBLKRIG, TNG HECOMBIRNG KO TG TEWLUNG VEoMBIg emoyrc, OEV
TOEMEL VOL XATOLROVOAY TIG (OLEC TTEQLOYES OV RoToirNoaY HETA TO 6.000 7TEWV 0NG OfjpeQa, AL ratoLOVOaY
HUEIWG TLG TEQLOYES AWTES IOV RatarhioTray ano T Bdhacoa xatd ™y dvodo g otdbung g, eEattiag ™mg
TENS TV Tayetdvwy. ‘OcoL ETOUEVIE At TOVS TEOIOTOELROTS avORWMITOUS RATOROVOAY OF ROUQOTUHA OTY-
Aaua, 1] ®OvVTd 08 TINYES, 1) 0 VYQOPLOTOTOUS TG emOYNS exelvng, mov Poitorovray 120-150 m. yaunkdtepa and
™V onpeEvr otdadun g Bdlaooog, orjueoa £xovy ®atorhvotel 0té avti. Autdg eival (Omg xot 0 AGY0oS Yia Tov
07Toto, 0TV ATTLXY Yo TORAdELYN, OeV Polorovpe TOAatoMBIHOTS OLHLOPOUS, eV oL veoMBLxol eivar oyeTind
Myou og gx€om pe drheg meQLOYES, TOQA TO YEYOVAGS GTL TO ®Apa ity €E[COV EVVOIrG, AV Ol EVVOIXGTEQOD, OITO
eXEIVO AMV TTEQLOY WV TOV EAMadinov yweov, »otd v (Ol emoy.

I'ipw oto 6.000 m.a.0. T0 ®Alpa, 6mwg eAEXON, 0T0BEQOTOLE(TOL CUYRQLTLRG [E TLS TTQONYOUUEVES ETTOYEC,
T4 TOUTA SRS TAQATNQOVVTOL CUVEYMS UXQONUETAPOLEGS.

"Extote AOwdv 10 modnTio tomio petafdiletal ®uping:

(1) and androues ®aTaARGQUPES XIVITELS TTOV CUVIEOVTAL e OELOUOVS ®aw OV eival efte avodioy (Ew. 10)
eite naBodwov yapaxtioa, m.y. Keyyoeés (Ewn.9)

(ii) amS oVVEXOUS YUEARTNON RATARCQUPES AL

(ili) OomS RMPOTOEVOTATIROV YUQUATHOO KIVIOELS, WOV CUVIEOVTOL UE UKQES XMUOTIKES UETAPONES, GrmE ™
yvworj Beppn mepiodo mov mapatondnxe xatd 1o Meoaiwva, | ™y wxey mayetddn xepiodo (little ice
age) mov moatnEOnxe ot I'n petaky 14 zow 19° cwdvo p.X.

Tnv mtepiodo tov rhponxot optimum (fA. Ewr.4) mpémer vo ouvERNOQY ®aw OL YVOOTOL RATAXAIOHOL TTOU
avagégovial s puboroyies dtapdpmwy Aawv, 6rwg 0 oAl yvwatds Kataxivouds tov Nde, ot yvworol Kata-
©AVOPOL Tou Agurahimva xot tov Qyiyn mov avagépovrar oty EAAnviny puBoroyia, o Koataxhvouds tov Bi-
paxotoa (Nota Apgpwnr), o Kataxhvopds tov Zovootvpvra and m Mecomotapia %.0.

210 CUUTEQAONN OUTG RUTOM]YOURE EELDN OL OLAPOEES AMOYELS OYETHA e TV YEOVOLOYID TG ETTOXTS
nov meEneL va €ywve o Kataxhvouds touv Noe (ITivarag 1) ovpnintovy pe avni my mepiodo.
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Eux.12: H poo@ij tov axroyeauudv tov Agyooagwvixov, Kevroixov xar Notiov Aryaiov xar KogivBiaxov yvpw

a) oto 18.000 B.P. xat b)

yvgw oto 12.000 B.P.

Fig.12: The shorelines of Saronic gulf, Central and Southern Aegean and Korithian gulf around a) 18.000 B.P

and b) 12.000 B.P.

Hivaxag 1: Xpovoloyijoeis rov KaraxAvouov tov Nde ovupova pe didpoges amoeis »at anyes

Table 1: Different datings

of Noah’s Flood according to various authors

Epoaizij Maodpa 2105 n.X.
6da N ] . 2288nX |

| Agyiemionomoc Usher na Ayyhixij BiBhoc 2.348 m.X.
Playfair ) _2332nX.
Clinton 2482 n.X.
Hevrdrevyos B - 2.998 n.X.
Flavius Josephus N B 3146 n.X .

| Dr. Hales - , . ssax
Septuaginta 3.246 n.X.
09006d0én Exxinoia 3.305 . X.
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4.3. Hepiaryaraxog ydgog xai ot Ocof tov EAAjvav

O dvBowmog houTdV, TOU RATOLROVOE OTN TEQLOYY Ut Rotd TNV Voteen ITaiatodiOixrj emoyr nar ohdxAnon
™MV MeooAOuxij xar NeoliOixij, pe dhha Ay o dvOpmmog tng mpoiotogxrc emoyrs, vitMeEe pndotueas Ghwv
QUTAY TOV QUOLLOYEMYQUPIADY KOL YEWAOYIRDY HETAROMDY RAL RATAOTQOPMV, GTMG EIVOL 1) NQPALOTELAXT] dQaL-
OTNELGTNTA, OL OELOPOL TOV TOAAES POEES TUVOIEVOVTOL RO TG TAALEQOIAXA XVUATA (TOOVVALL) KA.

Kvpiwg dpog vete pdotvpag SAmv 1oV xataxdpupay uetafolav s otdbuns s 8diacoags, wov elxoy
oav TEMRG aOTELEON TNY 0AoxAnowTixt xatdxivon ueydAwy tunudrwv s Enods wou v fabupioio petatpo-
7] TS O€ TWOMA IWXQEGTEQX. 1] KoL UEYOAUTEQX VNOLA.

Méoa howtGv 0 €va TETOL0 QuaLxoyewAoyine axnvixd, e Gheg OUTES TG dQUUOTIRES odAayEg, PAEmovTOg
%40 yodvo v Bdhacoo v avepaivel watd péco 6po and 1 emcd cm, evd Yot 0QLOREVES TEQLOdOVE 1| Avodog
QUTH TEETEL VL TV ARG PEYOATTEQT RO VOL TOU ROTORAICEL YOGVO PE TO XOGVO GLO %Ol TEQLOOATEQO TN YN
mtov Covoe ®at ®velto, 0 advivauos, o QopLouévos, 0 TEOUOXQATHUEVOS TEOITTOQIXOS AVOPWTTOS, TOV EPAETE TN
N va Bovhidlel ®GTm amd T oL TOV, EVE OVYXEGVOS BIMVE %ol TOVS GELOPOUE TOV D0V, 1jBehe va xoatnOel
a6 ®ATOU Yo vo. eTPLdoet, 1j0ehe va foeL xATOLOV VO TOV TaparalEéoeL Vo Tov Pontjoel amd ta dyoLa otoL-
¥elo g @iomg, o péyoL oLy Alyo xodvia dev elye PLoidoet, otte autds 0UTe 0L TEGYOVOL TOV, POy OL AXTES dev
drhatav Bom rwaw n BGhacoa dev PoVORMVE, OL HOTARAVONOT et oL TAupdes dev elyav avni mv €viaon.

Tl doaye Oa mEEmer 1) CVUTTEQLPOQEA TOV TEOIOTOPIROU avBOMITOU %ol LOLAITEQC TOU TOANLOMBIKOT Kot
TOU veoMBov vo. dLopépel amd TV CUUTEQLPOQT. TOU VESTEQOU 1] HOPN KOl CUTOU TOV GUYYO0VOL avBp®MIo
™G PETARLOUNY VXS ETTOYXNGS;

Av ndmorog apgipdiret dev €xel Tapd vo emore@iel Ta mapexrhiole tov Beiorovral ouviiBwg ota dudgo-
0t YOOOXOpE( TS Tatpidag pag, ohhd xou 6° ohdxinon mv yotonaviry Evpwmy, yio va deL ta tdpata mov
£XOVV UPLEQWOEL OTOVS dLdpoovg aylovg Yo va peottevoovy ato Ged Yo T owola Twv avipwrmy Tovg.

Av ofuepa Aoutéy 0 GvOpwTog ™S ueTafrounyavinic emoxic el adivapog umpootd om @ion dtav
ayolevel xou mpoorabel va ddoel andvinon ota vraplaxrd Tov TEoPhjpaTe, YIVETaL RaTavonTo yiotl o dv-
Bowmog ™mg makaohBxig, g wecoMBris, ahl” axdpa nat tg veolBiryg emoync mpoomabel va dwoet amd-
VINOY OTOL UEYAACL EQTNUATURA. TTOV TOV BACAVICOUV %O TTOV EXOUV OYE0N UE TV (dLat ToV TV UmaEY, ahhd xou
TOV TEQUPAALOVTA DO PE TOV 0TT0{0 OUVIEETOL ApueTa vt M UrtapEr Tov, Tov ahhdlel OUVEXMS RO RAALOTO e
TaUMTES LAy yLdIELS.

e [lowog efuai; Amo wov rjoba; Ilov mdw; Tt Oa yivw avoto;

Avtd elvar oQLopéva amd o ToAG Baord vtapElord epmtipota Tov tov Bacavicovy. Kau mapdhinio

axorovBel mhijbog dAAwV epompaTROY OTOG:

e [lowog épriae dda avrd mov PAEnwm yiow uov;

o [lowog égpriae Tov ovpavd xat T’ dotoay

o [lowog épriake ta fovvd, motog Ty BdAacoa;

o [lotog xaver tyv I'n va teéuet; Hotog eivar avtdg mov avefdier tyy otdOun e Bdlacoas mov xataxAvter tny

I'n uov;

o [lotog elvar avtds 0 guTevos dioxog mov otav avefaiver atov oveavd uag QuTiCer xt otav xatefaiver xat
pevyel yiverar oxotdol;
o Kim., xAm.

MEeEoa AotGy 0'autd T0 OXNVIRG TOV OVYRAOVIOTRGV HeTafB oAy, mov dhikeg eEehMlooovtal pe eEoupetiny
ToyUTTa ®oe o8 eAdLOTo XeOVo, Omwg Yivetar ot pia xatoryda, 1 oxeddv axapiala, Omwg yivetow oty meQi-
TWON EVOG GELOUOU 1] EVOS REQUUVOU, VTTAQYOVY %ot GAAES uetaforés, mov eEehiooovian apyd alld otabepd,
Smmg N ouvexrc aviymaon g otdBung g Bdhacoag, 0 AvORmmog ™E TOA TOAULAS AUTHG ETTOYNHG, O TTAAULOAL-
Ouzdc dvBpwmog dnuovpyel TV Tl YEVIA TV OEdV TOV, TOL TROEEYOVTAL antd to Cevydomua s Taiag, e
Meydlns Mdavag twv mtaviwv, ue tov Ovpave. “Etol, yevviavtar ou Tirdves, ou Iiyavres, ov Exatoyyeioeg, ou
Kvxdomes. ‘Oha avtd ta ovra g EAMnvirng Muboloyiag motevovpe 6Tt avIltQoommeVOUV TLG TTOLKIAES ROTO-
OTQOPLXES PUOIXES DUVAUELS TN TEQLOAOV TTOU O AVOEMTOG TOV AdUVOLOS VXL TIS OVILUETMITIOEL, OAES QUTES TIG
duvdpelg o tov frav dyvooteg mow 1o 18.000 w.a.0. H mepiodog ot meénel va aviiotouy el 0To ovird
dudomuo peta&d 18000 xan 12500 m.o.0. mepimov, mv mepiodo dNiadn and téte mov apyiler n aviEnon g
aayroopag Oepporpaoiog uéxot »or myv meptodo g Younger Dryas.

TNl Spwg Ghot avtol ot Bgol 1) ta vitepuowd dvta va Teogeyovral oo Thv Iata xat Tov Oupavd, xot oyt
amd dihovg Beovg; Ma 1o mdvta eEehicoovton otov ovpavd, mdve ot I'n xau oto eowteprd mg. H I'n elvan
avth wov Teépel. H yn novyxpiCel dtay teépet. Amd to owBnd g I'ng fyaiver N npawotetomny Adpa. Amd tov
Ovpavo €pyetan | votarhvouaia fooyn. Exel, mavw, mhaviétar o "Hhog, exel avamtiocovian oL avepootoofii-
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Aot xai oL xaTayidES, oL AOoTEATES KoL OL BOOVTES.

Ko givon BEPao 1L Ao avtd tar pouvopevo noay oAt o Piowa art” 6,1 orjpepa oto Atyalio.

“Evag nowdg avBpommog eivor adivotov va moorohéoeL TETOW Qaivopeva. Mévo évo vrepguotxd ov Ba
UroQovoE va TEORAAEDEL ®ATL TETOLO, €vag ['iyavrag 1 €vag Titdvag.

O yiyavreg, ovpgmvo. pe v EMnvierj MvBodoyia «... Enveay mvp amd to otdua toves, «... éxpatav ayolo-
TaTa ...», «AXOVTILAY 08 OTOVS 0VEAVOUS TTETOES %Al OEVTOQ avapuuéva. . ».

T GAAO AOWTGV, WITOEET VO AVTLITROOMITEVOVY OL YIYOVTES Tapd Neoiotewa; Av oupfaivel autd, mol allon
UTOQEL VO VITAQYOVV %O VO HQOOTNQLOTOLOTVVTONL OL YIYOVTES TaQd UGVOV OF TEQLOYES TTOU TAQOVOLALOUY Mot~
otelony dpaoTnELeTTa, 6mtwg eivar 1o EAANVIRG nponoteland 1650 Tov Avyaiov xal to avtiotoryo g Itakiog;

Kot B pwmijoet #4mwoLog, (0mg, «...kohd, vdoyovv armodewmtird otovyeia yio Gha avtd;» Ko B€Rowa vdo-
XOUv. Agv €xeL HaVeElS O Vo ETOREQPTEL T Aerdvn g Meyaldmoing 1j mg [Trokepaidag, dev €xel mapd vo
emoxre@Tel ™V eQoyn twv Foefevayv, yia va deu tepdotia oe péyebog 00td mov potdlovy TG00 TOAD pe av-
Bpddmva. Zrjpepa BERara yvmpiCovpe dtL tar CUYREXQLUEVH 00Td, deV avirovy otovg Iiyavteg, ald o€ mpofo-
oxrdwTd. ‘Opmg, mo1og Bo. pToEovoe va TelTEL TOV AvOQMO TS ETOYNS EXEIVNG, GTL deV avijxouy 0 §vay vmeQ-
puowrd avBpwmo f évay yiyavra;

Avtd 6ha. MotGV EivaL OL QUOLKES RATAOTEOPLRES OUVAUELS, TTOV G)L HOGVOV TOV TOAITTWEOVY %Ol XOTOOTQE-
@OVV ToV LOTd TV XMHEO, ®at ToV Bio Tov, CAAG TOAAES POEES TOU apaLQOVY ®at TV (dra Tov T Lonj.

Méoa Spwg 0° aUTo TO ORNVIXG TV RATAOTQOPLRMY PUOLKOYEWAOYIRDY aAAaydV, 0 dvm - ohawoMOurdg
avBpmmog Tov gvpitepov EAadixot ydpov €xer avdyxn va dnpovpynoer dhhoug Beotc mov Ba tov fon -
ogouvv. "Etou dnpovyei v 4n yevid Bedv, and to Levydowpa evég Tirdva tov Kodvov won wog Tiravidag e
Péag.

Zmv 4n out YEVIG aVIijROUY OQLOPEVOL OO TOVS PeYaiovs Beovs, Tovg o Yvmotous Tov 120gov, 6mtwg 1
Anjunroa, v Eotia, v "Hpa, 0 Adng, o ITooetddv wow o Zevs.

ASym xodvou dev Ba mpoymE1iooupne oty avdlvon g ox€ong Tov xdbe B0l Tov apyaroehnvixot IavoE-
0V, IUE TO QUOLKOYEWAOYWHO YiYVECOHUL TV OLPOQYV TEOIOTOQIRWY TEQLGOWY. Ow TEQLOPLOTOVUE UGVOV OTO
0e6 Iooeddva, TOU 1 AVTOOIOL TOU TOAM) PHETAYEVEOTEQOV RAAMTEY YN, TOV BEAEL w0, avdQOTEETY Rau duva-
10, £€T0L 6nwg TouQLdler 0° €vav peydho Bed, mov ®uELaEYEl 0 6,TL Yivetan ot OAAQOO, OTO, QEVIOTOL, OTLS OXTES
%o otov mubuéva, old now otig dleQyaoies Tov ecmTeErol TS yNne. "Evav 0ed xat” emdva xow opoiwon tov
idwov, pe v Téhera dudmhaom, érwg mpénel va eivan €vog 0eds. “Erol avdloya pe Ty TEQITT™ON TOV YOQUHKTN-
oiter yaurjoyo, evdiio, evooiyaio, exdxtato, meddyo, emidiuvio, Baidooto, ioBuio, moeBuio, uvyio, oetoiybova
»At., ToV YTieL Naovs, 6mwg tov Nad tov [ooeddva oto Zovvio, To Nad tov Tooewddva otov IIdpo, oy
Toolnvia, otov Io0u6 naw oe TOAG Gl onpeio, xo ToV agLepmvel OAOXANQES TeQLOYES, Omwe v [Tooedw-
via otov IoBud, axdpa xor extég EAGSos.

‘O)ou avtol ov emBetirol TEoodoguopol amewkoviCovv dpaotidtres Tov Beot IMooeWwva mov ovvdgo-
VoL GUECOL PUE TO YEMOUVOUHG ROOECTADG ROL TIS (PUOLKOYEMAOYIXES UETAPOAES TOV Apyoosapwviroy Kéirou
%o Tov KopvBuaxov, ahld xat tov Avyatov Tlehdyoug, oe peyolitepn xApoxa.

TI'anjoyos nou oetoiyfwy amoraleiton Aoy €YEL VO OVILUETWITIOEL TOUS OELOROUGS, TTOU OUVOEOVTOL PE TNV
neprox. Elval yvwotd 6t n meproyyj tov IoBpot eivar and tig TAEov OELOROYOVES ROL OELOUOTTANKTES TTEQLOYEG,
€€ ov xou loButog.

IoOpoi xonw ool (Tdeburog, uvytos) Gpms dMMpuoveyolivial ouveXMg eEALTIOG TNG XAMUOTOEVOTOTIRNG O
védou g Bdhacoag, ®xad’ 6hn v wepiodo amd To 18.000 péxot xan to 6.000 w.0.0.

‘Oha avtd ovvdgovtan pe v Bahaooa, y1” autd xapaxtneiteton ko wg Oaldooiog xon evdiios, ald row pe
TG axTég, €€ ov wou emdxtatog vau BERata oL peTABOAES TS oTdBUNS T BAAATONS ATOpOVEVOUY 08 dLAPOQES
TEQLOOOVS RO VLot HEYAAD YQOVIXA dLaoTijparTa uxeoTeENS *¥Aiparag textovind fubiopata and v 0dhacoa
UETATEETOVTAG TO OF Afuveg, €€’ ov vow emmidiuviog. Mio tétowa Mpvy, 6mmg avagépbnxe dn, tpénel vo vroye
peta&l me yégpuoag Enpds Aiywas-MeBdvav xou tg axtiic mg Iehomovviioov (Teolnviag), iowg ®a®” 6in
™V meiodo tov Av. IThelotoraivov péxot row to 15-16.000 m.a.0. mepimov. Mua dAAn Aipvn méner va amote-
Aovoe xou 0 KopivBuords, agot mpénel vo eiye amoromel ) emnowvwvio ue tov Iatpainé KGimo, tovhdyiotov
uéxot to 6-7.000 m.X. EEdAov, pa oxetind prodten APy TQETEL VO VITQYE KOL OTNV TEQLOYT| TOU OYUEQQ
rarahoppdaver o Kohnog g Ehevoivag, n Kvyeeia Ajuvn, eved GAAES, jrQOTeQES ViEQY RO OTO TUT PO PETAED
ovnig ®ow ™g Teolnviag, mov drwg avéfowve n otdbun g Bdlacoog xdvovray, evid oe dhhes meploxég on-
ULOVEYOUVTAY VEEC.

“Etor motefoupe 6t 0 Aryaiaxds ybeog #ou oL TEQLOXES Tov ToV TeQUPAAOUY elvan 0 evvonuévos, puatxo-
yewyoapixd xat yewAoyixd, YHOOS, EIVOL 0 EvVAOYnuévos Tomog, eivat o Beoyevvijropag Témog, mov ke xabo-
QLOTLRG EOAO OTNY AVATTTVEN EVOS atd TOVS VYNAGTEQOUS TOMTLOHOUS TOV RaTOEBWoE va dnpoveyfoel o Homo
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sapiens PEYOL OUEQ, QUTOG TTOV AEYETOL AQYAULOEAANVIROG TOMTIONGS.

Wevtinovg xor avifwovs yapaxtmoiCovv mohhol tovg Beovc twv apyainv EAMjvov. To péva mdvimg o
TMooedwvag ahrd row ov dhlot Beol dev eivar Yevmnor, Kau dev pwopel va eivor ettrot agot eivor YEvvnuo
Bpépua Tov aknBivol puowoyewroyroy Yiyveobal Tov gupitepou xweov Tov Aryaiov. Kot guod dev uropsl
va €xouv €ABeL amd ahlol mapd povov and to Avyalo rou tov Iepuonyoiaxsd xwoo, yiatt movdevd arhov dev
TAQOTNEOUVTOL GAES CUTES OL OUVOETES PUOLROYEMYQAPIXES %ot YEMOUVOURES OAAOLYES OTOV EVQUTEQO YOO
™mg Avatohxric Meooyeiov ot tg Mecomotapiag. Kot emopévag eivor ynyeveig, 6mmg xaw ov dhhot Bgol g 4™
YEVLAS.

Kau Bepaing dev eivar avibuol, ovte o [Tooewdvag, ovte ot dhlol Beol twv apyaiwv EAMvay, yiotl dev
elvan duvordy, €vag Aadg mov dnuovpynoe €vav oMTopd 10oug va motevel oe aviBirovg Beovc.

5. IIEPIAITAIAKOX XQPOX KAI IIOAITEYMA TQN EAAHNQN

Méoa 0’ €va QUOLROYEWYQUPLRG MO0 UE:

éva xAiua mov €xeL eE00parioel 0Tov TEOIoTOEWS AvBpwITo T Paoxd. £idn dratpoiig Tov, eite v meplo-
90 1OV 1{TaY TEOPOOVALEXRTNG, E(TE APGTOU EYLVE TOOPOTORAYWYOS, KOt HAMOTO XWEIS WLaiteEN TEOOTAOE L,
%ATL TOU ONpaivel 6Tt ToU agrjver ehetiBepo yodvo.

Méoa 0" €va QUOLROYEWYQUPLRG XWQO UE:

&va xAlpa OV TOV ETUTEETEL, RO YLOTL O)L TOV eMPBAMLEL, Vo ®ivElTaL oVveXHDS EEm OTOV EAEVBEQOD YOO Ko
EMOUEVIS TOV ETUTRETEL VO CUVAVTA RO VO CUVAVAOTEE PETAL AAOVS avBR®TOVS, TOU %L cvTol €xouv eletiBego
X00VvO, Yo var otalfel otV uixerj tov ®owvavio Oa mpémer va udbet va ovintdet, Bo mpéme va pdbet vo emuygt-
QNUATOLOYEL, V& AVTLRQOVEL, VO CUUPWVEL 1] VO SLapVel e TOV OUVOANTY TOV, €vay cuvopAnT stov Ha tov
OUVOVTOEL ®aL TTAML, Row iELo ®at pefaiplo xow GAo Tov xedvo xat GAn tov T Canj, agoy n nhogdvela eivon n
peyahiteen oxedov ¢” ohG®ANQEO TOV ®OOUO, ooy 1 HEON ETHOL BEQUOXQUOTN TOV EMITEETEL VO TEL %o VoL
RLVELTOW T peyahitepn dudorela Tov €Tovg €Em oto Umanbo, apol oL TUQMVES Eival AYVOOTO QULVOUEVO OTNYV
Avatohrr] Meodyelo xan iaitepa 0to Avyalo xar otov TTeguonyotaxd x6eo.

Svvimagén ol ovufiwon Gpos pe ToAoUs avbodrovs onuaiver auotpaia xaravonon, onuaivel eEworé-
@eLa, onpaivel dwdioyo, onpaiver dnh. AGyo xaw avtihoyo, onuaivel cuvaiveon tov avlpdmmy, onpaivet O,
RAVOVEG, ONUAVEL VOROUS TTOU JLETOVV TLG OYETELS TV avBoWOTmY, onpaivel TeMxd avdyxn Yo dnpoxpatio.

SNUAIVEL BUWS ROL 0QYAV@WOT YL TV OVTLLETHILON TV X000V TS AAANG Ouadag, onuaivel CLUVEVMOT TV
opoimv, otV oy Louy 0To (B0 PuOLROYEWYQOPIXG CUOTHRO tE Tat (S ToPfAjpartar.

Enuaiver Ghot cvtoi tov Louv oty idua Aendvn, oty idua tedudda, avtoi dnhadri wov Lovv otov (o evepyd
HOQPOVEOTEXTOVIXG PUBLopa, mov xweiletar amd fouvd, amd €va oUVOETO EVEQYO LOQPOVEOTEXTOVIRG REQAS
IMhadn, onuaiver opddeg o to. oUVOEd TOVS T EEL PTIAEEL 1 (0L 1) PUOT pE TS PUOLROYEWAOYLRES dLeQyaot-
€ TNG VEOTEXTOVLXI|G TTEQLOO0V %o ®VElwg Twv Tehevtaimv 500 — 600 k. etdv. Enuaiver Meyapeis ko Kopiv-
Brow wou ywoitovran ot ta Fepdvewa ‘Opn, onuaiver Agyeiot, onuaiver Adxwves ko Meooiviot wov xwito-
viou azd tov Tatyeto, onpaiver @ecoahoi, OnPaiol wA.

H ehMnvixny MuBoloyia Spwg dev €xel T€A0G, evd eYd TEEmEL va TeEAeLdom xndmov £d¢. EAniCm 6t péoa o
oty ™) Myn doa ratdgpepa va deiEm, av un Tt dhho, 6Tl teémel va utdoyeL dpeon oxEon ueTal TG uoLKOYE-
whoyng eE€MENS Tov evpuitepov EAadinot xHEov %ot Tov TOWLHOU TEOIOTOQLROU 0YALOEAANVIXOY TOMLTL-
opov xow 6t ou Beol Twv apyainv eAMjvav TEénel va elvar YEvvnpa BEppa autoy Tov TOToV Ko SEV UTOQET VaL
Exouvv ewoayBel amd ramov ahhov.

Euelg ou vedrepor "EAMVES, Oog ovapEQoue, Toug meaiovg avtous Beovg, ™ Faia pog wow tov Ouvpavd
pog, tov Iooewdava g Mavrivelag, tov IIGgov kot tov IoBpot xaw toug dhhovg Beotg, Gyt pévov Toug €xovue
amagvnOel xat Toug €xovpe Eexdoet, alhd Toug yopaxTnoiCovpe YEVTLHOUS KoL aviBxous.

Tu noipa!

Zag EUYOOLOTH.
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H XTPQMATO-TEKTONIKH EEEAIZH TOY EAAAAIKOY XQPOY.
H ITIOAYITAOKOTHTA TOY KAI H ANAT'KH THX IIEPAITEPQ TEQAOI'TKHX
AIEPEYNHXIHX TOY
I. KATZIKATZOL'

ZYNOWH

Zmv ToQovoa ELyNoT] pov divetor okl TEQIAMNTTLRA 1) OTQMUATO-TEXTOVIXY EEEMEN TOV EMAOOLKOY Y-
QOU ®OTd T SLAOXELD TOV CATILROU 0QOYEVETIXOU RURAOU RO TNG UETAATILNG RO TQOUATIRYS TTEQLOSOV, QTG TV
0mol0 TEORVTTEL OflaoTaL 1) HEYAAN TTOAVTAORGTNTA THS dOUTS TOV XWEOV awtoU. X ouveEyelo eEetdletan
TOREIO TG PACLRNG YEWAOYLRNIG E0EVVOS VTOOWIS OTY) XWOM KOS, 1) OO0 ONUEQ VOTEQED adRALOAGYNTA,
1OLOITEQX OTOV TOPEQ EXTTOVIONG REAETMV %o EXTENEONS £0YwV EQoopuoopévng Femhoyiog now TEXVIROV £0YmV.
210 TELOS YIVOVTOL TTQOTATELS YLOL TNV CVTLUETHONLON TG OTTURAOEXTNG QTG ROTAOTAONG.

ABSTRACT

In this communication, we present briefly the stratigraphic and tectonic evolution of the hellenic region
during the alpine orogenetic cycle and also during the metapline and prealpine periods. From this discussion
easily understands the great structural complication of this area. Afterwards we examine the progress of the
basic geological research in our country which unfortynately is inexcusably in a quite low level, for the time
being, especially regarding the section of Applied Geology. Finally, we submit specific proposals for the con-
frontation of this unacceptable situation.

1. EIZAI'QTH

ITpéBeon pov oty €101yNon pov awtn elvar va delEm mEWTa T PEYAAN OTOWUATO-TEXTOVLRY TTOAMTAOXO-
T TOV EALOOLZOU YWEOV %Al OTN CUVEYELD VO TTQOTEIVM TNV TEQUUTEQM YEMAOYLXY] OLEQEVYNON TOV XWHEOV
aUTOU xat WOLOTERE TNV TEQULTEQW PaO®Y] YEMAOYWXY] EQEVVH VTTOJOUNG, 1] OTTOLTL OTN XD RO VOTEQEL 0dL-
HOLOAGYNTOL.

2. H ETPQMATO-TEKTONIKH EEEAIZH TOY EAAAAIKOY XQPOY

H mohvmhoxromta ™g yewhoyrng dowig tou eAhaduwoy xweov mpoximter afiaota tagaxohovduvioag ™
OTEOUATO-TEXTOVIXY] EEEMEN TOV XDEOV aTOU 0T0 AP TWV YEMAOYIRMDY TEQLODMV. B0 0EYIOW [UE TCL OTQWUA-
TO-TEXTOVINA CUPUPAVTO TTOU EAAPay YwEa xatd T SLAEXELX TOV OATILROT 0QOYEVETIROU ®UrhOU, dnhadi] xatd To
dudompa amd To Méoo — Avatepo Iovpaoind €mg to Katwtepo —- Méoo Metdrauvo (Zy. 1) xaw ot cuveyeia Ba
avopeBW oToL CUUPAVTA TG LETOATILRIG ROL TTQOUATILHNGS TTEQLOOOV.

2.1 Katd tov AAmino 0QoyeveTing xvxlo

- Katd 10 Mégo — Avatego Tovpaowd (mowv and 180 — 170 Myr megimov): Katd v megiodo avt, ¢
X0EO0C, 0ToV 0moto aEYyotepa Ba diapoppwbotv o Eowtepwés yewtentovinég Coveg, rarohaufavotay arté
vrtoBahdooia vpouata, EVEAAATOOpEVO pe BOAAOOLES AERAVES, HE REAVLO 1] UE AETTTUOPEVO NTTELQWTIXO PAOLG

Yanoyav: To peydro [ehayovird Yfopa, Tov TAaotovotay até duo HEYAAOUS WXEAVOUG, TOV MREAVO TIC
Alportiog, Tov oLordtay avatolMxd Tov VROUOTOS autol %ol T0 Mallard wxreavo, mov Bolordtay dutind Touv
Emiong, avatoMudtepa BoLoxrotay To oxetind (reo vrofardoaio fwpua tov ITdikov, oto omolo Adufave xo-
oo vty INUaToyEv, arAd %Kot NQULOTELOTNTA NQPALOTELAROU TOEOU, AGYm TS OLAEENENS TOU WXREAVIOL
PAOLOU TOU WREOVOU TG AAMTMTIAG KL TG XATEICOVONG TOV OGS TO AVATOMARA RATW OO TNV TEQLOKY TOU
vpodparog autol. Exiong, axdpa avatoMxdteQa, 0to Xmeo petal tov vopatog tov Idxou wat e Zepfopa:

* THE STRATIGRAPHIC AND TECTONIC EVOLUTION OF HELLENIC REGION. THE COMPLICATION OF IT AND THE NECES
SITY OF ITS FURTHER GEOLOGICAL RESEARCH.
'1. Kafnynnis Fewhoywot Tpuarog Mav/piov Matpag. Yuntrouv 59, 15561 Xohapyds.
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redovunig patag, otov onoio apydtepa Ha dapoppwdei  dhhote Thvn g Tonoviag, amavidvion Suapogeg
HWREES 0PLoMORES Aexdveg, dmwg elvan ou Aexdveg: eoocahovirnrs — Metapdpgmong, Kaoodvdpas — Zibwvi-
ag, Baguoymeiov — Kdotpov, Qoatoxdotpov xat F'evyehs, Twv omoimv 0 OYNUatiopds opeiletal ¥uping oty
ratafiion — «xhelowo», mov Adufove xmeo otov wxeavs g AATwiog.

Avtird tov ITehoryovirot vfdpatog xot Tov Malorot wreavoy EXTELVOTAY O YWEOS OTOV OTOI0 aQYOTE-
oa B drapoppwBotv ov EEwtepurés yewtertovirég Laiveg Tou eAMadixoy xHoov, Twv omolwy oL OYUaTtopol
déxOnrav uévo tov ogoyeveTind tentoviopd tov Toryoyevous, oe avtiBeon pe tig Ecwrepirés mov déxBnrav
%O TOV OQOYEVETIXG TEXTOVIONG TOU Avaitepov Iovpaounol — Katwtepov Konudinot. Zro xwhpo avtdv €xouv
10N dapoppwbel didpopa empixn vrobardooia vpdpaTa, To onoia evahhdocoviar pe oxetnd fabiéc Ba-
Adooteg hendveg Pe AETTUOUEVO NELQWTLXG PAOLG o Pe TTOWiAN Wnpatoyéveon, AGyw Tov mowrihwy molowo-
YEWYQAPLRMV CUVONKRWV TOV X0V cvToy. Ta vfduaTa xow oL AEXAVES AUTEG, ATl TO AVATOMXRA TEOG ToL SuTind.
ftav: H Boddoowa Aexdvn Bapdovoimv — Endaigov, n omoia fépeta g £yrdootog dudeenEng tov Zmrepyelo
eEeAiyTNHE OF TOAYUATIHG OHEOVE UE WXEAVIO PAOLS, TTOV £ivai 0 Mahaxdg mreavog, To vtofuldooio Timpa
KéCuomo — Tothogpov — Hevieoptwv — Tepaveimv — Toanelovag, n peydin empuinng herdvy g Iivdov, to
vpopa FafodPov — Toimohng, n IGvia Aexdvn xou to ITpoamovio — Arotio pmpa. Yrioxe axdpa 1o Gfwuc
™mg Ldvng tov Ilapvaoooy, to omoio meQLopiletal peTall Twv eyrdoouwy dtapEnEemv Tou ZreQXEL0U ®on TG
Kopivbou xan xotd v tepiodo tov Méoov — Avditepov Iovpaotxot armotehel Tijpa tov Iehayovinot vpdua-
TOG.

- Avditeo Toupoowrd (mow and 1o Tldvwo). Opoyevetny gdon JE1?

(mowv amd 150 —140 Myr): Katd mv nepiodo avniv elyape v €viovn mriywon — XEQOEV0N TOV XMHEOU TOV
Eowteuudv Covav xat 10 «xA&ioyo» Tov wxeavol g AMIOTINS KoL TOV MXQMV apLOMBOOY Aexavay g
nepoyrs owoviag pe v opoyevetiny pdon JE1. To «xheiopo» tov oxeavot g AATomiog eixe wg amotéle-
opo ™V exPori peYdrwv oproMBrGY patdv amd auTéy RaL TNV TEXTOVIXY TOUS TOOOETOM, HE T HOEQY EVOS
REYAAOU OPLOMBIKOU ROAIUUOTOS, TTOV OUVOdEVGTAY Ko artd Erjpara Baduds Bdhacoas, mdve oto IMehayovird
Vpwpa, pe dOnon weog ta NA/%A, ®abdg emtiong T petaudepmon g faons Tov xaAdpuatog autol og cuven-
UEG TQOOLVOOTYLOTOALBLXYG PAONG, HECMV TUETEMV ROl PECWV MG Younrav Beppoxpaociwy. Emiong, ue to «xAei-
OLIO» TMV IREOV AEROVEV pe WREAVIO Photd Tg teproyns Tanoviog elyape v exfoly prrpadv oxetnd ogio-
MOV patav pe poo@n TeXTovIRGY Aemionv neyaing xAiong.

To dvtxd Tujua tov Iehayovirot vBdpatog dev roAiponxe amd 10 mEOg To. NA/XA teowbn O£V oproMOixd
rdAlvppa Tov wxreavol g Alpnmiog, d€xOnxre Spws adooper] ®haotind VMR OTLS TEQLOYES OV PoLondTOV
OVTA OTO PETMITO TOU XOAUUPATOS auToU ®ow AETTOREQEY] AATEQLTIXG VMKG OTIS OTTOMOXQUOUEVES 0mtd autd
TEQLOXEG, Tat omola, ooy marytdevmzray, eEehiyOnuav oty ouvéyeila ota BuwELtind ®OTdouaTo Tov TEHTOU fu-
Eltmov ogitovta, o omoiog extog amd to [ledayovind Upmpa, eppoviterar exiong xow oto pmpa g Lovng
Ioapvaooov, yeyoveg mov ouvnyoet VITEQ TS Amoyng TS dueons ox€ong Tav duo avtdv VwUdTtny ®atd Ty
mepiodo avm).

Emiong zatd mv mepiodo owt,  éxtoon tov Mahonot wxeavod, tov Boioneton dvtnd tov Iehayovi-
70U vpopoTog prpaivel, Adyw mg xotafuibiong (subduction) wov ovvieleitar 0° autdy, pe xhion ANA/x €wg
A/nij, evd dutindtepa 0 o Twv EEwtepinaiv yewtextovinav Cwvav Bahaooevel xow Aapfdver xooo po
ToLriAng ovotaong tnuatoyEveon, avaloyn pe Tig oUVORES TOV TOACLOYEMYQAQLXOT XHDEOV GOV ot OUVTE-
Aefran (Zy. 1).

- Téhoc Avdtepov Tovpaoirot — Katdrepov Konudwwov. Opoyeveuny @odon JE2. Modwo otddio.(mowv
and 130 — 110 Myr): Kotd v nepiodo avt) o xwpog twv Ecntepirdy yemtextovingy {ovay, mov vopitepa
elye tentoviotel pe v ogoyevetny gpdon JEI, vpiorarol évrovn didfowon. A6 to peydho oprolBind rdivp-
po ov elxe tomofem el wdvew oto ITehayovind vPmpa, pxpd oxetrnd Tpipata tov €xovv dwatnenBel (éva
TE€T0L0 TPjROL Elvon M ogprolBury udta tov Bovpivov, 1 omolo 0apig VItoxreLToL avBQUXIRDY TYNHOTLON®DY TOV
TBwviov), evd oy meELoy] Tov Maiaxot wreavoy ouvveyiletar 1 xatafvbon pe ®hion avarolrtj zot om-
MOVQYEL NPaLOTELGTNTA VNOLWTLROU TEEOV OtV mEELoXNS TS Lodvng s Alpwmiag. Téhog oto vyog g Ev-
Borag, oy meprox g xatafvbiong Tov Mahiorol wxeavoy, dnuoveyidnray neyares OUYREVIQDOELS OML-
0000TEWUATOV, XUEINGS OPLOMOLRMDV, TO OO0 0T CUVEXELX, TEOOJEVTIRA TaEAoUEONXaY ot Tidvn *aTofuoL-
ang Tov Mohaxrot wxeavol, 6mov autd petapopeabnray oe ovvdireg HP — LT, ot gpdom twv 2uavooylotohi-
Bav.

- Téhog Avatepov Tovpaourot — Apyég Katdtepov Konudwwov. Opoyevetni pdon JE2. TeMxo otddio.

(mow amd 130 — 110 Myr): Katd mv nepiodo auty «xheiver» 0 MoMoxdg wreavds, Eve Ta TeQuidpLa Tov

2 O yewrtextovinég gdoeig JEL, JE2, CT1, CT2, CT3 xaw CT4 (BA. mapandton) xafoglomxay yua mpdm @opd and tovg J. Mercier & P.
Verguly (1972, 1976).
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Zy. 1. madaroyewygapixyi eE€MEn Tov eAdadixov ydgov ( xvoing Tns Hrewwtixis EAAddas) amo to lovgaotxo
gwg 10 Méoo Meroxaivo. (Kard P. Vergely, 1984).
Yaouvnua: Ot meQLoyes ue #ouxides TOQIOTAVOUY AEXAVES HE WHEAVIO PAOLD, A0 TIG OMoies agyoTeoa Ha
“exBAnBovv” o@ioAifol, eva o1 TEQLOYES uE 0QLEOVTIA YQAUUWON TEQLOTAVOUY AEXAVES HE NTELQWTIXD
Aewrvougvo pioto.

- 2091 -



TTUXOONHAY RO XEQUEVOUY KO TOTUXA TTOQOUOQPOONRAY %oTA TNV %aTafUBLON TOVE, GTMG EIVOL 1) HETOUOQ-
popévy Evémro Ztipnv-"Oyne s Nétag Edforag. To dutird mepiBdoio tou Mehayovirot vfduatog, to o-
molo emioNg TeXTOVIOTHE, ROADPONXKE amo TerTOoVIRG xohippata, WKnpdrov Babids (rvpiwg) Bdlacoag, mov
0710 OUVOLO TOUG AOTEAOTVV TOUS OYNUoTopois e Mohonrc Thvng, xau o@rodiBmv tov Malaxol mxeavou,
pe k¥Onon weog Ta ABA/xd €mg BA/rd.

Axdua, v opoyeveTry oty pdon ( JE2) maoapdepmaot ®ar GAOUG TOUS OXNUATLOROTS TOUG EVQLORONE-
voug avarolxrd tov ITehoyovirot vBoporog péxol xaw g tavng tov Idixov, ov omolol iyay 1j0M TaQopoE-
puBel xon vopitepa pe ™ pdon JEIL.

AToTéLeONQ TNG PAONS QTG ELVOL TO XoLopa Tov VRwRatog g tavng IMopvacoot and to Mehayovird
vwpa xau n dMutoveyic oto SuTind ™S TEQLOYNS, TOV TTUXMONKE KoL YEQOEVOE, WOG OXETIRA OTEVHS BaAdo-
olag avhorag, ™ Bowwtig, n omoia d€xmre viurd dudfowons twv Ecwteoudv fovav, and ta omoto oxnua-
tiotxe apydtepa o Bowwtindg phioyng e Bowwmung Ldvng. Yhnrd dudfowone twv Ecwtepundy Covay, diopé-
ooV SLaihmv, OV VIEXOY HETAED Twv voBahdooiwy vBopdtoy, épbacay axdpa dvtrdrepa, oty allaxa
™mg ITivoou xow oynuaToay Toug OYNUATIOROUS TOU «TTWTOV GAIoYN» TS Civng autic.

Téhog, xatd T OLAQXELX TNG OQOYEVETIXNIG QTS (AoNS, dutrdTea, 0To XWEo Twv EEwtepurayv yewte-
HTOVIRAOV Coovalv, 0 omolog BahaooevEL, EmrEATOUY Ol (BLEC pE TLg vitepa cuvbhireg nuatoyEveone.

- Konudwé: H mepiodog avni eivan mepiodog oyetiniic textoviric noeuias oto xwboo twv Ecwtepurdv
Cwvdv, eva o yweog Tov EEwtepundv Lovay Bolaooetel kot ouvieheitor 0” outov InuatoyEveon avaloyn ue
TLS TAAALOYEWYQAPIXES OUVOTRES TTOV ETXQATOUV OTa VIToBaldooLe. ViWpaTa xon Tig Bahdooes avhares mou
QTAVTOVTOL O OUTOV.

Kotd to Antio — Kevopdvio €xovpe fubuon g mehoryoviris x€Q00U Kal YEVIXOTEQM TOU ECWTEQLROV
XOEOL ®a eiXAVON TOvg atd ™ Bdhaocoa (rotd to Kevoudvio xvping). Ouwg, mpoidvra didfomong tovg
eEanohovBovv va d€xovrar | Bowwtint] avhoxa xou og wxpdteeo fadud n avhoxra g ITivdov, eva ot dvtxd-
TeQa EVELORGPEVN IGviar aihana ouveyCeton 1 amtéBeon twv AopeotdMBwy g Biyhag. To yeyovos avtd pog
emTEénel va vmoBgéaovpe otL M avhara mg [ivoou row 1 Bowwting avlaxo evepyovoay ratd v mepiodo
QUTIV MG ATTOJERTES - «POAYUOTO» TWV TQOEQYOUEVMV CTTO TA AVOTOMXA RACOTIXDV VARGV, TO 070l OTTmg
£xeL oM avageEbel, ot pév Bowwtuw] amotéhecay Toug oxnpotiopois tov Bowwtxot ghioym ot ¢ aviaxa
¢ ITivdov Toug oynuaTopovs Tov «tpdtov QAToYN» ™E CWovng ouTig.

Téhog, xatd v mepiodo avni, oto xweo Twv Ecwtepumov Covav Aapupdvouy yopa peydies oplloviieg
droporiEels, pe yeviry dievbuvon BBA/xij — NNA/x, 6mwg eivar avnj tov KMooyweiov, 0to ®eVIoixs tuiua
™mg Cidvng ™me Ahpwmiag, 1 omoia elye wg amOTEAEOPA TN INULOVEYI EVES TEXTOVIXOU UEIYUOTOS TETQWUATOV
(melange), peyding éxtaong.

- Hohoudravo — Kardtepo-Méoo Honawo. "Evapén g opoyéveong tov Towoyevoic. Texntovixry @don
CT1. (mowv om6 50 — 45 Myr): "Enetta o6 ot teQiodo OYeTIRNG TEXTOVIXIG NOEWIOGS, TOV DUORNCE TO PEYAAU-
TEQ0 PEPOG Tou Kontidirov, o yweog twv Ecwtepuray Lovay mruyndnxre Eavd, xatd to Tahadrawvo (€vaoEn)
xnow ®ueilmg notd to Katwtepo-Méoo Hoxawvo, pe mv textovixr @don CT1, mov eiye Onom mpog ta NA/#d €ng
NNA/%G, pe TeEM®O amOTELEOUA TNV OROXANQWTIXY AVAdUON — XEQOEVON TOU XWEOV CUTOU.

AxpIBE0TEQQ, ROTA TNV TEXTOVIXY] CUTY (PAOY], OTO OVOTOMXG TIjpa TOv XWEov TV Eowtepurov Lovay
IMuoveyMBnrav WrEES OYXETIRG AETUDOELS KO TTTUYES, RATE ROVOVEL CUPUETAUOQQPIXES. AvtiBeTa, To duTrG
TIULOL TOV XDOOV QUTOY %Ol KUQIWG M TEQLOXT TS «OVAS» Tov Mool mxeavol TextoviCovial eviovatata,
pe amotéheopa ™V endbnon tov Ecoteoumdv Covdv mpog ta dvtird. Eniong, ov Evémreg ‘Oyne — Zripwv —
Aumehaxinv, Tov vwpitepa pe v textovini] gdon JE2 elyav €ABel xdtm and my emoOnuévn Mehoyoviny
Cavm, emwBovvron o dht, OGS T duTLRA CVT T POQEAL.

Fevind, ®xotd v ™) pdon textoviopoy tov Tottoyevoug, ™ CT1, ou ®UQLES EPATTOUEVIAES HIVIOELS
Ehapav yoeo ota 6ot twv Eowtepurdv xor tov EEwtegunov Tovav, dnhady oto xdeo mov vopitepa
TexToviodnxe pe ™y textovun edaon JE2, mov eiye wg ammotéheopo 1o «#relopno» Tov Maioxol wxeavoy xatd
10 T€h0G TOV Avidtepov Tovpaoiroy — apyéc Katdtepov Konudirov.

ATOTEAEOPOL TG TEXTOVIXIG QUTIIG PAONS ElvaL ETIONG 1) OVYREVIQWON TEQAOTIWV TOCOTHTWY KAAOTLRWY
vhrov didpowong oy Mivdumij avhoro xon oto vroBohdoow Hpopa tov apvaocol, Aym g yépoevong —
dudpowong twv Ecwteoundv Lovav. Avtd Bo omoteAEoouY Tat VARG TV OY1UOTLOUGY TOU TUILROT QAToy T
Covdv Tivdov row HMopvaoccoy. Ty dia epliodo, dvtindtepa, oug toves: Tapodpov — Teilmolng, IGvia o
Tpoamovho ovveyieton | aofeotorBuxt] nuatoyEveon).

- Méoo Homawvo. H «gyndooia» tentoviny pdon CT2. (mowy 45 Myr mepimov): Me ) gpdon ot TexTovi-
Cetow n petakl tov Cwvav Magvaocooy xau Idmov mepLoyt, ®VElws Pe TEXTOVIXES DOUES AETUWOOEWMY ROl EQLTT-
nevoewy, Tov omoimy 1 dievBuvon eivar B 60° — 70° now 1) dOnon vota éog NNA/xA. Zrov eMadins yhHpo oL
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dopég avtéc mapatneovvran amd ) Noto Evfowa €mg nou ta mahaid ylovyroohafund aivopa, eve 1o dutnd
G010 TG TEXTOVIOUEVNG TTEQLOYHS UE T QAN AUTY] CUMITITITEL [LE PLOL UEYAAY) TEXTOVLXY YOOUWY], 1) OTTOLCL OY eSOV
TawtiCeTol ue 10 6010 Twv Ecwrepuayv xat EEwtepunav Covav.

- Avdtepo Horawvo — Katdrepo Olydrarvo. H Awvaoun textovin @don CT3. (mwouwy 40 — 30 Myr): Katd
™ QAOY QT TTUYWVETAUL KoL XEQOEUEL OMOUANQOS 0 avatolxd g Civng F'afopdfov — Teimoing XWEOS, EVH
dutndrepa ®¥Aaotird vVAMxd @Aioym yepiCovy v Iovia avlaxa xow xarinrovy 1o UBwpa F'apfedBov — Teimoins.

21 OLVERELR TO avaToA®s Tuipe. Tg Lovne Fapodfou — Toimoing Poloretar vdtm artd o TEOg T duTivd
enwBoipevo myvdrs xdhuppa xot Tovg oYNUATLopovs twv Ecwtepmmdy Lovdy. Auto €xel wg amotéheoua, ap-
YOTEQQ, €meLta amtd TNV EvTovn dLdPowon g ECWTEQLRNG TEQLOYNS, Va dnutoveynOouv oto xweo twv Eowtept-
%V Covadv ddgpopa Textovind mTapdBupa.

H yevirn detiBuvon twv textovirdv dopwyv mov mpordreoe n gpdon CT3 eivar BA/xj — NA/xq €wg BBA/
) — NNA/x). Tn dietbuvon avm), mov yevird ovuminter pe m devbuvon twv EEwtepinddy EMnvidwv, o J.
Aubouin TV 0VOROOE AVAOIXT] ROL TNV TEXTOVIXY] QACN TOU TV TROoRAAeoE, Onhadr ™ pdon CT3, Awvapur
TEXTOVIXY] (PAON.

O avatolxéc EEwtepunég Laveg ron xuplwg 1 IMivdiny| mtopapoeepddnxay g «guihogidii» roidupata q
o€ hEma xow TTVYES pe dOnom mpog ta dutird. AviiBeta, n Iehayovin Ldvn aviédpaoe pe todmo ovpmayn. H
TOaUGEEMOT ot Lavn avt ayiCel pe éva PEYLOTO, TOV CUUTITTEL UE TO UETWTO TN em®ONoNs T Lovng
VTS %Ol HELOVETOL TOMD YO1Y0Q( TTROS TaL avaTohxd. ZTn ouvEXELD, 0 BaBpdg T™)E ToQaUsEPmoNS avEAveTOL
RO TAM, CAAG e urEATEQ VAo, TTROS TNV TEQLOYY] TV Lovdy tov AEL0U xa T dutixr] Ttaguen g Zepfo-
poaxedovintic patog, n omolo AemveTaL ETioNg ONUAVTIXAL.

Mapdiinha pe to oynuoatopnd e IMvdmrg xopdAMEQAS, TOV TEMAA OYNUATIOTNHE KATA TNV TEXTOVIXY
ovt pdon, dnuovpyitnxre omyv meproxn e Iehayoviuic LdvNg pa peydin poraoowmn rexdvn, n Mecoghin-
vixy, o d€xmre xhaotrd vhrd diafowang, T6oo ard Ty IMivdinij 6oo xaw mv Iehayovirt xopdhMépa.

- Méoo — Avatepo Olyérawvo. Ta tedevtaia Textovind ovuPdvia me Awvoournic textoviuig @dong CT3.
(zowv 20 Myr mtepimov): Kotd myv mepiodo avtr yiveton wabohnds textoviopds g tivng Fapedpouv — Toimokng
oL TAVE 0 quTiY TEQUATICEL TV TEOMBNON TOV TO TvdLnd xahvppa. Eniong, yivetal €vapEn textoviopou mg
I6viag Thvng, Tng omoiag o NTELRWTIRAS PAotog elye AemTUVOET COKETE XKoL TO E0MTEQLRG TNG TUIjHa PuBileTon
®atw ané m Lhvn Fafoedpov — Teimokng, mov eixe MO TEUTOVIODET ROl «PUTAOROQLOTED>.

10 x0po v Ecwrepurdv Covdv, xatd ™ @don auty, dnuoveyitnroav morlEg peydies avaBornoeLs, pe
dievBuvan BBA/xf — NNA/x1, 1 dtdfowon twv oroiwv eiye wg amoTEAETUO TN INULOVEYIQ TWV TEXRTOVIRMV
napaBipwv: Tov Olvpmov — ‘Oooag, g Keavidg — Ehaoodvag, tov Alpupomdtapov — Attinig ®al GAAwv, ota
omoio amoraAUTTOVTIOL OELRES axnuattopdv tg Livne T'apedpov — Toimoins.

Téhog, n Mecoehnviry avhora, »otd Ty mepiodo avty, ouveyiCer va PuBileton xow vo d€xeTan peydheg
TOTGTNTES PORAOTLRAOV IENUATWV.

- Katdtepo ~ Méoo nar Avartepo Mewdrawvo. TeMxde textovioude tav EEnteouav Covav. Textoviny
@dan CT4. (mow 15 Myr niepinov): Katd m @don avti 1 EEwtegurn Iovia {oidvn aruy@veTal, AETWVETaL ®at
enmOelton AV otV avatolxky Tauen Tov ATtovitov vpdpatog, ov eivar n Tahvn MoEdv. Zm ZdaxuvvBo nou
v Kegarhovid, mdvm ge pecoivioug oxnuatiopods g tovng Ma&dv, éxovpe enwbnuévoug touadirots ayxn-
poTopovg mg Ioviag Covng. Emlong, »otd m gpdon avt, ow toves: Ecwtepunr Iovia vow Tafodfov — Teimohng
VQIOTOVTOL HQES TAQOUOQPWOELS HE BNON TEOS TA AVATOALRA.

Téhog, v (dia epiodo, n Mecoernvirt athaxa uxQaivel 0 SLOOTATELS Ra TEIVEL VO EEQPOVLOTEL.

Katd mv dmwoyn nog, ®ow pévo pe Ty TaQomdve, TOAD GUVTOUT, ToQOVotaom TV paoemy eEEMENS Tov
eAadKOU YOOV ®aTd TNV TEQI0OO0 TOV AATULROU 0QOYEVETLROU KUKRAOU TEOXRUTTTEL OPlOTTA 1] PEYAAN TTOWUATO-
TEXTOVLXY] TTOAVTAORGTNTOL TOL YWEOV awtov. Ot Totadirol Emg now pecopetoxaviris nhxiog aAmirol oynuott-
opol o €xouv dtapBwBel ot dLdpoeg YEWTERTOVIKES CWves, IMNAadT] O€ HEYAAES YEWAOYIKES EVOTITES TTOU 1
%naBe o ams autég €xeL Tovg dnovc ™S TAAULOYEWYQAPLROUE, LENUATOAOYLXOUS ROl TEXTOVIXOUS YOQAUKTNOES,
€xouV UmooTel ®atd T OLdEXEL TS HAKQAS AUTHS OATILKYG TEQLOOOU (L0l TOAUOTUVOETY OTOMUATO-TEXTOVIXY
dadiracio. Amotéheopd g dadwaoiog avnig eival 1 HeyaAn TOATAOROTNTA TV OATUAMV OYUATLOUDY,
TA0O0 0TS UEYAAES GO0 Kot OTLS (UKQES SOPES TOUS. Apedo emandlovBo elvar 1) ueydin dvoxohio ot diepetivnon
TOVG, 1) OTOLCL EVIEIVETAL OXOUOL TEQLOOGTEQO UE TN OUYVY ETULRAAVYPY) TOVUS OTO PETAATIIXOUS OYNUATIONOUS, OL
0mo{0L OYOAACOVTOL OTH CUVEYELA.
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2.2 Kavd ) Meralmuej negiodo

O petodmrol oynuatiopol ®otaAapfdvouy Evo onpuavtind Tuipa Tou eEAadLKoy XHEou. ATTOVTOVIOL WS
MOAQLOOLROL ROl (G VEOYEVEIS — TETARTOYEVEIG Ral XOQOXTNEILOVTOL amd o ypriyoon MBokoywy evahlayn,
1600 *oTd TV 0QLEOVTLe EEATAMOT] TOUS GO0 O ROTA TNV XOTARGQUEPO. Zuyv] elval ertiong o’ cutovg 1) evaiha-
M TV pacewv omdBearic Tovs. H yepoaio pdon pumogel va dradéxeton ™ Apvaia 1 ) Baldoowa xal aviiBeta
%o pdhora autd vo emavoloufdveton oy dia epLoyt] TOAES POQES.

H yewduvapunrj eEEMEN Tov eMadinot xwdeov xatd to Neoyeveg — Tetaptoyeveég opeihetar xvpimg ot
ovyrovom g Agouravirnig xat g Evpaoianxnig mhdxrag, Tov eixe mg amotéAeopa T dnuovyio. CUPTILECTL-
ROV TAOEWY 0TV TEELOYY] ™S TIoY MRS Rl EPEARVOTIRWY OTNV ECOTEQURY TEQLOYT. ANEOY OUVETELQ TWV
TAoEWY auTAV 1itav 1 orhorthy dudeenEn Tov eAhadixnoy yweov, ue avdotgopa eRypata otov eEWTEQLXS XWEO
HOL KOVOVIXA QVYIOLTAL, TEXTOVIKES TAPQOUS KL TEXTOVIKG KEQUTA GTOV ECWTEQUKA.

Amotéheopa TG OUYRQEOVONG - ®aTelodVoNG ™S ApEuraviriic mAdxag xdtm and v Evpaoioriky eivo
emiong 1 dMuovpyia evog aoPeotaAraiinnis OUOTAONG UOLYUOTLOWOU, O 000G A’ EVES UEV OTTOTEAEL TO NOL-
otelond T6Eo tov Notov Avyaiov, o’ etépov de epgaviteton oty megoyii g Avarohxrc Maxedoviag —
®pdxng (tov Hoxraivou — Ohyoxaivov), oto Kevipund — Bopewo Avyaio (tov Katdrepov Mewoxaivov) row oty
nepoyn tov Kevrpiwot Avyaiov (tov Avarepov Metoxaivov).

To 810 yewduvapxs ®oBE0TWG EMRQATEL ROl ONUEQC TTOV OLYOUAKO KO YEVIXOTEQO EAAAOHG YWEOo. X’
aT0, EXTOS a6 TN OUYRQOUON TV V0o TAAX®DY, CUPBGAAEL ®aL 1) TEOS Tor dutind WBNoN g MixpaoloTirnig
ULRQOTTAGROG, 1) OTTOlCL PE TN OELRA TNG CURTILECEL TNV QLY OLOHY] KOL YEVIXOTEQQ TOV EAAAOLXRG YWQO.

“Etou, ex16g amé ) duonohict mov mporahovv or HETAATILHOL OXNUOTIOROL 0T SLePEVVNON TV aATTHOY,
Onmwg avo@Eépbnxe mapamdvm, ®ot ot (BLol TaEovoLtdlovv ToAEs duonroiieg ot MBoloywri| avdivon tovg, AG-
Yo ™G ToAgaowng EEMENC Toue.

2.3 Kard v Igoaimuerj negiodo

H moAimAoxn OTQWUOTO-TEXTOVIXY ELXGVAL TOU EAAAOLXOU YDOOV CUUTANQWVETOL KOL UE TNV TTOQOVOL0L TV
VEOTOAQUOLMIXMDY RAQTTIXDV RVQIWS OYNUATIOUGYV, TO VAXA TV omolwv eivar vard didfowons twv Egxiviwv
0Q00ERMY, oV gixav oynuatodel vopitepa pe v Eguivia opoyéveon. Ta vnrd avtd d€xmue po purov
BaBovgs, oAhd exteTauévn, veomaharotowmj Odhaocoa, 1 ontoia, 0t TOAAES TeQLOYES, eEanohoinae va d€yeTon
whaouxd Cipate o xard to Katdrepo Touadud. Zmn ovvéxewa, 1 0dhaocoa avt fabaiver xou dievpiveton
%o yivetou d€xmng pag €vrovng vtoBahdoolag Baotric NEOLOTELGTNTAS, TTOV Eival omotéAeaua TS SLAEENENS
1 uéxoL téte eviaiog MBoopalpug mAdxag o duo, oy Evpaowamxi] ®ow v Agouravix.

2.4 Merauopgpoon

Tnv moATAORGTNTO, TG OTOWUOTO-TEXTOVIXYC dopric Tov eEMAadIROU YOOV CUUTANEWVEL ETTIONG 1) EXTETO-
PEVN PETORGQPMOT TOV TROUATIXMDV OXNRATIORMY, 1) 0moi0. TTOMES PopEg eivan molvgpaowry|. Axpipéotepa,
Aot oL TEOAVMITAAXLOTMIXOT OXNUOTLONOL TOU EMdIXOT YooV, pe eEaipeon udvo tovg athovplovs — defo-
vioug oxnuotiopots ™ K, eivar petapoggpupuévol. Emmhéov, 1 petapdopmon, mov o TOAMES TEQUITOTELS
€xeL BiEeL pali pe mpoahminols oxnuoTIopovs xow admxovs, dxL pdvo xabiotd ddoxoln ™ damiotmon g
nhriog Tovg, aAhd TOMES QOEES vAveL xou adUvorn Tn SLdxoLon PeTaED TEOUATIRMY Ko CATUROV UETOUOQP-
UEVWV CYNUOTLOUMDY.

3. H BAXIKH I'EQAOI'TKH EPEYNA YIIOAOMHZ TH XQPA MAZ

"Emerto. atd o ToQomndve exteBévia ovvdyeton, xmeils apgifolrie, 6t 1 otemuoto-texToviky dopwrj tg
YOOGS pag elvor ToA mOMITAOKRY Kot GTL, MG EX TOUTOV, £ival uorO Vo TaEovoLtdlel TOMES duoxolieg o
yewhoyurn dievpetivnon Tg. ITaedAAnia, Gpog, TEETEL VO ONUELDOOVRE OTL AGYM TNG TOAVTAOROTNTAS AUTS, N
Tewhoyica Tov ehhadixol xdpov eivoun ToAD evdlapépovaa. Aev eivar Tuyaio 6t torhoi E€vol epevvntég ilBay
%OTd ROWQOVG 0T XDEA ROg Yo va egyactotv, cupuPdilovrag xow avtol onuavurd oty Tpowinon g Yewho-
yuig €0EVvOG TOV TéTov pog. ‘Opwg, T’ Gha avtd, vopllo Gt yemhoywti épevva g xdpag pog dev elvon
UXOVOTTOLTLRY O Yo TV TRowBnor] g xeeldieton mepuoodtepn emotnpuovixt epyaoio. Idwaitepa dev eivor
HOVOTTOMTIRG TO EMimedO g Paowrrig €pevvag vrodouns, v omoia GxL pGvo voteel, ahhd now BloneTan Orjpe-
00 O pLaL XWEIS TTEONYOUUEVO OTOOLUGTYTAL.

Ko dpwg xaveis Oe dtapovel 6T yLor Ty *OTUOREVT TV PEYGADY AAAG KO ROV TEXVIXMDY EQYMV RO YLOL
™V 0ELOTOMOoN TWV QPUOLRMY TAOUTOTOQAYWYIXMY TNYHV aapaitnTy TEouroBeon eivan 1) peAETn TV YE®AO-
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YURGY CUVONREY TOU VTESAPOVS TNG TEQLOXNG TV TUYREHQLUEVIV auTdV Eoywy. H nataoxrevn evog godypo-
T0g, M XGE0EN M 1 peTatdmon eveg dEOpov, 1 VOEOYEWAOYLXY] HEAETY ULOG TTEQLOYTS, M EXTOOTY] VOGS TOTAUOU
%.T.h elvan €oya Egapuoopévng T'ewhoyiog peyding onpaociog yio mv avdmtugn evog témou xou 1 Baouun
YEWAOYLRY EQEVVA VTTOSONNG TNG TEQLOYNG EXTEAEONS TOVG Tailel ®UQLo xon avavuratdotato eoho. Me €va
TEOYROTLXA ROAS YEWAOYLXG VT6R0BQO, doouEVO 0 ®atdAANAN ¥A{HOXQ, TO VEQG 1] TO UETAAAEURO ROBMG KoL
®dBe dAAn yorjown meaT VAN Tov eyrAeieTon oTig Ve €pevva TeQLoXES Ba evromotel xau Ba alomomBel
EUROLOTEQQ L HOTA OVVETELD Owovoundtepa. Enlong, pe ™ poribeia evog t€Tolov vroPdboov, or apvnuixég
EMITTOOELS 0T0 TEPLRAMNOV amtd TS dEaoTNELETTES TOV avBEWoL eivan BERaLo GTL Ba AVTLUETMTLOTOUV YONYO-
QOTEQU KOL OTTOTELECPATIXGTEQQ.

Elvow houtév amapaitntn mtpotimdBeon yio v emituyia Twv Texvirgy €0ymv xat twv €oYnv Epopuoopé-
g Tewhoyiag n »ohi] yvoon tov yewhoyrot vrofdOoov Twv meQuoymv extéleons Twv €pymv avtov. Kot to
Tnrovpevo elvar Tog amoxtdTon 1 %ok oty yvaon. Kotd m yvoun pag, o *oMiteog ToGmog yia TV amdrinon
™G YVAOONS auTig EVOL 1] EXTOVNON LG OAOXANQWUEVNS YEWAOYLHNG PeAETNG VITodopig OAG%RAN OV TOV EMAAOL-
20U XWQEOV, e OTOXO TN duoveyio pag Paong yewhoyurav dedouévmv vtodopns yio 6An ) xooa, ot ®abe
YOVLA TG OTotag, OYjuepa, extehovvTal TeVIird €oya xat €pya Egapuoouévng F'emhoyiag, n6otovg morhov
droexatoppuinv dpayudv etnoing. (Ag oxe@rove UGvo To veQS TOU TavToy GAOL TO ovatnToly evaywving).

Baown yemhoyury €peuva vodoprig, Aowtdy, yio Ohn T %oea Rl G}l EQEVVA TEQLOYWV Yo ®dbe EQyo
Egapuoouévns F'ewhoyiag xwolotd. Atdtt pa TEToL EQEVVE HEHOVWUEVMY TEQLOYWY, YEWAOYIXA aovVIETOV
neTaEl toug, Ba eival omwodiote eAMITIC 00 TAEVEAS YEWAOYRWV OToLyElwv. EmmAéov, 1 amoomoopatiny
auTti €pevva elval aoUIEOQEY) OLROVOILXRG, eteldT] 1) (0w tepoyr] Oa pehetnOel amd mhevpds YewAoywriig virodo-
ung TEQLOOGTEQRES QT et oQd, dtav drapopeTinég pekétes 1 €oya Egappoopévng Tewhoyiag Ba exteke-
aBouv oty (dia TeELoyy, 0mtd drapopetirotc Popelc.

Axdua eivar EParo 6t ou Popeis eTOVNONGS PHEAETOV ®ou ROTOOREVNS oYV Epappoouévng F'ewloyiog
O dLaB€Touy GhoL TOUg TAVTOTE ELDLROTS YEMAGYOUS YL TN OUYREVTOWON TV OTTAQATNTOY YEWAOYIRDV OTOL-
¥elwv vodowric. ZrUEQN TN CUYKEVTIQMON TWV TOAVTOKIAMY KO CUYXOGVMS TTOAUTIUMY QUTHOV YEWAOYIKRWV
OTOLYEIWY VITOSOWI|S TEAYHOATOTOLOUY 0L YEWAGYOL — XaETOYQRAEOL (oL omoiot dtabétouv éva gvpv paopa ewdi-
v yvwoswv Feviniic Tewhoyiag now Textovirng, xabug xow peydin neipo vraiboov, pe vt mov ovopdtovpe
YEWMAOYLHY XOQTOYQAPNOT] RO EXTGVNON YEMAOYLRMDV (AOTGV.

YrevOupiCo 6t €vag yewhoywrog Y4QTG oS TEQLOYNS EIVOL 1) ATTELXGVLOY O TOTOYQOLRO VTofabpo
GAWV TV YEMAOYLRMDV OYNUATIOUMY TOV EUPOVITOVTOL 0TIV TEQLOYT] auTh. ARQIBE0TEQX ElVOL 1) OUYREVTOWON),
VW 0 ROTEAMNLO TOTOYQAMKG XEETN, £VOG ueydhov apubpot atoueiny ov §xovv axéon ue: ™ Mboloyia,
T OTOWUOTOYQUPURY ETOAAMNAIL TWV YEWAOYIRGY CYNUOTIOUDY TNG TEQLOXNS, TNV TEXTOVIXY Oun TG, TN UETa-
uép@won %ot 1o poypatopd. Exiong, otouyelo mov €ivol XO1OLI0 Yie TNV AVILLETOILON TOV ROUTUOTQOMUAWV
YEOAOYLRWV QPOLVOUEVQY, TNV EQEVVQ — AELOTOIMOY] TOU OQUXTOU TAOUTOU RO TWV UTTGYELDV XL ETILQPAVELOLRDV
VEQWV %O YEVIXOTEQX Yot xdOe puelétn nouw xataorevy Epywv Epappoopévng 'ewloylag non texvixmv €oywmv.

Qg YvowaTév, N €XTOVNON TOV YEMAOYIRMOV XAQTHV TG XWOAS pag Yiveton amd to Ivotirovto M'ewloyirwv
xow Metaihevunav Eggvvay (LT.M.E.) xou eldindtepa and m Arevbuvon Tevixrig F'ewhoylog xon Femhoyirav
XopToyeagnoewmy, 1 0moio HEYXOL ONUEQD EXEL OMOXANQMOEL T YEWAOYLXI] XOQTOYQAPNON TG XDOOS UAS, OF
rnAfpara 1:50.000. AnG to 338 Tomoypapurd gikka mov xolirTouy ToV EMAadKE %10, £xovy extuwbel ta 320,
£VE) 1) eXTOHTTOON TV vtéhowtwv 18 xabvotepel Aoyw Ehenymg yonudtwv. T'ia Ty wotogia avagpépovpe OtL oTo
TEQAOTLO OWTG €QYO THG YEWAOYLXNG XAOTOYQAPN OGS TNG XWQOS HaS, WOV dyLoe To 1952 and to tére I.I.E.Y.,
T TEWTA YOGV, CUVEROAaY %ot YewAdyol dhhwy Yrnpeotaxav Movadwv tov LT.M.E. xabwg ot E€vor yew-
AGYOL TOV £QYAOTNXAY OTN YWOA POG.

H nepdrwon g yewhoywi|g xaptoyodenons g EAddog, oe »hipaxa 1:50.000 eivon €vag onpoviirnde
otofpds ywo tig Fewemoniues ot xoa pog. To yewAoyd autd vndfaboo ouvéPaie PeéyoL G1iHeQ0 OUCLAOTL:
%nd, ®ow Oa ovpPairer xaw 0TO PEAAOV OTN YEMETLOTHUOVLRY] EQEVUVQL KL, ELOLROTEQX, OTNY ROUATTEQT YVMOOT TNC
TOMITTAORN G doWT|C TOU EAMAOLROD YHEOV XADWS KoL OTNY EXTELEON TEYVIXAV £0YmV Xou EQywv Egapuoougévne
Tewhoyiag. Emiong n yewhoywr ot xaotoyodgnon arotéheoe T BA0M yLoL TV EXTGVNON Lot OELRAS GAAmY
YOOTAV, OTAQAITNTOV OTNY YEMETLOTNUOVIXY] EQEVVOL, OTTMS EIVOL: O TEXTOVIXGG, O OELOUOTEXTOVIROS, O VOPOYE:
WAOYIRGC, O ROTAOUATOAOYIRGS ®aBWS emtiong o V0 exdioeLs Tov Yewhoywrov xdotn tg EAddag, nAlpoxag
1:500.000.

Tparypatixd, 1 exteleoBeion yewhoywn yootoypdgnon tou eAhadixot xoeov, ot xhipoxa 1:50.000, i
v €va TeEpAoTto €070 YEwAoyrig €peuvac. ‘Opme, autd mapovotdiet ol won coPapés eMenpers. Avtc
oUpBaiVEL GYL LOVO AOY® TG IKRONGS OXETIRA RAUOROS TOV XAQTOV QUTAV, @G ®VEing meldr] ool amtd Ton
XGOTES AUTOUS XOETOYQAPBNXaY 08 ETOXES P TOM) avTiEoes ouvOxeg, Ommg 1itay 1 EAAenpn doOuwV TEOOTE

- 2095 -



Aaomg, 1 OTOVOT0L OLEQOPOTOYQOPLHY K0tL DOQUPOQLHAV ELXOVWV ROBMS RO OL TOTE LAPOQETIXES ATLO TLG TNUE-
QWES avTLAMPELS Yo T Yewloyia TG xweag pnas. Elvar Aowtdv emrantiny] avdyxn moAhd and ta téte {aQTto-
yooagnBévta pudha va avaBewmonBotv xot vo. ouputAnewBovv.

ITahouwdtepa n Awolxnon tov LT.M.E. elxe mpoypapuatioer v avabedonon tov yootwv avtdy. Opws,
yoriyooa n mpoondfeia avy eyratoheipnre yia Adyouvg mov pévo 1 dua yvopiler. Katd m yvédun pog,
TROOTAOELOL UTY] ETOETTE VAL CUVEYLOTEL, GIOTE, AV AUTO ELYE YIVEL, OTfUEQM EVa PEYAAO TP TNG YOS pag Ba
elye €va oA xaliteQo YEMAOYLG VITGRBQO, OV TG00 amaQaitnTo e(vVaL.

Emniong, moloudtepa, n Aoixnon tov LT.M.E. eiyxe mpoyoaupatiost ) yewloyiry xaoToyQdenon o wAi-
poxa 1:25.000, wepLox@v pe daiteQo VOQOYEMAOYLRG, ROLTACUATO AOYIRO, YEWTEYXVIXO X.T.A. eVOLApEQOV. Md-
Mot elye apyioet v vhomoinon tov mpoyedupuatog avtov. Kai mdh Spwg, n mpoomdBewa avty eyrataheipon-
%E, OV RO VIOV OAES OL TEOUTOBEOELS YLaL TN OUVEYLOT TNG, TOOO OTG MAEVEAS HECWV GO0 RO Ot TAEVQAS
TTpoowmxov.

Agv gival Spmg POVO 1 EYROTAAYN TWV VO CUTAY RUPLWV QYWY YEWAOYIXIIG XOQTOYQAPNONS aItd TO
ILT.M.E,, Tov povaduwot avtot Pogéa tg ¥WwEag (ag yia TV vAoToinon TETOLWV TEOYQUUPATOV Baocuung
yewAoyurnig €oevvag vmodoprg, aAld TaQAAANAC KoL O «TOQOTALOUGS» TOV YEWAGYWV — XQOTOYQAP®WY TOU
Dopéa awtov. H AetiBuvon Tevirng lewhoylog now Tewhoywrady Xagroypagijoewv tou LT.M.E. €xel oyeddv
StohvBel. Ot yewAdyoL — X0QToydgoL, oL £LdLrol YEWAGYOL TG ALeUBUVONG QUTIG YLt YEWAOYLXES XOQTOYQOQN-
OELG, TTOV T Elva EAdLOTOL, Vrtoamaoyohotvrat. o AetBuvon avt ta televtaio 10 mepimov yoovia dev
€xeL yiver oxedov xapio xonuatodomon. “Etot, ov YewAGYoL autol pévouy ot YOogeln TOUS, OVAREVOVTOGS T
ouvvtaEloddtoi tovg.

Paivetan, Gpmg, 0TL O TOQOTAMOUOS TWV YEWAGYWV — YOQTOYQAPWVY RAL, KOTA CUVETELX, 1) OMOOYEQNS
drokomr| xGBe TEOOTAOELS TEQOUTEQ® YEMAOYLHIIG XOQTOYOAPNONG 0T DO OGS EIVOL TEOYQOUUATLOUEVT).
Avté mbavov ovpPaiver emedr oL VYMAG LOTAUEVOL (00 TLOTEVOUY OTL Yol TNV EXTEAEON UELETWYV Kol EQYWV
Egappoopévng Tewhoyiag xon texvirdy €pywv 0e Xoetdiovial YEWAOYLHOT XGQTES 1] GTL OL UTAQYOVIES Elval
aEreTol yia Tig pehéteg naw ta €pya owtd. 'V avmiv my amapddent) xatdotaoy graipe Shor pog. Prdve ot
YEMAGYOL KOl YEVIROTEQX OL YEWETLOTHUOVEG TG DS pag, 1 "Evwon EAMjvov Temhdywv, 1 EMAnvini F'ewho-
vy Etawpla, o Mavemomuaxot ddoxalot, or aipfoviorl tov apuédiwv Yrovpyeimv yia avtd ta Oépata, o
Bvvovteg tov LT.ML.E., aAhd »ou to emompoviré tov [poowmxd. ‘Ohol graipe, o ®abévag pe 1o dtxd tov
10000T6. ‘Opwe, T0 PEYRAMITEQO TOGOOTS TO £XEL TO 0EUOOL0 YTOvQYE(O, T0 0mt0{0 BOOILOUEVO OTLS AOVITIKES
eLonyfoeis Twv oupfothwy Tov %L, KUEIWGS, ATOPAETOVIOS OTIC KOKMS EVVOOUUEVES OLXOVOULES, VIOBETEL TIS
YVWOTES TOMTIRES TWV TEQULOTMYV.

ZiHEQQ, 1 OVAYROWGTNTA TWV YEWAOYIRWY YOOTHV RATAANANG #AIUOROS TWV TEQLOYWV EXTELEONS EQYWV
Egappoopévng Temhoyicag, Suotuyds, €L ATOVI|OEL KO AROUC O OQLOUEVES TEQUTTAOELS EXEL EXAEIPEL TOVTE-
Midc. Agv givon Aiyeg o mepurtdoeis tov €pya Egappoopévng Fewhoyioag extelovvian xmpic ratdhnho yewho-
Y6 vE6BaBo, dnhadi] xwois Yewhoyrd X TS TEQLOXIS, ®*aTAAANANG *¥Alpokag. Kot tovto dudt Ghou epeis
dev pmopéoape va melioovpe Tovg epmherduevovg oe Oépata Egappoopévng N'ewhoyiag row texvirdy €pynv,
ot Yo TV emTvyio ®A0e £0YOV TV TOPEWV OQUTWV aTaEaiTnTn TEOVOOEN EIVOL 1] XAAY YVAON TOU YEWAOYL-
®0VU vrofdfoov, 1 omoiet HGVO PE TN YEWAOYLHI| YAQTOYQAPNON TG TEQLOYNG EXTEAEONG TOU OUYREXQLUEVOU
£0yov, 0g ®atdAnAn xAipaxa, eivor duvatév va amoxmOei.

Eniong, dev eivau Myeg OL TEQUTTMOELS TTOV RUTA THV EXTGVION REAETMV Row TV exTELEOT oYWV EQaguo-
opévng Fewhoyiog dev yiverow alomoinom TV vaQyovIwY YE@Aoyr@V aeTtdv xhipaxag 1:50.000. TV avtd
€xovpe amotuynuéva €oya o avopBddotes pehétes Egapuoouévns Fewhoyiag, mov dev voharevouv xave-
vaw.

B0 avapEpm Tl TETOLN XAQAXTNOLOTING TAQUDEYHaTa TETOLWY QYWY ®oL TOUTO Oyt emeldr] B€Mw va
otafd omy mapehfovioroyio, ohhd emerdr) motevm ot pe oV TEOT0 ouTé CUPREAAM OTOV TEQUATIONS TG
AmaEAdEXRTNG QTS RATAOTAONG.

Haeaderyua 1% H wepimtwon me xotohioOnone me Mahaxdoag:

H peydhn avnij xatoriobnon mov €hafe xdoa TEO PEQLRMV ETAV EIXE TEQAOTIES ROATAOTQOPIXES EMLITTH-
OELS 0T0 T TS EBVIXTIG 000U ABNVEY — OE00aAOVIXNG TNG TTEQLOXTS CUTHS ROBMS %o 0T dLEQXCUEVY aTtd
exel odnpodoourx yoouwi. H aroxatdotaon tov Inudv autdy otoiyloe uéyot tieo Torhd dioexaropuioLo
dpayués oto EMnvind Anuéoro, xweig va eiven éPato dn de Ba vdpEet emaveppdavion ToU RTAoTEOPLXOY
auToy powvopgévou oty (dua tepuoyr]. Ko dumg n peydin avt damdvn #al ot tohEg dAhes aQVNTIRES ETL-
TTHOELS B0 PITOEOVOV VO ATtOPEVYHOUV v, TOLV OGS TNV ROTAUOKREVY] TS ODLKNG CTHS 0TNELOG Ko TS OLdN-
odgoprig yoopuis, ta appode Yrovpyeia (Y.JIEXQ.AE. xav Metagopdv) eixav avabéosl oto L.T.M.E.
TNV EXTGVNON (oS AETTOUEQOTS YEWAOYIXTIG X0OTOYOAPNONS Tng TTepLoxtic. H xaptoyodgnon avtr Ba €dive pe

- 2096 -



arQiBera To TEAYUATIRG YEWMAOYLRO VITOPaBEO TN TEQLOYIS, 0TTOTE, TOTO 1) Y Ge0EN Tov GEova ™g eBvirnrig 0dov
600 %at 1 ToroOEToN TS OLONEOdPOXS Yoauic Ba YWoTav pe aopdiela. Avotuymg, pa T€tot avadeon
dev éywve oto LIMLE., ne amotéheopa ta avapeoBEvIa mapomdvem ®ataoto@Lnd QULVOUEVO, UE TIS TEQHOTLES
OLXOVOUXRES ETUTTAOOELS.

Hapdaderypa 2° H 6doevon g Kiung:

Ao mopdderypa mpog amoguyn. TTpdxrettan yiot v Udpevon g Kiung, Evpolog naw twv mépl avnig
owitop®v. H exnovnOeioa perét mpooPAEmet T Mpm vepoU amd v eproyr] s ZEttag, dnhadri oo amdotaon
25 wou mhéov yihopgtpowy. Eivar oyrodéotat xat mpoPrénel to vabetl. Agv meQuhapfdver Gumg oUte uio. oehi-
da v yewhoyio g mepioyrc. Tivetow oxéym, Aoym EAhenpng Hp0umv TQOOTEAUONG KAl TOU OITORONUVOU TNG
TEQLOYNG, M HETAPOQA TV OwMivav va yiver pe exomtepo. To €pyo tehelimver naw yivovral ta xabiepwpéva
gyraivio ue ndBe emonuémro. Kow eved Sha tdve xat’ evyjv xat Shot motetouy Gt €xer dobel Mion oto 08U
TESPANUa TS mEQLoYIS, Sagvird, Emeta and urEd xovird didotnua, 1o vdpaywyeio tg Kiung eivon nat
TTEM XWEIG VEQS %ot ToUTO dtdTL 1) TaRoXN ™S Angleioag nyrig etval Tapa pundeviri 1 oxedov undevinrj. Téte
®RhOTVVTOL OL YEWAOYOL, OL 0TT0l0L VoA SLamoTivouY GTL To VEEG Tng Angbeioag mnyrs Oev elvan vepd tav
a0 e0TOMOWV 0TS TOUS 0TTOIOVE VTS EXQEEL, MG ETUPAVELOKRG VEQD TTOV RATELCOUEL 07 CUTOVS RO ETTOLVEUPOL-
viCetaw oto onpeio expong mg mnyns. "Etol, dtav o xdrouot g ZETT0g deyLoay Vo XONOLUOTOLOUY TO EMLGOL-
VELERO VEQO YLt TOTIOUM, TTOLV TV RATEIOOLOT) TOV 0TOUS £V AGY® 0oPeoTéMOOVS, 1) TapoyN TG ITnyNe undevi-
omze. Auto eiye og amotéheopa 1) Kopn wow ov té€LE owxiopol vo. €xovv xow tdht 0D mpdpAnua vdpevong. Ko
va OREQTE ROVEIS OTL 1] PHETAPAON EVOS YEMAGYOU TNV TEQLOXT, YO LEQIXES NUEQES, ne PePatdmra Ba ouvre-
LOUOE 0TV QITOQUYT] TOU AOROTOV Kot TOMGETOVOU cuToU £QY0U.

Mopdderyua 3°. H teproyn tov AroMbwugvou Adooug me A€ofou:

TN to AmoMBwpévo Adoog g A€ofov, Yo autd to mpaypatxd mohl agildhoyo pvnueio mg guong,
uéxoL ofuepa, €xovy yiver mapo morhd: Owhies, evnuepowtird GuAdda, doBoa otov TUmo, emMOTHUOVIRES
OVOROWOOELS YLOL TV TTOAAOXAMEION, OEvAQLa, cuVEDQLL, EEVayOELS, OmOXAATPELS ATOMBOMUEVIV ROQ-
UV, SLAVOLEN HOVOTATLAY TEOOTEAUONS YLOL VaL (POAVOUV Ol ETORETTES OTLS HEDELS TOV ROQUAYV, EVO GLOQYO
Tovouotird [epimteo »at ®ovid 010 YwELd Tov Ziyplov éva xatamxtxé Ktigo — Movoegio mov guhoEevel
amoMBwuEvoug ®oppots ot Giha amolbwpéva otoyeio tov Adoovs. Exeilvo, dpmg, mov dev €ywve, evd Ba
£mEeTE VoL Y€ YIVEL TOWV IO GAOL TOL TOQOATTAVW, (VAL (Lot ®OM] YEMAOYLXY] XQQTOYQAPNOY TS TEQLOYNS, OF
ratdAANAY ®hipora, wy. oe ®hipoxo 1:5.000 zow ong mohd evOLAUPEQOVOES TEQLOYES OO TAEVQAS TUQOVOTOS
amoMBopgvav d€vdpwy, oe viipoxra 1:1.000.

[Mpdogara TAnpogopntijrane 6t atd T AtevBuvon tov AmtoMBmpévou Adooug €ywve avabeon oe Meke-
™mui va peheTioel ) yewhoyia g meQuoyric tov Adoovg. Kdho apyd mapd moté. @ého vo motetm Ot 1
uerétn avni Ba TeQAAPEL xaL TN YEWAOYLXY XUOTOYQAPNON TG TEQLOYNS OF ®atdrinin xhipaxa. Kot Bo jpovy
TOAMD €VUTUYNG, OV UE TN YEWAOYLXY] aUT XAETOYOAENoY amodetyfel oANOES AUTO TOV PE HOQEPT TOOPOPLXIG
AvaROivOOoNg Exava YVwoto og moAvmAntr] opddo yewAhdywvy (mov poli elfyaue Adfel HEQOS O EMOTNUOVLKT
exdoowr] oty meELoYN Tov AdooUg). Auté Tov elta TOTE NTay GTL TOVAAYLOTOV OTnV TtepLoyn tovu Tlepuntépov
VITAEY oLV dUO 0TTOMOMUOTOPSEOL 0QLOVTES e pneyahoug amoibmuévoug xoprots dévdpmv. Tote, emiong elya
TQOTE(VEL T1) AETTTOUEQT YEWAOYLXY X AOTOYQAPNOT) TG TEQLOYNG 1) OTTOLA, OV YLVOTOV OITO TNV 0], 1) YEWAOYWXT]
£0€VVQ TNE TEQLOYNG, U PePandtnta, Oa TpoyxwEovoe Yonyoedtepa »at Ba eiye rolitepa amoteAéopota, toLoi-
TEQO OTNV TEOOTADELR EVTOMONOD BECEMVY e 1OLUITEQO EVOIOPEQOV (T TAEVRAS TREOVOTNS ATOMOMUEVODV
dEVOQWV, ®aBmg row 0TV TEOOTAOELR ORI G HEYAALY aTOMOWUEVOY RORUMV HE T Borjfela woTdiin-
AoV YEOQUORKY pefGdmv.

Agv glvol Spmg HOVO Ol TAQOTAVM TEQUITWOELS PereT®VY kot Epymy Epappoouévng T'ewhoyiog wov exte-
Aovvtat ¥mEig TV amaQaitTn ®ahj Yvoon Tov Yewhoyxov vrofddpov tove. Eival eriong ko mdpmohheg G-
AEC MEQUTTWOOELS HEALETAV AL EQYWV TTOV BaolCovTaL O€ EMMITELS YEWAOYLHOUE YAQTES RO TOETEL Var Rt fAnOet
®d0e duvorn TEOOTAOELR YLt VO OTAUATIOEL 1] AURAOERTY CUTH RATAOTOON).

4. ITPOTAXZEIZ

T TV aVTLLETOTLOY CAOV QUTHV «TWV RARMS EXOVIWV» OTOV TOAMITAO®O 0td TAEVQAS OTOMWUATO-TEXTO-
v dopng EAAOOG YMEO RUTA TYV EXTOVNON PEAETAV noL TNV extéleon €oymv Egappoopévng Femhoyiog
RO TEYVIXAV £QYMV, TTOOTEIVOVTUL TOL TOQURATM:

1°. Avotnon £@oopoyy SAmV TOV VITAQYOVIOV VOUMY AOL GTTOQPEOEMV, TMV OYETIXMY UE TNV VTOYOENMON
EXTTOVNONG PEAETNS TOV YEWAOYL®OU Vo dBoov Ty and »dBe €pyo Egapuoouévng Fewhoyiog. Ztny wepintm-
om 8¢ mov dev VTAQYOUV TETOLOL VOUOL, VO BECTILOTOUV VEOL TO CUVTOUGTEQO dUVATOV, e TEOPAEYN Vo YivovTot
oefaotol and dhovg.
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2°. Anovgyia oto LT.M.E. pog Baone yewhoydv Sedopévay vmodopnc yio oAéxineo tov eAadins yo-
00, otV omoia Ba £xouv evxoln mpdofaon Ghot ou xerjotes. H Bdon avni apyud Bo mepihdfer 6ha ta yemho-
YA OTOLKE(D TV YEWMAOYIXOV XOOTAV TOV €YOUV TEOXTYEL amd T YewAoyxy xaptoyedenon s EAddac oe
xhipoxa 1:50.000. Zm ouvvéyeia, ot pdaon ovni Ba evompotwBoty xol ta Yemhoywwd otouyeia, ta omoio Ho
TEOEABOVY OIS TIG VEES YEWMAOYIXES YOQTOYQAPHOELS TOU EAAOLROU XWDOEOV, OL 0TTO(ES TOEMEL VoL YIVOUV OTWO-
dmote. Avtég eivau:

a. H avaBedonon — cvumhipmon 1oy yewhoyrav gudhov, xhipaxag 1:50.000, wov xotoypagpidnxay to
mpata xedvia tov téte LILE.Y. xou mapovotdlovy, omwg €xel avagpepdel, mohég edhenpers. BeAtuboelg - ov-
UTANQMOELS TOETEL VaL YIVOUY Raw OF TOAG GAAaL pOANOL XaOTEY TG »Aparag autc, eTewd] EXOVV TEORMPEL
TOMG VEa oToLyeia OXeTIXA e TN YEWAOYIO TNG TEQLOYNS TTOV aTd HOATITTOUV.

B. H yewloywn yoptoypdgnan mg xdoag oe xhipaxa 1:25.000, agyiCovrag amé tg meQlox€s pe dLaiteQo
YEWAOYIRO, ROLTAOUATOAOYLXO, VIQOYEMAOYIXG, YEWTEXVIXG K. T.A. EVOLAPEQOV 1| axdpa pe tdLaiteQa eQLBak-
Aovurd mpoPhijparta, Tov EXOUV OYEON UE TN YEMAOYIOL TV TEQLOYMV CLUTWY.

O yewhoywrol awtol ydoteg Ba faociCoviar otovg exmovnOévteg oe xiipaxa 1:50.000 xat, £xtég and Ta
YeEWAOYLHA OToLEia, Bo TEQLEYOUV %ol OTOLYELD VOQOAOYLROU - VOQOYEWAOYLROU, ROLTAOUATOAOYIHOU . T.A. EV-
SLap€Qovtag, Ta ool 0 YEWAGYOS — XaQTOYEAPOS Bor GUAAEYEL KOTA TV EQYaOTa VTtaiBoov.

Eniong, ou xdoteg avtol Bo ovvodetovial ommwodimote and éva eXTETOUEVO eTeENYNUATIRG PUALGOLO, OTO
omoto Ba avahveton 1 yewhoyinn dopj v mEQLoxs Tov ydptn non Bo divovior Sha o yewhoyind otovyeia,
WOoTE oL YewAoywrol avtol xdpteg va eivor ) fdon xdbe yewloywmiig €pevvag xat €oyov Epapuoopévng 'ewho-
yiag ®ow TEXVIROU €QYou.

3°. ‘Ohou ot Tewhoywrol Popeis xal diaitepa 1 EMAnvixn Tewhoynd Erawpia va xatafdilovy xabe duvat
TEOOTAOELD YL TNV VAOTTOMON TV TaQomdvm. Avté Ba eivor pua ToAl peydin meoogod G L HOVOo OTLS YEWE-
TUOTHRES TS XWEOS pag arld xar omv EBvixn pag Owovoula.
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THE PAIKON MASSIF REVISITED, COMMENTS ON THE LATE CRETACEOUS -
PALEOGENE GEODYNAMICS OF THE AXIOS-VARDAR ZONE. HOW MANY
JURASSIC OPHIOLITIC BASINS ? (HELLENIDES, MACEDONIA, GREECE)

J. L. MERCIER' AND P. VERGELY

ABSTRACT

In the Axios-Vardar zone, the Paikon massif has been revisited. To the west, it is composed of a pile-up of
SW dipping slices. These have been thrust toward the NNE while the Almopias zone was folding with a SSW
vergence. Subsequently thrusting with a SW vergence occurred on the eastern flank of the Paikon massif and in
the Almopias zone. These tectonic events took place during the Paleocene - early Eocene and during the upper
Eocene - lower Oligocene respectively. During the late Cretaceous, the Almopias zone was a trough whose floor
was a late jurassic ophiolitic sheet. It was located between the Paikon carbonate platform and the Pelagonian
platform. This analysis leads to the conclusion that the ophiolites were already located in the Almopias zone
before the late Cretaceous and even before the upper Jurassic-lower Cretaceous. It is concluded that during the
Jurassic the Almopias zone was an oceanic crust basin, the Paikon zone an island arc and the Peonias zone a
back-arc basin. This analysis is a first step which is necessary to precise the geodynamic significance of the Axios-
Vardar zone as a whole during the Triassic - Jurassic taking into account the stratigraphic, paleogeographic and
structural data and the location in space and time of the magmatic and metamorphic belts.

KEY WORDS : stratigraphy, paleogeography, tectonics, geodynamics, ophiolitic basins, late Cretaceous,
Paleogene, Axios-Vardar zone, Macedonia, Greece

1. INTRODUCTION

In the internal (eastern) Hellenides the Axios-Vardar zone, defined by F. Kossmat (1924), is divided into
three zones (Mercier, 1968) from east to west : the Peonias, Paikon and Almopias zones (fig. 1A). Ophiolitic
rocks outcrop in the Peonias and Almopias zones. To the east, the ophiolites of the Evzoni-Guevgueli massif
with underlying units of sedimentary and volcanic formations are thrust westward on the Paikon massif. To the
west the ophiolites are thrust westward onto the Pelagonian zone (Osswald, 1931, Mercier et al., 1975). The
Paikon massif and the Malarupa-Tzena massif (fig. 1A) have been considered (Kossmat, 1924, Osswald, 1931,
1938) as a large bulge in the core of which the crystalline basement outcrops. Then, J. Mercier (1968) has
considered that this Paikon zone was a volcanic shelf separating two ophiolitic basins during the Jurassic. Subse-
quently, it has been suggested (Mercier et al., 1975) that the Almopias basin might be an oceanic basin separated
from an eastern Peonias back-arc basin by a Paikon island-arc.

Since these already ancient works a lot of researches have been conducted on the Axios-Vardar zone. In
such a short paper we cannot review all these works, therefore we only discuss the always debated problem,
is there a single oceanic crust basin or several ones in the Axios-Vardar zone. Examinating the structure of the
Paikon massif we have recently revisited. The complex structure of the Paikon massif is an important question
because it concerns the geodynamic significance of the Almopias zone during the late Cretaceous-Paleogene
and the origin of the ophiolites which outcrop there. Thus, it is a first step which is necessary to put constraints
on the Triassic-early Cretaceous paleogeography of the Axios-Vardar zone and the position in space of the
ophiolitic basins. This can be also enlightened by recent detailed analyses of Triassic to Early Cretaceous sedi-
mentary formations and igneous rocks which have brought new informations on the Triassic-Jurassic
paleogeography of this zone. Moreover studies of the syn-metamorphic deformations particularly in the Serbo-
Macedonian massif and along its western border («the Circum Rhodope zone») have renewed the ideas on the
significance of the Serbo-Macedonian massif and on the possible origin of the ophiolites which outcrop along
there.

* H MAZA TOY ITAIKOY, EXOAIA I'lA THN FTEQAYNAMIKH THE ZQNHE TOY AZIOY KATA TO ANQ KPHTIAIKO - ITAAAIOTENEE.
IIOZEL I0YPAZIKEL O®IOAIOIKEL AEKANEL ( EAAHNIAEL, MAKEAONIA, EAAAY)
" Emeritus Professor, > University of Paris-Sud, UMR ORSAYTERRE, Batiment 504, 91 405 ORSAY France ; email : vergely @geol.u-psud.fr
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2. STRUCTURE OF THE PAIKON MASSIF

Based on findings of Rudists in marbles underlying the Evzoni-Guevgueli ophiolites, Godfriaux and Ricou
(1991) have drastically reinterpreted the structure of the Paikon massif proposed by Mercier (1968) and Vergely
(1984). They have proposed that it is a complex tectonic window composed of five superimposed thrust sheets,
from top to bottom (fig. 2B) : (1) the Malarupa-Tzena massif considered as a tectonic klippe belonging to an
uppermost sheet of Serbo-Macedonian origin ; (2) an ophiolitic sheet which groups together the ophiolites of
the Peonias and Almopias zones ; (3) a Pelagonian sheet which groups together the eastern and western parts
of the Paikon massif. Subsequently, Ricou and Godfriaux (1995) have sugested that, in the core of the Paikon
massif, this sheet pile-up rests upon lower units equivalent to those observed in and around the Olympos window
(fig. 1B). These are a unit (4) (Mercier’s 1968 Livadia fm.) considered as an equivalent of the Ambalakia metabasalt
sheet which overthrusts a lowermost window (5) in the Gandatch massif which would belong to the Olympos
zone.

We have already shown the impossibility of such a structural model (Mercier and Vergely, 1995 ; Vergely
and Mercier, 2000 ; fig. 2A). Therefore, here we only summarize our argumentation, the reader may find more
detailed data in the above papers.

- (1) The Malarupa-Tzena massif dips under the Evzoni-Guevgueli ophiolites (fig. 1A) as it has been un-
doubtedly demonstrated by Kossmat (1924). This is also undoubtedly seen on Kossmat’s (1924) 1:500 000 map,
on Osswald’s (1931) 1:300 000 geological map of Greek Macedonia, and on Polic et al’s (1952) 1:50 000 geo-
logical map of Demir Kapija. Therefore, the Malarupa-Tzena massif cannot be a tectonic klippe thrust over an
ophiolitic sheet.

- (2) The ophiolitic sheet according to Godfriaux and Ricou (1991) overthrusts the Paikon massif from east
to west subsequent to the deposition of its late Cretaceous limestone cover.

On the Pelagonian zone (Mercier et al., 1987) the ophiolites overthrust a marble substatum of Triassic- ?
Jurassic age. Limestones of late Santonian-early Campanian age (~83 My) and clastic limestones and conglom-
erates of Vraconian age (~100 My) transgressively overlap both the ophiolites and their substratum sealing the
thrust. In the western units of the Almopias zone, the ophiolites (serpentinites) were already emplaced before
the activity of large faults which controlled the sedimentation on both the Pelagonian and western Almopias
zones during the late Cretaceous. South of the WNW-ESE striking Nission fault (fig. 1A) the base of the late
Cretaceous deposits which lie transgressively on the ophiolites are of late Santonian - early Campanian age (~83
My) on the Pelagonian zone and of Turonian-Campanian age (90 to 80 My) in the western Almopias zone while
they are respectively of late Maestrichtian (~65 My) and of late Aptian-Albian (~110 My) age north of the fault
(Mercier, 1968). Therefore, the ophiolites of the Pelagonian and western Almopias zones where already located
there before the late Aptian-Albian (~110 My) to the Vraconian (~100 My) and cannot have been thrust from
east to west above the late Cretaceous limestones of the Paikon massif whose uppermost levels contain a
Globotruncana fauna of late Maestrichtian age (~65 My) (Mercier, 1968).

The eastern Almopias units (Mavrolakkos - Krania units, fig. 1A) comprise radiolarites, lavas, diabases and
clastic deposits of Triassic and of late Jurassic - Hauterivian ages (Staos et al., 1990 ; Sharp and Robertson,
1994). The eastern Almopias ophiolites are thrust onto the Maestrichtian limestones of the Paikon massif
(Godfriaux and Ricou, 1991). According to Godfriaux and Ricou, the vergence of the eastern Almopias ophiolites,
considered as the base of the ophiolitic sheet, is toward the west, according to Sharp and Roberston (1992),
Brown and Robertson (1994), the vergence is top-to-the-NE to ENE. Indeed, below the lavas, we have observed
ramps in the Paikon Cretaceous limestones, shear planes between the limestones and the underlaying late Cre-
taceous flysch and shear planes in the flysch which really demonstrate a NE vergence (points 17, 18, 19 on fig. 3)
of the eastern Almopias ophiolites (Vergely and Mercier, 2000). Moreover radiolarites, tuffites and lava of
eastern Almopias ophiolite characters outcrop below the late Cretaceous limestones of the upper slices of the
western Paikon (east of Smolika Tchouka on fig. 3, M. Bonneau and J. Ferriere’s pers. communication). They
are located at the base of a slice thrust toward the NE although field analysis have shown that they are also
affected probably subsequently by reverse faults with a western vergence. This outcrop implies that the eastern
ophiolites were already located in the Almopias zone when the Paikon late Cretaceous carbonate platform has
transgressively covered them. In summary, stratigraphic, paleogeographic and structural data made impossible
the overthrusting of a large (Peonias plus Almopias) ophiolitic sheet from East to West above the Paikon zone
subsequent to the Maestrichtian.

- (3) The Pelagonian sheet described by Godfriaux and Ricou (1991) in the Paikon massif comprises a
volcanic formation which groups together Mercier’s (1968) spilite-keratophyre fm. of western Paikon and rhyolitic
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Fig. 1A : Structural schematic map of the Axios Vardar zone ; B : Structural sketch of the Olympos window and
the metabasalt Ambelakia sheet.

Kastaneri fm. of eastern Paikon both covered by marbles and limestones of late Jurassic and late Cretaceous
age. The Kastaneri metarhyolites are considered from regional reasons as equivalent of the Permian rhyolites of
the Pelagonian zone. The thrust is supposed to have a vergence toward the west and the thrust line is described
as surrounding a lower window (fig. 2 in Godfriaux and Ricou, 1991). Indeed the western Paikon is constituted
by a pile-up of S to SW dipping tectonic slices and the eastern Paikon by two sheets (the lower Kastaneri and
upper Evzoni-Guevgueli sheets, fig. 3). Detailed mapping of the 1:50 000 Jannitsa sheet (Vergely and Mercier,
2000 ; Mercier et al., 2001) demonstrates that the Kastaneri sheet is thrust onto the western slices of the western
Paikon (fig. 1A and 3). The vergence of the slices of the western Paikon is toward the NNE to NE (fig.3) ; this
has been defined using about one hundred of kinematics markers (fig. 4) such as asymetric folds, striated shear
planes (C), relations between shear (C) and cleavage (S1) planes or between cleavage (S1) and bedding (So)
planes. At pt 22 on fig. 3A, the strike of the Kastaneri thrust is orthogonal to the strike of the W. Paikon lower
slice whose Cretaceous marbles (Bonneau et al., 1994) are overturned toward the west below the thrust. This
and overturned folds (pt 23, fig. 3) affecting the limestones of the Kastaneri fm. along the thrust demonstrate a
top-to-the west vergence of the eastern Paikon sheets. Therefore there is no continuity between the eastern and
western flanks of the Paikon massif. This agrees with petrological data which lead to separate the potassic
metarhyolites of the eastern Paikon from the keratophyres of the western Paikon which are persodic metarhyolites
to metadacites (Mercier, 1968). From a geochimical point of view the former have calcalcaline or anatectic
characters of intracontinental areas whereas the latter show intraoceanic island arc affinities (Bibien et al., 1987,
1994). Hypovolcanic granitic small bodies are observed in the Kastaneri fm. particularly around the Kastaneri
village (Davis et al., 1988). They have the same geochimical characters as the rhyolites and tuffites (Bibien et al.,
1994). Toward the south these tuffites and rhyolitic pyroclastites are interbedded at a scale of some tens of
centimeters with limestones containing a microflora and microfauna of late Jurassic age (Mercier, 1968) exclud-
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ing that they belong to the Pelagonian Permian rhyolites. Thus, the eastern and western Paikon are formed by
tectonic units having opposite vergence (Sharp and Robertson, 1992). Yet, these vergences are neither in the
same direction nor of the same age. The NNE to NE vergence of the western Paikon slices is previous to the SW
vergence of the eastern Paikon sheets.

- (4) and (5) The lowermost units. We have mapped again the thick bedded white marbles of the Gandatch
massif supposed to be of Triassic age and being the antiforme core of a tectonic window (5) of Olympian affinity
(fig. 1B) below a metabasalt (Livadia fm.) sheet (4) of Ambelakia sheet affinity (Ricou and Godfriaux, 1995).
Mapping has shown that indeed the marbles of the Gandatch massif do not appear as a tectonic window but as
a synform which lies upon the Livadia fm. and its metabasalts. We propose that these marbles are the lateral
equivalent of the late Cretaceous Rudist bearing marbles of the Gola Tchouka fm (fig. 5).

As a conclusion, findings of fossils of late Jurassic and late Cretaceous age in marbles of the Paikon massif
(Godfriaux and Ricou, 1991 ; Bonneau et al., 1994 ; Vergely and Mercier, 2000) have permitted to revisit this
massif and to propose a new structural model (fig. 2A). Yet, the multiple tectonic window model (fig. 2B) as a
consequence of thrusts having a western vergence and subsequent to the late Cretaceous, do not resist to de-
tailed mapping, kinematic analysis, petrological and geochimical data and stratigraphical review. This is of first
interest because this imposes strong constraints on the geodynamic significance of the Axios-Vardar zone dur-
ing the late Cretaceous-Paleogene that we now attempt to examine. In particular, this implies that the ophiolites
were already located in the Almopias zone before the late Cretaceous.

PELAGONIAN | ALMOPIAS ' PAIKON | PEONIAS |,  SERBO-MACEDONIAN
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Fig. 2. Schematic cross-section of the Axios-Vardar zone. A : drawn from Vergely (1984), modified ; B : Sche-
matic sketch of Ricou and Godfriaux’s (1995) multiple tectonic window model.

3. GEODYNAMICS OF THE AXIOS-VARDAR ZONE DURING THE LATE CRETACEOUS - PALEOGENE
3.1. Paleogeographic sketch of the Axios-Vardar zone

During the late Cretaceous, the Almopias zone was a trough located between two platforms, the Paikon
carbonate platform to the east and the Pelagonian platform to the west.

- The Paikon platform. Transgression of the sea began during the late Albian (~105 My) (fig. 5). A thick
Rudist bearing carbonate platform unconformably covered either a conglomeratic formation of early Creta-
ceous age or a late Jurassic - lower Cretaceous limestone formation (the Khromni fm.). This attests a tectonic
activity between the early Cretaceous and the Albian. Sedimentological analyses (Brown and Robertson, 1994)
have shown that these carbonate deposits are characterized by shallow-water, neritic facies exhibiting periodic
emergences. These gradually pass upward to deeper-water, pelagic, Globotruncana bearing limestones of Turonian
to Maestrichtian age. These and clastic deposits interbedded with Turonian radiolarites (Brown and Robertson,
1994) or pelagic Campanian limestones (Mercier, 1968) indicate a rapid deepening of the platform related to
extensional tectonics ; this is supported by normal, probably synsedimentary, faults we have observed on the
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western flank of the Paikon massif. This carbonate platform extended eastward as shown (fig. 5) by the Orbitolina
and Rudist bearing marbles of the central Paikon and by the Orbitolina bearing marbles (Bonneau et al., 1994)
of the Kastaneri sheet which, with a coarse breccia at the base, score and rest upon Jurassic limestones (Vergely
and Mercier, 2000). More to the east, one late Cretaceous outcrop has been found in the previous Federal
Yougoslav Republic of Macedonia. There, a conglomeratic, shallow-water formation of Albian-Cenomanian
age rests transgressively upon the Stip granite (Markovitch, 1954 in Mercier, 1968). Pebbles of the Stip granite
and of Serbo-Macedonian gneisses suggest that a shallow-sea locally covered the Peonias zone and bounded the
emerged Serbo-Macedonian massif. To the west, the Paikon carbonate platform extended onto eastern Almopias
Jurassic radiolarites and lavas which outcrop below the late Cretaceous limestones of the western Paikon massif
(fig. 3 and 5, see § 2).
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Fig. 5 : Stratigraphic columns of the tectonic units in the Paikon massif (Paikon and Peonias zones).

- The Pelagonian platform. The Pelagonian massif emerged subsequently to the late Jurassic - early Creta-
ceous. The transgressive sea spread over the eastern Pelagonian border during the Vraconian (100 My) (Mercier
et al., 1987) or earlier during the Albian (105 My) at some places (Brunn, 1982). A thick shallow-water clastic
limestone and conglomeratic formation deposited. Where it rests upon the ophiolites a nickeliferous laterite
bed is sometimes observed at its base. The conglomerates contain pebbles of serpentinites and of Pelagonian
marbles which demonstrate a deep erosion of the ophiolitic sheet thrust onto the Pelagonian zone during the
late Jurassic. A second step of the sea transgression occurred during the late Santonian - early Campanian. It is
marked by an accumulation of reworked Rudists laying on an erosional surface which scores the late Cretaceous
conglomeratic formation, the ophiolites and the underlying marbles. It passes upward to a thick carbonate for-
mation which essentially consists of Rudist bearing limestones but with a level of pelagic Globotruncana bearing
limestones of Campanian age (Mercier, 1968). These latter with the transgressive overlap of the sea upon the
Pelagonian massif as late as the late Maestrichtian suggest some episodes of deepening of the platform. This is
possibly related to extensional tectonics suggested by the synsedimentary activity of large normal faults affecting
the Pelagonian and Western Almopias zones as discussed above (§ 2.). The carbonate sedimentation ended
during the upper Maestrichtian, with pelagic Globotruncana bearing limestones then a thick clastic flysch began
to deposit onto the Pelagonian zone.

- The Almopias trough. In the Almopias zone, the late Cretaceous transgression started during the late
Aptian - early Albian (~110 My) (Mercier, 1968). In the western Almopias (Kerassia unit, fig. 6) it is marked by
shallow-water, neritic, reddish, Orbitolina and Nerinea bearing limestones of late Aptian - Albian age.
Sedimentological analyses in the Loutra Aridhea unit (Galeos et al., 1994), north of the Kerassia unit, have
shown that these reddish limestones have been deposited in a near-shore shallow shelf environment with inter-
mittent subaerial exposures. A period of tectonic activity between the early Cretaceous and the late Aptian -
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Albian is evidenced in the Almopias units (phase JE2, Vergely, 1984) and in the Paikon zone (see above). In the
Kerassia unit the neritic Orbitolina and Nerinea bearing limestones of late Aptian, Albian and Cenomanian age
pass upward to Globotruncana bearing pelagic and clastic limestones of Coniacian-Santonian age which attest of
a deepening of the western slope of the Almopias trough along the Pelagonian platform. These pelagic lime-
stones are covered by Rudist bearing limestones of late Campanian - Maestrichtian age. This carbonate sedi-
mentation ended with the deposit of a thick clastic flysch formation whose base is of upper Maestrichtian age.

Locally (Kedronas unit, fig. 6) a thick conglomeratic formation deposited on the Almopias western slope. It
contains pebbles of micaschistes, cipolins, marbles and gabbros and large marble olistholites reworked from the
Pelagonian zone. This conglomeratic formation and clastic limestones are of late Turonian (?) to Santonian age
; they indicate a tectonic activity in and along the eastern border of the Pelagonian platform contemporaneous
with the deepening of the western Almopias slope. This may be related to the synsedimentary probably extensional
faulting of Turonian (?) - Campanian age we have already mentioned in the Pelagonian and Paikon platform.
The Rudist bearing limestone formation of late Campanian - Maestrichtian age which covers the conglomeratic
formation in the Kedronas unit (fig. 6) becomes thinner (~80 m to 0 m) eastward (Mercier, 1968). This indicates
that the western slope of the Almopias trough became deeper eastward. This is confirmed by a pelagic sedimen-
tation in the median part (Nea Zoi unit) of the Almopias zone during the Cenomanian attested by Globotruncana
and Rotalipora bearing pelagic limestones interbedded with some beds of brown radiolarites.

More to the east, no late Cretaceous deposits are known covering the late Jurassic - early Cretaceous forma-
tions (Staos et al., 1990) of the eastern Almopias zone (Mavrolakkos - Krania units). Yet we have shown that the
late Cretaceous Paikon platform has extended to the west onto radiolarites and lavas of eastern Almopias char-
acters. We suggest that the Paikon carbonate platform has extended onto these eastern Almopias units and that
subsequently, the late Cretaceous limestones have been eroded. In any case, any eastern slope of the Almopias
trough toward the Paikon platform is evidenced by deposits of late Cretaceous age. Thus, a major thrust does
exist between the deeper part of the Almopias trough in the Nea Zoi unit and the eastern Almopias Mavrolakkos
- Krania units.
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3.2. Tectonic evolution of the Axios-Vardar zone during the late Cretaceous-Paleogene

- Thrusting and Folding in the Axios-Vardar zone subsequent to the late Cretaceous - Paleogene

We first analyze the folds and thrusts which affect the late Cretaceous formations in the Pelagonian, Almopias
and Paikon zones. These allow us to define the characteristics of the deformations subsequent to the upper
Maestrichtian. Then, we compare them with the deformations in the Peonias zone and the western border of the
Serbo-Macedonian massif where few outcrops of late Cretaceous - Paleogene deposits have been described.

- The Almopias and Pelagonian zones. Several NNW-SSE striking slices form the structural pattern of the
Almopias zone (fig. 6). The median and western slices with a sole of serpentinites at their base, are thrust
westward ; the westernmost slices (Kerassia, Kedronas, and more to the south the Vermion sheet, Braud, 1967)
are thrust onto the Pelagonian upper Maestrichtian - (?) Paleocene flysch. Near Rizarion southeast of Edhessa
(fig. 6), a formation of foliated marbles interbedded with white-mica calcschists and siliceous schists outcrops
among the median Almopias slices. To the south (Brunn, 1982), these marbles are covered by serpentinites ;
marbles and serpentinites are thrust southwestward onto the late Cretaceous Almopias formations. This marble
and schist fm. appears to be the equivalent of the Triassic - (?) Jurassic marbles of the Pelagonian zone over-
thrust by the ophiolitic sheet during the late Jurassic (see Vergely, 1984). This suggests that the late Cretaceous
Almopias formations deposited upon a Pelagonian substratum already covered by the ophiolitic sheet. Subse-
quently to the late Cretaceous, these are deformed together and the Almopias slices detached from their
Pelagonian substratum along the ophiolite (serpentinite) level. The major thrust is located east of the Rizarion
Pelagonian window between the Nea Zoi slice and the eastern Almopias slices as said above (§ 3).

Analysis of the deformations in the upper Maestrichtian - (?) Paleocene flysch of the Almopias and Pelagonian
zones demonstrates three successive tectonic events (Vergely, 1984). Small similar folds (B1) several 10 cm -in-
size, exhibing a flow cleavage (S1) affect the flysch formation of the Almopias slices (Kerassia and Margarita -
Liki, fig. 6) and of the Pelagonian zone. These folds strike WNW-ESE and have a top-to-the SSW vergence.
Deformation occurred under regional metamorphic conditions of low grade greenschist facies (quartz-albite-
sericite-chlorite-epidote-stilpnomelane-actinote) (Braud, 1967, Mercier, 1968, Vergely, 1984) ; it is followed by
a static recristallisation (calcite-quartz-albite-stilpnomelane) which is previous to the subsequent event. Nearly
isopach folds (B2), some meters -in- size, with small drag folds refold the previous ones (B1) and the flow
cleavage (S1). They exhibit a strain-slip cleavage (S2) parallel to the fold axial plane They strike N 70 to 80° E
and do not exhibit a constant vergence. Thrusting of the slices as shown by mapping (fig. 6) is subsequent to the
two previous events. The strike of the slices is NW-SE to NNW-SSE and their vergence is top -to- the SW to
WSW.

- The Paikon zone. We have already described the structural pattern of the Paikon zone (§ 2, fig. 3). It
results in a pile-up of S to SW dipping slices. The degree of cristallinity in the late Cretaceous carbonate forma-
tions increases from the top to the bottom. In the lower slices, the late Cretaceous Rudist bearing marbles
exhibit a flow cleavage (S1) marked by the orientation of calcite and chlorite nearly parallel to the bedding plane
; relationships between the flow cleavage (S1) and shear planes (C) demonstrate a NNE vergence (fig. 4) This
ductile deformation may evoluate in time to a ductile-brittle deformation having the same vergence. In the
upper slices deformation is brittle. At pt. 16 (fig. 3) an upper slice overthrust the middle slice ; analysis of the
kinematics of the fault shows two successive motions. The first one results from a reverse motion with a top -to-
the NE vergence (arrow 1, pt 16) and a second one results from a dextral-strike slip motion due to a NNW-SSE
shortening (arrow 2, pt 16).

- The Peonias zone. The structural pattern of the Peonias zone shown by geological mapping is constituted
by NW-SE striking slices thrust westward as it has been already described for its western part constituted by the
Kastaneri and Evzoni-Guevgueli units (§ 1, fig. 3). Thus, here we only present the successive deformations which
affect the late Jurassic and the late Cretaceous formations of these units (Vergely, 1984 ; Vergely and Mercier,
2000).

The Kastaneri sheet is thrust westward onto the tectonic slices of the western Paikon whose vergence is
toward the NE to NNE (see § 2). The late Jurassic limestones at the base of the Kastaneri sheet are folded. A
weak flow-cleavage is marked by the orientation of white micas, quartz and calcite ; relations between this
cleavage (S1) and the bedding planes (SO) show a top -to- the NNW vergence (arrow 2, pt 23, fig. 3). A similar
cleavage and vergence is observed in the lower Cretaceous flysch below the thrust. This flow-cleavage (S1) is
deformed by folds (B2) several 10 m -in- size having a strain-slip cleavage (S2) parallel to the axial planes. These
folds strike N 120-140°E and their vergence is top -to- the SW (arrow 3, pt 23, fig. 3). The Evzoni-Guevgueli
ophiolitic sheet, with a sole of amphibolites, is thrust onto the late Cretaceous limestones of the Kastaneri sheet

- 2106 -



(fig. 3). The mylonitic synmetamorphic deformations affecting the sole of amphibolites are considered as previ-
ous to the late Cretaceous and related to the late Jurassic obduction of the ophiolites (Vergely, 1984).

In the median part of the Peonias zone late Lutetian - early Priabonian (~40 My) neritic limestones rest
unconformably with a high angle (~50°) discordance onto the Jurassic to early Cretaceous formations of the
Peonias slices (Mercier, 1968). Thus, these have been thrust before the late Lutetian - early Priabonian, during
the tectonic events either of early Cretaceous age or subsequently to the late Cretaceous. More to the north in
the previous F. Y. R. of Macedonia, the gneisses and serpentinites of the Serta region are thrust onto the
molassic deposits of the «Vardar molassic trough» of Priabonian to early Oligocene age (~34-36 My) (Mercier,
1968) attesting that thrusting in the Axios-Vardar zone has continued until the early Oligocene.

Thus, analyses of the successive deformations which affect the late Cretaceous - Paleogene deposits of the
Axios-Vardar zone have shown three successive tectonic events we have conveniently named CT1, CT2, CT3
(Mercier and Vergely, 1972 ; Vergely, 1984) ; these might be successive events of a continuous deformation. The
events CT1 and CT?2 are essentially characterized by folding and the event CT3 by brittle deformation resulting
in thrusting. During the CT1 folding event a regional metamorphism of low grade greenschist facies affects the
Almopias and Paikon zones. In the Almopias zone the vergence of the folds striking N 110-120° E is toward the
SSW while the vergence of the slices in the Paikon zone is toward the NNE to NE, i.e in the opposite sense (fig.
2 A). We suggest that these opposite vergences may have been controlled by the opposite dips of synsedimentary
normal faults on the western and eastern margins of the late Cretaceous Almopias trough. During the CT3
event, the late Cretaceous and the late Jurassic - early Cretaceous deposits of the Almopias zone are thrust
westward and are detached from their Pelagonian substratum along the serpentinite level of the late Jurassic
ophiolitic sheet. Paleogeographic arguments (§ 3.1) and the occurrence of Pelagonian marbles (Rizarion win-
dow, fig. 6) in the median Almopias units lead us to locate a major thrust between the Nea Zoi unit and the
Mavrolakkos-Krania units. This should be the major thrust between respectively the Almopias trough with its
Pelagonian substratum and the Paikon platform we suppose to have extended onto the eastern Almopias units.
This major thrust could be inherited from a Jurassic subduction zone which have led to the late Jurassic obduc-
tion of the ophiolitic sheet onto the Pelagonian zone.

In the eastern Paikon, thrusting of the western Peonias sheets, appears to have begun during the CT2 event
with a NNW vergence, eventually earlier during the CT1 event. Thrusting has continued (CT3 event) and the
Kastaneri sheet southwestward overthrust the western Paikon slices.

* Age of the tectonic events subsequent to the late Cretaceous - Paleogene in the Axios-Vardar zone

The above tectonic events are subsequent to the flysch fm. of the Pelagonian and Almopias zones whose
base contains a Globotruncana fauna of upper Maestrichtian age (~67-65 My). The event CT1 occurred under a
regional low-grade greenschist metamorphism. The late Lutetian - Priabonian molassic formation of the «Vardar
molassic trough» (Mercier, 1968) is free from any metamorphism. This suggests that the event CT1 is previous
to the late Lutetian (~40 My). This is supported by some stratigraphic data in the previous F. Y. R. of Macedonia
(Mercier, 1968 and ref therein). In the Tikvech basin, Priabonian molassic deposits unconformably rest upon
metamorphic folded formations north of the Tzena massif (fig. 1A). West of the town Titov-Veles, in the lower
course of the Babuna river, a coarse conglomerate unconformably rest upon a weakly metamorphosed, folded
flysch of late Senonian age. This conglomerate passes upward to limestones and breccia with some marl levels
bearing a Globorotalia fauna of lower Oligocene age (Bizon et al, 1966). Thus the first event CT1, possibly CT2,
took place between about 65 and 40 My. Some radiometric data (see Mercier, 1968) coherent with the stratigraphic
data have been obtained : 63 My (Rb/Sr method) for a white-mica quartzite of the Loutra Aridhea unit of the
western Almopias zone, 40 My (K/Ar method) for a white mica micaschist of the Malarupa-Tzena massif and 43
My (39Ar/40 Ar method) for a chlorite bearing marble of the Livadia fm of the Paikon massif (P. Monnié,
unpubl. data). The event CT3 is characterized by brittle deformation. In the previous F. Y. R. of Macedonia
thrusts have been reactivated and affect the late Lutetian - Priabonian formations of the «Vardar molassic
trough». We have suggested an upper Priabonian - lower Oligocene age (~34 My) for this event (Mercier, 1968).
Westward thrusting of the Pelagonian crustal sheet, as defined by Mountrakis (1986), upon the Olympos zone
occurred also during the Eocene (Godfriaux, 1968). Around the Olympos window a blueschist facies metamor-
phism is dated at 53-61 My (40 Ar/39 Ar method) and the authors date the thrusting of the blueschists onto the
Olympos zone at 36-40 My (Shermer et al., 1990).

- The western border of the Serbo-Macedonian massif (the «circum Rhodope zone»)

Thrusting of the Serbo-Macedonian massif and of the Circum Rhodope zone subsequent to the late Creta-
ceous is observed at two places. In the F. Y. R. of Macedonia, west of Sopur, Serbo-Macedonian gneisses are
thrust westward onto an Albian-Cenomanian formation (see § 3.1). South of the Doirani lake (Maltzakis et al.,
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1993), the Permian - lower Triassic volcanic formation of the internal zone of the Circum-Rhodope is thrust
westward onto rhyolites interbedded with cinerous tuffs bearing sporo-pollinic association of late Eocene - early
Oligocene age.

South of Thessalonique, a complex pile-up of metasedimentary and metavolcanic units of Permian-lower
Triassic to Jurassic age associated with cristalline and serpentinites slices is thrust westward. A synmetamorphic
deformation affects slices of metalavas and metagabbros below the Thessalonique ophiolites. Syntectonic
cristallisations characterized a HP-LT epidote-blueschist facies which is followed by post-tectonic cristallisations
of quartz, lawsonite, stilpnomelane (Vergely, 1984). Above the ophiolites the Livadi epidote - blueschist facies
(Michard et al., 1994) demonstrates a prograde HP-LT metamorphism (7-8 Kbar, 300-400°c). Analyses of the
successive deformations (Vergely, 1984) suggest that this is the first, major penetrative deformation characterized
by folds with flow cleavage and shear deformation resulting in mylonites having a SW vergence. A second tec-
tonic event is characterized by folds several -100 m- in size having a strain-slip cleavage ; they strike WNW-ESE
and have a SSW vergence. Subsequent deformations are brittle and associated with thrusts having a SW ver-
gence.

The scarcity of deposits of late Cretaceous - Paleogene age makes difficult to date the successive deforma-
tions. The first event of HP-LT synmetamorphic deformation is reported to the late Jurassic (Vergely, 1984 ;
Michard et al., 1994). The second event (Vergely, 1984) is probably equivalent to the deformation synchronous
with a low grade greenschist facies metamorphism which affects a clastic formation passing upward to
Pseudocyclammina bearing limestones of late Jurassic - early Cretaceous age (Ricou, 1965) which rests
transgressively upon the Monopygadion granite, south of Thessalonique. This is possibly related to the CT1
event described above and the subsequent thrusts to the CT3 event.

4. CONCLUDING REMARKS : HOW MANY JURASSIC OCEANIC CRUST BASINS IN THE AXIOS-
VARDAR ZONE ?

The most important conclusion resulting from the revision of the Paikon massif is that the ophiolites were
already located in the Almopias zone before the late Cretaceous and even before the upper Jurassic - lower
Cretaceous (Mercier et al., 1987 ; Galeos et al., 1994). May have they been thrust westward above the Paikon
from the Peonias ophiolitic massifs during the late Jurassic ? A radiolarian fauna of Oxfordian age (» 152-144
My) has been recognized in the volcanic part of the Evzoni-Guevgueli ophiolitic complex (Danelian et al., 1996)
and diorites (fig. 5) associated with this ophiolitic complex (Bebien, 1982) have been dated at 163 + 3 My and
154 + My (K/Ar method, Spray et al., 1984) i.e. of Bathonian-Callovian ( 160-154 My) age according to the
L.U.G.S. 1989 time scale. They are intruded by the Fanos granitic massif dated at 153 + 2 My (K/Ar and Rb/Sr
methods, Borsi et al., 1966 ; Spray et al., 1984 ; Danalian et al., 1996). These ophiolites emerged and have been
eroded before the Portlandien (135-140 My) (Mercier, 1968 ; Karras, in Maltzakis et al., 1993) before the late
Kimmeridgian according to Staos (1993). Thus, the obduction of the Evzoni-Guevgueli ophiolites occurred
during the late Jurassic phase JE 1 (Vergely, 1984) around the Oxfordian - Kimmeridgian limit. As the Evzoni-
Guevgueli ophiolites, the spilitic-keratophyric volcanic formation (fig. 5) of the Paikon zone emerged, has been
eroded and transgressively covered by Portlandian-Berriasian limestones ; yet no remnants of an ophiolitic
sheet outcrop there. Moreover, the rhyolitic volcanic Kastaneri fm (fig. 5) of Kimmeridgian - Portlandian age
outcrops in the eastern Paikon and again no ophiolitic remnants outcrop there. Thus, it appears really improb-
able, if not impossible, that an ophiolitic sheet, at least 5-10 km thick, may have thrust above the Paikon zone
during the Kimmeridgian. In other words, it appears that an ophiolitic (oceanic) crust basin was located in the
Almopias zone during the Jurassic.

New stratigraphical data (Staos et al., 1990) have shown that the Almopias trough initiated as soon as the
Triassic period with pure radiolarite deposits followed by abyssal tholeite lavas and breccias interbedded with
radiolarites and pelites of Callovian-Kimmeridgian age.

It has been suggested that the Paikon was an island arc and the Peonias zone a marginal basin (Mercier et
al., 1975, Vergely, 1984, Bebien et al., 1987, Asvesta and Dimitriadis, 1992, Ferriere and Stais, 1995). This is
supported by geochimical studies (Bebien et al., 1987, 1994). The spilitic-keratophyric and Livadia fm (fig. 5)
consist of typical island arc tholeites and dacites. More to the east, the Kastaneri rhyolitic fm has rather charac-
teristics of either calc-alkaline or anatectic rocks similar to those of the Fanos granite (see below).

The Peonias ophiolitic complex formed in a marginal basin probably within a transcurrent zone (Bebien,
1992, Vergely, 1984, Bebien et al., 1987). Their association with granites and migmatites suggests that they
formed in a continental setting (Bebien, 1982, Zachariadou and Dimitriadis, 1994). They have geochemical
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characters of abyssal or island arc tholeites (Bebien et al., 1987 and ref. therein, Michard et al., 1998). New
stratigraphical data (Ferriere and Staos, 1995) show that rifting of the carbonate platform began in the Ladinian-
Carnian (235-220 My) period and was followed by basic flows (Mercier, 1968) of Ladinian - late Triassic age.
Expansion resulting in the formation of the ophiolitic complex has began at least during the Mid-Jurassic (172 + 5
My, Kreuzer in Mussalam and Jung, 1986) and continued during the Callovian (163-154 My, Spray et al., 1984),
- Oxfordian (Danelian et al., 1986). The ductile extension resulting in partial melting of the continental crust
ceased by the Oxfordian (Zachariadou and Dimitriadis, 1994) as suggested by the 153 and 157 + 5 My age of
the Piyi and Karathodoro migmatites respectively (Rb/Sr method, Borsi et al., 1986). The obduction of the
ophiolites of the Peonias on the Paikon arc and of Almopias zone on the Pelagonian platform occurred before
the Portlandian (Mercier et al., 1975, fig. 2B1 ; Pichon et al., 1975 ; Galeos et al., 1994).

The Serbo-Macedonian massif has been considered as a continental basement (Kockel and Mollat, 1977), as
the eastern marge of the Peonias zone (Mercier, 1968). But recent studies has completely renewed the ideas on
this massif. Indeed the Rhodopian and Serbo-Macedonian massifs are a pile-up of continental nappes thrust
toward the West (Papanikolaou and Panagopoulos, 1981 ; Burg et al., 1995 ; Mposkos et al., 1994 and ref.
therein). An early HP-LT metamorphism documented by eclogitic relics has been evidenced (Liati, 1986 ;
Mposkos, 1989). It is reported to an eohellenic event (Liati and Mposkos, 1990). The Circum Rhodope nappes
overlie the Rhodopian domain (Papanikolaou, 1981, Mposkos, 1989), there a low grade HP-LT metamorphism
(Mussalam and Jung, 1986, Michard et al., 1994) has been also reported to an eohellenic event due to an arc-
continent collision (Michard et al., 1998). It has been suggested that the meta-ophiolites (included meta-
ultrabasites, Mposkos et al., 1994) associated with Rhodopian and Circum Rhodopian continental nappes may
have their homeland east of the Serbo-Macedonian massif. In the Hellenides this topics is the most important
challenge in the next years. A single ophiolitic suture is not a necessity. Several ophiolitic belts of different ages
have been evidenced elsewhere as in Iran and Tibet.
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TEKTONIKH EEEAIEH TOY EAAHNIKOY OPOI'ENOYZL.
TEQMETPIA KAI KINHMATIKH THX [IAPAMOP®QYXHY®
A. MOYNTPAKHL'

ZYNOWH

To EMnvixo opoyeveg elvar ovvBeto omd toels ogoyevetnés Awideg: 1) Tnv Kippeprny opoyevetikny Aw-
oida mov eival 1 eomTEQLRATEEN RO dLopoepwOnre TELY To Ave Iovpaourd and Tig ®vioelg Twv Kuppeounawv
WAQOTAOXWV %ot T GUYRGANoY Tovg oy Evpooia, 2) Tnv Akmur] ogoyevetxt Awpida mov diapoppitnxe
mv ntepiodo Konudwmov-Ilohaioyevois amd ty vivnon tg Aroviiag pureomhdnag, T ovvOAm Tov mxeavol
g Néo-TnBvog o Ty evowpdtmwor mg oty eviaia midxa Kippeowis-Evpaoiog, 3) v Meooyelaxn ogoye-
veunn] hwptda mov Stapoppaddnxre To Mewdnawvo-ITheidronvo amnd ™ ouvexllduevn vrofvbion e Meooyela-
%1i¢ mAdrog ®ATw amd ™V evviaio Almu)-Kuupeouwn-Evpaoiamun mhdxo vow evroniCeton oto EEwteond T-
pa Tov EMinvirot Opoyevetinot 16Eov pe ta peyaha textovird mapdBupa g Korjmg »al tg Nétwag ITeho-
movvioou. H textovixny avdluon xor oL HEAETES TNG YEWUETQIAS KOL TNG KIVNUATIXIS TOV TOQUUOQPDOEWY
0dN YOV 0T0 CUMTEQUOUE GTL VITAQYEL ULOL CUVEYNG UETAVAOTELON TOU TEXTOVIOHOU mpog ta EEwtepind tov
EMnvizot ToEov pe tig dLadoyIrég QAoELS OUUTIEONC-EQPEARVONOY, TNV HOTEQOEVOT TOU SLOYRWUEVOL PAOLOT
%ot Y awordAnn Babitepmv TUNUAT®Y TOU PAOLOU G TEXTOVIRGY TadBuoMWV.

ABSTRACT

The Hellenic orogen consists of three orogenic belts: 1) the Cimmerian orogenic belt, including Rhodopian,
Serbomacedonian, Circum Rhodope, Axios and Pelagonian zones, is the internal belt which has been created in
pre-Late Jurassic times as a result of the northward drift of Cimmerian contrinental fragments from Gondwana
towards Eurasia. Ophiolites from small ocean basins were mainly emplaced onto the Cimmerian continental
margins in Middle Jurassic. 2) the Alpine orogenic belt, including External Hellenides and Pindos-Subpelagonian
ophiolites and oceanic sediments (Neo-Tethyan), which has been created in Cretaceous-Paleogene times after
the subduction of the Neotethyan oceanic crust beneath the Cimmerian-Eurasian plate and the collision of the
Apulian microplate to the later, 3) the Mesogean orogenic belt along the External Hellenic orogenic arc as a
result of the Mesogean-African underplate beneath the unique Alpine-Cimmerian-Eurasian plate in Miocen-
Pliocene times and the exhumation of the Cretan-Southern Peloponesus tectonic windows. Structural analysis
and detailed studies of the geometry and kinematics suggest that during Alpine-Mesogean orogenic process a
SW-ward migration of successive complessional and extensional tectonic events took place resulted of succes-
sive subductions. Thus, crustal thickening produced by compressional tectonics in each area was followed by an
extensional exhumation of underplate rocks as tectonic windows.

AEZEIZ KAEIAIA: Opoyevetn eE€MEN, Kupueowrj, Ak, Meooyeiarii Opoyevetinéc Loveg. Tewpetpia,
Kumpotiny], CUpmeoTtiny, EQEARVOTINY TEXTOVIRY.
KEY WOOD: Orogenic evolution, Cimmerian, Alpine, Mesogean orogenic belts. Geometry, Kinematics, com-
pressional, extensional tectonics.

1. EIZATQI'H

To EMnpvind Opoyevég tujpa 1o peydhov Akmirnot Opoyevols nmg autd avapéetol totopurd (Brunn
1956, Aubouin 1959, Dercourt 1964, Mercier 1968, Godfriaux 1968, Kockel & Mollat 1976) o v emoyy tov
AMTROU YEMOUYRAIVOU o amoterolpevo and g yvwotés Fewhoywnés Toves, ofpepa €xel amoderyBel non
yiveTan yevind amodento 6t amotelel £va OUVOETO 0QOYEVETIXG OLXOOUNUO TOV dNULOVEYI|ON=E ®aTd TV
eEEMEN o€ dLdpopes YEWAOYLROUS TEQLOSOUE KO 1) OQLOTLXY TOU OLVYXQEGTNON ohoxineaBnxe pe alherdrinheg
TEXTOVIRES OLEQYUTIES OTIG TEQLODOUS QVTES.

* TECTONIC EVOLUTION OF THE HELLENIC OROGEN. GEOMETRY AND KINEMATICS OF THE DEFORMATION
' Kabnynuic AJLO.. 54006 - Oecoarovinn
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Zm ovvéxela Bo avarlvBel 1o ovvBeto EMAnvind opoyeves pue Pdom T YEVIRGTEQO ETUXQATOVON OTUEQN
ETUOTNUOVIRT] ATeoy), ahhd Aapfavovtag vt Sy %o TG SIOPOPETIRES YVIRES TTOU £XOVV EXPEOODEL To TENEL-
taia xodvia yia ) yemduvauxtj eEEMEN Tou Aryaiov xou yevirdtepo g Avatohxiic Meooyeiov (Mercier et al
1975, Jacobshagen et al 1978, Mountrakis 1982, 1983, 1984, Papanikolaou 1984, Senger et 1984, Godfriaux &
Ricou 1991, Bebien et al 1994, Ferriere & Stais 1995, Vavasis et al 2000, Vergely and Mercier 2000).

2. TO XYNOETO EAAHNIKO OPOI'ENEX

Zrjpepa yivetan yevirotepa omodextd 6t 1o EMviné Opoyevég ovyrpoteitan amd v Kippeopwn Opoye-
verxr) Awpida ota ecoteQLrd TOV TOE0V, ™V Almixt] Ogoyevetxy] Awpida xat mv mo eEwtepix Meogoyelom
Opoyevetn Awpida. (oy. 1).

BLACK SEA

i i i i : Rhodope massif
Meso rogenic belt Cimmerian continental Rh P )
E WS fragments S: Serbomacedonian massif

Ax: Axios zone

v Vv
- Alpine orogenic belt :V:VVVV Ophiolites P: Pelagonian zone
Sp: Subpelagonian zone

Sa: Sakarya massif

R - :
- Cimmerian orogenic be TN Tethyan thrust Ki: Kirkarely unit

Zy. 1. Xdptng mov deiyver TS TOELS 000YEVETIXES Aweides Tov EAAnviroU Opoyevous xar Ty eméxTaot Tovs 0To
X000 ™5 Mixgds Aoiag. H xatavourj tov Kyuueoixav nreigotingy Teuayov xar 1ov opetolifixdv ovooagpay
Paoiterar orig egyaocies Mountrakis 1986, 1994.

Fig. 1. Structural sketch-map showing the three orogenic belts of the Hellenic Orogen and their extension to the
Minor Asia region. Cimmerian continental fragments and ophiolitic sutures after Mountrakis 1986 and 1994.

H Kuippeon Ogoyevenunn Ampida drapoppatnre motv 1o "Avem Iovpaowxd and tig xivijoeis s Kipupeot-

%1g NEELRWTLXYS TAAKRaS (1] TV EMPEQOVS KIPUEQIRMDY HIXQOTAORWDV), TN CUYRALOT XOL TV EVOOUATMOOT] TOUG

omv Evpaoominn mhdxa (Movvrpdxng 1994), tnv odovOMym %ot RaTaotQogy] ToU MREAVLOU PAOLOU TV AERA-

V@V 10V TToAoU wxeovoy g Tnlvog, diepyaoies mov 0dynoav OTov TEWTO EUPAVY] EVIOVO TEXTOVIOUS TWV

TETEWUATOV. OQLOTLROTOL|ON%E ETOUEVIS 1 NTELQWTLXY] OUYRQOVO KoL CUYXOAAN 0N Twv Kippeptrdy nreipm-

OV TEPOV oe wo eviaia théov Kippepmi-Evpaoiatin nrewpwtiny mhdne (Mountrakis 1983, 1986, 1994,
-2114-



BLACK SEA

Cimmerian orogenic belt @ Cimmerian continental Rh: Rhodope massif
fragments S: Serbomacedonian massif
Alpine deformation oo Ax: Axios zone
v, Ophiolites P: Pelagonian zone
Mesogean deformation Sp: Subpelagonian zone

. Sa: Sakarya massif
- HPILT metamorphism \ Tethyan thrust Ki: Kirkarely unit

Zyx. 2. Textovizo oxagipnua wov Oeiyvel 10 xwEo eEGTAWONG THG TEXTOVIXIS 00dONS #dOE HIaS ATTO TIS TOELS
0QOYEVETIXES TEQIOOOVS HaL TNV EMHALVYN TOV TAQAUOQPHBOEWY TNS Jiag i TS dAANG.
Fig. 2. Structural sketch-map showing the area covered by the orogenic process of each orogenic belt and the
deformation overprint of each one to the other.

Robertson and Dixon 1984, Sengpr 1984, Robertson et al 1996). ‘Okeg autég oL textovinég dlepyaoieg ohoxhn-
owOnrav mowv To Avew Iovpaord pe m dnuoveyia e Kippegueris opoyevetinic Awpidac (1 Kuppegunrig EA-
Addag) mov weprhapfdver To ohd nrelpwTR TEPdYN Tov Cwvay Mehayoviriic, Poddmmg, Zepfouanedovinrg
%OL TO avTioTOoLY oL Wnpotoyevy rohdpoato ovtav xau BERaua aviiotowye nrelpwtnd Twjnate omy M. Aocia
(IMovtideg, Sakarya, Kircarli x.d.), ®aBwg now Tig evildpeaes LOVES Tmv oxreavimy TETQWUATWY 1 NTEWQWTIRHOY
nepBmpiwy (Coveg AELov, ITeprpodomnng, Intrapondides ».d.).

H Ahmxr] Ogoyevenunj Awpida diapoopdbnxre yevird my mepiodo Konuduov-ITakaioyevoig and my
%nivnom g ATovALag NITELQWTURIG IUKHQOTAGRAG ®aw TNV evompdTtmon g oty Kippueowi-Evpaoiotixn fitewpo
7ov eiye drapoepwbel oy to Avw Iovpaoixd. ‘Oheg ou tertovirég drepyaoies wov Ehafay xbeo oto Kontidi-
xO-TIlahawoyevés pe ) ovyziion Aroviiag-Kippueoinnig, Ty »otaoteogn tov evotduecov wxeavol g Neot-
Buog, Ty tomoBETnom Twv opelorBwY xoL TV TEMKY NTELQWTIXY GUYROOVON TMV TAAKGDY CUVLOTOUY THY ANTixy
Ogoyevenn diepyaocio mov xaténEe ot ouyrolnon g Arouvhiog oty eviaia Théov Almuxii-Kuypeouxi-
Evpaoiatn nmetpwtinn whdxa. Anuoveynfnxe €tol oty EAAASa po véao Opoyeveting Awpido  Almux, 1
omola mepthapfdvel ta wredvia netpdpato ms Néo-Tnbvog (Civeg ITivdou-Ymomehayoviric) mov diépuyay
™mv vtopubior Toug wdtw ard Ty Kippeprrn-Evpaoiotiny mhdxa, xabdg xow to avlparind TeTduato niet-
QWTLXYG TAATPOQROG TS ATOVALOS 1] NTTELRWTLROU TtEELBmEiov nhvriog Mecotwirov-ITalaoyevois (EEwtet-
xég EMnvidec Loveg Tapodpov-Toviov-ITpoamovhiog).

H vedtepn Meooyeiaxt Opoyevetir Awpida wou evtontiCetar 0to EEwtepnd Turjpa tov EAAnvirot O-
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poyeveuxot ToEov, onig meploxés Nétag Iehomovvioov xaw Korjtng, dapoppdfnxe ty nepiodo Meworadi-
vou-TTheloxaivov amd ™ ouveyléuevn vrofuoion s Mecoyelaxrric-AQOLrovIXS TAGXOS ®ATW 0TS TV EVIO-
o Ahuxi-Kyppeoui-Evpaoiomnt] mhdxra mov elxe diapoppmBel toonyoupévmg, ®ow Ty LoyueY] TEXTOVIXY o~
eapdenan Tov mpoxdieae ato EEwteound Tprpa tov Almuxotd Ogoyevetnol TGEov pe Ty avipoon ®ot
EXTAPT] OTIS TEQLOXES AUTES TUNUATWV TNG VToBuOLLopuevNg mAGxAS VIT6 HoEET| TEXTOVIXMY TaEABVEMV.

Avtd to TEXTOVIXG TORABUEO RO TaL TEQUBAMOVTOL TETOWUOTO TTOV VIOOTHXAY TNV LOYXVEY) Meooyeianti
TUEORORPWON o avipmoT amotehoty T Meooyeianiy Opoyevetiny Awpida mov cvpminedver To EAMmvind
Opoyevég.

KaBoprotxd 0dnys om diatinwon outol Tov oxjpatog g oUvOeETS 000YEVEONS TOU EAANVIXOY Y dov,
amotehovv oL dvo Taveg petapdepmans vymhis mieons/xounirs Beppoxpacias (HP/LT) mov tomoBetotvvran
oxed6v madnha (oy. 2). H 1" mpdtn nhriag 45 Ma (Hoxaivov), tegthapufdver Toug yvwoTtods yAouropavi-
TXOUG OYLOTGMBOUS TTOU TAQATNQOVVTOL OTOL TEXTOVIXA TTapdBupa ndtw omd v Iehayovixr Ladvn (mapdBupa
O\dpmov, PilLopdrov, Koavidg, ‘Ocoag, [Inkiov), oty Néna Evfoia, tig Kurhdadeg xaw m Zdpo oxnpatitovrag
€va oopEg TOEO VYN tieong-xauniis Beppoxrpaciag petapdpgmong (Durr et al 1978, Blake et al 1981, Altherr
et al 1982, Schermer 1990). H 2" nhxiag 25 Ma (Avw Olyoxaivov-MeLoxaivov) TaQatneeitol ot TeEXToVInG
napdduoa g Kovme xaw e Nétag Ilehomovvijoov oynuatiCoviog éva devtepo vedtepo eEwteQund T6Eo
vy mieong petapdopmong (Seidel et al 1982). Ov ouvBiireg mieong xaw twv dvo Lovav rrav 10-12 kb xon
vrodnhwvouy mepLoy£g olyrlong MBoopoELrev TAAXWOY xaw vofvBiong.

H dudzoiom tov toLdv Aweidmv tov EAAnvirot opoyevois dev onpaiver BEPona 6t 1 avriotoryn opoyEve-
on weELoEloBnxe udvo o ouyrexELuévn ogoyevetiny Awpida. H Akmxn opoyéveon Konudwwov-ITarawoye-
voUg exT05 amd TV AAmri Awptda emédpaoe oyeddv nabBolnd nar o ohdxAnEn ™V meeuoyy g Kippeouwng
EMGdog mov eiye oxnuatiobel mponyovpévag (o 1o Avew Iovpaoird) mporaldviog £vioveg AMTIRES TaQa-
poppoels. Emiong n vedtepn Meooyeianiji ogoyéveon dev enédpaoe povo oto eEmteQund péog g AATirNg
Opoyevetniic Mwidag arlrd oe oAduAnen ™V €xtaom autis. YIdoyeL EMOUEVOS TANONG ETXAAVYPT TWV TEXTO-
VROV TOQUROQPWOEMY TV TOLWY 0QOYEVETIRWY dpdoemy Gmwg moQaotatird delyvetal oto ayipa 2.

Ba eEetdoouvpe 0T OUVEXELD AVAAVTIRG TG YEODUVAMLES KIVIOELS TOV 00NYNOAY OTOV TEXTOVIONS *KAOe
ULOG 0QOYEVETIRNES AMwEIdOS Y WwELOTA.

3. H TEKTONIKH ITAPAMOP®QYXH LTHN KIMMEPIKH OPOTENETIKH AQPIAA

Ta amoteréopata ™ms Kuippepwrnric opoyéveang dev eivan BEPaa eVIVTMOLOmd 0Qotd atd TV Aoy Twv
peYdAwv dopdv, dGTL elvon oL TAMGTEQES RO TROPOVAS EXOUV AANOLWOET amtd TG PeTayeVEOTEQES AMTUKES
TOAQOUOQPWOELS OL OTOLES EXTAS 0t TV Admuuxy EAMGda €xovv emdpdoet xat otov Kippeowxd xwpo (Eowtepr-
%éc EMMvideg non Evdoywpa) émmg Oa eEnynBel oty ouvéyeia. Avtég o AMTrES TaQoUoQp®oeLs deoméLovy
puord g vedtepes raw otnv Kippeourr) EAAGSa.

Tevixd ot textovirés dopég mov mapatnpovvior ofpega atov Kippeouno xoopo eivar ovvOeteg amd Tig

TOQAUOQPHOELS TTOU EYLVAV OF LAPOQES OQOYEVETIXES TEQLGAOUS. ZUYREUQLUEVO. ATTOTEAOVVTAL OTS:

1) Twg #Angovouotpeves molés (Tolatolminéc) TOUQUUOQPMOELS TOV ELYXOV TOL NTELQWTIXG TEUAYN TG OTOLO.
ovvOgTovy arjuepa tov Kippeound xo. TTaMég oupUETAUOQ@IRES LOOKRAMVELS TTUYES TV RQUOTOALOOKL-
OTWODV TETQOUATWY KO ELDRGTEQN QUTES TOV EVTIOTIOONXAY PECO OF OYLOTOMBIKG TETOQWDUATA TOV OO~
potdOnray xau foloxovian eyrhopiopéva péoo o Ave IMahaoloinovg yoaviteg (Movvipdrng 1983).

2) Tig TOQAUOQYWDTELS TOV TEOXAIN®ay ®atd T ovyrAiton twv Kippeowmav tepaywv pe v Evpaoio om
dudpreta Toradirov-Iovpaotnol ot Ty TeEMKI NTEQWTLXY OTVYREOVOT TOUS Tov dNpovoynoe Ty eviaic
mhano Kippepuenc-Evpaoiag. TIohEg €pevveg €xouv yivel yia va drommotmboiy ol mahég avtég Kippeot-
%€ OOUEG, M YEWPETOIO TOUG HOw EVOEYOUEVA 1) KAVNTLXRY] TOVG PE OxL TOAU mhovoia amoteAéopata. Kupiwg
o) LEAETN TOV TTUXWDV ETUREVIQWONHKAY OL EQEVVEG, Wiaitepa 0” OTES OV TBAVOV ouvOEovVTOL PE TNV
vrofU0Lon Tov mahov wxredviov groloy g Livng AELov, v tomob€mon v opelohiBov Tdve ota Tote
Kippeound nretpwtind meptbwoia xon v teMxt Iovpaowrii ouyxovon. Alamiotddnray TruyEg .oorMVElg
ue dEoveg BA-NA nou amdniion mpog NA, #uping oto xweo ™mg ITehayovirnig, ouvdedenéves pe my moiid
TomoB€mon twv ogpelohiBwv g Tidvng Ao mdvew oy Mehayoviry. AamioT@ONKE 1 CUUUETAROQPLXT]
avAmTuEn oty TV TTTuXdY pe puo teo-okmnti (o Konudue)) petapdopmon apgioltinig €wg vdtm
moaawvoaytotoMBuwric gpdong (Vergely 1984, Mountrakis 1986, Michard et al 1994, 1998).

3) Tic AMrES TOQOUOQPDTELS, RKUQIWG EPEARVOTIXES TAUOTIXES dOUES TTOV TTEOXRAMONRAY apydteQa oTov K-
HEQIRG DO amtd TV emidpaom g ovyxrhong g Amoviiog prrpomAdrag pue ™v Evviaia Kippeowni-Evpo-
ooy Thdxe xon ™ dradinaoio vrrofvtiong Tov mreavoy g Néo-Tndvog ndtw omnd 1o Kippepind nopa-
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Zx. 3. Zynuatixés Toucs mov avamagiatovv ) yewdvvauuxij eE€AiEn twv EAAnvidwv xard Ty didoxeta g
mBTHG MEYLOOOV THG AATINIjS 0Q0YEVETNS. AeiyvovTar emions 1 eviowxedvia vmofuvbion s Neo-TnBvos mov
00nYyel OTO OYNUATIOND TNS HETAUOQPIXIS TOAAS, 1] VOPUOION TOV WXEAVIOV PAOLOV %dTw ATO TNY EVIAIQ
Kiupeourj-Evgaotatixi nueipotix mAdxa xar ) Textovixy Tomo0stnon tov o@etodibov oro Kyuuegixo
(Iledayovixo) nregoting wepitfogio.

Fig. 3. Cross-sections showing plate motion reconstruction of the Hellenides during the first period of the Alpine
orogenic process. The Neo-Tethyan intraoceanic subduction producing the metamorphic sole, the subduction of
the oceanic crust beneath the Cimmerian-Eurasian plate and the obduction of the ophiolites onto the Cimmerian
(Pelagonian) continental margin are also shown.

Flysch of the v v v

v

External Hellenides T2y Cimmerian ophiolites

noppwoio mepwelo s Evpaoias. Avtég ou admnés diepyaoieg TOORAAECAV LOYVQES TAQOUOQPMOELS

omyv Kippeourrp EAAGda naw elvar avtég orjpepa mov d€0moCouy ool UmeQRAAIYAV TLG TUAOTEQES

(Papanikolaou and Panagopoulos 1981, Kilias and Mountrakis 1990, Ricou et al 1998, Liati and Gebauer

1999, Mposkos and Krohe 2000).

ZUUTEQUOUATIRG TTETEL VAL TOVIOOEL OTL YeVIRA Ol peRETES TG YEWUETOIOS TV TTathhv TTrvy v Ts Kippeot-
G TAQOUCEPWONG dEV RATEANEAY O OAUPES ROL TELOTIRES ATAVINOELS YLaL TNV ®ivnuotirt] €E€MEN twv Kuupe-
QUMY TEPAXDV ROl TOV TEM®OU Kippeounot ogoyevovs. Ymdoyel PEPata Evog EMIPOVOS TQOCAVOTOMOUOS TV
Tovpaow@v mrvydv ot BA-NA SietiBuvon aEévay yevird oug Eowtepurés Coveg (TTeharyovunrj, ABwod, TTeot-
00007mixN) OeVv uoEel Spws va AamoTwOET av oUTG EIVOL TO TTEMTOYEVES ATOTEAECIA TS TOTE TORAUGOPOONG
1N elval 1 ETavatomofETon Twv doUMY Ao TG HETAYEVEOTEQES AMTIKES ETOQATELS.

"Etou dev vndoyel €va 0ogES OUUTEQAOUO YLCL TV %IVION TV WAQOTAAKEMY TOU 0d1yNoav 0T OUYRQO-
mon tov Kippepinot Opoyevous.

4. TEQAYNAMIKH EEZEEAIZH KAI TEKTONIZMOZX ETHN AAIIIKH OPOT'ENETIKH AQPIAA

AvTiBeTO. AOUETA COPELS POIVOVTOL OL GATILKES RIVIOELS RO TTOQAUOQPUIOELS TOU MAUGQPWOUY TO OATULKG
0poyeveés. Avti ) Ahmuxr] Textovinn mepthapfdver Suo TeQLOOOVS TEXTOVIRGV CUUPAVTOV ROl SLEQYOAOLDV ULeL
(A) mepiodo yevird oro Konudixd xon pua (B) mepiodo oro Horawvo-Olydrawvo. Ymrjoxov PéPata »at to
evdldueoa otadia agpol 1 textoviry eEEMEN dev dromdmmue alld fTov CUVEYS QITd TV aEyLxY] oUyxhion Tng
Amouhiog prgomhdrag pe v eviaic théov Kippeoumi-Evpaowamur IThdxa, t) ovpmieon tov evoldpuesov mxe-
avov g Néag TnBvog, v mnedvia didpenEn xat evdowxedvia vtofvBion (subduction) mov eEehiyOnxe ot
ouvéyela o€ VtofUOLon Tov WREAVIOV PAOLOY rdTw amtd v Kuppeowi-Evpaoiomxny mhdna xow vy 1eMni
tomoBEmon twv opeloriBwy (Pe-Piper & Piper 1990, Jones and Robertson 1991, Robertson et al 1991).
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Emvyooppatind ta yemduvopuxd oupfavio kot To ToQapoQpotird enetoodio tng AATIg 0poyEvEoNS
UWToEOVV va. ouvopLoBotv oto TaEoUAT!:

(A) Ieplodog Ahmxiis Ogoyéveong (ox. 3). =10 Ave lovpaowrd pe v evdowxredvia vtopidion mpog Ta
Avtird dmuovyritnxov ouvOiReES NETOPUGQPMONS TWV WREAVIOV ENUATWV ROl TETEQOUATOY TOU MXEAVIOV
@hoov. H petapdppuon fitav @dong mpoaoivooyiotolBuxric 1 xaw HP/LT. Zympotiobnxe 1ol n petapooguny
o6l (metamorphic sole) amotehovpevn ®uping and petouliporo (uera-mehiteg, QuALiteg, oyLoToAMBOVS, pdopna-
oa #Aw) xou petafooiteg-apgiforites (Jones & Robertson 1991).

Zm ouvéxela oL ouvBxes oUVOAMYMG Tov wxeavo g Néo-TnBvog petafhibnray pe amotéheopa oto Ka-
T Kontidird n vrofibion tov wxredviov gphotot va mpaypoaromomBel xdrwm amd myv Kippeouwi-Evpaoio xow vo
eEelyBel oe Textovinr} TomoBémon (obduction) Tov wxedviov @AoLoY (o@etoriBwv) mdvw oto Kuupepird mo-
QAUOQPWOLUO NTEWRWTIRG TEQLODELO TS eviaiog mAdxag mov oty EAldda avuurpoowmevetal amd v
ITeharyovirn Cavn. H Ahmunri ogoyéveon xou emopévmg o Almindg Texntoviopds apyiCel and avni v mepiodo
tov Kdtw Konudixov pe v tomofémmon tov opelohibov oto Avuxd Ilehayovird megBmoLo xow v aviiotot-
M ToRApSEPmoT Tov TieptBmpiov. Irixmon twv Towadwo-Iovpaoirwy aofeotorBwy Tov mepLBmpiov o TV
inudrov Tov Kdtw Konudiwov mov mapatmeotviat oto Botpivo ouprtuympéva pe tovg opetodiboug eival ta
AmOTEAEOUOTO QUTHG TS TEATNG OATLXNS TeEodov. Tewpetplon xow vivnom TTuy@v €YEL ROTUYQUPEL QOGS TO.
avatoMxd amd ToAhots epevvtég onig neproyEg Kaotopudg, Bovpwvou, @sooahiog, ‘'OBpug (Mountrakis 1982,
Vergely 1984, Robertson et al 1991). Toavtdypovn avamtvuEn g mwTng aATKig HETAPOQPWONS, TEAOLYOO)L-
OTOMBTG-AUPLBOMTLRIG PAONG ROL TNG KUOLOG OYLOTOTNTAS OTA XQUOTOAAOOKLOTWON TeTpdpoTa tg Ilehayo-
vurtig Cavng raw otoug Totdwro-Iovpaourots aofeotéhbouc.

(B) Iepiodog Almiriis Ogoyéveons (oy. 4). Zro Hoxouvo ouvieAéobnxe 1 tehxn nrelpwtiry ovyrpovon
uetaV AmovhMiog pxpomhdxag xor Kippeourov nreipmtinot mepibmpiov. TTpoxAOnxe #Aeiowo tov oxeavoy
g Néo-TnBvog mov elyxe ToQOUEIVEL AvOLRTOG HETA TV vmtofuibion xaw TV TomobEmon Twv opeloAibwy. Zv-
veyloBnxe xow ohoxAnpwOnxze n andBeon tov Prvoyn g Iivdov. Axorotibnoe oto téhog Hoxaivou-Olvyoxrat-
VO N AeTWOT ToV AGY® TG NTELQWTIRNG GUYRQOVONS, XWEIS TAEOV TY) CURPETONY TOU WXREGVIOV PAOLOY (OpELO-
ABwv) dedopuévou 6t 1 dradiracio vToRHOLONS RATAOTEOPYS Ko TOTTOBETNONS TV OPELOABWY ElYE CUNTAN-
owBel amd to Konudixd. Eixe uévo amopeiver éva Oeoud ammoxopusvo fubilduevo tuijpo tng oxedviag mhaxag
(slab), eved ouveytdtav n Wnpatoyéveon tov Aoy g Iivdov peta&d tehnot Konudirov-Hwxraivov oto
vroheppa ™ 0dhacoag g Néo-Tnbvog.

KaBag 1 woyvedtepn Kippepwwr-Evpaoianixnng nreipwtixy mAdxa ovyrpoUetol pe v aobevéoteon Amovii-
O WRQOTAGXOL TNV VTTEQROATTTTEL Ha TV WOEL 0€ vrofubion te. H woquer ovpmtieon oto xHEo g ovyrhong
TV TAOREY SNMOTEYNOE TV TOQAUGOPOOT, WYMo ®ow Aemtimon Twv retpwudtny twv Eowtepurdy Twmvav
®aw Tov QAvoyn Iivdov. “Etor mpoxAinxe avaotpogr twv oxnuatiopdy omy Iehayovuni Lovn (1Oing oto
AvTtinG meLBELo Tg) 600 %o oty Lavn AEL0U ®aBmg row EVIVTTMOLOXRT] TTOXRALON TV AeT{mV AWV TwV Cwvav
mpog ta Avtird (Movvtpdxng 1983, Kilias and Mountrakis 1984, 1987). Avti 1) CUPTLECTURT] TEXTOVLXT] TOOXAL-
AeOE T CLOCWEEVON TWV TEXTOVIRMY ®Rohvppdrov xow Aentimv oto eEmtepurd T16Eo g Kippeounis-Evpaotom-
g mhdxrag (Mehayovixy) 1 €Tot Vv wdxuvom Tov @AoLoU atd Vv eravEnon Adyw ovoodpevons. Avti 1)
Sudyrmaon Tov grotov B 0dMYoEL aQYGTEQD 0TIV ROTAQQEVO).

H vrofiBiom (underplate) g Amovhiog xdtm ond 10 Kippeound megbmolo ToRALECE 1 PETOUCQPWOT
HP/LT t0)v VTOAELUPOTIX@V IENUAETOV TOV 0XEQVOD %ot TV inpdtov g Aovliag mov foloxoviov oTo Tuipa.
™E OV OLPTTERACUEON®E TTNY VITORUOLON RdTW NS TV TEoWBoUNEVN TTROS Ta £ Kippeounr-Evpaotomxi
ahdxa. H petopdpopwon HP/LT mov ovvodetveton ko amd mriymon tooxhivii, Bo extagel agydtepa xatd v
epelnvotny textovixn xaw Ba aroxalvdei wg n Lovn HP/LT tov 45 Ma oug nepuoxés ‘Olvpmov, ‘Ocoag,
IMnhiov, Kunhddwv (Schermer 1990, Kilias et al 1991, 1995).

Tavtdypova mo ecwtepird oy Evioywooa (Poddrmn nau Zepfopaxedovinn) Adyw g ovvexliouevns oe fd-
00g VrtaeEng Twv cuvONR@Y VITOPHBLONG, PE TO CTTOROUUEVO TIIUCL TG WAHEAVLOS TTAGKOS TTOU OTOUELVE V0L TTQOROL-
L&l B€puavom xou TV oG To. EEm emExTaoN TG Edvm Thdxag Kippeouis-Evpaowatnrc, dnpuovoyntnxay cuv-
Onxeg epehrvopoy row Aémrruvong tov ooy tov Ehafe xdoa o cuvBires mhaotxés o Pdbog won Bpoovonrég
omy empavele. AGyom Tov e@eAxvopoy mpoxhiBnre avinpmon (uplifting) ko avaBSAwon tov pholol pe Towtd-
XQOVN poryportixy dvodo o dnpovpynoe BOAGROUS PAYIOTOS OTAL XOTHTEQO OTOWUOTO TOV GAOLOU ZepPfopone-
dovirrg raw Poddmmg xaw ot auveyera avihBoy axdpn vymidteQa SMuovQY@vTag To PEYAAO HOw IKQA YOOVITLRG.
odpora nhxrios Hoxaivou xou vedtepns, péoa ota petapoppupéva netpdpato (Dinter 1998, Kilias & Mountrakis
1998, Kilias et al 1999). Zm ouvvéxeto Bo TEQLYQOPEL TTO CVOAMITIXG CUTY] 1) TAEAUGOPWOT).
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Zy. 4. Zynpuatixés Touss mov avamagiotovv ty yewdvvauixr e5éibn tov EAAnvidwv oty devtepn megiodo s
Almuxris ogoyéveons. Asiyvovrar o1 xivijoeis Twv A@oopaigixdv TAaxdv, 1 vrofvbion Tov wxeavov Tng Néo-
TnBvos xdrw amo TNV eVIAia NTEQWTIXY TAAXA, 1] OVUTIEOTIXI] TEXTOVIXIY TAQAUOQPOON-AETIWON XAl N
adyvvon Tov @lotov oty Oon ovyrlions, xabog xal N EPEAXVOTIXI] TEXTOVIXI] OTO EOMTEQIXO TG NEIQOV Katl 1]
emaxdlovdn AExTvvon Tov PAoLoy, aviypwon, exTagl] TURUATOY TG XATO TAAXAS XAl 1] MAYHATIXI] dV00OS.
Fig. 4. Geodynamic reconstruction of the Hellenides during the second period of the Alpine orogenic process. It
shows plate motion, the subduction of the oceanic crust, the compressional tectonics causing stacking of the
nappes and crustal thickening along the plate convergence as well as the intraplate extensional tectonics causing
thinning of the crust, uplift and exhumation of the lower plate rocks and the plouton emplacement.

MEeTd T0 ®AEIOLUO KO TWV VITOAELWRATOV TOV wreavoy T NEo-TnBvog oto Hodrawvo ko Ty tehnr] nmet-
pwtLkn ovyxpouon, ouveyiotnxe oto Olyoravo-Katotepo Mewdrowvo (o). 4B) 1 eméntoon g eviaiog Kup-
peowric Evpaotatinig mhdxrag, pati pe to eVompatmueévae AEma Tav Inudtov Tov wxeovoy tov difguyay v
vrofBion, zow ta Aéma Tov pAioyn ™mg Iivdov, tdvw oty vofubilopevn nretpwtiny TAdra, pe VITOAeippaT
WREAVIOU PAOLOY, petatomitovtag t 0€on ovyriong mo eEwtepued. “Etol mapatmpeitor petatdmon mg Lo-
g ovpmieong omv mepoyri Ioviov Twvng now mo eEwtepuxd, dmov avorriooeton €va véo mpiopo exavEnong
ULet VEQL OQOYEVETLIRY] LAV L€ CUOCMQEEVOT VEWV TEXTOVIXMV RAAVPUATWV RO AETIWV, TAYUVOT TOU PAOLOU RO
dnuovyia TOAAWY cupmeoTirav pxpodopav nitiog Olyoxaivou — Katwtépov Metoxaivou.

TautdyEova o ECWTEQLRG OTOV MG YWEO CUYRALONG-OUNITiEONG-ETaiENONG TOV PAOLOY ®aTd TO
Hdorawvo, dnhadii oto xieo g Iehayovirng Tavng, avorriooovtolr TAEOV EQEARVOTIRES TATELS QTG TNV ETE-
ATAON TOU NTELQWTLXOU PAOLOU %o OUVONRES ROTAQEEVONG PUE Q1YIATO ATTOXOAANONG KAVOVIRA JHEYG YWVIOG
%®ALONG TTOV OTTOQQITTTOVY TOL CUOOMEEVUEVO. TEXTOVIXA RoAUpuaTa, dNULovEyouv ouvinxes aviypmong - avabo-
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Awong ™mg Toldg Arovhiog TAAROS TOV TV OAUUEVH RATO) ATTO TO KUPUEQLRA - TTEAQYOVIRA TETQOMATO. Auty
1 dradiraoio agydtepa (Mewdxawvo-ITAeidxavo) pe t foriBera »ow g dudfowong Ba odnyroeL omy extagn -
ATORGAVYN TWV TEXTOVIXDV TapdBupmY TTov artotelovvtat and ta tetpwpate. HP/LT petapdogmong dniadi
TV ToMdV oredviov npdtov (ogpd Apnehdxno-"Ooca-TTiho-Kurhddeg) nor tov voreipevov avBount-
nav (Kilias and Mountrakis 1984, 1987, Avigad et al 1992, Jolivet et al 1992, Kilias et al 1995, 1999). B€Bawa otig
OUVOTiRES OUYRALONG TTOU dNPoVEYHOM®aY ®ow TV TEOXWENON TS VITofUBLoNS TG ATOVALNS, OVaTTHCOOVTOL
ouvbijreg HP/LT petoudopmong ota vrrofubildpeva iipata g mhdrag (avdroya e loviov tovng) mov ba
amoteléoovy aydtepa T 2" Cidvn HP/LT twv 25 Ma petoEt Némag [ehomovvioou-Kormg.

5. MEXOT'EIAKH OPOTENETIKH AQPIAA. TEQAYNAMIKH KAI IIAPAMOP®QXH

Tnv tepiodo Metoxaivov-TTAewonaivou 1 oUyxhon Twv ABoOQOLEIXGY TAUHWY HETATOTIONKE orOuT TLO
eEwtepd (voudtepa) omyv meproxy véma tg Korjing non votoduund g Iehomovvijoov. MetotonioOnrov
EMOUEVOS VOTLO, EEW 07Tl TO XDEO Tov EAAVIX0U TEEOV KL OL GUVORES CUPTIEONG, TTUXDVOVTOG KO AETLIVO-
viog T Wjpota e Meooyeiov. Apyuoe dnhadii n dnuoveyia tng Megoyeiamrc Pdyng mov apydtepa (orjue-
pa-uélhov) Bo eEehybei o véo mplopa emaiEnons-dyvvong tov grotot (oy. 5).

Tavtéypova 010 Mewdrovo-TTIheidraivo 1 TepLoy Tov ponyoluevov mpiopatog enaiEnong (Konmm xou
Néna IMehomvynoog) mov eixe dnpoveynBei amd m oupmieon tov Olryoxraivov, vpiotatol TAEOV TNV eQEARY-
OT] TEXTOVIXY], TV aviPwon — avaBolwon oL TV XATAQEEVOT TOV TOYUREVOD NIELRWTLROU @Aotov. Ta
amoteléopato owtd T epeArVOTIRG TEXTOVIRNS Meloraivou-IThelonaivov odnyolv oy extagn ™mg rdtm
ahdnog. “Etoun Covn HP/LT nhriog 25 Ma mov elxe dnuoveynBel amd v meonyoUuevn CUUITiEON, OTtmg %ot
TO ®ATW O v avOEOKLXE L HOTOL, OTTOXRCAVITTOVTOL VTG HOQQY VEWY TEXTOVIXKY TapdBupmv oty ITehomtdv-
vnoo xow oty Korjm. O TTdovwv xow o Toiyetog elival ta dvo peydha textovird mapdfupa tg Iehomovvijoou
evad oty Ko o Wnhopeityg vow too Aguxrd ‘Ogn, ta duo peyolitepa fouvd g vijoou, elvon duo omovdaio
mapdfupa Tov Thaxwdav aopeotoriBav xaw twv puilitey (HP/LT) tng ®drm mAdrag, eved ToAd dAla pirnpd-
Tep0 Suota mapdBupa 1 nurapdBupa amoxalintovion Sidoragta o 6An v €xtaon g Kovmg (Fasoulas et
al 1994, Kilias et al 1994).
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Hellenic trench

Crete Olympus
!
South Peloponnesus Cyclades Rhodope

1
African "
\

Miocene - Pliocene

African plate - : " ;
ssedimants - Molassic sediments - HP/LT metamorphism

i Neotethyan
Apulian plate Flysch of the :
External Hellenides SORNG eyt

“| + carbonates and metamorphic sole

- glla"t‘:‘e"an - Eurasian - Granites :':\v Cimmerian ophiolites

2y. 5. Avamagdaraon s yewdvvauxts eE€Méng tov EAAqvidwv xatd ) Meooyeiaxti ogoygveary. Asiyvovrau
1 HETAVAOTEVON TIS OUUTIETTIXIS TaQauoopwons oty Meooyeiasxf odyn Notia g Korftng, n eqpelxvorief
textovij 0to eowtegind Tov EAAnvidwv mov mooxalei aviywon, avadoloon xat exTa@l Tov TEXTOVIXGY
magdBvowv.
Fig. 5. Geodynamic reconstruction of the Hellenides during the Mesogean orogenic process, showing the migra-
tion of the compressional deformation to the Mesogean ridge, the extensional tectonics in the Hellenides causing
the uplift and exhumation of the tectonic windows.
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H egehnvotnny avt) textoviry Mewoxraivov-ITheworaivou, tov Bempeitar 6t ouveyiletar péyxol onuepa,
amotéheopa g vrofuoiong e Meooyelonig mhdrag xdtw amd To Avyaio, pe ta TERTOVIRG TapdBupa Tov
MUOTVEYNOE %ot TNV EQPEARVOTIN TOQAUGQPWON TTOV TROXRGAECE OTC YU atd To. TORdBuQM TETOWRATA,
oUVLOTOUV T MECOYELOHKTY] 0QOYEVEDT TOU PUOLKG CUVeXICETO.

Me m dnwovpyio e Meooyewaniic opoyevenxng Awpidag oto eEwteprd twijpa tov EAXnvizot téEou
ovpurtAnewinre to ouvOeTo TAEov EAAMNVIRG 000YeVES atoTeAOUREVO OTtG TEELS DLORQTES OQOYEVETIRESG AmQI-
dec: mv Kuppeornn, v Ak xaw t Meooysiaxij amd ta eowtepind mpog to eEwtepuxnd tov EAnvinoy T6-
Eov. To tehevtaio mjpe TNV 0QLOTLRY TOU HOQEY] aTtd T OLVEXLLONEVY evepYT] apgiBeatowr] BUBlon tg Agot-
noVIRNS TAAROG ®ATO 0td T0 Aryaio o T Sopuyri-enéxtaon meog T NA tou ghotot tov Aryaiov mou ouvi-
0TA TO TAPOUOPPHTLUO NTELPWTLRG TEQLODELO TNg oYy EoVNS-oUvOeTS Evpaoiominig mhdxag.

6. H METANAXTEYXH TOY TEKTONIZMOY XTO EAAHNIKO OPOT'ENEX

An6 Soa avapgptnray tponyouuéveg mpoxvmtel 6t amtd To Kontdwmo, ondte dpyroe n AMuixny opoyeveTL-
®1] OAOM, TUEAUTNEEITOL (L0 CUVEXNS HETOVAOTEVON TNG OQOYEVEONG TTEOG TO. EEMTEQIKRA TUpaTo (Avtirnd, No-
nodvtnd) Tov EMinvinot Opoyevots. H ovyrhon tmv MBOOQOLQLr@V TAAKRMY CUVEXNDS HETATOTILETAL TROG TC
€Em. Emopévmg petatomiCeton mpog tor €Em 1) CUUTLETTIXY] TEXTOVIXY] EVA ECMTEQIXA CLORETOL EPEARVOTIY
textovirt} Tov odnyel oe extogn Twjnatog e Kdtw mhanag, Anhadij v petavaotevon tpog 1o €Em g extagrc
axOAOUONOE TN HETAVAOTEVON TG OUNTTIEONS TTOU exgEAleTat pe T dvo Loiveg HP/LT. Kdfe @opd 1 oupmieon
axolovBeito amd tov epehxvopd. Ta Babditepa Twijnate @AOLOU exOAPOVIOY ROL TOQAUOQPAOVOVIAY EQPEAKU-
otrd, EVH TAUTOYEOVO, WIQOOTH 0TO UETWTO TNG OUYRAONG TMV TAOXMY GAACL TURATe TOU AOLOU oupTECo-
VIOV XOL CUOCMREVOVTIAY 1S TEXTOVIXG AETLAL, TAXVVOVTAS TO PAOLO OTO TEIoNM ETAVENONS Yo va oxohovboeL
1 ROTAQQEVON RAL QUTWV CEYOTEQQ.

H oynuominy ameovion mg HETaVAOTEVONG TOU 0QOYEVOUS TEOg Tat £Em didetan oTo onapignuo Tov
OYMUOTOS 6 OTO OTTO0 DElYVETAL OROUT) 1) OTOOLOXY PETAVAOTEVON TOOS TOL EEM TOV TAOUTMVIOUOY UL TNG ETTOL-
rOohovONg Nparotetaniic dpdong (Fytikas et al 1984) and to Horowvo péyor arjuepo.

7. H TEQMETPIA KAI KINHMATIKH THEX IAPAMOP®QYXHX

H yewpetpia non 0QLopévo dedopéva Tg ®vpuatiniis ™me mapapncogmong oty Kuupepuxy ogoyéveon ava-
@EEBNrav N8N TEONYOUUEV(IS KoL YUOUXRTNEIOONRAY G AVETOEXY YLOL TOV ROBOQLOUG TWV KIVHOEMV TOV TTAO-
®ov. T v Ahmry) opoyéveon ta dedopéva mov VIdEYOVY Omd TLg UEXOL TORO EQEVVES (VoL MO YLat
opLouéveg mepLoyec g EALadag o evéemtind yia g vitohowres. Oa avapeBolpe ot ouvEyeLo ToAD ouvo-
aTrd 0° outd T OEQOUEVOL KA TO CUUTEQATUATA TOUE.

It 1o w0 Poddmng naw Xefouanedovinis e Kippeoueic EALAdag SramotaiBnxe 6t o€ GAn n didorera
™mg Aluriig ogoyéveons, nhadr Kontdwds-Horawvo-Ohrydrowvo-Mewdrawvo, polordtav vd thy enidoaon
EPEARVOTIRDV TAOEMV KO TO HETAPOQPWUEVO OLXOIOUNC TOVS VPIOTUTO OUVEYELS EPEARVOTIRES AVUBOMDOELS
row EXTAQES TV Babitepmy opltdviwy (Sokoutis et al 1993, Wawrzenitz et al 1995, Kilias & Mountrakis 1998,
Warzenitz and Krohe 1998).

H extogn doyloe to Hoxawo ot Zepfopoxedovini xat v evotmnro Zidnpdvepou g Poddmng ouveyiodn-
ze 010 OMydnavo-Mewdnawvo omy Evomra [ayyaiov eve andun apydtepa ouveyiodnre oto xweo g Ieha-
yovixng (rtapdBupo Orvpmov-"Ocoag) ot twv Kurkddwv xar oto M. Mewdrawo oty Konm.

2 ZepPopaxedovirt drommotwdnray (Kilias et al 1999) dvo ahmnd epelrvotird yeyovota: to 1° nlxriog
Kontdirnot, cuppuetapoo@uxd g moog v ap@loltinn] RETONSeQmaon, ue egpeiruoud dievbBuvong ABA-ANA,
drapnTn xivnon ovvnlwg TEog A rat OTOVIOTEQC TEOS A, dNpLOVEYIO TLACTIRGV DOUMV XAl YOGURMON EXTA-
ong duag devbuvong, to 2° nhuriag Hoxailvov, epelrvotnd yeyovog oe ovvirxeg mhaouxrég oe fdbog mou
eEehlooetan 08 OOOVOTIRES OTNV ETUPAVELX UE OTYUOTOL ZOVOVIRA TTOU ONUOVEYOTY TG AeERAVES HE OVTIOTOLY O
ijpata. H dtevibuvon tov eperrvopot eivar BA-NA, mapomhioia pe Tov monyouueEVoL YEYOVETOGS, HE #IVon
71005 BA nou NA niov mporahel ouveyn avaddinon. O TeEXTOVIOROS €ivoL CUPHETAUOQMLAOS UE TNV TTQATLYOO)L-
otoMBxy avddooun HeETaUcEQMON.

2t Poddmn n dietiBuvon tov egpehrvopot eivon otabepd BA-NA pe xivnon oagy mpog NA, yeyovdg mot
dwmotddnre and mwnbog xoumEimy  ddTunong, OImG 0OQUATOLOYINY] YOAUUMAOT EXTAONG, OaTunTtnés Co-
veg, S-C vgég #Am., To. omoto delyvouy xan g mAaotrég ovviniues g mapaudogmons (Kilias & Mountrakis
1990, Sokoutis et al 1993, Burg et al 1995). To gpelrvonnd autd yeyovog ot Podomn jtav cuveyEg amd tc
Honavo péyor to Mewrawvo. H extagr] mg evomrag Zidnpdvepov €ywve to Honawvo, eva 1 evémro Hayyad-
ov 1jTay péyot 1o Mewdxauvo o avupwting dradiracia ahhd Bappévn xatm amod 1o Zidnedvepo ot ) Zepfo-
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Zy. 6. Zynuatixif avaragdoraon tov oradiov tns yewdvvaunjs e&élikns twv EAAgvidwy oty didpxera tg
Admirris xar Meooyeiaxijs opoyéveons, otnv omoia deiyverar n mpog 1a NA peTavdoTevon 1ov TeXToViouoy
(megryoaqij oty magdygago 6 Tov xewevov).

Fig. 6. Shematic reconstruction of the geodynamic evolution stages of Hellenides during Alpine and Mesogean
orogenic processes, showing the SW-ward migration of deformation (further description in chapter 6 of text).

ROXESOVLXY] ROL VPIOTATO TNV TQUCLYOOXLOTOMXY petapdpgmon Olyoxaivov (Mposkos & Wawrzenitz 1995,
Liati and Gebauer 1999) ouvodevdpuevn amd ™) Stotunmry] TAOTLIRY EQEAXVOTIRY] TOU TAQOUOQPWAT] TQOS TA
NA zon tovtdypovn avaBéhwon ywa vo amoralvgpdet apystepa (M. Meidravo) g textoving mapddupo (core
complex) pe ovvOireg Bpavotixés.

O yoaviteg dieiodvoay 1o Hoxawvo-Ohydrovo-Meoravo oty Zepfopoxedovirr xow Poddnn wg
amotéheopa g BEppavong Tou photot atd Ty virofvBion g Néo-TnBvog vdtw and v Kippeprny — Evpa-
ot} Thdxa. Katd tn dieloduon tovg oxnudtiony cuvteXtovird SLomtuoixd ompoTe 0g OYEoN He TV xUoLo
TAQOTINY] EQEARVOTIRY TOQAUGQPWOY] OV CLOKELTO EXELVECS TIC TEQLGDOVS 0TO PAOLS TG evamtag Tov [Tayyai-
ov. “Erot ot ypaviteg oty eviTto ovt] xopoxteiCoviot omtd puhovetiy vy pe nivion wpog NA. Avrifeto ou
YOOVITES OTNV EVOTNTO TOV ZidNQEOVEQOU eivan TEMRES SLELOOVOELS X MWOIG TANOTLXRY] TOQUUOQPWON YLOTL 1) EVE-
mra ot elxe avupmBei xou extagel vopis to Hoxawvo. (Kilias & Mountrakis 1998, Kilias et al 1999).

H epehnvonni xivion mpog ta NA mv ahmni] sepiodo Hwxaivou-Olyoxaivou fitav otadepy oe
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0AG®ANE0 0xedGV Tov Ecwteptrd EAMVIXG %000, Gnwg delyvouv GRES Ot EQEVVES TOU EYtvay O€ TTOAMES TEQLO-
¥€s. BefardOnze om Podonm naw ZepPopanedoving and tiqbog epyaoudy (Kilias & Mountrakis 1990, Sokoutis
et al 1993, Dinter 1998, Burg et al 1995, Wawrzenitz et al 1995) onwg mpoavagépnre. AlamioT@veTaL oTny
gvEUTEQEN Coovn AELOU amé €pevveg mov Poiorovion axoun oe eEEMEYN. ALamoTHONHAV OTO DEO TWV TEXTOVL-
20V TodBuowv ron tov Aemtimv ™mg Iehayovirng eniong amd mhibog epyaowwv (Kilias et al 1991, 1995, 1999,
Sfeikos et al 1991, Godfriaux & Ricou 1991, Doutsos et al 1993, Schremer et al 1993) ®afdg now 0TOUS OGELGM-
B8ovug Bovpivou-TIivdou drov 1 egeirnvotixy avty textoviry Hoxaivou-Olyoxaivou xaBopionxe wg n ved-
Bvvn yia ™ dnuovpyia g Mecosdinviung avranag (Mountrakis et al 1993, Doutsos et al 1994).

210 00 Twv Kuxhddwyv 1 egpelrnvonnt] textoving Ohryoraivov-Meworaivou €xet mepimou Ty (dua BA-NA
dtevBuvon ohhd pe nivnon mpog to. BA (Avicad et al 1992, Gautier and Brun 1994, Jolivet et al 1994). T€éhog
omv Korjt o egelrvouds Metoraivov-TITheloraivou aoxreitan xabapd oe dievbuvon B-N pe cupperownn vivn-
on (Fasoulas et al 1994, Kilias et al 1994).

Avti 1) otaduaxt petapohrr oty dteibuvon egeinvopot ad BA-NA oy nrewotx) EAldda og B-N oy
Kot axohovbavrag mv eE€MEN Honatvov-Oliyoxaivov-Meioxaivov-TIAeLoxaivou meo@avdg ogpeietal ot
otadLaxy] ETEXTAON TOV NTELPWTROV PAOLOY O0TO TOQAUOQPOOLUO NTELRWTHO TEQLOMELO TOV Alyaiov, Tov
odnyeitan oe o droguyn meog ta NA naw fabpaio tpog Néto omd ™y wieon mov aorel amd 1o Mewdrowvo 1
NrepmTKY TteQLoyn s Mupdg Aoiag.

8. LYMIIEPAXMATA

Topgpwva pue 600 extéBnray tapardve 1o EAnvizg Opoyeveg elvan 0UvVOETO artd TOELS 0QOYEVETIRES AL~
deg: v Kuypeownr, v Adtuxr] o ) Meooyetax] mov dtopnoo@adnxay avriotouyo o 1o Ave Iovpatoxd 1
apwm, o Konudno-Tlahatoyeveg n devtepn won 1o Mewdrawvo-ITheidrawvo n toit.

e 6An ) dudprera g Ahmrig ®ow Meooyetaxng opoyeveons, dnhadr amd to Konudwmo péxyot to Iheid-
HOUVO CAAG %O PEYOL OUEQQ, TAQATNOETAL L CUVEYS HETAVACTEVON TOV TEXTOVIOUOU TTQOG Tt EEWTEQIRA
touv EAAnvinot 16Eov pe tig dtadoyinés ovpméoels Tav TETpmUAToV Tov axorovfoiviar kotd Covn and v
£PEARVOTIXN TEXTOVIXT], TNV ROTAQOEVON TOU (PAOLOT RO TV ATtORAAVYN TEXTOVIRGV TOpdBuowv Twv Pabite-
QOV TUNUATOV TOU (PAOLOU.

H pehémn autic g CUVEXOREVNS Kot EVOLACOOREVNS TEXTOVIXIS Olepyaoias odnyel ato yevind ovurépa-
opa ot amd v et teEiodo g Almirrs opoyéveons (Konudixd) péyotl ojpepa 6in n EAknviny Evdoywoa
frav og epelropRo ron avabBohmon pe Wwaitepn évraon m devteen Ahmny| nepliodo (Honavo-Olydrawo).
H ovpmieotinn textoviry wov mv mepiodo Hwxaivov xuplapyovoe oto 0o tov Eowteguuav EMvidwv (Tle-
owpodomint], AELov, TTehayovixy, Yromehayovixn) avixadiotato ot Loves autég otadiand 1o Olydnavo-
MEé€oo Meloravo amd e@elruond, eve 1 ouumieon petavaotever ong EEwteoués EMnvidec yua va avourato-
otabel ato Mewdnawvo-TTheldnavo wat exel oné eQEARVOUG.
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MAGMATIC EMPLACEMENT OF NORTHWESTERN GREECE OPHIOLITES
J. H. BRUNN, 1. ARGYRIADIS, J. BRAUD

ABSTRACT

New field observations reinforce the interpretation that was admitted from 1956 to 1970 according to which
the ophiolites of Northwestern Greece were generated and emplaced as a massive submarine flow of mantelic
magma which had risen through the opening of an orogenic rift. As it opened, the still narrow rift left out
submarin tuffs and lavas (pillows) which have been found in different places under the basal peridotites of
ophiolitic suits.

RESUME

Des nouvelles observations de terrain confirment et renforcent I’interprétation qui avait été généralement
acceptée entre 1956 et 1970 selon laquelle les ophiolites du NW de la Grece ont ét€ engendrées et mises en place
sous la forme d’une émission massive et sous-marine de magma mantélique monté a la faveur de I’ouverture d’un
rift orogénique (différent des rifts océaniques). A son début, cette ouverture encore modeste a projeté dans la mer
des matériaux de volcanisme explosif et des laves que 1’on retrouve sous la forme de tuffs et de pillow-lavas en
plusieurs endroits sous les péridotites de base des séries ophiolitiques. La haute température de cette mise en place
est prouvée par le métamorphisme de contact atteignant le facieés amphibolite.

INTRODUCTION

The ophiolites of NW Greece provide a lot of varied and constraining informations concerning their genera-
tion and mode of emplacement. Following two field trips that we made during the summers of 2000 and 2001 we
found new confirmation of the interpretation proposed by one of us ( BRUNN 1940 a&b, 1950, 1956, 1960) and
generaly accepted until 1970, (cf. biblio. AUBOUIN, MAXWELL, MERCIER, MOORES) according to which
theese ophiolites were generated and emplaced as a massive submarine flow of mantelic magma that had reached
the sea floor owing to the opening of an orogenic rift (more sudden, wider and shorter in time than oceanic rifts)
that occured during the middle Lias.

Following the plate tectonic or «global» theory, the hypothesis of a rigid «plate tectonic emplacement of
upper mantel peridotites along continental edges» was introduced by R.G.Coleman (1971) under the name of
«obduction». It specified that the «obducted plate» was a «cold slab» of oceanic crust and mantel. In support of
this, he quoted the old idea that ultrabasic rocks do not induce thermic matamorphism at their contact. This was
proved wrong for, from 1973 onwards, thermal metamorphism reaching the amphibolite facies was found under
basal peridotites of ophiolites in many places. Then, other models were put forward keeping the word «obduc-
tion» but admitting that the base of the obducted slabs were at temperatures as high a 1200° C and pressures as
low as 2Kb (DEWEY and SHACKELTON 1984).

Yet all these models inspired by «global tectonics» imply a mechanical contact of abnormal superposition
between ophiolitic masses and their substratum. This does not seem to correspond to the facts we observed in
the field. We essentially focused our attention on the visible base of the ophiolites and the nature of their contact
with their basement.

MATMATIKH TOITOGETHZH TQN OPIOAIOQN ZTH BA EAAAAA
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A. CROSS SECTION OF THE VALLEY OF THE ALIAKMON RIVER AT THE SOUTHERN END OF THE
VOURINOS-FLAMBOURON PERIDOTITIC RANGE.

Owing to a large transverse accident, the Aliakmon river coming from the NW turns here towards the ENE.
It is bordered to the S by the northern slopes of the Mount Vounassa which are covered by triassic limestones
dipping 60° NNW while the pre-triasic metamorphic formations outcrop on the southern flank of the mountain.
The northern side of the valley initially steep becomes milder when it reaches the peridotites of Mount
Flambouron.

The cross sections are south-north. The lower part of the cross section is observable on the western end of
the Mount Vounassa along the road from Dheskati to Peliouria. Above the metamorphic formations are found
discontinuous patches of red conglomerats similar to those that were ascribed to the Permian by Kossmat (1924)
in southern Yougoslavia and then comprises, upwards, quarzites, thin plated nodular,gray, yellow and violet
limestones, a facies that recalls the Anisian of the eastern Alpes, then, alternating quartzites and gray thin
platted limestones at last violet, brown or green cherts.

The rest of the section is observable slightly to the E on the southern slope of the Aliakmon valley, half way
between the Zabordas Monastery to the E and that of Panaghia-Tourniki to the W. It shows from S to N (fig. 1):

N Aliakmon S

Figure 1. Cross section, Aliakmon valley

v v Vv ==y ?,//,;'N_' 7
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: serpentinized peridotites 2 : amphibolites 3 : tuffs and pillow lavas 4 : calcshists, radiolarian cherts and tuffs
5 : thin bedded marbles, calcschists and tuffaceous cherts 6 : marbles (triassic)

e Thick-bedded Vounassa marmorian limestones with dark colored weathering. The top of the formation has
been dated as Norian by Conodonta (Mavridis 1980) while similar limestones above Siatista (35 km. north )
were dated in there middle part as Ladinian by Diplopora ( Teutloporella sp.,BRUNN 1956)

Marmorian limestones in thinner beds (about 10 cm.) with gray green intercalations of tuffs

Few meters of marmorian limestones

Elliptic bodies of very dark green to black vitreous lavas intercalated in marmorian limestones
Metamorphic calcschists intercalated with volcanic tuffs, both over 20 m.thick

Tuffs and pillow-lavas over a few tens of meters thick, passing progressively to:

Layered amphibolites forming the cliff on the left bank. The metamophism of these amphibolites was dated
by Spray and Roddick (1980) to be - 170, -180 MA through “Ar/*Ar.

» The serpentinised peridotites of the Flambouron.

This succession is similar to that described by BRUNN (1956) & PICHON (1985). They are undeniably
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normal and show no trace of thrusting. They show, towards the top, the gradual invasion of the sedimentary
environment by volcanic material and a certain deepening of the sea (thinner and siliceous beds). Then volcanic
environment prevales, carbonate deposites disapear and everything indicates the impending major magmatic
event. This announced event is the arrival of the ophiolitic mass. Its high temperature is prooved by the presence
of amphibolites, its magmatic condition by the absence of thrusting markers.

B. THE NORTHERN VOURINOS CONCEPTION

We cannot leave this area without recalling the superb cross-section of the North Vourinos, south of
Paleocastro (fig. 2). Looking south, it shows on left (east) to right (west):

ESE WNW

25m

A

\/

Figure 2. Cross section by Ag. Dimitrios

the triassic limestones subvertical, dipping west

e the schists, former tuffites corresponding to a gorge

e the peridotites of the Vourinos (1866 m) ; faintly layered and vertical:serpentinized dunite, harzburgite with
chromite deposits, [herzolite, etc., pyroxenite

e Inthe east-west valley of the Aliakmon, layered gabbros, first with dark olivine and instatite beds and bitownite
rich layers, then augite rich and endesine rich layers. The layering is subvertical, parallel to that of the triassic
limestones. This conformity prooves that the magma settled on the horizonntal sea floor and that the
differenciation and layering occured within the magma chamber

e Non layered gabbro-diorites and quartz-diorites showing that the top of the chamber was enriched in water;
under the dolerites, angular blocs of the latter have fallen into the water-rich magma, forming a «magmatic
breccia» (Brunn, 1956, Plate XVII, fig. 3)

e Dolerites and basalt under the villages of Asprokambo and Langadakia

Fi igur . Te Aliakm F ire 4. Ag. Dimitrios cross
section : pillow lava

on valley cross section
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e Thin cherts and pelagic limestones of jurassic age (Calpionella)
e Transgressive, slightly discomformable Upper cretaceous micrites.

Figure 5. Panorama of the Vourinos and Krapa hills (view towards the South).

VOURINGS (1866™) ' COLLINES DE KRAPA

Figure 6. Explanatory profile of the view (scale distorted by perspective).

T-J : limestones (Trias, Jurassic) ; Sch : intercalations of schists and cherts in the top of limestones

D : dunites ; H : harzburgites ; L : lherzolites ; P : pyroxenites ; G : gabbros ; DI : dolerites ; M : microlitic rocks ;
R : radiolarites ; C : cretaceous limestones.

D. CROSS SECTION OF AG. DIMITRIOS.

Of course our next aim was to extend the upper observations and verify if these observable facts could be
seen elsewhere. Far more to the E, on the western side of the Mount Vermion, a transverse sinkline above the
village of Ag. Dimitrios exposes the base of the serpentinous ophiolites in contact with the marble of their
bedrocks. The cross-section is made over the village, on the road leading to the monastery of Ag. Ioannis
Vazelonos, 1000m high. This cross-section is oriented E-W and the layers are exposed with a nearly vertical dip
from E to W, that is to say upwards and we can see:

Fine layered marbles

Schisteous tuffs

Pillows lavas with magnificent «pillows» (about 1,5m thick)
Schisteous tuffs

New flow of pillow-lavas

Serpentineous tuffs

At last, the serpentineous ophiolitic mass.

Here also the base contact of the ophiolites is normal, stratigraphic and their arrival is announced by a
striking volcanic environment. The ophiolitic suite is much thinner than in the Vourinos.

C. CROSS-SECTION OF MILIA

The ophiolites forming the summits of the northern Pindos are thrust SW over the eocene flysch of the
Pindos zone which is itself thrust over the eo-oligocene flysch of the Tymphe-Gavrovo zone (BRUNN 1956).
Within the nappe the Pindos flysch appears under the ophiolites in techtonic windows. The remarquable thing is
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that the ophiolites have been thrust with their normal base at least pro parte as we have noticed it in our last field
observation.

The village of Milia (ENE of Metsovon) lies on a half-window of Flysch appearing from under the thrust
ophiolites. The flysch-ophiolites contact is borded from place to place by huge «thrust slices» of limestones, the
most important of which is the so-called «Petra tou Lykou» as big as a great building in which one of us (BRUNN
1956) had found Halobia radiata GEMM. from the upper Triassic period (determination from C.RENZ). These
«thrust slices» were said to have been tectonically dragged, in a certain desorder, by the ophiolitic overthrust.
But, this time, as we were particularly focused on these sites, we noticed that they form in fact a coherent zone,
stratigraphically located along the old road to Metsovon, from Milia to Politses. Some local cross-sections,
nearly identical, confirm by their systematic disposition this point of view. The best and clearest one is found
south uphill to Milia at the dump of the village. In contact with striped amphibolites forming the base of the
ophiolitic mass, we can see series of red schists and radiolarian cherts with intercalations of typical well pre-
served «pillow-lavas» with strips (metric) of pink and white lithographic limestones full of «filaments», probably
sections of very fine tests of Halobia or Daonella from the Triassic period.

E. CONCLUSIONS

A detailed and longstanding cartographic work should be started to understand and describe the disposition
of this zone. But we can already formulate some conclusions which support a more synthetic view of the struc-
ture of the Hellenides and more generally speaking, of the Alpino-Mediterranean Range which is not that of
«classic» models of the so-called «global tectonic».

The superposition of the NW Greek ophiolites on their immediate substratum is normal and not tectonic.
This substratum is a part of the thrust nappe of the Pindos.
The ophiolites which appear to the NE of the Meso-hellenic trench are part of the normal mesozooc cover of
the inframesozoic and usualy metamorphic formations of the «Pelagonian basement» (sensu F. Kossmat,1924).
e Apart from the Vourinos, other ophiolitic outcrops can be found in the Pelagonian Zone (Monts Askion et
Vermion). They ly also on Triassic limestones, which are sometimes metamorphic, often through a layer of
schists, former tuffites and lavas ; they are less important and thinner than those of the Vourinos, partly
owing to erosion, partly because they were initially less important and their differentiation less advanced :
the bottom of the sea was probably uneven and not flat as are the abyssal oceanic plains.

Finally, these observated facts should lead to reconsider the hypothesis of a unique «Tethysian Ocean» the
bottom of which would have been inserted by «obduction» in the alpino-mediterranean range : more probable,
owing to the field observations we have made, is the opening, during or after the Triassic age, of several rift-like
trenches through which flowded ultrabasic magmatic masses from which are issued the alpine ophiolites.
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OYXLIKH I'EQI'PAPIA-TEQCMOPPOAOTIA.
ENAX KAT’ EEOXHN IIEPIBAAAONTIKOX EIIIXTHMONIKOX KAAAOX
LE ANAZHTHZH NEQN POAQN KAI IIEAICN ERPAPMOTHX®
A. A. WIAOBIKOZ'

1. EIZAI'QI'H

To evepyeland duvours to omolo POLoreTOL EYRAMPBLOUEVO OTO ECWTEQLRO TS YNG EIVOL O QUOMOTHS TV
evooYevaV dlepyaolnv. AUTES expEALovTal e TOIALL POVOUEVIY OIS EIVOL O POYUOTIOUGS, 1 NPOLOTELS-
™I, OL HVHOELG TV MBOOQALOLREV TAURMDV, Ol RATAROQUPES KIVIOELS TUNUAT®V TOU PAOLOY, 1) OELOIXOTHTO
%.0. ATOTELEOPA TwV EVOOYEVAIV SLEQYAOUDY EVOL M| TAEAY WYY TOWIAMV HOQPWDV ETULPAVELAROU aVOyAMigov
omv empdvela ™mg I'ng.

To evepyeland duvaprd to omoio PEIORETOL 0TO REVTQO TOV NAarOU pog ovonjpuatog, otov "Hio, eivar o
ovBuotis v eEwyevav dtepyaouny. H evépyeta 1) ool eL0GYETHL OTO YWEO THS GTUOCPALOAS, THS VOQOG-
oQaLEag, TS PLoopaiag xat g MOGoEALQAS, TEOXAAEL ONpavTHES alhay€S OTY CUPTEQLPOQG TOUGS, HE EVa
ROWVG 0%0m0. No ROTOOTEEPEL TIC TEOEEEYOVOES HOQPES TOV ETLPAVELOXROU AVOYAMIQOU (TOTEIVOON) KOL VXL
UETOPEQEL TO VALRE TG RATAOTEOWIG ota fublopata, néyoLs 6tov o mAnpaoet. ITpdxertal yia diepyaoieg armo-
YOUvVmong oL omoteg 0dnyoly oty eMUTEOMON TG YHLVNG ETLPAVELXS.

AT ™) ouveyr] auti din petall evdoyevav rat eEwyeviv duvdpemv oynuatiCoveat ov TOLRIAES HOQYES
TOV ETPAVELAROU avayAIQOU 1) YEMUOQQES, e Tig omoleg aoyoreitan 1 Duown Fewypapia xaw n F'ewpopgpohro-
yio e1droTEQQ.

2. ZYNTOMO IETOPIKO

O\ mpoomdfeles Twv PUOLHOYEWYQAPWV-TEWUOQPOAGYOV ETXEVTQOONRAV OTNV EQEVVA TWV TOGTMV UE
TOVg omoiovg dpoVY oL evdoyeveic naw o eEmyevelc duvduels, dote va TROXUTTOVY 0L dLEPOEOL THTOL KoLt OL
UOQPES TOU ETUPAVELAKROU OVaryAMIpoU (YEMUOPEPES).

Aropoopdbnray €rol 000 Baowrés avithipels vt poper] BemoLwv:

a. H Bewpia tov T'ewypagpuwot Kixhov 1 Kvxhov mg Adpowong and tov Davis (1909).
B. H Bewpia g Avvapuric Icopponiog tov ovonjpatos and tov Gilbert (1880) nouw vedtepoug epevvntég

(Strahler 1950/68, Schumm 1971 %.ct.).

H Bewpia tov T'ewypagurot Kinhov mepuhapfdver pia xurhn draduraoio eEEMENS Tov emipavelonoy
avayhMigou, 1) ool eite OhoxrANEMVETOL, £(TE dLanOTTETOL EVOLAUETWC.

H vedmra, 1 wowpdmnra, to yijeag amotehovv ta tolo faowrd otddua EEMENC Tov ®ixAov avtol, o 0moiog
0y (CeL GTav dMuovpyeitar VEO EMQPAUVELORG OAVAYAVPO ROl TELEUDVEL GTAV TO aVEYAVPO QUTO ROTACTQOPEL
(emmédwon).

EEioov evdiagpépovoeg vmjpEav xon ov amdpetg Tov Penck (1924) won L.C.King (1951-61) oyetrd pue v
eEEMEN TV xMTOWV %0l TO CYNUATIONS EMIMEOWY EMPAVELDY %ATA TIC DLEQYUOIES DAPUSOPWONG TOV ETMLPA-
VELOXOU avayAigov.

H 6ewoia g Avvapuxtis Ioopgomiag tov ovatiuatog faciCetor oty ovvext dieQyaoio twv Quotrav duvd-
pewv (evOoyevmV ®aL EEMYEVMV), OL OTTOLES e T dEAON %ot TV avtidaon dNUoVEYOUV TS TOWXIAES LOQYES
TOV empaveLoroU avayiigov. Emopévng, ot ahhay€g oto xpdvo elvar ouveyels »ow odnyovv xdbe gopd ot
0QLOUEVOUG TUTOVG YEWROQYWYV, XIS va amorheliovian o mepiodol otafepdttag 1 100Eoming Tov CVOTY-
uatog “steady state”.

EEloov evdiagpépovoeg vmijpEay ou amdpelg twv Tricart & Gailleux (1965) »now tov Tricart (1965/68) oe
Tnujnota Khpanxig Fewpopgpohoyiag.

* PHYSICAL GEOGRAPHY-GEOMORPHOLOGY. A SPECIAL ENVIRONMENTAL SCIENTIFIC BRANCH IN SEARCH OF NEW
ROLES AND APPLICATION FIELDS.

! Topgag Puorrg zo MepBoihoviinic Mewypagiag tov Twjpatog Fewhoyiag g Tyohic Octixwy Emomudy tov Apototereiov Mavemi-
ompiov Oecoahovinng, 54006 Oeaoaroviny.
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‘Omwg ouvEPN pe GAoug Tovg emomuovixovs xhddoug, n yoriyoen eEEMEN e Puowrg Fewypapiag 0diyn-
O O QPUYOREVTOES TAOELS TOL EMPEQOVG OVTIXEIREVO, EQEVVOG, YEYOVOS TTOU ROTEANEE OTOV KUTOREQUATLONG THS
atoug e€rg xiproug xhddoug:

Khpatoroyia

Queoavoyoopio

Edagohoyia

Empaveioann Ydpohroyia

Tewpopgoroyia

O véour avtol ®hddor eEehixOnoav ws aveEdomteg emoTUOVIRES HoVAdeS pe owToTéheLd, OANG KoL pE
EMUOAIYPELS TTEQLOY WV HOLVOU EVOLOPEQOVTOG.

H T'ewpopgoroyio vripEe o ®oppds tg Puowric Fewypapiog ®ol TaQopével ¢ aveERQTNTOC ONMUEQQ. ETTL-
omuovixds ®¥hddog, 1 BAom TG HEAETNG TV POOPDV KOL TV LEQYOOUDV TOV ETLPAVELAXROU aVayAIQov.

Exelvo mov mpémel vo emonpavOel givon 1 taxeio avamtugn tov moududv g Puowis Tewypogias ota
UETOTOAE A XOOVLEL, Ol UGVO OTO BewENTLXG, CALG KUOIWS OTO EPAQUOCTUEVO TED(O TG OUYYX00VNG ETLOTHUNG
%O TG XOLVWVIaC.

3. HTEQMOP®OAOI'IA KAI H NEA EIIOXH

H I'eopopgolroyio apyird axohotdnoe tov xhaootrs dpdpo me Puownric Fewypapiog, dnhadii m perém
TOV HOQQPEYV TOVU ETUPAVELOXOU avaryAigov 1 yewpoegov (landforms), n omolo meoueddpuPave:

Tnv ey} Toug, Pe GAC TOL YOQOXTNOLOTIXA TOUS YVWQIOUATAL.

Ty ovoy€non toug pe t dpdon Twv evOOYEVEV RaL TmV EEWYEVEV duvdpemy.

Tnv epunveia ™mg TEOEAEVONG, TOV TEOTOV TXNUATIONOU %ot TG EEEMENS cvTwy.

H pelém ovnj emxevioddnre ato gdho twv yewhoywav (evdoyevav) xat tav xhpatxdv (eEnyevav)
TAQAYGVTOV, dLGTL EYLve pavepd and ta aQyd g oTddia Gt autol ®abopitovy oe peydro Padud tig diepya-
aieg Tov aynpuatiopoy xat g eEEMENS TV YEWUOQQAY.

H npdogat tiEn tov toyetdvav tov Wiirm xou ov ahhaygg mov axorovfnoav xatd m dudoreto tov Oho-
RALVOV, EQEQOV OTNY ETULPAVELD HEYGA TOWRIAMO Ty ETmOWMY Hop@dv oto ¥weo tov B. Huogawpiov g Ingc.
"Edwoav, ETOPEVMS, TV EVXOULQIC OTOVS YEMUOQRMPOAGYOUS VO 0loXOMBOUV e T TAYETMON X0 TEQLTOYETHON
avopeva, JLEQYOIES Ko HOQPES.

Avtiotoyya epebiopata d60nxav oe eONULRES TEQLOYES oMK BOAOTNOLOTNTAG 1] O TUQAXTLES POQYES
RUPOTINNS How pevpotivis dpaotnoidmras. To peydho mAEOVEXRTNRO TOV YEOROPPOAGYWY fTaV 1 ouecoT T
™G TAEOTHENONG TWV QPOLVOUEVAV HOL TOV YEMUOQPWV TOU dNuiovgyoloay ouUTeg.

Me 1OV TR670 aUTS 1) PEAETY) TV YEWROPPOV GEYLoe Vo avalntd véovg dpdpovg moparorovbnong twv
QPALVOPEVOV, LE LETONOELS TAQOUETOMV, TTELQAUATIKES RUTAOREVES VTaiBov xou eQyaoTEiov, amotinmwon (Xao-
TOYQAPNON) TOV OYNUATLORMY RO TEOOTADELL ROTAVEN NG TOV TEGTOV %o TV puBndY EEEMENS TV puotrdy
dLeQyaaLov.

H npoonddera avty yévvmoe v Egoopoopévn I'ewpopgoroyio yio v ool egyGomray Tomtoméool
epevvnTég nwg ou R. Horton, L. Leopold, W. Langbein x.c.

H opronnij otpogt amé m Bewonuxy oty Epappoopévn Tempopgoroyia, dnhadn omé m uehét paxgo-
XeOviwv diepyaoidv eEEMENS 0t pehéty olyxpoveY ETLpAvELOXRGY dLeQyaoudy, opeiloviay ot Tels (3) Paot-
%oUg AGyoug:

a. g EQEVVNTIXES EQYOOLES OL OMOLES £DEIEQY GTL 0L ONUEQLVEG DLEQYAOLES TOOAYOUV CNUOVTLXG OTTOTE-
Aéopata ot gion.

O Johnson (1919) €dei&e 6t ot TadrTLA TEQLRAMOVTA 1) TAXVTNTO TWV QUOLKGV OLEQYQOLHV NTAV TOAD
UEYAAN %o OVTIOTOLYN TTa 1) TOUTNTA OXNUATIOROU o eEEMENGS YEMUOQPAOV.

O Bagnold (1941) mooxSuoe avtiotoLyn yvaon Yo Tis AoMXES SLEQYNOIES KO HOQYES OE EQNULKG, TTEQL-
Barlovra.

OL SLutoTHoELS AUTES Edwoay T SuVATATNTO EQPUEUOYNGS TNG VEAS YVONG TTQORELUEVOU VO OLVTLUETOITL-
OTOUV QPOUVOUEVA QUOLKMV ROTOOTQOPAV AGY® TOQAXRTLOS 1) cwolrris dpdong.

H Tsopopgporoyia €101 TEQAOE 0TO OTAOLO TNG EQUOUOYTNG.

B.Ze avdmruEn véwy TEXVIRAVY yiot TV TQOaXOAOUONON TwV QuOoKdY dlepyaaiv oto medio, oto eQyoT-
010, %A xaL ™V EQaEUOYT] VEWV HeBGOmV YEMUOQPOLOYLRIG XOQTOYQAPNOTG.

H véa yvdon mov amoxtifnxe pe tov 1o0mo outd odfynoe oty ®oTavenon Tng AELTOVQYINS TwV YEMUOQQO-
Aoywdv ovoTpudtmy.
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H T'ewpopgoroyia €10 népaoe oto medio g povielomoinong, av oy oty pabnuoatixng Tovg arndivm €x-
(OOLOT|, TOUAGLOTOV O €vo OUVOETO TUITO POVIEAWV QTTORQLOMG.

v.-Zug peydheg ahhay£g mov €ywvav otov ®opo petd to B mayrdopo néhepo, 1600 o€ moMtxd, 600 Ko
SrownTing, BVIXG xo 0QYOVWTIXG ETTEDO TV REATAV. ZTOL VEO %QATN %O 0T VEQ TOMTRA ovotiuata Eeni-
VNOE U0l TEOOTABELD AELOTOMONS TV PUOLKKDV TORMV HECW OVATTUELORMY TOOYQUUUATOV KO ROTATHREVNS
goyov. Kard my mopeia tov oxediacpot, ahhd »vplng xatd ™y mopeia TNg VAOTOINONG TWY TEOYQARUATWY
QUTAY, TEOEXVYaV TTOAG TTEOPMjHALTA, T OTTOlC 0POQOVOOY O ALOTOYLES, OE RATAOTQOYES, Ot TeQLBaAhovTLRy
VIoRAOULO ®aL 08 AdUVOUIES AELTOVEYIOS TWV OVOTTUELOROY EQY0V. e TOAES TEQUTTHOELS TOL avartTuELanrd
TEOYEAUUATO OOMYONKAV OF ATOTUYIO EPAQUOYNG, TQOKRAAECHY ANOTOLXY] EXUETAAAEVOT] TOV PUOLRMDV TOQWV,
ROTOOTATAA OOV TOVG OLXOVOULXOUS TGEOVS ®oL 0mmoB00dGunoay TG TEQLOYES OOV OVTA EQUOUGOTIXAY.

ZT1C TEQLOOGTEQES MEQUTTWOELS QUTH 1) Aotvyia ogeihoviay oy EAMEYN TS HELETNG TWV OUYYQOVWY
PUOLRAV DLEQYUOLHV TV TEQLOYWV EPUQUOYIS KL OTNV QITOVOIX TEGYVMONS Lot TOV TEOTO oV oTES Oa mto-
evBotv 010 PEAROV, HETA TNV EQPAQUOYY] TWV TEOYQUUUATWY.

H T'ewpopgoroyio €10l TEQAOE OTO DO TG TEGYVOONS YO TOV TEOTO avtidoaong mg giong ota aviow-
o, €QYa.

O 10€1¢ QUTES TEQUITTWOELS EEEMEUPAY OTOV EMOTHUOVIXG ROONO, OTOVS TOMTIROUS OXEOLAOTES ®aL OTNY
nowwvia éva ®owo pivoua:

Elvau avdyxn vo mponyeitol YEOPoQQOAOYLXY] EQEUVA IO TOV TROTO dRAONS TWV QUOLKEY SLEQYACUHV O
JoL TEQLOYT] TTROTOU 0dpn OYESLAOTOVY Xa EXTEAECTOUV O autiv avartuEiaxd 1 dhha €oya.

To wivvua avtd eMjpdn 116M ard GAOUS %ot QUTE TEORVITTEL A6 TIS TEOOTADELES TV ROVOPBOVAWY, TV
SLEBVAV 0QYAVIOUDY KOL TWV TOTUHWDV XOWVOVLGDV VA, BE0TIO0UV VOROUG, Ravoves, 0dnyieg »ot TQOTOVG CUUTEQL-
POEAS #ATA TO OYXESLAOUS, TNV EXTEALEOT KoL TN AELTOVEYI avatuElomay €pywy, e oefaoud ot @uon, oTo
neppdrrov rau otov dvBpwmo.

4. H EPAPMOXIMENH 'EQMOP®OAOTITA XE NEA ENIZTHMONIKA ITEATIA

H Egagpuoopévn Tempopgoroyio »vijOnxe mpog toia »iplo emotuovind medio, to omoio Spmg oxetiCo-
via petal Toug 1 TeovoLdlouy 0QLOUEVES ETRAATPELS:

A. To medio g €pevvag xat T PeAEG TV otolxeimv tov dvorrov Tepipdiiovrog.
B. To nedio g €peuvog rat g REAETS Tov AvBpwmoyevous meptBaAlovTog.
I'. To medio g duayeipiong tov IMepdrrovrog

Eivow xofowun m oivioun avdiuon Tov VEmV qutmV ETLOTHUOVIROY TEGIWV, dLOTL PE TOV TOOTO auTd diveTon
N duvatdmra EVNUEQWONE TWV VEWMV ETOTNUGVOV RO RATAVONONS TV TNTNUATOV £QYQOTHS zoL pehémg mov
TOUG 0LpOQOUV.

5. EPAPMOXIMENH I'EQMOP®OAOI'TA KAI ®YZIKO ITEPIBAAAON

To @uowd TTepipdArov mTeQAaUPAVEL EVOL YEOYQUPIKG KWEO O OTO{0S XAUQAKTNE(CETUL OO YEWAOYIXA,
YEMUOQPOAOYIRA RO rApaTind otovxelo afwg and frotrd otoryeia ( xhweda- prdomon, mavida), diagope-
TG OO QUTA TV YELTOVIRMV TTEQLOYWYV.

O yewpoppés ( landforms) ol omoieg mporumtouy amd ™ AN QUOLRMY dLEQYAOLWV EVaL T TTLO XUOO-
RTNOLOTLXA OTOLYEI TOV PUOLXOU TTEQLRAMOVTOG 0€ pecaia xat uxEY XApaxa.

H opt08€tmomn evag YemypagpuxoU xdeou e BAom Tig YEMUOQYES TOU, 001YNoE ot Stapdeman g eUvotag
TOV YEMUOQPOAOYLRMY ovoThudtav 1 cvomudtwv I'ng (Land - systems),07tov yempuoepeg ®at puotkég diepya-
oieg 1 xaw avBpdmveg dpaamoedtteg cuoyetiCovial.

H Tewmpopgoroyirn xaptoypdenon fray avt) tov €dmae T duvatdtta amotimmwong Tw CUOTHUATmY yNG,
g TEQRUAROVTIRMV EVOTHTWYV, TG TAEWVOUNOTIE TOUG OF THIOUS TTOV TTUQOVOLALOUV LOLUTEQGTNTES OTLS YEW-
HOQYES Ko OTLS dLeQYaOieg, kaBg emoNG KL TG CUOKETLONG TOUS ie Ta fLotixd otov eia — xupimg TS AdoTn-
ONG- IOV TG OUVOIEVOLY.

AnpovpynBnre pe Tov TEOTO AUTO 1) £VvoLa TOU eveQYOU TeQLPAROVTOG, autol dnhadr mov voneLTal oe
ouvveyeis olayés naw diepyaoies eEEMENG. O odlhayés autég evIomiCoviaL Kot oETOYRUPOUVIOL A6 TOUS
YEWUOQPOAGYOUGS, EVA 1) EQUNVEIQ TOV PUOLRMY DLEQYOOLHY OLEVXOAIVETOL OTTG TN XOLOTOYQAPNON TV YEMROQ-
Qav.
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Ta otoyelo QUTA ETUTEETOVY OTOVG YEWUOQPOAGYOUS TNV TEGPAEYN Yot TV UEAAOVTINI] TOQEID TV CUOTN-
UATOV YNG 1 YEOPOQPOLOYLXWV CUOTNUATOV 1 TEQUROAAOVILRWV EVOTHTOV. AUTS YIVETOL ILE TOV EVIOMIOUG ROl
™V aEloAdymon Tav mavdv ®kvdivav Tov urogel va rpoxrtipouy yua 1o tegudihov oto péihov, eite and ™)
pUOoLY] TOPELD TV TEAYUATWY, £(TE a6 TS avlpwmLves eneufdoeLs o oWTo,

EEiloov onpavaxi ivor 1) CUPRETOYT TV YEMUOQPOASYMY OTO OYENAOUES Row 0TN My ATOQACEWY YioL TV
extéreon Epywv oto meQLdirov. H T'ewpopgoroyirn avdivon pmopel va oupfdrier otnv aElohdynom mg flo-
CLUGTNTOS TOV EQYWV, TNS ATGAOOTS TOUEC, TOU TOOTOU AELTOVQYIOS TOUG, TOU XQOVOU LS TOUS RO TS ROWVWVL-
%15 Tovg amodoyis.

H oyeninny mooBreyn mov vdoyel otg Mehéteg Iepifarroviinav Emmtdoeny yia ) Yeopoppohoytr
£oevva (KYA-MIIE) xotoyuodver €v péQeL T0 QGhO TWV YEMUOQYOAGYWY OF autég, alhd elvar eEaupetnd
drohun. TTeQLopiletal 0e TEQLYQAPES, DIOUTTLOTMOELS X0l CUUTANQWOELS EQWTNUOTONOYIWY, EEETAOTIROY YOO~
ATO0L, XWOIG VoL VITELOEQYETAL OTNY 0VOTeL IOV Elvan 1 PEAETN TWV OVYYQOVWV dLEQYUOLEV.

O 06h0OG TV YEMUOQPOAGYOV TTRETEL VO EIVOL 1] AVAIELEN TNG ONUACTOS TTOV EXOVV OL CUYYQOVES SLEQYOTES
omy exnévnon MIIE. Enopévag mpémel va eyrataheipouy tov einoho dpdpo mov Ba exgpuhioeL T CURUETOX]
TOUG 08 QTES %O VO AROAOUOTO0UY TO dOROAO dEGRO TOU B0 RATOXVOMOEL TN CURUETOYT] TOVS O QUTEC. ZTIS
QVETTUYUEVES X DOES AL na 0TOVS SLeBvelg 00YaVIOUOUS OL YEWROQRMOAGYOL ETEBAAY TNV ETLOTNUOVLRT] TOVG
QoG 0oy dpaoTnELOTON|IN®AY 08 GROVE TOVE TOREIS TG EQEVVAC %o TS HEAETC TOV TEQURGALOVTOC, PE
eEaupeTind amoteléopora.

6. ANOPQIIOI'ENHE I'EQRQMOP®OAOTI'TA

AT6 ta mpdta otddia avamtuEng g Pvowng Fewypapiag dtopopddnxre n aviiknym 6t oL YE®POQPES
TEOXRUTTTOUV atd T dpdom evdoyeviv row eEwyevav duvdpewmv peyding xhipoxag. O magdyovrag dvlowmog
BewE1ONxe apeAnTéog 0TO TAEYUO TWV YEWUOQPOLOYIRWY DIEQYAOLEV.

YmjoEav wot6o0 EQEVVNTEG OL OO0 EMECHRAVAY TO QOAO TG AvBRWTIVNG dRUOTNOLETNTAS OTLS YEWUOQ-
@oloyirég Olepyaoieg von orhay€g mov ovpBaivovy oty @uon ( Marsh. P.G, 1864 Man and Nature, Sherlock
L.R. 1922 Man as Geological Agent, Bryan, K. 1925), ywoic BéBowa va xatopBwoovy va petafdrilovy v
ETRQOTOVOC OVTEAMY).

H Brounyavinn xow ot OuvEXELDL 1) TEXVOAOYIXT] ETTOVAOTAON £dWOV 0TOV AvBRWTTO LoYXVEGTOTA EQYQAElDt
%o duvatdmreg EMEPPAONS TOU 0TO TEQLRAALOV %0t TOV AVEQELEQY O ONUAVTIKGTOTO TAQGYOVTA TWV dLeQya-
v eEEMENC Tov emupavelaxol avayAigou.

H mp6000¢ tv Bempovpevey GHUEQN OVETTTUYHEVOY ROATWY TOU ROOROV PUCtOTHE OF COPHOOTATES TV~
Bowmveg emeppdoelg oto meppdriov, oL omoieg moayuatomoniOnray xatd T didoxewa tov 19% xat tov 20°
avo. Mmootd. oTig avOQWITLVES VA YKES, OL OITOLES AOVNTIXES OUVENELES TV ETEUPAOEWV AUTMV HTOV OUE-
Mtéec. EmmAéov Xoetdomxre onpaviirog XoOvos HETA Tig ETEUPACELS Yot Vo exONAwBOUV auTEg 0To TEQLRAA-
Aov row va 0QX{0€EL 1) EQUQUOYY UETOWV ATTORATAOTAONS, TEOOTAT(OS ®at drartionong autoy. XQeldoT e TOAD
TEQLOOGTEQOS YQOVOC YLOL VAL YIVEL QVTIANTTTY 1] TOYROOULO. ONUOOTOL TwV ETEUPACEMV 0TO TEQLRGAOV ®aL VO
M@Boiv anogpdoeis oe diebvég enimedo ( and 1o Pio oto Kudto) yua to péAhov tov mhavijty pog.

Zmv EMGdo xoetdomre onpovirds (oovog row ETOTHUOVIXY TRO0TA0eL Yo va poavel 1o péyefog now ov
OUVETELES TV ETEUPAOEWY TOV avOQWTOV OTO TEQLPAAAOV.

Mua tétoo mpoomdBeia foloxetar oe eEEMEN artd T dexaetia Tov 1980 oto Epyaomjoo ®vowric Temypa-
@lag tov Tunpatog Fewhoyiag tov AILO., pe 0O AVTLKEHEVO TLS EMEUPATELS TOV EYLVOV O VYQOTOTUXA
ovotfjpora ( Mpves, €A, huvoBdhaooeg, totapots, déATa ®.0.) TS XWEOS UOC.

H €pguva €8e1Ee Gt oL avBpdmIveS EmepBAOELS TTOU EYIVOV OF VYQOTOTLXG, CUOTHUOTO XOTd T SIGORELD. TOV
20”" auddva, avérpepav ta meplBarroviird dedopgva ral »abGELoaY TOUS TUITOUG, TOUS TOOTOUS ®OL TOVS QUO-
ROUE TV YEMUOPPOAOYIRGY %o howtadv eEeMEEmY ot0 mEQPAMOV.

Svyrexpuuéva, amd to 1930 péyor to 1980, wepiodo 50 etdv mepimov, amoEnedvOnxe xat amootoayyloTn®e
70 64% ™G OUVOMXNG ETLPAEVELOS TWV VYQOTOTXMV CUOTHUAT™V TS Xoogs pag ( Psilovikos, 1992). Ou Aiuveg
Kwonaida, TNavvitodv, Aywvoi, Evvidda, Kdoho, Mavpotda, Advila, Aexdvng, Tdxa, Aoxovpic ®ol morES
WXEOTEQES, oL AypvoBdlaooeg Ayovhvitoa, Movptd, Mehitn,AEL0U X.at., *oBMG RO peydhes eMDOELS EXTATELS
GhwV TV dEATOURMY OYNUATIOUWDY Kot ECOTEQRAY fubiopdtay (Pkinmwv, @socariog, Zaoi — Ixioh, Ayeldou
%.0.) TG XWEag agpaviotray. Mali pe avtég agaviomray BEPara, raw ta ororyeio g yhweidag, e PAdoTn-
ong e movidog ron Tou weptBdrhoviog tov otioiloy. H xatdppevon tmv otoouompdrny vinijeEs Thjong.

I va progoouy oL puores dLepyaoies PGVES TOUS va 0dNYHoOVY 0T TAEN TEGOYWOT TMV VYQOTOTLXRMY
ovotudtwv xoeLdtovron xiAlddes, iomg kot derddeg yhades yodvmv dpdong xow tTeMxd iowg ratopBdoouy vo
draTneroovy oplopéva otovyeio Tov mepdrloviog oe Aertovpyia. Apa 0 QUONGS TV aAhaydv ov enEBoalhie O
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GvBpwrog oto mepdrhov ftav Tayitaros.

H ®otaotoogn Spmg Tmv vyQoTomx@V CUOTNHATOY HTaV TO TRMTO 0TddLo TV avBpwmvmy eneufdoswny.

Ax0ho¥Onoe to HeUTEQO OTASIO te THY OAAOYN TV XOHOEMV YNG. ZTIC EVPOPES EXTATELS TTOV TROEXRMPOLY
opyoavanroav apdevtnd dixtva now duvaprég ralhépyeies (UL, Bapfdnt, Tevtha, XOAUUTORL ®.0L.) OL OTOLES
IMULOYEYNOQV HEYAAES AVAYRES VTOOTIHOLENS O¢ veQED, Mtdouata rou gutogdopaxa. To vepd foédnxe oe mo-
Tda xow vEdyelovg vdpoopeic péxoLs eEavtmoeng ( Osocohio, Kmmaida), evad ou ymurég ovoieg mpondhe-
00V QUITAVOELS OTO £80.0og ROOMDS AL OTO EMPAVELOXS ROl OTO VIOYELO VEQO.

Me tov 10670 avtd o dvBpwmog 0dnyel oe eEGVTANOY TOUS QUOLKOUE TGEOVS %o VItoPabuilel To TeQLBAA-
Aov.

Yrdyet no 1ito 0TddLo, T0 0ol apoEd oV avaTTuEn Tov dEVTEQOYEVOUS TOPEX TS OLKOVORLaS (CyQo-
e Bropmyavia), ot petaxivinon ThAnBuopdy, oty aAloyr] TOV OLXOVOUXMV OTOLYEIWYV, OTNV OVOTQOTY TNG
Topddoong xaw oty RaBLEQWON VEOU TEOTTOU Twng O€ HEYALO TIIA TG XDOOS LOS.

Axopdg mpog v avtiBetn rateibuvon vmieEay oL avBpdmives enePPAOELS OTO TOTAULO CUOTHUOTA TNG
EALGOOG Yo TNV RATAOKEVT] POAYUATMV — TAUEVTHOWV VEQOU.

Avumnupvou mpootaoia, aotapisvon vepot (10*10° m?), mapaywyr vdponkextowmic evépyeiag (12%
™G xWeas), dedevon (4 -5 * 10° otpdupata) xar Vdpsvon (Abhva, Aypivio, Kapditoa) eEvanpstovviar orjue-
Q0L TS TOULEVTIRES TWV TTOTAR®V Axghdov, Aldxrpova, ApayBov, Aodpov, Awvov, Addwva, Néatov, Mépvou,
Zrovpova, IMehom. Tnverot x.a. "Hrov guoird, ol enepPdoeis avtég va ahhdEovy pilind ) po1j ®ou Tov 100
AELTOUQYLOS TWV TOTAIMY QUTHY CVOTHUATWY KO VOL TO UETOTOEYOUV O TA{OMG EAEYYXOUEVOL GUOTUOATOL.

T mopdrtieg mepLoxEs tg EMddag ov avBpdmives emepfdoeig elxay peydhn éxtaon xou dnuovgynooy
TN Bdoa TEOPINPATOY, ®VEINS IAPOWONG KL ATOPAKQUVONG VXMV, IUE Ta 0TTole OPEILOVV VO oK OANBOTY
OL VEOGTEQEGS YEVLES TV YEOUOQPOASYWV TNG YWQOLS.

AT 1ot avTtEQm OTOLYE(R TTRORUTTEL PE Ca@iveLd 1 onuaoica s AvBpmmoyevoig Iempopgpohoyiog now n
avayxrn €peuvag »ou PEAETNS Tov VEOU medlov, amd TOUE VEOUS EMOTUOVEG.

7. TEQMOP®OAOI'TA KAI IIEPIBAAAONTIKH AIAXEIPIZH

H Egappoouévn Fempoggoroyio omoiyxnxe omv aviidnyn 6Tt oL QUOKES SLEQYATTES KL Ot YEWUOQPES
eV aroteAOVY OUTOOROTO, MM EVIAOOOVTOL HECO O0TO TAEYHO TS ovBpwmivng Conjc. ‘Omov xat dtav autég
SpOVV e RATUOTEOPIRG TEOTO YLt TOV AvOpmTOo, Bor TEEMEL VoL YIVOUV ETEPPAOELS OITOTEOMNG, TEOAMYMS RO
eootaotag. ‘Omov rat Gtay autég dEouy pe dNULovEYLXG TEOTO Yo Tov dvBpmro, o mpémel va yivouy enepfd-
OELS EXUETAMAEVONG HOL AELOTTOIMONG.

Anuovpyrinxe, »at’ UtV TOV TROTO, TO Thaiowo ™ Iepiparhovinrig Avoyelpolong ®at ue Ty ndodo Tov
¥XOOVOU, T OUGOWEEVOY EUTTELQUDV ROL TIG OQYUVWUEVES AVTILOQATELS TS HOWWVING OLapoppadBnre po véa
avtianym, avty e Opboroywrric Awayelptong tou Iepifdrrovrog. O muEHvag TS aviinyng avtic fTav m
€vvola g aelpoiag (el + @épw), n omola exppdomxre row wg frooudma, dMrad n dayeloion va yiveton
20Td TETOLO TEOTO WOTE TO TEQURAAROV TTAVTOTE VO TOEEYEL 0TOV dvBpmTo T oryafd Tov.

Mepidio oty OpBoroyixn Awayeipiom tov Iepifdrhovrog (OAIT) €xovv Ghot oL emoTnuovinot ®¥Addor xat
ot ®paTxol ®at ot zowvovirol oels. H ovpuetoxi Tov yempopgoldywy vmijege dueon amd ta meita otddo
™G TEOOTABELOS CUTIE, AGY® TOU TAEOVEXTUATOG TTOU E{YAV VAL YVWQEITOUV TG TOAES, YO PEAETOVV TIG OUYYQ0-
VEG %o va TROPAETOVY TIg peRhOVTILES QUOES dlepyaoies, néoa 0° Eva dLayelptotnd oy€dio Tov mepLpdiio-
VTOG.

BéBaua, oL TOQAYOVTES TTOU VTELOEQYOVTOL OTH AELTOVQYIC TWV YEWROQPOAOYIRMY CVOTNUATWV Eivor TOMOL
RO TOQOVOLALOVY oAuThordTTa, EVEUCON i, WLopoEies, afePardmtes, ouyrhoelg ®oL amoxhioels, nabug
rat TEoPAijpota vhipanag vow EMenYng dedopévav.

Tnv mteGyvmon ®ow Ty aELohGynom Twv xvdtivav rov tapovotdlel 1 epappoyi tov Zxediov Avoyeioong,
0L YEOUOQPOAGYOL THV avTLUETWIICOVY pe do Tpdmous:

a. e TeQImTmon EANEPNG (OGVOU TAQUROAOTONONGS TWV PUOKWYV SLEQYUOUDYV, 1] Egpaar) SIVETaL TN HEAETH
TOV YEMUOQPWV, TOV RATAOTACEWV LOOQQEOTTLOS TOUS KAl TV VMYV amdfeons. Autd wroel va yiver:

Me mv g@appoyn ™mg Bemenunic yvwong oto medio, ™ TEQLOYNS EQEVVAC.

Me TV £@aopoyY TS EQYOOTNOLUXNG YVMONS #OL VITOAOYLOTIRGV OToryelmv otig ouvbiireg dpdong mediov,
OTNV TEQLOYT EQEVVAS.

Me TV TEOCOROIWOT YVOOTHOV PALVOREVIV KOl TTEQLOYXMYV, 0TV dYVWOTY TEQLOYY] EQEVVAC.

Me v aELoAGYNON LOTOQHEV OTOLYEIMY (ETUVUANTTLRGTNTA QULVOREVOY).

B.Ze mepimtwon VmapEng duaBEouov xdvou yia TNV TOQEAXOAOUONON TWV QUOLRDY SLEQYACLHV YONOLUO-
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ToLovVTAL
ME€00dot petprioemv oTo TEDIO e GEYOVA UL CUOREVES TaRAROAOTOMONC.
TTewpapamnég TEOTOPOUDTELS OTO EQYOOTHOLO.
Movrtelomoinon.

e ndfe meQlmTwon pa ETUEANUEVY YEWMUOQPOAOYIRY YOQTOYQAPNOT WTOQE( VO TOOOPEPEL TOMG OTNYV
TEOOTAOELL QUTH.

Eilvaw xonowun n €otw xal amhj avagpod otig meputtwoels Ophohoyiriis Awayeiotong tov Mepifdirovrog,
OTIG OTTOIES O YEWUOQPOAGYOS EYEL ONUOVTILXY CURPOAY:

Amoadfpwon meTpmwpdtav xow ABwv.

Kopotxd govopeva, empaveland ®ow VTOYELX.

NEOTERTOVIRES KIVIOELS %Ol EXONADOELS.

IMpooyworyevels amoOECELS VAMRWDV ROL OQUATHV.

Adpowon edapav.

Metaforéc »Mtiwv zow zatohMothjoes.

IMotdpa dpaamordm e, TANUUUQES.

Agxdveg amoporis — vdporoyia — InuatopeTagod.

IMoryetcddn xow TEQUTAYETMHON PULVOpPEVAL.

Aohnd povopeva.

IMogdxtia patvopeva.

Yypotomud ovotipota.

Aghtaind ovotipato.

Zmv EMdda mpénel va EExvijoeL pua opyavmuévn tpoomdfe i yio t) Aayeipion tov Iepipdihovrog omd
VEOUS ETUOTHHOVES SAWV TV KAASWYV, OTNV OTO{L OL YEMUOEPOAGYOL Kot YEWAGYOL EXOUV ONUAVTIXG HEQISLO.
Duowxd, To TnTipoato s Aoy elpLong XOELALoVTOL TAUTGYQOVY TOMTIRY KO VOULXY CVTLUETMDTLON YLOTE €XOUV
ROLVWVIRES TQOEXTAOELS KO DVOYEQALIVOUV TNV EQOQUOYN TOUS.

“Towg to ovyyoaupa twv R.C. Cooke and J.C. Doorncamp, 1990, Geomorphology in Environmental Man-
agement, amotelel 1o xothiteQO foNOnua pog TEToLIS TEOOTAOE LG,

8. HTEQMOP®OAOI'TKH EPEYNA KAI Ol EPAPMOI'EX THZ

H yewpopgpohroyunij égevva oty Edda €xer wrpn tapddoon. Yanpemnxe and Aiyovg emiotijuoves tov
Axrodnpairnot xvplng yoeov, ota Puotoyvwotivd xon ota Fewhoywmd Tujuata, adrd xow oe Tprjporo Tovte-
xvav zow Fewtexvinav Zyohav AEI g xodog pogc.

"Hrav emopévag avauevopevo va xatevbuviel n €pgvvao avni oty exihivon Bemontirdv mpofAnudtwy mov
OUVOEOVTOL IE TO ETLPAVELORO AVAYAVPO, TIG YEWMROQPES RO TIS PUOLRES dLodIraoies. ZT0 TEdIO QUTO E)eL YIVEL
onuavtxdtat) 1eéodog, Tory agidhoyn yia ta dedopéva Tov xhddov twy Puooyemypdeuy xat F'ewpoppo-
AGyQv.

H yvdon avt) mov amoxrtinxe tg mponyovpeveg denaeties Bo mp€mer va xonowpomomBel onuepa »at 0to
uéhhov ota medio e@appoywy. To mepifdrrov, oL avBowmives dpaaTnEdTTes ®aw To Cnriuata Tg duaelplong
™S QUOoNG lval ToL TTLo KELOoLaL TTED(C EQPOQUOYWV.

T va emriyet puo Té€toa TRoomdfeLe amanteiTan OTeEVI] ouveQyaoio pue ®*AAdovg epoouoywv, dnhadn un-
Yoviraov xon yewtexvixav. H ovvepyaoio avni oto eEwtepird foioxeton oe vymAo eninedo, abhd oty EAAGOQ
eivon oyedov avimapxrtn. O Adyou eivar morhoi, ahhd o Paoirds AGyos Boioxetor oty aduvauio eGeoNs *oL-
Vg YAdooag emotnuovixiic ouvevvonone. H aduvapio ovm €xel tig 0ieg g 0tov 1000 AErtovQyiag e ex-
naidgvong ong dudgopes oxohés xan Tjpata A.E.I xat 0Tov 10610 dornomg Tov EXayYEMIATOV 0T XWEO. HOG.

Zmv npoondfela oy, 0 pdhog Twv Emomuovindy Etapudy, tov Enayyelpotndy Empelnmoiov wow
tov Khadwmav Opyavdoswv mpénet va eivar ovolaotirds. Xpeldtovior mpwtofovlies yua t) ovotaom opddwv
gQyaoiag, oL omoieg Ha dapoePoovy to Thaiolo cuvepyaoiag xat Ha vAomowjoovy mAoTxd TEOYQAUHATO
ouvvepyaoiag. Tote Ba gavel ®abapd To uéyedog Tov TOAATAOTU 0PEAOUS TOV BOL TEORVPEL YLOL TNV ETLOTIHUN,
YUOL TO ETAYYEMLO, YLOL TNV ROLVWVICL OTN XWOU NOGS.

“Exovv mepdoet 24 xoovia omé v €xdoon g epyaoiag Tov I'Magivov « H I'ewhoyia eig tnv exmaidevoty
%O ELS TO ETVAYYEAUO», 1) OTTOl0 €dWOE WONON OTNV EQUEUOYY TNG YEWAOYIQS OTNV TEAEN.

“Towg 1eBe 0 ®ouEGs Vo Yoaget pa avtiotowyn eoyaocio pe titho, «H Tempopporoyio oty Exnaidevon ra
oto Endyyelpa», n omolo Bo ponbijoet va yiver éva véo Eexivnpa.
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"To 9° Tewhoyo ZuvEdELO ag ElvVaL 1 ApOQUY] HLOG TETOLRS TOOOTADELNS, 1| OTTO(C TOETEL VL CUVEYLOTEL UE
10 6° Tewypapwro Zuvédpro, To 2002, otn Oecoahoviny.
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NEW TENDENCIES AND ADVANCES
IN MODERN STRATIGRAPHICAL RESEARCH"
M.D. DERMITZAKIS'

1. INTRODUCTION

Stratigraphy is the key to understanding the earth, its materials, structure and past life. It encompasses eve-
rything that has happened in the history of the planet. Simply defined, stratigraphy is the study of rock units and
the interpretation of rock successions as a series of events in the history of the earth. The role of the stratigrapher
is to describe, order and interpret rock units in terms of events and processes, and to correlate this information
in time in order to build up this record of earth history. Fundamentally, stratigraphy provides the perspective of
time; a perspective which makes geology almost unique within the physical sciences.

Understanding the principles and terminology of stratigraphy is essential to geologic study of sedimentary
rocks because stratigraphy provides the framework within which systematic sedimentologic studies can be car-
ried out. It allows the geologist to bring together the details of sediment composition, texture, structure, and
other features into an environmental and temporal synthesis from which we can interpret the broader aspects of
Earth history.

All geologists are in some way stratigraphers, since almost all-pure geological research is an attempt to
unlock the secrets of the earth. Stratigraphy provides the frame of reference which underpins this research.
Applied studies also rely on stratigraphy, as, for example, it is crucial in the exploration for oil and gas reserves,
and it provides a sound basis for the understanding of the properties and extent of geological units in civil
engineering.

The aim of this paper is to provide reviews of some of the most important principles and practices in modern
stratigraphy.

2. FROM YESTERDAY TO TOMORROW: STRATIGRAPHY AS A MODERN DISCIPLINE

Geology has a long history dating back to the Renaissance, but arguably, formal acceptance of the guiding
principles of the subject — uniformitarianism, superposition and relative chronology — followed from the publi-
cation of Charles Lyell’s (1797-1875) classic book Principles of Geology in 1830. Its publication heralded the
“golden age” of geology, riding on the crest of the great wave of public enthusiasm for the natural sciences
(Bowler 1992). Text and classbooks on geology proliferated, and geologists such as Lyell and his contemporaries
were public figures. Examining one of these texts today, such as Lyell’s own Students’ Elements of Geology (1878)
or Page’s Advanced Textbook of Geology (1861), one is struck by a simple fact: that the study of geology was
synonymous with stratigraphy.

The most important contribution from this time was the development of the Chronostratigraphical Scale, a
truly international standard which provides a framework of relative time within which all rock units may be
compared. The systems that make up this scale were mostly established within the first 50 years of the nine-
teenth century. For example, the Cambrian, Silurian, Devonian and Permian systems were all erected by Roderick
Murchison and Adam Sedgwick within a period of just six years, between 1835 and 1841 (Berry 1986). The rapid
development of the Chronostratigraphic Scale was made possible by refinement of the basic principles of
biostratigraphy, first laid down by William Smith at the turn of the nineteenth century, and was driven by the
need for tools to establish and interpret the sequence of rock units on a global scale. At the same time that the
Chronostratigraphical Scale was emerging, the application of the uniformitarian principles championed by Charles
Lyell and James Hutton and the development of the concept of the facies by Armanz Gressley provided the
mechanism for the interpretation of rock units as the products of ancient processes.

* AIIOWEIL, NEEX TAZEIZ KAI ITIPOOINTIKEE THE ETPQMATOIPA®IKHE EPEYNAL ETHN EAAAAA
' Dept. of Geology, University of Athens, Panepistimiopolis 15784 Athens Greece.
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The nineteenth century was clearly a period of rapid advance not only in terms of the development of the
tools of stratigraphy, but also in terms of our understanding of earth history (Bowler 1992). By the mid-twentieth
century, however, stratigraphy had lost its place as the intellectual heart of geology and the subject slowly degen-
erated into a simple catalogue of units and names. Some of the worst and least imaginative aspects of the subject
are dated from this period. The source of this decline is complex, but it primarily reflects a failure of the geologi-
cal community to provide a convincing explanation for global tectonic activity. From the days of James Hutton,
stratigraphers had recognized the great importance of angular unconformities as evidence of denudation of fold
mountains followed by subsequent marine flooding episodes, but what created the mountains? James Hall and
James Dwinght Dana in America evolved their geosynclinal theory in the mid to late nineteenth century, through
the examination of the linear fold belts welded to the ancient cratonic interiors of most of the continents. Chal-
lenged only by the then bizarre notion of continental drift by Alfred Wegener in the early part of the twentieth
century, there was no dynamic force in stratigraphy. There was an absence of interpretative models capable of
making sense of the complex, often conflicting picture, of earth history that was emerging (Hallam 1990). Ge-
ologists retreated to their introspective studies and were content to catalogue their local successions.

Prior to the 1960s, the discipline of stratigraphy was concerned particularly with stratigraphic nomenclature;
the more classical concepts of lithostratigraphic, biostratigraphic and chronostratigraphic successions in given
areas; and correlation of these successions between areas. Lithostratigraphy, Biostratigraphy and
Chronostratigraphy are still the backbone of Stratigraphy; however today’s students must go beyond these basic
principles. They must also have a thorough understanding of depositional systems and be able to apply stratigraphic
and sedimentological principles to interpretation of strata within the context of global plate tectonics. This
means, among other things, becoming familiar with comparatively new branches of stratigraphy that have devel-
oped since the early 1960s an new concepts and methods of studying sedimentary rocks and other rocks by
remote sensing techniques have unfolded.

The discovery of sea-floor spreading through the work of scientists such as Fred Vine, Drummond Matthews
and Harry Hess in the 1960s did much to revolutionize geology and to breathe new life into stratigraphy. Indeed,
new techniques in the subject, particularly in the study of the record of the earth’s magnetic reversals
(magnetostratigraphy), led to the recognition of the alternate magnetic “strips” of the spreading ridge basalts,
and the widespread acceptance of plate tectonics. The advent of the “new global tectonics”, as it was then called,
reinvigorated the subject of stratigraphy. Stratigraphical studies provided the means by which plate tectonic
theory learned from the present day could be applied to the geological past. Perhaps the most seminal work in
this respect was the stratigraphical and palaeontological studies of the North American geologist J. Tuzo Wilson,
who confirmed the existence of an early Palaeozoic, proto-Atlantic ocean; the Iapetus Ocean of later authors
(Wilson 1966). Placed in a plate tectonic context, this led to the concept of the Wilson Cycle, the opening and
closing of ocean basins, which provides the interpretative framework so long demanded by the stratigraphical
fraterntity. Gone was the need to invoke elaborate “land-bridges” in order to explain away difficult
palaeogeographical and palaeobiogeographical conundrums thrown up by the stratigraphical record (e.g. Oakley
& Muir-Wood 1949; Wills 1951). Stratigraphy was once again placed at the heart of geology, as it was needed to
provide the framework within which to apply plate tectonics in the geological past; complex tectonic belts could
be teased apart and placed into a new global tectonic setting. Furthermore, precision in relative and absolute
dating of events and more detailed interpretational models were needed to meet this new challenge.

As the models of our global environment — plate tectonic, climatic and biological — have become even more
sophisticated, the demand for high-resolution stratigraphical records has accelerated. In recent years there has
been a rapid advance in the sophistication and resolution of stratigraphical tools (e.g. Hailwood & Kidd 1993).
Cyclostratigraphy, chemostratigraphy, seismic stratigraphy, event stratigraphy and sequence stratigraphy have
all been developed over the past two decades, allowing the more detailed subdivision and accurate correlation of
rock successions across the globe. Application of these new concepts and techniques makes possible subdivision
of stratigraphic successions into relatively small units, e.g., <1000-3000 years for Quaternary strata to 225 thou-
sand to 2 million years for Triassic strata. Such fine-scale stratigraphic resolution in now commonly referred as
high-resolution stratigraphy.

International co-operation is redefining the Chronostratigraphical Scale with greater precision, and devel-
oping globally accepted protocols for litho- and biostratigraphy (e.g. Hedberg 1976; Whittaker et al., 1991).
Stratigraphy has new challenges, and needs new and refined techniques to meet these challenges. Yet the basic
principles and aims of stratigraphy remain the same as they did in the early days of the subject: those of estab-
lishing the sequence of rock units and then interpreting them as events within earth history.
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3. METHODS AND TECHNIQUES

As a consequence of recent advances in stratigraphy driven by increasingly more specific questions posed by
the integrative models of earth history, modern stratigraphers are faced with a bewildering array of tools and
techniques at their disposal. This “stratigraphical tool kit” (Doyle et al. 1994) becomes ever more complex as
these ideas advance continually. Generally, however, it is possible to recognize two types of stratigraphical tool:
1. Those tools primarily involved with establishing the sequence of rock units; and 2. Those primarily involved
in the interpretation of rock units as events in the development of the earth. The principal subjects, techniques
or tools within the “stratigraphical tool kit” are shown in Fig. 1.

The first duty of any geologist working in an unknown area is to establish the geological sequence in that
area. In order to achieve this, a set of “sequencing tools” is used (Fig. 1). This involves the observation, descrip-
tion and distinction of the main lithological units, through the process of lithostratigraphy. Lithostratigraphy
recognizes basic chronology, using the principle of superposition and way-up criteria. Other methods of
lithostratigraphical analysis and correlation can be achieved through electrical and magnetic properties of rocks,
which may be derived from subsurface boreholes and wireline logging techniques.

Recognition of lithostratigraphical units is usually carried out by all field geologists and usually leads to the
development of a geological map, but today, the lithostratigraphical exploration of large tracts of impenetrable
or inhospitable terrain may be successfully carried out using remote sensing techniques which serve as valuable
sequencing tools within the stratigraphical repertoire.

The initial recognition of lithostratigraphical units and the determination of their relative chronology are
insufficient for correlation with either other units in adjacent regions, or with the Global Chronostratigraphical
Scale. Traditionally, biostratigraphy has provided the basis for most correlations, and is still the most important
method of correlation with the Global Standard Stratigraphy.

Modern biostratigraphy relies intimately on a biological understanding of fossils. Although quantitative
studies are becoming increasingly common, most biostratigraphy still relies simply on presence/absence data for
particular fossil taxa.

Recently, however, a raft of new techniques has helped refine correlations where recourse to fossils is diffi-
cult because of preservational or environmental conditions. These include the recognition of depositional event
horizons, rthythmic Milankovitch cycles, and the use of stable isotopes from carbonate and other sedimentary rock
sequences. Seismic and sequence stratigraphies are concerned with the correlation of geometrical packages of
sediments, initially from seismic sections, but now commonly using onshore rock successions. These correlation
tools also provide an extremely important mechanism for the interpretation of the development of sedimentary
basins, and in the analysis of basin fill, and provide a crossover into interpretation tools.

Finally, unstable isotopes provide not only a continuously refinable method of absolute dating of the rock
record through comparison of the ratio of parent to daughter nuclides, but also an efficient method in some
cases of relative chronology in multiple igneous bodies and metamorphic events.

The interpretation of rock units as the products of events in earth history is an extremely important part of
stratigraphy, and it forms the basis for our understanding of the global environment through time. As such, it is
reliant upon the recognition of chronology, because it is important to be able to observe geological units in a
series of equivalent time-slices. Interpretation of the ancient environments in each time-slice, and through each
time-slice in a succession, is reliant upon facies analysis; that is, the interpretation of the sum total of the charac-
teristics of a rock body in order to determine its environment of deposition. Geometry, rock type, sedimentary
structure and fossils are just some of the environmental indicators which help decipher past environments.
Facies analysis is therefore the most important interpretation tool. The recognition of relative changes in sea
level through time is possible using basic facies analysis, and through the interpretation of the sedimentary
package geometries provided by seismic and sequence-stratigraphy techniques.

Fossils provide an important interpretative tool, as, using uniformitarian principles, it is possible to recon-
struct ancient ecologies and to extrapolate the ecological tolerances of living to fossil organisms. In many cases
simple tasks, such as distinguishing between marine and non-marine sediments, are only actually possible through
the presence/absence of marine fossils, for example.

In the framework of the International Senckenberg Conference “Paleontology in the 21st Century”, Sep-
tember 3-9, 1997, Frankfurt, Germany, there was suggestion for a possible major palacontological initiative,
which the General Assembly put before the entire palacontological community for discussion. This initiative is
worldwide and can be compared to other larger scientific initiatives, such as the human genome and planetary
flyby. It is a fact that the paleontological and stratigraphical community will launch a broad interdisciplinary and
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process-oriented analysis of the interactions between life and Earth through geological time. Scientists wish to
understand the patterns and process of evolution that gave rise to the biological diversity that surrounds us
today. They also wish to obtain a better understanding of how past changes in the biota have resulted from and
impacted on the global environment. The fact that life has been a major forcing factor in the development of the
Earth system places those who have studied the geological history of life in a strong position to lead this endeavor.
The initiative of the Workshop “Paleontology in the 21st Century provides the following goals as targets to be
achieved by the year 2018.

Improve high-revolution geochronology based on the integration of biostratigraphy with radioisotopic dat-
ing and geophysical and astronomical data to establish the precise temporal framework necessary for historical
analysis. Only with such data can scientists determine the rates and relationships of tectonic, climatic, oceano-
graphic and biological processes.

Collaborate with the biological community in determining the evolutionary tree of all life. Paleontological
data are necessary to resolve and calibrate phylogenetic trees and understand the history of ecosystems.

Move more fully toward a quantitative characterization of the history of life, drawing upon a synthesis of
phylogeny and quantitative morphology for important biological groups, within a well-constrained, quantita-
tively-based, temporal framework.

Develop more complete and integrated paleontological, geophysical, geochemical, and geologic databases,
to establish the environmental context of biological evolution during times of both stability and rapid change.
This is necessary in order to understand the interactive dynamics of the biota and the physical environment. In
particular, paleontologists will document the major perturbations in the history of life, establish their causes,
and consider their likely effects on the biosphere were they to recur.

From the preceding develop a set of predictive rules for the biotic response to and generation of changes in
the global environment”.

The new research trends have already appeared in sections such as Vertebrate Paleontology and
Micropaleontology, which represent the most popular biostratigraphic methods and techniques.

In particular Vertebrate Paleontology, which in the past was mainly involved with systematics, can contrib-
ute to subjects that concern mankind today, such as drastic reductions in terrestrial biodiversity as habitats are
reduced or altered by human activities. The geological history of terrestrial ecosystems is an important topic for
both biologists and earth scientists, who are involved with the problem of environmental fragmentation versus
biodiversity. Therefore the investigation of changes in terrestrial ecosystems during the closest geological past —
mainly the Neogene- a time interval that has witnessed enormous geographical and environmental changes,
represents one of the main stratigraphical and paleontological research aspects, as it allows us to understand the
past tloral an faunal change by reference to present day ecosystems.

Ongoing research on the marine record aims at the modeling of marine environmental/depositional systems.
However modeling of terrestrial paleoenvironments, which is a prerequisite to understand the total earth sys-
tem, lags behind other studies, showing no recent advances in high resolution chronology, and paleogeographic
reconstructions. For these reasons the scientific community turns now to examine terrestrial ecosystems in the
framework of a new generation of spatial and temporal reconstructions, and in particular to study the temporal
and spatial paleoecological patterns of mammal communities in the context of ranked changes in paleogeography
and paleoenvironments/paleoclimate inferred from non-mammal terrestrial and marine evidence. These stud-
ies will lead to a better understanding of the dynamics and sensitivity of terrestrial ecosystems and the dynamics
of mammal biodiversity in terms of the response to locally, regionally or globally-induced environmental
perturbations. The intergration of data and interpretations from the terrestrial and marine records is expected
to result to the understanding of the episodes of major biotic change during the Neogene in order to put geologi-
cal and paleontological constraints on the modeling and prediction of ecosystem change, collapse and recovery.

Within a multidisciplinary context accurate dating and high-resolution correlations between terrestrial and
marine sequences, and within well-resolved time-stratigraphic, biogeographic and environmental frameworks it
will become feasible to address in detail the kind of basic ecological questions that cannot be answered by
studying the living world owing to the lack of temporal depth (Brown, 1995).

On the other hand Micropaleontology —which represents the backbone of biostratigraphical analyses fo-
cuses evidently to environmental studies contributing to the effort of synthesizing the knowledge gained from
field studies into a set of models that reflect our understanding of the ocean carbon cycle.

The ocean and the atmosphere are tightly linked in the global climate system, and any changes in either can
affect the other. Scientists are studying the cycling of carbon in the ocean to understand the natural processes
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that control the size and distribution of the ocean carbon reservoir. They also observe the effects that human
activities are having on these processes, such as the increase in CO2 in the atmosphere, which is contributing to
rising temperatures. Our ability to predict and perhaps to alter the course of climate change requires a detailed
understanding of the ways in which carbon in the ocean is transformed, transported, recycled or buried in the
sediments of the sea floor. One route that carbon takes into the deep ocean is via what scientists call the “bio-
logical pump”. This pathway begins as Phytoplankton, the single-celled organisms that form the base of the
oceanic food web, take up CO2 and nutrients through the process of photosynthesis and form organic matter.

Consequently research trends focus mainly on phytoplankton and in particular on calcareous nannoplankton
— which is one of the most abundant groups of extant phytoplankton.

Therefore the increase interest of micropaleontological studies in nannoplankton paleoecology and
paleoceanography has been paralleled by a renaissance of studies of extant nannoplankton, with an increase
focus on ecological aspects (Young et al., 2000).

4. NEW TENDENCIES IN STRATIGRAPHY

Cyclostratigraphy is a new subdiscipline of stratigraphy that deals with the identification, characterization
and correlation of cyclic (periodic or near-periodic) variations in the stratigraphic record and, in particular,
with their application in geochronology by improving the resolution of time-stratigraphic frameworks.

It is mainly restricted to the study of the sedimentary record produced by climatic cycles of regular fre-
quency, tens to hundreds of thousand years in duration, which are generated by variations in the earth’s orbit
and are known as Milankovitch Cycles. Cycles driven by global climate have the most use in stratigraphical
correlation. Cyclostratigraphy is concerned particularly with these cycles and the precise identification of their
frequency. This has enabled geologists to develop an orbital timescale graduated in tens or hundreds of thou-
sands of years for parts of the geological column. Cyclostratigraphy also investigates the frequently complex way
in which orbital cycles have influenced earth’s climate, oceans and ice caps, and attempts to interpret how the
cycles seen in the stratigraphical record have formed.

The subject is a young one: the term cyclostratigraphy is less than 10 years old, and was first used at a
meeting in Perugia in Italy in 1988. However, the idea that orbital cycles might affect the earth’s climate was
suggested first by Croll (1875), and their potential use in developing geological timescales was discussed in an
extraordinarily prescient paper by Gilbert (1895), who identified bedding cycles in the Cretaceous and inter-
preted them as the product of orbital forcing.

It was a Serbian mathematician, Milutin Milankovitch, who calculated the orbital variations accurately for
the first time, and showed quantitatively how these determined the amount of solar radiation reaching the earth
(Milankovitch 1941). He proposed that these orbital cycles were responsible for climatic changes leading to ice
ages. His work was not treated seriously at the time, because the changes in solar energy he calculated seemed
much too small to have caused glacial and interglacial periods.

Milankovitch cycles remained unproven in the stratigraphical record until 1976, when Hays et al. (1976)
demonstrated regular cyclicity of 100Ka, 41Ka, 23Ka and 19Ka in oxygen isotope and other data, in deep sea
cores covering the last S00Ka. The periodicity exactly matched major orbital cycle frequencies previously calcu-
lated by Milankovitch and demonstrated that orbital cycles acted as a pacemaker to the ice ages. This work led
to the establishment of an orbital timescale, which now extends back 20Ma to the base of the Miocene (e.g.
Shackleton et al. 1995).

Identification of orbital cycle frequencies in older sediments has not enjoyed such dramatic success. This is
probably because the signal is blurred by the numerous other time-dependent variables which affect sedimenta-
tion, such as rapidly changing accumulation rates and hidden hiatuses (Schwarzacher 1993).

Sequence stratigraphy is presently regarded as one of the most important unifying concepts in sedimentary
geology. It seeks to explain the depositional patterns of sediments on a basinal scale, with reference to changing
sea level and tectonic subsidence.

Although it has been greeted as a totally new approach to the description and correlation of bodies of rock,
sequence stratigraphy does have a past. From the time of James Hutton, unconformities have been used to
separate major rock units; in some cases, the differences between rocks on either side of the unconformities
have been so profound, that they have been used as the division between systems.

Sequence Stratigraphy grew from seismic stratigraphy and was almost entirely the product of a small team
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working at the Exxon Production Research Company, under the leadership of Peter Vail.

Sequence Stratigraphy has fundamentally changed the way in which we interpret the stratigraphical record.
The main strengths of the model are its ability to explain the depositional patterns of sediments on a basinal
scale with reference to changing sea level, subsidence and sediment supply, and to provide a chronostratigraphical
template for correlation. The key idea of the concept is the integration of information within a consistent spatial
and temporal framework. Sequence Stratigraphy is a genuine evolution in geological thought, and it provides a
new tool to master when using Sedimentary Geology in the petroleum exploration.

What is the foreseeable evolution? We can expect:

A rapid spread of the concepts and their application in geoscience;

A decline of the inconsistencies which result from different data types or tools;

The development of robust tools for stratigraphic modelling and automated processing;

The creation of a common reference system for the different specialist techniques of Sedimentary Geology,
including Organic Geochemistry (the evaluation of source rocks and of their petroleum characteristics requires
an understanding of the deposition of these rocks; this field has yet to be more fully explored);

The establishment of links between stratigraphic architecture, sedimentary facies (reservoirs, source rocks,
seals), petrophysical properties, ecosystems and synsedimentary tectonics.

The integration of high-resolution sequence stratigraphy and cyclostratigraphy can lead to a better under-
standing of the sedimentary systems and of how they react to sea-level, hydrodynamic, climatic, physical, chemi-
cal and biological changes.

5. CONCLUSIONS

Stratigraphy is an essential and dynamic discipline in modern geology. As our understanding of global proc-
esses accelerates, there is a clear and increasing demand for high-resolution stratigraphical data. In recent years
this has led to the development of a bewildering array of specialist, and increasingly sophisticated, analytical
tools. Despite this, the fundamental aims of stratigraphy remain unchanged: those of establishing the sequence
of rock units and then interpreting them as events in earth history.

In the new century perhaps the general trend in stratigraphic research would be combine and integrate the
subdisciplines rather than subdivide and discriminate them. There may be no more need to increase new
stratigraphic categories. On the contrary comprehensive of the mutual relation between the categories and
precise designation of stratigraphic terminology may be more necessary.

Stratigraphers are commonly using the following phrase “past is the key for the future”, in order to reinforce
the importance of stratigraphy in the complex of geosciences, but during the last years, there is one more phrase
appearing, which reflects the current scientific trends, “the present unlocks the past”. Probably the truth is
somewhere between both of them. And the science of stratigraphy is strongly called to face successfully a period
of unprecedented progress as new technologies and data analytic approaches are integrated, in order to estab-
lish solutions/directions, as it enters the next millennium.
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H I'EQAOI'IKH MEAETH TOY GAAAXYIOY ITYOMENA KAI TQN
YIHOXTPQMATQN TOY KAI OI XYI'’XPONEX EPEYNHTIKEX TAXEIX
(ME EM®AXH XTHN IIEPIOXH THX YPAAOKPHIIIAAX)®

K. IIEPIZOPATHL'

ZYNOWH

H ovompomxy €pgvva tou BaAdooiov mubpéva ®ot Tmv VTOOTQMPAT®mV TOU dEyLoe HOAMS ToV 190 awdva ue
70 £0€VVNTLXO TaEe(OL ToV Boetavinot oxdipovg CHALLENGER al\d avamtiyOnxe idiaiteQo petd tig mouTeg
denaeties Tov 200v awdva. H meproxn twv eMnvirav Bohaoowy doyloe vo epevvatat petd 1o 1950, nou uéyol
OoffueQ €xEL AmOTELEOEL QVTLREUEVO DLEBVAV EQevVNTIRAY TEOYRaURETMY. ATS TV deraetia Spwg Tov 70 o
u€xor ofpeoa oL EMANVeg emoTijpoves €xovy Wiaitepa dpaototomombel oy €pguva Tov eAANVIxoy Bakdo-
ooV TBUEVQ, TG00 0TS PabeLEg TEQLOYES 000 na ®VEIME OTNY VpahorENTida.

Baowog mapdymv ot dtapdogmon g vpakoxonmidas elvar ou petaffohés g otdlung ratd to Tetap-
T0YeVES. O TEXTOVIONOS ROL Ol EVOTATIREC/LOOOTOTIRES YV OELS avtiBeta oupufdilovy ol Mydtepo oty da-
uéEpwoN g popgoroyiag g vparoronmidas. To veahodpo otg eMnvinés Bdhaocoeg Poloretar oe BdBog
120p. €mg 160p. row cVVIBWG ®EAUTTETOL OTTO VITOAELUUOTIRA LOROTO ROL ROTA TOTTOVE OTTO TEOGQATA OLOXLL-
vird jpata xuping oe mepLoy€s d€Ata. Ze meQLodovs xouniig otdBung morhol xGhmor oto Avyaio xou I6vio
ITéharyog vitav Aluveg M| uépog g Enods. Ztig meptddovg awtég adpopuen Winata aretiBevio otg fabelég
eQLoyEs. AvtiBeta og meQLEdoug avédov g otdBung ta adpoper| Wijnata arotiBevro oty vpahoronTida
eV Tt AeTononr®a. otig Pabetéc meployes. O dradinaoieg avtég ametzoviCovial T600 OTIS GELCIHRES RATAYQM-
PES 600 %aL OTa IENUATOLOYLRA OTOLYELCL.

210 «TTQOXTHA» ATOTEAECUATO TNG UEAETNG TNG VPAAORONTIOAS CUPTEQLAAUPAVOVTAL O EVTOTOUOS XONO(-
POV 0QUATOV ITNUaTOYEVODS Toelevoems «placers” 6mme N Tapovoia oravimy youdy oty mepLoyy Aovtpd
EhevBepwv-Néag TTepdpov oty Avt. Maxedovia, »aBug ®ot 0 eVIOTIOPOS ®OL 1 %0101 TOU £mzhvotyevoug
oTeMuaTog v Beperimon texvirdv €oywv. Zta «Be@ONTIRa» ATOTEAEOUATO TNE YEWAOYIXNHS UEAETNG TNG V-
paroronmidog elvar QUOWRA 1 YEMAOYIXY] YVHON TOU LwTROU quToU Yo TOV GvBMITO MO0V UE TUYRERQLUEVAL
TOQAdEYHOTO OTTO TNV YEWOEYALOAOYIL ®on TV Bloyemypadpia.

e 0T agod TG HEAMOVTIRES EQEVVNTIRES TAOELS TS Boldootag Yyewhoyiag, auTtég elval:

H avdmtugn faoewv 0edouévav Tmv otouyelwy mov ouriéyovtot ol Tig BoAdooies €0eUves.

H extetapgévn yorjon moivdiavirdy nyopohotiniv (seabeant)

H peitinon g ymeraniis eneEepyaolog TV CELOUROV ROTAYQUPDY.

H oulhoyn otouelmv yra uehétn Twv EAMOVIIXOY RAUOTIROY oMYV,

H pelém towv emmtdoEmy oty TaQAxrTo OV o6 ROTAOTQOPIRE (POLVOUEV.

O #oTaYQUQES TOV TUQOUETOWV IENUATOYEVVEONS OF TOUYUATIRG XOOVO.

ABSTRACT

The systematic research of the sea bottom started axcually only in the 19" century with the research voyage
of the British ship “CHALLENGER” but was particularly developed during the early 20" century. The Greek
seas were geologically explored after 1950, with the research trip of the R/V Vema in 1954 in Korinthiakos Gulf.
Since then a great number of research programs has been carried out in the Greek Seas both in the shelf and the
deep sectors in which the Greek scientists have played a major role.

The major factor in shaping the todays shelf morphology is sedimentation controlled mainly by the sea level
changes during Quaternary. The shelf break in the Aegean and Ionian seas lies at a depth of 120m. to 160m. and
is usually covered by relict sediments and locally by holocenic sediments, particularly at the deltaic areas. In low
sea level stands many of the todays gulfs were subaerically exposed or constituted lakes of variable depth with or

* THE GEOLOGICAL STUDY OF THE SEA BOTTOM AND SUBBOTTOM AND THE RECENT RESEARCH TRENDS (WITH
EMPHASIS ON THE CONTINENTAL SHELF AREA)
" Aivom Tewhoyiag & Tewroyav Xaproypagrioewy, ITME
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without outlets toward the open sea. During these stages coarse sediments were deposited mainly beyond the
shelf break. During high sea level stages the coarse sediments were deposited on the shelf and the fine grained
ones surpassing the self break were deposited in the deep areas. Theses changes in sediment texture are re-
flected in the deep sea seismic profiles as alternating opaque-transparent layers. Although the Greek area is
characterized by high seismic and tectonic activity, tectonism and eustatic/isostatic factors played a considerably
minor role in shaping the shelf morphology that of sea level changes.

The study of the shelf area during the various sea level stands helped in locating occurrence of placer depos-
its in the Northern Aegean shelf and in recognizing the trans gressional layer as a suitable horizon for founda-
tion of civil engineering projects. Except these, the shelf studies contributed important information to the basic
geological knowledge. Examples from condribution to geoarchaeology to biogeography are cited.

Regarding the future research trends in Marine Geology, these can be:

The development of marine data (metadata) bases.

The systematic use of multibean systems.

The further development of digital processing of the seismic reflection records.

The collection of data for the anticipating future climatic changes.

The assessment of the eventual catastrophic events in the coastal zone.

The recording in real time of the active sedimentation parameters.

1. EIZATQI'H

O Bdhaooeg xon oL wxeavol xatahoppdvouvy to 70% g EMPAVELOS TNG YNG, XL OTOTEAOUV €va medio
oVVEXOUG EQEVVOG %Ot avaroAOPewy. To VYEO6 OToLyelo Ntav TAvVToTE pio TeELoxy EAENG adhd xat pifou yuo
TOV dvBWTO, TTOV TEOOTABWVTAS Vo EQEVVIIOEL TV Boddoowa pala doynoe ol va pehenjoet Tov BahdooLo
mubpéva xon Ta vrooTedpatd Tov. Ko avtd mapd 1o yeyovag ot 1 mopdxta Civy ametéhece amo vy ayn
mepLoyr] évrovng avlpwmvng dpaomoerdtrog. Edv ota ntapandve mpooteBotv xon ta YEYOVSTa Tmv axgainy
HOLQIRAY (POLVOUEVOIV, TTOU QTOXTOVY LOLa{TEQEN EVTaom 0T0 BOAGOOLO XWEO, ®0BMS ®aL TS avédov g otdopng
™G BGhacoag, TOV B0 EVIVTIWOINOE TOV TEOLOTOPLXS AVOPWTO, YiveTal EUROAX avTIANTTO YLaTi AOYNOE TE00 Vo
agyloel n uerém Tov Bardooov ubBuéva oe oy€on pe avtrv mg Enedg. "Etol n avBpdmivn gaviaoic £xave Tov
VY6 BOAAOOL0 YO ®aTowxia BV, dpurdvIwV ot TeQlEQYwY LDWV art’ auTév Gumg aovoiale o mubuévog
%O TO VTOOTEMUATE. TOV. META pixn oméotaon omd Ty axtij, 6Tou 1 GReOT) OTTIXY TOQAT N0 TOU mubuéva
avuxaBiotaro and my puBopstonom pe Borida, to fdbog avEavdtay téoo wote TAEov N «BEALoLg» deV 1ftav
et ®ow 1 Bdhacoa eBeweito amibuevn.

O\ TEWITES TAQATNENOELS TTOV APOPOVOOY TN PUoT Tov BahdooLov TuBpEVa Eyvay amd toug agyaiovg EA-
Mvec. ITo xapaxmoeionx fjrav 1 avagoed Tov Hpoddtov du o andotaom ueg nuépag tagidl amnd tig amnteg
™G AvydmTov, to Whjpara Tov mubpéva eivor Spota pe to hijpata Tov Nelhov, 6wg Tapornenoe and Ty ouoto-
on towv Wnudtwv mov zdvpoav my Borida fabupétonons. Extpioeig fdBovg avagépovan emiong and tov
Agiototéln oty Mavpn Bdiaocoa, tov Zrpdfwva, Tov IThivio tov ITpeofitepo, Tov Pafiavs, ahhd xal oy
Koy Awadnixn. TIpogavag ov BOMOOUETENOELS 0poQoUoaY TOQARTIESC TEQLOYXES TEOOEYYLONS TAOIWY, ETOL
@ote va eEetaotel ) duvardmra ayrvpofoinong.

ARG TIS TEWTES EQEVVES EYIVE OUPES GTL 1) CLOTNUOTLRY YEWAOYIXRT] HEAETY TOU TUBREVOL HaL TV VTOOTOM-
UATWY TOV PTOQEL va. YivelL amoteleopatind pe dvo mpoimobéoeis. H mpwn elvaun dtu amonteitan opadint| epya-
oio T600 yio. TNV GUALOYY GO0 RO YLCL TNV EXTIUNON TWV OTOLXEIWY, YLOTL Ol THQOTNOOELS EIVOL EUPECES HOL
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dedopévav, yati mty. A po %oTaryQopY OELOULRYG AVaXAGOEWS TQORUTOUY EQUNVELES Yiat TNV ICnpatoroyia,
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2. H EEEAIZEH THE OAAAXIIAY TEQAOI'TKHEZ EPEYNAX

H mpwtn «ovotuatixii» €0guva tov amotéhede otabpud otV HEAETN TOV MKREAVIOU TUOPEVA, 1oL PAMOTO
oe moryréouo entimedo, fray to TaEidt yipw amd v vdpdopatpa tov Beetavivol ordgpoug Challenger (Zy.1,
Seibold and Berger, 1982) wov dujpxeoe toia xoovio (1872- 1876). Zto tafid avtd n €pgvva frav xvping
Broroyuri Spwe mporypatomototviay Bubopetorioels xow oulhoyr] derypdtov Wnpdtmv. Av row dev eméfauve
YEWAGYOS 010 OrAQOG, To delypata peretiOnxrav and tov yewhdyo A.F. Renard mov diéxpuve Wjpata vgparo-
xonmidog xow fabdv meQLoy Wy, Exoviag vdyn Tov BEPara g avaroyes andyelg tov J. Hutton xow tov A.L.
Lavoisier yia ta Baldooto Wipota tg Eneds mov eiyav mponynOet.

Xy. 1: Xdotns dtadgours tov oxdpovg HMS Challenger 1872-6.
Fig. 1: Map of the route of the ship HMS Challenger 1872-6.

Katd g mpoteg dexaeties Tov 20° audvo, dOYLooy Vo TQOYUATOTOLOUVTOL Ol HEYAAOL WRECVOYQUPLROL
nhGeg eEomhopévarv Q/K oxagav 6w tov yepuavirot “METEOR” (1925-1927) xaw tov Zoundirot «Ahumo-
1005» (1947- 48), mov eEgpevvnoay ueyYGAeg EXTACELS TWV OREAVAHV.

Zmv Meodyero ovotnpatinég £pguveg elyav yiver oy tov 2° Iayrdopo IIhepo omé OMavdnd, Farhnd
rau Itohrd viroPuyia mov mpaypotooimoay peteiioels fagimrag. Zmv EAGda petprioels fabovg row guot-
ROYNUHAV WLoTTwy g Bakdootag otiing doyroav amd 1o Mokeuxrd Nowtirs and to 1906, To omolo extinm-
O€ %o ToV TEdTo VOPOYEAPLKS XAty To 1908.

Katd ™ dudoreia tov 2 Toyroopiov ITorépov n avdynn evromopot v exfowmav vropouyinv €dwoe
waiteen xow onpavaxy Odnon omv avdrtudn tov nxofolotiev ovoxevdv. Tavtdyoova €ywve cogrg xot 1
onuaocia Tov e6poVs TWV XWwELXWY VOdTwY. To aEXd 6o TV 3 WAiny, Tov ftov N ardoTao aoPAleLas yio
oantd Bohdoons popufapdiopd, eentddnuxe ota 6 uiho xa oty ouvexela ota 12, pe v dvodo tov BeAnvexovg.
Z1jueQa Ue TV avardivyn Twv TAOVTOTAQAYWYLXMY TNYDV Tov Bahdooiov mubuéva, mov Eexivnoe pe mv avo-
RAAYPN TOV ROTOOPGTOV TETEEANIOU, %Ol OTNV CUVEXELX TV ROVOUAWY payyaviov xot tov vdQoBepurndv
ROLTALOUATOV OTLG PECOWREAVLES QAXELS, EXEL YiVEL awrodexTii 1) €vvora TG Amoxrherlotxnris Owovopurng Tavng
(Zyx.2, Cronan, 1982). "Etot, xd0e mopdxtio ®dtog diexduxel Bardooio €xtoon 200wAiiov amd Ty axtoyoopumwi
TOUL.
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2. 2: Amoxdeorinrj Oweovouusrj Zava.
Fig. 2: Exclusive Economic Zone.

O alay€g autég 010 Vours ®oBeotig TV Bahaoowy elyay OUVETELES XL 0TV €0EVVA, TOU BoAAOGLOU
mubpéva, yari TAEOV oTaUTE(TOL OUVOIVEON TOU TAEAXTIOU XQATOUS VIO TNV TQUYUATOTOMNON TV EQEVVHV.
BéBoua n vopoBeoio mpoPAémet v ehetiBepn X0 YNON GOELAC, VIO ETLOTNUOVIXES EQEVVEG, GUMG 1 dLdxpLom
EMOTNUOVIHNS- EQAQUOOUEVNS EQEVVOS Elval SUOHOMN %Ol AORETES POQES YONOLUOTOLEITOL OVOUEQWS TTOOS
OELOG TOU TAQAEHTLOV HEATOUG.

Zmv EMinvirr} empdrera vedoyovv 9.835 vnoud, vnoideg xau foaxovnoidec, xon 161 diawhor naw otevd. To
OUVOAXG aVATTUYUA AXTOYQOUWS TS XDeag eivar 18.400Km evd 1 EXTAONG TG OTTOKAELOTIRIG OLXOVOULKIG
Civng eivaw vrepdumhdora e Hrewpwrirrc. "Etol o eMnvixég BGhaooes pe tov gvpitato diapeMopd tav
OXTAY Ko ™V TOAVHOEpIa TG pop@oroyias Tov TubpEva Ekxvoay o EAXHOVY TNV TEOCOYXN XAl TNV TEQLEQ-
YELOL TWV EMOTNREVWY. A6 TV TRWTN epevvnTint dradpopi atov KopwvBuoxd KGAro tov Apepiravinot epev-
vnuxol oxdgovs VEMA 1o 1954, gpevvnuird oxdgn »vping and Falhia, AyyAia, Ivolio, Teppavia, OMavdio
xay HITA, emoxré@pmuav exavetinppéva tov eAAnvins Bahdooto xdeo, Pe amoroQUQOUC TNV TQAYUATOTOMOoN
TOV YEOTOHOEWV VOTLOL TOV NPOLOTELAXRO0T T6EOV and 1o oxdgog “GLOMAR CHALLENGER” 1o 1976, oto
mhaioto tov mpoypdupatog Deep Sea Drilling Project (DSDP).

AT6 eMnviniic mhevpds mpwtoréog BERana oty perétn tov mubpéva fjtav 1 YY/TEN (Ydpoyoaguxr
Ynnpeoia) mov extég and Tig peAETeS ™s Bahdoolog otiing €maigve delypota xow TUEVES TwV Wnudtwy Tov
muBpéva. H €pgvva ritav mpooagpoopévn, 6nmg ftay guowd, ong avayxres tov ITokeprot Navtirot. Zrabudg
frav 1 dovon tov IRKAE (Ivotitovto Queavoypapiog o Ahevunayv Egevvdv) 1968, mpddpopov tov EK-
OE, mov ®uping and to 1974-75 doyioe va aoyoleiton zow pe ) @aldoown Fewhoyio. Awetibuvon Ooldoolog
T'ewhoyiog mpofrendray xaw to 1972 oto ogyavéypopuua tov E@ITME, mpddpopo tov ITME, 1 oxetirn Gpag
dpaomoedmra doyLoe xow €8 to 1975. “Eton, ovowoouxd amtd to 1976, Eexivnoe and ta o avtd egeuviund, Ivoti-
ToUTa, 1) ovoTRaTIXY YEWAOYWKI] EQEVVa TOV EMAVIXOU Bahdooiov TuBuévo amoxrhelouxd omd EMnveg emonipo-
veg. "Extote €youv avEnbel evunmorond 1600 ta Ivotitouta ®a oL EmOTROVES Tov aoyorotviar oty EMGda pe
™mv perém tov Bahdoowov muBpéva (Tlavemonijwo Idrpag, IOABIK, EMIT, Mavemonjua @scoahovixng, Adn-
vayv, IMovemoriuo Avyaiov xow @eocohiag). Axdun dnuioveyinxre to 1986 to petomruyomd Twijpe Qxea-
voypogiag oto [Tavemoriuo AOnvav now tpdopata £yive Tuijpa Oaraooiov Erotudy ot Mutdivy. Idwai-
tepa onpavixi ftov ko N peteEEMEN tov IRKAE oe EKOE xou 1) péxot 1o §0aotoLdmtd Tov mov eviayv-
Bnxe amoQaOLOTIRG PE TNV TOEAAANAN amdxmon tov Q/K oxdgovg AITAIO. AM®OTE M avoyroudt| e and-
AINONG RATIAANAOU EQEVVNTIXOU OXRAPOVS NTOV QG TNV QQXY TOOLPOVIS KOl OL 0YWXES TOWTOPOVAIES RO
emxowvaovies pe mv YY now 10 IQKAE, eixav avaingbei and tov téte A/vtj tov I'ME 9. I. Mropvéfa to
1977. Znipepa EAANVES EMOTHROVES OTOV BAAGOOLO Y WHEO TEWTOYWVIOTOUV OTNY PeAETN ToU Boddoolov Tubpé-
VoL NG XWEOS TGS Ko otV YEwAoywrn peAET g Enpdc.

Kdévovrag pa avadoopi ota tehevtaio 30 wepimov £t umogovpe va movpe Gt duarpivovpe oe adQES yoou-
UES TEELS TEELGOOUS BOAAOOLOG EQEVVITIXIG dEAOTNOLETNTAS, OVAAOYO PE TO XVOLO OVTIXEINEVO TNG EQEVVAC.
21 meayt TteEindo, uéxot ta tTéAn g 10etiag Tov 70, oL EQEVVES 1TaY KVEIMS OVAYVWOLOTIXES BABUNETOIXES e
derypatodmpieg nat muonvolmpies xabwg xo XO10oN RS E0G HECAIOS TEQUTOTNTAS OQYAVWV OELOULXIS avaL-
®hdoemg. Axohovbnoe po tepiodog eviamxiis £pevvag g Pabiteons doprig Twv eEAMVIRGY BAAXCOWHV pHéxOL
10 T€Aog g denaetiag Tov 80, nan ®vpiwg oty AV TdpEo xon Ty Meooyewaxn pdyn. "Hrav dMworte n
neQindog g avamTuEng xou xabiépmang g Bempiog Twv MBoopapir@y Thaxrdv oy meploxy pog. Télog,
%oTd TV TEAEVTOLC dERAETIO, OL EQEVVEG, VTG TNV ENidRaON TTROPaVAS TS Bewplag Tou paivouévou Tov Bepuo-
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HNTEOV RO TN TEOOTATIOS TOV TEQUPAMOVTOS, E0TLACTNROAV %ot TTAAL OTOL OVATEQX OTEMUATA TWV NUATWY
oV TUOPEVA uE OTGYO T HEAETN TV RAPOTIROY CLUVONRWY ®UEIWS xatd To Avdtepo TThewotdnavo xal
0UvOEDT] TOUG pe TS avopevoueves ¥uponrés arhayés. "Etol pmopel va hexBel dtL ofjuepo vrdyouv Alyeg
TEQLOYES TTAYROOPIMS OV EXOVV TOG0 AeTTOUEQMS UEAETNOEL Gmtmg 7.y 0 KopivBiaxds Koinog, to Hpatotera-
%6 T6Eo tov Avyaiov row 1 EMnvirn Tdgeog.

‘Oheg avtég oL Bahdooies YEMAOYIRES EQEVVES EXOUY 0dNYNOEL OE OLOTUTTMIOT EVIVTTWOLOXWY DEWOLWV Qo
TTOAOUG ETLOTIUOVES YLOL TNV YEWAOYLRY] EEEMEN TOL EVEUTEQOV Alyauarou xwov omwg ot Le Pichon, Angelier,
Avuréong, Mr Kenzie, Mascle, Mox1ig, o vo. avagepBotv peowxol. AAwote 0 Yewhoywrds xwoos g EANG-
dog amotehel ®Aeldl yia TV ratavonon g Yewhoyiog g Avatoixiic Meooyelov, ahhd xat Tng gvpUTEONS
TEQLOYNS, oy 1 Avyonaxy thdxa mapepfdireton petal g Agpetrovirig, ™ms Actomnis xau tg Evpwrmod-
%1ic. OL Bewpieg avtég elvar Aiyo oA YvoOTég row €Tol 1 Toovoa epyacia B eotaotel #vEimg otV oupuforn
TWV EQEVVNTIXMY dQAOTNOLOTHTOV TV TeAevtaimy 30 €TV oty yvidon g medogatng yYewhoywriis eEEMENS
xvping ™ms EAMvuniic vpahoxonmidag alld xow oty onuacio twv armtoteAeopdTov outdv yia tedia 6mmg ot
0purTOL TGO, (TGS VOROYOVAVOEAXWV), Ta TEXVIXA £0YaL, 1) cEXaoloYLrY EQevva xau 1 Broloyia. Zto Téhog
TOQOTIOEVTAL RaL PEQLRES OXEYPELS TTAV®D Ot peAhoVTL®OUS TOGTOVG €pevvag Tov BahdooLov XwEov.

3. OI METABOAEX THE ETAOMHE THX GAAALIAY KAI OI IZHMATOI'ENEIX AIAAIKAZIEL. OI
EYNEIIEIEZ XTON EAAHNIKO XQPO.

H évvoia tng vpahroxonmidas.

Mo otatoTiry PeAETN TG RATOVOUTS TS HOEYOAOYIaS TG Yedopapas (Xx. 3) delyvel 6Tl avt TaQOVoLd-
Cel par OLUEQT] ®ATAVOWT] HE UEYLOTN OUYVOTNTO VYOUETEOV 0TV Ened ta 685u. nou fdbovg mubpéva ot BGAao-
oa ta 3.800 p (Van Andel, 1985). Avté ameinovilel oty moayponxdmra 1o SLpues Tov Yijtvou glotov, dnhadi
tov Hreelpwtind now tov Quedvio (2y.4). Ztov nraelommrso QAOLG ROl OTNY TUQOKE (EVY WREAVLO EXTOON LOPOQ-
pavetat N vepahoxonmido dnhadh n vrobordoowo Extaon Tov TUBREVE ATS TV aRTOYRUUUY PEXOL TO VQUAOG-
010 oV evrtomiCetal o péco PAabog 130u. €wg 180p., Ztm ouVEYELD AXOAOVOED 1) NITELQWTIRT] KATOPEQELL KAL 1)
NTELROTIXY oviIPwon kot petd ot Pabelég meploy€s pe ta afuoowrd medio TG PECOMREAVLES TAPEOUS KL OG-
xews (Boillot, 1981, Xy. 4).

M W oMtimt
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Zy. 3: A Karavourj avayivgov, Eneds xar mvbuéva. B Katavourf ovyvornrag avayivgov.
Fig. 3: A Depth distribution of ocean floor and land elevation. B Frequency distribution of elevations.
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2x.4: Mopgoloyia Baldo-atov mvluéva.
Fig.4: Sea floor morphology.

ARG dmoym iEnpatoyeviy dlepyaoudv ETOUEVMC, 1) TEQLOYY TNE VPAAOXENTIdOS, ElvaL TEQLOYI] TTQOOYWOE-
v, dLaPEWCEWV, OTOOENVWOOEWY Kol OF PXREOTEQO PabBpd xaTtoAMoBjoEwV ®an £QmuOpPoy. Metd T0 VYalodELO
avtifeto emxQOTOUV oL ouvBN®eS ®aBItnong xat palxdv peTarVioEWV TV IKNRATOY, AGY® VTEQQOQTLONG,
%ol €V ovveyeio Tueoddtong ®uping pe v oetouxr} dpdon (Hag, 1991).

T tov yewAdyo to mpayuatxd 6pLo ENeds- Boldoong dev eivar 1 onueevii axtoypoup, aAhd o veparo-
6pto. Kar autd ywati y meguoyxn g vpoloxonmidag amotéAe e, ROTd TLS OO YOUUEVES TTOYETWOELS TEQLGDOUG,
Enod Mdyw g tomeivoong g otdBung g Bdhacoag xatd 120-130u. mepimov. AMwote 10 vpoAodELO atoTe-
A&l éval «mEiTNG TAENGS» POEPOAOYIHGS aToLXElD TOV Yrjtvov avdylugou (Vanney and Stanley, 1983) xou tpoodio-
oiCetan o pa omdroun petafohi tov fadous, ue mayréouo péoo Babog 132u. péon andoraon and my axnt
75km now pwoet va axohovdnBei oe wo ovveyj dradpoury 300.000 xu. wepimov oto vparomhaiow THV wxed-
VUV TTEQLOYWV.

H onueowr] dtopdegmon Tov y1jtvov gAoloy eival QUOLXG ATOTEAECUOL TV YEMAOYLRGEY JLEQYOOLDY ®aTd
NV SLAQXELL TWV YEWAOYIRWDV cuddvayv, ortdte €xel extiunBel 6t 1 Bahdooia otdOun 1tav apnidteen amé v
onueowt} xatd 150 €wg 270u (Leinfelder and Seyfried, 1993). Katd v yewhoyurr wotopia droxgivoviar €wg
taEN pneyE€Boug yooviriis didoxrerag, oxtd (8) nuatoyevels «wixhow (Zy. 5,6) mov oyetiCovrar pe v puetafo-
M ™ otdBung ™mg BGhaocoac. H mpdm taEn dudpxeiag twv 10° (100 ex) eTdv apopd TOUS YEMAOYIROUS QUMVES
OTWG 7. TO PECOLOLXE 1 TO ROTWTEQO TTOAOTWIxd, 1 devteEn TAEN Twv 107 (10 £%) £TdV 0QOEE TLC YEWAOYIRES
TEQLGdOLE, 1 TRt Twv 10° (1 €%) €TV apopd oTg yewhoyrég dramhdoers, N Tétagt Twv 10° (100.000) etdv
apoEd T YEWAOYWRES Pabuideg o \WwaiteQa TG TayeTMdELS — necomoryeTddels Poduideg xan n mépmm taEn
twv 10* (10.000) e1dv agopd T emti péEoug HeTEPOAES TG 0TdOuNg evids Twv fabuidwv. Zjuepa €xovv avaiv-
Trd peketBel ov dvo terevtaieg taEeis twv 100.000 xon 10.000 etdv.
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(modTng xat devtens Tdéng) xard to Pavegolwixo. TV TENUATOPOPWY xaTd Ta televtaia 700.000 &rn.
Fig. 5: Major sea level fluctuations (first and second Fig. 6: Changes in the 0" | O™ content in the
order) for the Phanerozoic. Sforaminiferal shells during the last 700.000 yr.

“Eva ané ta dvorordtepa mpofhjpuata g Bordooiag YemAoylag fTav 0 TEOGOLOQLOUGS TV TEONYOUNE-
vav B€oewv g otdbung g Bdlaocoag (Stanley, 1995), xow autd yiaTi OL PETOYEVEOTEQES TOOTYWOLYEVELS 1
drofoworyeveic Saduraoies epmédlav Tov aELGmLoTo eviomopnd Tahadv B€oemv g otddung (Zy.7 Ztoveio
uéxot 1o 1968). Opms oL EMTMOVES ROl CUOTNUATIXES UELETES TOV TOLAV TEAEVTAIV DEXAETUDV, Lag YOV dOOEL
UL OOLPY ROL OVTLXELREVIXT] ELROVA TNG PeTABOAiS ™G otdBung natd ta tedevtaia 500.000 €, pe Pdon to
wotoma 0&vyévou 0'° /0" ata kehign Twv BAAAooLWY TONUATOPSEWY %l TwY X0QuAM@Y. Idaitepa aEidmoTa
elval Ta atouela naw oL xpovoroyrioels yia ta tehevtaio 150.000 €t (Chappel and Shackleton, 1986), (2x.8)
%O AHOPa TEQLOOOTEQO Yo Taw Tehevtaia 20.000 €. "Erou €ywve cagéc L 1 wradon e otddung e Bdhacoog
ratd. wepimov 120 €wg 130 . tav YEYOVAS ®atd TNV SLEQXELN TV TayETWOWV TEQLEdWV, e EVOLANECES HETO-
Bohég natd Tig pecomayetddels. Me avtd ta otouxeio umopotpue mhéov va pehetioovpe v eEEMEN ndbe vpa-
LhoreNmudLrng TeQLOYNG, AUPAVOVTOG QUOLXE VITOYN %L TOUS TOTLROUS TAQAYOVTES YEMAOYIRIE dLaudQmong
(TerToVINY], TEOOWOQEA LNUATWY ®.A.TT.) RO CUOYETICOVTOG ®ABE YOOVIXG SLACTNIA AVTPOONS 1) TOTEIVWONGS TS
otadung pe ta aviiotoya ogvyovoicotomnd otddia (oy. 8).

Me Pdon Aowmdv ta mapandve, teo 20.000 xow tpo 150.000 ety mepinov, N otdBun g Bdhaocoag frav
ratd 120 éwg 125p. mepinov youniotepa. Xto puetall tovg dudompa to fdbog frav 40-70u. wdtm and 1o
onuepwo. Téhog, petd v tehevtaia tomeivwon g otdbung meo 20.000 etdv, doyioe 1 dvodoc mpo 16.000
£TOV TEQITOV %o M omola €ywve pe Wiaitea Tayels QuBpoUg uéyot Ta 7000 €t meimov TEWY atd oYjueQa.
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Zx.  7: Ocon v yoovoloynusvwy Balaooiwv deryudroy inudrov, nlixias éog 17.000 etdv, oe oxéon ue

onueowvij otdBun s diacoas.

Fig. 7: Samples dated for the past “17.000 years and their elevations plotted above and below present sea level.

H popgolroyio tng mapdxtiag {dvng xou Tng vpa-
Aoxgnnidas otig eEAAVIrEs Bdlaooes.

O mopabordooteg eQuoyés g EAMGdag  eivon
oV TAELOYN @i TOVUG OQEWVHS SLapPOQPWONG, e T
vi] Tov €xovv peydin xiion moog ™ Bdhacoa, AGyw
TOV AMTRGV SLEQYAOLHV RO TNG UETO- AATTLIG TEXTO-
vuric onyudtwons. “Etor onEryevn vpouata xow ®ot-
Aadec evarhdooovion, eva 1 TodxTLO CHVN Elval ou-
viBwg otevii xau Poay@dns. O otapol wov Tg duap-
p€ouy eivar ouviBwg wrpol xelpagot tov amobétovy
otg xowhddec adoopepn yewyevy vhind. ZeTirvd &-
ATETOPEVA 0hovfLond tedio TeTagToyevoic nhriog €-
YOUV OYNUaTLOTEL ®UElws ot Bopero EAMGda amd Tovg
ueydhovs motapots Efpo, Néoto, Zroupave, AELS vow
AlMdxpomvo rot uredteens £xtaons oto BA Iévio né-
Aayog ot axtés g Hrelpov. Zug mepox€s avtég
€xovv amotebel 08 peydha mdyn TAELO- TETAQTOYEVT
nuata. H popgoroyio avni €xeL puotky Toogxtaon
%O OTOV TAUQOXELNEVO OahdooL0 TuBuéva pe Tov oyn-
potopd s vearoxonmidos. Etor oto B. Avyaio n e-
RTETOUEVN V@ahoxonTEida €xet opahr popgporoyia xou
gudLanELTo VYPahodoLo ot Pdbog petakl Twv 120 xou
140p. (Zx.9). Kanwg extetopévn vpororonmido oyn-
patiteton emiong 0to Avatohxd Avyaio peta&l twv
vnowv Afuvov, Awderaviioov xon tng Mirpdg Aoiag,
raBog vow og peQurd twijpara g Avtris EAMGdag.
270 I6vio ITéhayog To VpahodLo amavtdtol cuviBwg
oe Babog and 140 émwg 160 p.
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2x. 8: Kaumwvin uerafoijs s ordOuns xard ta
tedevraia 150.000 €rn. O agibuoi avrioToryovv o
oSvyovoioomixd ordoiia.

Fig. 8: Sea level curve for the last 150.000 yr. The
numbers correspond to oxygen isotopic stages.
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Zx. 9: Ofon vgpalogiov (YP) aro B. Aryaio.
Fig. 9: Shelf break location (Y®) in the N. Aegean.

Zrowyeia evoratixis ueraforrjs s ordOuns xard ta redsvraia 20.000 €ty otov EAAnvixd yago.

Zmv wepLoyn] Twv eEAAMNVIXAOY Bahaoowv dev VTAQXOUV QOOLOXQOVOAOYHOELS TEONYOUUEVWY BEcEMY TG
Boldoolag otdung exTos oo oToLyeia Tov agoEovy Ta teevtaia 3000 £wg 6000 £ mov Eytvay yio Ay aLoro-
yrég nuping €pevvec. ‘Omwg eival yvwotd Spmg oto dudompo avtd 1 B€om ™mg Bahdooiag otdBung elye otabe-
pomomBel xow £T0L OL PETENOELG QTES OTTELROVICOUV ®UEImGS TNV dQEON TOV TOXKOU TEXTOVIOPOU OF RGO me-

0LOYN, YLOL TNV CUYREXOLUEVY TTEQ(0dO.

"Etou oL evdeiEels mponyovpévay emmédmv youniic otadung yia Ty meQLoyn nog eivan Eupeceg, dMnia-
oM otouxeia ICnpatoroynd, OELOAHEV SLAOROTIOEWY, TEXTOVIOUOU %L YEMAQYAOAOYIUS, TOV cuvdudlovion
UE TNV YVOOTH ROAWTUA TNG TAYROGOULUS EVOTOTIRNG HETABOANS TG 0TdOung e Bdlaooas.

e 0 agopd Ta wnratoloyird orovyeia, eivol
YVWOTS 6Tt T IEHROTA TOU ROAVTTTOUV TOV ONUEQIVO
mOUEVE ROTATACCOVTOL OF OLAPOQES HATNYOQIES O
VAAOYQ PE TOV TEOTO %o TOV (EOVO amdfe0r|c TOvG.
Auto ogeiheTan 0T0 6Tt 0 TaXUS QUOUOS TS EmirAvONG
dev eméTpePe TV RAAVYN AWV TWV TOAAULOTEQWV LIN-
UATOV UE AETTOUEQEOTEQN OMORALVIXG. UE ATTOTEAE TP
™MV cogY] avtoTEogr] Tov pécov peyéfovg. “Etol oe
TOMES TeQLOYES Tov Bopeiou ron Avtinot Atvyaiov m
TEQLOYY] HOVTA OTO ONUEQLVS VPAAOGOLO CUVOEETOL UE
TOQEOVOTa TTOAT ®OADS StafaBpongvng xovoeororxNg
AUUOU O UE RAVOVIRT] Rotd Gauss XOUITUAY ROTOVO-
uic. Ol oUTd EIVOL XOQOKTNOLOTIRG EVTOVIG KUNOTL-
%1g dpdong, dMrad vrodnhwvouy tapovaoia tahoids
xS, EVE OTO ECUTEQIXG TNG UQAAOKONTIOOC TTEOTE-
ourd Aemréxoxna ipoto OelXvouv Ty EmxedTnom
TV ROVOVIXAY BoAdooiwv ouvBnrav itnuotoyéveons.

2. 10: Nvgrjvag ano tov xoAwo Kafdiag mov
meQLEEL TOV £0a@ixo 0giGovra b(B) vmoxeiuevo Twv
Oalaogoiwv iEnudrov (A).

Fig. 10: Core relieved from the Gulf of Kavala
containing the soil horizon b (B) underlying the
marine sediments (A).
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Xapaxrmelotxd eivor ot oe dVo TovAdLoTOV TTEQLOXES Tou Aryaiov, otov xoiro s Kapdhag (Zy.,10) o
otov N. EvBoixd, mupnveg mov Migpnxav oty vparononmida TeQLelyav ®dTm ond t0 OAOXAVIXG BaAdooL0
{Tnua, opltovres yepoaiag Wnuatoyéveons (edagurndg opiCwv B) (Perissoratis and V. Andel, 1988). H emagi
peTaEl tav dvo Wnuatoyevav opldviav forinoe oty axoiPr] XoETOYQAPNON Kl YVMON TG ETQPAVELLS
mEOEAaONG TG OdAaCOS ®OTA TV ETIXAVON.

OL GELORES RATAYQUPES, KVOIWG O OUVOVOOUO UE TO TAQOTAVM WNuaTohoyrd otorxeia Edwoav po
o] EXGVOL TOU OTOMUOTOYQOPIXOY TTOUETOV TV NpdTmv mov amotédnnay wotd Ty tehevtalo emininom.
ITpog v mAevpd ToV oNUEQLVOT Vparoopiov ta Wipnate autd amovoldfovy 1 amotelovv £va AENTO OTRWNRM
adyovs 1 éwg 2 pérpwy, emxatijueva o oxAned VoMU XoL CVEAVOUEVO OE TTAY0G OF TEQLOYES TAANLOKOL-
v wotopwv. Eivow evdagpépov £dd va onuelwBel tL ov peydrol motapol amobétovy to Wnuatoyevég poptio
Toug ®uEilne ota ahovfrand medio ™ Eneds xon £T0L TEOOPEQOUY IKQES OYETLRA TOCOTNTES 0TV dLopudopwon
™G onueEviic vpororonmidag. Aviifeta, uwxEol XelipaoEol, wov SLaPEEOVV ATTGTOROY OVAYAUPOU VEOYEVY-
TETOQTOYEVT] LENUATO, PETOPEQOVV PeYALeES TOOOTNTEG VMKOU 0TV mapdxtio. Luvn, petaBrAloviag onpoviind
™MV TAQAATLO HOQPOAOY(D. ATLG TAL O ONUOVTLRG GUMG LOQPOAOYLRA YOQAXRTNOLOTIXA TG ONUEQLVIG VPALO-
rONTOAGS ElvOL N TAQOVOIC TTRO- OAOXOUVIXWV EEQQUATWY TTOV €XOVV DtLoTWOEL OTNY E0WTEQLXY VPaLOUONT-
da pe amotéheopa o€ mEQLGOOUS younhig otdBung ™ dnutoveyio Apvav.

Metd. 1o vparoGELo M INUOTOYEVEDT EIVAL CUVEXNS ROL EPQPAVICETOL OTLS OELOPIKES ROTAYQAPES WG EVAA-
Aoy Tax€Tmv SLapavadv ko adLagavev 0pLLGVINY TOU GVTLOTOLOUY O TEQLEO0US VYMATS R XounAg otdo-
png mg Bdhaooag (Zy. 11), »ou mov eivan duvardv va ovoyetoBovv pe Ta didgoeo 0Euyovo-LooTomxd oTddia.

O textroviopds otV B0AAooL0 TTEQLOYY] UWTTOQEL V0L TTROOOLOQLOTEL KOl TOCOTLRA, E TNV UETENOT TS OVVILY-
poToyeEVoUs uetatdmong Tov opLLoviwv. O tpég mov €xovv Poebel rupaivovian and 0.1 €éwg 1 mm/Evog, (Zy.
12), evadd M ovviibng rj eivon puxpdtepn twv 0,5mm/érog. Exopévag 1 ovpfolii tg textovirng ot diapdopw-
01 ™G VPaAOXENTIOOG EIVOL PIXQT] CUYRQLVOUEVY HE TNV TaxUTNTaL TG avGdoU TS oTdBpng mov eivan, amd 8 €wg
37mm/étog (Bard et.al. 1989). BéBoua, xatd 1o tehevtaio otddio g eminlvong, petd ta 8.000 €, n péon
ToyUTTe avédou e oTdlung 1ftav polg 2 mm/Etog xou ETOUEVMS 0T SLAoTNUA auTé oL GAoL TG WEnpaToyE-
VEONG %O TNG TEXTOVLXIG E(VOL ONUAVTIKGTEQOL.

Suvagiic KE TOV TEXTOVIOUO €{var xow 1 GUUBOMY TOV EVOTATIXAY XAL LOOGTATIXHY XIVHOEOV TOU QAOLOT
oY TEQLOYT] RO, ASYm TS TENGS Twv maryetdvay. ‘Opwg 1 oupPoltj Tov mapdyovio autoy eivol emiong pxon,
™G TAENS TV PeQUR@V HETQMV xod ta teAgvtaio 18.000 €, ouyrouvopevn pe v cuvolry dvodo g otdbung
%xatd 10 SdoTnua autd.

TEhog, onuovTind otouyeia yia tponyouueves BEoels, g Bahdooiag otdBung xatd mv tehevtaio mepiodo,
Sivouy now o1 agyorohoyinés £pevves. YGQYOUV LOTOQWES HOQTVRIES TTOU CVOPEQOVIUL OF TOQANTIES TTOAELS
%O MpAvLEL, TOU OfpeQQ Eival EVIOS TS ENEAS. AUTES OL HOQTURLES SRMS EXOVV EVIOVO TOV TOTIXG XQLOUXTHOA.
Mepuxég Béoeig €xovv pehetnOel xaw omtd TV dmoyn g yewayaoroyiag, Wiaitepa yia 10 dSidoTnpa HETA TNV
o eEMhadixt| tepiodo (o 5000 eTdv) yior THV OmoloL VIAQYOUY RO OL TEQLOOGTEQES LOTOQIXES AQTUQIES.

Xy. 11: Evaidayrj diapavay xai adagavaoy orgoudrov iinudrov otny tdeeo tov B. Atyaiov. P: Zvvilnuaro-
YEVIJS TEXTOVIONOG.
Fig. 11: Alternating transparent and opaque layerw the N. Aegean Trough. P: Synsedimentary tectonism.
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2y. 12: Tayvmnres vextovixijs xabiCnons (oe mm | €rog) oro Aryaio xai Iovio Iéiayoc. Me yYoauuooxiaon ot
megoyes fabovs >200 m.
Fig. 12: Rates of subsidence (in mmiyr) in the Aegean and Ionian seas. Shaded are the areas with depth >200 m.

H poogoroyio e eAAnvinric vpakoxonmidag xat o ittnpotoyeveic Stadinaciec xotd 10 Avor. ITAeloTéRaL-
vo —OAGrauvo.

Tl tg avdyxes Mg maQoVo0g HEMETNG XONOUUOTOLETOL 1) TIOYHGOWLO, ROUTTOAT TV Fairbanks(1989) xaut
Bard et al (1989) mov agopd to didompua wpo 20.000 £wg 7.000 etdy. Tupgmva pe g UEAETESC QUTES PETA T
20.000 €m 1 otdBun dexioe vo avépyetan pe ToyvmTo Tepimov 0,5 ex/EToc, pe Eva avEavipevo puius amd To
16.000 €wg ta 8.000 €t wov €pBave ta 37mm/ETog, evdd oe 0 Swaomiparo petaly 11.500 xou 10.000 etdv
nabag xa petd ta 8.000 €t 0 puBudg avédou eiye wa onpaviun] empBodduvon, pe TaUTnTOo TEQLTOV 2mm/€Tog.

Halatovrodoywxi etndva xard ta redevraia 20.000 €.

Zmv gvotonr rapwiin mg petafohic ™ otdbung (x. 8,13) progotine va dioxpivoupe TOELS PAOELS: TNV
mom ota 20.000 €, Sray N 0T6OuN 1iTaY OT0 ROTGTATO ONPEID T, TV detTeon ota 11.000 €tn, 6tav vrjpte
pie 1) OTEENON 0TV avodS Tg oTdBuNG xow ™y Tt ota 8.000 €T Gty 1 otadun minoiaoe v onuepvy
g 0€om. H emdva mg meproyic pag, ota 20.000 £t pe my otdOBun ota 120m., oto. 11.000 £t pe v otdun ot
60m., xou ota 8000 €1 pe ™y otdBun ota 15 m fjray 1 anchovdn pe Bdom ta anpeELVA atotyeia:

Kotd 1o Avartoro [hewotonawvo (2y.14) omy mepuoxy tov Toviov, n Kégnupa ritay ovvdedepsvn pe my
"Hrewpo eva o Mpvn oynpanitotay petali tovs pe mbavy votia €E0do mooc 1o Iévio.

Zmv dvnni) Zreped EMMAda n axtoyoapun itav mepinov 10y Sutindtega Te onpeQviic, eva o exTeTa-
HEVN vepohoxenmida vmijye dutind Tov onuepvoy Tarpaixoy. OL meQIOoGTEQES VijooL GUVOEOVTOY pe WG pi-
#OES VNOIdES na 1Tav LEQIRES EVOUEVES %o e TV amévavTt Enod. Stov Kopuvbuomé vrreye wio Aipvn Babouc
mepimov 750p. now o aPabéoteon otov ApPoarixd (epimov 251.) Avtird e IMelomovvijoou N axtoyoauur
1itav 5 €og 8xu dutndtega mg anpeowviis, eva oto Nawaivo o onueptvée mubuévac tov xShmou Mrav Enod wov
duapeedtay amd my oupPor twv xewdoewy e €£0do mpog vaTo.
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2 weQLoyY| Tou Atyoiou, 0to POQELO TIIja VYo OtV O£ TS ONUEQVIES VPOAOKQONTIOOG EXTETAUEVOL
arhovBraxd redia, pe v axtoypapuwi o amdotaon 20 €wg 30km votuwteQa, SLaQEESHEVA OO TOTAUOVS TOV
elyov axolovBrjoet dapopetint mopeiat ard v onuevii. O NEOTog xat 0 ZTEUPGVAGS EVAVOVTAY JUTIHG TG
Bdoov oy exfdihovy ot Bdhaooa.H Odoog xatn ZapoBodxn amotehovoay 0pewvoug Gyrous tpovg 1225u.
now 1731 . avtiotowya, oe €va eXTeETOUEVO Thatd amtd Ty [eQLood péyot v AleEavdpoumoin. Mepurég Auveg
ue S1€E000 o€ TEQLGOOUGS VITEQTAQMWONG OYNUATICOVTAY OTOUS ONUEQLVOUS ROATTOUS IEQLO00Y, ZTQUUMVIZOU RO
ALeEavdovmolng. 2t xepoévnoo g Xaiudixiig n 1éte axtoyoauwi fjrav ouvnBwg oe ] amdotaon and
™mv onueowy (< 3xu) eved otov Oepuaind Kohro vmoye emiong éva exTeTopevo arhovfland mhatd mov duag-
QEGTOV OTTG TV TEOEXTAON TWV TTOTARMY AEL0U, Ahdxpova xar TIveLov, yuo v axpn ot twv onolwyv dev
VRAQYOUV OXOUT OTOLYE 0.

210 dutnd Avyaio ou wéhol Ioayaonuxds B.axar N. Evfoindg now Zapwvirde fitay turjpora Enods pue oym-
LOTLOUO OTO EOWTEQLRO TOUG IUKQEMV 1) peyalitepwv Mpvav fdBous peprav €mg 300 p. Zto voto Avyaio Spwg
AGY® TG QTGTOUNG HOQPOLOYIOS, 1) OXTOYQOUUY TAV ROVTA OTNV ONUEQLVY] EXTOS QTG UEUOVIOUEVES TEQLOYES
Onwg 010V Zapwvirs xot tov Apyolrd Kohmo, érov n Bdhaocoa fitav og omdotaon €mg 15 yhu. mepimov and
™v onpepwvn B€om ng.

1o Kevrpirnd Avyaio, ou Bépeieg Zmopddeg ritav evopévegs pe v Zreped EAMGda eved votdtepa oL Kuxhd-
deg ouvdgoviay petakl Toug oXNUOTICOVTOG PLoL EXTETAUEVY ENQA, HEQIXA XIMOPETQO QITO THV NTELQWTLXY] XD-
oa. Kdmwg extetapéva media eixav oynpotiotel otovg xoAmovg g Korjmgs. Zto Avatolnd Avyaio o Béomo-
00g eiye amoxromel ad 10 Avyaio, evdd ahovfiaxd media diaromtdpeva amd Bahdaateg oiAareg HTav axnpUaTL-
ouéva omv Afjuvo, Xio xow ota Amdexdvnoa mov 1itav ouvdedeuéva pe v Enpd xow dtappéoviay amd tovg
motapovs s Mupds Aoiag.

Katd v dudorerat e xaunirig otdbung tg Ghacoag to ipato PETOPEQOVTOY UETE TO ONUEQLVE VPAAO-
6010 %ol aTOTEOM®AY 0OQOUEQEDTEQQ UE TN ROQPT] TOLOUATIXAYV TTEOOEATAIXMY QTOOETEWY HOL TOL AETTTOUEQE -
oteQa. TEOG TS Babitepeg TEQLOYES UE TN dEAON TWV QEVUATWYV KoL TWV POLIKDOV PETAXIVIOEWV GOV OXNUATL-
oav exdAnha otpdpata. Etol oynuatiomue oty onueowii tEnpotoyevy otiin to aviteQo Tanéto v adio-
Qavmy 0pLLGVTMV IOV aVTLOTOLYEL 0T0 0EVYOVOIcOTOTIXG OTAdL0 2.

2o 11.000 €, (Zx. 15) oo 6o IMhewotéranvov- Ohoxnaivov o eninedo g BAracoog fftav mepinov 60u.
RATW 076 TO ONUEQELYE, ®aw 1O onuovtirés ahhayEs eixov enéMBeL 0TV TOEAXTIO LORQOAOYIC. ZTNV TEQLOXN
tov Ioviov, n Képrvpa frav evouévn pe v "Hrewpo pe po otevii Yéqpuoa Eneds, £vd 0to voTlo Tpijpo elye
omoxataotafel 1 emrovwvia pe v Bdhacoa. O Aupooaxinds ®Ghmog ondun amotehovoe Aipvn, evd votidte-
o PEQWES uGvo vijool fftav evouéves pe v Enpd. O KopwBioxdg fitav emions Aipvn odhd pe onuaviixng
£{0080 Bohdoorov vepo¥ ot mEELEdOVE VPMAoT rupaTopol, Yol to otevé Piov Aviippiov elye emiong fdbog
nepimov ota 60p. Avtird g Iehomovviioov, N axtoypouu] fToV OF ATGOTAOT PUKQOTEQT QNG UEQLKES EXATO-
VIadeg PETEO 0Tt6 TNV ONUEQIVY, EVE 0 Gpog Tou Nawaivov fitay oto peyolitepo pépog tov tprjpa mg Eneds.

e 10000 waee ETH

Zy. 13: Kaumvin uerafoiijs mns ordOuns xard ta teAevraia 16.000 &rn.
Fig. 13: Sea level curve for the last 16.000 yr.
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2. 14: Moggoloyia magdxtiwv megioxwv xard 1o Avwr. IAsiotoxavo (meo 20.000 erovv mepimov).
Fig. 14: Morphology of coastal areas during. Uppermost Pleistocene (about 20.000 yr ago).

210 Bopewo Avyaio, trjpo g onuewvis vpahoronmidog itay  axdlvmto and 8dlaocoa. H ZoapoBodun
Nrav xoewopévn ad mv Opdxn ue €va mxed Bokdoolo diawho eved N OAcog HTav OHOpPA EVOUEVY LE TNV
Maxedovio. Ot vrorowmes Alpves mov eiyav oxnuatiotel oto Bopeto zat Avtixd Avyaio elyav emnAvobel and
Baraooa, extéc omd Tov Bopeto now mbavag tov Néto Evpoixd, drov n vatdotaon frav dua pe tov Kopvia-
%o KShmov, yutl 1) eloodog emnowvmviog pe tv avowxt Balaocoo xon otovg dto nohmovg elye fdbog mepimov
60m. 1o vrtéhoumo Avyaio ou vijoou efyov amoxomel and v Enpd raBug kot peta&l tovs. I'équoeg Enodg dpmg
axdpun veqoyay peta&l mg Kevrourig EMAdag xow Tov dutot tunjpuatog tov Bépetwv Zmopddmy xal HeQUrov
vijowv Tov Aryaiov xow Tng Muxpdg Aotag. Téhog ou Kuxhddeg oxnudtiloy axdun po et} Revroum Teotoxn
ENodg peyahitepng o€ €xTOON TG ONUEQLVG.

Zta 8.000 €, oto Katdtepo OAdxavo, to eninedo mg BGAaooas ftav mepimov 150, YounAbTeQM HOw ETONE-
Vg, AOY® g amdTopng HOQWOAOYIOS TWV TEQLOCOTEQWY TTaedxTImY TEQLOXGY ¢ EAAGdag, n B€on g axto-
yoopwis itay oA ®ovid oty onuewr. ‘Opwg ota. ahovPrond medio mv yooviri avmi mepiodo N ratdoTtaom
ftav onuovtxd dapopetint] amd my onuepwn (Kraft et al., 1977). Ou oyguxég pehéteg €xovv delEel onL onig
TEQLOYXES OVTES VIRAQYOVY VPAApVEO xat Boldooa WiHaTe 2ATe ohoXoUVINIG 1] TOAOTEONS NMKiNS TTAVW OTa
omoia €xovv amoteOel petaryevéotepa yewyevij Wipata dexddwv uétpmv mdyovg. Autd delyver 6t xatd Ty olo-
wAfewon g emixivong N Bdhacoo elo€fake aQyrd oTo E0WTEQLRA TV AAOUBLOKOY TESIWY Row TWV ROATWY, OE
QOUETES TEQLOYES (Zy. 15, 1p.1-9) oe onpavtry awdoTaon OTe AVEVTH TG CNUEQLVIG OXTOYQOUUNG. ZTAOLORA.
GUMG M TEOTPOEE. 1t ATTGOEO YEWYEVAV LENUATWY QTG TOUS TOTOUOUS KO TOUGS XELUUGQOVG 0iEnae v Enpd ot
Bdog tg BALaooOg *ow M OXTOYQOUUY TTHEE TNV ONUEQVY TG poE@t. Ot meQLOXES QWTES Ty, CUPPUVOL e
LOTOQWXES POETURIES, BEOELS onpavTivay avBpwrivayv dpaotnoromitwy (Zyx.15, . 6), drwg n ITEAo mov Ly ond
3.500 €t froy Adve, og astéotaom 35 yAu ota avdven g onueQwis oxtoyeauuns kot Béo o Oeppomiieg
(Zy.15, 00.5) wou Mrav mapabardoota o 3.000 etoyv. Eniong dudgpopeg diheg mohels oty Yotepoelhadurr vj myv
Khaoown evoyn 1tay TapaxrTineg 08 ONUOVILXY arrdotaom evidg TG onpeQwiis Enods dnwg 1 TiguvBa, o Mapa-
Bivag, n Teoia, 1 Epecog »ow n Mikntog (Zy. 15, ap. 1-4 raw 7-9 avtiotouo. Kraft et. al., 1977, 1988).
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Zy. 15: Moggoloyia magaxtiov wegioydv xard v Evapbn tov Odoxaivov (meo 11000 erwv megimov).

Me dianerousvy yoaumj xar agiBuovs onueidvovrat ot agyatodoyixés Oéoeis mov 1fjitav magafaidoaies.
Yrnolowwa ovufola dnws oto meonyovuevo oxnua.

Fig. 15: Morphology of coastal areas at the beginning of the Holocene (about 11000 yr ago).

With dashed line and numbers are depicted the archaeological sites that were maritime. Other symbols as in the
previous figure.

Kotd ) dtdoxero tg ohoxauvinnig emixAuong ta adQopept] YEWYEVT] IHaTo HETOPEQOUEVA OIS TOL QEVPOLTOL
amotiBevron xou eEarohovBovv var aroTiBevTon Grws QIVETOL OTLS CELOUIXES KATOYQAPES, TNV ONUEQVI] VQOAO-
nonmida. Meydheg moadmreg AeTTORORRWY IENUETOV GG HETOPEQOREVA EV QWO OEL HETE TO VPOAOGQLO, OO~
OgTovron OTNY ROTOPEQELL Ratl TYNUATICOVY TOV Srapavi] 0pICOVTO, TOV AVTLOTOLYE OEUYOVO-LOOTOTIXG OTO OTASLO
1 naw 0 omoilog EMXAONOE 0TO TAKETO TWV ALOPAVHV (OQOUEQIDY TYNUATIOUMDV) TTOV AVTLOTOLXOVV 0TO 0EVYOVO-
1ootomxd tov otddo 2. Edd Bo mogmer va toviobel Gt nord v dudoxela g emndvoryevois diaduwaoiog
ouveXIic VmoxdENoN ™G axTOYQUPUNS Eixe OOV OTTOTEAEOPOL 2o T ONULOVEYIC TOV EMUAVOLYEVOUS OTQWHATOS
OV OTTOTELETTOL OO AOQOREQES YEWYEVES VMRG (GRpPOL, XoMRES, ROORAAES). TO oTEWRA OWTE AGYW TOL GTL Elvon
0dOOUEQETTEQD TV VITOKELUEVOV %Ol VTEQUELUEVOV OTQWUATWYV EXEL COPWS SLOPOQETLRT] OUUTEQLPOQE OTaL O
HOVOTIRG HOPOTOL KO ETOL OVAYVQITETOL COPETTATO OTLG OELOUKES RATOYQAPES AVORAATEWG.

IMapaxrdro o eEetaoBei . onpacio g Yvdong ™mg yewroyiog TS vearloxonmidag xuplwg yuo v avevQe-
On WNUOTOYEVAY ROITACUATWV, TNV RATOOREVT TEXVIXMOV £0YWV, RABOS RO Yo TNV aQXAOAOYIa 1) axdun %o
yioe TV Broyewypoagpio.

4. ENTOIIIEMOZX KOITAZMATQN PLACERS

Onwg givol YVmOoTo Ta IENUATOYEVY] ROLTAOUOTA TQOCYWOLYEVOUS diadiraaiog 0Ty TEQLOYN TS VQOAORON-
adag, amotehovvToL ®VEING aTd adEAVY VARG ROl OTt0 GUYKEVIQWOELS XONOLU®V PaQEwV 0QUXTWY, EVH OTNV
TEQLOYT| TG KATWPEQELOS KOL TWV APVOCLRMV TEDIWV EXOVUE, OGS TOV CUVIVAOUS ¥MurNG IENUaTOYEVEONS RO
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3. 16: Karavourj tov fagéwv oguxrdv otny vpalo-
xonmida Tov B. Aiyaiov.

Fig.16: Heavy mineral distribution in the northern
Aegean shelf.

Zyx. 17: Karavour AavBaviov oty wagdxtia wegioxrf
Iegrooov - Kapdiiag

Fig. 17: Lanthanum distribution in the coastal
Ierissos-Kavalla area.

Broyevouc §pdomg, TOV OYNUOTIONS POOPOQLTAV, T dNuLovEyia ®oVOUAWY paryyaviov, emyoLopdtov xopakti-
ov ot vtoBahdoota 6on #ow TOAPETOAMHUAOY Beundv evdoewv amd vdgobepuxt dpdon otg vroburdooteg
odxelc. ‘Oho. aTd TaL £10M ROTAOUATOVY OTTaVTOUV 0TV ATTOXAELOTIRT] OtovopLrY] Zavn Twv SLapiomy XQaTmV
MG M EEGOEVEY TOVC ElvaL QUOLKE OUVEQTNOY TMV OLXOVOROTEXVIXMY TapapéTomyv. Tig tehevtaieg dexaetieg,
pio véa mbavij Iy} evépyelag €xel eviomotel oto ohdooia Wipota, oL vdEITeg, oYU eivar #QUOTOAMXAES
EVOOELS OV TEQLEXOVY peBdvio. Xapaxmoiloviar ouviiBwg amd Y TaQOVsie: OTLS CELOMIKES XOTOYQAMES
evdg opiCovta mou ovopdCetar BSR (Bottom Stimulating Reflector), mov 0piCet xaw mv fdon twv vdourav. H
OTOMUOTOYQUMIXY EGVO OTIC TEQLOXES TV LdELTEV elvon (artd Tov Bohdoolo mubuéva Toog To vdtw) Bahdo-
o Wipato (ouviiBog IAds/Goyhhog), vdpites nou i Bakdoowo nua pe mapovoio elevbegov pebaviov.
To onuavtinétepa medio 6mov €xovv evromodel vdpiteg elvon atov dutikd Athavtind, Tov Bépero xaw Noto
IMoywpévo wreavs, xaw otov Avatohnd xar otov Bogetodutind Elpnvind wreavs. Zmy Avarohxy Meadyero
evdeiEeic VOV VITaEYOVY oV *eEVTOIKT Meooyewany Pdyn, voua mg Korjng xar ot 6o tov Avagipay-
Spov, avatohxrd mg Pédov oe Badn 2.000u. mepimov (Ilepioopdmg x.a., 2000).

Sy wepoy Twv eAMVIrdY Bahacody ta IGHpaTa €XouV VPNAG TOC00TG AETTORORRWY CUOTATIKOV KoLl
£101 OeV SLTLOTOONXOY ONPAVTIRES EXUETAMEUOUES aOBETELS AdQAVADV VAMRMDV, ETELON O CXNUOTIOUOS TWV
ROLTAOPATWY OWTOV OTCUTE] HEYGAEC TOOGTNTES AOQOUEQWY VMKWV OF EXTETANUEVY Vpakononmido €101 dote
omy ouvéxea va vpiotavton Stefdbuon ro eravaxatavopy. Emiong dev vdoyouy o watdhinkeg ouvbixeg
Yio TG GAREC ®aTYOQIES WNUATOYEVEV ROITAORATWV TOV amaviovv otug Pabiés megioxés. H oxetnn €ogvva
LOUTGV TOOCOVOTOMOTNXE HAVO TNV EVOEXOUEVY TOQOVGIN ROLTAOUATOV PaEmv opurtdv, dnhadn pe eidxd
Bapoc peyalitepo tov 2,5. AMWOTE To XOLTACHATO 0UTd RoBMS %at EXEIVO TOV 0doavamY elval Ta HOVa IOV O
ToyrGOuLe. APaRo £X0UV VITOOTEL %o VPIOTAVTOL AXOUY) OLXOVOULKY EXPETAAAEVON.

T my dpoveyia Twv xorraopdtwy Bapéwv oguxrtdv (placers), xoetdlovron 1eLs mpoimodEoels, 1 TaQov-
ofa worraopdTwy oty TaQaxeipnevn Enod, - UaEn evog EXTETAUEVOL VOQROYQAMPLXOY OIXTHOV How TEAOG pict
aveETTUYUEVY vpohoronmida pe €vrovn xupating dodon. “Etol to moidvro StdBmomg Twy ROITOORGTWY PETOPE-
QOVTOU [1E TO VOEOYRAPLHE SiXTVO TEOE TV VPahoxENTdA Grrov veioTavton Ty SwefabpoTixi dpdon Tou xupoT-
opov xow twv pevudtwv. Exel SuaywoiCovial ta fagéa xon o EAapd 0QUATA KoL ETOPEVOS OL TEQLOYES OUYHE-
vIpwong Twv Bapéwy Ba elval oL TaEarTIES CHVES, ONUEQLVES 1] TOAOUOTEQES #AOWMS KO O KOITES TOTAUWY, EXEL
dmhadi wov 1 SraPabotiry eVEQYELR TOV VOGTIVOU TTHEAYOVTA TOV EVIOVOTEQN X0 OLAOUECTEQEN.

Suc eMvinéc OGhaooee, 1 TEQLOYY TTOU OUVOUALEL TLS TEELS TAQATEV® TEOUTOOETELS Eival 1) VpahoroNaTi-
da. tov Bopeiov Aryaiov 6mmov €yive exTeTapevn yeohoywrt] pekhétn xotd ta €t 1983 €mg 1986 cuvdvalopevn pe
YEWMIRES avalioeLs Tov derypdtmv. Oa mpénet va onuelmdel ede 6T oe pepinég OEoELS TG ONUEQIVIG TOQG-
xuwog Lovne elyav avapeedel ouyrevIQWOELS PAQEMV OQUATAV ROl QTG TEONYOUREVOUS EAANVES EQEVVNTES,
EVO o EXTETOUEVY PELETN OANS TS YeQOoaiag meQLoyIis, and AheEavdpoumohn £mg Iepuood eiye yivel amd to
ITME o 1978.
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Me v avdlvon Aoy tmv devypdtwy (Zyx.16) (Perissoratis et.al., 1988), ovyxevipoeig fap€wv ogurtav
evtomiotnrav otV meELoyy Tov vpoaroogiov ot Bdbn 100- 120 w., 1 SapéEEmon Tov 0TIV OYETICETAL KOL UE
™V Tehevtaia Tamelivoon g otdduns ™mgs Bdlacooag, oty xeviouwi] vparorenmida peTaEl Twv onueQwvdy fa-
0av 60-70p., TEQLOXN TOL OYETICETOU e TNV TTEQEI0DO0 TG «HABVOTEENONG» TNG ETIRALONG, OTLG TTEQLOYES TTOAALDV
XOLTAV Kot TENOG TNV ONUEQLVH TOQAXTLO LAV, ZTIS TEQLOXES CUTES EVTOTIOONXAY CUYXEVTIQWOELS, XUQIWS Y-
vamm, enidotov, auplBorwy rat TUEOEEVMV, payvntity, thpevitn, fioroviou, povtihiov. A6 GAeg QUTES TLS EU-
PAVIOELS AELOONUETWTN Ko TUWOAVHC EXUETAMEVOLN EIVOL 1] TOROVOTO. OTEAVIWY YUY 0TO IKNUATOYEVES QM-
%xTl0 mplopa TS meELoxg and Aovtpd ElevBepwv puéyor véa ITépapo, omv Kevipuny Maxedovia (Zy, 17,
Moorby, et al., 1990).

5. EKTEAEXH TEXNIKQN EPTQN

‘Onwg mpoavagéednxe 1 meQuoy TG vparoxonmidag, eival to medio mov exTehovVTOL TO TEQLOCOTEQN
TEYVIRG QY0 OTOV BOAAOOLO YWEO, OGS KATOOREVT] MUEVOV, VTOOOAAOOLV YWYV, ONOAYYWY, YEQUOWY,
Tomo0£€Ton xohwdiwv ®.a. T'o TV EmMTUY TEOYRATOTOMON TOV QYWY QUTEV CTOLTETOL 1) YVWOON TV TEYVL-
KAV YOQAXTNOLOTIRWY TOU TUOREVOL KOl TOV VTOOTOOUATMY TOU %Ko KUQIWS 1) TAQOUOIO ROt O EVIOTULONASS EVOS
OTOMUATOG VYNNG avtoxng yua TV Beperinon tov €gyou (Perissoratis et. al., 1997).

Eva 161010 0TQMN0 atoTeLEL O EMUAVOLYEVIS OAOROUVIRGS 0QILOVTOG, YLATE 10G AOQOUEQETTEQO ROL CUVEXTL-
ROTEQO OTWNIAL ATTO TA VITOREIUEVX ROW TOL VITEQRELUEVO TTOQOVOLALEL VYNASTEEN CvTOYY OTNV drartpnTian Tdom.
AUTA T }0QORTNOLOTIRG SLOUTLOTOOMHRAY T.). ROTA TNV EXTGVNON TG YEWAOYLXYS UEAETNG YId TNV RATAOXEVY]
tov Mpéva tov Avylov. H yemhoyuxri pehétm mov €yive otov Gppo tov Avylov €deiEe GtL T0 emrAVOLYeVES OTRM-
po Potoxeton oe BABog artd 5 Ewg 30U, xdTw amtd Tov TUOUEVA, EVE OL YEWTEXVIXES NETENOELS E0ELEOY OTL £V
TOL AVATEQO. KO RATWHTEQN TOV ETMLRAVOLYEVOUG 0QILOVTO OTEApATA E{XAY OVTOYT] OTNV dLaTunTLry] TAoM PEQLKA
SPD/ min, evd otov opitovra n aviiotoym wun ftav €éwg 50 SPD/ min (Zy.18). Ze €va dAho €pyo, avtd Tng
CevEng Tov Marhoxot Kohmov, 1 avayvadolon xau 1 AETTopeQTis XooToyedgnon tov opitovia autol emiong
Boritnoe amoteheopatird oty aELOAGYNON TG TEXTOVIXIG CUMTEQLYPOQAS TV VITOOTEMUATOY TV mudpéva,
%O OTOV VITOMOYLOPG TNG EMTRETTIC POQTLONG TWV BEUEADTEMV.

Oo meémel va onuelwBel OYETLRA 6TL TAE OAO TOU 1] ONUATIia TWV VTOBAAACOLOV YEWAOYIROV EQEVVHV,
Grwg %o TV oVTLOTOIYWV PEAETAV 0T ENOG, €xel amodeyBel avayraio. Yo TV OWOTH TEAYUATOTO{ O TWV
Sapopmv Egymy, eivan YEYOVOG 6Tt HOMG TROCPOTO VY VIRIOTNRE RATMS auTd atd TOUg AAAOVS TORGYOVIES
TV £0YV. AUté OQENGTAY 0TO 0T 0 PNXavixds, ouvidmg, cupBouleleTan TOV YEWAGYO Gtav T0 QY0 TOQOV-
owdoeL TEoPMjpaTa ®ow GYL TTOWY TNV EXTEAEDT, OIS amoutelton, Yo va teoingBovv mpofinuota ahhd ro va
meotafolv Mioels tou evOexOpeva Bo Tpoxtouy. Oa TEETEL, ENIONG, VA YIVEL XROTAVONTO OTL TA YEWAOYLRG
moopMjparta xat ta yewhoywrd mhaiowo xdBe meproxns elivon Widfovra ran dev emavarapfdvovrar ta dia o
%d0e meQmTmON, T’ GAO OV OL PAOIHES YEMMOYIRES YVDOELS TOV EQPOOUGTOVTOL Eivon OL (OLEG.

6. APXAIOAOT'IA KAI BIOTEQI'PA®IA

Kotd t dudoxewa g tehevtaiog Tameivoons ¢ otdipng g BAAICoAS 0G TQOEXRTAONS TWV CNUEQIVEV
TAQAXTIWV EXTACEWY TV ahovPromdy Tediwy vy onuavitrés neduddeg opohic poppohoyiog, eve V-
YoV ToAAQLONES TNYES Ra purot Sppot, dnhadij teuoygg evnoing ddfaong nan evvoirdv ouvOnrwv drapi-
WONG Y10t TOV GVOWTO- XUVNYO, Yo TOV EVIOmOopnd Onoapdtwy. Mo tétow mepoxy Enods ftav m.y. n éxtoon
and v Agyohida uéyot v Attry ko uowkd oo v Iepuaad uéyol v AheEavdpoimohn. Exiong onueouveég
hwoideg Bdlaooog ftav téte YEQuoes ENpdg neta&l twv vijowv odhd kol petakd viowv xow nrelipov va mota-
pot wov ofuea eXPAANOVY Ot ATGOTAON OEXRETWV derAdWV YLMOUETOWY, elyav ToTe ®own xoltn. Etou now av
vy MrEES Awideg Bahdoong petal Tunudtwv Enedg gaivetar ot autég dev amotelovoay EUTGOLo yio
™V peTdfoom tov avlewmov oe RoVILVES Vijoous. Oleg autég ow ouvbireg fonBovoay Tov mpoiotopnd dvipwmo
VO LETOXLVEITOL QTTG TTEQLOYY O€ TEQLOYXN, TAOO YLt TNV OUALOYT] TNG TEOPNS TOU GO0 RO YLCL TNV OO OELDL TWV
amagaimtwv gpyakeinv. To (dto ovvéRatve xaw oTig SLAPOPES PLOXOVVIES TTOV ELYOV TEGOPOON OF TEQLOYES
OV OYUEQQ. EIVOLL OTTOROVIUEVES, AGYM TG TTarpovaiag g Bdhaooog. Eivar cagrg Aowtdv 1 onpaoica g yvo-
ONG TS TOAALOYEWYQAPLOS TS VPOAOXONTIdAGS, GTmE TEOXRUITTEL 0TS TIg pEAETES Bahdooiag yewAoyiag, Yio Tig
ovvBrireg Cwng xa TG oVUVI{BELES TOV TTEOLOTOELXOT avORWTLYOU TANBVOROT, GG KOt Yot GALES ETLOTHUES TTOV
peletodv T fronowvmvieg Touv Avertépm Ihewotonaivoy — Katmtépov Ohonaivov. Zyennd nmopoatiBeviar dbo
mopodeiypata, Eva amd Ty meptoyn] g Agyohidag xal €va amd ™y mepoxy g Avatolrtis Moaxedoviog..

StV AQYOAda UTTAQYEL Lot TG TLS ONUAVTIKOTEQES TTROLOTOPWXES BEoELS avBpwmivng drafiwong, To mapd-
%o omijiowo g Podyxdns, émov €xel domotwBel n ouvexric avBpdmivn maovoia xat dpaoTnEldTTa RaTA
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10 dudotpa tovhdyotov tov tekevtaimy 20.000 etdv. Ta 1o didotpa avtd VIAEYEL Pa GUVEYS ROTOYQUPY]
TOV SLOPOQMV CVTIXELUEVOV TTOU 1] XONOLUOTONOE 1] EYRATELEVPE PETA TNV XOYON TOVS 0 dvBpwmog o ndbe
yoovixy mepiodo. Avomotdfnre howtdv Gt weo 11.000 eTdv yvatay xo1om Tov oPptdiavou, eveg 0QUXTOU ToU
Boloxeton uévo ot Mnho. H e€fynon mov yivetan eivan 6t mowv amrd 12.000-13.000 €tn, Stav n otdOun g
Bdhaooag rav mepimov 100u. xdtw amd Ty onueowvr,  Bakdoola andotaon amd v Milo, 1 To cuyxpdtua
v Kuxhddwv, itay wxon xol eTopévmng ray eixrolo yio Tov avBpmmmo yio va puetafel exel xou vo TdoeL To
TOAMGTLUHO YU CUTAY EQYUAETD. ZTNV (OLat TEQLOYT] EYLVE PLOL AETTTOUEQNS YEWUOQPOAOYLRY REAETN TNG TOQOKELE-
VNG VQAAORONTUOLKTG EXTAONS UE XONON 0QYAVOU OeLopLrng avdxrhaons vymhic diarorurdmrag (Van Andel,
1984). Amtotéheopa TG PERETNG TV 1) RATAQTLON XAOTWYV TOAALOROQPOAOYINS TWV TOTE UXTWV RATA OLOPOQE-
Trd EOVIRd OTddLa, TOW ®ow ®atd ™V ohorawvixy exixhon. Tavtdypovo €yve ot peAéTn g aAhoyrig Twv
avBpdmvev cuvnBedv datpogns, (Shackleton and Van Andel, 1986), 6mwg ametroviCoviar amd v ToEvo-
UNOY TWV HEAVPEV TOV Pohaxinv Tov denoe og omoEipata o Evourog Twv orniaimy g Pedyyng ota yoovi-
%d autd otdadia(Zy. 19). Ov arhay€g oty dlatpomr] TV TEOYOVWYV pog eENyNOnxe evivmwaolaxd axd Ty ovvoE-
Omn TG TAQARTLAS HOQPOAOYIOS AL TWV ESWV TWV palaximy Tov evOnuovoay oty TOQAKEIUEVN TOU GTNAciov
TEQLOYT], OF RAOE YEOVIXY] TTEQE(0dO0, ®an TaL OOl OUVEALEYE YLt TNV SLATEOPT TOV O AVOQEMITOG.

Zmv Avatolxr] Moxedovia, ploroywéc peréteg €deiEav ot otoug motapovc NEoTo xat Ztpupudva evon-
pet onpepa €va eidog LxBuorowvmwviog pe ta (dar XoEoRTNELOTIRA YeVETIRYS doprig TOV TANBUONOY, RATL TTOV
TEOUTOOETEL EMHOLVWVIO HETOEY TOUG %ot WOV dev urrogovoe va eEnynOel and toug Bloddyoug, AGym g onpe-
owrg améotaong twv dbo motaudv (J.Durant, tpoo.emx.). H ovpurtwon avni eEnyndnxe and to yeyovdg 6t o
motapoi Néotog nouw Zrpupdvag elfxav xatd 1o Avotaro IThewotéravo ot 1o Katorepo Ohdrorvo xowvn roitn
%o exfohrj dutnd g Odoov

Zx. 18: O emxdvotyevijs 0piCwv xat 1 YewTEXVIXI] CVUTEQLPOQA TOV, 0TOV %0ATO TOU Aryiov.
Fig. 18: The transgressiv horizon and its geotechnical behavior in the Aegion Bay.

TAVOART AXTN

Zy. 19: Zvoyérion pog@po-Aoyiag axrdv xat €idovs palaxiov wov Posdnxay oro omjlaio s Podybs.
Fig. 19: Correlation of coastal morphology and mollusk assemblages found at Franchthi cave.
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7. ZHMEPINEEX TAZEIZ KAI MEAAONTIKEEX ITPOOIITIKEZ

Ta tehevtaio €T, ®ow ®VEIWS PETA TV avdmTuEn g Bewpiag mepi agpimv Beppoxnmiov, avédov g otdd-
uns g BAAacoS Kot AELPOROV AVATTTVENS ToV TTeQLBAAAOVTOS TS mopdxTiog Cwvng, 1 onueown Baldoola
£€0guva 1oV BoAAOoLOU TUBPEVOL EYEL EVIOMOTEL OTA AVATEQX VTTOOTOWIOTE TOU KO 0TV VIEQXELUEVN Bohdo-
ot omijAn. Kvpro aviixeipevo tg £pevvag eivor 1 HEAETN TwV TEONYOUREVOY XKMUATIXOY CUVENXOV RaTd TS
TELEVUTOLES XUMETIES KO 1) TTEOOTADELDL EVIOTLOUOU TG avORTOYEVOUS emidoaomng oto meQIBdAlov petd Ty
Bropmyovint] ETOVAOTOON TV aQXDV TOV oucdvo. Axdpa €xet dramotwBel 6t eivan dLlTEQX XO1OLNO VOl YivEL
yvoori 1 axins popeoroyia tov mubuévo oe oha to fAON OTLg TEELS SLOTAOELS TOV HATL OVTIOTOLYO UE TIS
0EQOPWTOYQAPLES TS ENeds. YrApyet, emiong, N avdyxn g ToEB€mons TV otowyeiwv mov €xovv culheyBel
otov BaAdo0L0 YWEO %at oV Eivar GxL povo TolvdLBpa oAAG xouw StapopeTirnc agtomotios. Téhog, o wxred-
viog mubuévag amotelel medio avEavopevng xat TOMATANG XO1HONG ®al EXOUEVES EIVAL OOQAITNTY 1 YVOO
TWV XOQAXTNOLOTIXWDY TOV YLoL TNV SLEVOETNON CUYRQOVGUEVIY dOoTNELOTT!Y.

Me Bdon Tig o AV TOQATNONOELS Ol HEAMOVTLRES ETLOTNUOVIXES YEWAOYWXES EQEVVES QaiveTon 0Tl Bo
nephapfdvouy ta mapaxdtm wedio

1. Iepoutépw avamtuEn xon epmhovtiond twv Baoewy dedopévmy Tmv SeryHaTmVY Ro TwV TUENvemV Twv Boldo-
owv Wnudtwv. "Hdn vdoyer n Evowmnaixy Baon dedouévov EU-SEASED mov €ywve pe ouviovioti 1o
ITME (Perissoratis, C., 2000) xow 1 apeguravixy] fdon dedouévawv oto Internet ou omoieg ouvdovrar. Emi-
ons 1 Evpwmnaixy "Eveoon Ba xonparodotioe ta emdueva toio €T, v avdmtuEn g fdong dedouévov yua
oeloprés daonomioels ue to poyoappo EUROSEISMICS.Ow faoeis avtég Ba mepuhapfdvouy ta endpe-
vo. €1 ®ow OTOLKElD atd GALES YWOES ETOL DOTE VoL Eivow YVWOTH 1 €xT00M TO €100C ®ow 1 aEomotior Twv
OTOLYEIV QUTWV OF TOYROOWLO ETITEDO.

2. H extetapévn yonon nohvdiavmrov nyofohotav (Seabeam) Ta Gpyova avtd €xovy avartuyBel evivmm-
oLoxd ToL TEAEVTAL £T1) RO OL YNPLAKRES RATAYQOUPES TOVG, EXTOS TG aXELBOUS TOLOOLAOTATNG POQQOLOY OGS
TOU TVOUEVQ, TOREYOVV HalL TANQOPOQIES YLaL TV OVOTOON TV Iinudtmwy Tov. H onpeown texvoroyio maé-
XEL TNV SUVOTOTNTOL THE XATOYQOUPYS pE T Soyava awtd tng poppoloyios aveEapnitng fdBovg Bakdoong,
ue wymAr motdtro péxeL To Bdbog twv 3.000m. Ta otouyeio cvTd 08 CUVIVOOUS PE TNV AXQIPELO TTEOTOVAL-
TOMOPOU ROL TNV TELELOTONON TWV POVAdWV EXTOUTNG, Mjymg, xon eneEepyaoias Twv otouyelmv, Ravouv
™V XO1ON TOU 0QYAVOY aQATTY TEOUTGOEDT YL TOV OXESIAOUS KOL TNV EXTEAECY) TEQOUTEQ® EQEVVMV.
"Etou petoxivioelg EUatmy Kol VITOAEWRUOTIXMOY ROQPOAOYLRMV XOOAKTNOLOTLRGY, BETELS oNYndTOv Ko
TTVY WV, TEQLOXES amtdBeans xoroMoBoewv ahld xow TANEOPOQIES Yo Tig PLoyeveic dpaotLoTTeS Eivar
TOL ®VQLOTEQX OTOLYE(DL TTOV divovTaw omd TV ¥E1om Tov ogydvou avtov. Eival tduaitepa onpavind GtL oto
epevvnTxo ondgog «AITAIO» tov EKOE €yeL mpdogata eyrataotadel maoouoLo OUoxeDY.

3. H Beitiwon ms Ynouaxnig eneEeQyaoios TaV OELOWRGV RATAYQAPDV AVOXMAOEWNS TOV €L ONUELWOEL Ta
TehevTala €T, RO TOV avopgvetol vo teAelomomBel pe v apdAnin xonon GIS, 6o fonbrioer oty toL0-
didorar amerovion Twv Babitepmy opLiovioy ®dtw oo Tov muBuéva. "Etow 1 fabitepn doun tov avmtE-
QOU TUWUATOS TOV PAOLOU TG YNG B YIVEL TEOOLTY KO COPETTEQT OTOVUS EQEVVNTEC.

4. H pehém tov moelBOVInY RAUCTIRGOY OUVINRGY XL TWV ETITOOEMV TWV OVOUEVOUEVOV adlaydv. O
OToY0G aUTS TS SEAOTNELOTNTAS B0 ATTOULTIOEL AETTTOUEQY] OTRMUATOYQOPLXT] AVAAVOT TV AVITEQWY VTTO-
OTQWUATMV TOV TUOPEVO ®aBMG Kt PEAET TwV WNuaTwY Yo Ty aexipr] edva g otpwpatoypapios. Ta
ortouyelo Tov Ba amontn oty Ba agpootv CeELoURES SLaromoELS VYNAS axoLBelas xow SLaxoLTirng txavo-
™MTOE ROOMS KL YEWTENOELS ®VEIWG OF TEQLOYES dEATAL.

5. Mehém twv emmtodoswy omy mapdxtio. Lovn and rataotopund gowvdueva. H evdeyxduevn dvodog tng
Bdlaocoag xatd 60 ex. Ta emdpeva 100 €, n dnutoveyie Toouvdam, xow 1 dLdxvon QoETiwY TETPEARIOV QTd
Balaooio atvyrpato, TEoofdilovy dueoa v mapdxtia Covy. Emopévig Ba mpEnel oL OYETHES EMUITTO-
o€l va pehemBovv £tol dote va TEOTaABoUV Ta XaTGAANAQ HETOO.

6. Kartoyoagéc tmv ouvOnxav itnuatoyéveong o mpayuatird ¥o6vo. O Bahdootog mubpévag eivol pio TeQLo-
¥1 ovvex®v petaforwyv and evdoyeveic xon eEwyeveis mapdyovtes. "Etol otouyeia yio mleom Twv méQwy Twv
NuATwy, TV PXQOCELCUIXOTNTO, TLS HOLIXEG PETOKLVIIOELS KO TOV EQIUONG, TNV vdp0BepmrY dpdom, Tov
U6 nuatanéBeong amotehotv oD xonowa otoyeia. Ta mapamdve eivar Wiaitepa onpovaxd yo
TEQLOXES EVIOVNG TEXTOVIXTG dpdomMG Omtmwg M duxn) pog. Oumg Ta OXETIRG TEOYQAUUOTA QTOLTOUY VYNAL
xovdUAa xow xoeLatetar dieBviig ouvepyaoia yio v vAomOIMOT| TOVG.
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PETROLOGY OF THE ULTRA-HIGH PRESSURE METAMORPHIC KIMI
COMPLEX IN RHODOPE (N.E. GREECE): A NEW INSIGHT INTO THE ALPINE
GEODYNAMIC EVOLUTION OF THE RHODOPE

E.MPOSKOS'

ABSTRACT

Structural, petrological and geochronological work has revealed that the Rhodope metamorphic province is
a synmetamorphic nappe-system of Alpine age. The Kimi complex representing the uppermost entity under-
went UHP metamorphism in Lower Cretaceous (=119 Ma). Diamond inclusions in garnet porphyroblasts,
exsolutions of quartz rods and rutile needles in garnet from Grt-Ky-Bt-gneisses constrain pressures >4 GPa
(probably ~7 GPa) and temperatures >1000 °C, indicating subduction of continental crust into the asthenospheric
mantle.

The garnet-spinel peridotite of the Kimi area represents a segment of upwelling asthenosphere reequilibrated
into the lithospheric mantle wedge at ~2.5 GPa and 1235 °C. The spinel-garnet clinopyroxenites, associated with
the peridotite, represent HP mantle cumulates crystallized from a melt at similar P-T conditions (i.e. P~2.4 GPa,
T~1200°C). Decompression and cooling took place in the mantle wedge within the Cr-Spinel peridotite field up
to ~1.8 GPa and 900 "C. Subsequent isobaric cooling crossed the stability field of garnet peridotite. At this stage,
the peridotite was tectonically emplaced into the educted underlying continental crust. Three stages of exhuma-
tion of the crustal assemblage occurred in the Kimi Complex. The first stage, from the maximum depth of ~200-
220 Km to ~60 Km (P~1.6 GPa, T~800 "C), is characterized by slow cooling rates, indicating rapid exhumation.
The second stage, from ~60 Km to ~38 Km (P~1.05 GPa, T~640°C), is indicated by cooling at slow rates and is
characterized by hydration and annealing reequilibration/recrystallization processes. The third stage of exhu-
mation started between 73 and 65 Ma and is characterized by rapid uplift, continuous influx of water, intrusion
of muscovite pegmatites at ~20 Km depth, and finally by rapid cooling at shallow levels. The Kimi Complex
reached the surface before 48-42 Ma.

1. INTRODUCTION

The discovery of coesite (Smith 1984) and microdiamonds (Sobolev and Shatsky, 1990) in ultra-high pres-
sure (UHP) crustal rocks has revolutionized our understanding of continental collision zones and mantle dy-
namics attending subduction. The realization that segments of continental and oceanic crust have returned to
the surface from depths of 100 km or more, is in itself, remarkable. UHP rocks record a complete geodynamic
pathway and represent constraints for testing hypotheses of crust/mantle interactions, and mechanisms combin-
ing subduction and tectonic exhumation.

Liou et al. (1998) defined UHP metamorphism as mineralogical and structural readjustment of supracrustal
rocks and associated ultramafic slices at pressures greater than ~2.5 GPa (~80-90 Km). In cases of appropriate
bulk chemistry, metamorphism at great depths produces coesite, microdiamond, and/or other characteristic
UHP minerals.

Coesite is known from at least 10 genetically distinct orogenic belts (Liou et al., 1998). It is most often found
in eclogite blocks or layers within the continental rocks, as inclusions within other minerals, or as a rare
intergranular phase, but it also occurs as inclusions in zircons within the continental rocks themselves. Diamond
is reported as included phase in graphitic biotite schists and gneisses and dolomitic marbles from four orogenic
belts including the Kokchetav terrane in Kazakhstan (Sobolev and Shatsky, 1990). Dabie Shan-Sulu UHP terrane
China (Xu et al., 1992), the Western Gneiss Region of Norway (Dobrzhinestkaya et al., 1995) and the Saxonian
Erzgebirge in Germany (Massonne, 1998). The new discovery of diamond inclusions in garnet porphyroblasts
from pelitic gneisses from the Rhodope metamorphic province (RMP), N.E. Greece, (Mposkos et al., 2001,

* IETPOAOTIA TQN YIHEPYWHAQN IIEZEQN TOY METAMOP®QMENOY YMIIAEIT'MATOX THE KYMHX (POAOIIH, BA
EAAAAA). NEEX AIIOWEIX EIIl THE AAIIIKHE TEQAYNAMIKHE EEEAIZHE THEZ POAOIIHE.

' Dr. Mposkos, National Technical University of Athens, Department of Mining and Metallurgical Engineering, Section of Geological Sci-
ences, 9 Heroon Polytechniou, 15780, Zografou, Athens, Greece, e-mail: mposkos@metal.ntua.gr
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Mposkos & Kostopoulos, 2001) makes the latter the fifth known diamond bearing UHP metamorphic belt of the
world. Moreover, graphitised diamonds are reported from amphibolitized eclogite, tectonically intruded into
the Circum Rhodope zone south of Thessaloniki in Central Macedonia (Kostopoulos et. al., 2000).

Temperatures of eclogites during UHP metamorphism, assessed mostly via Fe-Mg exchange between garnet
and clinopyroxene or phengite, range from ~700°C to 900°C. At these temperatures, the presence of diamond
constrains the minimum metamorphic pressure to >3.5-4.0 GPa, corresponding to depths of ~110-130 Km (Liou
et al., 1998).

Garnet-bearing ultramafic rocks (GBU) are volumetrically minor components in many HP/UHP terranes of
orogenic belts but they represent valuable witnesses of geodynamic processes. They occur as few to numerous
lensoid masses, normally within the continental HP/UHP rocks. GBU consist of a variety of rock types, pre-
dominantly garnet peridotites, which are commonly cut by veins of garnet pyroxenite and in some cases by
eclogite. The peridotites are interpreted as residual mantle material from which basaltic melts were extracted
(Brueckner & Medaris, 2000). The pyroxenites and eclogites are believed in many cases to be high-pressure
crystal cumulates from melts that invaded the peridotites while deep in the mantle (Becker, 1996). In general
the GBU lenses in gneiss terranes record the emplacement of mantle material into the continental crust and
reveal the composition of the upper mantle and the nature of mantle/crust interaction processes. Two main
hypotheses, both involving continent-continent collision, have been proposed to explain the occurrence of GBU
in such crustal sequences: (1) GBU were tectonically emplaced from the mantle wedge into thickened crust
(“mantle” peridotite) and (2) GBU were produced by prograde HP/UHP metamorphism of peridotites or their
serpentinized equivalents which previously had been emplaced into the crust (“crustal” peridotite, Brueckner &
Medaris, 2000).

The Rhodope metamorphic province is the only known Alpine UHP terrane in East Mediterranean and
offers a unique opportunity to investigate UHP metamorphic processes and related mantle/crust interactions.

In this article are presented: i) the recently discovered UHP indicators from crustal rocks of the Alpine UHP
metamorphic Kimi Complex in Rhodope, ii) the mantle derived garnet-spinel peridotites and garnet
clinopyroxenites, tectonically emplaced into the crustal assemblage, and iii) their common exhumation history
to the surface. P-T-t exhumation trajectories are constructed based on mineral assemblages, textural relations,
and mineral chemistry of appropriate rock types and the available geochronological data. Based on the petro-
logical data it will be demonstrated that the ultramafic rocks are tectonically emplaced into the Kimi UHP
crustal assemblage from the overlaying mantle wedge during exhumation.

2. GEOLOGICAL BACKGROUND AND FIELD RELATIONS

The Rhodope metamorphic province (RMP) is one of the major geotectonic units of northern Greece. It has
been traditionally viewed as a stable continental block, consolidated in Precambrian to Palaeozoic times. Recent
structural and petrological work has nevertheless shown the RMP in fact to be a complex of Alpine
synmetamorphic nappe complexes characterized by south - to southwestward stacking and associated with both
coeval and subsequent extension in an Alpine active margin setting (Ricou et al., 1988; Wawrzenitz & Krohe
1998; Dinter, 1998, Barr et al., 1999; Mposkos & Krohe, 2000).

Mposkos and Krohe (2000) and Krohe and Mposkos (2001) have further subdivided the RMP into discrete
entities on the basis of calculated metamorphic P-T paths and exhumation age criteria for the various metamor-
phic rocks. Thus, the earliest exhumed and structurally uppermost entity is the Kimi Complex (65-48 Ma),
followed by the Sidironeron (Central Rhodope) and Kechros (East Rhodope) Complexes (42-30 Ma) and then
by the Pangaeon Complex (26-8 Ma), which also forms the well-defined Rhodope metamorphic core complex.
In terms of metamorphic P-T paths the major difference between the structurally lower complexes (i.e. Pangaeon,
lower Sidironeron [Albite-Gneiss Series] and Kechros) and the overlying (upper Sidironeron and Kimi) is that
in the latter prograde assemblages developed at T>550°C, whereas in the former they developed at T<550°C.
Available peak pressure estimates range from ca 0.9GPa for Pangaeon, to about 1.5 for Kechros and 1.9 GPa for
upper Sidironeron. The new discovery of multicrystalline polygonal quartz aggregates (MPQ), pseudomorphic
after coesite in eclogitic garnet, minute carbon cubes and octahedra (diamonds) included in garnet porphyroblasts,
and especially of rods (or needles) of silica, rutile and apatite exsolved inside sodic garnet porphyroblasts from
Grt-Bt-Ky-gneisses (abbreviations after Bucher and Frey, 1994), from the Kimi and a part of the upper Sidironeron
complex document an UHP event for the Kimi Complex with peak pressure >4 GPa (Mposkos and Kostopoulos,
2001).
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Figure 1: Geological map of central and eastern Rhodope (after Mposkos & Krohe, 2000, simplified) with
locations of samples containing diamond, coesite and supersilicic garnet.

The UHP Kimi complex consists of continental crust and mantle rocks. Predominant are migmatic quartz-
feldspar gneisses, kyanite-bearing pelitic gneisses and marbles that host large boudins of amphibolites, eclogite-
amphibolites, tonalitic to granitic metaplutons as well as an ultramafic association mostly made up by mantle
lherzolites (Mposkos, 1994). Widespread pegmatites intersect the lithological succession. An Sm-Nd garnet-
clinopyroxene-whole rock age of 119 Ma from a spinel-garnet-pyroxenite, associated with the garnet-spinel
peridotite, is interpreted as the age of high-P/high-T metamorphism (~1.6 GPa at ~770°C, Wawrzenitz and
Mposkos, 1997). An Rb-Sr age of 65 Ma of an undeformed muscovite from a pegmatite is interpreted as crystal-
lization (thus intrusion) age at amphibolite facies conditions rather than as cooling age (Mposkos and Wawrzenitz,
1995). Ages, constraining the peak of the UHP event are still not available from the Kimi area. SHRIMP U-Pb
ages of metamorphic rims of detrital zircons from Grt-Ky-Bt-gneisses and partially amphibolitized eclogites
from Central-Rhodope (Pilima and Siroco areas) are in the range 148-138 Ma (Gebauer and Liati, 1997; Liati
and Gebauer, 2001). In these rocks inclusions of MPQ aggregates pseudomorphic after coesite, are found in
garnets from amphibolitized eclogite as well as inclusions of microdiamonds in garnet porphyroblasts from the
Grt-Ky-Bt-gneisses (Mposkos and Kostopoulos, 2001; Mposkos et al., 2001). These UHP indicators, document
that the upper Sidironeron Complex (at least in the Xanthi-Pilima area) contains slices of rock associations that
underwent the UHP metamorphism evident in the overlying Kimi Complex. The zircon ages of 148-138 Ma
could possibly record the time of a stage of the prograde path and the peak of the UHP event, if we assume that
the Sm-Nd Grt-Cpx-whole rock age of 119 Ma from the Kimi pyroxenite represents a recrystallization age of the
UHP event. However, the dated detrital zircons show lead loss due to a younger metamorphic event (Liati &
Gebauer, 2001). It is possible that the dated rims of the detrital zircons formed in pre-Alpine event(s) and the
ages of 148-138 Ma probably have no geological significance.

Characteristically, the Kimi Complex is only a few hundreds of meters thick and tectonically sandwiched
between complexes showing totally different metamorphic histories. In the hanging wall the Kimi Complex is
immediately overlain by the similarly thin circum Rhodope zone (CRZ). This comprises unmetamorphosed
Jurassic ophiolite sequences showing K-Ar hornblende formation ages and apatite fission track ages at ca. 150-
160 Ma (Tsikouras et al., 1990; Bigazzi et al., 1989) and phyllites and marbles metamorphosed at temperatures
lower than ca. 400°C (chlorite zone). Lutetian transgression at ca. 48 Ma upon both the Kimi Complex and the
CRZ indicates that juxtaposition of these two complexes and denudation of the UHP Kimi Complex was before
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48 Ma. This also shows that the Kimi Complex became the site of subsidence very soon after its denudation. In
the footwall, the Kimi Complex is separated by Late Eocene to the Oligocene discrete extensional detachment
surfaces (Krohe & Mposkos, 2001, Fig. 1) from tectonic complexes that experienced much younger (i.e. Terti-
ary) metamorphic histories, including Tertiary high-P metamorphism. Such complexes are considered as pieces
of the Apulian plate (Mposkos and Krohe, 2000; Krohe and Mposkos, 2001). They consist of metapelites, thick
marble assemblages, mafic assemblages as well as Variscan crust including orthogneisses and migmatites re-
worked during Alpine metamorphism.

3. PETROGRAPHY AND MINERAL CHEMISTRY
3.1. UHP indicators

In both, the Kimi and the Sidironeron Complexes, indicator minerals for UHP metamorphism occur in
pelitic garnet-kyanite-staurolite-chlorite schists, garnet-kyanite-biotite gneisses and amphibolitized eclogites.
In the Kimi Complex these include: (I) MPQ aggregates pseudomorphic after coesite included in garnet from
amphibolitized eclogites. Strong sub-radial cracks emanate from the inclusions (Plate 1A), (II) exsolution la-
mellae of quartz in eclogite clinopyroxene indicating a precursor of supersilicic clinopyroxene (Plate 1B). (III)
minute carbon cubes and octahedra of partially or completely graphitised diamonds included in garnet
porphyroblasts (Plate 1D) from Grt-Ky-Bt-gneisses and Grt-Ky-St-Chl-schists. They were initially identified
optically and subsequently verified by both EMP analysis (pure carbon) and in situ laser Raman microspectroscopy
(Mposkos et al. 2001, Mposkos and Kostopoulos 2001). (IV) rods (or needles) of silica, rutile and apatite and
biotite flakes exsolved inside sodic garnet porphyroblasts in Grt-Ky-Bt-gneisses (Plate 1E, F). Similar exsolution
textures (i.e. clinopyroxene, rutile, and apatite exsolution rods in garnet) have been reported for eclogites from
Yangkou, Sulu UHP metamorphic province in China (Ye et al., 2000). The exsolution of quartz, rutile, and
apatite is taken as indicative of the existence of a garnet precursor phase richer than normal in Si, Ti and P, that
is a supersilicic garnet (Collerson et al. 2000). In the Sidironeron Complex (Pilima area) indicator minerals for
UHP metamorphism also comprise (I) MPQ aggregates included in garnet from amphibolitized eclogite, (II)
inclusions of minute carbon cubes and octahedra in garnet from Grt-Ky-Bt-gneisses, and (III) rutile needles and
biotite flakes exsolved inside garnet porphyroblasts.

The presence of MPQ aggregates as inclusions in porphyroblastic garnet from amphibolitized eclogites is
attributed to the breakdown of pre-existing coesite and constrains metamorphic pressures to a minimum of 2.7-
3.0 GPa at 700-1000°C (Hemingway et al. 1998). The exsolution lamellae of quartz in eclogitic clinopyroxene are
also indicative of ultrahigh-pressure metamorphism. Moreover, the mere presence of diamonds in garnet from
metapelites dictates metamorphic pressures in excess of 3.5-4.5 GPa at 700-1000°C (Chatterjee et al. 1998) for
the host rocks. Thus, at the first approximation, minimum depths of 85-140 Km for the subduction of the crustal
protoliths of the Kimi Complex may be inferred by using only mineralogical criteria.

3.2. Ultramafic association

Near Kimi village (Fig.1), an ultramafic association occurs as a group of boudins that reach lengths of up to
several kilometres. This association typically consists of garnet-spinel-bearing lherzolites that locally alternate
with layers of spinel-garnet clinopyroxenite, garnet clinopyroxenite, olivine clinopyroxenite and clinopyroxene
garnetite.

3.3. Garnet-spinel peridotite

The peridotite shows macroscopically a distinct foliation, which is defined by flattening (stretching) of older
clino- and orthopyroxene porphyroclastic grains and recrystallized grain aggregates; the latter formed in a post-
deformational static annealing stage.

The mineral assemblage of the garnet-spinel peridotite is Ol-Opx-Cpx-Grt-Hbl-Spl (chromian). Garnet is
rarely observed as inclusions in olivine, orthopyroxene, clinopyroxene and hornblende.

Various spinel generations can be distinguished on textural and chemical criteria. Large Cr-rich crystals
show compositional zoning (Plate 2A) with decreasing Cr/(Cr+Al) ratios and increasing Mg/(Mg+Fe) ratios
from the core to the rim, (Fig.2). The core (Spll) composition with a Cr/(Cr+Al) ratio ~0.44-0.48 and a Mg/
(Mg+Fe) ratio ~0.50-0.58 depicts the maximum preserved P-T conditions within the stability field of the spinel
peridotite. Toward the rim the Cr/(Cr+Al) ratios successively decrease to ~.22-0.15. This is in general agree-
ment with spinel growth at the expense of Al-bearing pyroxenes and presumably garnet with decreasing tem-
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Plate 1: UHP Indicators:

A: DPhozcmicrograch  of multicrystalline pelygonal quartz (MPQl  agcregat
pseadomorpaic after cessize, included in garact from amphibelitized eclogize. Mo
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Plate 2: Garnet spinel peridotite:

A: Photomicrograph of spinel (Spl 1) showing compositional zoning (see text). Spll
contains inclusions of spinel (Spl 2) and orthopyroxene symplectites interpreted as
decomposition products of former garnet inclusions. Spl 1 is overgrown by later
formed hornblende. Field of view 0.9 mm, polarizer only. B: Photomicrograph of
serpentinized elongated grains containing vermicular inclusions of spinel (Spl 2),
are interpreted as decomposition products of former garnets. Garnet was associated
with a HT clinopyroxene (Cpx 1) containing exsolutions of Spl and Opx. Field of view
1.5 mm, polarizer only. C: SEM image of clinopyroxene (Cpx 1) containing exsolution
lamellae of Spl and Opx. D: SEM image of orthopyroxene (Opx 1) containing two
generations of spinel exsolutions. Note the thick lamella is richer in chromium than
the small ones (see text). E: SEM image of exsolution free recrystallized
orthopyroxene (Opx 2) containing a garnet inclusion. F: Photomicrograph of
hornblende with inclusions of garnet and spinel, being in contact to olivine that has
been marginally serpentinized. Straight olivine hornblende phase boundaries suggest
coexistence of the two phases. Field of view 0.9 mm, polarizer only.
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peratures. Small light brown spinels (Spinel 2) homogeneous in composition showing Cr/(Cr+ Al) ratios ~0.12-
0.15 and Mg/(Mg+Fe) ratios 3 0.72-0.76, indicate like the rims from the zoned spinels, formation of spinel
during cooling. Spinel 1 contains symplectites of spinel, ortho- and clinopyroxene replacing pseudomorphically
an aluminous phase (Plate 2A), probably garnet. Symplectitic clino - and orthopyroxene are replaced in latter
stages by hornblende and serpentine respectively. As is shown in Plate 2A the symplectite (garnet pseudomorph)
inclusion shows corroded edges, suggesting that spinel 1, is formed replacing the previous garnet, probably
during decompression at still high pressures and temperatures. Serpentinized rounded or elongated grains con-
taining minute vermicular spinels, [Cr/(Cr+Al) = 0.14-0.15] as those showing in the Plate 2B, are interpreted to
represent previous garnets. Ortho- and clinopyroxene show Al O, contents ranging between 1.61-2.63 wt% and
0.9-2.10 wt%, respectively. Large clino- and orthopyroxene crystals (Cpx 1, Opx1) contain exsolution lamellae of
ortho- and clinopyroxene respectively as well as spinel exsolutions (Plate 2C,D) consistent with decreasing diopside
and Mg-Tschermak component of the original orthopyroxene and enstatite and Ca-Tschermak component of
the original clinopyroxene through cooling. Two generations of spinel exsolusions are observed in orthopyroxene
(Plate 2D). From older, wider spinel lamellae to younger, thiner spinel lamellae the Cr/(Cr+Al) ration de-
creases from 0.17-0.18 to 0.12 and the Mg/(Mg+Fe) ratio increases from 0.71 to 0.75, indicating that, in
orthopyroxene, the solubility of MgCrAISiO, component decreases faster than the solubility of the MgAlSiO,
component, with decreasing temperature. The compositions of the spinel exsolutions in pyroxene grains and of
the interstitial spinel between exsolution-free pyroxene grains correspond to those of spinel 2 (Cr/Cr+Al ratios
~0.13-0.15). Exsolved diopside in orthopyroxene is mostly replaced by later formed hornblende. Integration of
the exsolved spinel in orthopyroxene and that of exsolved spinel and orthopyroxene in clinopyroxene yields an
original MgAI-Ts+MgCr-Ts component of 10% in orthopyroxene and CaAl-Ts+CaCr-Ts component of ~10%
(~8%CaAl-Ts and ~2% CaCr-Ts) and enstatite component of ~14%, in Clinopyroxene, respectively.

ASpl1 core -> core-rim -> rim

@ Spi 2 Matrix

MISpI 2 Exsolution lameliae in Opx1 and Cpx1
@Sp! 2 Inclusions in Opx2 and Cpx2

19Spl 2 Symplectitic with Opx

@ Spl 3 Symplectitic with Opx3+Cpx3

.
ey,

Figure 2: Chemical compositions of spinels from garnet-spinel peridotite in relation to 100Cr/(Cr+Al):100Mg/
(Mg+Fe*?).

Thus, an old (relict) mineral assemblage Ol1(Fo,,) - Opx1-Cpx1-Spll (X *'= 0.46)-(Grt) indicates pres-
sures of ca. 3 GPa, constrained by the continuous reaction Grt+OI(Fo, )—Opx+Cpx+Spl(X_* = 0.46) for an
assumed temperature of 1200°C (O’ Neill, 1981). Assuming that Cpx1 was in equilibrium with the preexisting
garnet, as textural relations in Plate 2B suggest, and by applying the Cr-in-Cpx barometer and enstatite-in-Cpx
thermometer (Nimis and Taylor 2000), on the recalculated Cpx1 composition, a temperature of 1235 °C and a
pressure of 2.6 GPa are obtained. The Spl-Opx-Cpx symplectites replacing pseudomorphically a garnet inclu-
sion in spinel 1 (Plate 2A), suggest a previous garnet peridotite stage at pressures > 3 GPa. Because of the
absence of garnet exsolutions in Opx1 and Cpxl, preserved increments of decompression and cooling occurred
within the stability field of spinel peridotite up to ~1.8 GPa for an assumed temperature of ~900°C, since exsolved
and interstitial spinel has a Cr/(Cr+Al) ratio ~0.10 (O’Neil, 1981). Sporadically exsolution-free recrystallized
ortho- and clinopyroxene (Opx 2, Cpx2) coexisting with olivine, include an Al-rich spinel (Xcrs"' = 0.08-0.1) that
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coexists with garnet (Grs , Alm, Prp Sps Uvr,.). Garnet and Al-rich spinel grains are also observed as inclu-
sions in hornblende and olivine formed in a later stage of exhumation (Plate 2F). The five phases Opx-Cpx-Spl
(X, ?=0.1)-0l (Fo,,)-Grt; constrain pressures ~1.6 GPa assuming temperatures of 800°C (cf. O'Neill, 1981);
thus cooling occurred at still high pressures. Pressures of 1.4-1.6 GPa for a temperature of 800°C are also ob-
tained applying the Al-in-Opx barometer of Brey and Kohler (1990) using the compositions of the exsolution
free recrystallized orthopyroxene and that of garnet enclosed in the orthopyroxene (i.e. Plate 2E).

During decompression and cooling, enstatite-diopside-spinel symplectites formed between adjacent garnet
(of the garnet-pyroxenite or pyroxene garnetite layers) and olivine grains of the peridotite layer, (Plate 3F)
according to the reaction Grt+Ol—Opx+Cpx+Spl (Spl3). Spinel 3 shows a high Mg/(Mg+Fe) ratio of (0.82-
0.88) and a low Cr,0, content (X_* = 0.012) (see Fig. 2), constraining the above reaction at pressures <1.4
GPa (cf. O'Neill, 1981)

At this stage, access of water triggered a variety of hydration reactions. Garnet, clinopyroxene and spinel
inclusions in hornblende (Si=6.5-6.8 atoms p.f.u.) (Plate 2F) and olivine suggest that the reactions
Grt+Cpx+W—0I+Hbl and Opx+Cpx+Spl+W—OI+Hbl took place. It is noted that hornblende with Si con-
tent 6.5-6.8 atoms p.f.u, and associated with spinel in ultramafic rocks indicates upper amphibolite/granulite
facies conditions (Evans, 1982). At lower P-T conditions hornblende +spinel are replaced by tremolite +chlorite.
At still lower temperatures olivine is replaced by antigorite.

3.4. Spinel-garnet clinopyroxenite, clinopyroxene garnetite and olivine clinopyroxenite

The clinopyroxenites occur as millimetre to several centimetres thin layers within the peridotite (Plate 3A)
as a result of strong flattening and shearing during HP/HT-metamorphism; locally the thickness of pyroxenites
exceeds one meter. They generally show high MgO and low SiO, contents (SiO, ranges between 39-42%, Al O,
12.5-14.5%, FeO,  8.2-9.5%, MgO 23-27% and Ca0O 12.5-14. 5%) resulting in an olivine and anorthite- nch
norm composmon w1th additional diopside and Ca SiO,. Some layers may contain up to 80 volume % garnet,
thus characterised as clinopyroxene garnetites. They are interpreted as mantle cumulates that crystallized from
melts at high pressures, and subsequently deformed and recrystallized at still high temperatures and pressures.

The spinel-garnet clinopyroxenites show the mineral assemblage Cpx+Grt+Spl+Hbl+Ol, the clinopyroxene
garnetites Grt+ Cpx+Hbl and the olivine clinopyroxenites Cpx+Ol. A Mg-rich ilmenite (MgO 8-8.5%) is present
in all pyroxenites.

Garnet, spinel and olivine inclusions in cumulate clinopyroxene crystals suggest fractional crystallization of
cumulate minerals garnet, olivine and clinopyroxene from the melt and crystallization of the original clinopyroxene
in the stability field of garnet pyroxenite (Plate 3C,E).

In spinel-garnet clinopyroxenite, clinopyroxene and garnet coexist with spinel and olivine. Larger
clinopyroxene grains display a compositional zoning with Al O, content decreasing from ca. 4.5 wt% AL O, in
the core to ca. 2.5~3.2 wt% Al O, at the rim. If olivine is present the core and rim AlO, contents of such
clinopyroxenes are ca. 3.58 and 1. 7 wt%, respectively. However, abundant exsolution lamellae of garnet (up to
~8 vol.%) and, to a lesser extent, spinel in the core of the larger Cpx grains (Plate 3B,C,D) indicate a much
higher Al O, content for the original clinopyroxene (Cpx1). Two generations of garnet exsolution formed during
cooling of pyroxenite (Plate 3C). Large garnet rods, up to ~300 pm long and 6-10 pm wide, represent the first
generation and very thin garnet rods, ~30-60 pm long and ~2 pm wide, associated with exsolutions of spinel
(Plate 3D) represent the second generation. The rims of clinopyroxene crystals are exsolution free and are in
textural equilibrium with the matrix garnet and spinel grains and, also with olivine, if present. They have a
similar composition with the homogeneous matrix clinopyroxenes (Cpx2), which have no garnet exsolutions.
Applying clinopyroxene thermobarometry (Gasparik, 1984) in the olivine-bearing garnet clinopyroxenite, the
core composition of a clinopyroxene having 7.6% Ca-Ts component (Al O, 3.58%) and 14% enstatite compo-
nent (Cpx1) yield minimum P-T condition of 1160°C and 2.4 GPa since orthopyroxene is not present to saturate
the enstatite component in the clinopyroxene. Integration of the exsolved garnet (~5% Grt) into the clinopyroxene
suggests higher temperatures (~ 1240°C) for clinopyroxene crystallization.

The composition of garnet depends on the bulk rock composition of the pyroxenites. In the olivine-free
layers the composition of garnet is: Grs,, ,, Prp,, ., Alm_, ., Sps . and in the olivine bearing ones: Grs,,, Prp_,
SAlm,, . Sps . R.ar.e older Grt 1 shows compositional zoning with core composition ((}rszsPrp 5, Alm,, Sps 0_7QVU_7)
and rim composition (Grs,, Prp_Alm, Sps Uv, ). The lower grossular and uvarovite components, the higher

pyrope and almandine components, and the lower Mg/(Mg+Fe) ratio of the rim in comparison to the core
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Plate 3: Spinel-garnet clinopyroxenite:
A: Tayering 9 alterrating garnet-spine! peridotite {dark) and garne: py-oxenite
! 21121 to the HR/AT feliatior and lineaticn. Field cf view 20 cm. B:
Photowicrograpr o cliropyroxene (Cox 1} showing exsoluzion lameliae of garnet in
core gvergrown by cxsoiution free new clinopyroxene (Cpx 2). Tield of view 0.6 mr,
crossed wvolars. C€C: Protcomicrogravsh of clinovyroxene (Cpxri)} with inclusiors of
garnet. (Gr, reunded snd in part elongated, ccorroded grains) and spinel (Spl; and
icn lamellae of carnet. Twe generaticns of garnet exsc_utiocns cccur; wide
e Gzt <¢l) and very thin (Crt el2:. Ncote the exsolution free new
vroxene rim {Cox 2) overgrown Cpx 1. Fleld of view 0.9 mm, half crossed polars.
D: ZEM inmage of clincpyroxene (Cpxl} corntalning exsolution lamellae of garnet and
spine’. Two gereraztions o7 garret exscluticns cccur; wide lamellas {Grtl; and very

thin {Grt2). E: Zhotomicrograoa of clinopyroxene {(Cpxl) contairing garret irclusion
iGrTi . Exscitrtions of spinel {Spl-e) ana garnet (Grt-c¢), are, alsc, observed. Ficld

of view .9 mw, polarizer onliy. F: Protomicroygraph of enstatite-dicpside-spinel
iSpl 3: svmplectites (Syn) formed as reaction products Dbetween garnet from
Tyroxerlte laycer and adiacent olivine Zrom peridotite layer. Field of view 1.5 mm,
volarizer cniy.




composition suggest that garnet formed during decompression and cooling (Jenkins and Newton, 1979).

Garnet exsolved from Cpx 1 has a similar composition to the matrix one (Grs, Prp, Alm,Sps: in olivine
bearing pyroxenites Grs, Prp, Alm, Sps ). Since garnet exsolutions are formed during a post deformational
static annealing stage, as the textural relations indicate, matrix garnet, exsolution-free clinopyroxene rims and
exsolution-free matrix clinopyroxene have recrystallized and equilibrated at that stage. Garnet-clinopyroxene
geothermometry (Ellis & Green, 1979) between exsolved garnet-clinopyroxene host and matrix garnet-exsolution-
free matrix clinopyroxene pairs yielded equilibration temperatures ranging between 750-790°C for assumed
pressure of 1.5 GPa. Higher values (823°C) are obtained from Grt 1 core — Cpx 1 core composition.

3.5. Eclogites

Throughout the Kimi Complex boudins of amphibolitized eclogites ranging in size from a few dm to some
tens of meters occur. According to their mineral assemblages they are characterized as common eclogites, and
kyanite eclogites.

3.5.1. Common eclogites

MPQ aggregates pseudomorphic after coesite included in garnet (Plate 1A) are interpreted as UHP indica-
tors in the common eclogites. The high-P mineral assemblage is Grt-Cpx-Qtz-Rt. Elongated garnet-clinopyroxene
aggregates show a HP/HT deformation (Plate 4A). Large clinopyroxene grains (Cpx 1) show a compositional
zoning with jadeite component decreasing from the core (jd,;) to the rim (jd, /), indicating an equilibration
tendency of the clinopyroxene to pressure decrease. With decreasing temperature and pressure symplectites of
clinopyroxene (Cpx2)-plagioclase and hornblende-plagioclase replace Cpx 1. Cpx 2 (jd , ), which is in equilib-
rium with symplectitic plagioclase (An,, , ) constrains an equilibration stage at ~ 1.2 GPa for assumed tempera-
ture of 700°C. During continuing cooling and hydration, poikiloblastic brown-green hornblende, reaching sev-
eral centimeters in size, grew at the expense of garnet and clinopyroxene. This hornblende contains numerous
inclusions of garnet, clinopyroxene, (with corroded edges), quartz and rutile (Plate 4B). Garnet-hornblende
geothermometry (Graham and Powell, 1984) using rim compositions of garnet inclusions in hornblende yielded
670%40°C.

3.5.2. The Smigada eclogite

4Km to the W of Smigada village on the road to Kimi village, a boudin of amphibolitized garnet-rich eclogite
with an exposure of ~10X20m occurs within intensely mylonitized and retrogressed gneisses. Garnet-rich and
Clinopyroxene-rich layers are isoclinally folded imprinting a (U)HP deformation. Quartz-Scapolite rich pock-
ets, veinlets or garnet-scapolite-hornblende layers with interstitially growing equigranular strain-free scapolite
and hornblende grains record a post-eclogitic static annealing reequilibration stage, indicated by the presence of
a sulfate rich fluid phase. A muscovite pegmatite intrudes the eclogite cutting across the eclogite foliation.

The total mineral assemblage of the amphibolitized Smigada eclogite is Grt-Cpx-Scp-Hbl-Qtz-Czo-Ky-Kfs-
Ab-PI-Rt-Ttn-Py.

Several garnet and clinopyroxene generations are present: Older garnet (1) showing larger grain size (400-
600 pm) is characterized by a homogeneous composition except at the outermost rim. The core composition is
Grs,,,Alm_,Prp,,, at the rim MgO slightly decreases and CaO increases. The composition of the younger
equidimensional and euhedral garnets (~200-300 pm) is similar to the rims of the older garnets (Grs,,, Alm,,
Prp,,, Sps,,)- Garnet 1 contains inclusions of K-feldspar, quartz, rutile kyanite and composite grains consisting
of Kfs-Ab-Qtz and Hbl+Cpx. Subradial cracks emanate from the K—feldspar inclusions into the garnet host
(Plate 1C) indicating that they have formed by volume increase of the inclusions during phase transformation of
a denser phase to less dense one (i.e. K-cymrite—K-feldspar+W). Garnet 2 is commonly free of inclusions.

Large clinopyroxene (Cpx 1) single grains (=300 pm in length) and smaller (Cpx 2) grain aggregates (single
grain size ~100pm) occur. Cpx 1 shows a compositional zoning with jadeite component slightly decreasing from
the core (jd,, .) to the rim (jd,, ;) that corresponds to the jadeite component of Cpx 2. Cpx 1 contains inclusions
of composite grains consisting of Hbl+Kfs, Hbl+Qtz+Kfs, Kfs+Ab as well as exsolution lamellae of quartz
(Plate IB). Exsolution lamellae of quartz in clinopyroxene have been identified only in clinopyroxenes from
eclogites and garnet clinopyroxenites of several UHP terranes and are interpreted as exsolution products of a
precursor, supersilicic clinopyroxene stabilized at UHP conditions (Liou et al. 1998). Local reaction rims of new,
euhedral garnet (Grt 2, Plate 4C) around Cpx 1 indicate garnet formation at the expense of Cpx 1. Cpx 2 forms
equigranular grains and is free of inclusions.
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Applying the garnet-clinopyroxene Fe-Mg exchange geothermometer of Ellis and Green (1979) to Grt 1
core and Cpx 1 core compositions, temperatures in the range of 900-950°C are obtained for minimum pressure
of 4 GPa, if we assume that the eclogite shared a common UHP metamorphism with the diamond-bearing
neighboring metapelites at the peak pressure. Grt 2 and Cpx 2 compositions yielded 730-790°C for an assumed
pressure of 1.5 GPa.

Influx of water and oxidized conditions triggered the formation of kelyphitic and diablastic hornblende and
scapolite replacing garnet and clinopyroxene (Plate 4D). Scapolite formed aggregates of equidimensional strain
free grains showing low energy grain boundary configuration (120°C triple junctions). In some leucocratic pock-
ets of the rock, scapolite coexist with plagioclase. Scapolite is Ca-rich with 70-80% meionite component and 20-
30% marialite component, whereas the coexisting plagioclase is Na-rich having an anorthite component in the
range 30-35%. Garnet-hornblende geothermometry (Graham and Powell 1984), using rim composition of gar-
net inclusions in hornblende, yieded 650+30°C for this stage.

3.5.3. Kyanite eclogite

1 Km to the east of Kimi village (Fig. 1), in close association with major ultramafic boudins, a small boudin
of a partially amphibolitized kyanite eclogite occurs showing the mineral assemblage Grt-Cpx-Pl-Hbl-Kfs-Rt-
Ky-Scp- Czo. Quartz is very rare and is present only as inclusions in garnet associated with kyanite. Characteris-
tic are elongated, sigmoidal shaped mineral domains (length to height ratio of about 10:1) mainly consisting
either of Na-poor clinopyroxene (Jd, .)-hornblende-plagioclase-garnet or garnet-plagioclase (+hornblende)
(Plate 4E). These are interpreted as pseudomorphs after plastically deformed garnet grains.

Relict mineral assemblages linked to this early stage are rarely preserved. Within these domains relics of
older garnet 1 (Grs , Alm,, Prp,, Sps,,) includes tiny kyanite (1-5 mm) and quartz grains (Plate 4F). Thus, an
older mineral assemblage is Grt-Ky-Qtz indicating P-T conditions of a prograde stage above the stability field of
plagioclase.

Younger idiomorphic garnet (Grt 2) grains (Grs,, Alm, Prp,, Sps .; grain diameter c. 200 pm) include
larger kyanite crystals similar in size to the matrix kyanites (up to 100 um), K-feldspar and rutile. Thus, a younger
mineral assemblage is Grt 2-Cpx-Ky-Kfs-Rt-Scp possibly formed above the stability field of muscovite and quartz.
Kelyphitic hornblende coronas surround clinopyroxene and garnet grains indicating hydration. At this stage
plagioclase (An,, /) is intergrown with clinopyroxene and hornblende. Since quartz and corundum are absent
from the rock matrix, the formation of plagioclase replacing eclogitic garnet and clinopyroxene is restricted
between the pressure dependent reactions Pl->Cpx+Qtz and Cpx+Ky—PI+Co. The intersection of the above
reaction curves calculated for analysed plagioclase and clinopyroxene compositions with the garnet (Grt 2)-
clinopyroxene Fe-Mg equilibrium constrains the P-T conditions for the amphibolitization stage of the kyanite
eclogite between 1.1 and 1.2 GPa and 700-750°C. During continued annealing, phengitic muscovite (Si=6.6
p-f.u) replaced K-feldspar and kyanite, and clinozoisite replaced garnet, kyanite and plagioclase suggesting fur-
ther hydration.

3.6. Granodiorite gneisses

Large boudins of granodiorite gneisses containing numerous mafic enclaves also preserve fabrics of a high-
P/high-T deformation. Elongated mafic enclaves define a distinct mesoscopic foliation and lineation (Plate SA).
The mineral assemblage of the granodiorite gneiss is Grt-Hbl-Pl(An, )-Qtz-Czo-Ms+Bt.

Deformation of the granodiorite gneisses at high pressures is constrained by the intrusion depths of
trondhjemitic pegmatites crosscutting the foliation plane (Plate SA). The mineral assemblage of the pegmatite
is Ms£Pg-Pl-Czo-Qtz+Ky=Grt. Clinozoisite and scarce kyanite are armoured inclusions in plagioclase (An, )
(Plate 5B). They are interpreted to have formed by the reaction Pl-Czo+Ky+L, above the wet melting of
granite minimum i.e. >1.1 GPa/670 °C (Johannes, 1985). This evidences pegmatite intrusion and thus deforma-
tion of gneisses, at pressures above 1.1 GPa. Plagioclase shows compositional zoning from An, in the core to
An at the rim. Local symplectitic intergrowths of plagioclase (An ) with clinozoisite, muscovite and quartz
(Plate 5C) indicates that the pegmatite has been completely crystallized at 1.05 GPa and 630°C (see Johannes,
1985). At the postdeformational static annealing stage hydration reactions produced in the granodiorite gneiss
idiomorphic garnet and clinozoisite grains in plagiocalse and unoriented muscovite +paragonite flackes at the
expense of plagioclase and K-feldspar.
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Plate 4: Eclogites:
A:  Pactoricregraph  of syndeformational association  of garret {Crt; and
clinvvyroxene {Cux). Common eclogite. Field of view 2.5mm, nhaif crosscd peclars. B:
Pactoricrograprt ¢f diablastic horablende {3kl) overgrowing garret layers (Grt)
during the postdeforma-ioral static annealirg/reeqguilibration stage. Cormon
cciogite. Fieid of view 2.2 mm, crossed polars. C: Photemicrogravh of idiomozphic
carnets (Ork 2 Jrowing cilinopyroxene {Cpxl) during the pestdeiormazional

> anrealirg/reeguilibraticn stage. Smigada eclogite. Field cof view 1.5mm,
crossed polars. D! Secapolite grains (Scp) asscciated with horrblande (bl forred an
the exopcrse of garne:t znd cliropyrexene. Smigada eclogite. Ficld c¢f view 1.5 mm,
rali-cressec polars. E: Phoitomicrogravh of plagioclase {Pl}-hornblende (Ho!)
agcregates replacing deformed garnet porohyrcokhlast. In the cesntre o the chetc,
garaetl lncliuces large kyanite grain {Kyi. Tield of viaw 1.5 mr, crossed polars, F:
SEM ‘mage showing minute kvanite {Xy! and quariz (Qtz) incluasicns in eclogitie
carnst. Xyanite ecicygite.
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Plate 5: Granodiorite gneisses-Trondhjemitic dykes-migmatites

A: Elongated mafic enclaves in a granodiorite gneiss having long axis/short axis
ratios of more than 20:1 define a HP/HT foliation/lineation. Trondhjemitic dyke
intruded during the postdeformational static annealing/reequilibration stage cuts
across the foliation. B: Photomicrograph of armored kyanite showing corroded rims
included in plagioclase (An 30). Trondhjemitic dyke. Field of view 0.9 mm, polarizer
only. C: Photomicrograph of symplectitic intergrowth of oligoclase (An 15) with
muscovite and quartz. Tronthjemitic dyke. Field of view 1.5 mm, Polarizer only. D:
Photomicrograph of K-feldspar showing perthitic exsolution in a migmatitic Grt-Bi-
gneiss. Field of view 0.9 mm, crossed polars.

3.7. Quartz-feldspar gneisses and Pelitic gneisses

Most of the volume of quartz-feldspar and pelitic gneisses was affected by partial melting and preserve
migmatic structures. In these rocks UHP indicator minerals are not preserved; migmatization has destroyed
almost completely previous mineral assemblages. Migmatite boudins contain either phengite or biotite. The
mineral assemblage of phengite migmatites is Phen-Grt-Kfs-P1-Qtz and that of the melanocratic interlayers
Bt+Grt+Kfs+Pl+Qtz, with perthitic and antiperthitic exsolutions in K-feldspar and plagioclase, respectively
(Plate 5D). Some migmatite boudins consist of alternating cm thick melanocratic garnet-rich layers (>30 vol%)
and leucocratic quartz-feldspar-rich layers.

These migmatites have the mineral assemblage Grt+Pl+Kfs+Qtz+Rt=+Bt, indicating that migmatization
occurred at P-T conditions above the dehydration melting reaction Bt+Ms+Pl+Qtz—Grt+Kfs+L (i.e. >800
’C and 1.4 GPa, Le Breton & Thompson, 1988). Garnet contains inclusions of quartz, rutile and rarely biotite.
Subradial fractures emanate from quartz inclusions into the garnet host suggesting that they were former coesite.
Matrix biotite replaces garnet indicating formation of biotite during cooling and hydration.

3.8. High alumina metapelites

Locally, kyanite-bearing migmatitic metapelites preserve UHP relics and mineral assemblages and textures
allowing the unravelling of significant parts of the exhumation trajectory of the UHP Kimi complex. Garnet (Grt
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1) and kyanite (Ky 1) porphyroblasts contain minute carbon cubes and octahedra of partially or completely
graphitized diamonds (Plate 1D). Sodic garnet porphyroblasts (Mposkos and Kostopoulos 2001) contain silica
and apatite rods and rutile needles (Plate 1E,F) interpreted as exsolutions from a supersilicic garnet (Collerson
et al. 2000). Diamond inclusions constrain minimum pressures at 3.9 GPa for an assumed temperature of 900°C
(Chatterjee et al. 1998) for the UHP stage, while the supersilicic garnet indicates pressures of ~7 GPa (Mposkos
and Kostopoulos 2001).

A few sections of the exhumation path can be constrained based on the mineral compositions, mineral
assemblages and textures formed in the high-alumina metapelites at any particular stages of exhumation (for
mineral compositions, textures and mineral reactions in high-alumina metapelites see Mposkos and Liati, 1993).

Melt segregations formed pockets of leucosome consisting of aggregates of small unoriented muscovite and
biotite flakes, kyanite rods and equidimensional strain free quartz and plagioclase grains, indicating crystalliza-
tion of the melt at static conditions.

Garnet porphyroblasts (Grt 1) contain inclusions of kyanite (Ky 1), rutile, biotite (Mg/(Mg+Fe)=Mg#
0.67) and quartz. They also include aggregates consisting of biotite +plagioclase +kyanite +quartz+muscovite.
Kyanite forms small unoriented rods intergrown with biotite (Ky 2). These aggregates seem to be formed as
decomposition products of a previous inclusion phase (probably phengite) reacted with the garnet host.

Garnet porphyroblasts and matrix muscovite are replaced by biotite (Mg # = 0.54-0.56) and kyanite (Ky 2)
according to the pressure dependent continuous reaction Grt+Ms—Bt+Ky+Qtz above the stability field of
staurolite. This is associated with Fe, Ca and Mn increase and Mg decrease at the garnet rim in contact with
biotite (Fig.8 in Mposkos and Liati 1993). According to Le Breton and Thomson (1988) the above reaction
occurs at ~1.1 GPa for assumed temperature of 700°C. Grt-Pl-Ky-Qtz geobarometry (Koziol & Newton, 1988)
and garnet-biotite geothermometry (Ferry and Spear, 1978) yielded pressure of 0.9-1.1 GPa and temperature of
700+ 40°C.

Further cooling crossed the stability field of Grt-Ky-Chl (Vuichard and Ballevre, 1988) verified by garnet
(Grt 2) and chlorite (Mg# 0.75) formation at the expense of kyanite (Ky 1) and biotite (Mg# 0.73).

A remarkable change in the exhumation and cooling path is imprinted by staurolite formation replacing
kyanite and garnet according to the water consuming reactions Grt+Ky+W—St+Qtz and
Grt+W—St+Chl+Qtz. Chlorite associated with staurolite and garnet shows lower Mg# (0.66-0.69) in com-
parison to that associated with garnet and kyanite (Mg# 0.75). Garnet and staurolite show a decrease in Mg#
from the core (Mg# 0.26 and 0.31) to the rim (Mg # 0.22 and 0.29 respectively) consistent with staurolite growth
at the expense of garnet.

Since in the high-alumina metapelites staurolite does not coexist with biotite, the exhumation trajectory of the
Kimi complex passed through the Grt-St-Chl stability field, recording a stage of rapid uplift and cooling (Fig. 3).

4. DISCUSSION

UHP terranes contain coesite and in some case, microdiamonds, and thus formed at pressures ranging from
c. 2.5 GPato >4 GPa (Liou et al., 1998). These pressures cannot be achieved by simply stacking, schuppen style,
slices of continental crust. Instead, crust must be subducted 100 to >140 km into the upper mantle. By this
process it results in a geometry where a wedge of mantle rocks lies directly above crustal rocks. It seems likely
that mantle fragments could be transferred from the hanging wall to the footwall, perhaps as slices or ductile
masses (Brueckner & Medaris, 2000). Once intruded, the peridotite will share a common tectonothermal his-
tory with the host crustal rocks. At some stages, the conditions forcing the continental crust into the mantle are
relaxed and the crust, with its cargo of peridotite bodies, will return towards the surface (“eduction”). Several
mechanisms have been proposed to exhume deeply subducted crustal terranes (see references in Brueckner &
Medaris, 2000). Many of these models postulate that the crustal slab either delaminates from its underlying
mantle or breaks off from the adjacent subducted oceanic lithosphere. In either case, the buoyancy of the crustal
terrane relative to the enclosing mantle causes it to return towards the surface, presumably along detachment
surfaces. Break-off of oceanic slab allows asthenosphere to well up into the mantle wedge and results in the
intrusion of hot spinel peridotite that formed garnet by cooling (UHT subduction peridotite according to
Brueckner & Medaris, 2000). Garnet formed at the expense of spinel as a result of cooling either in the mantle
during upwelling or within the subducted continental crust during intrusion or afterwards as the host slab was
educted towards the surface. In the latter case, the garnet-bearing assemblages should give the same mineral
ages as the host crustal rocks.

Figure 3 is a P-T-t diagram showing the exhumation paths of the crustal and mantle assemblages respec-
tively from the UHP metamorphic Kimi complex, based on the petrological results obtained from amphibolitized
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eclogites, gneisses, high-alumina metapelites and pegmatites for the crustal assemblages and the peridotites/
pyroxenites for the mantle assemblages presented in the previous chapters. As it is shown in Fig. 3 the crustal
and mantle assemblages followed separate exhumation paths up to a depth of about 60 Km and subsequently
both assemblages shared a common thermochronological history.

The inclusions of microdiamond in garnet porphyroblasts from the pelitic gneisses evidence subduction of
sedimentary material from the Kimi complex to depths higher than 130 Km (>4 GPa). Moreover, the exsolutions
of silica rods in sodic garnet from the metapelites evidence subduction of the sedimentary rocks to depths of
~220 Km (~7 GPa) (see Mposkos & Kostopoulos, 2001). Available petrological data are not adequate to con-
strain the temperatures at the peak pressures conditions. However, the ubiquitous rutile exsolutions in garnet
(titanium content in garnet is a temperature rather than pressure indicator) suggest temperatures higher than
1000 °C (Massonne, pers. comm., 2001).

Application of the Grt-Cpx Fe-Mg exchange thermometer (Ellis & Green, 1979) on eclogites using garnet
core-clinopyroxene core compositions yielded a temperature range of 780-830 °C for an assumed pressure of 1.5
GPa. The same Grt-Cpx pairs yield temperatures between 945-995 °C for an assumed pressure of 7 GPa; tem-
peratures that could be accepted as peak temperatures if we assume that exhumation occurred along the Fe-Mg
exchange equilibration curve i.e. with slight temperature decrease. Mineralogical and textural data that can put
constraints on the exhumation path from the maximum depth (~220 Km to ~60 Km are still lacking. The high
enough temperatures that prevailed at shallow depths (~800°C at 1.5GPa) and the fact that the Kimi Complex
stayed for a long time at appreciable depths (see below), forming the root of an overthickened crust, lead to
extensive recrystallization/reequilibration and erased almost completely the mineral assemblages, formed at the
previous stages. However, the mineral assemblages Grt+Kfs+Pl+Qtz+Bt and Ms+Grt+Kfs+Pl+Qtz in the
migmatitic gneisses constrain the exhumation path at some stages between the reaction curves
Bt+Ms+Pl+Qtz—Grt+Kfs+L and Ms+Pl+Qtz—As+Kfs+L (i.e. between 800-850 °C for pressures 1.4-2 GPa
respectively, Le Breton & Thomson, 1988, Fig. 3, Point B).

In garnet-spinel peridotite and spinel-garnet-clinopyroxenite the high Al,O, content (~4.5-5.5%) in the pri-
mary clino- and orthopyroxene indicate high temperature protoliths. Temperature of 1235 °C and pressure of 2.6
GPa are calculated using the Cr-in-Cpx barometer and the En-in-Cpx thermometer (Nimis & Taylor, 2000) on the
recalculated composition of a clinopyroxene containing spinel and orthopyroxene exsolutions (Plate 2C). High
temperatures and pressures are also obtained (1160-1240 °C, 2.4 GPa) from the clinopyroxene composition coex-
isting with garnet in olivine-bearing clinopyroxenite. Such high temperatures at pressures of 2.4-2.6 GPa are not
expected in an environment of a subducted plate nor at the base of the overlying lithospheric mantle wedge. The
protolith of the Kimi ultramafic body represents, probably, a segment of the asthenosphere welled up into the
mantle wedge as a result of break-off of the subducted oceanic slab from the continental slab carrying the Kimi
crustal assemblage. The primary peridotite was possible a garnet peridotite, equilibrated at P>3 GPa (Fig. 3, point
Al) as indicate the spinel 2 (X_* = 0.14-0.15)-pyroxene symplectite inclusions in spinel 1 (X_*" = 0.40-0.46)
(Plate 2A). During asthenosphere upwelling and possibly with influx of water from the subducted plate, partial
melting occurred. Continuing decompression and cooling occurred within the enlarged stability field of Cr-spinel
peridotite (O’Neill, 1981) as suggest the spinel exsolutions in ortho- and clinopyroxene and the successive decrease
of Cr/(Cr+Al) ratio from the core to the rim in zoned Cr-spinel grains (0.46 core—0.20-0.15 rim, Fig.2). Crystalli-
zation of the melt and formation of cumulate pyroxenites occurred at high pressures (~2.4 GPa-1240 °C, Fig. 3,A3)
within the stability field of garnet-pyroxenite, indicated also by the garnet inclusions in Cpx 1 (plate 3E). A subse-
quent increment of the exhumation path is characterized by isobaric cooling within the garnet-pyroxenite stability
field as indicate the garnet exsolutions lamellae in Cpx 1 of pyroxenite (Plate 3B,C). For the garnet-spinel peridotite,
this isobaric cooling occurred at the first stage within the spinel peridotite (X_* = 0.10-0.15) stability field as
indicate the spinel exsolution in ortho- and clinopyroxene (Plate 2B,C) and the ubiquitous matrix spinels, and
subsequently passed into the spinel-garnet peridotite stability field as indicate garnet and spinel grains (X_* =
0.08-0.14) preserved as inclusions in Opx2 (Plate 2E), hornblende (Plate 2F) and olivine associated with horn-
blende. Grt-Opx2 geobarometry (Brey & Koehler, 1990) yielded a mean value of 1.5 GPa for an assumed tempera-
ture of 800 °C (Fig. 3, B1). Grt-Cpx Fe-Mg exchange thermometry on Grt-Cpx pairs from the clinopyroxenites
yielded equilibration temperatures of 820-825 °C for Grt(core)-Cpx(core) compositions and 750-790 °C for Grt
rim-Cpx rim and for exsolved Grt-Cpx host pairs at an assumed pressure of 1.5 GPa. These P-T values approximate
those obtained for migmatite formation in gneisses of the continental assemblage. They possible represent the
depth (~60 Km) of intrusion of the peridotite/pyroxenite assemblage into the continental assemblage. At this stage
the migmatitic gneisses presumably contained still a melt component (Fig. 3,B).
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Figure 3: P-T-t diagram showing the exhumation path of the crustal assemblage (A-B), the mantle assemblage
(A1-B1) and their common path of exhumation (C-F) in the UHP metamorphic Kimi Complex (eastern
Rhodope).

Subsequent sections of the exhumation path are well constrained from mineral assemblages and
thermobarometric calculations for the amphibolitized eclogites, the high-alumina metapelites, the trondjemitic
dyke in metagranodiorite and the muscovite pegmatites. Between points C and D in figure 3 the exhumation
path is characterized by hydration reactions in both the crustal and mantle assemblages indicating influx of
water. In peridotite the mineral assemblage Ol+HbI (Si=6.5-6.8 atoms p.f.u.) dominate and is formed by the
reactions Grt+Cpx+W—O0l+Hbl and Opx+Cpx+Spl+W—OIl+HbI, as indicate the garnet and spinel inclu-
sions in hornblende (Plate 2F). In eclogites, kelyphitic and diablastic hornblende replaces garnet and clinopyroxene
(Plate 4B). Garnet-hornblende thermometry (Graham & Powell, 1984) yielded temperatures 670+40 °C. The
reaction Ms+Grt—Bt(X,, —0 55)+Ky(Ky2)+Qtz occurred in high-alumina metapelites above the stability field
of staurolite (Mposkos & Liati, 1993). Point D records the crystallization of the trondjemitic dyke in the
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metagranodiorite (Plate 5A) at 1.05 GPa and 630 "C (Johannes, 1986) determined from the textural relations
and mineral assemblage Ms+Pg+PIl(An15-20)+Czo+Qtz+Ky (Plate 5B,C). The mineral assemblage
Grt+St+Chl in the kyanite-bearing high-alumina metapelites constrains the exhumation path within the stabil-
ity field of Grt+St+Chl confined by the reaction curves 5,6 and 7 in figure 3. Point E records the intrusion of
muscovite pegmatites with muscovite having 3.2 Si atoms p.f.u. The last point F on the exhumation path records
the formation of diaspore, prehnite and chlorite (corundophyllite) replacing garnet and spinel, and tremolite,
chlorite and prehnite replacing clinopyroxene and hornblende along fissures in the spinel-garnet-pyroxenites
(Mposkos, 1994).

Geochronological data from the UHP metamorphic Kimi Complex are still few but adequate for recording
the time of the (U)HP event and parts of the exhumation path. A Sm-Nd garnet-clinopyroxene-whole rock age
of 119 Ma from the spinel-garnet clinopyroxenite associated with the garnet-spinel peridotite is interpreted to
record the HP/HT event (ca 1.6 GPa at 770 °C, Wawrzenitz & Mposkos, 1997). In garnet clinopyroxenite REE
are fractionated predominant between garnet and clinopyroxene, whereas HREE including Sm are preferen-
tially incorporated in garnet. If we assume that the Sm and Nd contained in garnet are inherited from a pre-
existent phase, this phase was also garnet crystallized from the melt at HP-HT as indicate the garnet inclusions
in HT clinopyroxenes (Plate 3C,E). In this case the age of 119 Ma records no cooling stage at ~ 1.6 GPa and 770
C but a previous stage of exhumation of the UHP event.

Gebauer & Liati (1997) and Liati & Gebauer (1999) report U-Pb SHRIMP ages from magmatic and meta-
morphic zircons from the Smigada eclogite of 119 Ma and 73 Ma respectively and characterized the same out-
crop as grt-rich eclogite boudin. They interpret the zircon age of 119 Ma, which coincides with the Sm-Nd Grt-
Cpx-whole rock age of the HP/UHT clinopyroxenite as crystallization age of the gabbroic oceanic protolith and
that of 73 Ma as the age of the HP metamorphism. Liati & Gebauer (2001) have, recently, reinterpreted the age
of 119 Ma, as crystallization age of magmatic zircons at UHP conditions, suggesting that the garnet-rich eclogite
of Smigada represents an UHP mantle cumulate. The U-Pb zircon age of 119 Ma probably records an early
stage of exkumation of the UHP event of the Kimi Complex, like the Sm-Nd Grt-Cpx-whole rock age.

The age of 73 Ma from the metamorphic zircons presumably record the time of amphibolitization of the
eclogite triggered by the influx of water. Liberation of zirconium from consumed garnet and clinopyroxene
formed the metamorphic zircons at ca 670+40°C and 1.2-1.4 GPa.

The Rb-Sr muscovite age of 65 Ma from an undeformed muscovite pegmatite, is interpreted as crystalliza-
tion (thus intrusion) age (Mposkos & Wawrzenitz, 1995) and constrains the P-T conditions of the Kimi complex
at that time at 0.6 GPa (20 km) and ~600 °C. The Kimi Complex is exhumed to the earth surface before 42 Ma as
indicate the transgressively overlying Lutetian/Priabonian (48-42 Ma) conglomerates.

5. CONCLUSIONS

Structural, petrological and geochronological work has shown that the RMP is a complex of Alpine
synmetamorphic nappe complexes, characterized by south- to southwest stacking and associated with both co-
eval and subsequent extension in an Alpine active margin setting. The Kimi Complex, representing the upper-
most entity underwent UHP metamorphism in Lower Cretaceous (=119 Ma). Pressures >4 GPa (probably ~7
GPa) and temperatures >1000 °C indicate subduction of oceanic and subsequent continental crustal material
into the asthenospheric mantle under the European continental plate. Break-off of the subducted slab allowed
asthenosphere to well up into the overlying mantle wedge and to undergo partial melting, possibly with influx of
water from the subducted plate. The upwelling peridotite reequilibrated at pressures <3 GPa into the extended
stability field of Cr-Spinel peridotite. Decompression and cooling occurred within the Cr-Spinel peridotite sta-
bility field up to ~1.8 GPa and ~900 "C. Subsequent isobaric cooling crossed the stability field of garnet peridotite.
At this stage peridotite intruded into the educted underlying continental crust. Exhumation of the subducted
continental material was rather slow and lasted more than ~55 Ma. Three stages of exhumation occurred. The
first stage from the maximum depth of ~200-220 Km to ~60 Km (P ~1.6 GPa, T ~800°C) is characterized by slow
cooling rates, indicating rapid exhumation. At this stage significant overprinting of the earlier UHP assemblages
occurred. The second stage of exhumation from ~60 Km to ~38 km (P ~1.05 GPa, T ~640 °C) is characterized by
cooling at slow exhumation rates. At this stage, mineral assemblages in megaboudins of most rock types are
characterized by static annealing reequilibation/recrystallization processes. The third stage of exhumation started
between 73 and 65 Ma, is characterized by rapid uplift, influx of water (possibly released from the underlying
slab carrying the Sidironeron and Kechros Complexes), intrusion of muscovite pegmatites at ~20 Km depths and
finally rapid cooling at shallow depths until reaching the surface before 48-42 Ma.
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REMNANTS OF PRE-ALPIDIC CRYSTALLINE BASEMENT IN THE EXTERNAL
HELLENIDES
E. SEIDEL'

The proof of pre-Alpidic basement within the Hellenides may provide important clues to the geodynamic
evolution of the Aegean before the onset of the Alpidic orogenesis. For the internal zones of the Hellenides, the
existence of pre-Alpidic relics is well documented. Most of the radiometric dates indicate a Hercynian stage of
consolidation. The structural units of the external Hellenides are built up of sediments deposited in Mesozoic-
Tertiary times. The basement of these sedimentary sequences is generally not exposed. Remnants of pre-Alpidic
crystalline basement rocks were only observed on the island of Crete.

The structure of Crete is characterized by a pile of nappes consisting of rock units from different paleogeographic
zones. The higher units (Uppermost Unit, Pindos Unit, Tripolitza Unit) are divided from the lower units (Phyllite-
Quartzite Unit, Tripali Unit, Plattenkalk Unit) by a low-angle normal fault of pre-Serravallian age. The lower
units were overprinted by blueschist-facies metamorphism in late Oligocene/early Miocene times caused by north-
east dipping subduction in the Hellenic Arc which still goes on. By contrast, the higher tectonic units were not
affected by this high-pressure event.

The sedimentary record within the different tectonic units of Crete goes back to the Permo-Triassic. For most
of the units it is assumed that the sedimentary sequences were deposited on continental crust. During the nappe
piling the sedimentary covers sheared off and left behind the basement. The whereabouts of this basement are
unknown, and direct informations about the composition and age of the crust once underlying the different units
are scarce.

Remnants of pre-Alpidic crystalline basement were first recognized in eastern Crete (Seidel 1978; Seidel et
al. 1982). There, slices of crystalline rocks are intermingled with the Permo-Triassic volcano-sedimentary se-
quence of the allochthonous Phyllite-Quartzite Unit. The size of those slices may reach some kilometers in diam-
eter. Amongst the crystalline rocks are amphibolites, micaschists and gneisses. In metapelites garnet, staurolite
and kyanite were found besides muscovite, biotite and quartz. This assemblage is typical of the Barrovian-type
amphibolite-facies metamorphism. The amphibolites with green hornblende and plagioclase show geochemical
characteristics of tholeiitic basalts generated in an extensional tectonic environment (Franz 1992). The age of this
tholeiitic magmatism, which probably took place within continental crust, is unknown. It must be older than the
amphibolite-facies metamorphism. During the Tertiary high-pressure metamorphism the green hornblende in the
amphibolites was partially replaced by blue amphibole.

Fragments of the crystalline rocks in Scythian sediments (Krahl et al. 1986) of the Phyllite-Quartzite Unit in
eastern Crete testify to a pre-Triassic age of metamorphism. K-Ar dating on hornblendes and muscovites yielded
model ages between 315 and 205 Ma (Seidel et al. 1982). The cluster of dates around 300 Ma and the few younger
dates fit well with the concept of a Hercynian basement only weakly affected by the Alpidic very low-grade high
P/T metamorphism.

Crystalline rocks closely resembling the Hercynian metamorphites within the Phyllite-Quarzite Unit of east-
ern Crete are known from the islands of Kalymnos, Leros and Lipsi in the Dodecanese far northeast of Crete. Like
Crete, typical minerals in metapelites are garnet, staurolite and kyanite, and the amphibolites show geochemical
characteristics of tholeiitic basalts (Franz 1992).

The crystalline rocks of the Dodecanese occur as slices at the base of a nappe. They are overlain by siliciclastic
sediments of Permo-Triassic age and Jurassic-Cretaceous carbonate rocks (Diirr 1986). The siliciclastic sediments
are foliated and show stretching lineation (Franz 1992).

K-Ar dating on hornblendes and muscovites from Kalymnos, Leros and Lipsi yielded model ages mainly
between 320 and 230 Ma (Franz et al. in prep.). The dates of 405 and 539 Ma for two hornblendes can be disre-
garded because of very low potassium contents and consequently high sensitivity to excess argon. Like Crete, the
dates are interpreted as Hercynian ages partially reset by a very low-grade Alpidic overprint.

* YIIOAEIMMATIKOI EXHMATIEMOI IIPOAAIIIKOY KPYEZTAAAIKOY YIIOBAOPOY ITIZ EEQTEPIKEL EAAHNIAEZ
' Prof. Universitit zu K&ln, Institut fiir Mineralogie und Geochemie, Ziilpicher StraBe 49b, 50674 Ko6ln, Germany
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Presumably the allochthonous slices of crystalline rocks in eastern Crete and in the Dodecanese belong to one,
formerly coherent Hercynian basement complex in the southeastern Aegean.

Remnants of pre-Alpidic basement were also found in central Crete (Seidel et al. 1982; unpublished data of
Seidel, Stockhert, Theye). There, mudrocks, sandstones and conglomerates of Early Permian age (Konig and
Kuss 1980) occur at the base of the Plattenkalk Unit which has the lowermost tectonic position in the Cretan
nappe edifice. These rocks contain detrital grains of muscovite, paragonite, biotite, and plagioclase as well as
pebbles of micaschists and very low-grade metamorphic rocks. Locally the siliciclastic rocks are associated with
phyllites.

Two groups of white mica can be distinguished in the phyllites: coarse-grained isolated plates, often strongly
deformed (mica fishes), and fine-grained evenly distributed flakes. Textural criteria indicate that the fine-grained
white mica is younger than the coarse-grained. There are even differences in the chemical composition. Coarse
muscovite plates have generally higher Si-contents per formula unit than fine muscovite flakes.

Two grain-size groups of white mica were also observed in sandstones and conglomerates at the base of the
Plattenkalk Unit. The coarse-grained white micas are definitely clasts from an older source rock, whereas at least
part of the fine-grained white mica was formed during the metamorphic overprint of the siliciclastic rocks. In their
chemical composition coarse- and fine-grained muscovites correspond to those in the phyllites.

K-Ar and Ar-Ar dating on muscovites of three phyllite samples from one locality east of Galinos gave greatly
differing model ages between 300 and 80 Ma. The Ar-Ar release pattern for one of the samples shows a high-
temperature plateau around 300 Ma which probably records the crystallisation age of the muscovite. A later
thermal overprint is obvious but badly constrained. If the phyllites represent pre-Alpidic basement rocks of the
Plattenkalk Unit the dates have to be explained by a partial reset of the K-Ar systems during the Alpidic metamor-
phism.

This interpretation is supported by K-Ar dating on different sieve fractions of muscovite from a sandstone
near Bali. The coarse sieve fraction (500-315 pm) yielded a model age of 305 Ma, the finer fractions gave 296 and
288 Ma, respectively. The date of 305 Ma is thought to be close to the formation age of the source rocks of the
muscovite clasts. The younger model ages can be explained by gradual outgasing of the old muscovite or by
admixture of newly formed muscovite.

The K-Ar and Ar-Ar dates indicate the exposure of Hercynian basement in the source region of the siliciclastic
rocks at the base of the Plattenkalk Unit. Possibly this basement was connected with the Hercynian basement
represented by the allochthonous slices in eastern Crete and the Dodecanese.

So far, there is no evidence of pre-Hercynian (Pan-African) crystalline basement in the external zones of the
Hellenides.
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GEODYNAMICS AND EVOLUTION OF THE MIOCENE MINERALISATION
IN THE CYCLADIC - PELAGONIAN BELT, HELLENIDES
N. SKARPELIS'

ABSTRACT

The paper aims to provide a sound account of the type of Miocene mineralisations in the Cycladic — Pelagonian
belt and their relationship with the geodynamic evolution of the area. Skarn and manto types, epithermal pre-
cious and base metals mineralisation, and vein magnesite in ultramafics are associated to distinct stages of the
geodynamic evolution of the belt. Extensional tectonics favoured their generation. Late stages of extensional
tectonics resulted in the formation of vertical to subvertical NW-SE trending fault zones, which were then used
as conduits for ascending hydrothermal fluids. The relationship between the geodynamics and the metallogenetic
evolution of the belt is discussed on the basis of available data on the geology of four critical areas: Tinos and
Mykonos islands, Laurium and Northern Euboea.

KEY WORDS: Cyclades, Pelagonian, Laurium, Euboea, precious metals, epithermal mineralisation, Late
Miocene, extension, granitoids, skarns, manto, vein magnesite

1. INTRODUCTION

The central and northern Cyclades and the island of Euboea are part of the Cycladic — Pelagonian Belt.
Numerous mineral occurrences and ore deposits are localised into the belt. Several of them were exploited in
ancient times (Sifnos, Laurium, Kythnos) and during the 19" and 20" centuries (Laurium, Serifos, northern
Euboea). The Miocene Cycladic — Pelagonian mineralisations are part of the Tertiary - Quaternary metallogenetic
province in the Aegean, which extends from the Rhodope belt to the south Aegean volcanic arc.

During the last 20 years some very important studies were published on the geodynamic evolution of the
Cycladic - Pelagonian Belt, combining structural, petrologic and radiometric dating methods. The geology of
individual mineralised outcrops in the Cyclades is poorly studied. Even for the famous Laurium deposit several
metallogenetic models are proposed. Research work on the mineralisations in the area has been fragmental.
The works on Laurium by MAPINOZX & PETRASCHECK (1956), on Tinos by MELIDONIS (1980) and Serifos
by SALEMINK (1985) are outstanding.

The present study was initiated when it was understood that many of the mineralisations are spatially asso-
ciated with certain magmatic rocks and tectonic structures and temporally associated with certain stages of the
geodynamic evolution of the area. It was also realised that the formation of the massive sulfide ores of Laurium
and the vein-type magnesite deposits in northern Euboea, due to the generation and circulation of a substantial
volume of fluids, ought to be related to some distinctive processes in the Earth’s crust, bearing an important
geodynamic significance.

The paper aims to provide a sound account of the type of mineralisations and their relationship with the
geodynamic evolution of the area, although the lack of absolute age determination data makes this effort diffi-
cult. The study will provide the background for further research on the relationship between geodynamic evolu-
tion, generation and migration of fluids, and the genesis of - clearly distinct in time and space - mineralisations
within the crust and on the near surface. So, this approach adds to the history of geodynamic evolution of the
area. However, it definitely completes the scheme of metallogenetic evolution of a large part of the Aegean,
during the time period from Tertiary to recent: Oligocene porphyry Cu-Au, Fe-Cu skarns and carbonate-hosted
Pb-Zn-Ag-Au replacement deposits in the Serbomacedonian and Rhodope belt (e.g. Skouries, Madem Lakkos —
Olympias, Xanthi, Maronia), epithermal Au deposits associated with the Oligocene volcanism in Thrace (e.g. Perama,
Sappes, Agios Filippos), Miocene epithermal - type mineralisations in the northern Aegean islands (Lemnos, Chios,
Lesbos), epithermal - type mineralisations associated with the south Aegean volcanic arc (Milos, Nysiros).

* TEQAYNAMIKH KAI EEEAIEH TQN MEIOKAINIKQN METAAAO®OPEIQN XTO XQPO TQN KYKAAAQN KAI THX
ITIEAAT'ONIKHZ

' Department of Geology, Section of Economic Geology & Geochemistry, University of Athens, Panepistimioupoli, 157 84 Zografou, Ath-
ens. e-mail: skarpelis@geol.uoa.gr
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2. REGIONAL GEOLOGICAL SETTING

The Aegean region has witnessed a prolonged history of convergence and collision between the African and
Eurasian plates. The stacked sequences of individual nappes and thrust sheets in the Cycladic — Pelagonian Belt
can be grouped into two major tectonic units (for summaries see DURR et al., 1978; BLAKE et al., 1981;
MOUNTRAKIS, 1986; KATSIKATSOS et al.,, 1986; SCHLIESTEDT et al.,, 1987, PAPANIKOLAOU, 1987;
ENGEL & REISCHMANN, 1999; VAVASSIS et al., 2000; LIPS, 1998; and references quoted therein):

e The Lower Tectonic Unit (LTU) comprises two parts: a minor sequence of pre-Alpine crystalline basement,
outcroping in Flambouron, Euboea, Paros, Antiparos, Naxos, Sikinos, Ios and Delos, and a metamorphosed
sequence of Permian to Mesozoic carbonates, metasediments and metavolcanics. Metabauxites (emeries
and diasporites) and metamorphosed Mn(-Fe)-rich sediments are hosted within the latter part of the Unit.
Two stages of regional metamorphic events are recognised within the lower main sequence: 1. An Eocene (c.
50-40Ma) high-pressure/low-temperature metamorphism at eclogite to blueschist facies conditions and 2.
An Oligocene-Miocene (25-20Ma) Barrovian-type, greenschist to amphibolite facies overprint, with local
migmatization. The HP sequence is extended from Milos (KORNBROBST et al., 1979) and Thera
(SKARPELIS & LIATI, 1990) to S. Euboea (BAVAY & ROMAIN-BAVAY, 1980) and the Thessaly
(SCHERMER et al., 1989).

e The Upper Tectonic Unit (UTU), which was not affected by the Tertiary high-pressure metamorphism, com-
prises a sequence of unmetamorphosed Permian to Mesozoic sediments and late Cretaceous sedimentary
and igneous (including ophiolitic) rocks, metamorphosed under medium-P/high-T conditions and dismem-
bered ophiolites. Small subeconomic chromite bodies in serpentinites, deposits of green marble, occurrences
of talk and vein type magnesite deposits are associated with the UTU.

Intrusion of granitoids at shallow crustal levels caused contact metamorphism of parts of both the lower and
the upper tectonic units. Dating of the granitoids indicates different magma pulses within the late Miocene.

3. THE CYCLADIC - PELAGONIAN MINERALISATIONS

Our recent studies allow a classification of the Miocene Cycladic — Pelagonian mineralisations to four major

ore deposit types: Their geographical distribution is shown in Fig. 1.

e Skarn-type, within the contact metamorphic aureoles of granitoids (e.g. Serifos, Thera, Laurium). They are
subeconomic classified within the calcic magnetite group. The pressure (depth) of emplacement of the
granitoids and the pressure and temperatures of formation of the contact metamorphic rocks are summa-
rised in Table 1a.

Manto-type* (e.g. Laurium, Sifnos).

Epithermal precious and base metals quartz- and barite-veins. They are associated with steeply dipping, brittle
normal faults, which affected the metamorphic rocks, the Miocene granitoids and the Tertiary sediments. A
first interpretation of the back-arc setting of the mineralisation is given by SKARPELIS & AVIGAD (2000).
Deposition of the subeconomic precious- and/or base metals mineralisation in Myconos, Tinos, Antiparos,
Kythnos, Andros and south Euboea island is attributed to that mineralising event. The main features of the
epithermal vein type mineralisations are summarized in Table 1b.

e Vein-type magnesite deposits within the ultramafic rocks of Northern Euboea.

On the basis of the available data, four areas are considered as critical for the study of the relationship
between the geodynamics and the metallogenetic evolution of the Cycladic — Pelagonian belt. The association of
each one of the above deposit types to distinct stages of the geodynamic evolution of the Cycladic-Pelagonian
Belt is evident in Tinos and Mykonos islands, in Laurium area and in Northern Euboea.

? We use the term “manto-type” as it was restricted by BEATY et al (1986) to denote massive sulfide ore (Ag, Pb, Zn, +Cu) with replacement
characteristics, generally stratabound, blanket to pipelike in carbonate host rocks
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Fig.1. Geographical distribution of Miocene ore deposit types in the Cycladic — Pelagonian belt:
carbonate-hosted massive sulfides (solid circle), epithermal-type (rectangular), skarns (open circle), epithermal
veins (bar).

Table 1a. Pressure of emplacement of the granitoids and pressure and temperatures of formation of contact
metamorphic rocks in the Cyclades *

Cable 1a. Pressure of emplacement of the gr  anitoids and pressure and temperatures of formation of
intrusives and contact metamorphic rocks in the Cyclades*
Age Enclaves Granitoid Hornfelses Skarns
Laurium ~9Ma | nd. P 2.11 to 2.62 kb T 600 -440°C n.d.
(Plaka) P 1-15kb
Tinos ~14Ma | n.d. P 3.7to4.2kb T 660-475°C T 555 °C
P ~3kb
Serifos ~9Ma | P 1.0to P 0.33t0 1.7 kb n.d P 1-1.5kb
2.2 kb
Thira ~9Ma | not found n.d n.d. n.d.
* See text for details and references; n.d. : no data

a. Tinos island: From granite emplacement and skarns to mineralised ductile-brittle faults

On Tinos the LTU comprises mainly Mesozoic sediments and volcanics metamorphosed at high pressure
conditions. The sequence was subdivided roughly by means of three marble units by MELIDONIS (1980). De-
tailed studies on the petrology and geochronology of the HP rocks were carried out by BROECKER (1990),
BROECKER et al. (1993), BROECKER & FRANZ (2000). On the basis of petrological and structural criteria
the Basal unit, exposed in NE Tinos, consisting of metamorphosed carbonates and phyllites, was interpreted by
AVIGAD & GARFUNKEL (1989) as a tectonically separated subunit. The UTU comprises dismembered
ophiolites (meta-gabbros, serpentinised untramafics), ophicalcites, and phyllites yielding Upper Cretaceous
metamorphic ages (MELIDONIS, op. cit.; KATZIR et al., 1996). The setting of the Cretaceous amphibolite
facies rocks (amphibolites, gneisses and impure marbles) of the Akrotiri Unit (PATZAK et al., 1994) in relation
to the other Units in Tinos is uncertain. A low-angle normal fault juxtaposed low-pressure metamorphic rocks of
the UTU over blueschists and eclogites of the LTU. A detachment fault separates the Basal unit of the island
from the blueschists (AVIGAD & GARFUNKEL, op. cit.). Both the LTU and the UTU were intruded by
plutonic rocks. The major part of the plutonite is a monzogranite. Garnet-bearing leucogranites occur at the
outer parts of the plutonic body towards the regionally metamorphosed rocks. Aplitic dykes intrude the plutonic
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and the country rocks. The age of emplacement of the plutonic rocks is c. 14 Ma, as evidenced by K/Ar dating
of hornblende and Rb/Sr dating of whole rock and biotite (ALTHERR et al., 1982; BROECKER & FRANZ,
1998). Fission track dating for titanite and apatite provided ages of 13.8+2.1 and 10.8+1.3Ma respectively
(ALTHERR et al., op. cit.).

Using the Al-in-hornblende geobarometer, pressures between 3.7 to 4.2 kb were obtained for samples of the
monzogranite. Temperatures in the contact aureole were 660°C close to the granite contact, to about 475°C in
peripheral zones. The Pressure for the intrusion of the monzogranite during the thermal overprint was esti-
mated at about 3kb (BROECKER & FRANZ, 1994).

A compressive stress regime (evidenced by structural data on parts of the monzogranite) began gradually to
turn extensional (evidenced by structural data in the NE part of the plutonic body) (BORONKAY & DOUTSOS,
1994). The geochemistry of the monzogranite is indicative of an emplacement in a compressive regime, whereas
the associated leucogranite bodies display geochemical insignia suggesting that the tectonic regime was evolved
towards extension (MASTRAKAS & SEYMOUR, 2000).

The contact metamorphic aureole in Tinos lacks significant mineralisation. Minor scheelite mineralisation
was reported by PAPASTAVROU & PARITSIS (1990). Scheelite is mainly associated with garnetites of the
main skarn stage. A quartz-magnetite sample from a contact metamorphic skarn gave an oxygen isotope tem-
perature of 555°C and calculated water composition of 9.1%_ The value of $'°O from this water is consistent
with a primary magmatic fluid (BROECKER et al., 1993).

Subvertical undeformed, NW-SE trending dacitic dykes (MELIDONIS, 1980), which crosscut both the
upper and the lower units and penetrate the detachment, yielded an average K/Ar age of 11.5 = (0.4 Ma (AVIGAD
et al., 1998).

Two generations of mineralised veins were explored at the NE part of the island (Lardiades — Panormos)
and the central west part (Apigania). They crosscut dolomitic marbles of the Basal unit, the blueschists and the
detachment fault between the Basal unit and the blueschists. The thickness of individual veins is less than 0.5 m.

Table 1b. Main characteristics of epithermal Late Miocene extension veins in the Cyclades

Mode of occurrence Host lithology and alteration
Mykonos - Subvertical NW -SE veins filled with barite and | The Miocene granite and the upper
(ox.) sulfides, associated with extensional faults | Unit (molasse and greenschists).
(tension gashes). Silicification — argilllic alteration of the
- Epithermal silica cap and silica breccia with wall rocks
subeconomic Au.
- Stockworks of barite within the molasse
Tinos Two generations of quartz(-sulfide) veins: a. Marbles of the Basal Unit
Veins formed at the ductile stage, striking E-W | Marbles of the blueschist unit
and b. Veins associated with NW-SE trending Talc formation at the expense of dolo-
faults generated under brittle conditions. The mitic marble
veins crosscut the detachment fault between the
Basal unit and the blueschists. Precious and
base metals. Epithermal stage of deposition.
(1.2)
Antiparos Subvertical NW-SE quartz veins. Gneisses and marbles of the Marathi
Minor base metals, Ag and Au, Unit (known from Paros)
Minor barite Argillic alteration of wall rocks, ankeriti -
sation of marbles
Kythnos - Subvertical veins of NW -SE direction. Deeply | Marbles of the blueschist unit of the
oxidised massive sulfide ore enriched in Cu. island. Minor marble replacements.
Minor barite (Thermes, Zogaki, Georgios, Lef- Ankeritization of marbles.
kes).
- Thick quartz veins (NW part of the island).
Minor base metals and Au, minor barite.
Andros NW-SE striking quartz veins. Blueschists overptinted by HT/LP
Minor base metals sulfides metamorphism
Silicification and argillic alteration of
wallrocks
Kaliani Quartz veins striking NW -SE dipping 45-55°NE, | South Euboean blueschists (metapeli-
(South thickness 0.1 to 1.5m. tes, marbles, metabasites)
Euboea) Base metals sulfides, native Au (3). Sericitic alteration of the wall rocks, sili-
Associated with faults possibly generated at the | cification.
transition from the ductile to brittle stage
1: Melidonis (1980); 2: Tombros & Seymour (1998); 3: Alexouli-Livaditi (1978)
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They are associated with faults generated at the transition from ductile to brittle deformation. The first genera-
tion of quartz veins, striking E - W, formed early at the ductile stage. A swarm of quartz - sulfides veins are
roughly of the same strike (NW - SE) as the dacitic dykes of 11 *= 0.4 Ma age. The mineralisation was evolved
during that transition: milky quartz deposited at the ductile stage, whereas grey quartz, sulfides and sulfosalts
were deposited at NW-trending open fissures. Their complex mineralogical composition was studied by
MELIDONIS (1980) and TOMBROS & SEYMOUR (1998): quartz, pyrite, chalcopyrite, sphalerite, pyrrhotite,
galena, tetrahedrite, arsenopyrite, argentite, acanthite, proustite, polybasite, electrum, rammelsbergite, cassiterite,
canfieldite are the main minerals identified. Fluid inclusion studies were performed on sphalerite and milky
quartz. The first mineral to precipitate was clear quartz (220-200°C), followed by sulfides and sulfosalts depos-
ited at temperatures between 190° to 150°C. Salinities range between 0.5 to 6.5 (average 3.5 equiv. %NaCl). The
mineralisation was possibly deposited from ascending hydrothermal fluids of magmatic origin diluted by mete-
oric water (TOMBROS & SEYMOUR, op. cit.).

b. Laurium: From granite emplacement and skarns to polymetallic manto-type massive sulfide ore

Geology: The SE part of Attica peninsula (Lavreotiki) is characterised by a Lower Mesozoic metamorphic
para-autohthonous sequence of marbles with a metaclastic horizon in between (Kaesariani schists). A Tertiary
age (pre-upper Miocene) is assumed for the regional metamorphism of the system. The sequence is thrust by the
allocthonous system (alternatively termed phyllite nappe). An Upper Cretaceous age is postulated for a part of
the system, on the basis of fossil findings discovered in carbonate rocks by LELEU & NEUMMAN (1969). The
thrust plane brings the allocthonous system in contact with various horizons of the upper marble, the Kaesariani
schists or the lower marble. The mineralogy, petrochemistry and P-T path of metabasic rocks (prasinites) within
the system were studied by BALTATZIS (1996). He concluded they range in composition from basalts to
trachyandesites and experienced a progressive transformation of possibly eclogite facies rocks through epidote
blueschists into greenschists. Those prasinites are part of the Cycladic blueschist unit. Neogene sediments com-
prise lacustrine and brackish deposits (conglomerates, sandstones, marls and minor carbonates).

Deformed granodioritic and acidic intrusives forming small sills and lacoliths are found mainly within the
phyllites of the allocthonous system close to the thrust plane and along the thrust contact between the two
systems. Aplitic sills were observed both within strata of the autocthon and the allocthon systems. Syntectonic
deformation affected the rocks (PAPANIKOLAOU & SYSKAKIS, 1991), indicating that intrusion of magma
took place since the time of final emplacement of the allocthon over the autocthon. A stock of an undeformed
upper Miocene I-type granodiorite is exposed in Plaka area. An intrusion age around 10 Ma was proposed for
the granodiorite on the basis of K-Ar dating of biotite (MARAKIS, 1968). A K/Ar whole rock dating indicated
8.8+ 0.5 Ma (MARINOS, 1971), whereas Fission Track dating of apatite indicates a 7.3 Ma (G. WAGNER; in
ALTHERR, 1981). The Laurium granodiorite correlates in age with the granitoids of the Cycladic area. It is of
similar age especially with the granodiorite of Serifos (ALTHERR et al., 1982) and the granite into the prevolcanic
basement of Thera (SKARPELIS et al., 1992).

Contact metamorphism: Intrusion of the Laurium granodiorite resulted to contact metamorphism of the
surrounding “Kaesariani schists”. The contact metamorphic aureole comprises undeformed hornfelses and cal-
cic skarns. According to BALTATZIS (1981) the hornfelses were probably formed at temperatures between
440 - 600°C at a pressure of 1.0 to 1.5 kb. The latter estimate was based on geological assumptions by MARINOS
& PETRASCHECK (1956). The pressure estimates for the intrusive rock, based on application of Al-in-horn-
blende empirical igneous geobarometer, are in the range 2.11 to 2.62 kb.

A magnetite—pyrrhotite skarn-type mineralization with minor scheelite was explored in Plaka area by the
French mining company of Laurium (MARINOS & PETRASCHECK, 1956; LELEU et al., 1973; ECONOMOU
et al., 1981). Mineralised skarns of similar type and age in the Cyclades are found in Serifos and Thera islands
(SALEMINK, 1985; SKARPELIS & LIATI, 1990).

Acidic dyke rocks: Undeformed subvertical dykes of acidic rocks striking WNW-ESE to NE-SW crosscut the
autochthon system and intrude strata of the allocthon close to the thrust plane. A small number of dykes cross-
cut the contact metamorphic rocks at Plaka. It is proved that a stage of aplite intrusion occured after the em-
placement and solidification of the granodiorite pluton. The acidic rocks are hydrothermally altered and some
of them are mineralized. The aplitic dykes may represent magmatic seggregations from the bulk mass of the
granodioritic magma. It is worth to be mentioning that a granitic batholith existing at depth in the easternmost
part of Attica, was detected by geophysical measurements carried out by MARINOS & MAKRIS (1975). Aplitic
dykes cross-cut previously formed hornfelses in Serifos island as well (SALEMINK, 1985).
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Mineralisation: On the basis of the mode of occurrence, the mineralogy and the textural features of the
ore, we may distinguish two types of mineralisation:

a.Hypogene mineralisation (protore) formed as a result of hydrothermal activity.

b.Supergene mineralisation formed due to weathering of the protore.

Mode of occurrence: The main features of the hypogene ore are summarized below, on the basis of published
data by MARINOS & PETRASCHECK (1956) and unpublished data of the author. The Pb-Ag-Zn sulfide
mineralisation for which Laurium is famous, bears the typical features of a manto-type ore deposit. The ore is
partly conformable, partly crosscutting with respect to the marble and the “Kaesariani schists”. The major part
of ore bodies occur as massive replacements and linings within the marbles (Fig.2a). Individual deposits occur as
irregular pods, lensoid or even grossly discordant vein-like ore bodies. The thickness of the bodies varies from a
few cm to 10m. Concordant ore bodies are localised within the marbles at their immediate contact with overly-
ing impermeable schists (Fig.2b). In a regional scale the major ore bodies are localised within marble horizons
close to the contact of the “lower marble” with the overlying “Kaesariani schists”. Relatively smaller ore bodies
were explored within marble intercalations in the “Kaesariani schists”, or close to the contact of the “upper
marble” with the underlying “Kaesariani schists” and also along the thrust zone of the allocthonous system (e.g.
Kato Sounio, Plaka). Of special interest is the ore deposit at Plaka, known as “Vein 80” (Fillon 80). It is an E-W
striking vein of undeformed massive sulfide ore, dipping 30-45° S, which crosscuts hornfelses within the contact
metamorphic aureole. It is obvious the vein has the same strike as the aplite dykes mentioned above. It was
exploited along strike for more than 300m, mainly due to the high Ag content. The thickness of the ore body
varies from a few cm to 3m. The ore into the “Vein 80’ is rythmically banded, indicating filling of open spaces
during the opening of the vein. Breccia of the country rock are cemented by sulfides and carbonates.

Wall rock alteration: The most significant alteration associated with the protore is modification of calcitic
marble. Such modification ranges from isochemical recrystallization to formation of varieties of ankerite and
ankeritic dolomite. Minor silicification was observed in ore bodies of Kamariza mine and also in the fluorite
mines of Kato Sounio. Propylitic and sericitic alteration assemblages are observed in the hornfelses.

Mineralogy: Massive sulfide mineralisation comprises various proportions of sulfide minerals with a gangue
dominated by carbonates (usually calcite), fluorite and quartz. Fluorite is the latest mineral formed, closely
associated with late galena. The ore is undeformed as can be recognised both macro- and microscopically.

Fig. 2a. Massive sulfides (MS) replacing the lower marble (m) (Kamariza). Note recrystallisation of marble (rm)

at the contact with the sulfides.
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Fig. 2b. Concordant massive sulfide ore body (MS) at the contact of the lower marble (m) with overlying schists
(Ks) (Kamariza). Scale bar: 15cm.

The principal sulfides are galena, sphalerite, pyrite, chalcopyrite and arsenopyrite. Numerous sulfosalts are
identified. Gold contents of pure pyrite-arsenopyrite concentrates range from 0.6 to 6gr/tn. Rarely found native
gold grains were formed as a result of liberation of the metal in the course of weathering of arsenopyrite. Nearly
all sphalerite in the ores is the high iron variety marmatite. Based on textural relationships, a general paragenetic
sequence can be summarized: Pyrite appears to be the earliest formed sulfide, followed by sphalerite, arsenopyrite,
chalcopyrite, sulfosalts—galena, carbonates, fluorite and quartz. Fluid inclusion data on sphalerite (SKARPELIS
& LUDERS, in prep.) indicate temperatures around 280°C. The study of the morphological and geochemical
characteristics of the fluid inclusions of fluorites from a vein south of Kamariza (KALOGEROPOULOS &
MITROPOULOS, 1983) indicates fluorite crystals were formed at temperatures ranging from 132 to 208° C.
Salinity values range between 16 to 20wt % eq-NaCl.

Weathering of the sulfides: The massive sulfide ores of Laurium are deeply oxidised. Progressive erosion of
the landscape and subsequent weathering of the protore, gave rise to supergene mineral assemblages. Two types
of supergene mineralisation are distinguished:

a. In situ residual oxidised ore, which resulted by partial or complete weathering of the protore.

b. Secondary ore, deposited in vertical to subvertical fissures of marble and in open spaces (caverns), which
were formed as a result of marble dissolution by descending low-pH solutions moving along joints and bedding
planes. The oxidation and breakdown of sulfide minerals by groundwater caused significant change in pH-Eh
environment within and underneath the ore bodies. Lowering of the pH of percolating/draining ground water
caused dissolution of host calcitic marble and development of cavities. Below the ore bodies mobile elements
were either temporally held in solution, or precipitate.

The ore bodies, formed by the above described process, comprise a great number of secondary euhedral to
subhedral, coarse to medium grained, open space filling minerals. Weathering of sulfides continues today and
downward element mobilisation is evident. Acid mine drainage is intense in several parts into the underground
mines. The resulting ore bodies were mis-interpreted as karst formations. Both the hypogene sulfides and the
supergene ore were exploited since ancient times, mainly for extraction of Ag, Pb, Zn and minor As, Cu, Fe. It
is worth to be mentioning that on the basis of the amount of Pb produced since ancient times and the ore grade,
it is concluded that the Laurium ore deposit should be considered as a giant within the class of the CHMS type
ore deposits.

Remarks on the genesis of hypogene ore: There are no arguments against the model proposed by MARINOS
& PETRASCHECK (1956). The replacement nature of the ore, geometry of ore bodies, wall rock alteration,
mineralogy, textures and temperatures of deposition are sufficient evidences allowing classification of the Laurium
mineralisation into the carbonate-hosted massive sulfide ore deposit type. A regional metal zonation is not clear
in Laurium, both at the vertical and the regional scale. It is evident the Laurium massive sulfides postdate the
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contact metamorphism and skarn formation around the Plaka granodiorite, since veins of massive sulfides crosscut
the hornfelses and skarns (Vein 80). A close association of the massive sulfides with the aplitic dykes is evident,
since both strike roughly E-W, crosscut the hornfelses and several aplites are mineralised. Geochemical work in
progress will improve the genetic model.

c. Mykonos: From granite emplacement to ductile deformation, low-angle faults, brittle faults and
epithermal-type mineralisation

The most significant mining activity in Mykonos - terminated in 1984 - was that of MYKOBAR Mining Co.
S.A. for barite from Veins 1 to 5. Small scale sporadic exploitation of iron hydroxides was carried out during the
19" and 20" centuries to the north of Ano Mera village. Cerussite and agglesite were exploited in the hanging
wall of the Vein No 1 (Old Italian Workings) and argentiferous galena ore around vein 2 at Mavro Vouno,
mainly by open pit mining.

An I-type granite (lower unit) is exposed in the major part of the island, and is characterized by a low-angle
NE dipping, solid state foliation which displays a downdip streching lineation. A NE directed extensional mo-
tion is indicated by kinematic analysis (FAURE & BONNEAU, 1988; LEE & LISTER, 1992). Mylonite zones
were developed and low temperature mineral assemblages within cataclasites indicate these structures were
formed under brittle-ductile transition. According to BORONKAY & DOUTSOS (1994) the granite in Mykonos
was emplaced during ductile extension, later modified by transpression and transtension under brittle-ductile
and brittle conditions. Small patches of HT/LP metamorphic rocks occur in the SW part. An allocthonous unit
(upper unit) comprises Permo-Triassic carbonates (PAPASTAMATIOU, 1963), low-grade metabasites
(greenschists) and molasse sediments of Oligo-Miocene age (DURR & ALTHERR, 1979). The contact be-
tween the granite and parts either of the molasse or the greenschists (Fig.3) is a low-angle normal fault inclined
~30° towards NE. In the NE-most part of the island (Cape Evros) the molasse overlies a sliver of greenschists.
The granite shows increasing intensity of deformation towards the contact and its mylonitic foliation has been
overprinted by cataclasis near and at the contact. K/Ar geochronology on igneous hornblendes and biotites
yielded 10 and 12 Ma. Fission track thermochronology on apatites yielded ages of 10.0 to 9.5 Ma (DURR et al.,
1978; ALTHERR et al., 1982), indicating that mylonitic rocks had been uplifted to shallow levels by 9.5 Ma.

In the area of Panormos bay and at cape Evros the molasse sediments dip towards the low-angle fault. The
Panormos and Evros molasse comprise micro-conglomerates and fine to coarse-sandstones. The pebbles are
rounded to subrounded and consist of milky quartzite, greenish cherts, quartz-mica schists, and rare phyllite,
mica-schists and quartz sandstone. The dark brown colouration of the sediments is mainly due to weathering of
iron-sulfides, which impregnated the porous sandstone beds or cemented micro-conglomerates. Fissure filling
barite, usually forming stockworks, appears in the mollassic sediments. It is evident that open spaces along joints
of the sediment acted as channels for fluid migration and mineral deposition. Barite is associated with (oxidised)
pyrite, forming aggregates of platy crystals in pore spaces or in fissures. Thin quartz veins with comb texture are
rarely observed.

The granite, the low angle fault and the upper unit are cut by a swarm of subvertical barite-(oxidised) sulfide
veins trending 35-45°NW. Structural analysis of veins indicates they were formed along left lateral, oblique
faults. Apophyses of the barite veins are common both in the footwall and the hangingwall and their thickness is
minimized several meters far from the main vein. The granitic wallrocks are sericitized and the molassic sediments
close to the veins are pervasively silicified. The vein mineralization is banded and consists mainly of barite and
Fe-hydroxides. Patches of sulfide minerals can be found at the deepest levels of the veins. The ore comprises
barite, pyrite, marcasite, arsenopyrite, chalcopyrite, galena, sulfosalts, low in Fe sphalerite, quartz and super-
gene minerals. Barite - sulfide ore and the pervasively silicified bedrock have very low Au concentrations

Relics of silicified molassic sediments (silica caps) are preserved on top of the Mavro Vouno hill. Disper-
sions of argentiferous galena, pyrite, sphalerite, chalcopyrite and sulfosalts are found within the silica cap. The
veins crosscut the lower parts of the silica caps. It seems that mineralized solutions passing upwards through the
barite-sulfide veins were broadly dispersed, when they entered the porous and permeable detrital molassic rocks.
Major parts of the granite in the eastern part of the island are intensely silicified. Significant primary geochemical
anomalies of Pb, Zn, Ag, Sb, As and Hg were identified by bedrock geochemistry in the silica cap of Mavro
Vouno by LAHTI & GOVETT (1981), when they carried out an exploration programme aiming to locate sul-
phide concentrations at depth. Secondary processes (oxidation of sulfides) resulted to dispersion of elements in
the surrounding the veins and silica caps areas by fixation to clay minerals and Fe-hydroxides.

Relics of silica breccia are localized on top of the hills in the eastern part of the island (Profitis Elias).
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Fig. 3. Geological map and cross-section of the NE part of Mykonos island showing the lithology and the major
barite-(oxidised) sulfide veins. (1. Molasse, 2. Silicified molasse, 3. Greenschists, 4. Silica breccia, 5. Poros
Aegean, 6. Granite, 7. Barite veins, 8. Low angle fault.

Colloform banding, cockade, crustiform and comb textures are recognized in the matrix. The silica breccia
comprise quartz, barite, pyrite, galena, sphalerite and goethite. Gold grades to 1gr/tn were detected in the silica
breccia on top of the Profitis Elias hills.

A deep oxidation zone was developed, resulting in destruction of sulfide minerals. Preliminary fluid inclu-
sion data indicate temperatures of quartz deposition in the silica breccia around 220°C. Salinities are very low
(3-4 equiv. % NaCl). Evidently the silica breccia and the silica cap are remnants of a deeply eroded precious
metal epithermal type system, which was active in Late Miocene.
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d. Vein-type magnesite deposits in ultramafic rocks in North Euboea: a late Miocene hot spring type
epithermal system?

Although, some very important studies have been published during the last 20 years on the occurrence,
mineralogy, and the stable isotope geochemistry of the Greek vein type magnesite deposits in ultramafic rocks
(KOCKEL & MOLLAT, 1976; BURGATH et al., 1981; DABITZIAS, 1980; 1981; LASCHEK, 1982; GARTZOS,
1986; 1990), there are still controversies regarding their genesis and the geodynamic conditions that controlled
their formation. The lack of absolute age determination data for this type of mineralisation allows for the gen-
esis problem to remain open. So far, three models have been proposed on the genesis of the magnesite deposits,
each of those leading to different conclusions with respect to age and geodynamic conditions. The first model
was developed by studying the Vavdos (Chalkidiki) and the northern Euboea magnesite deposits, the second by
studying the Vavdos magnesite, and the third one the northern Euboea magnesite. According to those models:
a. The magnesite was formed from supergene processes at the expense of ultramafic rocks (BURGATH et al.,

1981; MAKSIMOVIC & DANGIC, 1984).

b. The magnesite was deposited from ascending fluids rich in CO.,. These fluids were generated during dewatering
of Mesozoic marine sedimentary rocks underlying the ultramafics (DABITZIAS, 1980).

c. Magnesite deposits were formed from low temperature fluids, which resulted after mixing of ascending CO,
rich fluids with meteoric waters (GARTZOS, 1986; 1990) or by descending fluids, which were slightly heated
at depth (LASCHEK,1982).

It is obvious that in the case of the first model, the deposits are considered to have been formed either after
the emplacement of the ultramafic rocks, when they were exposed on land (shortly after the Upper Jurassic and
before the transgression of the sea in the Upper Cretaceous), or after their emplacement in the present geotectonic
position (within the Tertiary). In the second case the genesis of the deposits is related to the obduction of the
ultramafic rocks. In the case of the third model, the setting and the similarities of the C and O isotopic compo-
sition observed between the magnesite and the present day waters of northern Euboea thermal springs, suggest
relatively more recent processes.

It is known that central and northern Euboea is largely occupied by Jurassic ophiolitic rocks, mainly
hartzburgite and lesser basalts. These rocks overlay a polymictic melange (the Pagondas complex), comprising
Upper Triassic to Jurassic sedimentary and volcanic rocks, which was developed as an accretionary prism
(ROBERTSON, 1991). The entire sequence of the ophiolitic rocks and the mélange is thrust on the Pelagonian
carbonate platform. The ultramafics are covered by Pliocene terrigenous and minor marine and lacustrine
sediments, and Quaternary deposits (KATSIKATSOS, 1980). The overthrust Euboea ophiolite is structurally
overlain by a dismembered metamorphic sole, that provides evidence for a late Upper Jurassic emplacement
age (SPRAY & RODDICK, 1980; THUIZAT et al., 1981).

The characteristics of the magnesite deposits of northern Euboea can be summarized as follows (for de-
tailed description see the papers by LASCHEK, 1982; GARTZOS, 1986; 1990).

a. Exploration and exploitation data in the area indicate the mineralization is extended to depths of 200-300 m.

b. Magnesite is cryptocrystalline, mostly nodular, and appears as: (i) Open space fillings along joints of ultramafic
rocks, forming stockworks. (ii) Veins controlled by brittle faults, indicating that magnesite was deposited
during opening of the veins in an extensional geodynamic regime. (iii) Nodular forms, which resulted by
replacement of ultramafic rock. Those nodules are mostly centimeter-sized and contain relictic chromite/
spinel. “Cauliflower” or “botryoidal” magnesite textures are predominant in the upper parts of the deposits.

c. Magnesite predates deposition of dolomite and silica polymorphs. A vertical mineral zonation is evident:
magnesite modal percentages decrease towards the surface, whereas dolomite and quartz gradually become
more abundant. Vuggy silica textures are common in the uppermost parts. Brecciation of early formed
magnesite and cementation by magnesite deposited at a later stage is also observed.

d. The deposits, both the stockwork type of mineralisation and the main veins, have not been deformed. Signifi-
cant displacements by younger faults affecting the deposits are not observed.

e. Structural data systematically recorded from the Geroremma and Paraskevoremma deposits, prove the
main veins strike N30-35°W. The veinlets of the stockwork type of mineralisation show variable trends. Vein
swarms trending N30-35°W (Fig. 4) indicate clear relation to extensional tectonics. Several thick magnesite
veins crosscut stockworks of magnesite. They rather postdate those stockworks and acted as feeders to rela-
tively older (now eroded) ones at higher levels in the deposits. The orientation of the veins follows the brittle
fault pattern predominating during the Late Miocene in the Cyclades and the Pelagonian.
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Fig. 4. A swarm of magnesite veins striking N30-35°W within the ultramafics (Northern sector of the open pit
mine Geroremma, Northern Euboea).

f. The magnesite deposits are deeply eroded. As a result, angular to subangular pebbles and cobbles of magnesite
and the host rock, are incorporated within Late Miocene-Pliocene or Quaternary terrestrial sediments. How-
ever, detritus of magnesite in pre-Neogene or post-Jurassic sediments are not found.

g. Lateritisation of ultramafic rocks close to the magnesite deposits - mainly observed in the Geroremma de-
posit - is limited in extend, and postdates the magnesite veins. Minor Ni-rich smectites are identified, whereas
complete lateritic profiles lack. It should be noted that the amount of magnesite formed by supergene proc-
esses in saprolite horisons of lateritic weathering crusts (GOLIGHTLY, 1981), is extremely small — espe-
cially when compared to the tonnage of the vein type magnesite deposits. The Cretaceous and Eocene lateritic
weathering crusts in Greece and Albania are characterised by minor stockworks of calcite and dolomite
within the saprolite horizon (SKARPELIS, 1997).

The carbon and oxygen isotopic ratios of magnesite were studied by LASCHEK (1982) and GARTZOS
(1986, 1990). The i‘)”CPDB ratios of magnesites from the N. Euboean deposits range from —7 to —13 per mill. The
oxygen isotopic ratios range from 23 to 30 per mill. These values are close to the Kraubarth-type magnesite
isotopic characteristics. They indicate the magnesites were deposited from low temperature (<60°C) fluids,
resulted by mixing of magnesium-bicarbonate waters with ascending CO, gases (GARTZOS, op.cit.) or by de-
scending fluids which were slightly heated at depth (LASCHEK, opp. cit.). Dolomitization of the veins, exten-
sive precipitation of quartz and alteration of the host rocks are mainly due to ascending CO, rich waters that
followed the degassing phase. i

4. DISCUSSION

The Cycladic — Pelagonian belt is the result of convergence between the African and Eurasian plates, involv-
ing subduction of both oceanic and continental crust. Numerous studies have concentrated on the petrology and
geochronology of the metamorphic rocks, especially the blueschists and eclogites in the Cyclades (e.g.
SCHLIESTEDT et al., 1987; WIJBRANS & McDOUGALL, 1988; OKRUSCH & BROECKER, 1990; AVIGAD
etal. 1992; BROECKER, 1993). The Pressure conditions infered are in excess of 15 kbar and the temperatures
between 450 and 500°C (eclogite to blueschist facies conditions). Termination of the HP metamorphism was a
rather diachronous process in the Aegean (Cycladic-Pelagonian belt): before ¢. 54Ma in the North (Pelagonian),
shifting to c. 40Ma in the Cyclades and 20Ma in Crete. The peak of HP metamorphism is interpreted as being
Mid-Eocene in age (c. 40-45 Ma), although recent *’Ar/*Ar laserprobe dating of white mica fabrics, indicate that
some of the reported ages do not reflect the metamorphic culmination, but rather the retrograde paths of the
HP rocks (LIPS et al., 1999). The Barrovian HT/LP overprint resulted to replacement of the HP rocks at pres-
sures between 4-7 kbar in the Cyclades, within a time span from 25-20 Ma. The end of ductile deformation in the
Pelion Massif occurred at c. 15 Ma(LIPS et al., op. cit). Thus the regionally observed phase of Early Miocene
extension and subsequent termination of ductile deformation appears to be roughly synchronous across the
region. Back-arc extension in the Aegean region began at least in the Early Miocene. Early Miocene extensional
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tectonics were superimposed on crustal material. Low-angle fault systems were developed at crustal levels and
gradually exhumed to upper crustal levels and the surface. Part of the Aegean basement was exhumed during
the mid-late Miocene. Detachment faulting has been accompanied by emplacement of syn-tectonic granodiorites
and granites and development of contact metamorphic aureoles. Dating of the granitoids indicates different
magma pulses within the late Miocene (~15 Ma to 9 Ma) (ALTHERR, 1981), with the youngest granitoids
towards the W and SW parts of the belt (Laurium, Serifos, Thera). Emplacement of the granitoids took place at
different depths within the Cycladic region, as it is proved by applying the Al-in-hornblende empirical igneous
geobarometer. The pressure estimates of the Laurium granodiorite are in the range 2.11 to 2.62 kb, which are
higher in comparison to pressure estimates for the mafic enclaves (1.0 to 2.2 kb) and the granodiorite (0.33 to 1.7
kb) for the Serifos intrusion (STOURAITI & MITROPOULOS, 1999), and lower than the Tinos monzogranite
(3.7 to 4.2 kb) (BROECKER & FRANZ, 1994).

The various mineralisation types in the Cycladic and Pelagonian Belt are associated with the succesive stages
of tectono-plutonic evolution of the area. The sequence of events associated with the emplacement and subse-
quent cooling of the Cycladic granitoids is indicative of evolution at shallow crustal levels. Contact metamorphic
aureoles were formed during uplift at shallow levels in the crust relative to deeper levels of emplacement of the
plutons (see Table 1b for depths of formation). The intrusive contacts are sharply discordant to bedding of
neighbouring rocks. The granitoids with which skarns are associated belong to the I-type magnetite series
(Laurium, Serifos, Thera, Tinos). Skarns massively replaced hornfelses, whereas a retrograde stage resulted in
destruction of part of the skarn along brittle fractures, indicating strong hydrofracturing typical of skarns formed
at shallow depths. The presence of acidic igneous dyke rocks along extensional faults cross-cutting previously
formed hornfelses and skarns in Laurium and in Serifos, points to the existence of residual liquid granodioritic
magma at relatively deeper parts. The E-W and NW-SE vein type massive sulfide mineralisation cross-cutting
hornfelses and skarns in Laurium (Vein 80) and Thera respectively, indicates that intense hydrothermal activity
followed the HT skarn stage.

Laurium is a region where a temporal evolution of mineralisation can be detected: emplacement of the
granitic batholith and the granodiorite at shallow crustal levels was followed by contact metamorphism at shal-
lower levels and by injection of acidic rocks along WNW-ESE to NE-SW extensional faults. Replacements of
marbles by ascending hydrothermal fluids and deposition of carbonate-hosted massive sulfides accompanied
skarn formation. Absolute dating of the massive sulfide mineralisation is lacking. Taking under consideration
the geology of the deposit and the available radiometric data, it is reasonable to conclude that the Laurium
carbonate hosted massive sulfides were formed in the latest Miocene.

Late stages of extensional tectonics resulted in the formation of vertical to subvertical fault zones, which
were then used as conduits for ascending hydrothermal fluids. The main structural features of the fault control-
led vein type mineralisations in the Cyclades and Pelagonian are summarised as follows:

a. The trends of brittle faults broadly cluster into two groups: a NW-SE, and a roughly E-W. Geochronological
data associated with the NW-SE faults lack. Some of them should be older than the Tinos 11.5 Ma dacitic dyke
rocks. On Tinos the mineralized ductile to brittle quartz veins seem to predate the dacitic dykes, being probably
associated with the leucogranite. The apatite fission track ages of 10.0 and 9.5 Ma obtained from samples of the
Mykonos granite by ALTHERR et al. (1982), suggest that by 9.5 Ma ductile deformation had ceased and mylonitic
rocks had been uplifted to shallow levels of the crust in the footwall of the normal fault (LEE & LISTER, 1992).
The dating indicates that the barite veins and the epithermal type mineralisation in the island are younger than
9.5 Ma.

The E-W trending faults associated with the acidic dykes and the “Vein 80” in Laurium postdate the contact
metamorphic phaenomena, caused by the intrusion of the ~9 Ma granodiorite. A similar to the Laurium setting
is reported for the (oxidised) Pb-Ag massive sulfide mineralisation on Sifnos island (e.g. Agios Sostis, Agios
Silvestros) (SKARPELIS, unpubl.). These mineralisations are vein-like bodies, striking NE-SW to ENE-WSW,
replacing marbles of the blueschist unit. A possibility exists that the Laurium region was under a different stress
regime during the latest Miocene relative to the neighbouring Cycladic — Pelagonian “crustal block” (West
Aegean Block, as defined by WALCOTT, 1998). Alternatively the Laurium dyke rocks and “Vein type” massive
sulfide ore bodies are associated with the most recent (latest Miocene?) 032° extension, developed in brittle
conditions.

b. They bear extensional characteristics and crosscut the lower and upper tectonic units, the granitoid rocks
and the low angle faults. Palacomagnetic studies indicate that the dacitic dykes in Tinos have experienced a 23°
vertical axis clockwise rotation (AVIGAD et al., 1998). Clockwise rotations were detected in Euboea and Mykonos
by KISSEL & LAJ (1988) and MORRIS & ANDERSON (1996). The present setting of the NW-SE trending
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veins, which appear in a broad region extended from Antiparos to north Euboea, indicates they shared the same
tectonic evolution.

The geology of the vein-type epithermal mineralisations indicates that the heat engines necessary for fluid
generation should be magma bodies at depth. In the case of the remnants of the epithermal system of Mykonos
it is obvious there is no link with any outcrop of volcanic rocks. It seems that mineralised hydrothermal fluids
linked a deep-seated plumbing system with very shallow crustal levels and the surface (SKARPELIS & AVIGAD,
2000).

POHL (1990) after a comprehensive review of the setting, mineralogy and geochemistry of vein type magnesite
deposits in ultramafic rocks, proposed a model of epithermal “hot spring” style of mineral deposition. In the
case of the magnesite deposits in N. Euboea, the fluids could be driven by a heat source located at depth. It is
possible that the magnesite depositing fluids were driven by volcanically induced heat flow, that was related to
the Miocene or younger volcanism in the area. The exposed volcanic rocks in Euboea and the adjacent islands
are Miocene to Quaternary in age (FYTIKAS et al., 1984; PE-PIPER & PIPER, 1994).

Further mineralogical and geochemical studies will extend our knowledge on the origin of fluids and the
conditions of deposition of ore mineralisation, especially of the group of epithermal precious and base metals
quartz- and barite-veins.
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YYMBOAH THX 'EQXHMEIAX XTHN EKTIMHXH TQN ITIEPIBAAAONTIKQN
LYNOHKON XE EAA®PIKA KAI YAATIKA LYXTHMATA KAI XTHN E®PAPMOT'H
ME®OAOAOTI'IQN EEYITANXHY'

X. I. BAPNABAL'

NEPIAHWH

Kvplagyn epappoyn mg yewynueiag ovjuepa amotelel 1 exTiunon TV TeQRAALOVILROY CUVONRWY IOV
emREATOUV Ot dLdgopa mepipdirovia (m.). edagird 1 vdatnd) ot 1 epappoyn uebodohoyuwdv eEuylavong
Tovg. T'loL T0 0%OTG aUTH, EXTOS QIO TOV ROBOQLOPO TMWV ETUTESWV RO TNV TNYY| TQOEAEVONG TWV QUITWV UEAETH-
vion ou Broyeoynuixég diepyaoieg nat xaBoQICeTal 1 CUUTEQLPOQA TWV EQUIWY Of EWOTEQU TEQLRGAAOVTQ
(7. VOGS EUTAOVTIONOV 1) CEALWONG OTO XWEO XML OTO XEOVO, daomoed %.T.A.). Me fdon ta amoteAéopota
YEWXNIMADOV EQEVVAV EQaOpoCovian pefodoroyieg eEuyiavong Tov meoBoAAGVImY %ot TaQepmedions eLoodov
BrasTingv otorelwv ot Teo@ixry ahuoida, evd) Aapfdvoviol amogdoets yio Ty ogBoloyurr diayeiplon vypwy
RO OTEQEWV UTOBATWV. ARCHO AAUPAVOVTOL PETEM YL TNV TQOOTOOLN TG VYELOS TOU avBmToL te Tov ®afo-
QLOUG REUTNEIWYV TOLGTNTOG TOU ROAMEQYHOLHOU £8dQOVE, TOV VEQOU GEdeVONS %ot VEQEVONS, TV THAV®WY
OUALOXMDV OREVWV A.0.

ABSTRACT

A main present day geochemical application is the assessment of the environmental conditions prevailing in
a variety of natural and anthropogenic environments and the application of remediation methodologies. For
this aim geochemical studies lead to the determination of the concentration levels and the source of pollutants.
In addition through biogeochemical studies the behavior of pollutants in various environments is determined
(i.e. rate of enrichment or dilution in space and time, dispersion processes etc.). On the basis of the results of
geochemical studies remediation methodologies and methodologies leading to prevention of toxic elements in
getting into the food chain are applied while criteria are put for the quality of soils, water etc. In addition
decision makers are helped to make the necessary and right decisions in the management of toxic waste.

1. EIZATQI'H

Av avatpE€EEL XAVEIS OTNV HomMEOiwVY LoTopLZY dtadoopn ™g avBpmmETTAS KoL EVIQUEIOEL OTOV TOOTO
Conig Tov avBowmov Ba duamotwoet pe fefondtnra tov tYroto Pabud ovvdeons wow eEGETNOYG TOV 0T T Y.
Priaypgvog o 10Log pe ovotatind g YNg onmg Tov BEheL n Ayta I'oagn ahhd row 1 emotiun 6mwg .. to Ca, P
%.0L AVETTTUEE €XTOG OTT0 TIC GAAES ETLOTNUES RO TV motiun S Fewynuetas.

Z1jueQa TOU 0 AVBEMITOS ATEINEITOL [IE APAVIOUD, WG TOTEAECUA TN UTEQUETONS KAl AAGYLOTNG dOAONG
TOU TTAV( O7TN Y1) TTOV TOV YEVVNOE %Ol TOV AVEDQEYE, RATAPAMAEL ATEYVOUEVES TQOOTADELES VO AVALOTQEWEL
TS PAATTIHES EG RATAOTEOPIRES dlepyaoieg Tov o (dtog Eexivnoe.

2’ ot TV TEOOTADELL EQPUOUOTEL YEWYNIHES YVOOELS ®aBwC #an dLepyaoles mov EmuEUTOUV 0T0 (810 TO
y1itvo eQLdArov.

“"Etot, evad 1 Fewynueio avamtiyOnxe zow eqaopoomxe €viova ) dexaetiot Tov *50 yio Tov eVIomous oQu-
ATOV TEWOTWV VAWV, RUQICOYY £QAQUOYYN TNG OUEQE. EVAL 1) EXTIUNON TV TEQLRAAAOVTLRGY oLvBnrdV OV
EMXQATOUV OTO UOKG odAG o avBpwmoyeves mepifdhlov, evdd cupfdiler oty avartuEn pebodoroyLdy
eEuylavong Twv eda@urdv xaL VOUTIXOV CUOTNUAT®V KoL YEVIRA 0T Sty elpLon tou TeQLPAAAOVTOG.

IMapotiBevror £d0) HeQLRE TAUQADEYUATO TOV EQPOQUOYHV QUTHYV, RECK OTTG TCL OTTOL0L UITOEEL VO ALATTLOT!-
OEL RAVEIS TNV AVOYROWLOTNTO TG OEL0TOMONG KOl EQUOROYNS TOV YEWXNIMADV YVOOEWY YL VO HTOQETEL VO,
empLioet o avBpwmog mdvm ot I'n xaw va drapuddoet o €va vyLEwo mepLBaihoy.

THE CONTRIBUTION OF GEOCHEMISTRY IN THE ASSESSMENT OF ENVIRONMENTAL CONDITIONS IN SOILS AND AQUATIC
SYSTEMS AND IN THE APPLICATION OF REMADIATION METHODOLOGIES

* H egyooia auty a@LeQ@veTor 071 pvijpT] Tov daordlov pov mov éguyay xau ihaitega otov Aeipvnoro Kadnynrij xon Axadnpaixe AOA-
NAZIO ITANATO og évdeiEn ehdyiotng evyvopoovvng.

' Tuwjpa Tewhoyiog, Mavemomjuo Matpdv, Matea 26500
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2. XPHEIMOTHTA I'EQXHMIKQN EPEYNQN

H yonowdmro wow aElo Twv YEOXNUKOV EQEVUVAV ROl 1 CUUBOM] TNG YEWYNUEIOS 0TV TEOOTAGTO TNG
VYE(Og TOV 0vOPMTOU B YIVEL TEQLOTOTEQO ROTAVONTI] 0LV ROTOVOOOUUE TNV ETTDQOON TwV QUMY Kot 1OLTE-
00 TWV RETAALOV OTOVG 0QYOVLOUOUS. IdtaiteQa, GTav auTd CUYXEVTIQMVOVTOL CUVEXMS 0 0UTOUS, PEoW TG
Coumiig ®ow QUULRNIG TEOPNS TOUS 1] TOV TOOLUOV VEQOU.

“"Exe amodewyBel 611 oty mepimtwon EMEYNS TwV ouotwddv petdihov, orwg m.y. Cu, Zn oL 0QYOVIOUOL
ovamTHoooVTaL PE T MPn Tov peTdAhov autdv. OL OVYREVIQMOELS TOVG PTOQOVY vo pBAoouy o8 pua GELoTn
T, VA M ouveXLopevn Mjym peydimv mocotritwv Cu xow Zn 0dnyel oe TOEWMES ®ouL DovVOTNPERES CUYREVTOX-
oelg. ‘Ortav mpdxrertal Yo wy ovatddn uétadha, drwg my. Cd, Pb ot ogyaviopol elvar avextinol o€ 0QLOREVES
OUYHEVTQWOELS, EVK) 1) VITEQPAON OQLOPEVMV 0pImV 0dN el 0T pBoed xa oto Bdvato toug (Forstner and Wittman,
1983). Ztv meQImTON TWV QUTHYV 1 TOEROTNTA TOV PETAAMY OoTUI@VETUL 0T Poe@oroyia Toug (Kalapoov-
Cuong, 1898).

T va unv veeEPouv oL CUYREVTIOMOELS TMV UETAAANDY OTO OWUO. TOV VOOV TLG AQLOTES 1) AVEXTES OUYKE-
VIDWOELS TOUS O TAYROOULOG 0QYAVIORAS VYElag Exel BEoEL avatato 6o oty efdopadiaic ToodTTe HeTdh-
MoV OV poel vo TdeeL 0 AvOQWTOG UE TNV TOOPT KO TO TOOLUO VEQES (Tivorag 1).

Hiv. 1. Meyiorny emiroemouevn efdouadiaia xaravdlwon uerdiiov ard tov dvlgwmo
(Ilayxooutog Ogyaviouos Yyeiag, Merian, 1991).

Méraiio mg [ drouo
OMx6g Ydpdoyvpog 0,3
MeBuhndg Ydpdpyveog 0,2
MdivBdog 3
Kdadwo 0,4-0,5

"Exe. Boebel 6t m péom nuepiora AMym Pb otoug evijreg davdpeg otny Mdhta eival Toly peyoliteon
CUYRELTING. B TN p€on nueprowe. My Pb og molhég dhheg ywpeg g Evpdmmg wow v Apepuxr.

AuTo elvon evOeYOPEVO VO OPETAETOL OTOL TETEOUATA Ko €dAQN TG xDEags avtis. Emopévwg n yewymuxn
ETWOTHUY 0TV TEQITTMON QT ROAETOL VO ®BOQIOEL TIS TEQLOYES VYNAGIV oUyreVTOWOoEwv Pb ®at v eqag-
poyn pefodohoyunv TaQepuTtodong TS £L060V TOV TTNY TEOPWKY] ahvaida.

H apyxn ovppodrt) g yeoynueiog oty ngootacia tov xegifdilovrog guvioratal 0tov x000QLous:

1) Tov emMRESWY TOV CUYREVIQMOEMV TV dapopmv ototxeimv (ota dudpooa puaikd tegipdihovia.
2) 1OV TEQLOYWV GOV EMHOATOVY VYNAES OUYHEVIQIIOELS TOERMY OTOLKEIWY AOY® 0oodBQmoNG TETOWUA-

TV ®O UETOMEVPATDV.

3) g enidpaons g AfELag QUIAVONG OTIS HETAROLES TOV RAVOVIXMY CUYREVIQWOEMY OTOLXEIWY OTO £dAQN

RO TOL PUTA.

4) 1tV dLeQyaoLiv dLdyvons Tmwv oTouelwY oto 0GP ®oL edpLRE SLAIIOTO OLUUETOV TWV ETILPOVELARDY

RO VROV EY VEQUWIV.

5) TV XNUREV (OQOXTNOLOTIXGV TWV OTEQEWDY ATOPANTWY TG HETAAEVTINIS Kail pHETOAAOVOY TS dOOOTNOLG-
™mrag, TS SLoATOMTAC TV CUOTATLXMY TOVS, TS ALaoToEdS TOVS YUm amd 1o Yo ardBeong (Cannon

and Anderson, 1971).

3. MEOOAOAOTITEZ IIEPIBAAAONTIKHE I'EQXHMIKHE EPEYNAL

H nepiforroviiry yemynuxy €pgvva mepihapfdvet extog amd Ty ovaivon edapav, tnudtwy, vepwv, oxo-
VNG, PUTLRMV %o COIXWY 0QYAVIOUDV RUOIWG TN UEAETN TV YEWYNUKDV ROl BLOYEDYNIKRDY LEQYAOLHV TTOV
mpoyparomotovvran ota edaprd ket véatird ovorijpata (Alloway,1990). H perém twv diepyaodv dudyvong,
TEOORAPNOMG, LOVIOAVTOAAYNG, ATOdEOUEVONS LOVTIWY, avOLYEVEONS Ko TG SLOYEVEONS OE ELOXGTEQA TTEQL-
Barhovta odnyel oY amOQALTNTY TEXYOYVWOIO Y10 TNV OLaYEIQLON VYOGV ROl OTEQEMV ATTOPATOV.

INa tig peréteg avtég dev aprel 0 xaBOELOUGS TS OMKNG OVYREVIQWONG TWV TOELRMY OTOLXEIWY aAAd atoL-
teftal IAEOV 0 ®aBOQLOUGS TOU TEGTOU EVOMUAT®OYS TOUg 0To ({Tnua, to €dagog ®aL 0 abuds evkohiog
amod€ouevong Toug 0To VEQES ™S PEOXIS 0TO TUYREXQLEVO XWEo. H mapovaio tov CaCO3, twv muorundv
OQUXTAYV, TV BEUXWDV EVHOOEWY, TOV YAWOLOUXWV EVOOEWV ROt  ERATOQLTHYV, Tailouy QuBWoTKG PGho oY
EMOVOEVOMUATNOON TWV LOVIWV 1] TV TEQULTEQW dLOLOTOQA. TOVG.

- 2208 -



'V awt6, 0 TEOGIOELOPAS TV CLOTOTRWY CUTHY PaLl ue dAAES TaEAUETEOVS ElVOL OTOQAITNTOG.

T 0wt6 0 AGyo avamriyOnray yewynurés péBodol xhaopatinis ynuirig avdiuons twv edoagpay xot -
UATOV pe TG 0moies ®aBoCovtoL Ta TOT0oTd TV OTOLXEIWV (BQETTIXGY Rt BAATTTLXGIV) TTOV E(VOLL EVOMUOTW-
péva oto:

- avBparnd rAdouo
- 0Qyavird xAdopo
- 0Eeidia poyyaviov
- oEeidia audijoov
- aQYLLOTUOLTIKEG EVOELS 1 Elval
- Béoeig mpoopdgnoNg.
(Varnavas, 1988; Varnavas and Cronan, 1991).

4. LZYMBOAH THZ I'EQXHMIKHY. XAPTOI'PA®HZHZ

T'wo. ToV #000QLOUG TOV TEQLOYDV IUE VYNAES OUYREVTQWOELS TOELRMV OTOLYEIMV RUTAOREVALOVIOL YEWYNILL-
%OU YGQTES, M XENOLUGTNTO TWV OTOIWV E{val TOAVITAEVET RO TTOA) ONUAVTLRY.

Me v (douon g epgvvnuris opddas Epappoyawv mg Teoynueias (Applied Geochemistry Research
Group) wg £dwot topéo Egappoywv mg T'ewymueiog oto Turjpa T'ewhoyiag Tov Implied College of Science
Technology and Medicine tov ITavemompuiov Aovdivou otig agyég g dexaetiog tov 1950 and 1o dranexouué-
vo Kabnynti John Webb ayiCet ovolaotind 1 €pgvva el TV EQOQUOYMV TNG YEWYNUEIOS OV xaTevBuvon
™S TEooTaaiog Tov TEQLRAAAOVTOS.

H dopatiwomra tov xebnynt) Webb yia tug peMoviirég eQaopoy€g g yewyxnueiog mog v xorevfuvon
auti 0dnyel oty Eyrongn rataoxevt] row dnpoaievon to 1978 pe to otevo ovveydrn tov Tain Thorton xow Toug
Thompson M., Howarth R. J. znaw Lowenstein P. L. tov Tewynuxod Athavto g Ayyhiog xor Ovakdiog mov
TEQMAUBAVEL TOUS EYYOWROVS YEWYNIHOUS YAOTES 24 aToryeimv pe Bdom v avdhlvon inudtwv puaxidy (Webb
et al., 1978).

H yonowdmra tov yewynuxot drhavio avayvmpiletor apéowg ot M. Bpetavia yioti pe fdon toug yew-
ANUROVE XAOTES Aaufdvoviol HETEM YL TV TROOTAOIN TNG PUTLXNG KoL COWKIG TOQAYWYNS ROl TOV VAATLRMY
CUOTHUATWY a7td ToL TOEME PETarha xow »ot’ eXExTOON TG VYELOS Tov avBpdmov. Tovitetan €8 6t 1 dnpooi-
£U01] TOU YEMYNULROU CUTOU ATAOVTOL OTOTEAET ONPAVTING 0QOONUO YLOL TY) YEWYUELDL.

H mopdinin épgvva mov yivetow and tov 1. Thorton xaw tov D. S. Cronan xou Tovg GUVEQYATES TOUS 0T
eddgn naw 010 BOAAOOL0 TEQLRAMOV TIg TELEVTAIES TOELS OERUETIES ROBLOTOUV XOTOVONTY TNV CVOLYROUGTNTOL
™G 0ELOTOMONS TV YEWYNUWRMV aroteleopdtoy oty opBoloywri] dvayeiolon tov meplBAAhovTog %ot oty
mpootaoia Tg vyeiag tov avBowmov (Thornton et al. 1986; Varnavas and Cronan 1988).

5. IIOIOTHTA EAA®QN KAI YI'EIA TOY ANOPQIIOY

Eunepiotatmpéveg yeoynurés €pevveg ot petarievtiry meproyyj Derbyshire tng M. Boettaviog €dei&av
4Tl N o%EVN TTOV KURAOPOQEL OTO TEQLRAMOV ONUAVTLZOU 0ELOROT RATOIRMY TNE TEQLOYTS YaoaxTNEITeTOU OIS
vmhéc ovyrevipwoelg Pb zow Cd, evdd vPnhéc OuyrREVIQWOELS TV PETAAMY  CUTHY YoQaxTEICoVY %o To
eddgn tov iy Tmv xatorridy avtay (Culbard et al. 1983).

Znig meQLoxEs atés PoEBnre Ot 1 ovyrévipman Pb oto aluo twv moududv avEdvetal pe v avEnon mg
OUYREVTOWONG HOATBOOU 0TO £00POS TOU RK1JTTOV TOUG RO TNG ORGVNS TOV OMLTLOY TOVS. Q¢ TNyrj £L06d0v Tov Pb
OTOV 0QYOVLOUG TV TTOUdOLDV, OTNY TEQLOYY T, BemEETaL TO avamveEVoTHG CUOTHIO IE TNV OVOTTVOr] TS
nohupdovyov oxdvng (Barltrop et al., 1975).

Avahoyn pehém mov €ywve xovtd oto xwEtd Shipham oto Somerset g Meyding Boetaviag meptoyy omyv
0TOL0L YWVOTOV EXTETAPEVY EECOVEN opoBovitn peta&t 1700 won 1850 pe evpeia draomopd Zn now Cd €8e1Ee
ot

a) 1o Cd oto €dapog TV TV TS TEQLOXNS avTg LteEatve ta 60 ppm..

B) H oxdvn tov ommoyv xapoxrmeltotay amd péon ovyzévipwon Zn 2.300 ppm ko 26 ppm. Cd.

Y) ARG avahioelg tov Aayaviray mpoodlopiomre ot 1 uéon efdopadiaio moodmra Cd mwov hapfavitay and
Toug ratoixovug fitay 200 ug €vavr g péong efdopadiaias moodmrag wov Aapfdvetal oty M. Bpetavia
(140 pg/epdopdda).
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8) Am6 Broynuirots eAEYYOUG IOV EYLvay Yo EAEYXO TG VYElOS TV 548 atépmv g TEQLOXS Ko OUyRELON

TOUG PE ovTioToLoug eAEYYoUS 543 atdpwv and diin mepuoyy] (Control) Bogbnnay ehdyiotes diagpoEs mov

Ba pmogovoayv va arodoBoiv oto Cd.

Auto amoddbnue oe avaotohi g dpdong tov Cd ané Zn xar Ca mov Poiorovial oto mepLpdilov twv
atopwv avtdv. H avaotahuxn dpdon tov Zn eivow yvooti ko od GAAES peréTec.

To gawvopevo owté mpoodidet Wiaiteon akia otic yewyMuxés EQEVVES TOV OPOQOTVY TIC ELOKRGTEQES OU-
OYETIOELS TWV OTOLXEIWV OV UICLIVOUY 0TIV TROPLXY] ahvaido Tov avBpmov eite péow Tav putav 1j Twv Bakdo-
oLV 0QYOVIOUMV. Ag anpetwBel 6 1 évrovn mapovoia Ca oto eAMVIRG TETOWUOTO.

O %aB0QLOUGG EVTOVNG CUOYXETIONG: 1) UETOEU TV CUYREVIQWOEMY TOEWMY PETAAAWY 0TO £dAOG %o 0T
nodhegyoupeva hayovixnd xaBug xa f) HETAED TV GUYREVIQDOEMV TOERMDV HETAMMY 0T0 £60Og / Aoy ovind.
%Ol OTO alpo Tov avBpmmov rot€deEe TNV avayradtnte dueons Myns pétpwv. (Thornton and Webb, 1970;
Thornton et al., 1986)

MebBodoloyieg Epevvag mov orjuepa BewEovvtal amhég xon EVROAX EPUEUOOLIES AGY® TG TayiuOung eEE-
MENG g avalutig texvoloylag, exel 6mov dev epaoudtovian yia didyvaon tov fabuol vrofdduwong Tou
nmeQIEAAOVTOG ot T Mjym TwV RaTtAANA®Y PETEMY, Ot TANBUOROL EIVOL ROTADIHAOUEVOL OE TTVEVPOLTLRY] VOTE-
oNon xow copuatird popaopd. ITheioto 600 aroTeAEopATa EQEVVAV TTOV £YLVAY TOOO UE TELQAUOTOLM GO0 KoL
Ue EMONOLOYIRES pEAETEC BEPEMMDVOUY TO OUUTTEQUOUA CUTO.

Eivau yvwort 1 to&wxn dpdon tov Cd, tov Pb, Hg tou Ni xow tolav dAhwv petdAhwy otov dvBpwmo (Bennett,
1981; EPA, 1984; Merian, 1991; Ewers and Shlipkoter, 1991). T'iveton €8¢ avagpopd pévo om phostiny dpdon
tov Al »aw Li wov elvar Mydtepo yvwotés. Qg amotéheopo g ovooweevons Al 0to owpa xot eldGTEQQ OTOV
£YHEPAAO TOU 0vOQWTOL TAQUTNEOUVTUL OUAVTIRES VEVQOTOEIRES RO GAAES ETUTTWOELS LY. EVaL ELOOC TAQHLV-
oov €xeL ovoyenoBet pe to Al Yrdoyovv emiong evdeiEels yia tepatoyevetiny dpdon tov Li (Merian, 1991;
Nriagu, 1984).

Edo mpémeL va toviobel ) onuaocic twv petafordv twv emmnédwy tov pH ota eddgn Adyw g avBpdmivng
dpaomopidmrog (Brounyavirnig, petorhevtnng x.a). H dpaotnn peimon tov pH avEdver 1o fabud diabeoiud-
TG TOADY TOEMV OTOLYEIWV.

Blamrix ewidpaon apiavrovywv £0apov

H Bhamtixn dpdon tov apiavtov oty vyeia tov avlpdmov urmogel va aviyvevBet xat va diepevvnBel yew-
xNurd. Yrohoyiomxe 6t v toogn oe Enerj paom mov Aapfdveton amd ta teofoato xow amts g oy EAAES TEQLE-
x€L 15% non 10% €dagog avtiotorya. O TES AUTES CVEAVOVTOL TO XELUWDVA AOY® TTROOKGAANONE TOV £dA.pOoUS
070 ¥0QTO pe T0 0TOoLo TEEPoVTL T Lwa. AmodeiyOnxe ot ) ovyxévipwon Pb, Zn, Cu oto aipo twv ayelddov
oe perodhevtirég Laveg e M. Boetaviag itav Wwaitepo vymij. (Thornton et al., 1986). Avdhoyn adEnon
TOQOTNQEETAL ETIONG EXEL OOV OL AYEMADES EXTREPOVTOL UE XOOTO OV PUTOWVEL OE OEQTEVTIVIXG edAPN. ZTIC
TEQLOYES auTéS mapaTneeiTan 6Tl TV Enerj meEiodo Gov avepoBUEALES ELOGYOUV ONUOVTIRES TTOOOTNTES O~
WOVToUy o €dAQOVS 0TO XGETO, OL oVY*eVTPWOoeLS Ni xar Mn oto aipa tov ayehddwv eivan Wiaitepa vymAég.
AvtibeTa, TO XEWDVO G0V T Lo EXTOEPOVTOL PE LOPOQETLXY] TEOPY) OL OUYREVIQWOELS TWV PETAAMDV QUTHV
OTO Qipa Toug EmaVEQYETOL 08 ®avovird enimedo (Shreier, 1989).

Elval gavepd 6m 1 yewypamuxtj Extaom kabwg xat o fabuds framtirng enidaong tov apiavtov ota {oo
%O OTOV AVOQMITO OF TEQLOXES ONUAVTLAIG TOROVOINS TOV, £iTE AGYm Propnyaviris 1 petarlevtirnrg dpaot-
QLOTNTAS 1] ATAWS AGY® TS TTOQOVOLOE TOV OTOL TETQWRATO UTTOQEL VoL oV VeVOEL naw vo. diepevvnBel xonowuo-
mowwvtog wg detxteg To Ni »ow to Mn.

Enedn 1o B€pa auto eivor eldnov evdiapépovtog yia v EAada xaw v Kimpo, onuewdveton edd ot og
OYQOTIXES TTEQLOYES TWV XWEMV OWTWV aAAd KoL 08 GMES XWEES HE QULAVTOUXO YEWAOYLKG VTtOBabpo €xel
BepehmOBel ) Aot} enidoaomn Tov apiovtov otov AvOPWo. AuTo ETPEROLWONKE PUE TNV TAUTOTOMON HECO-
OLALDUATOS RO TNV AVEVQEDT) LVAV OULAVTOU OE TTVEVUOVIXES PLOWYIES OF ATOUN TV OYQOTIXWY QUTHV TTEQLOYXWDV
(Shreier, 1989).

Me6ododoyics eEvyiavons auavrovywv edapwv

Eivaw xarovonté 6t 1 epappoyn pebodohoyudy eEvyiavong tmv meguoydv pe aptovtovya edden tpovmo-
O€TEL EPTEQLOTOTWUEVT YEWYNIKY EQEVVAL.

[MowtaEyrGg OToY0g 0TV TEQITTTMOT avty ivan 1 Bertimon xau oTafeQOTOiNoN TV ESAPWDV YLOL VoL ROTOL-
otel duvar N avdrtuEn xow otilEn g emBupnTg pAdotongs. H éMenm Bpemtxdv otoryeinv ovipetonite-
tau pe v mpoobixn N, P, K, Ca. Idwaitepn mpoooyn oums amorteital otnyv emioyn g pop@ric tov Ca. H tuyov
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neooutéw avEnon tov §om vymhot pH mov emxpatel oto meQLpdihov Tov aplavtov proel va TaQeUTodioeL
mv Sabecipudmra Tov P. Amodeiyfnxe 6t n evandbeon yipou eivar amotereoponni omy eEvyiovon twv
apovtotywv edagadv. H yipog eivar xahj nyr Ca ywa tyv avupetdmon tg édhenimg Ca oL 1oV puxov
Moywv Ca/Mg oto apovtovyo mepipdirov (Meyer 1980).

Blantuaf exidoaon edapdv mov yeiTvidiovy o€ avToXIVITOOQ0HOVS

“Eyet amodeyDel 611 T0 X60TO TOU TEOOQEITETAL Y10l TEOQT] TwV LV *at Tov xohMeQyeiton o8 eddgpn Tov
Botoxovrar oe amdoraon péyer 50 pétpmv and to dpduo, meptéyel 400 popEg peyohitepeg ovyrevipwoels Pb
070 TG RAVOVIXES OVYREVIQWOELS.

Emiong ta hayavixd oto. edagn autd mepéyxovy 100 gpopés nepLoodtepo Pb and tig navovirég ovyreviom-
og1g Tov Pb ota haavind. Eivou aEloonueinto 6t o toodmteg Pb mov mpoohapfdvovral amd to. Aayavind wov
#alEQYOUVTOL 08 PUITAONEVD £8GEN elvor natd TOM peyahiTEQES OTN YXEWEQWVY TTAQA OTNV ROAOROULQVY
ocodeuwd (Thornton et al., 1986).

Ebddgn mov yarrvidGovv ue tobixd oreged andpinra perallevtixis dpaornoiotyrag

To. oteped amdPinto IOV TEOEEKOVTOL s TN PeTahevTiny SQAOTNOLOTTO UTOTEAOUV TTOLYROOUIWG OYUOL-
vy Iy meoéhevong ToEmdv petdhhwv ov xotahjyouv ota edagurd xar vdatnd cvotjuate (Varnavas,
1994; Varnavas et al., 1992; 1993). Eival yvwoté 6t otnv meQupéeta Tov opLoMBunoy oupmAéypatog tov Teo-
6dovg oty Kumpo vdyovy peydAes mooGtTES OTEQEWY TOE®Y amOPATWV OV TOOEQYOVTQL QITd TNV Ua-
%®0GY00VN peTtahhevTing dpaotmoLdTnToL.
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Eix.1 Karavouwr tov xaduiov (og ppm) ota i&rjuata s meproyris Aypoxnmds, Kumgov (Varnavas and
Hatzipanayiotou, 1989).

TMpdnerton ®uEiwg yo. oteEed amdfinto mov mEoEEyovTatl amd TV eEGQUEN Oelolywv HOITACUATWY KOl
eivon mhovowa og ToErd péraha (.. Cd, Pb, As x.a).
ARG ) pehém me Soomods ToEm@v peTdhwv ota tCipata xow E0AQPN TEOEHVPE GTL OE YEITOVIXES TTQOG
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oWTd ®oToLNPEVES TTEQLOXES vmofabpitetal to mepifdriov drafiwons optopévav TAnBuopdv. To xweld Aypo-
NG ATOTELEL YOQOXTNOLOTIXG ToEdderypa g mepintwong avnig (Ew.1)

H ysouopgporoyio oe ouvduaopd pe ) B€om xat ™ guowy xotdotaon oty omoia feloxovral ta ToErd
oteQed. anOPAnTa SievnoAHVEL T PETAPOEE TOEMMV HETAMMY PECH TWV QUOXUHV RO TOU CEQX OTO YWELS
(Varnavas and Hatzipanayiotou, 1989).

6. METPA TIPOXTAXLIAL THX YTEIAX TOY ANOPQIIOY

Ta mo onpovtxd uétpa to. omoio Aapfdvovior pe BAOT TO ATOTEAECUOTO TOV YEWYTUADV EQEVVHV KO OF
oVVOUOOUG pe GAMES PENETES OmMG Tr.x. EMINUIOAOYIHES %.a elvan 1) BEomion xormEiwv amd diebveic 1| EOvi-
%0Ug Opyoviopovg (.. EU, WHO, EPA x%.0) yia TV Toldmro Twv XoAMEQYOUpEVOVY £8apidV, ToV moaipov
veQOY, TOu veEQOU dEAEVONG, TOU £8GPOVS OTOVE XHEOVS AtEBEOMS VMAMV RATACKEVAY, TOV 0QYLM®OU VAKOU
ROTOOREVNS THMVOV OLXLOKWV oxevdv ®.o. (Merian, 1991; Niosh 1977).

.9..'- M
Pb (PPM )'-':‘,
B -0 0
B t00-150
@ g0 —100
83 20 - 50
E <20

Eux.2 Karavouif yoouiov xat polvpdov ora irjuara s Aiuvys tov Inavvivov (Varnavas et al., 1986)

Emeudr] vmdpyet nivouvog amodéouevong Cd amd rouvoipyta ®upimg milva ottond orevn, REQLXES XWOES
€youv nabopioel xoLTioLa ®ow EAEYYOUS OV TV TWANOT TOVg antd To £0Yootdoto. Ot €heyyol avtoi otneito-
VIO OTNV EXTAVOT TV OXEVAOV pe 0EEIRG 0EU 3-4% o€ Beppoxrgaoia meolpdiloviog xalr oty avdivon Tov
Sradiparog cwtot (TTw. 2).

Iw.2. Méyworn emirgenrij ovyxévrowon Kaduiov oe mijAva owxiaxd oxevn(uerd and Exmivon ue oEixd o&v,
Merian, 1991).

Xopa Meyiory ovyxévromon (mg/l)
Zoundia 0,1
Hvopévo Baoikelo 0,2 -0,7
Ttahio 0,5
H.ILA. 0,5
Aavia 1
Ndtiog Agounr 1
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Enopévog ne ) YEOYNURY €QEVVO OTTQUTETAL O EVIOTLORGS ROTAAANANG TTOLSTNTAS COYLMKMY VALKOY Yo
TNV ROTOOHREVT TWV OHEVDV QUTOIV.

e Ty eEaymyr] CUUTEQUOPAT®V TTOV (POQOTV ATV TOLGTNTO TOV VEQOU GOIEVONS EXTOS (td TO AL QOVL-
%0 ELEYYO TNG TOLGTNTAS TWV ETUPOVELOXMDV VEQMV TTOV XONOLUOTOLOUVTOL OL YEMYNIXOL XEOTES TOV TVOUEVAL
TOV VIATUROY CVLOTHUATWY (T0.X. MPVOV), EXOUV LOLAITEQN X ONOUOTTOL. T'Lol TOAOELY O X ONOLULOTOUDVTAS TOUG
YGOTES RaTavowic Twv petdhhov ota Wipata mg AMuvng tov Iwavvivav (Ew. 2) propel naveis va amopuyet
%atd TV vdgohio teELOYES ov elvan mhovoieg oe Cr, Pb n.a. (Varnavas et al., 1986).

Av Mdfel xaveis vedyn o pxed PABOS ™S AIVNGS RO TO POLVOUEVO TNG OUXVHS KOL EVIOVNG ETTOVALDONONG
TV IENUATOV KoL TV EVOOUGTOOT TV RETIAAMDY OTO AETTORRORO RUQIMS VMKO, TOORUTTEL OTL OTLS TEQLOYES YUE
VYPNAEg ovyrevipoels Pb, Cr x.00 otov muBpéva, 1o veed Ba elvar emiong ouyvd euTAOVTIONEVO OTaL LETUAACL
QTd.

7. ®AAAXZZIO IIEPIBAAAON - AIAXEIPIZH YI'PQN KAI E*TEPEQN BIOMHXANIKQN AIIOBAHTQN

H dudBeom otepedv »oL vypav fropunyovirav amopijtwy oto Bordooio tepipdirov tpoodidel ot Haido-
oo yeoyn i €ogvva daiteen yonowpomra zou agto. H andpeuym towv amopiitov oto Bakdoolo xdpo yive-
T elte p€ow aywyov otov Bahdooto muBuéva 1 and mhoto oy emupdvele g Bdlaocoog.

2’ GAES TG MEQUTTWOELS Elval amoaitnTo Voo TEOPAe@holv ex Twv mTEOTEQWV alhd ot va xaboplobotv
UETA TNV amopoupm :

1) O Pabudg xow n ToiTnTo aVAREIENS ROl 0QIONS TWV CUOTUTIXMV TWV OTOPAT®YV.

2) H éxtaon mg vddrivng onijing mov emnpedletol 1ot yio TG00 YOVIKS didoThua.

3) O Babudg orholmong Twv yMur@y ouvBnxoy mov emxpatoty oto Bokdoolo teupdilov améBeong.

4) H arloiwon g poggoroyiog xar ovaraons tov mubpéva (Voutsinou-Taliadouri and Varnavas, 1987;

1992).

5) Metd atd 1600 xe6vo Oa enavEérBeL To TeQBAMOV OTIS TOONYOUUEVES RAVOVIXES TOU CUVONKEC.

Atdavtixds Qureavog

AlveTor o ®GTo YUQOXTNOLOTIRG TARAdeLypa ®0B0QLoHOY TV TEQLRAMMOVTLROV CUVONRWOV TOV EMXQA-
TOUV 08 BahGo0L0 HEO OTGOEONS VYQDV PLOUNYOVIXGV OTOPAITWV TNV EMPAVELD TOU ATAAVTIROU QREAVOU,
vota tov Long Island twv HITA.

Sy meproyy avty amroeEigdnray 4.10° litre vypd fropmyavind andfinta and egyootdoto mapaywyrg TiO2
pe peydin oEvmra (2-4 M HCI) »nou pe meprexuxdmro 0.5 - 1 M Fe, exatovtadeg ppm Cr zow V, 10-100 ppm
Cu, Zn, Ni xat Pb #ou 1 ppm Cd. H andpeuyn twv amofMitwy yvétay pe ououd 7.10* - 12.10° litre/Km* odppo-
va ue T roumjola g vimeeoiog Hpootaoiag tov ITepipdrroviog (Environmental Protection Agency) twv
HITA (Simpson et al., 1981).

O petprjoelg xau ta mewpdpota wov yway €0elEav 6t 1o pH tov Bahdootov vepot emaviihde ol yoryo-
oo ot navovizd enimeda. H magovoia Spwg tov Fe oto andPinta 0dnyel oto oynuotiops xohhoedwv Fe (OH),
T oMol 0T oLVVEYELN TEOTEOYOUY Tov Pb. AvtiBeta 0 Cu o 1o Cd mopapévouy aveEdomrta amd TV pdon
Tov Fe.

T ™ diepetivnon Ghwv Twv o Tdve cuvBnxov yonowpomonibnxe n pelét g daoropds tov Fe ato
Baldoolo meppdirov. Beébnxre dt to andPhnta Steamdonoay ratd ®HOLo AGY0 HETAED TG EMUPAVELOS KOL TOU
TUAVORAMVOUG, TO 07Toi0 ®upouvotay petaEl 10 »au 30 p. H mapovoia tov murvorhvois proel vor oQe urodi-
OEL TNV AL0oToRd TEOC TO RATW TV QUIWY %ot vo 0dnyioei otnv oploviia dtaomopd tov. NedTeQes £QEVVES
omv mepoyn €0elEay on o Fe Poiloretal ratd ®iplo Adyo oto avdapewto otpdpe (Simpson et al., 1981).

ToviCetaun ed0) pe Eupaon Gt Ty amtd TV dSudbeon vYEMV 1 otepewv amofhitwv oto Baidooio tepupdiloy
givon oot M TMIONG EUTEQLOTOTMUEVY) KO AETTTOUEQTS HEAETN TV YEMYNIKWDV JLEQYUOLHV TTOV TOaY-
ROTOTTOLOVVTaL TG00 OTNY E10OTEEN B0 0réponpng, 600 xaL otV gvEuteEn TteLoxy. O yewynunés ouvon-
xeg Oo moEmeL va 0B0ELEBOTY dLayxEOoVIRG 08 GAEG TLG ETTOYES TOV £TOVG TG00 0TV VOGTIVY OTIAY 600 %Ol OTOV
mOpgva.

“Eyxer mapotnenBei 6n oto BevOurd otpdpa g vddtivng otiing oe mepoxy tov BA Athavuxot Qureavoy
(Porcupine Abyssal Plain) mapotnpeiton adEnon g ovyrévipmong Fe xow Mn and tov mubpéva mpog 1o mave
1 omolo. ogelheTaw OE ETAVAALOENON TV INUATWY. Z’ vt cuuPEAAOUY ONUEVTIXG OL 0QYOVLOUOL HE TV OVd-
devon tou Wijuatog. To pauvépevo outd ovtaywviCetal to puiud ynurrg duayéveons (Varnavas et al., 2001).

H yvaon Tou @ouvopévou autol ®oL 1 YEOYQUPUAY EXTAOT GOV CUTO ETRQUTEL OTOUS MHREOVOTE ExEL LOLOL-
TEQN XONooTNTe 6Ty Aapfdvoviar omogpdoels yuo T didBeon atepedv amofhjtwy.
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Meooyeiog Odlaooa

Me v eqappoyr] yewynuxav pedddwv rabopiomxe o pubuds ewoédov onpaviikay pirwv ot Meodyeto
Balacoa ®oBMS KL TO TOCOOTES TV QUTOV TOV OPEILETOL 0TS PAOWHES TNYES EL0GDOV :

o) Ta ovXLaxd Apata,

B) ta Propmyovind amdpinta,

Y) Ta TOTAULO.

T 1o puéAvpdo Peébnre Gt

O pvBuds £106d0v ToV POAGRSOV Elvon TTOM peyalitepog 0to BGEELO TOQA 0TO VETLO TUjpa TN Mecoyeiov.
O pvBuds 10680V ToV POAIBBOV elvan YeVird pueyaiiteog ot dutnt mapd oty avatolMxii Meodyeto.
To mo000T6 Tov POAIPBdOL OV TEOEEYETAL 0Tt Propnyavird ardPinta eivon peyalitepo ot dutixt Tad
oty avatohxy Meodyeto.

To m0000T6 Tov POAIBAOV TOU TEOEEYETAL TS TOL TOTAUO, EIVAL UEYOAITEQO 0TV avoTOMKY TORA OTN
Sdvti] Meodyeto.

Tevixd n ovpfol Twv owaxrav amofAjtwv oe pGAVPdo eivan pux.

Zmv avatohxy Meodyewo ovpmepiiapfavopévou xat tov Avyaiov n cupfoAy Twv Totap@y omy £i00d0
poripdov ot BGhacoa eivar peyahiteen ovyroLtnd pe tn dutwr] Meodyeuo.

Avyaio ITéAayos

To mo mdvw ovpépaopa emLBEPRALWOVETOL ROL OTTG TO YEWXNUKS XA ®oTavouns tov Pb oto Oegpuaixd
K6Amo omé tov omoio gaivetar 6t oL wotapol wov exfdrhovy oto Oeppaind amotehotv onuavuxés mnyEg Pb
(Voutsinou -Taliadouri and Varnavas, 1995, eux. 3).

ARG TN PEAETN TG ROTAVOUNG LYVOOTOLYXELWV HETAED TNG OTEQEAS %ol dtohehupévng pdon ota otevd Kdoov,
Avuxvdjpowy o oto votrodutnd Avyaio ITéhayog, mpoéxvype ot o€ fdBog 200 p. oL CUYREVTODOELS TOV Srahe-
Avpévov Mn avEdvovion amdtopa o BAog g oteReds poegris Tov. H diepetvion tov @auvopévou avtot
£€de1Ee 6t T ogelhetan ot ddhvom Twv oEedimv Mn mov foionovianr 0to awEOUUEVO VMG dtav autd
eLg€pyovral ato petafatind otpdpe vepou g Meaoyeiov (TMW) (200 - 500 p.) to onolo yogoxteletar and
XOUNAY TEQLEXTIRGTNTO OF dLoAeAMUPEVO OEVYGVO, Yapunhi ahatdmra xat vYmAy cuyrEvipmon Bpemtirav ald-
TV. 211G OUVORES PE KOUNAN TeQLERTIROTITO dtadelupévou oEuydvou to Mn (I1) eivan otabepd oty Skt
TOU PoEYN eVA O€ TEQUBAALOY pe vPnhij ouyrévipmon drahervpévov oEuydvou 1 otabepr] popgn tov Mn eivan
Mn (+ IV) (Voutsinou — Taliadouri et al. 1997; NaxomotUlov et al., 2001).

H mootrjonomn tov gowvopévov autold oe ouvOLaous pe T eyl yewyoomuxty éxtaon tov odnyet oto
napondtm ovprépoopa: H tuxdv evamdBeon fropnyovirav arofhitov oEetdiaxiic pooeric oty emgpavelo mg
Bdlaooag pe otoyo vo 0dnynBoty avtd péom g vddTvng oTHAng otov TuBUEVa 1) TEOEQYXOUEVQ 0l EVOEYONE-
VO VowTtird aTiynpa, 6tav ovtd pBdoovy oto Metafatnd Nepd tng Meooyeiov (TMW) Ba vitootoiv onpovi-
%0 Babuo dudhvong pe SUOUEVES EMITTWOELS OTOVS OQYAVIOUOUC.

Agv apxel Mooy va rabogioel xavels Bewontird 1 ®xou TEWRORATIRG TV ENidEOT Tov Bakdoolov vegoy
ota Bropnyovird aréfAnta mowv Ty améeouyri Tous, Aaufdvoviag veyn To. YEVird aQaxtnolotind Tov Bo-
Mdoolov vepoy alrd Bo mpémeL va peheBel pe xdBe Aemrop€peia OAn n vOGTIVY OTIiAN *Row 0 TVBPEVaS draryo-
vird.

2710 NGto Aryaio 1 eméva Tov TEORUITTEL A6 T1) OUVNOLOUEVT) RATAVOUT] TOU OLWQOUREVOU VALROU deiyveL
UEIWON TS CUYREVIQWONS TOV, AUEAVOREVOL TOU BAB0VS TOU VEQOU. Ze TOMES GPWS TEQLOYES TOQAUTHEOVVTAL
og opLopéva Padm, oto avatepa THIROTO TS VAGTLVNG OTHANG, EVTOoVES ®NAldes cumweovipevou vixrov. H diepe-
vnon avtav €deiEe 6T mpdrerton yio vMxd vdpoBepmxng mpoéhevong (Varnavas and Cronan, 1988; 1991;
Varnavas et al., 1991; Dando et al., 1999) oto omoio emxparotv ta xohoewdr vdpoEeidia Fe. O unhideg duotn-
oUvTOL YLoL uEYAAQ Xpovird daotipora xow xarorapfdvouy peydhleg extdoeis. H vroBahdoowa vdpobepuiny
dpaomprdmra anoturaveton ota hijpata tov Nétov Avyaiov Iehdyoug (Varnavas, 1981).

AEloonpeinto eivor 1o oupuméaopa 6Tl oL ¥NAIdES auTég Tallovy onuavtivé QA0 0TV 0OLLGVTLOL Kot EVQEL-
0. dL100mod UV %O 0TV TOREUTGILON 0QLOREVMY ovoTaTndyY amofhitmy va @BdoouY xatoxGEUEL OTOV
mubpéva.
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Ex.3 Karavourj MoAvpdov ora tGijuata tov Oeguairov xoAmov (Voutsinou — Taliadouri and Varnavas, 1995).

EYXAPIZTIEX

Evyopiotd OBepud toug Kabnyntég pov A. T'. ITavdyo xow D. S. Cronan mwov pe evEmvevoay xow Ue odnynooav
oto Yo g Fewymueias. Evyaolotd axdpua Toug ouvepydtes pov mov exmévnoay didoxtoouxy diatopr pe
™mv ®aBodijynon pov dddxtopes X. AleEavdpomoviov, @. Bouvtaivov — Takadovpn, I. Kahafouvlidm xow X.
Noaxomoihov tov petadiddrropa ovvepydtn pov, IT. Axthhedmovho, raBdg rou ToUs VITOYiPLovg dtddxToEs A.
Mavaywtdpa, K. Xattnmavaywwtov ko E. Zxinfdyxrov yio m dnpuiovoyry, EmoTnpoviny] emxowvmvia o
eiyov pati pov, ovpropevdpuevol ot yeoymuxty €pgvva. Evyapuoties opeihm eniong otov diddxtopa I. Kapo-
viln o omoiog pe worhj mpoBupia xow empélera emeEeQydoTre TO REIPEVO TG EQYAOTOG CVTIG, HABMS RO TO
MoabOnpotixd A. Kagovili yia v mpooexrtxt] eneEepyaoio ®oL TaQovoioon Tmv EGVOV OTOV NAEXTQOVIXG
vroloyLoT).
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H XHMAZXZIA XPHXIMOIIOIHEHY I'EQPYEIKQN MEOOAQN LTH AIEPEYNHEH
PHXQN ®YZIKQN "H TEXNHTQN AOMOQN®
TAEIAPXHE ITAIIAAOIIOYAOEL'

ZYNOWH

2V maovoa eQyacia YIVETOL avapoQd OTY) YONOLUOTNTA KL OTTOVdLGTNTA XONOLUOTOMNONG TV YEWQU-
oV peBGdwv ot drepetivnom e onyric vredaguriic dopnc. EWdwdtepa, didetan Eugpaon otovg ®xhddoug g
TEXVIRIG KO TEQLRAAAOVTLRIIG YEWPUOLRNS, TTOU AOTEAOTY ENL HEQOVE EPAOUOYES TNG EQAOUOOPUEVNS YEMPUOL-
g E0EVVOG. AQYIXA OVAPEQOVTOL Ol YEWPUOHES HEBOBOL TTOV KVRIWS XONOCLUOTOLOUVIAL, 1] XATOANAGT T
TOUG KO OL QUVATOTNTES %ol TEQLOPLOPOL TTOV SLETOVTaL. ZT1 OUVEYELX 0QITOoVTON PeEQIXES BaoLRES EVVOLEG, IOV
nEEneL vo AapPdvovion vdyn mpoxewpévou va emtevyOel Oetnn €xPaon wag yewguowiic épgvvas. Télog,
AVAPEQOVTOL TOL TTAEOVEXTIUOTOL KOL TOL LELOVEXTUOTA TV TAEOV XQNOLUOTOLOUPUEVWV YEOQPUOLX@EY peBSdwv
xau didovron mapadelypata péoa ad Tov eEMnvind ®vping XHEO.

ABSTRACT

In this review paper it is presented the usefulness and importance of using geophysical methods in shallow
subsurface investigations. It is given emphasis on problems that can be handled by the engineering and environ-
mental geophysics which are branches of applied geophysics. First, the geophysical methods that are mainly
used are referred, their efficiency, as well as the potentialities and restrictions that they present. Next, some
basic topics are defined that the geophysicist has to take into account in order to end up with positive results.
Finally, the advantages and disadvantages of the most used geophysical methods are referred and some exam-
ples are given from the experience obtained by carrying out geophysical investigations in Greece.

AEEEIX KAEIAIA: Teyvixn yem@uowrt, TeQtBalloviiny YE@QUOLRY, EQUQUOCUEVY YEWPUOLRY], YEWMPUOIHES
HEBODOL, QUOLKES LOLGTNTES, YEWPUOLKES EVVOLES
KEY WORDS: Engineering geophysics, environmental geophysics, applied geophysics, geophysical methods,
natural properties, geophysical parameters

1. EIZATQTH

H yonowpomoinon yemguowrov neBGdwv pe tv e@Qaoproyr ey texvirayv 1 duatdEemv, pe otéyo m die-
evVNON TG VITedaprng SOUNG YLt TOV EVIOTOUG EXUETOAAEVOLUOV ROLTAUOUATOV TETOEAAIOV, VAOTIRWV TT6-
QWV %O PETOAEVRATWV KOOGS KO YL TOV EAEYYO TNG OTOOUATOYQOPIOS KO TNG TEXTOVIXT|S dOpTig o tepLo-
s, €xeL apyloer amd tig apygs Tov 200u audva. H yewguowr €pgvva mov aoyoleitor pe ) diepeivnon tov
PAOLOU TNG YNNG HAL TOV EVIOTMLOUG ONYAV doudv amé meaxTinis ®ot TOAES POEES atd oLrovopuLrg TAEVQAC,
OTOTEAEL TO OVTLXEIPEVO TNG EQPUONOTREVIS YEQPUOLXTS.

Trnv tehevtaia 10-etia Exovv avamrvyBel d6o dihor entl pégovg rhddot, o) Tng Texvrtis yeoguowris xat P)
™ms megifarrovrixiis yeoguowkijs. Zvpgpwva pe tov Sheriff (1991) o 0pLopds g TeXVIRTS YEOQUOWRTS Elva N
EQAQUOYT] YEWPUOLRWY PeBOSwY otV £QEVVaL TV VIESAPIRWY VAWV %o SOP@V Tou oupBdihouvy onpovtind
omv exihuon yewtexviradv mpofinpdrov. H mepiparroviny] yemguowmi opitetar, otpgpmvo pe tovg Green-
house (1991) »au Steeples (1991), wg 0 ®¥AGdOG OV COYOAEITOL PE TNV EQEVVOL TV ONYXDV PUOLHO-YNIULRDV POiL-
vopEvwy, ta omtoia £xovv entidpaon oty duayelpion Tov duecov meQupdirovrog. H oo diagpopd peta&n g
TEYVIRNG %ot TEQLROAAOVTLRTG YEMPUOLKYG ElvOL GTL 1) PEV TTEGTY o olelton pe SOPES o Tn giom TV veda-
QLA vV, 1 Oe devtepn uoel emiong vo CUUTEQLAAPEL TNV XAOTOYQAPNON RETABOADY TS OywyLUATNTAS
TOV TOQLXWY VYOV *aut VoL RATAOEEEL TNV TAQOVOTOL LOAMIOUEVWYV TTEQLOY WY HETA OTOV VOQOPSGEO 0pitovTa. Ot
xnurég emdpdaets elvar €€’ {oou anpavitkés 600 o ta Quotkd gowviueva (Reynolds, 1997). O 6pog eotBat-

* THE IMPORTANCE OF USING GEOPHYSICAL METHODS IN SHALLOW INVESTIGATIONS FOR NATURAL OR ARTIFICIAL
STRUCTURES.
' Tupa Tewhoyiag EBvirot & Kamodotpraxot Mav/uov Abnvav, Topgas Menguouic-TemBeppiag, Mavemamuoinoln, Zoyedgov, 157 84.
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hovuxt] YE@WQUOWKY] €L EQUNVEVOEL QTG PEQIROTS EQEVVNTES GTL EVVOEL YEWQPUOLRES EQEVVES OV €X0UVV dle-
EoxBel pe mepuparlrovanri evoauoBnoia, xweic dMiadn  xoMon xotaoteo@ray uebddwy, énwg m.y. 1 eEaopd-
Aom tov mepidAhovtog otig vroBoldooieg oeloprés €pguveg (Bowles, 1990), x.\.m.

ZOUPWVOL PE TO TOQOTAVM TO EVOLPEQOV TG SLEBVOTC EMOTHUOVIRI|S YEWPUOLXIG ROWGTNTOS EYEL ETI-
ong eotaobel oy avaTtuEn TEXVIXAY xow StoTdEewv ®abmg xaw ot dNuovEyic XaTtAAMAWY TaxETWY AoyL-
ourov yro v eneEeQyaoio Twv AoauPavousvmy HETONOEMY, TNV EQUNVELL QUTAOV XaBdS *ow TV TOQOVoIooT
TWV ATOTEAEOUATOV, Yiar TN dLeQEVVNON ONYDV OTGYMV €iTe €lvarl QUOLKOL (TT.). EVIOTOUGS eYROIAwY, TEOTdLO-
Lopdg avaryMigov Boayddous vtopdbpov, x.a.) 1j texynTol (7T.). EVIOTONGS dLaEEOMY ®a HOAVOUEVV TTEQLO-
KOV, H.0L.).

H avdyxn Bertiwong xat dnuioveyios VEmV TEXVOLOYLHY 0TO XMHEO TNG YEWPUOLKIS TOOEQYETOL ®VQING aTtd
TG QUENUEVES OTTOUTHOELS TWV PEYAADY TEXVIRMV EQYWYV, TTOV OLUVIOTAVTOL EITE OTN ROATTEQN RO OLOQPOAT Depe-
Mwom outav 1 0Ty TEOCTA(e: TOUS 0TT6 ENAYOUEVOUS TTORAYOVTES, OTmE elvan 1) OELOWLKY emxyduvVETNTa, 0
%ivéuvog and natohobrioers, 1 entdpaon texvntdy expriEemy, %.a. Exlong, 1 avdyxn moponohotdnong povo-
uévav pdhuvong(m.y. dietodvong Bakaooiov ¥0atog o€ TAEAXTLES TEQLOXES) 1] SLoPEOWY OF Pdypata ®ou de-
Eapevég, odnyel oty avamruEy VEOV TEXVIXGV Yo TV ®OAUTEQY 0mOTUImOY TWV VIESUPRGOY 1IOLOTHTOY oV
ennEeGLoVToL TEQLOOGTEQO TG TN SLEAEVON TV HOAVOUEVWV VY@V 1] TV TTAQOVOT0L QUTEV.

H yonowpdtyra tov yeopuotkdv nefGdmv xow 1 0oudoudTto. Toug amtd TQOXTURTS KoL OLXOVOULKYG TTAEV-
00 eivan onuavax xau yevivotepa cupfdilovy oty avdrtuEn, epdoov xonotporootviol ot Beperinon
UEYAAWYV TEXVIRWV EQYWV (T.X. POAYUATWYV, ONOAYYWYV, YEQUEGV, %.A.TT.), 0TIV TaparohoiOnon dtoQeowy pueyd-
hov deEapevav vypav (T, xavoipmy, VOGTWY, ®.A.1T.), TNV TREAROAOTONON XKoL TOV ELEYYO LOAVOUATIRDY ToL-
payoviay, 6mmg n dieiodvon Balacoiov ¥VO0TOG, .0, TOV EVIOTMLOUG VIGYELMV OTOWY Kol EYROTAWY, ®.o.. Ot
yew@uowrés péBodot oupfdrhovy emions oty avadelEn ™ LoToELXYS ®*ANEOVOULAS EVOS TOTOU, E TOV EVTOTL-
UG BappEVOV oY UOTHTMY XWEIE TN OLEVEQYELL AVOORAPIXGY EQYACTWY, GTOV TROTOLOQLOUG BapUEVOY EXON-
HTUHROV PNYOVIOUYV, OTTMG VOQRMY, CAUWY, X.0., *aOdg eniong oty dixaviny épevva ko ot perétn enidpaong
TV NAEXTQOPAYVITIXGV ®Ulwg Tedimv otov dvBpwmo.

Zmy nagovoa epyaoia Oeweeltan GTL 1) EQAOUOOUEVY) YEWPUOLKT] TTOQEXEL EVaL EVEU PAONN TOAD XONOLUWY
ROL OTOTELECPATIX@Y PEOGOMY, TTOV v YENOLHOTOMBOUV COOTA 0TS KATAMANAES TEQLTTWOELS, UITOQOVV VO
TOEAYOUY TOAMITLUN TTANEOooRie. ZTdy0s TG Tapoloag eQyaoiag ival va mpoomadoet va eEnyrioel wg 1
EPAOROYT] TV YEMQPUOLRMV PEBGdWV uroel va yiver xaiitepa now amodotirdtepa xou vo xatadeiEel Ta wheo-
VEXTIUOTO. KO TOL UELOVERTITUOTO. TV SLAPOQMV TEXVIRMDV.

2. TEQ®YLIKEX MEO®OAOI - METPHEIH ®YXIKQN IHAPAMETPQN

O yeogpuowég péB0doL 0VaLAOTIRG ATOXQIVOVTOL OTLS PUOLRES LOLGTNTES TOV UTEDUPIROU PETOV ElTe elvon
TEXVIRO-YEWAOYLRIG (UomG (T8.). TTETEMU, IENUa, VO, TToRMdES, dramepatdmTa, ONYUOTHOELS, REVA, EEQAAOL-
o, 0mooafEMON, %.0.), 1} PUOLKES TTORAUETOOL, OTMS AYWYLUOTNTA, OELOIXT] TOYUTNTA, TURVOTNTO, ROYVITLIRY
emderTnOTTA, EAAOTIRES OTOOEQES, NAEXTOLXY ELdLxN avtiotaom, dimhextowrn otabepd, padievépyeta, Bepput-
1 ayOyLpeT™Ta, %0

O VTAEYOVOES YEWPUOLKES UEBOOOL RO TEXVIXES TTOV YONOLROTOLOVVTAL GUVHOWG 0TS YEWPUOLRES dlat-
OXOTOELG PTTOQOUV VO ONOLUOTOMBOUV UE OQLOUEVES TOOTOTOW|OELS OTNV TEXVIXY *oL TEQLBOAAOVTING YEW-
puow. Ot néBodol avtég eivan ov €ENg:

e Baputixn

e Mayvntxn

o Jelounr] AvdBhaon

o Zelomnn) Avaxhaon

e DC Hhgxtouxn Ewdunn] Avtiotoon

e Enaydpevn Mohwon

e Hhentpopayvnuixég

e ['epavtd

e Padievepydg

o ['emBeounn

o Femuoirég dloypopies oe YEDTENON

o Aleg vedrtepeg péBodol (NMR, SASW, x.a..)

H xoroMnAdmra wac yenQuotic Texvixis § 0 ouvduaouds texvirdy eEaptdtal ®volwg amd g aviidE-

- 2220 -



OELS TOV QUOLRGV WOLOTHTMV IOV TEQLAAUPAVOVTAL HETAED TS SOMS TOV OTAYOU %t TOU TTEQLRAMOVTOS OYMUa-
Twouov, Y €xtaon oe BPABog Tou OTGYOU %ot TN QUON/TdY0g Tov vreprelnevoy atpwpatog. 'evind, n €pevva
TEQLOOOTEQMV TNG HLAS PUOLRMY OLOTHTWV [E TNV EQAQHOYY OLAPORMV YEMPUOKMY PEBGOWY TOQEYEL EVaL
OUOYETLONS TWV AMOTEAEOPATWV %aL avEdvel ™y alomotio TG eppunveiag tolovtotednmg (Sharma 1997).

Mepurég av Oyl xaplo amo Tig YEWQUORES neBGdovg moEeyel povadixr] Ao ot €va WlaiteQo yemwhoywro
mEGPANpa. Eivar duvatdv vo Angbel évag peydhog aptBuds yemguowmmy Mioswv yia didgopa mpofMjpara,
TOAEG ex TV omoiwv vo elvar yewhoywd aotjortec. Elval emopévng amopaitto va eAEyyetal TdvTote 1
yewguowy Aon pe yewroywmd xormjola (Reynolds 1997).

e oygon pue ta tpofMjpata TeQLBAAAOVILROU RIVOUVOU HOAMOUATIXEY OTOPATOV ®at TV aopaiy dudbeon
TUENVIRMV KL XNIHDY OTOPAMITOYV, Ol TUQORATY YEWQPUOLRES EQYAOIES TUROVOLALOVY dLaiTeEQO EVAIaPEQOV
(Sharma 1997):

e TIp00d100LoNGS TG BEONC YEWAOYLRMY dOpMVY (QVYHaTa, ONYHOTMOOELS, aobeveig Cuvee, andtones MBoroyL-
1EC EMAPES, ®.0L.) RATW %O TEQLE VITAQYGVIMV YWEWV VYELOVOULKTS TAPNS Rl XDOMV TAPHS TOEWMWMY amo-
BAiTwv.

e TIpoadioptouds te BEomnc vdEoYGemwvY 0QLLAVTWY Xat TS VOQAUALKNIG »AIGNG EVEQYWV SOUWY Yia TNV avi-
KVEVON LOAVOUEVMV KDWYV %Ol dLaQQEOWV OTO VITEAUPOS.

Aviyveuon xat eVIOmopds Baupévay xdpwv andeans to§av aropfiitwy.
ALEQEVYNON VEWV XWOWV atdBeomng amofMTwy 08 TEXTOVIRA/OELOUIRE 0TadEQEC TEQLOYES, Le OOPES oL VO
TEOOTOTEVOUV T TETQW AT KO TOV UOQOPGR0 00{CovTa amd udAuvon.

Eni mhéov vadoyouv meotpaiioviind mpofArpata 6mme, oL QUOLEVEQYES EXTTOUTIES, 1) EXTIUNO TNG OELOL-
NG ETAUVOUVETNTOG, OL KATOMOOTOELS ®aut oL edapurés xabilnoeLs, o eviomopds Bapuévov agyaoTiTmy, %.o.,
Ta omoia wEooeyyCovron pe Yewquowes pedodovs. Zrov mivaro I 8ideTol po avaorsmnon twy o arovdaiov
OTGY WV TG TEQLROANOVTLRIIG RO TNG TEYVIXIG YEOPUOLRYS Rait oL ®atdAAnAec péBodol 1 TexVIRES TOV TTREMEL VaL
XOMNOLUOTOLOVVTOL.

H eqaouoyr yeoguowmay pnedédwv €xel eniong otabepd avEndel v tekevtaio dexaetio yio Thv enthuon
TEXVIRAY TeoPAnudtmy. Ot eQUOUOYES VAPEQOVTUL OF TOELS ROTIYOQLES:

a) donpég Yot Bepehimon,

B) Tov mpoodioplopd tov vdgopdpou opitovTa Ko

Y) TNV QAvixveuon VIGYEUWY EYROTAAEUPEVOY HETAANEOY, BOpPUEVDY COAVDV Row MOV AXoNOTwV PETOAAL-
nov avurepévoyv (Sharma 1997).

3. MEPIKEX AITAPAITHTEX I'EQ®YLIKEX ENNOIEX

T v emTuy €2800M JLOS YEMPUORNG EQEVVAS QaQOLTNTY ELVAL 1) YVOOT TWV TOQURATO BepeMmdOY
gvvolnv ovpgpmva pe tovg Greenhouse and Gudjurgis (1997):

‘OQLO VLY VEVOLUATNTAS OTOYOV

Agvypatodmpio petorioemv

Amendvion otéyov

Aviyvevon rot vzpivela (dLaxpLtirng ixavoémra otdyov)
BdbBoc dieicduong/épsuvag mg yewpuowriig uebodov
Angifera twv petoiosmyv

EneEepyooio twv dedopévmv

Epunveia tov yewmguowov arnotereopdtmv
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Hivaxag I

MéTpnon ®uoikrig (BA. api® E(?awgés qTw)
. aplBpoUg KAEBIA MapaKaTw
Few@uoiki MéBodog I3i6mrac
112 |3|4|5|6|7|8|9]10
Baputikn Mukvétnra \/ \/ S|S|S|S|-]|-|S]-
Mayvntikn Erudektikémnra vIivIivis|-1?|- VIV]-
L, EAaoTikég oTabepég
2elopkr} S1d6Aa
L i MukvétnTa \/\/'?‘/SS--—-
., EAaoTIKEG oTaBePEQ
ZeloJIKT] avakAa
FIS on MukvétnTa ‘/‘/?SS?----
HAekTpikn Edwr) avrioTaon 217 / \/ ‘/ \/ \/ S \/ ?
SP Aagopég duvapkol | - | - [y [ 2 [/ 2 2] 2] -] -
P Eidikry avtiotaon ‘/
Xwpnrikétnra ?217? 2181?22?27 ]°?
, AywyuétnTta
HAektpe payvntikr) EM
po payvnTikh smenoryung S\/\/\/\/\/\/\/\/?
Aywyuétnra
VLF
Autenaywyr ??\/?SSS‘7’7-
, AmAekTpIKr) otabepd
Mewpavtap GPR
P : Aywyémmra -l -7 ‘/‘/ ‘/ S ‘/‘/ ‘/

v, 1 whéov notdhAnin péBodog, S, devtepetvovoa péBodog, ?, uéBodog mov urogei va yonowporomOel pe
empUuhokn, -, axatdnin pébodog

Egappoyég
“Epevva vdpoyovavBpdxmv (Ayvitn, aepimv, TETREARIWY, ®.0t1)
Merétn YewhOymY Poxodopudy (repLoxés peyaritepes amd 100 km?)
Metalhevnnr €pevva
Tewtexvinr €pevva
Ydpoyewhoyinég €pgvveg
EVTOmopog vteyeLwy oTomv Ko £YROtAwy
Xaproypdenon StapQomy ®a HOMOHEVMV VITGYELDY TEQLOYWY
Evtomopds xon ®aBooLopnds Boppuévary netolnmy avixrepévmy
Apyotopetoio

0  Awavixi €ogvva

o Q0 AU A W -

H mo foouxt] moduetog yio T SteEaymyn Jog YEOQUOLKIS EQEVVOS EIVOL 1] AVLYVEVCLROTIITA TOV 0T0-
yov. H aviyvevon tov otéxov asrautel peydres avitBéoels otig quotéc didmreg non ®ordAnhovg ovviehe-
0t€g 0T ®h{poma xow 1o oY Tov oTéYov pe To meptpdihov péoo. H avixvevon ovwiibwg xobopileror and
éva ehdyoto aBud Wotijtwy Tov otdyov. I1y. évag polvopévog xdpog mdyxovs 4 pétpwv row oe fdbog 10
pétpwv prroeel va aviyvevdet pe éva EM épyavo pétonong mg aywywpdmrag, aAhd oy oe padog 40 pérowv.

H gmhoyn tov dwaonijpatog devyparodnpias xow 1 amwéotaon petall twv YEMQUOLKGY TEOQIA, Tailel
onovdaio pGAo 0Ty aviyxvevon Tov otdyov. Me T Mym coouiv HETONOEmwV ®atd ujxog TeafeQowv o HETaEY
TOUG OGOTOOY AQKETA. peYdhy, etvan dSuvatdv va pn aviyvevBel xaBdhov o atdyos. Emiong,  apor devyparo-
i proet va dnpuoveynoel alias mpdPpAnua oe yoovooelpgs, dMiadn va yiver eravadimhwon twv ovyvoti-
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TWV ULOG KUROTOROOPIIG, LE OUVETELD VoL v aroturtmBel thjowe. TLy. €va owdepévio fapéi ot fabog 2 pérpwy
dMuovEYyel por poryvntrt} aveopohio omy empdvels Tov ddgpovs, g omolag to TAdTog eival dTAdoLo Tov
BaBovg Tov Baperoy. Mia detypatohnpic: Twv poyvnTxmy HETONOEMY avd 5 péTewV Bo aoToY0VOE VoL aviyVey-
o€l 10 Boppévo Papéit.

H ameixdévion tov otéy0ov X ONOLUOTOLELTOL YL VO TTEQLYQAYEL TO ATOTEAEOUO TG YEMQUOLKNG €Qevvag. Me
QITAOTTOMUEVEG TEYVIXES 1 ATELROVIOT UTTOQEL vaL eivan aoagns. Me dAAES TeEXVIRES OTMG, 0T CELOWLKRY avAxAa-
on, TO YEWQOVTAQ, 1] ATELKGVLON TOV OTGYOV EIVOL 0QOTH KOL UTTOQOVY VOl TTaparyBoUV RO TOLOOLAOTATES OUTELXO-
VIOELS TOU TTEQLRAMOVTOS 0UTOU GYXOUL.

H aviyvevon tov otéyov eivon 1 pat faotnr] Tadpueteog ord evotogpépel exiong 1 evkgivela tov. H avi-
YVEVON Ty, €VOS Bapuévou BageMoy eivor oxerd wo eroln dadwmaoio. H avayvodolon Spms atopray
(aveEdpmntmv) Bapehiodv (owg eivan €va duorordtepo medfinuo. Extong, n avayvadpion tov fdboug tg opo-
@i ®ow Tov Bpéva evig Paoehot eival éva dioroho medfinua. H suxpiveia 1 dwaxprtiny wavotmta opite-
T WG 1) EAAYLOTN adoTaom HETAED S0 LAPOQETIXWDV OTAYMYV 1] XOQAXTNOLOTLRGY TOV 18loV OTGYOoV, Ratd TV
omoia uogotv aveEdotnta va avayvwoloBotv pe Bdon pa dedopuévn yewguaowt uébodo, oe povadeg ixouvs.

H evépyeio mov yonowpomoteitan (st.y. DC nhextoiry, OELOWKY KoL NAEXTQOUAYVITLXT, X.CL.) OTLS EVEQYNTL-
1EG Yewpuotrég uebBddovg, £xovv Bewpnund dmewpo Pabog dietoduons. TTpaxtnd Guwg AGYw PETOTOOTNG TG
SLoyeTEVONEVNG EVEQYELOS OF GAAES HOEYES (Beppirn, duvaurri, ®.a.), 1o evepyd PAabog elval temepaopévo. g
BaBog €oevvag pmooet va opLobei to péyioto BABog avixvevong evog 0TeYov EVALAPEQOVTOS, OF VO OQLOUEVO
neopdriov xau pe puo dedopévn yemguort pébodo.

OL yeo@uowég PeTENOELs UoQel va eivor ol axgipeis, ahhd dev pmopel vo emtevybel to dro yio
yewguown eopnveio. H aviiotpogr twv yeowguowmav dedopévmy vitd poper] vedapirig doung, n omoia eivar
vretBuvn Yo ) dnpoveyia tovs, dev eivor povodixy.

H yeoguowmi] amexovion eivon to amotéheopna evag 1j TeQLOCOTEQMVY otadinv eneEepyaosiog dedopévav
TV aQyrav petonoewv. H eneEepyaoia umopel va eival €vag amhog meoyQapuationos Tmv dedOPEVmV %ot 1
TAEOVOLOON TOVG M 1) EQAOROYY] TTOAMITAORMWY TRAEEWYV TTOV OTGYO €XOUV TNV amtoAAayn TOUS atd avemBUpnTo
06pupo M TV pey€OBVVON TACEWV/YEYOVOTMY TOV EVOLAPEQOUY. "ETOL, OVOTOPEVRTO UTELOEQYETOL O VTTOKELPLE-
VIrROG TaQAdyovtag GxL 1600 oty eneEepyaoio avty ®ad’ eautii, oAhd oty emmhoyn g pebdédov eneEepyaoiag.
H yeoguowi eneEepyaoio tov dedopévav tepihapfdvel tig eErg wupiws mpdEeis:

o duktpdoiopa Twv dedopévmy Yo eEopdiuvon 1j GEUVon TV avmraloy.

e  AvtiOTQOQO QIATEAQLOUA 1| TOCUVEMEN TV dedopévav Yo emavagopd TV emdEAoEwy Tov (LTEaQi-
OROTOG TOV TTROXOAE(TOL amtd Tar Goyava 1) T yn auti ®ad’ eaut.

e Enovatomobémon dedopévwv 1j duadiracia migration, ®otd v omoia dtoeBuvovtar ou amorhioes g
QITELROVLONG TOV OTGYOV, TTOV TTUQAYOVIOL OO REXRMUEVES ROl U1 ETITTEDES EMPAVELES OTIWG, O1YUOTO HOL
OVTLRAVIRES HOQYES.

o H dwadiwaoio mapepupfohns onueiwyv, ratd Ty 0ol HEQIKES POEES anohovBeital avboipet TeX Vi yio ™
ouvdeon Twv onueinv péTonons.

Metd. to otddio s eneEepyaoiog axorovbel n egunveio Twv aroteleopdrwv. H epunveio omoiCeton ®vQi-
WG OTNV EUTELRIO TOV YEDPUOALHOU KOl OVOLUOTIRG ETLTUYYAVETOL 1] AVTLOTO(LON TV PUOLHO-POONUATIROV HO-
VIEMDV OV Taedyovtal PETd TV eneEepyacia twv dedopgvav, pe ) yewroywii dopn mg mtepuoyris épevvag. O
UTTOXELREVIROS TOQAYOVTOS ECVOL EVIOVOS OTNV EQUNVELDL TV YEWMPUOKMY OTTOTEAEOUATOV ROow PWTOQEL VoL dLoi-
@EQEL ®aw PETOED ELdRMV.

4. EPAPMOTI'H TQN I'EQO®YLIKQN MEOGOAQN I'TA TH AIEPEYNHEH PHXQN ETOXQN

Ty emtuyy €xpaon pog yewguowmic épgvvag tallouvv g6ho molhol Tadyovies mov 1dn €xouv avo-
pepBel mapamdvw. H emhioyr g mhéov xotdAAning yewgpuowriic peBddov eivar momTtaQytris onpaoiag yo
mv emilvon evig yewtexvirol 1 megifarroviixol moofijnaros. Eivar oUvinBes T0 aVOREVO v YrdQyouV
OLOPOQETIHES ATTOPELS EPAOUOYIG WS YEMQPUOLKYS HEBGOOU PETAED TV YEMTEYVIRDV ROL TOV YEMQPUOLRHV
YLOL TNV ETIAVON EVES GUYRERQUUEVOL YewTEXVIXOU TTRoBAuatos. Elvar amapaitnto vo dtevkowiofoiv to mheo-
VEXTILOTOL KO TO LELOVERTI AT ULOLS EXAOTNG TOV YEOPUOXMV peBSdwv, doTe vor pavel 1) xatahAnhdmTo Tovg
you T SLEQEVYNON TOU OUYRERQLUEVOL OTGYOV. ZTIG EMOUEVES TAQAYQAPOUS Ba Yivel avagpopd Yo ®dBe po
XWELOTA Yem@UOoLky nEBodO oV XONOoLHOTOLETAL YL TN SLEQEUVNOT 1OV OTOYOV.
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4.1 BAPYTIKH

O Boputinég SLaoromioels HETEOVY Paotnd TAEVOIXRES 1] RATARGQUEPES UETAPOAES TG TURVGTNTOS OTO VTTE-
dapog. H munvemra twv vimdv dev tagovoldler neyahes avibéoeig (ovvin vhrd petay 1.7-2.7 gr/iem™, pe
OUVETELDL TOAAEG (POQES Var PNV €lvaiL EQPRTOS 0 SLOYWOELOUGS TNG PUONG TV YEWAOYIXMY OYNUOTIOUEY TOV
ovvovtivTon oty TtepLoyt] éeevvag. Ou petpiioelg vaiBoov amottovv dtoebMoELs, oL 0moies TOAES POEES
€(VOL TTQOOEYYLOTLHES RO ETUTTOVES (TT.). TOTOYQAPIXES). ATtouTeiton peydhn oxQifela 0ToV TEOoTdLOQLONS TOV
VYOUETEOV (LEQLRE MM) KO OTOV TQOTOLOQLOPG TNG TUKVOTNTOS TWV OYNUOTIOUDY TOV CUVEQYOVTOL 0TV TTE-
owox1 éoevvag. ‘Ooov agopd ™V gounvein Twv fagutndy avopohay (avopcahiies Bouguer) vitdoyetl 10 m00-
BAnuo ™mg un povaduwric AMong mov ovvavtdran oto dedopgva twv duvourdy rediwv. Zmy 1pdEn BéPara fon-
001V 0QLONEVES YEWAOYIRES 1] YEWPUOLRES TANEOYOOLES AAAMV PEBGOWYV, OTNY OTGHTNON ULOS ATTODEXRTIIG YEM-
hoywrd Miong. Ot BaQuuirés avmpalies AVILXELUEVOY TOV OTTOIMV OL SIOOTACELS EIVOL WWROES CUYHQLTIRG UE TO
Babog mov Boiorovral, ehartdvovion xatd 1/r%, Snhadij ToAD MySTeQo amd TIC AVTIOTOLXES POYVITIHES CAVORQL-
Mec (1/1%). Zro oyjpara 1 xou 2 gpaivoviar 590 epaopoyEs Bagumnnic SLaoxdmnong yLo Tov eviomous vdeogs-
0OV 0QICOVTO 08 HOTUREQUATIOUEVO AOPBECTOMOO %O TNV OTELRGVLON TOU TTVOPEVT XWHEOV VYELOVOIHKIS TOPNS,
avtiotowya. H Bagunxn pébodog €xel yonowpomomnBei pe emrvyic yuor 1oV eVIOMONO €YROIMOV 08 RaQOTIHG
aepdrhov (Barrows and Fett 1985, Butler 1984). H Bapunixn uéBodog pmopei va epappoobel oe megipdirov
“Bropmyoavinot” Bogufov, exel mov amoxhelovrior EM, nhextoirég 1 andun oewomuxés pébodot.
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Zyrjua 1. Baguruaj avouaiio wdve axd vdgopogo aofeotirifo ot megioxy tns PAwoidas Aucouxijs. H yauni
Ty ovuminTer ue T Oon TG xaTaxeQUATIOUEVNS LBVNS, OOV TO VOWQ avTixabioTd uEPos Tov ouumTayovs aofe-
otoAiBov (amo Stewart and Wood 1990).

Figure 1. Gravity data over limestone aquifer, Florida. Note gravity low coinciding with fractured zone, where water
replaces some small portion of the denser rock matrix (after Stewart and Wood 1990).
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Zyrjua 2. Ipooouoiwon tov avaylvpov X.Y.T.A. xar ovoyerion ue 1o moayuatixé avayivgo, ue fdon ta dedousva
Pagvrixijs €gevvas ( anod Roberts et.al. 1990).
Figure 2. Forward-modelled gravity data over a landfill area (after Roberts et.al. 1990).

4.2 MANHTIKH

Zmv meQBAANOVTIRY YEWPUOKY 1) poryvnTixy] pEB0SOS YONOLUOTOLETOL ®VEIWE YLt TOV EVTIOTIONGS Oaupus-
VOV UETOUAMAKDV AVIIHELUEVOY. XONOLUOTOLEITOL ETIONG YLOL TNV EXTIUNON TOV TAYOVS TOU GAROUBLOROT Rahip-
HaTog 1 IENUATOYEVWV OYNUOTLONMY TTAvw antd payvnund vrépabpo’. Zuviibws petpeitan n ovvolurj €vioon
TOU YHVOU PoryvnTXoU Tediov pe OTéY0 THY avaryvaioLon VYnAWY %o Yaunidv TGV Tou vitodnhdvouy my
Vg owdngo-payvnurdv vy, Eal mhéov petpeiton  ratoxdouen faduida tov poyvnmixod mediov ue ™
Mym &vo petoroewv oe SLOPOQETIRE MPSUETOC TAVTOXEGVMS. Tuminég avmpahieg 0TomV EVOLAPEQOVTOC (TT.)X.
Baupévo petahno Papght) £xovv Tnés wnpdtepes amd 2000 gammas.

Amouteiton 1) moToryQapn TG NUEOYOLOS TTORELOS TOV YHVOU HaryvnTtirol tediov oe €va otabud avagopds,
vy v egappoy dtopBdoewy. Zuvimg, epaoudletan po peydin mowhion piltomv 1 Texvivdy peyébuvong
TOU OYIATOG, TTOV XOENOLHomotovvTaL eE{oov #akd otg payvnuirés rat foguunés uetprjoews (Broome 1991). H
HOLYVITURY OVORGALOL TTOV OQEILETOL OTNV TTOQOVOT0L EVOS OUTOMROU AVTLXELUEVOY, T.Y. EVOS BOENOV, ehoTT)-
vetaw xatd 1/r. "Etor, 1o mhdtog g avopoahiog eAartdveran ardtopa pe to BaBog ko tepLopilel Ty aviyvevon
evOg povo fapeiot ota 2 petpa (Hinze 1990). Ou poryvnurés petonoeig emneedlovion amd v Iapovoio, xTioi-
WYV, RETOAMAWDV POARTOV, NAEXTOLRWV YOAURDY, OXNUATOV Kot CLONQOUTETAV. Ol poyvNusés avmpahies eiva
Sumolrég, mapovotdloviag TAvToTe BeTeg van oEVNTRES TES. Zta oyipota 3 xaw 4 Tagovodlovial oL amo-
UEIOELS TWV ROYVNTIXWDY AVOUAAMMY TOV TOQEYOVToL TAVe amtd €va kexApévo @UAko (Aemtd puétairo), wa
ogaipa (Baoéht), EVa RATOHCQUEPO Kot 0LEOVTLO ®UMVIEO (PETOAARGS COARVOC).

123

AIEYOYNIEIZ

~2|

KAMMYAEZ MA B-N

R -—
DIP 0° \\Dqus- lmpso' ,Dipase” 0P 0

2pnjua 3. Avouaiies oduwerjs Evraons tov uayvnrixov xediov e B-N dicv@vvoeis, mov meoxalovvral and xexAiué-
va puAda o€ payviytuaj Eyxion 75 powpav (amo Reford 1964).

Figure 3. Total field magnetic profile along N-S traverses caused by dipping sheets at magnetic inclination 75
degrees (after Reford 1964).
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ZOAIPA H BAPEAI KATAKOPY®OZ OPIZONTIOZ

KYAINAPOZ KYAINAPOZ

Zyripa 4. Avoualies odvajs Evraons Tov payvnTixov mediov TOv TEOXALOVYTAL QG OPAIPA, XATAXOQUPO XAl
00150vTI0 %2UA1voQo o€ payvirixij Eyxiion 90 podv.

Figure 4. Total field magnetic profiles caused by a sphere, vertical and horizontal cylinder at magnetic inclination
90 degrees.

4.3 HAEKTPIKH

O NAenTEWXES SLOTAEELS EVOL QTG TIS TTLO TTOMES YEMPUOLKES TEXVIXES IOV E€X0VV EQUOUOCDEL xou TOQOUE-
vouv xoMotues onpepa 6rmg mEw and S0 xedvia. To xounhé ®6otog row oL OTAES amatioels 0QYAvmV ®abi-
OTOUV TAEOVERTIRES TIG NAEXTOIRES TEXVIXES EvavTl TwV GAAwY yeoguordv pedddwv. H guouxi] didmro mov
HETEEITONL ELVOr 1) Oy yLuGTNTO 1] 1) ELOLXY] OVTIOTOON TV YEWAOYIRDY OYNUATLORGY. Ot YEWNAEXTOLRES dLooXO-
mijoews mepuhapfdvouy texvivés opltdviag xaptoypdenong 1 Pabooxdmnons, /xar tg dbo tavtoyedvaus. H
BaBooxrdmnon gpevvd ™ ratoxdQuen petafori ™S eLORS aVTIOTAONS KoL EQUOUOLETOL GTTOV 1) YEWAOYIL
maeovoLdter oQulGvTLaL 1 EAOPEMS KEXMUEVA OTEDNATO KoL TAEVOIXE OpOYEVES oymuaTtiopovs. O duatdEeig
OV £X0VV ®VEIWG xoNoomowBel oty vdpoyewroyia eivar 1 Wenner, ) Schlumberger xaw 1 Dipole-dipole.
Zv oplovTia X0QTOYQAENON 1 TAEVEIXY] RATAVOWT] TNG POVOREVNS EWOWXIS avTiotaong eEetdleTol o amet-
®oviCetaw og diodidorat xveiws poePy wg “Yevdotoun” xow oty oVVEXELD TEOOOLORILETAL TTOCOTIXA 1) SLodLd-
otatn xatavopr g g avtiotaong pe ) dnpoveyio dradoyirdv poviéhmy, péxol va Angbei n optimum
Aion petoEl Tov peTefoemy vaiBpou xat Twv VITOAOYLOOELCHY TGV Qovopevng ewdixic avtiotaong. Ot pe-
TON0ELS VrtaiBov emneedlovior and to “Bropnyavixd” H6QuBo, T xaxt] ETaE] TwV NAEXTEOdIWY PEVROTOC %o
duvapnov pe 1o €60gog, x.o. IToAEg popés ouvdvdletar pe GALeS Yewpuowkés peBGdoug Grwe, nhextooporyvn-
TXES, OELOIRES Kow ETAYOUEVNS TOAwoNGS. Meydln €ugpaon €xel dobei ofuepa ot dodudotat magovoiaon
TOV YEONAEXTOLROV QTOTEALECUATMOV YO TV ETIAVON TG00 TEQLBOANOVILXMY GO0 XL YEWTEXVIXMDV TOOPANUG-
tov. H nhextowmn péBodog €xer xonowwomomBei pe emrvyio oty 0Q)OLOpETQic, 0TOV eVIOMOUG aoBevav 1
oNEryevav Lwvdv, otov eVIOmLOUS eyroihwy, ®.a. TTagoxdtm avapépeton pa TEGoQaTY EQAQROYY 0TOVS OT-
Aovg Tov Ohvpmtiov Adg, Gov XONOLROTOLTONHE 1 TEXVIXY TG YEWNAEXTOURIG TOPOYQOPIOS YLOL TNV OV VEVO
%O EVIOTLORG EYROIMOY OTOV 0YOOAOYIXG XWEo. ZT0 oyrjua Sa gaivetol 1 “Pevdotopri” tdve and yvmotd
£yxowho (oyiipa 5y) xau ato oxfjua SP N xaravour] ™S elOLS avTioTaoNS HETE TNV HOVOILAOTOTY AVTLOTROPT
TV PETEoewv vraiBoou pe ™ didraEn Wenner. Zto oyrjpa 6 gaivoviar dvo avoporieg (>1000 Qu), petaks
Twv Boewv 6-8 xon 32-36 avtioTorya, wov vtodnhdvouy eite Ty VapEn eyroilov og e BAbog M v mogov-
ot opatog VmArg eduriis avtiotaong, w.y. pappdoov. ITpdypatt evioniotnre pxpng éxtoons €yxotho otig
O€oeig 32-36 petd To mEPOS TWV EQYOOLKIV VTTOLBEOV RO TNV TAEAS00N TNG OXETIRIG HEAETNG.
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Zxtiua 5. Ameinovion a)Tng Qavouevns e1dixijs avrioraons (Yevdo-tourjs) xai f)rns yevdo-diodidorarns etdrjs
avrioraons (uovodrdorats avriaTeo@ijs dedousvay Tns dudraéns Wenner), mdvo ano yvooro xexAyuévo €yxotio

0710V agyatoloyxd yweo Twv 0TvAwy Tov Olvumiov Aiés (y).

Figure 5. Representation of a) apparent resistivity (pseudo-section) and b) 2-D pseudo-section of resistivity (based
on 1-D inversion of Wenner data), over a known inclined cave in the archaeological area of the Olympus Zeus

Columns.
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Zyrjua 6. Amexovion TG O1001doTATHS KATAVOUL[S THS ELOLXIG AVTIOTAONS XATA UITXOS THG YEONAEXTOLXIS TOUIS
No 2, ev1os Tov agyatodoyixov yaov Tov otviwv Tov Olvumiov Aog. H avouaiia pe it avrioraon >1000
Qu vrodnAdver T Osom evog eyxoidov o€ pixgd fdbog 1j Ty magovoia oduaros vYniis etdixrs avrioraons, m.y
Hagudgov. 21ig Osocis 32-36 evromioOnxe €yxoilo oe uixgo pdbog.

Figure 6. Representation of 2-D resistivity pseudo-section along a profile in the archaeological area of the Olympus
Zeus Columns. The resistivity anomaly of over 1000 Ohm.m indicates either the location of a cave in shallow depth
or the presence of high resistivity body, i.e. a piece of marble. Indeed in the area between the stations 32-36 an
inclined cave was detected at shallow depth.

4.4 HAEKTPOMAI'NHTIKEZ

Avdloyo pe ™V EQOOUOYN TS NAEXTEORAYVNTLXYS nEBGdoU €xouv avamtuyBel emi pQovg TeEXVIRES HalL
GQYOVOL TTOV XONOLUOTOLOUY TLS aEXES TS O mEoadLopLopds g edaqurc aywyLUGTTag, O eVIOmOUSS Bopups-
VOV PETOAMAWOV AVILRELUEVAV, 1) CQYOLOUETOIC, 1) HETOMAEUTIRY EQEVVA Rau 1) €QEVVA VIQOYEWAOYIRAY TTEY WY
elval peEWES amo TG EQAOUOYES TS NhexTeopayvnTxig uebodov. Elvar n Mydtepn avomtuypévn yemguow
nédodog omv EAdda. EmnpedCeton ot v mapovoia tov “fropnyavirot” Bopufov xat epapudletal oe “ra-
B0€g” nhentprd meproxgg. O petprioels edaprric aymyudmrag yivoviolr ouvilwg oe kdavvofo daotdoswy
0.5 1 1.0 pérpov »on o 6pyavo (EM-31 11 EM-34 g Geonics) Uetd Tig HEOES TUUES VIESAPIXWDV GYRWV OV
€YXOVV dLOOTAOCELS TTEQITOV [0€GS pe TNV arrdoTaon ReTAED mopmoU xon Séxtn. H amdnpion twv ogydvoy pétonong
™G £da@u1ic aywyudmrag EQQTATAL OTTG TOV TEOTAVATOMOUGS TV OTYWV OE OYEon pe T dievbuvon dieka-
YoyNs Twv petofoemv. Edv o 0téyog eivar pxdteQog amd Ty améotaom mopmov-0£xtn 1 ardrolon Bo eivol
dutohxr. Edv o 0tdy0g eivon mo orydytpog amd to mepudhrov métpwpa tote 0 amotéheopa Ba eivan €vag
aEVNTROS TOAOG TTov Bo ouvoeveL pe dV0 BeTrEg TEQLOYES. AMAES EVOLAPEQOVOES TAQAUETQOL EIVOL TO MEYE-
Bog, 10 BAaBog xaw 0 Babuds ynuertg ddfowong Tov oTdYOV. ZT0 oYU 7 TOEOVOLALETOL (oL EQAOROYY] 0QYd-
vov EM-34 o mepioy tg Bealihiog, 6mov oxtaypagpeitor 1 duddoon g péluvong amd €va xmeo VYELOVOpL-
%1iG TOUPNC TEOG piLa. Baktddn meELoyy. Qg aviyveutig petdArov yxonotpomoleiton xveing to EM-61 g Geonics,
TO OTOLO PoEEL aviyvevoer €va doyeto 10 It oe éva PaBog 3 uétpmv.

R 1741177 | SV
‘/ XYTA f“d :

Zyrjua 7. Eva magdieryua EM-34 spaguoyijs oty
BoaGidia. Ed6 magatnoeitar dudyvon Tov uolv-
ouatixay xagayovrwy ano éva oo X.Y.T.A. mpog
Hia TEAUATOON TTEQLOYI, TEQVWVTAS XATW AN a-
YOOTIXI] ®ATOIRIA XAL HOAUVOVTAS TO VEQOD THS YEW-
TON0NS (%UxA0g pe oTaveo). Amo Monier-Williams
et.al. 1990.

Figure 7. An EM-34 survey in Brazil. Leachate from
a landfill moves toward discharge in a swamp area,
T, passing under a farmhouse and contaminating its

o s »

. TEAMATQAHS well (crossed circle). After Monier-Williams et.al.
100 METPA * Z108p66 pETpnong X MEPIOXH 1990
I —————— loBryEs KapTTiAES o millisimens/metres, g .

b4
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Ze OXEOT UE TO UAYVNTORETQO EYEL TO TAEOVEXTNUA GTL TAQOVOLALEL OvwpROhict (oG TOMKRGTHTOG, 1) OO0
%neVIpdeeTaL 010 0TdyY0. To fdBog Tov 0TOYOV VITOAOYILETOL LRAVOTTOMTLRG 0TT6 TO TAATOG TS avwpohiog. TThe-
OVERTEL OE EVOVTL O TOV YEWQUVTAQ SLGTL UITOEL VO aviyveUOEL peTaAMRA ovTixelpeva o€ e QUPAaAROVTO TAOUOLOL
og 0YLMHO VARG, Agv amodideL oty tapovoia emupavelanol xahippatog odneourtetov. H teyvivy HLEM 1
Slingram (optlévria mnvia mopmov-0€xtn), €xeL ®uplwe epappooBel o petarhevtnii €pEVVE YIOL TOV EVIOTL-
OIS ROTOOPOTOAOYLRMY OTOXWV pEYEL fABoug 100 pétpmv. Av ot dev €xel e@apuocbel EVEEWS 0T TEYVIXY ROl
eQLPOALOVTLRY YEWPUOLKY], EV TOUTOLS EVOL (L0 TTOARG VITOOYGUEVN TEXVIXT] TTOU WITOQEL VO OATPEL peyahy-
tepa PAdn and Tig dvo mponyoUueveg TexVIrES Tov avagépnray. "Eva mohl »ohd mopdderypna autic g texvL-
nig avogépetol and toug Palacky and Stephens (1990). Yrdpyovv morhég dhheg epoouoyYEg nhextoonayvnT-
1oy Texvnayy omwg, VLF-R, TDEM (petorioetg oto medio v xoovmy), waw EM petoroes and aé€pog, ®.a., Tov
otéY0 €x0LV T OLepevvnon peyaho-dopdv. Tétoleg dopég eivon 1 TaEOVGio ENYUAT®V, UOQOYEMAOYLROT OTGYOL
peydiov fAadovg yio Tov EAeYXO Y. TG HOAMIVONS TOU VAQOPEEOU 0pILOVTO KLl YEVIRGTEQW YLCL TOV EVIOTLOUG
v3POPSPMV 0pLLSVTMY Ot peydhes extdoets. H egappoyri tov yempavrdo (GPR) eivar o exri mhéov EM pébo-
d0g draondmnong. Av xow otELeTonL oty exToumy NAexTEOpOYVNTLRNS evEépyetag evpovg 10 - 1000 MHz, ev
TOUTOLE HoLdlet TOAD pe ) péB0dO g oeLorig avdriaons. To YEMQOVTAQ XONOLHOTOLE(TaL ®VOIWE 0T YO0~
TOYQAPNON TG VIESAUPLRNG OTOMUATOYQAPIOGS, TOV EVIOTLOUG BOPUUEVOY UETOAMREY ROL U1 HETOAAMADV 0VTL-
HEWEVV, OTwg doyxelmv 1) Paoehdv, BepeMMOELS ®TLRlWVY, 0TV aVIiXVEVOT] OQLOREVOY HOAOUOTIAHY GLOTOTL-
OV 0TO VOWQ KL TOV EVIOTMONS TS otdBung tov vdpogdpov opitovra. To fdBog épevvag eEaptdton amd
OUYXVOTNTOL EXTOUTTNG TTOV TTEOCAQTATOL OTO YEMQOVTAQ ®ow otV eEaoBEvnon Tov ofjpatog ov ehEyyetal amd
™mv ayoypdmra tov péoov. ITy. oe megpdrrovia pue wxen ayoywwomra to fdbog €pevvag Eemepvd ta 20
uétpa. H xatandouen gvrpivela eivor A/4 Tov ®xuplapyov pixovs ¥Upatog. Zto oxfua 8 @aivetal po epoouoy
YEMQOVTAQ YL TNV QUTELKGVLON TNG OTOMUATOYQAPINS, TOU avayiigor tov vrofdfoov xat g otdfung tov
vdPoPSov opilovra.

AMOSTASH (m)
400 600 800

=160

150

il
’.'E Flt
[- . il —|4o

il n
E2 Apyidog f ’ i I
Ymépadoo h“mm”

XPONOS AIAAPOMHE (ns)
YWOMETPO (m)

Zxjna 8. Karayoagij yewoavrdg mov aneixoviGer 1o avdylvgo tov vaofdfoov ue vregxeiuevo xdlvupa amwote-
Aovuevo amo doyiio xar dupo oe weguoyij Tov Ovrdgio Kavadd (amd Davis and Annan 1989).

Figure 8. Radar record showing bedrock topography and silt/sand layering in overburden, Ontario (after Davis and
Annan 1989).

4.5 SEIXMIKEXY

Yrdoyouv dvo facirég péBodor oelopniic diaoxrdmmong, 1 dudbhaon ral 1 avdxhaon. Ta tehevtaio yoévia
€xel avamruyOel n néBodog g oetoprig Topoypapiag oe YewTtexvVirés epapunoyes. Eniong, ol oeopnéc uébo-
dou crosshole & downhole (uphole), yoNOOTOLOUVTOL AERETA XOOVLOL OTY YEWTEYXVIXY EQEVVOL. ZTLC OELOWHRES
peBdovg Tapdyetan eVEQYELR VTG poo@n P (emuumirwv) xupdtwv xar S (£yraQoinv) ®UpdToy ®ot 1 xonouot-
10 TOUS oMEICeTan OTLG AVTLHETELS TOV AXOVOTIXAY WOOTHTOV HETAEY TV YEMAOYROV VARGV, AvEaviuevn
xorjon mapamoeitar tg nedddov SASW (Paopatint] avaivon em@avelardy *UPAT®V), yia el TOTOU (ETOT-
OELS TNG ROTAROQUYPNG RUTUVOUNS TMV EYHROQOLMV KUUATMY, T¢. OO0 TAQOVOLATOVY TUQUTM{OLES OELOUHES
TaUTNTES pe Ta emupaveloxd xipata Rayleigh. Me ) yoMon exugaveionoy ®updtov pe e000g ouyxvoTiToV ard
peowd Hz €wg nepunés exatoviddes Hz, umopel vo AngOel pne AeTTOpgQela 1 »oTavouy e Tay TNt Twv
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£Yraotwv xupdtov péxot padovg 60 uétowv. H péBodog tng oetopnris dutdbhaons «rtagadootard» €xet xon-
GLHOTOLNOEL YiaL TV ATELUAVLON TOU «LTtORABQoV» xdTw 0 Eva emupaveland xalvppo. H péBodog magovord-
Cel Toug eErjg TEQLOQLOMOUG: )N CELOLKT] TOXUTTO MEETEL VO AEGVEL petd tov BdBoug xan B)n maepuforn
Aemtov 1) oTEWROTOS Xaunis Taxitnrag (aviotoot} T it Tag)HeTaEy oTompudTmy VYnAGTERNS TaUThTaS,
dev pumopei va aviyvevBei. To BdBog €pevvag xow 1 evxivels g neBGdov eivar xatdteQa exeivav g peBédov
oewoprng avdxhoons. N onyés daoxomioelg avaderwvieton n Théov xoriowun uébodog Wdiaitepa oe yewre-
KVIRES EQaUOYES. Zto oxrjpua 9a mapovoldletal po epappoyri omv mepoxy Tov Hoaxheiov Kprjtng, mov de-
EfxBn ota mhaiowo ™o puxpolwvirnic peAES g mepoxnc. Zto oxfua 9B amerxovileton pa GAAY oglomxn
Tour otV (dLe TEQLOXY], AANG TO ETLPAVELARO HAAVPPOL OTOTELEITOL QTG AETTTEG EVOLAOTOWOELS QQYIAWV KO
Appov (Un opoYeVvEg RAAVUNIA), XWEIG TV TOEOVCI0 SLOKQLTAY OTEMUATOY. 2TV TEQITTOON AUTY TEOTdLOQ(-
oBnxe o péom oelopnn TadTTa Yo To xdlvppa kol 1o fdabog (avdylugo) Tov vmofdBpov pe ™ péBodo
GRM, Aapfdvoviag vdyn ™ PEoT auT ToYUTNTO KOl T CELOWXT] TaXUTTa ToV vITofddpou.
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Zyripa 9. Aweixovion dvo yewostopxay Toudv ornv mepioyrj Hoaxleiov Korjrng, mov deixyvovy, a) oapr xat
OLaxQutd yewoelomxnd 0TQdpaTa, ue xallj ovupovia Tov dedousvwv crosshole Tov Gevyovs yewtorjocwv HI-H2
xar B) ™ ugon osioua TayvTnTA TOV VIEQHEUEVOV XAAUUNATOS (UE EVQOS TayvTiTwy 720-800 m/s), Adyw TG
magovoiag oGy AEnTdv evOLaoTOGOEWY aQyiAwY xat dupwy.

Figure 9. Representation of two seismic lines in the area of Heraklion Crete showing, a) discrete seismic layers of
good fitting with the crosshole data of the borehole pair HI1-H2 and b) the average seismic velocities of the overbur-
den due to the presence of many thin inter-bedded layers of silts and sands.
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H péBodog tng ostopixng avariaons xonotpomoteital xuing yio fabitepovg otdyous (>25 (), 6mws yia T
HEAETN LIENUATOYEVAY AEXOVAIV, TNV QUTELXGVLOY] TEXTOVIXWYV YAQAXTNOLOTLRAY, TNV VdQoyewhoyia, ®.a. H oet-
oy avaxhoon el yonotpomomBel pe Ty mapaywyn xvping P xupdtwv yio ) diepevivnon fabeudv otéywv.
“Evo mapdderypa onyris dtaoxdmmong ue ) pébodo oeomnns avdxhaons gaivetol oto oxfjua 10.
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Zyrjua 10. IHagddstypa onyric avdxiaons ue Ty texvixy ‘optimum’ andoraot mov ameixoviGer Ty Aemrousorf dourf
TOV UTEQXEUEVOV xXalUpuatos o€ megioxf Tov Keunéx (amo Hunter et.al. 1989).

Figure 10. Optimum offset shallow reflection section detailing structure in the overburden at Quebec (after Hunter
et.al. 1989).

AGYM TS ROMITEQNS EVXQIVELOS TTOV TTOROVOLALovy Tar S vipato évavil Tov P xupdtmv agpevog not g un
eNiORAONS AUTWY QTS TV TOEOVOIN TOV VEPOWPAEOV 0EILovTa, €xeL AEYIoEL T TEAEUTAID OOVLO 1) TAQUYOYY]
noL €QaEUoYr S xupdrtav om péBodo tng oeloprc avdxhaons. H texvuri g oewopwiic topoyoopiag €xel
eopuooBel avdpeoa oe Cevyn YEWTENOEWVY Yot TO ®0BO0QLOUG ®VEIWE TWV EANOTIRAY TOEAUETEWV (UETQO a-
rampiog, pétpo Young, Adyog Poisson)twv peta&t avtwv yoowv. Zto oxfipe 11 aneizoviCovron to amoteAéopa-
o pag €pevvag mov deErjyxBn oy mepLoyr tov Metodfou avdueoa og €va Celyos YEMTQHOEMV Y10 TOV EAEYYO
™G ROTAOTAONG TOV VAov. Ot crosshole oglopnég petpnoeig amartovv ty tapovoia dio YewToioewy, 6ov 1
JALEL XONOLHOTTOLE (TALL YLOL TV TOTTOBETNON TOV YEWPMVOU/mV %ot 1) AAY YLoL TV TOTOOETNON TG CELOWLRNG TNYNS
(oeopnd ogupi N ehevBepn mrdon g ofidag tov SPT pnyaviopot). To Cevyog yewtoroewv Poloretar cuvi-
Bwg oe andotaon 3-4 pétpwv. Eivor n whéov yonowwomowmBeion osiopxri uéBodog ot yewteyviny €ogvva. To
UELOVEXTIHUATO TOU TTOQOUOLALEL elvan o) duonohia eqapuoyric oe fadn peyolitepa twv 40 wepimov pétpwy,
B)n dvorohion avayviELong T APLENG Tav S ®xUpdTwY, AGYm TC XS amooTaong mnyHg-0€xTon ®o Tng ma-
pouotag Tuxaiov BopURoV OV VIELGEQYETOL XL Y)N COUVVEXYS AMjyn Twv petpioewv (xdBe 21 3 pétpa Padog).
Zto oyniua 12 gailvetar por epoouroyri 0to voooropeio tov Ayimv Avagyipav, 6mou dekrxfn ota mhaiow
EXTIUNONG TNG AVAUEVOUEVNS LOXVOTS EDOQLKS RIVIONG OTOV gvEUTEQD XWEO TOoL voooxopeiov. Ov downhole
(uphole) ogloprEg peTENoELS aTantovy T dLdvolEn pag uévo yedtenong, 6tov TomobeTeltal T0 YEWPwvo/a
%ot m oswopxt Inyn Boloneton extég mAnotov (3-4 pytg yedtonone. H pébodog avni elvar ot yonowun, ahhd
xe1CeL mepautéow avdmTuEnc. Zto oyjpa 13 amewoviCeTan puo epoppoyn mg texvinis downhole omyv meproxn
Tov Metodfov.
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Zpina 11. Awetxovion Tov amoTEAETUATOV OELOUIXIS
Touoypapiag oty megioxy Tov Meroofov. Iagovad-
Govrai ot 01001AOTATES #ATAVOUES @) THG OELOUIXIS Ta-
xvtnrag Vp, B)tns octounajs tayvrnrag Vs, y) Tov ué-
100V axauyios Go, 0) Tov usroov Young Eo »a1 €) Tov
Adyov Poisson 0. I'ia Tov vmoloyiouo twv eAaotixdgy
otalepav yonowuomoujbnxe n uéon avxvornra 2100
Kgr/m’.

Figure 11. Representation of seismic tomography results
for the area of Metsovo. They are presented the 2-D dis-
tributions of a) seismic velocity Vp, b) seismic velocity
Vs, c) the rigidity modulus Go, d) the Young modulus
FEo and e) the Poisson ratio 0. An average density of
2100 Kgr/m’.
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Zyriua 12. Mia epaguoyij doxiuwv crosshole otny megroxr Tov voooxousiov Ayiwv Avagyvowy atny Attixd.
Figure 12. An application of crosshole tests in the area of Agion Anargyron hospital in Attika.

Zyjua 13. Mia epaguoyrj doxiudv downhole otnv wegroyrj Tov Meraofov.

Figure 13. An application of downhole tests in the area of Metsovo.

4.6 TEQPYZIKES AIATPAPIEZ XE 'EQTPHZH

H mhewovomra tov pebédwv mov avagpépbnrav mponyovueva dieEdyovrar enl ™mg empaveiog tov edd-
@ovs. Me 0QLOUEVES TROTOTOUOELS TV PEBGOWY cuTdV pooty va AngBovv xorotua atouyeio pe TV eQaouo-
Y1 Toug pE€oa o€ YeMTENON B’ Gho TO Wirog avtig. Aev €xel emiong avamtuyBel autds o ®Addog g epaouo-
ouévng yempuowiis ot xdea pogs. EAdyotor popeig (LT.M.E., diwtirég etawpeies) €xovy ) duvardmra die-
Eaywync TEToLwV peTEfoswy. Zto oynua 14 gaiveton pa EQaoRoY YEOQUOLRMOV dLoyQapuidy HEoH OE YEWTOY)-
om, ov dteENyOn oy meproyr] Yava and tov Mwenifumbo (1991) yua wepiparrovurotc Aoyoue.

EIAIKH ANTIETAZH 1P g TEOCEENTAH
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Zyjua 14. Aweixovion Tov xatayea@ay e1dixls avriotaons, exayousvys moAwons, SP, Osouoxgaoiag »ar Ocgui-
ajs Pabuidas, ucoa ot yewronon ornv megroxy Yava. H avoualia SP xai Osguoxgaoias mov magarngeital o€
Bdbog megimov 40 usrowv, ogeideTar oty gorj voatos. H emayousvy modwon dwayweier Tis avoualics SP mov
ogeilovrar og Oetovya viixd (8-12 m), and exeives mov opeilovial ati ot vdatos xat i uerafolrj Tng Osguo-
xpaoiag (awo Mwenifumbo 1991).

Figure 14. Resistivity, IP, SP, temperature and temperature gradient at the Yava deposit. A temperature and SP
anomaly caused by groundwater flow is indicated at approximately 40 m. The IP log distinguishes SP anomalies
due to sulfides from those caused by water flow and temperature change (after Mwenifumbo 1991).
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5. ZXEAIAZMOZ MIAZ TEQPYZIKHE EPEYNAX

Eivar ovvnBeg to patvOopevo 1 YEMPUOLKY VoL {OYCLHOTOLEfTon WG 1) «tehevtaion Mion. O pehemtég pepunég
PoEES oy €xouvv eEavthioel dAAec pueBGdOVGE, ROTAPETYOUY OTO YEMPUOLXG Yo v doEL Gpeon Ajon oto
TEOPANUA TOUS KOl CUTOT UEQURES POQRES OTOTUYXAVOUY ®GT® 0t TO fAQOS TS Tieomg mov vepiotavton. H emi-
TRNG ExPOON PLOG YEOPUOLKIG EQEVVOS OTNEITETOL OTO ROAG OYEDLAONS %o 0T0 st *aBOoELOUG Tov TEOPAY-
patog 1 tov otéyov. Mpémer mpwta va amavinBoiv epwtipare 6mws, T axoBos Béhovue va pdbovpe pe v
EQAQUOYT| TNG YEWMPUOLKIIS, UTOQEL O OTGYOG IOV pPaS EVOLAQEQEL Vo EVIOMODEL pe YEwpuotkés ueBédovg (e
moLeg peBGdovg;), ToLog v 0 orOTGSS (TGON ExTaon RO TG00 Bat OTOLYIOEL TO £QY0 TQORELUEVO VO, LXOVOTIOL-
NBOYV OL ATALTIOELS TOV;) TG YEWPUOLKNG EQEVVOG, O XOOVOS KL 1) OELRE TV PETEHOEWV VrtaiBpov, TL 6povg B
aepuhapfdver  ovppaon; x.a. EGv €xel omooagnviobel o 0T6y0g kot YEVIXA TO OVTLREIPEVO TG EQEVVAG PETOEY
TWV EVOLOPEQOPEVOV TAEVEWV (HETAED pelem] xan YEwQUOLROU), TO enOPEVO 0Tddlo elvar 1 emAoyr] TV
®ot@AMNAwV peBSGdwv ov mpémel va xenowporomBovv. "Evog amhds todmog eivar va eEgTactotv axpaies me-
QUTTAOELS pe T IuovEyia poviéhwy, €10l dote vo eEETA00E! EX TOV TROTEQMY 1) duvaTdTTa YONOHOTOMaNg
™G wag 1 ™ dAng pebédov. N mapddevypa, Bappéva Bagéha ooty va BewoenBoiv wg amhd dimoho o
poyvnurti p€Bodo, Ta Eyrnotha g oPaipes xo Ta ToUveL mg xUlvdpor ot Bagutixy uébodo.

6. EYMITIEPALMATA

OewEWVTOg GTL pe fAom TG SUVATGTNTES KL TOUS TEQLOQLOUOUS TV YEWPUOLRDY HeBGdwWV, TV emhoyr
TOV 7O ROTAMNAWOVY ATt QUTES YLOL TNV ETAVON EVOS CUYXERQLUEVOU TEOBMIUOTOS ROL TNV EQOQUOYT] TWV ATTCL-
QOUTNTMV TEXVIRGIV TOOLALYQUPUIV, ROTAM|YOUHE OTA TTOQAXATW CUUTEQAONOTAL:

e H eqappoopévn yewgpuowrsj pe tig pefodous xat TLg TEXVIXES IOV XONOLUOTOLEL, TAREYEL EVaL YONOLUO EQYQ-
Aeilo yra T dLeQevvNoN ENYXWV VIESAPLRWV OTOYWV

e ZvpPdhler amoteleopaTird 0T PEIMOTN TWV TEQPAAAOVILAWV EMITTHOEWY OV TEORUAOVVIOL RVQLWG Qs
HOAIVOELS/OLaEOES TOEIRGY amoPAtmwy ®aBws xow GAAMDY HOMIOUATLRGV TOQOYOVTOV

o ZupBdhrher ot pelwomn Tov CELOUXOU ®kVOTVOV, TOV %kvdUvou ratohioBnong 1 GAA®V VITESapLLEY AoTOYLDY,
LLE TOV TOOTILOQLOPS TV QPUOLRHV TOQAPETOWV (EAQOTIRGV OTABEQWV, TOPWOES, %.0L)OUPEVOS KO TNG VITE-
dapuang doprig e TEQLOXNS EQEVVOGS, APETEQOU

e H molmhoxdmra Tov oTéwV TG YEMQPUORNS EQEVVAS OITOLTEL T OUVEQYOLOIO. TWV CYETIXWV UE TO EQYO
eLdROTHTOV, GG YEMAGYWOV, YEWTEXVIROV, X.O.

e H spapuoouévn yempuotxn €xel uéAov ot xdoa nog, iaitepa AGYm Twv HeYAAmy TEXVIRMV £QYWV TOV
€xouvv dpoporoynBel va yivouv, agrel va yivel aviiAnmTtd amd Tovg OYETLROUS QOPELS HO TOVS PEAETNTEG 1)
XONOLUGTNTA ROL 1) ATTOTELECPATIXGTNTO TNG.
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ENEPI'OX TEKTONIKH TOY AITAIOY KAI TQN I'YPQ ITEPIOXQN®
B. K. [TAIIAZAXOL'

ZYNOWH

220mOg TOV TOEAOVTOS GEBQOV EIVOL 1) CUVOTITLXY] THLEOVOLHOT TG ONUEQIVIS ETULOTUOVIRIS YVAOONS TAVO
omv eveEYo Textoviny Tov Aryalov %ot TmV YOO TEQLOXMV (EVEQYOS TERTOVLAY TAQUUOQPMOY, KIVIOELS ABO-
OQOLQURMV TTAUHRMV,UATT.) RO RVQIWS 1) OXLAYQAENON TV ETLUEQOVS oTotKelmV (LeBGdwY, dedouévav mopati-
ONONG, ¥ATT.) UE TO OTOLOL YTIOTNXRE 1) YVOON avTy ®atd Tig Tehevtales Toelg denaeties. Ta otouyela avtd ago-
QOUV TN YWELXY RATAVOUY] TOV TELOIRMY ETTUHV, TOUS UNYOVIOUOUS YEVEONS TV TELOUWY, TN YEOQPUOLXY dour
TOU PAOLOU %Ol TOU TTEV® PavdUa, TNV EVEQYO TTOQAUGOPMON TOU PAOLOU %ot To. oewourd pfypoto. H ovvéyuon
™G YVOONS OUTHS YIVETAL XAl OYNUOTIRG LE TNV TAQOVOTaoN eVOS MB0OQOLOLXOU LOVIELOV TOV EVQUTEQOV Y-
oV ™G avatoMxng Meooyelov. AvagEQovTaL ETIONG Ol OVYYQOVES ATAWELS TTOV ApOQOUVV Ta lTioL Twv MBo-
OPALQLRMOV RVNOEMV OTO ¥ WEO Tov Aryaiov. Emonuaivetar n oupfoin g yvoong mg eveQYOU TEXTOVLXIG TOV
Avyaiov otn Aomn TEoPANUATMY AUEONS ROWVOVIXNG ONUALOTOS, OTTMS E(VOL 1) TEGYVOOT TV CELOUWMV ROL AVUQE-
QETOL WG TORAdELYHA 1) CUUPOM TG OTNV LECOTEGHEOUN TEGYVMOON TOV TEOOEPATOV LOYVEOU OELOUOU TG ZrU-
Qov.

EXTENDED ABSTRACT

The purpose of the present article is to summarize the current scientific knowledge related to the active
tectonics of the Aegean and surrounding area (active deformation, lithospheric plate-motions, etc.), as well as
describe the main information (data, methods, etc.) which were used to obtain this knowledge. It is pointed out
that the understanding of active tectonics has not only theoretical but also practical interest, as it contributes to
the solution of problems of direct social impact such as the problem of earthquake prediction. It is shown that
most of our present knowledge relies on geophysical, geological and geodetic data. Due to the fact that the
Aegean exhibits a variety of geomorphological structures and on going geophysical processes, it has been one of
the modern “natural laboratories” where scientists from different parts of the world are working and verify
various hypotheses related to our current view of World Tectonics.

The Aegean exhibits the typical characteristics of a subduction area, such as the Hellenic Arc (a typical
island arc), the Aegean Sea (a marginal sea with typical geomorphological characteristics) and the Collision
Zone between the Balkan peninsula and the southwestern Adriatic. A large number of results concerning the
Aegean area relies on the use of the spatial distribution of earthquake foci. Accurate data of the last two decades
showed that most shallow earthquakes are generated on the shallowest part of the crust (upper 20km) and only
along the southern Aegean subduction zone can their depth reach up to 60km. Papazachos and Comninakis
(1969/70, 1971) were the first to determine the depth of 109 intermediate-depth events using P P phases and
showed that their foci lied on an amphitheatrically-shaped Benioff zone, which dips from the outer arc (Hellenic
Trench) towards the concave part of the Hellenic Arc. This has been confirmed by recent studies, showing that
the subduction is separated in a shallower (20-100km), small-dip (~20-30°) section where the lithospheric cou-
pling takes place and events up to M=8.0 occur, and a deeper (100-180km) part with higher dipping angle (~45°)
where events up to M=7.0 occur.

Fault plane solutions which have been constructed since the 60s were used for the study of the active tecton-
ics in the Aegean. Their use allowed the detection of reverse faulting along the Hellenic Arc (Papazachos and
Delibasis 1969), the Rhodes sinistral fault (Papazachos 1961), as well as the domination of a strong ~N-S exten-
sion field throughout the whole back-arc Aegean area (McKenzie 1970, 1972, 1978). The identification of the
dextral transform Cephalonia fault (Scordilis et al., 1985) was also of significant importance for the understand-
ing of the Aegean tectonics. This understanding was enhanced by the results obtained about the geophysical

* ACTIVE TECTONICS IN THE AEGEAN AND SURROUNDIG AREA
! Epyaotijolo Tewguownic, Twipa Tewhoyiag, Agtototéhero Mavemonjpo Oecoarovinng, T.K.54006, @scoarovixn, Email:
basil@lemnos.geo.auth.gr
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lithospheric structure of the Aegean, using either traditional or tomographic methods. These results showed
strong crustal thickness variations in agreement with isostasy, detected the presence of a high-velocity subducted
slab under the Aegean, with low-velocity/low-Q material in the mantle wedge above the slab, as usually antici-
pated for a subduction zone.

The active deformation of the Aegean has been studied by seismological, geodetic and palaecomagnetic
methods. The obtained results allowed the determination of various models describing the active crustal defor-
mation in the Aegean area, showing a anticlockwise motion for Anatolia and a fast southwestern motion of the
Aegean microplate at an average rate of ~3.5cm/yr relative to Europe. Similar studies have been performed for
the subducted slab. The derivation of such models is further supported by geophysical and geological studies
that led to the identification and classification of a large number of active faults, which are related to several
strong shallow events in the broader Aegean area. In general, active seismic faults in the Aegean area can be
separated in ten main groups, which exhibit different type of faulting.

The active deformation and faulting characteristics of the broader Aegean area is the base of the under-
standing of the driving mechanisms, which control the Aegean active tectonics. In general, the convergence of
Africa and Eurasia is responsible for the eastern Mediterranean subduction under the Aegean. The Arabian
plate pushes the Anatolia microplate towards the Aegean, thus affecting the active tectonic setting in the North-
ern Aegean where the dextral motion along the northern Anatolia border continues. Also, the Apulia (Adriatic)
anticlockwise rotation results in convergence along the coastal Albania and NW Greece, with trust faulting.
However, the main controlling force of the active tectonics in the Aegean is the fast southwest Aegean motion
and its overriding of the Mediterranean lithosphere, which is responsible for the large thrust events along the
Hellenic Arc, as well as for the large seismicity of the Cephalonia (dextral) and Rhodes (sinistral) faults that are
the contact between the Aegean microplate and Apulia and the eastern Mediterranean (east of Rhodes) plates,
respectively.

AEZEIZ KAEIAIA: Evepydg textoviny], xotdduon, pnyaviopot yéveong oelopav, doprj MBGogaupag, evepyos
TOQAUGQPWOT)
KEYWORDS: Active tectonics, subduction, earthquake fault-plane solutions, lithospheric structure, active de-
formation

1. EIZAI'QTH

Evepydg textovin elvan n magapudepmwaon g MBdogalpas g I'mg mov mpaypatomoteital ®otd. To. TEAEL-
Taia d€ra mERmOU exaToppvELe YEOVLa RaBMS xat Ta GG YEWMAOYLRA QOLVOPEVQ, TTOV dueca ovvdEovral W
ovni. H mapapdpgmon avni propei vo eivan ehaotixn 1 mhaotxt] ko TorES poeég odnyel ot dudoonEn Tav
ETMULPAVELOXRDV TETQMUATOV TNG MOSOPaQag. Ao YEOAOYIXA QULVOREVO TO OTTOia OUVOEOVTAL GUETT E TNV
EVEQYO TEXTOVIXT] TAQOUGOPWON Elval 1) OELOUXY] dRAOM, N NPALOTELOXY] dRAOT, OL YEWOEQUIRES EXINADOELS, 1)
OQOYEVEDY] %O TOL TEXTOVIANG TTROEAEVONC YEMUOQPOIOYIR PULVOUEVEL (OHEGVIES OAYES, MHEAVIES TAPEOL,
NTELROTHRES AERAVES, KATL.).

O pé€BodoL Tov eaEUOLovTaoL Yo T HEAETN TG EVEQYOU TEXTOVIXIIC U0 TTEQLOYNS UTTOQOTY VoL XmELoBO0UV
OE TOELG ROTNYOQIES: OTLS YEWPUOLKES, YEWAOYIRES KO YEWOUTIRES.

O yewguowrég néBodot perémg me eveQyol textovintic meQuhapufdvouy tov xabopLopd TV oginy Twv
MBOOPOULQIXAOV TAOXRMY e BAON TN XOOUAY KATAVOWT] TOV CELOWXMDV EOTLHV, TOV %aB0OLoUs g drevibBuvong
%RIVNONG TV MBOOPOULOIXOY ARV HE BATN TOUS PNYAVIOUOUS YEVEONS TWV CELORMYV, TOV ¥aB0QLONG TG ToyU-
™mMTag ®vnomg TV MBOO@ULOIKMY TAOKRGY %o TOV QUOUOU TS MBOCHLEKIS TAEAUGEP®ONS UE CUVEVOOUS
TWV UNYXOVIOPOV YEVEONS TOV OELORMY KO TG OELOIAOTNTAS, TOV ROB0QLOUS TV 0piwv Twv MBoCpoLOIRGOY
TAORMY pe Paon m yempuorky dopri (Tayitntag ®al andoBEONS TWV CELOURMDV RUPATOV, TURVOTNTOC, KAL) HOow
ToV ®B0QLOUG TNG EMEALTAONS TOV WHREAVIOV TUOUEVA RO TG TEQLOTEOPNG MBOCPALOIXMDV TEROYWV PE TOAULO-
nayviukeg TEXVIRES. To Bacnd mheovExTua TV YEQQUOK@V peBddwv elvar dt ta magoydpeva dedopéva
eivonr ouvvlmg evOQYavo (OELOPOYQARUOATO, HOYVITUKES HOTAYQOPES, HAT.) TO OTOl0 ETOEXOVTOL ponpoTLXT
avaivon xow divouy €Tot duvatdmta CUALOYTG ETULOTNUOVIXGY TANQOPOQLEV ORGP %ol 0Tl peydia fadn péoo
o I'n érov Poloxovrar ta aftia g eveQYoU TEXTOVIRNG TAQAUGRP®WONS (AVe pavdag, GOLO VTV X0 OY-
dtar).

O yewhoyirég pébodot ueLéme g eveQYOoU TEXTOVIXIG TEQLAAUPBAVOLV: TOV XOBOQLOUG TV LOLOTHTWY TWV
Covav dudeenEng g MBGOQALEAS HE EVIOTLOUG TOV EVEQYMV ONYUATWY OTNV EMPAVELX KL ROBOQLOUE TWwV
wWiomjtov Tov onypdtwy ovtdv (eidog, Tpooavatolopds, dwaotdoels, dievBuvon oAioBnong), Tov eviomops
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%aL TOV ®HOQLOUG TV LOLOTHTWY TEQLOYDY EVIOVNG TEXTOVIXIS-TAAOTLRIG TUQAUOQPWONG E TV ONOLUOTOIN -
01 YEOROQPOROYLRGY HEDOUEVWYV RalL OTOLYEIWV TTOV TEOXRVTTOVY OTG TN OTEWpATOYEAPLxY] didpBpwon Neoye-
vav ron Teraproyevav ilnudtov. To Baoixd mpoodv tav yewhoyrdv pefddmv mov epoaonuoloviat yio T pHeAE-
M TNS EVEQYOU TEXTOVIXNG TAQAUGOPWONG EIVOL GTL TO TTOQOYOUEVA OTOLYELD eivan ouVNOWS amoTEAEOA Gue-
O1G TOQOTHENONG %ot GTL TA OTOLYELDL CVTA APOQOTY PUOLRES dadraoTleS TOV EAAPOY XWOO OE UEYAA XOOVIHG.
draonjpora xatd 1o TaeeABOV.

18° 20° 22" 24° 26° 28° 30°

Syrfua 1. leouog@oloyixd xat Glla otoLyeia TeXTOVIXIS TPOEAEVONS OTO X W00 TOV Atyaiov xal Twv yUew
TEQLOY V.
Figure 1. Geomorphological and geotectonic setting of the Aegean and surrounding area.

OL yewdoutrég néBodol peretng g eveyou tertovintg mepuhapfavouy tov xaboplopd tov guipol g
MBoopaLg Tapandpewons te pdon tig exiyeteg 1 dopugpopnés (GPS, xhr.) petorjoeis. To faoind mpoodvy
TOV YEMOOUTIRGV NEOGdWV elvarl GTL pe autég peTpdTal GUECH 0 QUORGS TS CUVOMXIE TOQEAUCQPMONS (TANOTL-
#1c now PabuEric) e MBGopaLas pe onpovtt TAEoV axpiPeLa, 1 omoio SLERMS PEATLOVETAL PE TO YOOVO.

H pehém g evepyou textovirng €xet poxod wtopio. ‘Opmg, 1 ®xUoue avamtuEn mg mooyuatomowOnxe ota
maaiowa g Néag Mayxrdopog Textovirig nuplwg ®otd Tig tehevtales TOELg deraeTies, yatl oto mhaiow avtd
d6tmxre n duvatdmra cVVHVAONOU TV aToTEAECUATOVY dlapopwv neBGdmY e 0Ty0 ToV anPLPEoTEQO RubopL-
oo TV 0INV TWV AMBOCQALEIXMY TAAXOV, TS SLEUBUVONS %IVNONG TOUS ot TOV QUOUOU THQAUGEEMOTS TOVS.

O xHEOS TOV Ayaiov %L TWV YUO® TEQLOYWY, UE TN UEYAAN TOLRIALL YEWUOQPOAOYLROV ROl AAA®V SOpWV
AOL PUOLRDY OLOOIRATLOV TEXTOVIXNG TOOEAEVONG, ATOTEAETE EVOL QIO TA CUOVTLKOTEQU «QUOLKA EQYNOTY-
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QLo GOV EQYALOVTOL ETOTHIOVES QIO SLAPOEO UEQRT TOU ROCUOV YLOL VO TIQOYUATOTOUOOVY TTELQGUOTO RO
va eA€YEouv Tig Bewpieg mov ouvBETovy T vEéa mayrdoua textoviry. O xieog avtds (oy.1) megrhapfdver: o)
10 EMinviné T6Eo, 1o omoio eivon €va Tumund vnowwnxo 1650 o amoteleltar amd TV eEAAMvixt] Tago (Zdxuv-
0og - véua Korjm - hexdvn Pédov), to Iinparoyevég ToEo (don nevipuxrig Iehomovvijoou — Kubnpo — Korjm —
KdomabBog - P6dog) raw 1o Hepanotewand T6Eo (Zovodxt — M€Bava — Mnhog — Zavropivy -Niovpog), f) to
Avyaio ITEhayog vaw T1g YOO TEQLOXES OV auroteLel TummnY TTEQLOmELOKY BAAOOOO, Kot TEQUAAUPBAVEL ONUOVTL-
%€ Yewpoppohoywés dopgg tentoviniic mpoéhevong (hexdvn votiov Avyaiov, Aexdvn Bopeiov Avyaiov o
WxEES Aexdveg ot Bdlaooa tov Mappapd) xau ) ™ Zavn Zuyrhong g Baixavinlis Xepoovijoou pe 1o
NouoavatoMxd tpijpa ™ms Adoratxris (EMnvides —ALBavides opooelpgs, mapdxtio meproy] AMaviag xo
Boogrodunnng EMGSOG).

210 moEGV dEBE0 TEQLYQAPETOL 1] EQEVVNTIXY €QYVAOI0L (ETLOTNHOVIXRES TOQATNONOELS, BemOleg, amoTeEAE-
OLOTOL) TTOU TIQOYLOTOTTOM B1ne ROTd TLG TEMEVTUIES TOELS DERUETIES ROiL OOYNOE 0T ONUEQLVY| YVEION TG EVEQ-
YOU TEXTOVIXIS TOU ALyaiov %ot TwV YUQm TEQLOXMV KOl YIVETAL CUVOTTLXY TAQOVCIOON TG YVWONG auTig.
ToviCetar 1 onuacio ™S YVMoNS ™S EVEQYOU TEXTOVIXNS 0T AUOT TROPANUATWV GUECOV ROWVWVIXOT EVOLUQE-
QOVTOG ROl AVOPEQETOL G TORAJELYRAL 1) CUMBOM] TNG YVHONG OVTHG 0T PECOTEGHEOUN TEGYVMOT TOV LOYL-
00U oelopot (M = 6.3) mou €ywve oug 21 Tovkiov 2001 BA g Zxigou.

2. XQPIKH KATANOMH TQN ZEIEMIKQN EXTION

H yvdon ™ ywoiriic RUtavopiis Tmv CELOIXGY EOTUDV O oL TEQLOXY eivar eEcupetind o yia T
REAETY) TS EVEQYOU TEXTOVIRIG TNG, YLOT{ OL OELOMKES e0TiES Polonovian ratd xipro Adyo oe Coveg dudponEng
ot omoieg xaBopiovv ta Goua Twv MBoopaoray mhaxav. EEapetniis onpaciog eivor 1 yvaon g xmuxnig
ROTOVOUNGS TV EOTLHV TWV OELOUMY EVOLOPESOV BABOUC YIaL TNV ROTOVONOT TG EVEQYOU TEXTOVIXNG TEQLOY MV
ovyrhong Twv ABoopapIrdy Thardy, 6mmg eival 1 TEQLOY] Tov Atyaiov, yiati 1) ®otavopy auti opitel ™mv
ETUQPAVELDL OUYRMONG HLOS WXREGVLOG ROL OGS NTEQOTXHS TAGRAS ®aL TV *otethuvon ratdduong e wred-
VIO TAAROG KATO OTT6 TNV NTELQWTLRY.

T vou proel vor aELomotn el TOUXTIXG 1) XWELXT] ROTOVOUY TMV CELOULRMV ECTLAV YLOL TO OROTG VTl O
TEQLOYES OYETIHAS IXOWV dLaoTdoewY, Omwg eival 1) eELoyy Tov Aryaiov, 6wov cupPdhovy otV evepyo Te-
ATOVIRY HOL OL IVNOELS HOL TTOQOAUOQPIDOELS UHQOTACKMV, CTTOUTE(TOL OXOLBNG TEOOOLOQLOUGS TMV OELOURGY
E0TLAV (YEWYQOPLXES CUVTETAYUEVES ETUREVTQOV, E0TLONG BAB0S). T o %wWEO Tov Aryaiov vrdoyovy evépya-
Vo, oToLXEl0L ol €vaL OELOROAOYLXG 0TaBuS amtd To 1911, Gtav eyrataotdbnre 0 TEWMTOS AEIGMLOTOS CELOROYQA-
@og (timov Mainka) oty ABrjva. To 1965 eyrataotddnuay drlol TEGoEQLS OELOPOLOYWOL otaBpol otnv EAAG-
da (Bahoaudra Kegahovidg, Bapog Konnge, Apydyyehog Pédov, Ay. Tapaoxevi Aéopov). "Etol fehtiabnxe
aLoNTd 0 TEOOALOPLOUGS TV YEMYQUPIXMDV CUVIETAYUEVWV TWV ETXEVIQWV OALG TA OQAALOTO 0T EOTLOXA
Ba6n twv empavelondv oelopdy toépevay peydio. H axpifera mooodlopiopot twv oetopxdy ety Pek-
TLOON®E oNpavTird xow EQBOoE 08 TETOLO EMIMEDO DOTE 1) YWOLKY] ROTAVOUY TMV EOTUHV OWTHY VO UTOQEL VoL
aEromomBel ot Ao YewTERTOVIRWOV TEOPANUATOV LETA TNV TUXVMOT TOU OELOUOAOYLHOU Suxtuov Tov I'emdu-
vapzot Ivotirovtov tov Aotepooxomeiov ABnvav xo ™) Aettovpyio amd v 1" Iavovapiov 1981 tov mAepe-
TowoU duxriov tov Epyaompiov T'emguowkns tov Agiototereiov IMavemompuiov Oecoarovinns. "Etot, povo
ue otoyeiat Twv televtaimv dUo dernaeTdv €yive duvani 1 dlamioTmor 6T OL TEQLOTGTEQOL ETUPOVELAKOL OEL-
OpOL YEVVIOUVTOL OTO EVIEMDS EMPAVELOXG TR TS AMOGoQapag uéxol éva Bdbog 20km (oyldopaoa) xo
LOVO O€ TEPLOYES ROTADVONG, OIS EIVOL TO RVETO TUHUA TOV EAANVIXOU TOEOV, TO PABOC TOVS Ptoet va pBdoeL
to 60km.

O\ Papazachos and Comninakis (1969/70, 1971) xatd v eneEeQyaoiot TmV OELGROYOUUUATMV TOV OTAOUOU
Abnvav (oswopoypdgolr Mainka, Wiechert) mov ogpeihovray oe oelopovg eviiapéocov Bdabovg g meptddov
1911 — 1968 SiéxQuvay pia WxEY CELOWIKY ®ivion Tov xataypogotay 14min mepimov petd Ty £(00d0 Twv
emunNxadv xopdtov, P. H oewopnri avni xivnon ogeihetar ot @don PcP 1 omoia exgedlel emipnxeg xipa to
0TOL0 PETA T YEVEDT TOV OTNY EOTICL AVOWQEL TOOG Tt RATW KoL 0poy avarhaotel atov uprjva (Core) g I'ng
EMLOTOEPEL OTNV ETLPAvVELQ TNG I'Mg Smwov rarayodgetal. H xabvatéonon noroypagns tng gpdong PcP oe oyéon
ue mv €(0odo TV ®updtov P ehattiveton pe v aiEnon tov eotiaxoy fabovs. H bidtmra avti diver m duvo-
TOMTe VTOAOYLOROU TOov e0TLoxoU BdBoug pe wavomomtiryg axpifeta (n€Bodog Brune). “Etor ou IMamaldyog
xaw Kopvnvdnng mpoodidpioay to eotiaxd fadn 109 oeiopayv evdiapéoov fdBoug xar dtamiotmooy 6tL oL eoTi-
€g auTég Polorovron oe puo apgpbeatowy emgpavela (Cavn Benioff) n omoila #Aiver amd to ®vptd péEog Tov
EMnvirot t65ov (EMnvunri 1dgpoog) meog 1o #otho pé€pog tov TEov (votio Avyaio). XdpoEav g toofabels
ROUTULES TOV E0TLORGY BaBdV o dramiotwoay 0t 1) tooPabrig twv 150km cvpmintel pe 10 npootelond 1650
(Zovodxt — MéBava — Mijhog — Zavtopivn — Niovpog), dnhadn xdtw amd 1o NPOLOTELORS TOE0 TOV VOTIOU

-2240 -



Avyaiov 1 Coovn vt foloxreton oe €va fdBog 150km. Amd cutn TV avayvmoLom %ot TOV *oB0QLOPO TS YEWE-
tolag g ogtourng Lavng tmv oelopmv evdlapéaov faboug oto viTo Aryaio xafag xot ad 0pLouEva TEGodE-
T OTOLYELDL TTOV APOQEOTV TO TTEGIO TWV TEXRTOVIRWV TACEWY, TNV TAXUTNTO JLASOONG TWV CELOULRWDY HUUGTWY KL
™V WTGORECT TWV LORQOCELOULLOV EVIAOEWMY TTQOEXVPE VLU AT POEC. O AHELBS EVIOTLONGS ROL 1) YEWHLE-
Tola g ratddvong g MBdogarpag g Avatolnng Meooyeiov ®dtm amd Ty wxpomhdxa tov Avyaiov, n
omoia xatdduon amoterel ™ Paowdteen Yewpuoty diadiracio at’ autég mov ®aboeilovy ™y eVEQYO TEXTOVL-
%1} OTOV €VEUTEQEO XWEO TOV Aryaiov. To EMOTHUOVIXG AUTO OTOTEAEONA OVOROWVAONKE RATA TN OYETLRY OUVE-
dploion g AeBvotg T'ewdartnrig xou I'ewguomis "Evwong mov mpaypatomonidnxe ot Madpitn to Zemtép-
Boto Tov 1969 xon drarundbnre ota avtiotorya mpaxtixd (Papazachos and Comninakis 1969/70) wg eEng:

«The epicenters of the intermediate depth shocks lie on a surface which is dipping under the island arc by a
mean angle equal to 40°. The dip is not constant along the whole arc and the mean surface on which the foci lie
has an amphitheatrical shape. This surface is probably the boundary of a down-going lithospheric slab which
underthrusts the Greek island arc. This is supported by data of stress field, wave velocities and macroseismic
intensity distribution.»

NedteQol TEOOOLOQLONOT TV EOTLOXMY PafdV TV Celopdv emPePaimony 10 TUQATAVM OTOTELEOUN
(Comninakis and Papazachos 1980) xaw avédeiEav véeg ididtnTeg g evepyoU TerTOoVIRNS 0TO vOTo Avyaio
(Papazachos et al. 2000). Zto oyfpa (2) delyvovron To enivevrpa 961 emipovelanv OELonv (UxAoL) 1o ev-
dwapéoov Pabovg oetopdv (tplymva), oL omoiol €ytvav oto véto Atyato xatd mv wepiodo 1956 - 1995 (navm
OQLOTEQA) %auL OL TTEOPORES TWV CELOIKRMY ECTLOV TWV CELOUDV AUTOV TAVM 08 RATARGQUPT TOWT| 0TO duTLRd
tujua tov EMnvixot t6Eou (dvem deEid), oto xeviourd tuijpa tov T6Eou (rdTm apLoTEQE) ROl OTO AVOTOMAE
Twipa Tov TOEou (xdtw de€ud). Maparneotpe GtL oL teels Tougs delyvouv Gt m Layvn Benioff amoteheiton ot
10 emupaveroxd Tuqua BC (20 — 100km) to omolo #Aiver vtd yovia 20-30° mpog 1o Avyaio xow to fabditepo
tuipe CD(100 — 180km) tou omoiov 1 ®Aton eivon 45°. Z0CeUEn petalu g ratadudpevng wxredviag MOSopoL-
00g NG avatoMxiis Meooyeiov zat ™G EQUITEVOVONS NITELRWTXYS MBGPULEas TOU ALyaiov TOYRATOTOLE (TOL
uovo oto empaveloxd tuina, BC, g Lovng eve oto Babitepo tuijpa g, CD, n oxedvio MBSoparpa fubiCe-
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Zynjua 2. Katavouij Tov oc10pixav emxevioov (dve agiotegd) eTIQAavELaRGY OELOUGY (RUXAOL) xal OEIOUGY
evoiaugoov fdbouvs (Tolywva) oto voTio Aryaio xatL xATAXOQUPN XATAVOUI] TV EOTIGY TOVS 0T OvTIXd (1),
#>eVTOIXO (2) xal avatodixo (3) Turjua tov EAAnvixov téSov (Papazachos et al 2000).

Figure 2. Distribution of the epicenters (upper left) of shallow (circles) and intermediate-depth (triangles)
earthquakes in southern Aegean and vertical distribution of their foci in the western (1), central (2) and eastern
(3) section of the Hellenic arc (Papazachos et al., 2000).
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To eAeVBeQa. AUTOG eivan 0 AGYOG Y0t TOV OTTOI0 1) GELCIAGTTA OTO EMLPAVELORGS TUApat TG Cadvng elvar vymin
(ogwopol pe péyeBog uéxor 8.0 Pixtep yevviovvion 0° owtd to twijpa), evad oto Babditepo tpua g Codvng 1
oelopuréT T Eivon oxeTrag younhy (ogwopol pe péyebog péxot 7.0 Pixtep yevviovvior 0” avtd to Tpijpa). And
10 oyfua (2) mpoxtrnter exiong GTL OL ETUPAVELAXO! OELOPOL TG00 0T0 E0WTEQLXG (0IA0) PEEog Tou EAAnvinoy
T6E0v (Aryaio) 600 xar 0to eEwteprd (®VETO) PEEOg Tov TéEou (IGvVio) YeVVIOUVTaL OTO AV OTOWUO TOV
@hoov (oxEoopapa) ov €xeL mdxos ™G TdENS Twv 20km. Eival evilagépov va maatnerjoovie 6Tt oL 0TI
TWV ETUPOVELORDV OELOUDV ETEXTEVOVTOL 0EXRETA EE amtd To onueio rotddvong, B, oto dvtnd pépog tov
TOEOV, MYO OTO XEVTQUXG TUUA TOU Rt kOGO 0T0 avartohx6 Tijpa Tov T6EoU. Avtd amodidetar oty epimn-
TEVON TNG PREOTAGKOE TOU Atyaiov tdvm otn MOSopalpa Tg avatolxiic Mecoyeiov xal oty yonyoen #ivnon
QUTIS TG WRQOTAGHAG RATA TNV VOTLOdUTIXT] ROTEVOUVOT).

3. MHXANIZMOI 'ENEZHZ ZEIZMQN

O %aB0QLOPGE TOV PNYOVIOPOU YEVEONS EVOS OELONOU, OMAOSY 0 ®aBOELONGS TOV TEOCUVATOMOUOU TOU
emmEdOU Tov ENypatog (apdtaln, ¥Aion), ™mg xatevBuvong ohioOnong mdvw oto pfypa (Yovio ohioOnong)
%o TG HLEVBUVONG TV ®VEIMV CUVIOTWOMV TAoNS (dLevBuvom xaw xAIoN ™G HEYLOTNG CUUTTIEOTS RO UEYLOTOV
epeArVOpOU) yivetal Tig tehevtaleg TE00EQLS dexaeTieg ue PAoN T POEA TWV TEMTWY OTOUAICEWV TV RATO-
YOAQAOV TwV ETUNr@V ®¥updtov. Erxiong, ®otd g tehevtaies dvo dexaetieg epaopoletol yio 1o oo autd pio
eV 1 omola faciCetol oty povielomoinon 6Ang 1 TUMRATOS TNE ROTUYQOPNS EVOS OELOULHOV KOPATOS (TT.X.
ETPNHROVGS, EYRAQOTOV, ETUPAVELOROT) %o N omoia lvan o amotereopanxy Wiwg dtav o dtuféopo delypa
dedopévarv dev eival ETOQHREC.

O mpdteg mpoomdfeies xaHoELOUOT TOV UNYXAVIOPOU YEVEONS LOXVQMYV GELOHWV OTO X0 Touv Aryoiov
gywvav rotd 1o Téhog e dexraetiog Tov 1950 xon vatd ™ dexaetio. tov 1960 (Hodgson and Cook 1956, Iamata-
¥o¢ 1961) »aw 1 oty otomotxy exeEepyaoio Twv Moewv autwv §ywve mepl To Téhog g dexaetiog Tov 1960
(Papazachos and Delibasis 1969). Ta textovixiig onuaciog amoTeAEOPOTe. TS EQEVVOG QUTHS OV ETAANOeUT-
%oV UE VEQ OTOLXEIR 00YOTEQX %O LOYXTOUY UEXOL ONUEQT EIVOL RVEIMS 1 BLOTIOTMON GTL OTO AVATOAMKG AXQO
tov EAAvizot T6E0v vrdoyeL peydho priypRo pE EVIOVH aQLOTEQOCTOOMY CUVLOTWON (UNYXAVIOUOS YEVEONS TOV
peydiov oewopol, M = 7.2, wov €ywve otig 24 Ampihiov 1957 avatolxd g Pédov, (TTamaldyog 1961) xou 6t ta
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Zytjua 3. Tomnés AVoeIS ppyavioudy yEveons empavelaxay oeioudv oto Aryaio xai Tig yUiow meQLoyEs.
Figure 3. Typical fault plane solutions of shallow earthquakes in the Aegean and surrounding area.
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ofypata ®ord pirog Tov ®veTou pépovg Tov EAMnvizot t6Eov (EMnviry 1dgeog) elvan avdotpopa pe xorafu-
Buon Tov wxedviov Tipotog (avatoMxry Meodyelog) xdtw amd to nrelpwtird (Avyaio) tujua (Papazachos
and Delibasis 1969).

Enuaveery Bertinon otov ®0B0pLOUG AELGTILOTOV UNYOVIOUMY YEVEONS LOXVOWY CELOUWY OTOTEAECE 1) XON-
01 CELOULXMV ROTAYQAPHDV LOXQAS TEQLEd0V oetopoypdpmv. O McKenzie (1970, 1972) pe fdon tétotes Mioetg
UNXAVIOPOY SLoTTioTmOE YL TEMTH PoEd TV VapEn epelrvotivoy mediov pe dievbuvon fopd — viTou oto
Avyaio, dnhadn 6t n MBSopatpa Tov Avyaiov exexteivetal xatd ™ deviBuvon foped — vétou. Me Bdon tétoleg
MIOELS PNYOVIONWY YEVEONS ROL TN WX ROTAVOUY TWV CELOMRMY eotidv datimwoe o McKenzie (1970,
1972, 1978) mv dmoyn Gt 1 £VEQYOS TEXTOVIXT TOV Aryaiov xaBoiletar Gyt povo amd TS XIVOELS TV peyd-
hov MBoogatporiy mhandv (Evpaotatirng, Agorravixnc) ohhd ®ow ot TLg ®vNOELS rQOTAAr®Y (UrQOTAG-
%neg Avyailov, Avatohag, Amoviag), Aoy o YiveETow now ONUEQT ATOdEXTY.

2 ouvvEyela vaBoIoOMKAV PE UEYUATTEQY ARQIPELXL OL UNYOVIONOL YEVEONS VEDTEQWV LOXVOWY OELOUODV
OoMG naw ou pnyaviopol Yéveong puxpooeopnyv (Hatzfeld et al. 1989, Aovpapn 2000). Evoiagépov oupmépaopa
TEXTOVIXIG ONUALOTOG TTOV TIQOEXVMPE QTS TLG VEDTEQES MIOELG UNYOVIOUMY YEVEONG EIVOL TO GTL O UEYLOTOS EQEA-
RUOUGG RaTd Pjrog Tav EAANVidwy — AMBavidwv opooepwv xatr oto tinuatoyeveég eAAnvirs 16€o (Kahapdta
— KiOnpa — Korjmn — Kdpmrabog —Pédog) €xet dtetiBuvon avatoiig — dvomg (Papazachos et al. 1984, 1998; Kiratzi
et al. 1987). EEaupetinr) oupfolj oty »atavenom mg eVeQYOU TEXTOVIXIG TOU ALyaiov amoTehel 1 avaryvadoLom
tov deELdoTpopou priypatog uetaaynuatiopoy dutird g Kegpahovids (CTF-Cephalonia Transform Fault) xout
0 aELPrig 2aB0ELoUGS TV WOLOTITOY TOU (YEWUETOIN, ®ivnuatini]) pe BAom Tig MOOELS unyavIoN®Y YEVEONS XL
™ YOOI RaTavoun Tov oelopr®v eotuwv (Scordilis et al., 1985, Papazachos et al. 1994).

O mAéov aE1omoTteg MIOELS UNYAVIOUMY YEVEONS OELOPMY TOU ALyaiou XL TOV YOO TEQLOYWY EYXOVV OUVO-
Protel o dvo dnpootevoelg Tov Epyaompiov I'emguownig tov Apiototeheiov TTavemomuiov O@ecgoahovinng
(Papazachos et al. 1991, 1998). Yndoyovv onfuepa dtabéopues 176 aE16miotes AMIOELS LOYVOWV ETLPAUVELAHDV
gewopwv ®ou 18 Miogis Loyvpav oelopmy evdtopéoov fadoug.

A76 g draB€oueg 0EIOmOTES MIOELS PNYOVIOUEV YEVEONS TTEOOOL0QIoON®AY TUTIKES MIGELS UNYOVIOUWY
yéveong yia 36 B€oelg Tou EAANVIROU XWEOU pe TV epaopoyn oxetxs uebddov (Papazachos C. and Kiratzi
1992). O Mioeig awtég mapovotdtovral oto oxfua (3). IMepoatneotpe Gt ot Mioglg delyvouy avaoteogo p1jyura-
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Zyrjua 4. Tomxes Avoeig unyaviouasyv yeveans ostouwv evotausoov fdbovs oto votio Aryaio.
Figure 4. Typical fault plane solutions of intermediate-depth earthquakes in the southern Aegean.
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T ROTA PUXOG TV AABOVIRMY axTav xot xatd uijxos e EAMvuric Tdgpeov, orypata mapdta&ng oto fépeto
Avyaio, ot 8dhacoa tov Mappapd xan ota IGvia vnowd xow #ovovird pfyRato otov VtGAOLTTo XMEO Tov Atyai-
0V %O TV YUOW TEQLOYWDV.

210 oxfjua (4) mapovoldlovion TEVTE TUMRES MICELS PNXAVIORDY YEVEONS OELONWV evitapéoov fadovg. Ou
MiogLg autég delyvouy GTL ToL 1 YROTA OTO AV TUHRA TG RaTaduopevng MBGopaLpag eival priypata Stevbuv-
ong (deEtdotpoga 1 apLoTEQGOTEOPA) e AVAOTEOPN CUVIOTHOC.

4. TEQ®YLIKH AOMH TOY ®AOIOY KAI TOY ITANQ MANAYA

H yewguowrij doprj Tou pAoLoU %ot ToU TTavem povdio TeQovotdlel YEWMTEXTOVIXG eVOLAPEQOV YyiaTi 0™ autd
to fadn Polorovran To aTio TV YeIUVa RGOV Qovopévav (altia xivnong tov MBoopooxdv Thaxrdy, ot
Neaotelartis dpdong, #Aw) o emeldr] and Tg XwEWES peTaPorés g dopng prropovue va xabopicovpe ™
yeopetpia Twv MBoogapuav mhaxawv oe peydia fa6n. H dopn propel va exppaodel pue ) ywowij petaforr
SLopEEMY TOQRAUETEWV (TTURVATNTA, HOyVNTIXT] ETULOEXTIRGTNTAL, TaXUTTO ALASOONS CELOURMDY RUPATOV XHEOV,
#ATT) mow YL autl €xeL avtiotouxeg ovopaoies (doun murnvémrag, #¥Aw). ‘Opwg 1 dopr toyimrag (Empnrav 1
€YROQOIWV OEWOoWrY ®updtov) rabopitetar axpiéotepa oe peydha fadn xow yu' avtd aunj TaQExEL TG O
O0ELOTLOTES TTANQOQOQIES TEXTOVIRNG ONUOOTOG.

O mpwTeg TANEOYOQIES Yot T dopr] TaUTNTOS TOV PAOLOU OTOV EVEUTEQO YOG Tov Aryaiov Tponibov
and TV EQOQUOYT] ®KAOOORMV HEBGOWV O PHEQHOELS TONVTHTWY KUUATWV XWDEOV TOU OPEILOVTOL € CELOPOUS
(Papazachos et al. 1966, Payo 1967, Papazachos 1969, Panagiotopoulos and Papazachos 1985) xouw o€ petorjoetg
TOYVTHTWV RUPATWV TTOV OpeihovTan ot TeXvnTEs exprEels (Makris 1973, 1978, Delibasis et al. 1988, Bovlyaong
1991). Znpovtxd fripa oty xotavonon tg dopris T TnTas Tov QAoLoY adlAd xat Tov Tavem povdvia oto Avyaio
%O OTNV AELOTTOMON TV OYXETIXWV QTOTEAECUATOV YL TN REAETY TNG EVEQYOU TEXTOVLXNG TOU XWEOU autow
amoTéAEOE 1 eQAQUOYY] HEBGdWV avTLOTEOPNS (TOROYQOPI) OF KUPOTO XDEOV (EMLURY, EYRAQOLOL) HOL OF
emupavelond xoporo (Spakman 1986, Drakatos and Drakopoulos 1991, Ligdas et al. 1990, Iaratdyog K. 1994,
Papazachos C. and Nolet 1997, Kahoyepdg 1993).

>8.3km/s
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No data

Zynipa 5. Aowj rayvrnrag (emunxav xvudrov) oe fdbos 60 — 90km xdrw axd tyv EAAdda xat 11§ yvgw
mweguoyés (Mamaldyos K. 1994).
Figure 5. Velocity structure (P-waves) at the depth of 60-90km under Greece and surrounding area.
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Ta oNPOVTLRGTEQC ATTOTEAEOUATA TEXTOVIXT|S ONUOOTOLS TTOV TQOXUTTOVY otd Ty dopr| TayiTtnTag OTo Yo
TOU Atyaiov ®ou LOLOTEQN OTt0 TV EQPOAOUOYY TOROYQOPLRAV HEBGdWV 08 oeLopLxd Oedopéva Tov XHEOV avToy
gfvou 1 avoryvaioLon mg ®atdduong ToU PrreooTtivol THHRATOS TS Agorraviric MBoopoiguriig mhdxag og neyd-
o Badn (uéyxot 800km) xdtm amtd to Avyaio (Spakman, 1986) o 1 eVIVTOOLOXY OROLGTNTO PETOEY TS ETLEQOL-
veLong TErTovIvig doprg xow g fabids yemgpuowmng dowis (TMamaldyog K. 1994, Papazachos C. et al. 1995).
To oynua (5) delyver T Yem@uowt] doun TayUttag Tmv emunxody ®opdtwv o fddog 60 — 90km rdtw amxd v
EAGdo nan g yopw meproy€s. Elvan modypatt eviummoloxd 10 w00  (UQOATNOLOTIXA 1] 0QLLOVTLOL ETERTA-
01 TOV OTEWUATOS XOUNAS ToUmTas ¢ autd 1o PdBog dlayQdpeL TO TAQUTNQOUUEVO OTNV EMLPAVELD TTED(O
NPOLOTELAXRNG ot YeEmOeQUKNG 0pdoNs (N@aotelaxs T0E0 votiov Aryaiov, ®Ar) To omoio feioxetat Tdvm oo
™V xataduouevn MBoo@aLELXY] TAGRCL.

Epevvnuxn epyaoio €xel emiong mpaypotomon el xow wdve ot dopn amdoBeons 0to ALyaio ®al g yUipm
nepLoy€g (Papazachos and Comninakis 1971, Delibasis 1982, Tselentis et al. 1988, Baskoutas et al. 1992,
Papazachos C. 1992, Hatzidimitriou 1993). H dowj andéofeong oto voto Atyaio diaypdgel oapdg TV ®oTa-
dudpevn Mboopalpuxt} TAG#A, GOV 1) ATGOREOT TWV CELOWXMY ®UpudToV eivar wxey (Vymiy i Q) xow
Cavn Beppov VAROU AT GG TO NPULOTELAXRG TOEO GTTOL 1) OTGOPEDT TWV CELCIAMY KUUATWV EIVOL UEYAAN
(oM T Q).

5. ENEPTOX IIAPAMOP®QYLH TOY ®AOIOQY

H eveQydg maapudeemon Tov ghotol oty TEQLOXN TOU ALyaiov o TV YU TEQLOXWY €xeL ueretnBel pue
OELOMRES, YEMOUTIRES RO Tahawopayvntrés pebodovs. Katd v epaopoyr] Tov oelouxdv pebédav yiveton
OVVOVAOUGS TV SLOOECLUOV UNYAVIORHY YEVEONS TWV OELOUMV ®ow OESOUEVWV OELOIURGTNTOC (EXPOOOUEVNG
o€ PovAdeg eUBNOU PeTafOMG TG OELOUXIIG QOTTNG) HOL €XOVV TEOXVPEL OTOTELEOUATA TTOV CPOQOUV T OEL-
oy (Yabuen) mapaudopwon, dMrady avty mov petatpénetar o€ oetopnt] evépyewa (Tselentis and
Makropoulos 1986, Jackson and McKenzie 1988, Ekstrom and England 1989, Papazachos C. and Kiratzi 1992,
Papazachos C. 1999). Me 115 yemdautirnég pneBodovg enetetyOn 0 xaBooLouog ™G oMK TaQAUsE(P®ong, dnha-
O g Yabueiic now mhaotwng nopapdppwong (Billiris et al. 1991, Stiros 1993, Smith et al. 1994, Oral et al.
1995, Straub et al.1997, Le Pichon et al. 1995). H epappoyn twv maioopayvnuroy uefodmv €0moe xonotueg
TANQOPOPIES YLOL TV TTEQLOTOOPY TWV MBOTPALOLMOY TERAYWDV, OTWE EIVAL TO ATOTEAETUA OTL TO QUTIXG UEQOS
™s MOSo@aLpug ToL VOTiou ALyalou TEQLOTEEPETUL UPLOTEQCTTOOM ROl TO UVUTOMXS TG HEQOG TEQLOTRE PE-
tau OeEdotpoga (Kissel and Laj 1988, Speranza et al. 1995, Kondopoulou 2000).

40°

,,,,,,

e o// \
~1.37/Myr
> i

= S

20° 30° 40°
Zyijua 6. Agioregootgogn meQLoToo@l Tng AMboogaigxnijs mAdxas Tng Avatodiag xar voTiodvTixy Yoifyoon
xivpon g Miboogargas Tov Aryaiov (Papazachos C. 1999).

Figure 6. Anticlockwise rotation of the Anatolia lithospheric plate and fast southwestern movement of the Aegean
lithosphere (Papazachos C. 1999).
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To oytjpo. (6) TAQLOTAVEL TV THQAUGOPWON TOU PAOLOT OTO XDEO TOV ALya{ov GG TEOEXVYE QTG TELOUO-
roywd raw yewdoumnd, otoyygia (Papazachos C. 1999). Ta otougeia awtd, deiyvouv 6t 1 Mboogaigur Thdxa
™S Avordhag TEQLOTREPETAL AQLOTERGOTEOGO. TERL Eva TGAO oL BEIoKETAL OTN XEQOGWOO TOU Zivd, EVA 1)
MOGOQOLEO. TOU ALyaiov RIVELTAL YOUUMADS *atd T voTloduTixY xotevfuvon pe OYETIRMOG PEYAAES TO(UTNTES.
OL TIREC T TayUTiToY TV avEdvovial and Boped oG VOTO e CUVETELD Vo enexteivetal n MBSogaia
oV Aryaiov xatd T dievfuvon avri. Tuvémela mg xivnomg aunis eivar xaw 1 dnuoveyio tov deEidoTpogov
ofyparoc petacynuatiopod dutnd ms Kegarovidg (CTF - Cephalonia Transform Fault) xafdg xou tov at-
OTEQGOTEOYOV PHYUOTOS HETAOYNUOTIOROU avatolxd g Pédov (RTF - Rhodos Transform Fault).

To oyripc (7) TOQIOTAVEL THY TAQAUGRPMON OTO TAVE TjIe. TS koTadUSpeEVNS MBGopaLQas xETw 0md 10
véuo Avyaio (Kiratzi and Papazachos C. 1995). Ta podoa BEA deiyvouv m SievBuvon mg OUpmeoTintg oo
pépgmang, To dompa BEAN ™ dtevbuvon g eQEARLOTRIS TOQOUGEPOONGS %O OL ARIBPOL TLS TIHES TWV ouo-
PV Tepapdepmong (o8 mm/yr). Ot TEELG ®UXAOL TOQICTAVOLY OTEQEOYQUPIKES TEOPOMES Grou gaivovial o
avtiotoyec ®Aioelg Mg MBoopaipurig oTaduong (OTLYREVES YOORUES), OL SLEVBUVOELS TV AEGVWV HEYLOTOV
£QEMKVOPOY (TOlYmVE) Raw néyLomg ovpmieons (uavor xixhot). Tlapameotue 6T oL pEyLoToL EpeArVOpOL
Exovv v SLevBuvon xAiong T *aTAdVONG Ko oL PEYLOTES CURTIEDELS Elvon xABEeTEG TEOS TV RAIO) QLTI %O
mapdMnheg mEog To EAvird t6Eo. TTapatneovpe emiong 6Tt OL TUES TG CUMTILECTIANG TTOQARGEPOONG OTHY
woraduopev MOSoEaALQa eival ONpovVTLG PEYOMITEQES TS TIG TLUES TG EPEARVOTIXIS TTAQAUCOPWONS.

A, AEGEAN SEA (R

TURKEY
438°

36°

L 2 L s n 1
e —— Ty T6e o

Syriua 7. Hagaudopwan s udilduevis, xdtw and o votio Atyaio, Atfooqatguxrjs TAdxag (Kiratzi and
Papazachos C. 1995).

Figure 7. Deformation of the subducted lithospheric plate under the southern Aegean (Kiratzi and Papazachos C.
1995).

6. ZEIXMIKA PHI'MATA

O ®oMGTEQOC TEGTOC ®LBOQLOPOT TV CELOWHAY OnyudTwy eival 1 xeron Ghwv tov dtubéopmv Yemguot-
DV OTOLYEIWV (OELOHOAOYIRGV, OTOLXEIMV YEMPUOLKIS LOROTNONG) Ao YEWAOYIRWY OTOXEIWV (GUECES YEW-
AOYIHEC TAOAMQIOELS, THEATENOELS s BoQUPGEOUS, ¥ATT). Meléteg pe ouvovaoud OELOPONOYLRAV Ol YEW-
Aoywdy otouyeimy €xovy moayparomomn el xotd Ty TEAEUTAIR EROCAETIRL Y1 TOV XHOQLOUG TV onypdTwv
TV LOYVEGV ETUPAVELAR@V CELOIEY o €ywvay oty EXLGda xatd my mepiodo avmi pe onpaveuxr eyl
(Papazachos et al. 1979, 1983, 1988). ITohi mpdogata £yive TEOOTADELL EQAQUOYNGS TG peBodoroylog avnig
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Yot ToV X000QLOPG GOV TWV KVOLMY ONYRATOV TWV ETLPAVELORWDV OELORMY TTOV EYVaV 0T0 ALyalo ®o Tig yiew
neQLoy£s (480 m.X. — 2001) ue ) ovvepyaoia pog opddag tov Egyaotmoeiov T'enguotriig xan pag opddog tov
Epyaompiov Temhoyiag xar [Mahawovrohoyiog tov Apiototereiov Iavemompiov @ecoarovirng (IMamaldyog
xat ovvepydreg 2001). To amotehéopata g €pevvag avtig ovvopiCovial oto oyxripa (8). Ta prypata avtd
OLYREOTOUV déna opddeg avdroya pe o £(00G TOVG ®aL TO WO 6mov Pplorovial.

H modt oudda amotereitar and ta avaotooqo. ofioto Tov fRiorovion XOTd UHrogS TS TAQAEXTIOS TEQLO-
¥1ig ™G votoavatolxis Adptatixrs (dvtxr) AlBavio — Bopetodutiny EAMGda) naw €xovv mopdtatn madhin-
A mpog g axtéc. Ta priypota cutd ogeihovion 0to cupmeouxrs medio Tov dnuoveyeiton oty TeQLoYI| oU-
yropovong puetakl g Evpaotomxic MBoogpaiouiic mthdxog xow e Amovhag (Adouatinng) puxpomhdxrag Aoym
NG OPLOTEQOTTOOMYG TEQLOTOOPNS TNG UXQOTAGXAS QUTIS.

18" 19° 20° 217 22° 23" 24 25° 26" 27° 28 29° 30°

18° 19° 20° 217 22° 23° 24" 25° 26° 27° 28 29° 30°

Zpjua 8. Ta xvgia ociouixd orfyuara emipaveiaxav ostopay otov EAAnvixo yogo xat Tig yUow meQLoyes
(Ilawaldyos xar ovvegydres 2001).

Figure 8. Main seismic faults of shallow earthquakes in the Hellenic area and surrounding regions (Papazachos
et al. 2001).

H devteon opdda ovyrpoteitan and deEidotpoga pfiypata ta oot deondtovy oy mepuoyii g Kegaro-
vidg row Agurddog row oty fogetodvnxry Iehondvvnoo. Ta piypota ovtd oy Wialtepa 1o peydho prypa
petaoynuatiopot g Kepalovidg ogeihovrar xatd ®xpLo AGYo oty meog Ta VoTlodutind yoryoen xivnon tov
Avyaiov %or HEVTEQEVGVIWE OTNY QPLOTERSOTEOYPY TEQLOTEOPN TS Amovhag mhdxrag (Scordilis et al. 1985,
Papazachos et al. 1994).
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H toim opdda amoteheitan and o avdotooga pfypato xotd wixog ™ms EMnvinis Tagoou tov opeihovron
ot ovyxrhion petakl e Agporraviric xaw g Evpaocwatixrs mhdxag (Papazachos and Delibasis 1969, McKenzie
1970) »oau ratd #0010 AGYO OTNY EQIATEVON TG UIXQOTAGAKROS TOU ALyoiov TEvem OtV AQOLroviry TAG®O
(Papazachos C. 1999).

H tétapt xou 1 wépmen opddo amotehovvra ard xovovird oiypata dieibuvong foeed — vétov o omoia
Botoxovron ®otd uirog g xopueoyoouuns Twv AABavidwy xow tg ITivdou (tétagm opdda) xow Tov Wwnpato-
yevoug tufjpatog tov EAMAnvixot TéEou (éumtn opdda). Ta prjypota tov dbo avtdv opddwv ouvdgovrar pe vy
opoyevetrn diadinaoio ov meaypatomoeital ovjpepa otig 090 autés meproxés. Elvan evilagpépov va magat-
pfjoovpe 6t o1 dVo awTég opddeg pnypdrmy Peioxovion oe 8o Toveg mapdhinheg mEOS Tig avtiotoryes Liiveg
0plovTIag oupTtieong ®otd YOG TV VOTLOAVOTOAMRMY axtdy g Adolatixiic xaw ™ EAAnvinrig Tdgpoov,
avriotouyo.

H éxm, éBdoun, 6ydon nar €vatn opdda amoterlovviar amd novovird priypota pe modtaln avotolis —
dvong (Booewa EALGda, nevroun EAada, Hpaioteions T6Eo, Muinpd Aoia). To prjypata avtd ogeiloviol oto
epelmvoTnd medio mov dnpovyeiton otn MBSoPaLEN NG IUKEOTAGXRAS TOV ALyaiov AGYm TS TayiTEENS TTEOG
TO VOTO %IVNONG TOV UITQOCTLVOU (VOTLOU) TUHIATOS OUTHS TNG IKQOTAAHOS O OX£0N UE TO TOW UEQOS TNG.

H déxam opdda pnyudtov mepihapufdvet peydho deELOOTOOPO ONYUOTO KoL PXQOTEQN ROVOVIRG, QT Y LOTOL
IOV RATOAAQLUBAVOUY TOV NULEXLTOTLRS QO TNG TAPEOV Tov fopeiov Aryaiov xal Tng meQLoyns g Bdhacoag Tov
Moppapd. Ta deEidotpopa prypata avtic g opddog £xovv dievbuvon avatohs — dvong ot Bdlacoa Tov
Moppapd non ogethovial oty mog Tt dutnd rivnon g ABdopalgag ™ms Avatdhag, evd ta deEidotpopa
offynata om Aexdvn tov fopetov Aryaiou €xovy votiodutiny dtevBuvon now ogellovTal otV mEOg T VOTLodL-
Trd ®ivnom g prpomhdrag tov Avyaiov. Kdfe éva amd ta xavovird pryporo outis g opddog dnpovoysi-
o ouviiBmg peTal o deELGoTROPWY ENYRATOV %Ot EVHOVEL TO TENOG TOU EVOS Pe TV a)1j Tou dhlov. Ta to
AOYo autd autd Ta ®ovovird pfypata amodidovian oe epelrvopd mov dnuoveyeitar petaEl twv dvo deELs-
aTEOQWY ENYRATOV AdYm ¢ aviiBetg xivnong mwov mpaypatomoleitar ota dvo avrd orjypata (Barka and
Kadinsky 1988). H quow avni dadiwacia ovopdietar «EMEN amopdrouvong» (pull apart) tav dvo tepaydv
TOV ROVOVIXOU QNYHOTOS.

7. EPMHNEIA TQN KYPIQN XAPAKTHPIETIKQN THE ENEPI'OY TEKTONIKHZ TOY AITAIOY

270 oyijua (9) magrotdvovron oxnuatikd o MBoopotpIrés TAdneS OTNY EVEUTEQEY TEQLOXY TS CVOTOAXNG
MEeooYEIOU Row OL RIVIJOELS TOVG TTOU ENEEGTOVY TV EVEQYO TEXTOVIXI| OTO XHEO TOV ALyaiov (TROTOTOMUEVO
oné Papazachos et al., 1998). Autég eivan o peydheg MBoogaipirés mhdxes s Evpaoiag, e Agouxnig »oL g
Apafiag nabdg now oL uromAdxes g Avatolag, Tou Aryaiov xat g AToUMOG.

O MBoopalounés mhdxres ™mg Agowic xar g Evpaoiag enmpedlovv dpueoca v evepys textovinti Tov
Avyaiov yuoti ovyrAivovy xoatd pixog tov EAAnvirot t6Eov pe taytenta lem/yr. Koatd ™ ovyxhon avti i
WOREAVIOV YapaxToa TAdRa TG avoroxiis Meooyeiov, emedr] €xel oxeTnds peydin mxvétnra AGym Tov
wreAVIOV oot ™G, PubiteTon mAdya (ratadveTon) RATW ARG TO -NTERWTIROV YUQAXTHOM- UTEOCTVG
tuipa g Evpaowatniig mhdaxag (Avyaio). Zmnv xatddvorn avni opeilovion ov ogwopol evirapéoov fabovg oto
%0(ho pé€Qog Tov T6EoV (VAo Ayaio) xaBig ®oL 1 NYoLoTELOX®Y dRAON RATA PIHLOS TOV NPOLOTELOROTV TUUATOS
tov EMnvinot téEov.

H Agafunij mhdxa pévo €upeca emnediet v evepys TexToviry 0to Avyaio pe v dOnon (ompELno) tov
diver ot pupomhdxa g Avoatohag. H mpog ta dutind taydmro ®iviong ™G iuxQomAdxos auvtis EXeL Ty
2.5cm/yr (deEvdotpogn riviion oto pYiypa ts Bopelas Avatdhag). H xiviion avni tg puxgomhdrag the Avord-
Mag emneder ®vplwg TV EVEQYO TEXTOVIXY] OTNV TEQLOXNS TNG AexdAvNg Tov Bopeiov Aryaiov rov ouveyiCeta
1N 6eEL60TEOPN %iVNON. Apeco ETNEEGLEL TNV EVEQYO TEXTOVIXT] TNG TTEQLOXIIS RO 1) QLOTEQGCTOOPT TEQLOTQO-
@1 (avtiBeto oo ™) PoEd XIVNONG TV SELXTMOV TOU WEOAOYIOV) TG ATOVAOS MHQOTAGRAS YLOTl QUTY QLORED
OUUTLEOTIXES OUVANRELS ROTA WIjXOG TNG TTORAXTIOS TEQLOXNS ™S AMBaviag xal g fopelodutinyc EMddac.

H nigua, Spwg, xivnon mov emneedlel EViovo ™Y eVEQYO TEXTOVIXT| OTO XMEO TOV Alyaiov gival 1) O Ta
votlodutixd YQ1iyoen ®ivnom tg ureomAdrag tov Avyaiov. Katd myv xivnon mg avt n puepomhdxa tov Avyai-
oV QUIITEVEL pe TaUTnTa ~3.5cm/yr mdve oty Agotxaviry Thdxa xow dedopuévou 6t 1 tehevtaio avti Thdxa
xweiton mpog 1o Poped (oe oy€on pe v Evpaoio) pe toydmrta lem/yr ) ovvoluwj tayitta ovyxpovong (ov-
YXAONG) ROTA Prog TOL ®VETOU HéEoug tov EAMnvinot TeEov (EMnvirn Tdgeog) eivar peydin (~4.5cm/yr). =
QT TN CUYRQOVOT OQEIAOVTOL TA VAOTROPO PYHATC. OTO XVQTO HEQOS TOU TOEOU %aL 1) YEVECT) HEYOAWV ETTL-
QaVELORMV Oeopwv 0 avtd. ‘Eva amd autd eivor to peydho priypa, wijxrovg 200km mepimov, mov Polonetan
votodutxd g dvtnic Konmgs (oy. 8). Zto priypa avtd €ywe otg 31 Tovhiov touv 365 p.X. o pueyoliteog
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YVWOTAs OELOpSS ™S Meooyeiov (M = 8.3). 1t yorjyoen aut) voTiodutixy] ®ivnom g prQomAdxrog Tov Avya-
ov ogeihovton to ueyaho deErdotpogo pnyua ts Keparovidg (CTF) nat to peydho aQLoteQioTtoopo QiYRa Tg
P6dov (RTF). H yonyopdtepn ®ivnon Tov preootivoy (VOTLov) HEQOUS TG IxrQomAdxags tov Avyaiov o ox€on
7p0g T0 Tiow (BGEEL0) HEEOS TOV dMpovEYyel drapopiry] #ivnon PEoo otV (dLoL TNV UKQOTTAGROL ®Oow T YEVEDT
KOVOVIRADV ONYUATWV UE TOQATOEN avatorfg — dUong 6Tov YeVVIOUvVTOL LOYVQOL OeLopot pe peyedn ueyol 7.5
Piytep nepimov. H yorjyopn avni vottodutuxt] xivnon tov Avyaiov armodideton oty omoBoxrilon (rollback) g
ROTOOUOUEVNS MOOOPOLQLXYS TTAGXAS TTOOG TOL EVATTOPEVOVTA TUIUOTO TOU WXEGVIOU PAOLOU RATW Ao TO VOTLO
uépog tov Ioviov mehdyoug (LePichon and Angelier 1981, Dewey 1988).
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Zyrjua 9. Kivijoerg ABoogaigixav maxdv mov emjoedGovy Ty evepyo textoviej oto Avyaio xar Tig Yo
meoioxes (Papazachos et al. 1998, diauogpousvo).

Figure 9. Lithospheric plate-motions which influence the active tectonics in the Aegean and surrounding region
(modified from Papazachos et al. 1998).

8. ENEPI'OX TEKTONIKH TOY AIT'AIOY KAI ITPOI'NQZH LEIZMQN

H yvdon mg evepyot textovirng tov Aryaiov €yl Oyt pévo Bemonmnd odhd ®ow TEOXTIXG EVOLOQEQOY,
vt ovpPdiher otn AMion TEofANPATOY GUECOU HOWVWVIXOU EVOLUPEQOVTOS, OTWS ElvaL TO TEORANUA TG TEO-
YVWONGS TwV Oeopwv. Edd) avagpEQoupne £V GUYRERQULEVO TETOLO TOQADELYUO TOV OpOQd TV UECOTEOBETUN
TEAGYVWOT TOV oeLopov, 0 omolog €ywve BA g Zxvpov (39.05°N, 23.35°E, M = 6.3) oug 26 Iovhiov 2001.

Me Bdon ) yvadon g eveQYOU TEXTOVIXNG TOU EVQUTEQOU YWQEOU TOU ALYA{OU ROl OELGUOLOYIRES TAQOTY-
0NOELS EXTIUONKE GTL AVOUEVETOL 1) YEVEDT LOYVEMDV CELORMV XATA Pijrog Tov BoEelov 0plov TG WXQOTAGRAS
Tov Avyaiov petd to peydro ogopd (17.8.1999, M = 7.4) g Nuxouderog (Papazachos et al. 2000b). Ztn ovve-
YeLa, ue péBodo mov avamtiyOnre modogarta (Papazachos and Papazachos 2000, 2001) zow agpod v emmtoyv-
VOPEVT] OELOWLRY TUQAUGQP®AOT TOU (PAOLOU TTELY OO LOYVEOUS OELOUOUS dtarmtot@inxe 1 Uapn Tétolag mo-
apdepuong (expoaouévns ot Joule'?) oto dutnd pépog Tov B.Avyaiov (oy. 10).

IMoaypatomonifnxe eldui] ueA€Tn otV OO0 TEOOILOQICTNKE TO ENIXEVTQO TOV UVOUEVOUEVOU RVQI{OU OEL-
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ouov (39.7°N, 23.7°E) 10 péye0dc touv (M = 6.0) »aw 0 xo6vog yéveoric tov (2001.1) xaBamg xow tar avriotouyo
mopdBvpa xdeov (<100km), peyéBovg (£0.4) xou xodvov (1.5 €n). Boébnre emiong 6t n mbavémra yéve-
ong Tov OeLopol oo topdbupa avtd eivar 90% evad n mbavétyta Tuxaiog YEveons Tov oewopot o’ autd Ta
nmodBupa eivan 11%.

H gpyaoia ohoxinpadnxe 1o Zextépforo tov 2000 xow otdABnxe oto meprodird Geophysical Journal Inter-
national, To omoto v mapérape onug 14 ZemrepPoiov 2000 xou, petd and xpion dVo eldOV 0TO avTLREIPEVO
EMOTUOVOY, TNV €xave dextr yio dnpuooievon (Karakaisis et al. 2001).
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Zyrina 10. Emrayvvduevy afgoiotixif ociouixii wagaudppoon tov giowov g I'ns (o Joule'”) mov magarnor-
Onxe oto ovTino ugpog Tov B. Aryaiov mowv ano Ty yéveon Tov ogtauov Ty 26" Toviiov 2001 BA g Zxvgov
(Karakaisis et al. 2001).

Figure 10. Accelerated cumulative seismic deformation of the crust (in Joule'?), which was observed at the
western section of the North Aegean before the earthquake of 26" July 2001, NW of the island of Skyros
(Karakaisis et al. 2001).

A6 10 TOQATAVE® TEOXUITTEL OTL OL POOLRES TUQGUETEOL TOV OELOHOU TG 2xVEoV Poioxoviar péoa ota
oAU XWEOV, Xedvou ot ueyéBoug mou elyav ®aboprodel 10 urveg mowy ) YEVEON TOV OELOPOT ROL CUVE-
OGS M pECONEAHECUN TEGYVWOY TOU OELOPOU auToy elvar €yxuon.

Emopuévmg 1 yvadon wov agod Ty evepyo textovirt Tov Avyaiov mépav Tov Bemenmixol g eviapEpo-
vtog, €xeL1idm ovpuPfdiier xaw Bo oupPdrher von oto puéhlov ot Mo TEOBANUATWY GUEONS KOVOVIXI|S ONUALOT-
ag 6mwg eivor To TEOPANUA TG TEOYVMONG TWV CELOUMDV.
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ATAAOZH ENEPI'QN PHI'MATQN XE ITPOXXQMATIKEZ AIIOOEXZEIL"
T'EQPT'TIOX MHOYKOBAAAEI, AHMHTPIOZ AOYKIAHEz, KQNEITANTINOE ANTQNIOY’

NEPIAHWH

Hogovotdlovrar 1 ueBodoroYio KoL TQOXATUQRTIRG. OTOTEAECPUATO GO TNV AVOAUTLXY TQOCOUOIMOT TG
dLadoong evepywv diapiEemy dLa HECOU TEOOYWUNTIRWY OTOBECEWV TOU HAAVTTOUY TO YEWAOYIHO VTOPa-
800. H mpoo€yyion tov tpofijuatog faoiCeton omv apBunuxr péfodo twv Ierepaouévov Awagopwv (Finite
Difference Method) og ouvdvOOUG pe RATAAANAN TEOCOROIMOTN TNG SLATUNTLXYG CUUTEQLPOQAS TWV atoBEoE-
WV, TS TaXUTNTOC TNE ALAEENENS %ot TMV GUVOELOX®MY GuVANX®V. To OVOAVTIXA ATTOTELEGUOTO. CUYRQIVOVTOL UE
ETUTOTOV TTOQATNONOELS YLOL TTOLOTLXY] %ol TOOOTLXY aEL0AGYNON Tng peBodoroyias. Emumhéov, ta amoteéopata
TOQAUETOLRWV AVOAICEMV XONOUUOTOLOUVVTOL YL VAL ROT AQYNV TOOGOLOQLOUG TV PACIRWOV TAQUUETOWY TYE-
OLaOROU TEXVIRMV QYWY TTANGLOV TOU (XVOUS T™V ONYUAT®V RoBMS ®oL Tov Tavoy eVOUS SLURURAVONS TOVG.

ABSTRACT

The article presents the methodology and preliminary results from analytical simulations regarding fault
rupture propagation through soft soil cover. The analyses employ the Finite Difference method for the numeri-
cal solution of boundary value problems, combined with appropriately chosen constitutive model for the shear-
ing response of the soil cover, velocity time history for the rupture and boundary conditions. Analytical predic-
tions are compared to field observations for an overall, qualitative as well as quantitative, evaluation of the
methodology. In addition, results from an extensive parametric study are used for an initial definition of the
basic design parameters in the vicinity of the fault trace and their possible range of variation.

AEEEIZ KAEIAIA: Evepyd onypuoto, TQOOXWUATIRES ATOOECELS, AVTIOELOWROS OYEOLUOUGS
KEY WORDS: Active faults, alluvial deposits, seismic design parameters

1. EIZAT'QTH

O oyedLonog TEXVIRWY EQYMV TANCIOV EVEQYHV ONYRATOY, EVOEXSUEVO WLaiTEQC GUVNOES OTNV XM NG,
givan éva and ta mAéov anravihdn Bépata mg avuoelouris pnyoviric. Evosmtind elvar to yeyoveg 6t ol
TEQLOOGTEQOL AVTLOELOILXOL RaVOVIOROL, cupmepihapfovopévou tov EAK2000, aropetyouy vo 0ploouv axdpun
%Ot TO £VQ0G TG TXivOUYNS Yo dunon Lavng exatépmBey Tov (Xvoug Tov OYHaTos, OALG araLTovy onTd ™Y
eXTELEON EL0LKNG EQEVVAG KL HEAETNC.

Ot SUGROMES AVTLUETATLONG TOV TOOPAUOTOS RAMUORMVOVTOL ONUAVTIXA GTAY OEV VTTAQYEL AUEDT) ETOTTEL-
0L TOV (YVOUS TOU PNYHTog 0T0 Paymdeg vaoPadpo Aoym emxdivpmc ToU omd TQOOKWUATIRES ATOBETELS UE
Tay0g peQr@v denddwv pETpmv (Zyua 1). Zmv mepimtmon auty, axdun xot 6tav 1) O€0m ®oL ToL oLOXTOLOTL-
%A TOU ENYRaTog 0To Boaymdes vtofaBpo eivar dESOUEVH, OTTOUEVEL O OELQA TIQOUTIXMV EQMTNIATWYV T
omoie. Oa wEEmer va dteevvnBoUV TELWY aTtd TOV OYXESLOONS TWV EQYMV. ZUYRERQUUEVAL:

e  Oa avadudel n ddpEnEn omy empdvela Tov £dAPOVS *aL TOV;
e TTowa Ba eivon 1) TEQAUGOPMOT TNG ETLPAVELAS TOU £OAQOVS RO OF TL EXTOON Oat exTElvETOL EXATEQWOEV TOV

{yvoug Tov prjypatog;

e  O0 vdEEEL TomNY] EVIOYUON TG OELOULXRIG dGVNONG %ot TOo;

H axéhovdn mapovoioom eotdleton oty pebodohoyio vaBdg ®aL 08 TEORATAUQHTIXA ATOTEAEOPUATO TNG
gpgvvnTrng mpoondfelag wov xatafdrietan otov Topéa Temteyvinig tov E.MLIL yia avahutixr] Tooogyyion
ToV TEOPAMuaTog. T'ia Tov 0%om6 avté yenowwomoteitar  apBunmxn péBodog v Iemepaopévay Alagoowy,
0€ CUVOVOOUG PE ROTAANAT TTEOCOUOLMON TG CUUTEQLYPOQAS TOV £OAPOVS O€ JLATUNOT, TNG YQOVO-L0TOQING
™G dLdEENENS ®at TV cuvoELOXR®Y oLVONKMY Tov TEoPAjuatog. H aElohdynom g axpifetag tov avalicewnv

* FAULT RUPTURE PROPAGATION THROUGH SOFT SOIL COVERS
" E6vind MetooBro TMolvteyveio

*Purdue University, USA.

* IMohtinég Myyavirés M.Sc.
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Baoitetal 08 TOLOTNY] OUYRQLON [LE ROTOYEYQUUUEVES TEQUTTWOELS OLapEiEemv amd v diedvii Bipioypapia
ROL OF AETWTOREQY] avdAvOn TG ®oAd TERuNQLOpPEVNS dtdpenEng Tou Nuxopndnvov oty Aexdvny tg BoABng.
Emuthéov, eEdyovrol TooxataorTind OUUTEQAONATA OXETIRA e TIS PAOIRES TOQARETOOVS OYEdLAOUOU TwV €0-
YWV OTNV TEQLOYY OELOURMV ONYUATWV, UETA A6 TOQAUETOIRES AVOAVOELS YLot dLAPOQOVS TUTTOUS PNYHIATOS
A0 TQOOKWUATIRDV ATOOETEWY.

Edaguri otpwon

EuBeia npogkras
# erﬁq)dvsm‘\;)q TOU mmgroq
/

/ Bpaxwdeg unépadpo

W: EUpog graben

S: AnokALOT) TOU (Xvoug amnod Tnv euBeia MPOEKTAOT) TOU PYYHATOG OTny EAEUBEEN
emeavela

L: EGpog Zwvng onpavTikig Mapapoppwong Tng eAeUBepng EMPAveLas.

Zx.1. Tvmanij dudonén xavovixov Qifyuatos o€ TQOOYWUATIXES ATOOETELS XAt TAQAUETOOL OYEOLATHOD.

Ou apBpunurég avalioels Tov EXTEAECHN XAV ApOEOVOUY RAVOVIXG ®a avaotoogo onyua. H meplmtwon
yratog optlovriag oAioBnong (strike-slip) mapovotdiet OepeMwdELS SLaPOEES WS TEOG TO PN avVIouo didpEnEng
7oV £8dQOUG, OL 0TOlES eV UITOEOUYV VO AVTLUETOTLOOOTY OmoTEAEOUATIRA PE TV TToROoUoo peBodoroyia.

2. APIOGMHTIKO ITPOXOMOIQMA

Agdopévou GTL T0 PaVOREVO TG OLAdoOoNS ONYHOTOS ETNEEGLETOL QTG TNV OUUTEQLPOQE TOU £0AQOVS OYL
UOVO ROoTd TV 0oToXiot OAAG ®OL peTd ol auti, 1 XONON €VOS EAAOTO-TAAOTIROU KOTOOTATIROU VOUOU U
YoAdowon eivan amapaityt. ZUpgpwva pe Tov Scott (1987), malaidtepes mpoonddeies mpooopoiwong g dud-
doong oNyratog pe ™V pEB0dO TV TETEQUOUEVOV OTOLYEIMY 08 CUVIVOOUG PE RATAOTATIXG VOO X aAGQMONG
TOEOVGiaoay onpuavtrd tpoPiiuata aoBunuric aotdfelog, Ta 0ol GPOS ATOMPEVYOVTOL OTTOTEAECPATIRAG
ue v puéBodo memepaouévav dapopav. Kat’ enéxtaon, omyv mapovoa €pevva, 1 aotbuntixy Teocopoimon
™G dLddoomg evepyoU O YHOTOS LoV TEOTKMUATIXWY amoBEoewy €ywve pe v uéBodog twv Iemepacus-
v Awapogdv ror tov vodwa H/Y FLAC.

10 Iijpe 2 THQOVOLATETOL VOl TUTIHG TTROCOUOIMUO TV TQOTKWUATIXMOV OTOBECEWV KAl TOV VITOREIE-
VOU Q1 YROTOG, O7TG OOV TROKUTTTEL 1) AETTTOPEQEL TNG SLOUOLTOTOIMONG RABADS ROl OL CUVOQLAKRES CUVOT rES. €
6heg Tic avahiosig Bempinxre edaguer adBeon 1 omoio amoteheiton amd €va pévo otpdpct. Xdaow omho-
TG, 1 EMPAVELR TOU £0APOUS Hat 1) di-emupdvera peTal edagurrs otpwoems xal Poayddovg vrofddpou
frov opuldvie. O Adyog Tov mhdtoug g dratopns mov eEetdobnre g mEOG TO A0S TWV OmOBETEWY 1oy
touhdyrotov icog pe 4:1, étor dote va meELoELoBEl 0To EAAYLOTO 1 ETOQEAON TOV TAEVQLRHDV RATORGQUPMV
OUVOEMY XOTA, TNV OVATITUEN SLoTpnmzdv TOQAROQQOOEMV 0TV TEQLOXY dtddoons g dudoonEne.

Extehéomuay 1600 0TamréS 600 %ot Quvapures TaQapeToIRes avalioels. ZTIg OTOTRES AVAAIOELS, OL O-
TOilES TOUQEYOUV COPEOTEQN ELROVA KOl ROAITEQN RATAVENON TOV PNy oviopol duddoong me dudeoenéng, n xivn-
on empPdrheTon oTOVS ROPPOVE TOV RATW OVVEEOL WG didvvopa TovTNTag Tapdiinho TEog 1o eninedo Tov
1ypotos. Avtiotou e, otig duvarég avalioels 1 xiviion tov vrofdfoov emPdiietor wg didvuopa emttdyLy-
one. H ypovoioropia g emParrdpevng emrdyvvong tov olobaivovtog tepdyovg xabopiotxe pue pdaon dedo-
REVOL OYETIHG pE TOV QUONG ohioBnong Tov Evjypatog xatd ) dudoxela oewopdy (Day, 1982; Beroza, 1991). O
oG emTdyuvons ®abopliomxre £T0L HOTE va Tapdyer TeEMxY petatémon 1m, ) omola ivon emaEris yio va
avaduBei n ddponEn oty eheviBeon enupavere. H ovvoluxn dudoxera tov maipot t€Bnxe T=2.5sec, ue péyom
emrdyvvon 0.61g waw péyiom tayimra 134cm/sec (Zy.3). Ou mapamdve Tueg eivor CUPPatES pe TapoTnENoeLs
un6 tovg Wells and Coppersmith (1994) zouw Trifunac & Novicova (1995), ywa oeiopoig peyéBovg M=6-7.
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To roraotanxd mpocopoinue mov Beweiinxe yio T TEOTKWUATIXES omoBEoEL; elval eEAOTOTAAOTIXG,
Timwov Mohr-Coulomb, pe yardomon. H yovia eowtegurng toifric Oewefnxe 6tL petdvetat Yoouumx=d og mpog
™V TAQOTIXY] SLOTUNTIXY] TOQAUOQPOON UETA TNV CLOTOXIO, £0G 1) TACOTIXY TTOQAUGQEMMON VO pTdoeL 10 5%.
Avtiotowya, 1 yovio SloTtoMRGTNTOS HELOVETOL YOOUIXA R pnOEVITeTOL YLt TAAOTLXY] SLoTUMTLxY| TToQOUG-
@won {on pe 5%. H ovvoyn ¢ Tav Toooymponney amobéoemy petapribnxe yoouuxd pe 1o Babog z ovupuva
ue ™ oxéon c(z) = 0.7z, ahhd mopépeve opeTdfAnTn mELY »ow petd Ty aotoylo. e Oheg TIg avaMIoELS, TO

néro dudTunong tov eddpous uetafridnre avdroyo oS 10 Z

2 evdh 0 Aéyog Poisson Bewprinxe otadepds vou

{oog pe v=0.33. Zug duvapunéc avalioels Bemeiibnue amdopeon wimov Rayleigh pe ehdyiom wud § | =2%.

—20m—

R

b

L L L L L L L Yri6BaBpo-axiviro TEpayog
YncBaepoohoemvwmuqxoi /% Eninedo prypatog

s -

90m

Tuvopo
£AeuBp

v : 7\ Yndfadpo-axivro Tpaxog
Mdwoopa : el s :
b | oPoBpo-oNoBalvov TBiaxes 7y Eninedo priyuatog
enmixavang

+ ——45m
105m

2x.2. Zvvogiaxss ovvbhjxes yia oTaTines xat
OVVAUIRES avaAVOELS #avovIXOU QIfyuaros
VITOXREUEVOV EdaPLRIfS 0TQWOEWS TAYoVS 20m.

60 0619
“g 40
3 20
g 90 T T T g
B o 0. 10 15 20 25
20 XPOvVOg (sec) (a)
40 033
15
4 134crisec
12+
T 09
§ 06
03 -
AT T T T
00 05 1.0 15 20 25
XPOvVOS (sec) (b)
1.00 —
75 —
z 0
E 050 —
0.25 —
00 +~4————— T
00 05 10 15 20 25
XPOVOS (sec) (C]

2x.3. EmiBailouevy xivyon poaysdovs vmofdhgov:
(a) maduog emrdyvvons (b) maiuos ra Tayv

Max. shear
strain rate

~ Emiredo priypaTog
Py

3 4
= & -50 0o 50

Bpaywdes unoBadpo

T T T .
100 150 200 250

(m)

300

(Bray etal., 1994)

InPppo ESAPKS UAKO

Bpaxwbeg undpadpo

Zx. 4 (a) Karavouij (ovbuov) dratuntixic
TAQAUOQPWONS T8 OTQBLUA TVXVIG AUUOV uE Yovia
owaorodixornrag 20° emi avaoTeopov oyuatog ue
xAion 45° (B) Avriotouyes magatnoijosts wediov.

Max. shear
strain rate

"~ eninedo priypatog

T T T =
-175 -126 75 -25 25 75 125 175

Kappn eAeuepng empaveiag
¢ A pwyHn
(Bray et al., 1994) {
/ Xahapo e3agko UMK
./ / Bpaxwdeg unofabpo

>x.5. (a) Karavouij (ovBuov) dratuntixig
TAQAUOQPWONG T OTQBHA YXALaQIS dupuov ue
Hnoevixl] yovia dtaorodixoTnTag emi xavovixov
oifyuarog ue xAion 45°. () Avriororyes magarnorjoets
mediov.
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Tomxzd anotehéopate avolioemv TaEovoLdlovian 0To Zyua 4 Yo avaotpogo prypo rabds xar oto. Zxni-
poTar 5 non 6 yLor Rovovird ONYROTOL e ETAAu Xohaonc ®ow PEoNG TurvVATTaS AUUOU avtiotouyo. e ®dbe
oYL, OL AVOAUTIRES TTOOCOUOLWOELS CUYRQIVOVTOL UE AVTIOTOLYES TAQOTNONOELS TTEHIOV autd TV PLffAloyoapia
(Bray et al. 1994). H opowdmta peta&l mooarnoioemy ®oL avaAloemy VoL YOQOXTOLOTLXY] KoL VITOYQOURICEL
TS dUVOTOTNTEG PEQMOTIXG TTOOCOROIMONS TOV TEOPANUATOS TTOV TAREXOVTOL 0Tt TLG OUVYYQOVES VITOAOYLOTL-
%€g pebédovuc.

AsuTspesoudes actoxie  Kipa {avn SiappnEng
T~ \ /&

»0 Topn Piypatoc NikopnBivod
175 TuApa TopAc nou
L 150 npogopouBrke

enmpdvela ofiaBnong

— — 7 Eminedo pAYMGTOS
45’

1750 1250 750 2860 280 750 1250 1750
AeuTepeUouEG QOTOXIES
——~ 7 T/

(Bray et al , 1994)

/ OTPPS £BAGIKG UAIKG

xupa SappnEn

—
o

7

2x.6. (a) Karavourj mAaorixijs magauoppwons amno 2x. 7. Zrowuaroygagia, agibuntixo meooouoioua
ovvauixij avdlvon o€ 0TeUUA GUUOV UEONS TVXYOTI- XAl TAQAUETYOL TWY EOAPIXGY TYNUATIOUGY YIa TV
Tag pe yovia diaorolixornrag 10° eni xavovixov mEQimTWON TOV Q1fyuaros Nixounowouv.

onfypatog ue xAion 45°. (B) Zvyxgion ue avriororyes

magatTnijoels mediov.

3. EPAPMOTI'H: H AIAPPHEH TOY PHITMATOX NIKOMHAINOY

INa v mocotxt] aEloAdynom g axQifelas Tov TaEEYEL 1| VITOAOYLOTIXY] TEOTEYYLOY TOL TEOBAjpuaToC,
€ywve oUyxELOoN pe o dedopEva EVOC TEAYUATIXOU TEQLOTATIXOU SLAQENENS TOU £dapIrol RahippaTog AGYm
EVEQYOTONONG VITOXE(UEVOL TEXTOVIXOV QN YHTOS. META amtd extevn avadpour oty eAAnvinn xou dtebvij ifiiio-
yoapia, eEmEAEYN TEMRMS TTPOG avdlvom To pRype Tov Niwoundwvov (Zy. 7, 8 nan 9), éva and 1o 1€00epn #auvo-
vixd ofypota g Aexdvns s BOABng, n dudponEn tov omoiov tpoxdieae 1o peydho oelops g Oecoahovinng
xatd v 20" Iovviov 1978. Katd 1o ogloptrd mepotanizd tov 1978, 10 GuyrerQLUEVO Oy IO TUQOVOTOOE EMLGOL-
vewaxi] exdiloon (rovid oto xwotd Nixoundive) xon 1) emupdvela OAoBNOTS Tov RateYQdEY AETTONEQMS AT
™ yewhoywrj opdda tov J.L.Mercier (Mercier et al., 1983). Eniong, 1 emgaveiwaxy tov exdjlwon Poloxretal
YEOYQAPLRHS TOAU #OVTd 0TO eXTETAUEVO TedI0 epevvdv Tov Euroseistest Project ot Aexdvn tng BoApng, to
OTO{0 TORELYE TOL ATUQAITNTA YEMAOYIXG, YEOPUOIKG KoL YEWTEYVIRG OEOOUEVA YLO TV TEOOOUOIWON).

Me Bdom 1o dedopéva avtd, exteréobnray otannég nor duvapmnéc apuBunTrég avahioels TEOCOROIoNg
mg edagunns didoonEnc. H droxpitomoinon tov edapirol xahiupotog €yive pe otpeAS mAéypa oto omolo ot
OTHAES TV OTOLYEIWV QIT6 RATAXOQUYPES OTAL QU0 (RO YIVOVTaL OTAOLOKA REXMUEVES, PEYOL VO TAQOVV TNV
%hion Twv 48° wg mEog ™V 0pLLEVTLO 0TO %EVTQO TOV TROCOUOLOUATOS. ME auTd TOV TROTO, 0TV TEQLOYT] GOV
avapevétav vo duadobel 1 empdvero ohioBnong, Ta otoLxeln lvol TAQUANGYQUUUOU OXIATOS, RE TN Pt TOUG
dudotaon opLtdvia xaw v dAAN mapdAnin pe to enimedo tov ofypatoc. H ovyrexoupuévn dioapdopmon tou
SIXTHOV ROTAPEQE VOL TQOTOROLATEL THV TAAYLOL DLETUPAVELX TWV ESUUPLRWDV OYNUATIOUAV, TTOAYUO OTTOQALITNTO
v TV aédoon dapoQETIRMV WLOTTWY 08 auTovg PEC 0TO TROCOUOIMUA ROL VO LELDOEL coBNTd To €V00S
TOV ETUPAVELHOV OAICHNONG OTWS ATOTUTHVOVTUL OTtG TOV KWK AVAAVONG.

T Tov evTomops ¢ empavelas dudpenEng cvvertpidnxay pa 1 Tepuoodtepes PetaANTEg mov oyetiCo-
vrow pe v Bpoavon tou edaprrot vMxoU na ™Y oxeTnY] oAioBnom twv dvo tepaydv, pe xvpLo Tov QUONG
petafoMic ™mg Satunuxiic mopapdpgmons (Zy. 10). Avtiotorya, 0 pNYaVIOPOS aoTto)iag ®atd wNxrog g EmL-
@avelog Bpaviong TEOXUITEL ATtS TO ALAYQARUOTO TG EVIOTIXIS RATAOTAONS OTa OToLyEln Tov dixtiov (Xy. 11).
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H opoidmra peta&i me moayuatniis o s teopfrendpevns dtadoons g SdponEng, amd To Yemhoyrs vis-
Babpo omv empavela Tov £ddgovg, eival yapaxrTnootiry. ASCet (owg Wwaiteeng TEOCOYS N TEOCOUOIWOT
™G EQEARVOTIRIG QWYPNG OTO AVATEQO TUHa TS dtdeonEng (Zy. 11), n omolc EVEIOKETAL OF IXAVOTTOTLRY
CUPQPWVIOL PLE TNV EMTOTOV ATOTVITWON TOV PNYHOTog (Zx. 8 ®at 9).

Tivog mg P L LY -
T 2 EgeAkuoTikr pwydn
' Vo
~ |
P —
AVEVEQYO TURAWA
phyparog
- AiarunTiky Aatoyia
T Avevepy0 TRk
Tou phyJaTeg
/7 Evepyo Tpnpa priyuat
/ /PYﬁ}mP pnypaTog
2x- 8. Myyaviouos aoroyiag xat yeoueroio 2x.9. Aemroupcia empdveias aoroyiag yuarog
oudoonéns Nixoundnvou (and J.L.Mercier et al., onwg amorvrdOnxe and to J.L.Mercier.

1983)

Aeiktne evraTikic KatdoTaong

* gz Duxppon Adyw BaTpnong

% efcenkd. oz Siyppo ato nopeiBoy

¢ vz Bieppot ooy

Zx. 10 Amorvnwon tng empdveras odionong ue 2x. 11. O unyaviouds aotoyiag Tov QIfyuaTOS TOV
xorjon 1o uBuov ustafolijs Tng draTunTinijc Nixoundvov omwg mQoxvnTEL AN ATELROVION THS
TAQAUOQPWONS. ZTO AVHTEQO TUIUA 1] AOVVEXELA TNS EVTATIRIG XATAOTAONS

HAUTUANG TQOXUTTEL E@elxnvoTini avTi yia

owatunTixi aoroyia.
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2yx. 12 Méyioteg emrayvvoels otny em@pdveia Tov e0dpovs amd avdlvon yia dupo pue yovia d1a0tolixoryrag
15° eni avaoredpov grjyuarog xiions 45°.

4. IAPAMETPOI ANTIZEIEMIKOY ZXEAIAZMOY

Metd to. evOoQEUVTIXG OTTOTEMEOPOTOL TTOU £DWOE 1) TTOLOTLXY| KO TTOCOTIXY OVYXQLON TwV DE®ENTRDY Ve~
MoewV e EMTOTOV TOQATNONOELS, EMLYELONONX®E 1 dLEQEVVNON TOV PAOIRGV TOQAUETEMV OXESOOIOT TOU
mpofMipatog ue v fonBela plog OELRAS TOOUETOIXMDV OVAATCEMV YioL:

e 0004 xau avAoTEOPO PNYROTO, RE SLAPOQES YOViES ®hiong OGS TV 0pldvTLa uetal 45° now 135°,
e TAYN TEOOYWUATXDV 0moBEoEwY peTaEy 5 xow 40m,
e CUVEXTIXA %O U OUVERTLRG edAQN pe Ymvia dtaotohrdttag €mg xow 20°.

Mo ouyrerQUUEVQ, Yo T U1 CUVEXTIXG dAgN BewoEnOnxav THES TS Ywvias diaorolxdmrag omd Pp=0° -
30°, puBuiCovrag ratdAnio Ty T ™S YOviag e0nTeQUXIS TOUPS @ £T0L BOTE 1) TORAREVOLTO YOVIO TOUBYC
vo. mapapéver ton pe 30° T ta ouvertxd eddgn 1 péyom yovia dioeotoMxdmrag fray (on pe 5° »ow
Tapapévovoa ywvio Toupric fray ton pe 20°.

25 eNOUEVES TAQUYQAPOVS TAQOVOLALOVTOL TO XVQLGTEQE. OTTG T AOTEAEOUOLTCL TTOV EXOVV TRORTPEL OTtG
TS €V AGY® TOQAUETOURES AVAATOELS EWG OTUEQC, OE OYEON TAVTOTE [E TOV OXEALAOUS TEXVIRGV €0ywv. Emion-
paivetor BEROLOL O TQORATAQKTIXAG XUQOKTQOG TWV OTOTEAEOUATWY, XABHS R GOWV CUPTEQUOUGTWY TCL KO-
AovBotv, dedopévou ot n oxETIRY EQEVVNTIRY TEOOTABEL BoloneTOL andun O eEEMED).

Tewuetoia e emgdveiag odiotnong.- H Tahvn dudtunong Eexwvd amd ™y topr] Tov eTmédou Tov Q1 yYRatogs ue
mv dr-empdvern. £ddpovs-Pooyddovg virofdBoov now dradideton mpog Ta dvw. ‘Ooo peyokitepn elvor 1 avioy)
now 0 Méyog K tov eddgpoug, 1600 peyohiteon eivon 1 petardmion mov asmauteito i va duadobel 1) aoroyio péxol
mv ehevbeen emedveia. Lo xavovird eiyparta, n amoutovuevn petordmon tov vrofdboov d xwupaiveton and
1% £mg 2.2% tov mdyovs H tov £dagunol otpdpatog, evd yior avaoteoqa. 1 YUaTo WITOQE Vo gTdoet To 6.5%.
211G TEQUTTWOELS HAVOVLRAYY ONYRATOV, 1) devtepeiovoa dideonEn mou dtopoppavel Tov “avhaxa” (graben) gud-
VEL OTNY ETUPAVELQ TOV £DAPOUS UETA 0TS UeTORiVON TOV vItofdBpov xotd 2.5%-3% tov mdyovg H.

TN va gEetaoBel 1 enidoaon g ®hiong tov priypatog, extehéobnxe pio opddo avalicemy Yo TWES TG
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®hiong amé 45° (vavovird ofypa) €mg 135° (avdotpogo ofyua) xow yovia dtaotolxdmrag =10 Tuia xovo-
vird pvjypota, 1 Edvn oAlobnong amoxAiver amd T evheict TQOERTUON TOV ETITEOOV TOV Q1 YROTOS KO TEIVEL VaL
avEnoer v xAion g xabdg duadidetar péoa oty edagry otowon (Zyx. 6). AviiBeta, OTg TEQUTTWOELS AVA-
OTEOYOV PHYRaTog, 1 Ldvn olioBnong telver va pewdoel mv »hion g ®abdg dadidetal mpog v ehetbeon
empdvela (Zy. 4). e xahan dupo xar oppddn o (uxen yovia dtaotoMxdmrag), n Ldvn ohioBnong dev
oyNUoTCeTon 0aPWS 08 GAO TO WROG TNG, PE TNV TEQLOOGTEQY OLOTUNTLAY] TAQUUGQPWON VO, CUYREVIQUWVETUL
rovtd oty diempdveta fodyov-eddagovg (2y.5). MHapamijoia CUPTEQLPOQH TAQATHONONKE RO OTHV TELQCUO-
] perét tov Cole and Lade (1984) zaw oto moaypatind TEQLOTATIRA TTOV TEQLYQApOvTOL amd Toug Bray et
al. (1994).

H anénhon mg Covng oAioBnong amd v Teoéxrtaon Tov emmédou Tov ERyRaTog eivor peyalitepn yo
oMyHoTa e KEES Ywvieg ®AONG WG OGS TV 00COVTLO, EVA YO ONYHATO (e HEYAAN ®ALOM 1 ardxrlion TelveL
oto pndév. H andnhon elvan peyorvteon yia €viovn diaotomxdtta. Tumueg TIHES TS amdrAong To ()Voug
tov piypatog eivan 0.4H €wg 0.65H yia zavovixd onyuata xat 0.15H €wg 0.35H yio avdotpoga prjyporta, 6ou
H eival 10 mdovg tov £0a@Lrol OTRWUATOC.

e avaAiOELS KOVOVIRGY ONYUATOV (e Yovia ®xAlong 45°, pa deutepetovoa didpenEn oxnuatiCetal 1j telvet
vo oynuomotel oty avtifem mheved ™ ®ipLag dudoonEng (Zy.6). Mropei va eEaybei to ovpmépaoua 6t o
avharag oxnuotiletan Gtay 1 yovic ¥Aong Tov QYRaTog Vel redTteEn omd 45°+/2, érov P elvar 1 yovia
StaoToMrdTTAS. AVt 1 TOQATHENON €ivar oUpgvn pe Ta Tepopatxd amoteiéopata v Cole and Lade
(1984) xou Lade et al. (1984).

Anotehéopata ard avalioels Yo dpupo pe =10 xau xhion eriypatog oto vofabpo 45°, yio mwdyn edagpr-
%G 0TRWoE WS atd Sm og 40m €5e1Eav 6T 1 enlOEOOY TOV YOV TOV EdAPLROT OTOWUATOS OTNY YEMUETOIO TNG
emupdvelas ohioBnong elvan moortind auentéa.

Evooc e Ldvne onuaviixc maoaudogwons Tne emeavelas tov e0dgovs.- Qg «Sdvy onuaviixijs maoa-
uopgwons» Bewendnxe M TEQLOYY EXATEQWOEV TOV {xVOoug TS ®UpLg SLAEENENS Gov 1 ®AION ™G EMUPAVELOCS
Tov eddgoug vrepPaivel to 1/500, Aappdvoviag vitoym du aviiotoy diagopry xabitnon tov eddgoug meo-
®OAED EvToves SloTunTés QYUES oe ouvifelg Toomoties. ‘Oco pueyaritego givan To evpog L g Ladvng onua-
VILRNG TOQAUOQPMONG, TOOO WXEGTEQN £lval 1) XAy ¢ emupdvelas tov eddgous. To evpog L deiyvel va
glvaw aveEdEmMTOo amd to peYEBOVS TG PETATOMLONS Tov PBoay®dovg virofdboov, evd avtiBeta gaivetal vo.
ennoedteton omd Ty yovio dieotolrdttog Tov eddpovus. Ta xavovird ptjypata, to L givan g tdEemg peye-
Boug Tov H yu €ddgm pe yovio dwaotoxdtrog pndév (). xoahap€s dppot 1j amgopoQToTtes doythol), EVE
pewdveron Emg xaw 0.4H yia evidvog dtaotolnd edagn (m.). TUrvES AUPOL 1] VIOV TOOPOQTIOUEVES AOYLAOL).
T avdotpogo pfjynata, to £000g TG LWvNg ONUOVTIXYS TAQOUGRPWONS TOIQVEL OUTAAOLES TTEQITIOV TLUES.
Eivou emtiong agtoonpeimto 6t 1o péyefog e mooapéoqmongs Oty emLQAveLs TOV EdAPOUS TTUQUUEVEL TTQUXTL-
nd apeAntéo ugyor va avadvlel n dudoonEn oty ereibeon empdveLa.

Edaquni} xivnon xovrd 0o iyvog Tov o1fyuatog.- g Suvaineés avaABoeLs yia Turvy Gupo et avootodpou
o1ynatog mapatnondnxe 6t xovrd oto fyvog g ®ipLag Covng didtunong, 1 emtdyuvon elval peyaiiteon ano
QUTH TTOU RATAYQAPETUL LOKOLA OTTO TO (YVOG. ZTLS TEQUTTWOELG RUVOVIXOU ONYUATOS, 1] TOQATION 0N auTY LoYU-
€L yu To (yxvog e devtepevovaa Ciivng dudtpmone. H tomuny evioyuon mg emdyuvong oty eNQEVELD TOY
eddgoug extelvetan o wa epLoyrj evpovs otd 1H €wg 1.3H, eni tov ®ivotpevou mavtote Tepdyovs Tov p1yRa-
TOC. XTNY MEQIMTWON RAVOVIROU ONYHOTOS, O AGYOS TG UEYLOTNG RATAXOQUENG EMTAYVVONS ROVTA OTO (XVOS WG
TOOS TNV avTloTOLYN TLUY] Yo To ehetiBepo medio elvan 1.6, evad 0 AGyog yia tnv opulovia emtdyvvon eivan 1.1.
T avdotpoga priypata ol aviiotoryol Adyor eivan 1.7 and 1.6 (Zy. 12). Emonpaiveton 6L tomnr evioyuon
OV TERITTTWON TGS XAAAOTS CUUMOIOUVS A0S ETT( ROVOVIROU EYHATOS EIVOL 1.3 Yo TNV ROTORGQUEQY ETNTAYLV-
an, eva Yo TV 00IGVTLIL EMITAYUVOY OEV LIdQYEL EVIOYVON. AUTtS mBOvVHS Vo opelheTol 0TO YEYOVES GTL QU6
70 £00Og €L TOAU puxn Yoviog diaotoMromrag xow dev odnyel oto mhjon oynuattopns Lovng ohiotnong, ne
OTOTELEOUA VO U1V EXOMADVETOL ETOORIC AVARTNON TAQUUCQPWONG RETA TNV AOTOYLCL.

ZUYRQLUTIRA TTOOG TOL CVOTEQW UVAPEQETAL OTL 1] TEOYEVEDTEQN £xd00M Tov T'ahnot Avtioeiouxov Kavo-
viopov (PS89) amartovoe SuTAaoLaous Tmv ETTAYIVOEMV ETL TOV KIVOUREVOU TEUAYOVS, aveEQTITMS THITOV
onypnatog »ot owdmrag eddgoug [N dudtaln avt €xel agpoipebel amo TV VEGTEEN €x300N TOU RAVOVIOPOU
(PS92)].
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5. ENIAOT'OZ

ARG TV TOQOVOI0OT TTOU TTEONYNONXKE TQORUITEL GTL 1) AVILUETAOTLON EVEQYWDV ONYUATWY OTOV OXedaons
RO TNV KATOOREVT] TEXVIRMV EQYWV OEV TTOETEL var pag dnploveyel orjuepa aunyavic. AviiBeta vadoyovv Ta
péoa yio 0QB0AOYLOTIRY] EXTIUNOT TV BACIREV TOQAUETEMV TOU TROPMipaTog, TEOg dgehog TGOOV TG AoQd-
Aewag 600 xaw ™S owovopiag Twv €oymyv. ITagdrAnha Spmg Ba meénel va tovioBel Gt To mEdPAnua eivan eEat-
eTHd OUVOETO RO TOMG-TAQOUETOLRG %ow dev eivan emtl TOV TOEGVTOS duvat] 1 SLTITMON ATADV-YEVIRGY
®OUMEIWV, VTG poEYY AATAEEWY TOV aVTLOELOIKOU ROVOVIOUOU. AvtiBeta, 1) OxeTrY] EQEUVA VO TRETEL OV-
veyLoBel éwg to omueio ravomoTitg aUyrAong TV aoTEAEORdT®WV 0td BEMENTIRES TEOCOUOLDOELS, EQYQL-
OTNELOXA TELRAROTA ®aL ETUTOTOV TTapat1oels. "Ewg t6te, 1) UmapEn evepyoU TEXTOVIZOU Q1jynatos og Gueon
YEWTOVIQ pe ONUOVTLRG. TOUAAKLOTOV TEXVIRG. €QYa Oa TTREMEL VO OVTLUETMTTTETOL WG OVTLKEIMEVO ELOKIG PENE-
™G %ot EQEVVAS 6w TTOM OwoTtd TEOPAETOUV TOANOL OTYYQOVOL OVTLOELOULHOL RAVOVIOUOL, CUpTEQLAapBavo-
pévou tov eAlnvixov (EAK2000).

6. EYXAPIZTIEX

Oepués evyoQuotieg expedlovtal otov aeipvnoto Av. Kabnynoi tov EM.IL o A. Ianactopatiov o omoi-
0g 1Ty £vag amd Tovg TEWTOTGEOVS 0T0 BENa aVTo o POLRACTRE TEGHLPA TNV TAOVOLLL EPTIELDLCL TOV pottl
pog. Emiong, gvyaproties exgodlovion oty Ap. Povla Povioyidvyn tov Ivotitovtov I'ewhoywmadv Mehetav
EMGd0g (ITME) Y1 Tig TOMITLUES TANQOPOQIES TTOV YOG TOELYE OYETLRA PLE TOL ATOTVITWUEVD EVEQYA Q1 YpOTOL
omy xoa pag, xabug xow tov Dr. Peter Cundall tov Itasca Consulting Group yio. on-line fonfewa oty xojon
tov FLAC.
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TEXNIKH I'EQAOTI'TA: EEEAIZH KAI ITPOOIITIKEXL"
I. KOYKHE'

IZYNOWH

2y mapovoo epyaoia yiveror avagopd oty Teyviny Fewhoyio oxetind pe Tov #0oQLops TOU OVILLELUE-
vou, T dtayeovirt eEEMEN, Tnv emaryye Mot ®aTaE{non xow %aToXVOmOT, TNV EXTAIGEVON-TQOXTLXY doXNON
1B now g VoYEeWoeLs v Teyxvindv Tewhdywv, T aduvauieg tov #hddov otov EAMvirs yodoo %ot Tig
TRoomTRES Omwg drarypdgpovtar dteBvag.

ABSTRACT

This paper refers to the following issues: the definition of Engineering Geology, diachronic development,
professional practice and registration, teaching and training, responsibilities — limitations — future.

AEEEIZ KAEIAIA: Teyvu Fewhoyia, aviire(uevo, eXmTaidevon), emoyyeAuaTinyg »atoyiomwon — péAhov
KEY WORDS: Engineering Geology, definition, teaching — training, professional practice, future

1. OPIEMOEL, LTOXOI KAI ANTIKEIMENO

H Teyvinn T'ewhoyia amotehel véo emompuovird ®Addo mov ovotaound diameovd 890 oapuc xabBoolone-
VOUG QOVGC, TNG ETOTHUNG-YEWAOYIG ®a TG unxavixnis. "Etot, xoetdleton mowtayird o oapis ®a80oLopncs
TOU QVTLXELUEVOU YLaL VaL VLA ey el dteBvig amodoyn, dedopévou ot 0TLg OLAPOQES YDOES EMHRQATOUV SLAPOQETL-
n€g avuMpers non vedEyeL duapopeTind vdPabpo. TTotevetal, 6Tt 0 0QLOUAE TOV CUNPOVION®E 0o T Ale-
6vn "Evoon Teyvixng l'ewhoyiag nau [epufdrrovrog (IAEG) om I'evinri Zuvéhevon tov Kudto to 1992 €yel
avt ™ debvi avayvoowon (IAEG, 1992).

Zvpgpwva howtdy pe ™y IAEG 1 Teyvinn F'emhoyio avogpéetat oty €0euva, HEAETN xal EXIAVON TV TEXVL-
ROV %O TEQUPAMOVTLREV TEOPAUATWV TOV PITOPEL VO TTROXMPOUV 1S ATOTELESHE TNS AAANAETIOQAONS HeTa-
E¥ g yewhoylag now TV €0YmV-00a0TnOLOTHTmV TOU avBpdmov zabdg emiong oty TEAYVMON %ot 0TV avd-
TTVEN HETEMV YLOL TNV QTOTQOMY 1] AVILLETHILON TV YEWAOYIXWV ETURIVOUVOTHTWV.

Ou ot6yoL ™g "Evwone eivon va: (1) mpodyel naw evBoppuver v eEEMEN g Texvirig yewhoylag péow
TEYVOLOYLRWY OUOTNOLOTHT!YV %ot EQEVvag, (2) Pehtiiver ™ Sidaonrohict won exmaidevon omv Teyxvirvy Fewho-
yia, (3) ovyrevipdvel, aElohoyel zow dLadideL o AMOTELECPOTA TV TEXVIROYEWMAOYIRMY OQUTTNOLOTHTWY OF
duebv Paom.

Me Baon mv "Evwon Texvinayv F'emhdyov twv HITA (AEG) n teyviry yemhoyla eivol YE®AOyLrY eQyaoia
axeTry pe ™ unyoavixt, ta tepiporiovund Bépata row T dNpoota vyeld, TV AOQAAELRL KoL TNV EVNUEQIA.
Opitetar mg 0 *AAOOG EPAOUOYNS YEWAOYLRMV OEQOUEVOIV, TEXVIRWDV ROl YWV OTN PeAET appdtepmv (1) Tov
Boaymdwv ®au dAPROY VROV 0T QUOLXY] TOUS RUTAOTAON 0T TAAIOLOL ETLPAVELARMV KL VITGYELWY EQYOV,
(2) g aAAnhemIOQOONG ELOAYCUEVOY VARGV ROl DLEQYAOLHV Yol TO YEWAOYIXG meQdrrov. “"Etat, yewhoyirol
TOQAYOVTIES IOV ETNEEATOVY TO OYEILACUO, RATAUTHEVT], AELTOVQYIC RO DLATONON TV TEYVIRWY £QYMV XL TNV
AVATTTUEN, TTEOOTUCTCL KO AVTLUETOITLON VITGYELWY VTRV TOQMV, avayVOQILOVTOL IXAVOTTOWTIXA, EQUNVEU-
OVTOL RO TTALEOVOLALOVTOL YLat XO1OY 0T UNXAVIXY] ®OL OXETIRY TEOXTIXY. O TEXVIROG YEMAGYOS YONOOTOLEL
eEELOEVUEVY YEWAOYLRY EXTTAOEVON KoL EPTTELQICL YLOL VO TTQOOPEQEL TTOTOTLXY YEWAOYLXY] TANQOPOENON ROL
vrodeEelg Baolopéves 1600 0TV TANEOPAEENON GO0 %Ol OTNY ROIOM.

Ta tehevtaio xoovia 0 p6hog g TexVrig Yewhoylog otg HITA €xer avamtuyBei, mépa amd v apyxy
OTEVT] OXEQN UE TNV TIQAKTIXY] TOV TOMTIROU unxaviroU, e TOMES AALES EOWOTNTES, RUQIMS PNYCVIRGY, TTOV
XOEWGCOVTaL T YEWAOYLY] TANEOQOENOT YL T Mijym amopdoewy. MeQurég amd Tig ®UpLeg dQaoTNOLOTNTES TOV
TEYVIROV YEWAOYWV, OUppova P ™V tagardve "Evwon, mepiiaufdvouy:

- Tnyv €pevva Oepehinmong AV TOV THTOV YLOL REYALES HUTAOREVES, OTWS POAYHOT, YEPUOES, EYRUTAOTA-

"ENGINEERING GEOLOGY: DEVELOPMENT AND PERSPECTIVES
! Mav/pio Narpdy, Tpiua Tewroyiag, Mavemomuoirohn, 26500 Idrea
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OELG TRAQUYWYNS EVEQYELUS, HEYAAX %L RaL TTHQYOUG.

- Tnv oEohdynom Tov YemAoYIROV CUVONKRGOY ROTA KOS ONEAYYMV, YWYHV, SLwQUywV, 08LR@V *at 0LdNQOo-

OQOUKMDV YOOUURWV.

- Trm depetivnon row avamTuEn mnyav VARGV, BEaxmOmV Kol ESQUPIRMY, YL TIS OVEYRES TG RUTAOREVTIC.
- Trv €pevva xaw avATTTUEY VITGYELDV HOL ETTLQPAVELOXOY VOOTIXWY TOQMV R TN OLOYEIQLO, TEOOTATTO, KoL

Mym péteav yLo T vITdYELo. VEQQ.

- Trnv 0ELoAGYNON YEWAOYHOV ETULRIVOUVOTIHTOV OTTWE RATOMODTOELS, O YIOTO ROl OELOUOL, dLOYROTVUEVE RO

%xaTaEEEOVTa €0 PN, dLoYROVUEVO VITOPOQO, ATORAQOTMUEVO TETQWIM KOl QEVOTOTOL|OELS.

- Trnv aELoAdyNom YEWAOYIRMY CUVONREY (TEQIAAUPBAVOUEVOU RO VITGYELOV VEQOU) TTOU ENNQEEATOVY TV OLXL-

OTLRY], EUTTOQLXY] AL PLOUNYOVIXY X1 0N RO avVAITTUEN YNG.

- Tnv evotdBewa moavav, vrtofdaduion vdEOPSEMY, OTEAYYLOTHELE, XONON EVEUATMV KOL EXOROPLUGTNTOL.
- Tnv aogaii dudBeon amofAitwv ot yn.

O teyvirol YemAGYOL CUPHETEXOVY OTO OYEOLAOUS YONOEWY YNG, EQEVVA ETUTTWOEMV 0TO TEQLRAALOV, amo-
2ATAOTAON TEQLOYMV TOACLDV PETAMEIWV, OYENAONOS NeTapopds Euleiag, AopOMOTIREG ROL DRAOTIRES €-
QEVVEG.

ZUWITEQUOUOTIRA, OUppmVa pe TV tapardve “Evoon, n Texviu Fewloyia eival ovolaotxd yewroyio tmv
avBpdmmv. Yrdoyetl emetdr o dvBpwmot emtBupoly vor peTafAhovy o YEWAOYKO TEQBAAOV Yoo durif Toug
X010N ®oL eVrOAin, Vo COUV OF appovia: e auts eV HEQIRES PORES RATAPEQVOUV VO EABOVY %o OF aVTLITaQA-
Beom. To nUELO AVTLREHEVO TV TEYVIRWY YEWAGY®V elvar vo BonBovy toug avBpdmous yia va xatahdfovy 1o
YEWAOYW®O mEQLBAAOY, va TROCaEUooBOTY 08 autd ®at dlopbmoovy Ta YewmepBalhovtind Adbn Tovs.

H teyvinn yewhoyio givor o Tthéov ammantnurds *AAd0S Twv YEWMETOTHNWY AGY® TOV EVQOVS TWV YVHOEWV
OV OTTOLTOUVTOL YiLat ETLTUYT TEOXTLRY. Ot TEXVIROL YEWAGYOL dIVOUV EXTIUOELS YLOL TLS QUOLKES LOLOTNTES TV
YEWAOYLROV OYNUATLOUMDY XKoL VARV ®aBMS ®aL TLS ETUTTMOELS PUOLKMV OTOLYEIWV O TEXVIXD QY HECA OTO
xG6vo. Entong GupUETEXOUV 0TS TTQOOTIAOELES AVTIHETOTLONG TWV QUOKAVY ETUHVIUVOTHTOV PETO 0Tt TO O)E-
draopd xraw Cwvomoinom, xabdg xow oty €mAhoyn TG ®oTtdANANG OE0NS VLo TS RATAOREVES, OTNV AVATTUEN
ueBGdwV mepLopLopot g péAuvong xan didbeons Twv amoPhitwy xatr oe aELOAOYNOELS TV SLOpOEWV PUOLRHOV
népwv. To avureipevo g texvirig yemhoyiag dtevpivetar xGbe xoGvo og amdvinon twv mECEwV omd TV
inBuopaxi] Exonen, mv eEGVIANON TV QUORGV TGEWY, TN dLoEXMS avEaviuevn Bedenon yuo Ty eniteven
eQoAhovTLZOU ouuBLBacuot peTall e rowwviag xat yng xabmg xow v ovEavouevn xupeovnmiryg vopode-
oio.

Me Bdon to mToamdve, 1 TeXVI] YewAoyia Oev umoQel vo exqEoobel pue we 0eld auoTtE®Y 0dNyLHY
OAAG 6o amodéBnre and v Kiersch (1955) we “n téyvn 1 teyxvinn x0Mons yewAoyirmv otoryeionv xow nebo-
dwv yroe ™V exiAvon TEOPANUATWY TTOV EVOL CUEPUY PE TV TIQURTUKY TOV UNYOVIKGOY”.

O Hatheway (1998) exgpodCovtag 1o mvevpa tov emunpatei ong HITA, avagpgper GTL oL TEXVIROL YEWAGYOL
givou €vag ovoLddNg ETaiROg 0TV OTGROLON TG XOWVMVING Vo dnpuoveyfoet teptparhovitnd €pya xon va dloQ-
Bwoel otopunés mepiparhoviinés Inuiég. Tlapadooland, oL TEXVIROL YEWAGYOL OUYREVTQUWVOUV T OTOLXELD YLOL
vo. oteitovv drafovhevoeis oxetind pe €y, pehéteg onompudm tog, oyedaopus ron oprotny perémy. O pdhog
pog ot véa yLMEeTian elvar Vo SLaTnEOOVUE TNV LXAVOTNTO. CUYREVTOMONG TOOYUOTIXMY VDLV OTOLXEIWV
OoAAG now va ovvepyaoBoipe oe diemotnpovintj fdon oty avdmrugn. [pémet va evotepvioBotpe v aviiyn
oyeTnd pe 1o “Tewhoyird poviého mediov” mov 1irav oe wAjon dvinon ™ dexaetio Tov 1990. ITpog v ratel-
Buvon o, xoeldleTan wg TEYXVIXOL YEMAGYOL VO YONOLUOTOLOOUUE TNV KAAOOLRY YEMAOYLXY YVOION ROL EQUN-
Ve YL VoL XAVOURE TO HOVTENO 300 To duvatd mo meofhéypno vaw axEuBéc. TEhog ToviCeL To TOT0 YErowoL
elpaoTe mg TEXVIROL YEMAGYOL RO YEWAGYOL UnYavirol ot dtadinaoio aVILUETHTONS ROl BEQOTEIOS TWV TEQL-
Barlovitrdv mpoPfinpdrmy.

O Magar (1998) dwatvdvovtag Tg amypels rat B€oeis ot Cepuavia pag yvmpiter 6t n Teyvini Fewhoyia
OVOPEQETOL MG “EPAOUOOPEVY YEWAoYin”, Smtmg N vdpoyewhoyio. Autd Spwg, ®UTd T YVOUN Tov, dEV ElvoL
0WOoTS, OESOREVOL GTL 0 TEYVIXGS YEWAGYOGS eV mEEMEL var €L pOVO TOM RO YVAION TG YEWAOYIOG OAAG Row
QVTIAYN TG TQOXTIXNG TV UNYOVIXEY KOL TWV OVTIOTOLYWV YEWTEXVIXMV ®AAdwv. Anhad mépa amd v woto-
ol %o oCVOTOON TOV YEMAOYLRMYV EVOTHTWV 0L XOTOVONOY TV YEWAOYLXWY SLEQYAOLHV TETEL VOL E(VOL OYETL-
%GOG PE TS PUOLKES Rl XNUKES LOLGTNTES PEAYWV RO EQAUPADV KOl LRAVES VOL VTTOAOYIOEL TAOELS KO TOQAUOQPH-
OELG, L€ RABAQES AMOUTHOELS OTNYV TOUXTLXY TNG UIXAVIXIS.

Avagépovtag, TELog, 0Tt oL dUo emotipeg €xovy dragpopetxny piCa (n F'ewhoyion EMAnvixn vow 1 Mnyavirr
Aatvirn) xot riocopia Bewpel 6t N Texviry yewhoyia eivar orjuepa €vag e181x6g ®*AGDOS TG YEWTEYXVIXIG KOl
YLOL VO OVTLLETWOTIOOUIE TNV TTROXANO0N WG TEXVIXOL YeWAGYOL amortovvran: (1) avapudpgmon g exmaidevong,
(2) motomoinom g eEedinevong, (3) mohvemompoving cuvepyaoio von (4) dieOvijg mpanTiry.
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O\ Groschic and Galos (1998) tov Ivotitottov Teyvirrig Temhoyiag tov Teyvirot Mavemompiov g Bov-
daméong, avagépovral Gyl OtV TEXVIRY YEWAOYia aAld OTIG 0YES Kot PEOGOOVS TNG YEWTEYXVIANG UNYOVIRTG
%ol T OXEON NG pe To mePLPAALovV. BewEovv toug Gpovg Edagounyaviry, Boayounyavin, F'ewteyvinn, Iept-
Barrovirn Mnyavixy 6tL oviureoomaevouy Baoind o autd edio xot cuviBwg tpopépovtar pe Tov 6po I'ew-
TeXVIXY. ME ToV X0GVO0 TO avTLXETUEVO VTG €yive aveEAGE™TO, av xou elval PAaOTS appotEépmy, TG YEwAoYiog
AHOL UNYOVIRTIC, KOL OL TTOTEQEC NTAV 1) UNYOVIXOL e YewAoYLY] eEEdinEVON 1] YEWAGYOL UE TTOOUTLRY] UNXOVLRY].
Emonpaivovy 6t To. ETTeVYRaTo ToU TOMTHOY iy aviroy eEacqpaiiCouy Ty 1woportio petai g giong xon
mg avBowmdmrag. To ®AEW! TV uNYaVIXOV 0TO LOOLYYLO OUTG EVOL 1] YEWTEXVLXY], 1) TTQAXTIRY] KOL ETLOTHY
710V TEQLLaPPAVEL OMEC TLS DEMOENOELS OYETIRA UE TIS TEYVIRES TAEVQES TWV YEMVARMDV, TO QUOLKO RO PT] YEWITE-
OBAMLOV %Ot TIC OYETIRES PUOLRES OLEQYOOTES.

O Read (1998) avagépetat peta&d dAhwv 0to xGouo mov Qaivetal va avaxintel Hetafl YewAdywv xow
UNYOVIRGY TOV £QYAlovtan o€ §pya evotdbelag mpavdv oty Avotpaiio. H mpooéyyion oto mpophjpata ovtd
givat, Aoym tov vtéBabpov Twv xonotdy, dtagpoetixny| ov 1 rdfe pio €xeL To. TAEOVERTHUOTE TS Ha oL §H0
Bonbotv oty rolitepn yvaon twv xatoMobjoemy. Avotuyae Spme 1 EMenpn emrowvaviog petagl tmv 8o
ouddmv xan 1 EgxwELoT avagod Twv aroteleopdtwv, dev fonddel TeEMnd TV TEOYWYY TNG ETLOTHING KoL
TOMES PoEEg 0dnyel 08 AMavOQOUEVES EXTLUOELGS.

T 0 Taamdvm XAoPa VITGEYOUY, ROTA TV EXTUNOT] TOU JU0 GYELS, N ROt TEXVIXO-HOWVMOVIOAOYLHY] KL
avagépetar ot dadpowr me Texvirniic Fewhoyiag omy Avotpahio oe ox€on ue ™ Feateyviry Mnyoaveey xou
1 AN TEYXVIRY TTOV €)EL OXEON HE TY) OLOPOQETIXY] TTOOCEYYLON TWV YEWTEXVIRMY TQOPANUATWV.

2. AITAXPONIKH EEEAIZH

H wotopla aE1oonpelmtmy ®aTaoreVaoTIRGOY ETUTEVYRATMV EVOL TOOO0 oA 000 ROt OL AVORWITLVES ROTA-
YOOPES OV dyLtoay te TV eEGEUEN yahrov otn xepodvnao tou Zivd 15.000 xodvia mowv (AiBuvn eoyn) no g
vroyeleg dravoiEetg to 3.500 w.X. mepimov (Kiersch, 2001).

AQyrd n “yewhoywri]” TEXVN %L YVOOELS xonopomoovvtay oty aElohdynon guordv Béoswmv, 6,t ¢
ATEUELVE QIO TTOM) AELONOYES RUTAOREVEC-EMUTEVYUOTO. ATOTEAOUY ®ANQOVOULA cvTdV TV emdeElotitwy. H
YONOLUOTOMON TV “YEWAGYWV” 0TV aELOAGYNOYN PUOLRMV ETULRLVOUVOTHTOV %ol OECEWYV VL0 ROTOUOREVOOTIRES
Hp0OTNELOTNTES EXEL LDt LARQA LOTOQLO TTOV ONULovEYON®e 0o TG YVOOELS TV TEoYovov pag: Leonardo da
Vinci, Henri Gautier xow William Smith.

H dmoym 6t o1 yewhoyirég ouvOires umoel vo ennEedoouy 10 OENAOUS ROl ROTAOHEVY PEYAAINS HAlHa-
%G €QYWV OTmg OOOUOL, OLDEUYES, ONOAYYES ROt XWOEOL TAREVONS VEQOU avayvmpiotnxe »otd to 180 awdva
omv Evpoirn zow tov 190 awdva oty B. Apgouri. Ewdwixdtepa otn Bpetavia 1 texvirn yemhoyia €xel g oileg
™ 0t0 7ed{0 ToU TOAMTIXOU punyavixoy. O William Smith vmjpEe mpog v xateiBuvon avni mpmromdpog (200
¥o6via Towv) nal 0 Robert Stephenson ouvdiaoe ) yemhoywrij €0euva He TNV QYAOTN TOU OTNV ROTAOHEVT] TWYV
a1dMEodESumY.

H eqappoyr mg yemhoylag yior 0%0moUs unyoviol EXaEe (reo Q0RO TNV 0YLXY] LOTOQI KoL ETEXTAOY
twv HITA péyor m dexastion tov 1880. Iotooixd ot mpwtes yemhoywés e nan aQyég mov fondnoayv tig xoto-
OREVES TEXVIROV €YWYV 0N B. Apepiri] itav ®uping AGYm Tov tXavoTiTtmy Row ETLOTNUOVIRMV-TEYVIXWV TOOG-
dwv Evpamaimv gpguvntav oto 180 xat 190 audvo. Amé tig apyés tov 1900 ot dpaomordmteg emayyeApatiiv
EQPOOUOOUEVNS YEMAOYIOS 1iTav 08 armodenTo emimedo Twv avriotoywy s Evpdnmce.

O Prof. William D. Crosby ané to M.LT. €dwoe tov mpwto ouveyr] #inho exmaidevons ue SlahéEers nau
ONUELWOOELS 0T YEWAOYIa now pmyovent] To 1893, ot ouvéyera de (1893-1925) anotéhece mowtondQo emayyeh-
poricn xow ovpfovio yio texvird €oya naw Bempeitan “o marépag g Teyviriic ewhoyiag om B. Apeownq”.
Avaroyn firay zow n ovppodt] tov Charles Peter Berkey ot Néa Yopun, mepimov to 1895. O Gilbert (1884) rirav
0 TEMTOS HOVTEQVOG YEWAGYOS 0T B. Apeouni] 600V agood 0T GUGKETION TWV 0EYMV TV LAHUOTIRGY, PUOL-
S HOL UINYOVIRIS OTNY ETTAVOT YEOAOYLROY TEOPANUATOV.

Zug apyéc g dexaetiog Tov 1930 1o endyyehpo TOU TOMTIROU PNYOVIZOU CVOYVIOLOE TNV avayxn yuo
HEYOAITEQN YEWAOYIRY TANQOPSENON *ait OUUPOVAES Ota Peydha QY. AVOTUYMIS TOTE 1 YEWAOYLXY] ETLOTIUN
dev ovTamorQION®E GUETA OTNY OVAEYRY TOU TOMTLZOU UNYoviZoy Yot XOAMITEQY YVADON TWV PUOLLDV LOLOTHTOV
TOV BEAYmV xat d0p@V. AUTO eiye 0OV OTOTEAEOUA VO QY ITOUY OL (BLOL OL TOMTIROT UNYOVLROL VOL TAQEXOUV
aut v TAneo@denon. ITpwtordpog g opddag twv pnyavirdy avtay frav o Karl Terzaghi. Eoydotnue oty
Apegown (1912-15) now ot cuvéyeia oty Evpdan yio vo mpombijoet tor ovyyev medio edaqopmyavinic xat
vemhoyiag yio €oya moltnot unyoavinot. Exéotpeype oty Apeownn wg Kabnynuic Mnyavizic Ospehooeny
oto Harvard (1938-1963) now vang€moe wg StoxerQIUEVOg ZUppoviog yua £oya moMTxou unyovinot oty B.
Auepun. O Terzaghi fdoroe tig Bewpieg Tov Yo v edagounyavinn tdavm ot otépen yewroyiry yvwon (Terzaghi,
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1955) »ou mwioteve on ndbe €0 oy edagopnyaviny (Yewtexviry orjpepa) Bo mEEmEL var elval xatd TO
Muov yewrdyos. O ovvduaopds avtds mov avayvaploe dev axorovdijdnre amd tovg dtaddyovs Tov rat vt
amotéheoe pueydhn emayyehponxy amoyorjitevon (Terzaghi, 1963).

O B’ mayréouog mohepog (1939-1945) €pepe v eaopuoopévn yemroyio oe Grho enimedo ®ou oL EQaQuo-
YES TG YEMAOYIOS Yo OTRATLWTIROUS OROoTOUS Gnmg avomtiynxre omyv Evpomm xar to Néto Ewpnvixd rrav
and tg mhéov ovowdels mpoddoug Mg Texvinc Fewioyiag ota péoa tov 190v awwva.

H nepiodog petd tov méhepo €ywve pndotuoas me avamtuEnS TOV EQAQUOCUEVV YEWETLOTNUMY KO OVOLOL-
otxis feltimong oto emayyeARaTIRG TEDLO TNG TEOHTLRNG OtV TEXVIXT] YeEwAoyia. Ta vEa evdlagpépovia oTig
HITA eondobnxay meQuoo6teQo O emotnrovird BEpata mov teQLeldpfovay: Tig QUOLKES SIEQYTTES, XQOVO-
AGYNOon ONYHATOV RO GUVOIHV QUUVOUEVQV, ETMITTAOELS 0T0 TEQUEdAOV amtd TG dQa.oTnELGTTES TOU avOeX-
OV ROBMS oL oL VIEVOVVETNTES TV YEMAGYWV OTNV TEOCTOOIC TS VYELOS, OpALeLas ot evnpuepiag Tov
xowou (Kiersch, 1991). Extiong petd tov toAepo o Stdgooot xpatixol gpopeis evegyomorjfnxay otnv Apeouxij
%ow Evpdmn yuo o 0€104 ey vVIroYEmAoyrdv pofinpudtmy ko Wiaitepa o oyéon pe €pya odomotiag, meo-
unBeLag vepoy, Lwvomoinomg yio aotrois OromoUs, EAEYXO TOV TIANUUVEMY, avolitong QUOK®Y TORMmV. A6
10 TéA0g pdhota Tov 1960 avoamtiyBnxe 1 aviiknym yio TV TOO0TACIN TOU QUOLXOU TEQLRAMOVTOS *aL TV
ENMIOQAON TOV TQOTEWOREVWV TEXVIXDY EQYWV RO KVEIMS AUTMV OV ouVvIEovTOV pe T didBeom tmv amofhii-
TV, TUENVIXMV ROl Y1)

‘Ooov agogd. otnv eEEMEN ™ ¢ Texvinis Femhoylag otov EAAMvirG x®0 Yivetal eXTEVIS avagpopd o mo-
haudtepn epyaoio (Kovxng, 1993). Zvvorund avoagpépovion ta eENg:

- Iow ™ deraetio TOv 50 VTAQYOVV PEPOVOUEVO TAUQOUELYILOTOL CUUUETOYNGS TWV YEWAGYWY OF TEYVIXOYE-
WAOYIRA-YEMTEYVIXA TEOPAHOTA KoL %VQIWS O autd OYeTLRA e TNV OELOAGYNOT TWV RATOOTQOPLRWY YEWAO-
YRV Qouvopévov. Eviovotepn moovotdletal ) evaoyoAnon pe to avixelpevo avtd petd myv idouon mg
T'ewhoyirvric Yrnpeoiag g EAMGdog To 1919.

- H dexaetio tov "50 yopoxmeICeTon yio Ty VEQYT CURUETOYY] TOU YEWAGYOU 0TV aELOAGYNON TwV deVTE-
QOYEVHV QTOTELECUATOV TOV CELOUEV RO ®VRIMS TwV natootntndy mviicemv. Kiprog popgag mpog v
rotevBuvon ot fjtav n Cewhoywrn Yanpeoia mg EMddog (Ivontotto 'ewhoylog o Epevvav Yreddgpoug -
ITEY, vuov ITME).

- 2 denaetio Tov '60 doyloe va dwaypodgetan  Texvinr Fewhoyia oy EAMdda pe v xataoxevr twv
ueydhmv €oymv vmodoprc, ®xveimg goayudtov ot dpdumwv. H mepiodog avt oupminTel ovoLomnd pe ™y
£{00d0 tov ‘EMnva yewAGyou 0to xixAopa HEAETNG, RATOUOKEVTS ROL AELTOVQYIOS TOV EQYWV QUTWY.

- 3 dexraetio Tov 70 mOQOTNEETOL dOOTTNELOTOMON TOU ROATOVG UE TN dnpovEyia dlapdpmv TuEnvmv
oe Opyaviopovg xou Yneeoies evad mapdAnia ewodyeton n dudaoxakio tov patjparog mg Texvinrig Fewhoyi-
ag oto [Mavemonjua. H égevva eondletar oty »oAUteen HeAET) TV ROTOMOINTIRGY Qavopévmy, v alo-
AGYNON TV QUOLRDV-PNYAVIXDY LOQOXTNOLOTIXMV KO TNG TEYVIXOYEWAOYIXIG CUUTEQLPOQUS TWV OYNUOTLOPDY
UE TNV EXTEAEOT ETTL TOTTOU RO EQYUTTNOLOXMDY JORLUDY, ROUBHS R 1) CVVTAEN XQTWV PEYAANG HAIHORAS VIO TG
avayreg Tov EQyav. ZTo TEAog g dexaetiog avtrg Wevetar xan  Emrpomyi Teyviryc Fewhoyiog g ETE mou
TaQovoLdlet €xtote o péxoL onuepa aEldhoyn dodon pe diebveig mpoextdoeLs.

- 2 dexoetict TOv 80 ONUELIVETOL OVOLAOTLNT] TEGOOG PE TNV EVEQRYOTEQEN ovppueToyy g Texvinng I'ew-
hoyiag oL o€ GAAOVG TopElS, Omms 1) SLaTiENON KO TEOOTACIN CEYOLOAOYIRMV XDOWYV KL UVNUEIWV, O YWEOTA-
Eog oyedLOONSS roL OVATTUED, 1) AELOAGYNOT TWV DEVTEQOYEVMV ATTOTEAEOUATWY TV CELOUADV, 1) dLdOeon Twv
o€V amofhjtwv xrou amopoiupdtmv. Ievird pe tg véeg avtég dpaomoerdmres (XwpotaEia, ITepifdilov,
AvToeloprog Zxedlaopds) dnutoveyouvton VEOL TURTIVES O XEVTQIXG XL TEQLPEQELORG EN(EDO EVA) 1) £QEV-
va €YEL avdroyo TEOoavVoTOMOUS (cvompoTiry TaEvounon xot Lovomoinom TV OXNIOTIOUMY HE TOCOTIRES
TAEOV EXTUUOELS, AEUOUNTLXT] EXPOAON ROL OTATLOTLXT] OEDMENON TOV YEWAOYIRMV QPOLVOUEVOV, CUVTOEN X OQTWV
ueyding ¥hipaxac, xmdomoinon xo aQyeLBETOoN TWV TANEOYPOELWV, ELCAYWYY VEWY TEXVIXMOV now neBodo-
Aoylag otn dtepevvnon Twv VIEdaPLRWMY CUVONKROY).

- 2t deraetio Tov "90 onpeLdVETOL 0ROUO LEYOAUTEQY CVOLYVAIQLOT QTG TOUG 0LQUGBLOVS (POQEIS Raw guva-
peig xhddovg tov pdhov g Teyviniic Femhoyiag xan yevindtepa TG SLETLOTHROVIXYG CUVEQYOOIOS OTO TAQLOLO
UEAETNG KOl ROTOOREVNG TV UEYAAOV TEXVIXWOV €QYMV TOV TEaypatomonidnxay ot xwoea, ®abwng xal Tov
EMITTAOOEWV 070 TEQLPAAAOV amd Tig didgpopeg mapeuPdoels vou xorjoes. Epgvvnund, ta avuxeipneve g moon-
yovpevng denaetiag eEELOMEVOVIOL URGPO TEQLOCGTEQO GO0V OPOQT. OTNY TOOOTIXY] ERPOAON TWV OTOLYEIWV
AOL TNV TEQOULTEQW aVATTTUEN NG YewTeVOhOYIXS.
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3. EIAITEAMATIKH KATAZIQXH KAI KATOXYPQIH

O de Freitas (1994) oyetird pe mv emayyeApotint] xotoxiomon avagpépet ot oe eninedo Evpwmainig
“Evowong, 1 "Evoon Evporaimv Femhdymy €xet mdoet my ddewa yio ™ xonotpomoinon tov tithov Evpo-T'ewhd-
you (Eur. Geologist) omwg axoipwg ovpfaiver zor pe tovg Mnyavirovs. Ent mhéov Bempel St 0 yodvog eivar
xatdAAnhog yra tov titho Tov Evow-Teyvirov T'ewhdyov (Eur. Eng. Geologist). Entong diver o Iivara v
RATAOTAON TTOV ETRQATEL HEYXOL TO 1994 Go0ov apopd oty enayyehuann xatoyiomaon ™mg Texvunric Femhoyi-
ag. 2 nopd xwea, pe fdon ta otolyein avtd, dev vadpyet ) duvatdmta damiotevong oy Teyvirr 'ewhoyia,
TEd POVo g YEmAGYOU. v Ayyhla mt.y. vdoyel n duvardtnto eyyoagns ot enimedo diamiotevons (C. Geol.)
amd to 1994 xdtw and mv evBivn mg Fewroying Etalpeiog. Zmv EAAGda yiveTon autopato TAEOV HE TV
anéxInon Tov ootroy rruyiov xat my eyyoagh oto F'ewteyxvind Empeinmioro. Zmv Tovprio vdoyet duvatd-
mra eyyeogns oto Empelnmolo F'emhdywv Myyavizov. Zug HITA dev vrdoyer duvatdmra diamiotevong og
Texvirot 'ewhdyou oe eBvird emimedo mad povo g YewAOYoU, 0 neQLRES moMteleg diveTan 1) ed AT T TOV
Teyvirou Fewhdyov, evd oty Kahpdovia divovrar eEeTdoels yio v ddeLa aoxjoemg emayyEMIaTog ™G 10t
romTOg Ta TeEhevtala 23 xodvia, onmg Bo avopeBel AeTTOpEQEOTATU TAQARATO.

Eniong, omy epyaoio avni divovrau, oyenxd pe my Ayyhia, ot t1oémol yia ™y eEEMEN Yewhoywv xat Mn-
yovizav oe Tewteyvirovg ewdmovg zabuwg zaw Zvppovrovs (Geotechnical specialists »ow Geotechnical Advi-
sors), Ommg aTé ovppovinxe pnetakl g Fewioywrig Etaupeiag »aw tov EmpeAnmoiov Ioltinav Mnyovi-
HOV.

Téhog, emonpaivetal 1) dpeon avdayxn yia vy evepyomoinon e LA.E.G. oyetnd pe vy mpowdnon g
Teyvunrs TewAoyiog wg AvTKELUEVOU KOl ETAYYEAUATOC.

Zvpgova pe mv A.E.G. o texvirdg yewhdyog otig HITA avolapfdvel og ouveQyaota (LE TOV TOMTIKG pnya-
Vixo, Eva onuovtizo teEido vevbuvomrag yio ™) dnudoia vyelo, aogdielo o gunuepia ato Pabud mov ta
Teyvrd €oya emnpedloviat oo YEmAoyrovg mapdyovtes. To endyyelua tov Mnyoavirov €xer Oeopnobempévy
avt] Vv vrevBuvomta oe Gheg tig HITA. TTapdhinha n A.E.G. €yl MUOCLEVoEL ROIKA TQAKTIRIS YLOL TOUG
YeEWAGYOUS Yo vo. fonbriogl £ToL Ty emayyehuatiry xatoyvowon tovg. Emumhéov n ‘Evoon mpoorabel va dua-
™EEL VYNAO emmoryyeuoting eminedo vou va emonuaiver v vrevbuvomra tov Teyvinov T'ewidyov anévavn
OTO %OLWVO.

"Hon morhég TTohiteleg €xouv vOpoBeoior OYETRA PE TNV TQUXTIKY TNG YEWAOYIOG, TEXVIXIG YEMAOYIOS 1]
yewhoylag unyavixov (geological engineering). H vopoBeoio avni eivol avdloyn otov Timo pe auni twv pnyo-
ViroV. M€ 0r0mTG TNV OUOYEVOTOMOT TWV TROCOVIWY YL TV ETCLYYEAUCTIRY] RATOXUQWON TWV TEXVIXRWV YEMAO-
ywv oe A v Apeown 1 ‘Evoon mpoomaBel yio v eLoayoyr] vopmy o€ xdBe tolteln mov Oa faoiCetal otny
exmaidevon, oy gpmelpio row eEeTdoels ®oBMg ot ot dMnuoveyia avaroywv Empeinmoeiov.

Tty vhomoinon tov mapamdve apydv xal 0eopmv n A.E.G. dnpoolevoe and to 1981 (devtepn €xdoan to
1985 »aw it t0o 1993) €vav Odnyo emayyehpuatxg mpaxtxng (Professional Practice Handbook) wov Oiyeu
rat O€pata emayyehuonzng deovioroylog oe ovvduaousd pe oho Ta OERaTH ETOYYEAROTIRYG TTQOXTLRNG.

Zug HITA pepurol texvirot YEWAGYOL €X0UV ETIONG TNV ROTAQTLON YEWTEYVIAMV UNYXOVIXOV 1] PIYOVIRWOV
petaiheiov. Ahhor €xovv €500V RAAG TNV RATAQTLON PNYAVIRDV YEOPUOLKIS, YEMUOQQPOAOYWYV, CELOUOAGYOV
RO TEXTOVIXAY YEWAGYwV. To emdyyehua g Texvunric Tewhoyiog €xetl otevots deopovs row OuvOETELS e QUTA
T ovvagn emayyéhpota. Do wdBe texvind yewhoyo eivor onuaviirs vor EXTLUd TIS TQOOWITLRES ETTOLYYEARCTL-
%ES QUVOTOTNTES KO AOUVAN(ES KOL VA TTQOTPEQEL UTNOET(ES UOVO GTAV AUTES TUVOVTOUV TLG TQOILAYQUPES Rt
™G ETOALYYEAUATIRIG TTOOXTLXIG.

O Williams and Dellechaie (1994) mepiypodgouy eidixdtepo mv epmetpio omtd mv Iovtelo mg Kahgdo-
VIOG OYETIRG. [LE TNV ETOYYEMLOTLRY] ROTOXVOWON TV YEwAGYwv. "Etot, 1 faown ddewa doxnong emaryyEAuatog
glval auTi ™S EYYOQPNS WS YEMAGYOU 1 Yem@uottov. Kdtw oo Tig eYYQupEs auTES ETUTOETOVTOL TLOTOTOMTL-
% eWdréTTog wov divovraw €nelta and eEetdoels, onwg Ba avagpepbel mopaxrdtm. Méyxol to 1994 n uévn
eldmdmra frav auni Tov TEXVIROU YEWAGYOU, evd) ard to 1995 divoviar xat motomommnd oxeund pe ™y
£L0WATNTA TOV VOROYEMAGYOV, UE AITAQALTNTY XOL OTNV TEQITTOON VT THV EYYQAPT WS YEMAGYOU.

‘O00V 0OQU. OTLS OTTOUTHOELS YLOL EYYOUPY] RO ELORGTITO OTTOUTOUVTOL ROUTHOLO OROONUATRA, EUTTELQTOL ROl
yoarnrég eEetdoeic. Ta mpwta ouviotavrar og 30 Bpeg to eEdunvo, wg eAdyLoTto 6010, pabnudtony yemhoyiog og
TETOAETY RUKAO OTOUDEIV. ZYETIRE UE TNV EUTELQLCL O VITOYIPLOG TTOETEL VO EXEL TOVAAXLOTOV 7 XOOVL0L ETTOLYYEN-
uoTrng YEMAOYLRIS amaoyoinong tov mepthaufdver Tola xodvia To eAAXLOTO O€ YemAoy} EQYaoia ®dTwm amd
™V eTOTTEIR YEMAGYOU 1] UNyOVInOU TToV €XEL TN OYETLRY] ddeLa. OL Tovemomaxég otovd€s petpotv uéyoL 2
¥e6vIaL (Modg xp6vog Yo ®abe aradnuainy xoovid) nabug exiong xot ou petamruyiones omovdés. TEhog, o
eEeTAOELC YivovTal dU0 QORES TO XOOVO, EIVOL VITOYEEMTIXES YL0L GAOVS ®ow eEaLovvTaL HOVO Tl IOV EXOUV
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Gdeto dounong and diln Mohtelc. O aBuds Twv vroynginy yua eEdoxnon and 200 to 1980 eiyxe avEnbei oe
1200 to 1990 %o oM TEQLOOGTEQOUS ONPEQQ, VRIS AGY®w nelmong T anaoyoinong ot fropnyavia metoe-
haiov (6mov dev Tnrelton ddela dornong emayyéhpuorog) vow ™ dpopatiky avEnon g amaoyoAnong Twv Yem-
AGyav oto mteQuBdilov (VGyewa veQEd, TOEWA amdBAnTae ®AT.), ®UEIWg KE T ROQEY TOU PEAETNTY.

O Magar (1998) oxetxd pe ™ I'eppavia avagéper 6t ivan amagaimm 1 eQaopoyr xortneiny aEloAdyn-
onG. Ze peprd medio unyovirdv my. yio vo. eQyaoBel namolog wg eldds Ba mEEnel vo amodeiEel emapn
exmaidevon row mePimou 5 xedvia emaryyepaTiny epnelio wg egyatopevos. Oempel pdhota 6t ov EOvixég
Emrponég Ba mpémer va eEetdoovy ot wg nétpo fehtimwong e mowdmrag oty Texvixr Tewhoyio.

O Read (1998) onuewdver 6t 1 Texvoni Fewhoyio oty Avotpahia doyuoe and T deraetio Tov 50 pe v
gvnouEia xataoxeviic vdpoNAerTOAV €QymV RaBwg naw TLg avdayxes g I'ewhoywng Yanpeoiog g Avotpo-
Mag, oxetind pe v avalitnomn xow aELomoinon 0QUATWMY TEQMY KoL THV RATAOKEVT] SLAPOQWY TEXVIRWDV EQYWV.
OL TEQLOTGTEQOL TWV TEXVIHWV YEWAGYWV £l TTTUY (O YEWAOYING, OmEXTNOOY EUTELQLO OTAL EQYOL KO CUUTTAY-
WOV TG OTOVIES ToVg aYSTeEa 0T Mnyavixy oe petamruyloxd eninedo. Me v ohorhjomon twv peydhwv
£oyav oto TEA0G ™ dexaetiog Tov *80 naw ayEg avtic Tov "90 Gheg oL BETELS TEXVIRIG YEWAOYIOS OF RQATIXES
VINEEOTES XABNKAY ROl OL TEYXVIROL YEWAGYOL peToxiviBnxay og ovpufoviol 1 ot petarieviny] frounyavie. H
€Mewyn emiong ndbe ovolaotirig otvdeons neta&v tov Texvirou Empeinmoiov (IEAust) xol g Avotpahio-
u1ig Tewhoyirnc Etaupiog 0djynoe toug texvinois yemhdyous va eyyooapotv oty Avotpaiioxti Etoupia Tewm-
UNYQVIXIG TTOV VTTGYETOL 0TO Tapamdve Empuenmioto yia va eEao@alioovy €10l emayyEMOTxnT] RoToYX QMo
nov dev mpoogépel | Emtpomi Teyvirnc Iewhoyiag g Avotpahaniic T'ewhoyiris Etawplog. "Etor ofjuega
ROAOUVTOL GhOL YEWTEXVIXOL unyovirot. Ot vEoL otov ®hddo autd g yewTey Vg €Youy vméBabo unyovirov
ne ehdyrot 1j xabdhov exmaidevon ot yewhoyic.

Ztov evpwmaind xweo, n "Evwon Evponaiwv 'ewidywv (EFG) napovoiaoe to Noéuporo tov 2000 €va
xetpevo gpyaoiag “H Texvinn 'ewhoyia oty Evpwnn” mov exmoviidnne and vy Opdda Epyaoiag Teyvirig
TFewhoyiog e EFG nau eyxoibnze and 1o Zvpfovio xow m Zuvéhevon s EFG. Avté to xeipevo Ba mapov-
owaofet omv Evpomain Emtpon xow 1o Evpwnaize Kowofovho yua va mpowbnbet Odnyio oxetnd pe g
YEWAOYLHES-YEWTEXVIRES EQEVVES 0 dnudata xot Wdwtnd €Qya.

O 016%0¢ AUToU TOV KEWEVOL Elvar vo armtodelEeL OTL £IVOL AmaQATNTY 1) CUUUETOXN TWV (TEXVIXMV) YEMAG-
YoV OToL TEOTH OTAdLL OYELONOT Row pEAETNG TV TEXVIRWVY £oymy. Emonpaiveton enfong 6t O mpener va
amoXATOOTAOE! ROAMITERN emXOWVMVIO HETAED YEWAGYWV ®aL pnyovindyv. Idwaitepa TOVITETOL ROl TERUNQLOIVE-
TOL M OMpaoie TOU QOAOL TG (TEXVIXIG) YeWAOY(OS 08 HeYAAo 0QLBNG dAOTNELOTHTOV GOV TaL £QYX TOMTIROU
PNYOVIROU %o 1) TEQLBarAovTLY drayelplon EmNEEGTOVTAL OO TA YEWAOYXA XOQOXRTNOLOTIRA (YEWAOYIXG po-
VIEAO RO TTOQAUETQOL - YEWTEYVIRES LOLOTNTES TV EVOTITOV TTOU dOpOTY avtd) tg Ldvng 6rov 1 dpaotoLdt-
TOL EVTOTICETON.

IThAny Spng dev drevnpvietar OTo REPEVO O POROC HOL TO. TTOOTGVTO. TWV YEMAGYWY, TEXVIXDY YEWAGYWV
RO YEWTEXVIRAY pnyavirayv. Exiong avagépovial xat oL ravoviopol amd YewTexvirig TAeveds mov toyiouy
ong dudgopeg xwpeg s E.E. ®abvg xaw n mpoonddera g E.E. yia v ®aBi€pwon mpog v ratevbuvon ovt
oyetvot Evpoxrodiwa (Eurocode No 7 - Geotechnics) oy€dto tov omolov €xel d00el ot dnpootdmra %o
avapéveton vo ohoxAnemBel ot eTGpeEva TOIX XEOVIAL.

Zmv EMdda, o pohog g Texvixric Tewhoyiog €xel avayvwouobel 0to gl ®»unhopo pehémg ot rota-
OREVHG TV TEYVIRMOV £0YWV %o INTovvTal oL YVOOoELS ol eEELOREVUEVOUS ETUOTIUOVES, O€ EMIEDO UENETOIV
znow oupfotiwy. ITpog v ratetBuvon avni xabopiotrd poho ErnonEe n mopovoio g EMAnvintic Emtpomig
Teyvinig Tewhoyiag g IAEG pe tig ovveyeis exONADOELS, TOQEUPATELS, TNV ETLTUXNUEVY TAQOVOTN TWV NE-
MV ™G onig peréteg nabwg row TV eloaywyr xow dSidaoraiion Tov padpatog omé RaTaELWUEVOVS OUVAdEA-
POUG.

IMnv Spwg n Texvirr Tewhoyia dev amotéheoe péypl orjuepa diaitepo ®hddo g Mewhoyiog pe ™y avdho-
YN vopoBeTini] vAAvm xon XaToxVEMON 0UTE QAIVETOL VO, TQOXRVITTEL ROL TETOLOL dLEXOIXNON OIS TOUG EMAYYEM-
poTrovc kuplng @oeels Tou avirelpévou. AveiBeta n didaorahio tov pabrjparog otig Zyoheég Tav Myyaviray,
1 €Ee1dixeVON QUTWHV 0 PETOTTUXLORG ETIEDO, 1) YEVIRGTEQY OTTALITNON TOV £QYWV Y10 OTEVY CUVEQYOOTM YEW-
AGYOU ®ow pnxavirov, oL adUVOULES TTOU TAQOVOLAToVTaL 06 YEWAOYLXRIS TAEVQAS €X0VV OUPBdleL O [ TEO-
00EUTIXY] HETARIVION TOU OVTLRELUEVOL TTROG aVTE TG Temteyviniic Mnyavinijs. Aev eival Tuyaio to Yeyovog 6
%o o€ enimedo Aroinong €xel aYIoeEL Vo SLLUOQPAOVETOL ) OVTIANYm T, eviewTivy pdhoto eivan 1) Tehev-
tato TeonqEuEn tov YITEXQAE 6mov epgaviteton o #hadog “Mnyavinic Temhoytag now Temteyviuig” ue
Baowd mruyio TToltinot Miyyavirov.

Zvpmepaopanrd to avireipevo mg Texvirng Fewhoyilag eival ofjuepa og ®QIoWo oTawEodEOuL, XoeLdte-
T a6 TV TAEVEA OGS CUVTOVIOUEVY TEOOTABELD HECa amd VmArjg 0TABuNG TaEOVoio OTg HEAETES, OAONAN-
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QWUEVY EXTAIOEVON], OTEVY OUVEQYHOIN [LE TOVS OUVOPELS ®AAdOVS RO Guveyt] TEOPOAY TOU QOO TG TEYVIXNIG
yewhoylog. Emonpaivetar 6t ) tpdoxinon-rmedxinon aut omevfivetol ®upilng otig VEDTEQES YEVIES Twv E-
TOTNUSVOV yiar T dtationon xat Taeomépo eEEMEN TOU aVIKEHEVOY, TOV e TOOO KOO KOl TEOOTAOELL
avadeiyOnune xow avayvmeiodnre e aveEAQTNTO ®oL He TOAD ETUTUYNUEVY] TAQOVOIOL ROl ETTOLYYEMLATIRG OVT(-
®owopa xhddo ot €va diororo mpdypatt TeQLPAALOY.

AE(CeL Spmg oto onpeio autd va avogeedel n péyoL ofjpeQa mEaxTry ot Xhoo Hog OYETIRA Ue TV ETTOLY-
yehuatixy ®ataElmon xow ratoxiomaon TS YEWAoYIag ®at Tov YemAGyov. Ia to o1omd avtd %xpifnxe oxrémpo
va. doBel 1 uéyol ofjuepa VITdEyOVon VopoBeoia Tov £xeL mg eENG:

- Odnyog yuo ug pehéreg Anpooiov "Epywv, Eyxinhior 37/1885 nou 27/1997 YIIEXQAE, MEK yuo tae Anud-
ow “Epya, ABva 1997.

H mpdhtn eyrinhiog avagpépetal oty exmovnon ueketdv dnuooimv €pymv (Odind, Ydpavixd, Awwevixd,
Krupuaxd) xow n devteon oty exmévnon pehetdv Anpooiov "Epymv (ta (dior 6mmg mooamdve €0ya) Ue To
avompa dnuompdmong €pyov: Merém-Kataoxevry).

- TTpoedoxo Avdtaypa vv'atd. 344/PEK 297 1. mpiito/29.12.2000. Aoxnon Tov exyYEAMLUTOS TOU YEWTEYVL-
%OV,

- Tpoedoird Awdtaypa viw'aold. 16/PEK 13 t. mpwito/14.2.1997. Enaryyehuatinyg xatoxiomon Tmv Iruylovymy
tov Tunudtwv Fewloyiog twv Iavemotuiov ABnvaov, O@ecoarovizng rou ITatoov.

- ®EK 223 1.5e101£00/2.4.1993, Yrovpywn Anogpaon Alde/1362. "Eynpion avdhvong TV YEWAOYLRWY Q-
Yooy (Yo T oUVTOEN HEAETWY KoL OTIG RATAOREVES Anpooinv "Epywv).

- ®EK 29 1.0e0te00/11.2.1986. TeyvirEg TOOOAYQUPES YEWAOYIROV EQYAOLHV UECK OTOL TAAIOLAL TOV PEAE-
TV TEYVIRWY EoywV (E 104-85).

Ané 1o 1998 1o YIIEXQAE ovyrpdmoe emromy yio Ty ““Exdoon odnyudv yia ) otvtaEn Femhoyirav-
Tewteyvirdv Mehetwv Teyvinav Epywv”.

Me pdon to véuo 16/77 nabopiobnxe emiong to mruyio pekemui. O votnyopleg mov evOLOQEQOUV TOUg
yewhdyoug elvar n 20 - Mehéteg von €pevveg Femhoynég, Ydpoyewhoywrés nouw Tempuorrég row 27 - Teoifah-
rovurég pehéteg (Ipoedowrd Awdraypa 541/1978 pe vy v'apld. 256/98 tpomomoinon OXETHA LE TV ROTNYO-
ola 27).

- Yn Temeylag - A/von Tewhoyiag-Ydpohoyiag. Texvirég mpodiayoapés xar Tipordyua yie T ovvtan uehe-
TOV YEOMOYWRIS-YEWTEXVIANG “aTtalinhdmrog Wuwtirdy eEwmotdmmy MuvodeEapevav, oto mhaiow Tov
navoviopoy 2328/91 g Evpwnaintg "Evwong.

- ®EK 838 1. 1€100710/23.10.1998, Yrovpywi Andgpaon aptd. 26882/5769. KaHoplonds dIRaoA0YNTIRMY %ot
SLadiraoiog yie T HElmoN TOV UTOOTACEMY TV LOQUOREVMV 1) ETTEXTELVOUE VMV ROLUNTNOIWY.

- ®EK 723 7. delte00/15.7.2000, Yrovpyw Andpaon aolf. 16374/3696. "Eyxolon mpodiayQagav yio vy
EXTOVNON UEAETAOV YEMAOYIRNG ROTOANAONTAS OTLS TEOS TTOAEODOUNOT) TTEQLOYES.

- Odnylo mg E.E. (2000/60) vy v mohtizy enl tov vddtmv.

- ®EK 209 1. t€10070/9.4.2000, Yrovpywn Andgaon 9572/1845. Texvirég mpoduaypapeés pehetav Ievinay
Moieodoprmv Exediov (T.ILE.) row Zxedimv Owiotris Opydvmong Avowrtig TTéing (EXOOAIT) now
OUOLBES PNYOVIRMV YL TV EXTTOVNON PELETOV.

- Admovyry Anégaon pe Oéua “PuBuioeis Tov 1odmov xat ™g dtadiraoiog epaopoyris ™mg rapaye. 10 tov
0. 3 tov v. 272/76 (6mwg toomomowdnxre ue to v. 2702/1999) yia ty eyyoagn tov IFTME »ou tov emiomuo-
Vo EocwIKoy Tov oto Mntowo I'oageinv Mehetwv.

4. EKIIAIAEYZH

O de Freitas (1994) 6ewpel 6Tt 0 TEWTAEYIMGS 0ROTOS TS OLdaTROA{CS ®at TG TEaxTLkYS doxnong (teach-
ing and training) omv Teyvwxn Fewhoyia elvar va doeL Ty emompoviry fdon yia va amoxtn8ouy to Tooo-
VIO TTOV OUTCULTOUVTOL OTNV TTQAXTIXY TG YEWTEYVIXNG unyavixic. ITpog v »atevBuvon avty emonuaivel to
6ho v Iav/piov, ms Biopnyaviag, rabwng xow e LAE.G. Eniong divel oe ITivaza 6ha ta otoryeio oyeTind
ue ) ddaorahio row v meaxrtry doxnon oty Teyvint T'ewhoyia otov ®6opo, YweEis va mepthappdvovial og
autd dedopéva yia padrjpata 6mwg n Fewhoyia yro pnyavirovs. Zopgwva. pe avtd, n Tortofdbua exmaidevon
TEOOPEQEL 0TO TAAIOLO PRV TUNudTmv I'emhoyiag, Mepipariovundy Emomuav xar Myyavirng m dda-
orahio tov padjuatog g Texvirng Femloyiag yweils Sums 0T TEQLOTGTEQE OO QUTA VO VITAQYEL OQYOIVIIE -
VO TTQOYQOUPA TTQARTIRNG AOXNONG. AEV QAIVETOL SUmG 0Tt Aettovpyotv aveEdomra tuijpata Teyviniig Fewho-
yiag, minv (owg ehayiotwv eEAEETEMY TOU ROl QUTES TEVOUY VO EXAENPOLV 1) OUYXWVEVOOUV pe cuvagn avit-
reipeva. AvtiBeta og petamruylonrs eninedo (Master’ s row Adaxtopird) gaivetan 6t [ov/wa o ToMES xo-
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QEGC €XOUV ELOQYAYEL ROl TTEOWBHNOEL TO AVTILXEIPEVO QUTO.

Ou Rondrigues — Carvalho et al. (1994) avagépovv to pého g Teyvirrg l'ewhoyiag oty IHogroyaiio (1)
and 1o 1964 oto mhaiowo Twv tppdtwv s Egappoopévng T'ewhoyiag, (2) om ovvéxeia (1981-82) oto Néo
Mav/wo ™mg Awooapovag pe to tuipa Iepifarrovunric Tewhroyiag xow (3) and to 1983/84 oto iduo IMav/peo,
Zxoh) Emomudv xon Texvoroyiag, pe to tprjpa Femhoyiag Mnxavirdv (Geological Engineering) mevrogtotg
poimong. H amoppdgnon twv gormtdv tov televtaiov Turjpatog and ™ Bropnyavia 6mov xau €xavay myv
TQOATLAY TOUG AORNOM, ELVOL TTOM) LXOVOTTOUTLRY.

O Samalikova et al. (1994), rmeprypdgouvy ™ ddaoraiio row TEAXTINY AOXNON TG YEWAOYIOGS — TEXVIRNG
vewhoyiag oto Texvind IMav/mo mg Brno mg Toeyiog, Zyohj IToluxdv Mnyovixav. AEwoonueint eivar n
onpaoto wov arwodidovv ota aviwreipeva avtd oe Gha ta Toeyrd ITav/ua Tg xdeag authg, amotelel AAMWOTE
mapddoom, av xow 1 TEXVIRY YewAroyia mg avireipevo tuijuatog avijxer ot [av/ua Puowmav Emomudv.
Eniong toviCetow 6t amd 1o 1990 n teyvinr] yewhroyia avijrer oto Empeinmiolo TToAtirdv Myyavirdy xow otov
#rh@do g T'ewTeyvinnc.

O Giles and Whalley (1994) avagépovy 6t 1o Tpipa F'ewhoylog tov Mav/uiov tov Portsmouth mpoopépet
sovyio (B. Sc) omv Teyvuni Fewhoyio xow ta tehevtaio xodvia to ITav/uo mpoogépet mruyio Mnyoavixiis (B.
Eng.) omv Teyvien T'ewhoyia xow Fewteyvinn. Exiong, toviCouv ™ onuaocio mov amodidovv oty doxnon twv
pormntdv oto Turjpa Fewhoylog pe TG HRUoTNELETNTES TG TEXVIXRIS YEWAOYIOS OV BaciovTat OToug VTOAOYL-
OTEG %O TO AVTIOTOLY AL TTOOYQAUUATAL.

Zmv EMada n nordotaon €xer wg eErc:

- Zta Twjpata F'ewhoyiog v Mavemompiny, pe eEaipeon to Mavemomuo Matpdyv, n exnaidevon omyv
Teyviuy Temhoyio o mpomruytand eninedo dev propel va OewEnBel LravoToMTIXY, REIVOVTOS ATOXAELOTL-
%nd. xow povo ta Mpoyedppata Zrovdov (ITivaxag 1).

Empdileton n avafdadpion tov pabnpatog pe 900 Tovhdytotov vroxeewtixd podjpote oopol ®abwg xot

avaOEWENON TOV TEOYOGURATOS OTTOVDWY, ETOL HOTE VoL RUAITTETOL TO £VEU gdoua Bepdtwv g Texviric

T'ewloyiag pe amapaitrae ta otovxeio Fewteyvinic Mnyavixis. IIpog tv xarevbuvon avt yoedleton n

ratavonon Awv Twv ouvadéhpuv-puerdv AEIT yio avofdduion twv »hddwv Egappoouévng I'ewhroyiag,

pE€ow Twv omolwy eEumnpeteiton ®vEimg N emaryyehpotiry SLEE0S0G xa 1ATOYUOWON TOV VEWY CUVOOEAQWY,
ama ot TEOVITGOEON %ot Yt TNV VEEoTOOo TV Blwv TV Tunudtwy.

- Avtifeta, Ta tpijpota Mnyxoviroy, pe 0plopEves eEAQETELS, dlarQIvovTaL 08 mEOTTTUXLOHG ETITEDO YLt TV
amodoyn tov dhov g Texvirnig Fewhoylog pe amoTéAeopo ™V EVOWUAT®MON TOU HoBfUaTtog 0T, VoY eem-
Txd xafdg xaL 08 RAT ETMAOYIV VITOXQEMTIRA YL0. OQLOPEVES ®oTevBUvoels. Ewdwdtepa avagpépetal to
Tuwijpo Moty Mnyavindv tov EMIT pe do vroypemtind pabiuata zow avofabpopnévo mooyoomia
omovdv, eve avaroyn eivor 1 tpoortdBela ato Turpe Mnyoavirdv Metorheinv zar Metalhovpydy tou
{drov Idpupatog xaBoc vow oto Anpoxpitero Iav/uo. Inpewveton pdhota ot oe opropéva Tppota My-
YOVIXOV 1) YEOAOYLI-TEXVIXOYEMAOYLXY TToudeln eVIdooeTal 0T EVEUTEQO Qdopa ¢ Fewteyvinis Mnya-
VN,

- Ze peramruyiaxd enimedo amotehel teQLTn TOMTELE LD 1) UrtapEn Ttpoypapudtny ewdizevong (M.AE.) omv
Egappoopévn Temhoyio and xdbe tuijua Fewhoylag Eeyxworotd. Eival teleing amoapaitnm n xatdoynon
autdv xou 1 dpovpyio evig Avamavemomuoaxot M.A.E. omv Egappoopévn Fewhoyia (Texvinii Tewho-
yia-Ydpoyewhoyia) pe otovgeio Fewteyxvinic Mnyaviric xou Fenmepiparllovioroyiog. Ta 1idn Aertovpyov-
vra Tujpato MLALE. dev €xovy xapio tixn, eivaw BERaun n EMheryn »aBe yonuaroddtmong oto dueco uéAhov
LLE TN HOQYPN] CUTY] KO EVHOAOS O ovTayWVIOUOS amtd avdroya Tunuata Mnyovirdv og Avotunpotxy fdon.
Aev givon vtepfohn vo AeyBel 6tL ot emOuEVO YOOVLIXL TO BAQOS TS EQPUOUOOUEVNS exTtaidevong Ba petarto-
niletor GAo xou TEQLOOGTEQO 0€ VYNAOU emédov ra demomuoviryc Bdone M.A.E. Ta Tujpora T'ewho-
yiag O mémel va emdudEouy Tig mpoxrhjoels autés, diapopetird eivan BEPato 6t To avtirelpevo g Teyvi-
uic Tewhoyiag Bo petatomiCetan TEoodevTIRd Haw TEMRA B0 EVOOPUOTWOEL OTO EVQEUTEQO UVTIXEIMEVO TNG
Tewteyvinnis Mnyoviuc, axohovBdviog T YEVIXGTERN TAON OV SLOYQAMETOL OTOV EVEMTTAIXG %ot OLeBVNY
XWQO.

- Tevidrepa, n Fewroyia yia va emifudoet Oo mpémer va emdelEer TOAMRAAOHGTNTA RO DLOQUTIXGTITOL KO
v dddoEL TOV THITO NG EXTOIOEVONS KOl RATAQTIONG 7OV YOEWALETAL 1) ROWWVIC. ALpoQETIXG eivar BEPLO
ot Oa amoteléoel epyaheio yio dhheg emotiues. Evdewntnd avagpépeton 6t xavévo Femhoyind Tunque mg
X0h00g dev popee Vo EETEQATEL TLS OTOLECINTOTE ECMTEQIRES OOVVAUIES ROL VO EVOQUOVIODEL pe TS o-
TOLTHOELS TV RALQOIV, TL.). VO TROOOECEL £0TM %L OTOV TITAO TOV TNV TTeQLfarrovTiny Sidotaon g EmOT-
ung pag. Aveifeta (1) n LAE.G. nohd cootd mpdpheye m dedvij avni tdon now mpooéBece oty aoyixi
ovopaoia to meppdriov (Int. Association of Engineering Geology and the Environment), (2) n Erowpla
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Iivaxag 1. ITgoyeduuatra omovdav oto avrixeiuevo s Teyvixrs I'ewloyiag oe EAAnvixd AEL

TMHMA MAOHMA EZAM. QPEZ
Eloaywyr omv o
Epappoopévn MewAoyia # P, (2
Enk. (3+2)
Mnxavikr METPWUATWV- 6° KatelBuvon Auvapikng,
ewhoyicg MA YEWTPHOEIG Tektovikrg & Ecpgppocmévnq
l'ewAoyiag
En. (4+2)
3 3 KateuBuvon Auvapikng,
Teyvua) Newkoyta A Tektovikng & Eqpappoopévng
FewAoyiag
E@appoouévn Mewhoyia g’ Yroxp. (2+2)
Texvikn Mewhoyia 7° Yroxp. (4+2)
lewAoyiag M.N lewhoyia Texvikwv Epywv 8° Yroxp.(4+2)
Ztoixeia MewTtexvikng o
Mnxavikric 8 ErA. Ynoxp.(2+2)
Texvik MewAoyia 7 Yroxp.(2+2)
; TeXVIKA YEWTPAOEWY 8° ErA.(2)
Myl FewAOYIKEQ HEAETEG TEXVIKWV o
& 8 Em. (2)
pywv
MoATIKWY Mnxavikwv FewAoyia Mnxavikou 1 Yroxp.(4)
EMN
Texvikr) MewAoyia 6° Yroxp.(3)
Mnxavikav. MetaMeiwv Texvun Cewhoyia | 7 En&ngﬁgg T:?I— )
- MetaMoupywv E.M.T. Texvikr) MewAoyia Il 8 (KateBuvon lewtexvohoyiac)
MoArtikawv Mnyavikdv lewAoyia yia MoAtikolg o
n.n Mnxavikoig e Ynoyp. 2+1)
Texvikni MewAoyia I.
lewAoyia ‘Epywv MoArikod| — 3° Yroxp.
Mnxavikou

Texvikri FewAoyia ll.
TexVIKEG MEWAOYIKEG EPEUVES 70

MoArtikwv Mnxavikwv oe €pya MoArikou
AMNe Mnxavikou Em\. Ynoxp. otoug Topeiq
MepiBariovrin Texvikry o° Y3pauAhikrig kat TEXVIKNG
lewAoyia MepiBalovtog

Texvikr) M'ewAoyia lll. Edikd
Béuara Mewhoyiag Texvikayv|  10°

£pywv
e®Aoyia yla Mnxavikoug 37 Yroxp. (2+1)
Apxég Texvikrig MewAoyiag 4° Yroxp. (3+1)
Karohgbroeig 7 2
TEXVIK, OUMNEPIPOPG 5 Ilém}\. Ynoxp. Il\(ﬂcrrs:ueuvcrr]
e eWTEXVIKNG Mnxavikig
MoATikawv Mnxavikyv | Eloaywyrj ota pdyuata &
AN ouvodd épya Em. Yrioxp
Znpayyeg kat undyeia €pyal b : .
oKy nedlou Tou Topéa I'su)lTewanq
MewnepiBarAovTikn Mrpravads
Mnxavikr
. ., Texvikn MewAoyia- o
Mné%\gg%vKOPUquwv ESQpopnyavikr] 5 Yroxp.
amm TEXVIKY YEWTPAOEWY 8° Yroxp.

Meramrruyiako AirAwpa Eidikeuong
TuApa MoAmkwv Mnxavikwv & Mnyavikwyv
MeTaMAgiwv - MetaAAoupywv EMI

ZxedIaopPOG & KATAOKEUN UTTOYEIWV £PYWV

Tupa Mewloyiag M.MM. Eg@appoopévn lewhoyia & Mew@uoikr

2 < Auvapikr, TekTovikr|, EQappoopévn
TuApa Mewloyiag MN.A. Fewhoyia
TuRpa MewAoyiag AMNO E@appoopévn kai MepiBariovTikni MewAoyia

- 2271 -



Tewteyvinis Mnyxavirig oty EAGda oto tehevtaio Zuvédpuo (4° Mavelhjvio Zuvédpro Tewreyviniis xon
T'ewmepiparrovrinis Mnyavirrg) nepiéhafe to yewmeoudrrov, (3) o Ogyavwnxés Entponés tov 8 nou
9" AweBvayv Zuvedpinv mg ETE €dwoav éupaon oty meguparroviiny yemhoyio xow avamtuEn avriotoya,
(4) To Tpujpa IMohtxdv Mnyavirdav tov Imperial College tov Aovdivou mepiéhafe eniong 1o mepipdilov
(Dep. of Civil and Environmental Engineering) o emumA€éov vodéynxe to M.Sc. oy Texyvixij Tewhoyia
o6 1o Fewhoynd Topéa. O ohhoryég avtég oe téTotov emumtédov Ivonrtotta rwg to Imperial dev prropovv
oA VO OTOTELECOUY 0QG0MUO YL Tvg perroviirég eEeliEes.

5. YIIOXPEQXEIX TQN TEXNIKQN I'EQAOI'QN KAI AAYNAMIEZ TOY KAAAOY LTON EAAHNIKO
XQPO-ITPOOIITIKEXZ

210 TAAOL0 GOXNONG TOV EMOYYEMUOTOS MG TEXVIXOL YEMAGYOL OpEiMOVpE:

- No mopdyovpe goyoocion ohoxAnompévn xar axifn, ota mhaiowa BERota TS TOEXOVOOG EMAYYEAUOTIRIG
TQOARTLIRNG.

- Na #dvovpe ovtoxpLnry] xou aELoAGYNon 600V agoEd TV TEXVIRT] XOTAQTLOT Hag pe 6povg duvatotitwy,
EUTELQIES, EXTTAIOEVONG HOL TV TEOOTTTLRWY ETOyYEAUOTIXTG EEEMENC.

- Noa avayvopiCoupe Tig aduvopies Hag ®ow amogelyOUIE T CURUETOXY] HOC OF UEQIKG EQUOUOOUEVE TTESTO 1

TOVAGXLOTOV VO, TROOTABOUPE VoL BEATLIOCOUVNE TV TEXVIRY POG RATAQTLON Grtov elvan amapaitnro. H zatdo-
Ton avty xeEdileton péoca and T Bactry] EXTADEVOT, CUMUETOYY OF ETMOTHHOVIXES RO TEXVIXEC OVVEDQIEC,
TEOOWIUKY] EQPAOUOYY TV TEXVIXWV OTNV TEAEN, OTEVY] GUVEQYQO(O PE TEQLOOGTEQO EPTTELQOVS OUVALDEA-
OV, TTOEOVO(OON O CUVEQYOOIT 1| A1) TWV TOTEAE CUATWY TG EQYUOLOG POG OF TEQLODKA, OUVESQLAL, NUE-
oideg.
Tevixd to faoind otouyelo emoyyehuaTinng mpoomnxiis wepuhaufdvouy: (1) yvaon tmv texvirdy, (2) Bed-
oNoN TV duvoToTiTMV OYETRA pE TV eQaouoyr] ®d0e texvirtc. TIpog v xatevBuvon avt aapaitnm
elvou 1 xaTavonon Baoirav OEWELHY KL TQOXTIXWY TWV CUVOPEV TEdIWV Rl ®VEING TwV €7l pEQOVS KAJ-
dawv TV pnxavikdy, (3) mavémro emxowwviog pe GAhovg, (4) vrevBuvétnra xot embupio yio ) O€omon
yoovodiaypopupdtmy, (5) déopevon yia ™y Tienon g oupfaons — oupewviog xat (6) TEoomddele ouve-
x0Ug exmaidevong — evnuépmaong.

- No amogetyovpe oUvtaEn eAMTdV TeXVIRDY eXBECEV, Gmtov eV YiveTow AemTtopenc EAeyyog o Bemdonon
TV SLapGEMV YEMAOYLXWY CUVBNRAV OF e OUYREXQUUEVT TTEQLOXN 1] OAoxANEWUEVN 0ELOAGYNON AV TV
EMUTTOOEWY 06 OVTLPATIXA OTOLYEl. B0 TEEMEL VO XONOLUOTOLOUUE TOMATAEG VITOBETELS EQYOOLOS YLt
™V aELoAGYNOoN TV ouTiwv OXETRA PUE TLG TUVORES TTOV TTOQATNEOVNE, POIOROVTAGS £TOL ATTOOEXTEC — AOYL-
%EC MPOUEYYITELS YLOL VA ETUTUXOVUE TOVS OTOYOVS TG dLEQEUVNONG.

Téhog, Toviteton ot dev VdEyEL amGAVTOS TEGTOG OTOQPUYNS TwV EvBLVE@Y, OUTE paryirég AEEelg ot ouva-
En tov texvirdv exBéosmv. Tig meQLOOGTERES HAALOTA POQREC, 1) OTTOVdY OTY YONOLHOTOINOY) TEOCEXTIXA
drarurmpévav exBEcewV YIa T0 0ROTO aUTO dev ooTeAel Avom.

Edirdtepa oto ®Unhwpuo HEAETNG — RATAOKREVTIS YL T Stdpopa Texvird £oyo otov EAANvixs xdoo emon-
paivovron ta eErig:

- Aegv diveton wavtote 1 amooitnTy 0oudn Y 1 CUYREVTEMOT Rot AELOAGYNON TV VTTOQXGVIWY OTOLXEIWY,
TNV EQUNVEID 0EQOPMTOYQOPLIIV KO TNV TEXVIXOYEWAOYXY] — YEWTEXVIXY YapTOoYQedpnon. Tiveton morég
POQES TORABEON aTOLKEIWV XWEIS TNV amapait Ty aELoAGYNOoM Ko EQUNVEIR, £TOL DOTE Vo avaliovTon GAEG
ot OAVES MIOELS RO OL ETITTAOELS YLOL TO £QYO KOL TO YEWAOYLXG TEQLRAMOV, RATW ATTG TLS CUYKRERQUUEVES
yewhoyrég ovvinreg. EMelner dnhadi] n yewhoywij extipnon xaw 1 ovvBeon tov yewhoyivol poviéhov.
Ta mogomdve anote oty ToA onpoviikd egyaheia yio Tov emayyehporio YEWASYO-TeXVIRG YEWAGYO, Elvar
avuxeipeva o dev YvwIter 0 TOMTIRGS PNy avIXGS KoL TEQUUEVEL ATTO T1) YEWAOYIXY EQ0EUVQ RO LOLOLTEQQ
ota TEWTo otddia TS perétng. Edv Spmg ooy texvirol YEmAGYOL TTOQOITEUTTOVIE Vi TNV EiAVON TwV dLapd-
WV TEOPANUATWYV OTOL ATOTEAECUOTA TOV YEWTONOEWY KOL EQYOLOTNOLOXRMV-ETL TOTOU ORLUWV, WO Vo
€xeL mponyn0el n yewloywrrj extipnon twv cuvBnxadv wov amotehel T0 fOOLRG KoL TEOTAQYIXG TAAIOLO Yol
®Aa0e €pyo, moteveTar 6T To oL vidl Exel xabel vEQ TV YewTEXVIRMOY pnxovidv. H yewtonmxr xau Aot-
TES EQEVVEGS ROTEVOUVOVTOL UE BAOT TIG EXTLUIOELS TOU TTOONYOUPREVOU OTASIOV RO CUUTANQDVOUY — TEXUT-
QUHVOUY YEVIXA TO YEMAOYLRG POVTELD, DLeEuROMIVOVTOG ETOL T YEWTEYVLXY avAAVON RaBAS o T ETCUEVDL
otddio evag BEATLOTOV OYEDLOONOV.

- 2GS PEAETES TWV TEXVIRMDV EQYWV €XEL ETLONUAVOEL A6 TOVS QOQELS 1) VALY %1 TTOEOVGINONG OIS TO VALY V-
QLOTKG OGP OTAdL0 OwOoT|S AELOAGYNONG ROt EQUNVELDS TV YEAOYXGV dedopévav. "Exouv mhéov mel-
0Bel oL popels koL oL peheTES pnyavixol, ot 1) YEWAOYLX1] TANQOPASENOT amoTeAET ®0BOQLOTLRG TARAYO-
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VIO Yo T MY amoQAoEmY OTNY TEOXATUXTIHY] TAEOV @don Twv £pywv, apxrel BEPara ta dedouéva va
eivan wavd raw agwémota. To otouyelo autd amotehel medxhnom v omoila xon Bo meénel va amodeyBoipe,
mRoowmkd de moteveTan 0T lvar To ®Aedl Yo T pelhovarr] Topeio ran EEMEN Tov ®hddov.

- O ouvdvaopsg YVOOEMY, EUTELRINS ROL OWOTHS XENONS TOV dUVATOTHTWV TOU avapEetnray xadiotovy o-
drop@Lafim ™y TaEovaia Tov TeEXVIXOU YEMAGYOU WS LOGTLHOV ouveQYdTtn ot B€pata oxediaopnot o
BepeMmONG TV TEXVIRWV EQYWV, TLG EMUTTWOELS AUTAOV OTO TTEQLRAAOV %o T Ajym pETEmV ®abwg 1o otV
AVOYVAOQOLOT %O AVTLHETAOILON TOAVHV ETUTTOOEWY aTtG TLS dIAPORES PUOLKES dLeQyaoiec.

O ROoOoTTTIRES YLaL TOV ®AADO TG TEXVIRNG YEWAOYIOS deBvag xaw oty EAMAda drarypdgovtan ®uQimg oToug
€Erg dEoveg: (1) Zyediaouds rar avdamntuEn — Iegiparlhov—Dduorég diepyaoies, (2) AwoyelpLon ETLPAVELAHRWV
%o vdyelmv vepwy — Iepipdihov. H mapomdvm extiunon mapomépmel TAEOV 0T OLayELQLOTLXY] CVTIAMYM Ko
SLETLOTNUOVLXY] CVTLHETWITLON OXETIXA UE TO £QYOL XAl TO VOATIHG QUVOULRG, dEAOUEVOL GTL OL YEWAOYIRES OUV-
Orjxeg yivovtor OAOEVQ KOl TEQLOTGTEQO OUOHEVEIS ®on TO TEQRAAAOV eX00S O dnoppec TaQEUPAOELS ROL
oAGYLOTN Y10 TWV QUOLRHY TOQMV.

Ewdwdtepa, 6oov agopd ota texvird §oya 1 mpoooy)] Bo eotidletar mAéov Oty ao@AAELD TOU XOWVOU OF
OY£0M UE ROTACTQOPLRES PUOLKES dleQyaaieg (OeLopol, xoToMoBNoELS, TANUPIEES, RoBLl1oELS, TOTAa RO TTa-
pdntia dudPowon, npaioterant] dpaoteidmra). Zto TAalo0 CUTS *ow O dLEmoTNROVIXY TTAVTOTE BAOM, 1) oURBO-
A ™G TEXVIRIG YEWAOYIOG OVOPEVETAL TTOM) ONUaVTIXNT %o pdMota xafodnynuxr ooV agpopd 0TV ETAVEXTIUN-
oM ™G EMRWVIUVOTNTOS OO TLS TOQOITAV® SLEQYOOieg pe PAOT TEXUNOLWUEVE OTOLXEID RO OYL HATW QTS TNV
YEVIRY avTihym Gt TOAES autl AUTES GO0 KOl OL AVOUEVOUEVES ETUTTTWOELS, EIVaL OTAOEQA VYMAS EmrvdUVOTH-
tag. Avtifeta, Oewpeital GTL TG00 0L TEQLOOGTEQES QTG TLS TARATTAV® dLEQYOOTES RABWS KL QUTES TTOV TEORAAOY-
vrow ot Tov avOpwmo dev amotehoty dia flov ermtrivduvomteg aAhd TOAS ouyva €va Aoyird ron oodERTO emntime-
80 nvdivov, Wiaitepa pdAlota GTav Ta XEOVIa TOU £QXovToL 8o CUYREIVOVTaL e Al PeYOAO QUOLKG POVOPEVOL
Gnwg t.y. meplodol Enpaciag, BUerheg ®As. vat Tat 0mola SeV WITOQEEL VA AVTLUETOIOOOUY e TEXVIRES 1) EVEQYELES
™G Yewunxoviris. Autd BéPaia dev onuaiver Gt vITAEYOUV TEQLOXES TTOV YEELALOVTaL LLaTEQEN TTEOCOYT], YEVIRA
Sumg ou meoPfAnpoatnés yewhoyurd Laveg M mBaves Yo emxivduveTTa ouvBrireg elvor duvatdv vo avTlueETmL-
aBovv péow maEePPAoewv wov uoel va avafabpioovy myv TeQLox.

ZupmeQaopatind ToviCetar 6t 0 EOAOG TG TEXVIRTS YEWAOYOG 0TO pEALOV BewEETaL EVOIMVOS COXEL VO
amodEYTOVRE TLG TROXRMIOELS TTOV AvOQEQHN®AY, TN CUVEQYAOIO HE TOVUS OUVapels ®¥Addoug, Ty avafdOuwon
TWV OTOVAAY, TOV TROCUVATOAMOUS TNG TQAXTIXYS OTLS TOQUTAVE RaTeVBUVOELS pe ®UpLo GEova Ghav Twv
dpaomorotritwv to Mepidhhov kabug ot mv aveinyn St 1 Texvixy yewhoyia dev ouvdgetar pévo pue to
peyaio texvird €0ya, 0AAd 0TV VoI VTELOEQYETOL 08 GhaL T €QYa RO OXEDLAONOUS TTov oupfdiovy oty
avaTTTuEn.

BIBAIOT'PA®IA

ASSOCIATION OF ENGINEERING ECOLOGISTS, 1993. Professional Practice Handbook, Special Publica-
tion #5. .

DE FREITAS, M., 1994. Keynote lecture: Teaching and training in Engineering Geology: Professional practice
and registration. Proc. 7" Int. / IAEG Congress, LVII-LXXV, Balkema, Rotterdam.

EFG — Engineering Geology Group; 2000 (editors Luis Sudrez and M. Regueiro). Engineering Geology in Eu-
rope.

GARTHER, J., 1994. The future of engineering geology in Canada. Proc. 7" Int. / IAEG Congress, 4869-4874,
Balkema, Rotterdam.

GILES, D., WHALLEY, J., 1994. Computer-based activities in engineering geology training. Proc. 7" Int. / IAEG
Congress, 4845-4851, Balkema, Rotterdam.

GRESCHIK, G., GALOS, M., 1998. Environmental Geotechnics — An overview. Environmental Geology, 35 (1),
28-36 (Springer-Verlag).

HATHEWAY, A.W., REEVES, G.M., 1997. Status of engineering geology in North America and Europe. Engi-
neering Geology, 47, 191-215, Elsevier.

HATHEWAY, A., 1998. Engineering Geology and the environment. Proc 8" Int. / IAEG Congress, 2269-2277,
Balkema, Rotterdam.

TIAEG, 1992. Newsletter of IAEG, No 19, December 1992.

KIERSCH, G.A., 1955. Engineering geology; historical development, scope and utilization. Quarterly Colorado
School of Mines, v. 5, no 3, 123 p.

KIERSCH, G., 2001. Development of engineering geology in Western United States. Engineering Geology, 59, 1-
49 (Elsevier).

-2273 -



KOYKHZ, T, 1993. H Teyvinij Fewhoyia otov EMAnvixé xieo ta tehevtaio 40 yodvia. Katevbivoewg otig
omoieg mpénel va evrabel n dpaomoidtnta xou 1 €pevva. EWdinég Anpooievoeis g EMAnvintic F'ewloywniig
Erauplog, no 2, 271-277, ABrva.

KOUKIS, G., TSTAMBAOS, G., 1985. State and problems of Engineering Geology in Greece. Mineral Wealth,
vol. 35, pp. 39-42.

MAGAR, K. 1998. Geoenvironmental protection today — A challenge for engineering geology. Proc. 8" Int.
IAEG Congress, 2279-2284, Balkema, Rotterdam.

READ, J.R.L., 1998. Deformation of high rock slopes in open pit mines. Proc. 8" Int. / IAEG Congress, 2983-
2991, Balkema, Rotterdam.

RODRIQUES-CARVALHO, J.A. et. al., 1994. Development of teaching engineering geology for undergraduate
students in the New University of Lisbon. Proc. 7" Int. / IAEG Congress, 4875-4881, Balkema, Rotterdam.

SAMALIKOVA, M, et al., 1994. Teaching and training in engineering geology at Brno Technical University.
Proc. 7" Int. / IAEG Congress, 4831-4840, Balkema, Rotterdam.

TERZAGHI, K., 1955. Influence of geological factors on the engineering properties of sediments. Bateman A.M.
(Ed.). Economic Geology 50" Anniversary Volume. Economic Geology Publishing. Lancaster, Pennsylvania,
pp- 557-618 (part 2).

TERZAGH]I, K., 1963. Karl Terzaghi’s last writing on soils. Engineering News Record 171 (21), 1-2.

WILLIAMS, J.W., 1994. Written examinations as a component of professional registration for geologists. The
California experience. Proc. 7" Int. / IAEG Congress, 4823-4829, Balkema, Rotterdam.

- 2274 -



Achrio Tng EAAqvIKAg MewAoyikig Eraipiag, Top. XXXIV/6, 2274-2302, 2002 Bulletin of the Geological Society of Greece, Vol. XXXIV/6, 2274-2302, 2002
NpakTikG 9ou AieBvoug Zuvedpiou, ABriva, ZenTépppiog 2001 Proceedings of the 9th International Congress, Athens, September 2001

EAEI'XOX THX PYIIANIHYX KAI TEXNIKEX AIIOPPYIIANXHY YAPO®OPQN*
I. A. KAAAEPTHE'

IYNOWH

H tpwtétnta , amévavte oe eEmtepuwr pimavom, aglohoyeitor pe Paon Abogaowxd, vdpoyewloyind 1o
yewymurd xortjota. xafwg xau pe texviés GIS. ‘Otav n gimavon dev uropel vo mpolngbdet, emparlretal o
TEQLOQLOUOS TNG, UE dNULOVEYIO PEAYUWY, OF OUVOVAOUG e AITOUAXQUVOT TOU QUITCOUEVOY VEQOU, EVH OO~
MovBei n aropevmavon. ITpog Totto, avdhoyo pe T poEEY TS TINY1S *oL To €id0g TS QUmavang, €Xouv ava-
aTuyBel dLdpopeg TEYVIES, OL OTOiES TaRaTIBEVTAL OTN TOEOVOoO EQYOTia. ATO TIG TEXVIRES QUTES 1] TTLO OLTTOTE-
AEOUQTIXY, VL0 TNV OTOQQUITAVON TS ROQEOUEVNS CAVNE, elval 0 CUVAVAONGS dvtinong - eneEeQyooiag.

ABSTRACT

The vulnerability of aquifers against external pollution,is estimated with the use of lithofasic, hydrologic and
geochemical criteria and GIS technics. When pollution prevention is not feasible, its control should include
containment measures against farther spread of pollutants such as installation of physical and hydraulic barriers
in combination with extraction of polluted water. Based on the nature and the source of the pollution, several
technics have been developed, which are discussed in the present paper. The most efficient for clean up of the
saturated zone is the pump and treat technic.

AEEEIZ KAEIAIA: gUmavon, vdeo@ogot, To0ToTNTe, EAEYY0S QUIAVOTG, VITQOQQURUVOT) AIT0QQUTAVOT)
1. THT'EX PYIIANIHX TQN YAPO®OPQN

Zrov IMivaxa I ouvopitovron ot mo mBaveg mnyég pumavang v v8QoPEomY.

ITivaxag 1. Ot mo mBaves anyes pumavons Tov voQoPogwY.

NnynR MBavog puTtrog
EkxUoeig oTo epiBaAhov amd atuxrpara | AvOpyaveg Kai opyavikég XNpIKEG EVWIOEIQ
O&ivn Bpoxn O¢eidia Tou Beiou (SOy) kar alwrou (NO,)
AyYpOTIKEG BPaOTNPIOTNTES Aimr@opara, TapaagiToktéva, JICaviokToV a aTTOAUPOVTIKG HE

UTTOKATIVITPS

Exktpoen Juv

Opyavikég UAEG, GLWTO, PUITPOPOG

ATtrotTayotroinan odwv

XAwpioUxa, varpio, agBEaTio

Ekyuon amoBAfTwy oe Babiég
YEWTPIOEIG

AvoOpyaveg kal OpyavikEG EVWIOEIG, padIEVEPYA UAIKG

Ofoeig BIaBeang eTmKIiVOUVLWY ATTOBAATWY

Bapéa PETAAAG, ATTOPPUTIAVTIKA ,kaBapIaTIKG uypd

Biopnxavikoi akoutndéToTrol

Opyavikég kai avOpyaveg EVWOEIG

XYTA aoTIKWV aTTopPIPHETWY

Bapéa pETalAa, aépia, opyavikég EVWIOEIG, AVOPYAVES EVWITEIS
(aofeaTiou, xAwploUxEeg, vaTpiou)

Em@aveiakn d168eon uypwv Kai
NUIOTEPEWV BIOUNXAVIKWY aTroBARTWY

Opyavikég Kal avOpyaves, eVWOElg, Bapéa HETAAAA, HIKpORIOAOYIKOI
puTTOI

Eme@aveiakr 8iaBeon Aupdrwy kai INbog

Opyavikég Kal avopyaveg eVWOEIG, Bapéa pETalAa pikpoBioAoyikoi puTrol
KA.

MeTaAAeuTIKEG BPOOTN PIOTNTES

OpuKTEG EVWOEIG, OEIva aTTdBAnTa

Bpoyxomtwon

XAwpIOVTa, BEelKd, OPYAVIKEG EVWOEIG KATT.

Aigioduon Tng BaAacoag (TrapdxTiol
udpogopor)

Avépyava GAata

ZnmTikoi BéBpol, Tedia ) oTpwHaATA
oTpayyiong

Opyavikég UAEG, AJwTo, PUOPOPOG, BAKTAPIA KATT.

Ymoyeia amobrikeuon

Opyavikda dIaAuTIKG, EVWOEIG aTTopudkpuvong - DIGAUONG AITTaVTIKWY,
TTpoidVTa TTETPEATiOU KATT.

* POLLUTION CONTROL AND CLEAN UP TECHNICS OF CONTAMINATED AQUIFERS.
! Hov/po HMatpdv, Tpipa Fewhoyiag, Pio 26110 Tdtpa,E-Mail; kallergisg@hol.gr
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2. TPQTOTHTA YIIOT'EIOY NEPOY AIIENANTI XE EEQTEPIKH PYIIANLZH

Towtémnra eivar «n tdom 1] 10 eVOEXOUEVO Evag QUROG, LETA TNV ELOAYMYY] TOV OF RATTOLX TTEQLOXY TTAV® Ot
Tov o ENY6 VOEOPSPO, va PTdoel ot doougvn B€am oto VdEOPSEO CUoTNUE». AVTOVONTO Eivon GTL Pe oTOV
TOV 0QLOUG, 1) TOWTOTNTO TOV VITOYELWV VEQWY UVOPEQETOL OTY) QUIOVOY] TOUS QTG «U1) ONUELAUES TINYESH 1]
YWOLXA KOTOVEPTUEVES ONUELARES TINYES EUTmAVONS (). ovotipata onruxav foBpwv) xou dev meguhapfdver
OTOLALONTOTE PEROVWUEVY ONUELOXY) TINYT] QUIOVONG (TT.). XWUATEQES, VITGYELES AOBRES VYQWV *owolpwy) 1
0TOLOdONTTOTE TEQITTMOT EXOVOLOG ELOAYWYT|S QUIOV 0TO VOROPSE0 oloTnua (T.X. TEXVNTOS EUTAOVTLONGS V-
dpopdpmv) 1j axdun eicodo EUmov Gy empavelards, ahhd vroyeing (m.y. vepaipiovon Adym vitepdvtinong 1
HVNTOTOIMON LYVOOTOLXE(Y IOV PEIOROVTOL OTA OQUATOAOYLRG CUOTOTIXA TWV TETQWUATWOV).

EEoupetind avBextixoi (1), To ToQaottoxtéva) 1j vkiviton (). viTowrd) oUmol poel vo. pBdoouvy otov
VOOPA0, OXGUOL KO PETA TTOREAEVOT OEXUETLDV.

H aEoddynon tng «tpotéTnTac», dnhadn wag pn peterjowung €vvorag, wov aniog exgediel tnv mbavd-
™mra va Adfer xhoo gUmavor), amotelel MEAXRTIXG PLO TEOYVOOT), 6TWG T.X. 1) TEGYVOCT] TOV %01QoV, aAld
mov aqogd dadinaoies mov AapPdvovv ybea oto VIEdAPOS %aL 0E MOAT peyalvtegn yoovixy xhipaxa. Ou
XOTOLILOTOLOVEVES TEXVIXES GELOAGYNONG TNG TEOTOTNTAS GVI|XOVY U L0 TG TS MLO RATW TQELS KOTNYOQ(-
€c:

a) Mafnuatixd poviéra, To omoia (ENoLHoToLovy EELCMOELS OV TQOTEYYILOVY T1) CUNTEQLPOQE TV QUROY

0710 voyero wegrpaihov.

B) Texvun Tov otabuiopévav dewrtdv 1 aiOpnuxdv fabuokoynoewy (weighted index-numerical score), ®atd

TNV omoia ouvHVALovTaL Ta QPUOLXE YEQAXTIOLOTIXG TTOV EXTEEGLOVY TNV «TEOTOTNTO».

v) Zrotionxkés pEBodol, pe Tig omoieg ovyxpivovrar ov eEeTalONEVES MEQLRTHOELS, LE WEQLOYES OTLS OMOIES
£yeL Aaper yooo pumavon.

Ipéner va onpetndei 6tL 1 «TQOTOTNTO» PTOQEL VO UVUPEQETAL TE GUYXEXQIUEVO QUTO 1) CUYXEXQLUEVT
Ny eUmaveng 1 tdEn evmov («ewdunr towtdmTon-«specific vulnerability») 1) yevixdg ywois eEerdixevon
0T YOQUXTIQLOTIXG XOL TT) CULTEQLPOQE CUYXEXQIPREVOV QUTOV («1dL0TRWTATTON-«intrinsic vulnerability»).
T mEdEN mdviog dev eivar duvards mavrote o oagrs daymELopuds TOv To TEve dVo EddY «TEOTiTH-
tag». H dudaxgion xatd ovvéneia meguoxdv oe fabpovs tootétnrac eivar xar duoyEeQTis %at TQOTEYYLOTIX.

Katd ) yenoonoinon yooudv poviéhov, €xel yiver xo1jon dvo anidv dewxtdv (Rao et al, 1985): tov
«opdyovta emPodduvone» («Retardation Factor») RF xaw tov «opdyovio andofeons» g pvmovong AF
(«Attenuation Factor»), og pétoav tov duvapuxov «éxmhvons» («leaching potential»), o ovvdvaond pe éva
vewyeagixé ovornua wingogogidv (Liang-Khan, 1986).

O deintng RF givor éva pétoo tov oxetxol yeévou mov xeetdtetar po dGom eimov (rapaottoxTGvou ot
OUYXEXQIUEVT TEQITT™ON) Yot VO PTACEL OF OQLOPEVO PABOG, 08 OUYXQLON PE U1 QOPOVUEVO LXVNOETN, EVD O
deinng AF eivan to ®¥Adopo g pdlag Tov mo mdve eimov, To omoio mbavoloyeitar 6t Bo pTrdoeL oto ouyxe-
%®OWEVO BAaBog. O VToroyLopGS TOV SETHV QUTWV WITOQEL VA YIVEL 0T TIg EELODOELS:

(0,693dRFO)
qt
d=n xaraxdpven amdoraon wov vroloyieral va davvlel
q=0 %000006¢ £T0L0¢ EPTAOVTLONGS TOV VOQOPEEOV
t=0 xe6vog vrrodurhaciaonot Tov pumov (t=0,693k), 6mwov k= ouvvteleonig didomaomg tov eUmov e
TAENG o

AF=exp-[ ] ue 0<AF<1 (1) émou:

pC.k
RF= 1+_0_' ue ISRF<eo  (2), 6mou:
0= 70 €S Pdpog Tov eddgoug
C, = n megientindmro 1oV dAQovVg 0€ 0QYoVIRG GvBoona
k= ovvteleom|g pGpNONG TOV PUROV (TALROCLTORTGVO)
0= n0peouEvo TOPWAEC.

o Texyvixés a&iodoynons s TowToTnTag

Exr16¢ 0t Ta QUOLKOXNULRE X AQOKTNOLOTIXG. TV QUTWY, PEYAAN ONUAOio, OVOQOQLKA. LE TOV RIVOUVO pPo-
Avomg TV VITGYELDVY VEQWYV, EXEL O TUTTOE TOV VOROYEEOV (AEVBEQOG, AQTECLOVAS), TO TAXOG, 1) VOQOTEQOTGTN-
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TOL KO 1) KORKOUETOUXRY OUVOEON TG axrdEETTNE THVNG %ot 1 ToUTNTO. Q0TS TOV VIIGYELOV VEQOU, MG ATOTEALEGHOL
™G LVAEOTEQATATNTAS TOL VOROPGEOU %o TOV VdPAVAMKOT poptiov. H evaiobnoia twv vdpopdpmy ot eEmteQt-
%1} umavon xaBopitetar and Ty wavétnta “avtoxadagropoy” tovg, dnhadi v avéTTd Toug Vo unv emt-
TEETOVY O€ QUITOVG, TTOU TEOEQYOVTAL OGS TNV ETLPAVELXL, VO POGTOVY PEYOL TNV ROQETUEVN TV TOUG HOw VoL T
QUILAVOUY, ONULOVEYDVTOS TOUXTIRA EVOL ATOTEAEOHATIRG “PINTOO” 1] “PEAYUS” OVARETC OTNV HOQECREVN KO
™V arGpeoTy Tadvy.

¢ AEoddynon ue pdon Libogaocixd xoirijoa

Teviroig N “tpwtdmTa” TV VOQOPEPWYV OTN EURAVOY OUTO ETUPOVELAXES TTINYES QUIOVONG Elval puxon, otav
T0 A0S TS OGEETTNS LOVNG EIVOL HEYAAO %ot 1) TAXUTNT QONG TOV VEQOU [xedTeEn amtd 3m/24mwpo. H wovo-
™Mo QUTOXABOQLONOU TV VAMRWOV E(VaL UEYOAITEQT, 600 WHQOTEQY EIVOL 1] HOXKOUETOLO KO HEYOAUTEQO TO
7Ax0g Tov VMrov. "Etol, peydAn wavotnrta avtorafooopot €Xouy ta VARG PE HORKOPETEWRO néyefog < 2 p.
%o WECO Tdyog > 1,5 m, 1j H€00 ®ORKOPETOIRG UEYEDOC neTaED 2 . won 0,4 mm xow péoo mdyog > 6 m. (ewx.1.a):
Meérgieg eivar ou ouvbireg mpootaciog (. 1.b), dtav 1o evepys péye0og Twv kOxRWV ™S 0xGEE0TS CWvng
gival puedtepo amd 0,4 mm %o 1) TaxUTnTe QO1ig TOU VEQOU mxEATEEN atd 3 m/MUEQQ 1] O XOOVOS TAQOUOVNG
0V veEOU oTov VdROPSPo Eemepva Tig 30 Nuépeg.

APriAOT
ZAwpr TS e
= - neeama
o+ TAPDOOPEAT (5" §343- 0

==rxironeo ———

Ewx. 1. AStoAdynon g TowToTnTAas VAEddPOVS AMEVAVTL 0E e5WTEQIXY] QUTavon
(Dienemann, 1956,us toomomotjoeis)

AvVmagxrrn, T€Aog, elvorl N mpootooia Evavil eEnteprmv TINYdY pumavong (gwx.1.c), dtav o vhxd €xovv
eAdyLoT) 1 ®aBShou LravSTHTO AuToRaBaQLoHoU, dNhady, To eveEys pEYEBOS TwV RORRMY THS axdEeoTNS Twvng
elval peyoliteo atd 0,4mm xow 1) ToUiTTa QOTS ToV VEQOU peyoliten ot 3 m/muépa 1 0 ¥EOVOg TOPAUOVIG
TOU VGYELOV VEQOU OTNV TTLO WAV TTEQLOYT] Elvan xrEGTeEog amtd 30 nuépec. Edw avijrouv oL vdpogdpot pe
deuTEQOYEVES TOEWOES (RAEOTLROL RO P1) KoL OL VOQOPAGPOL OTOUS OTTOIOVUS TO VARG, TTOU (PTAVEL PEYOL TNV
EMLPAEVELD. TOU €DAQOVS, OITOTELEITOL QTG YOAKOULYT] XOVIQORORKT 1] UOVO YOVTQOROXKY GUUO, E0T® RO OV
TEQLEYEL PaxoUS TNAOU 1 aYihov.

¢ AEwodoynon ue pdon vogoyswAoyixnd xoitrjoia

O LeGrand, (1964) ewonfyaye mv €vvola tov duvaprot pumavons twv vdpogoowy, pe fdon: to fddog mg
ROQEOUEVNG TAVNG, TN TEOOQEOPNON XAl ATOEEGPNON OtV axSEEoT) Livn, ™V vdpomEQUTOTNTA TOV VEQOYS-
0V, TNV VOdaALXY] ®Aion g mEeCOUETOG ETUPAVELAS ROl TNV 0QLEGVTILOL ATtGOTO0N 0TS TNV TTNYY QUITOVONS.
Zopgwva. pe to hdyoapuo LeGrand (gwx. 2.) xou avdhoyo pe to ovvoro g pabporoyiag mg nowvépevng B€-
ong, (mwivaxag II) n tehevtaio xopaxmeietar wg mohl ®ohd mpootatevpévn dnhadi mohd yapniis reeToTy-
tag, (>12 f.), uérowas rputdtnrag, (8-12 B.), peydins tootétntag, (4-8 f.) xou mOAY peyding toorotnros,
(<4 B.). Avagogurd g pe v mbavémra uéAvvong Tov vépopdgov and eEwtepLrn mTNyi| QUmAVONG, CUNPOVA
TAVTOL PE TO To TAve dudypapua, avti Bo mpénel va Bewpeltar wg emxeipevn, (<4 B), mBavij-duvary, (4-8
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B.), duvari adhd oy mbaviy, (8-12p.) xon téhog advvary, (>12 B.)

¢ AE0Adynon pe Pdon vogoyewdoyixd xar yewynuixd xgitijoia

H teyvin avt faoiCetar oe otamonnn perétn modhdv nepurtdoewv (LeGrand, 1983) xau éxet To mAeovE-
wtnpo 6t AapBdvovear uéym Gyt pévo oL vdEOYEWAOYIRES TUVBTIRES Ao 1) ATGOTALON 0TS TV TN EUTAVONC,
ahdd xau to gldog ™g Tekevtaiog. Me m texvuni aut, eivon duvard n oUyrELON TS TOWTETNTAS TEQLOTOTEQWV
Béoewy naw n emAoyn exelvng, mov dev avapgvetal v QUILEVEL TOV VOEOPERO, ASY® .. SudBeomc amdPMiTmy,
rabdg emiong xow n emhoyr mg BEAMTIOTG BEomS Yo TV dnpovgyia orovmdStonwy, eneEepyaciac amopMitav
*0u TV avamTuEn ovotpdtov onmtkdy BéBowv. Ztmy mpdtaon avtq tov LeGrand (1983) yiverar cogric dia-
XWELOPGS avapeoo. oty weprypay mg B€ong, ™ Babpordynom xar mv toEwvépnon.

* TNdxog axépeoTng Jvng
Or..‘ 1 23 4 6 6 7 8 8 10
T | | 1] 1
| | I 1 1 11 T 17 R
0 5 10 15 20 25 30 40 60 '&) 100 150 200 250 300
ATréoTaon kdTw TG YT6RAaNSTNS povadag SidBeong oe m
Po@non omy akdpeom Jvn
0 1 2 3 4 45 s [
1 | 1. 1| | 4
gl g‘ !EI T § 1 ¥ |
- g
i §.. g §En :
3 HH 25 Eeek
= " YSpomeparétnra
% 2 3 2 1 0
{M ‘ Tl 7! : T — gT 8{
g A
% £y £ os 3y &s
v g.i g gF ai
<322 2 Y8pauAikij kAion % 5 E
{e—— AvTiBeTn Si1£00 1 . Euvoixi} S1e00 1 >
0 1 2 4 58 7
[ i | L1 |
| | | I | |
60 30 20 10 0 10 60
* OpHévTia crdoTacn
1 2345 8 7 8 9 10 i
T S N | | }
T T 11 I 1] | | [ ]
5 10 20 30 50 76 100 150 300 600 10 16 15
s Mérpa < XiibpeTpa >
* Mij aTroBEKTE Spia

Eux. 2. Ardygappa extiunons s roorotnrag sAevbepwv aliovpiaxdy végopdowv (LeGrand, 1964,).
¢ A&woddynon ue teyvixés GIS

AapBavopgvov vy, 6t n mbavémra va vootel £vag vdpopsog EUmavom, and eEwteounii TyY, o€
doopuevn yewypagirag O€on, eEnQrdton and Evay neyGAo agBps QuotkdY xa TEQLBOAAOVTIHGY HETABANTGHY,
1 xenowonoinon tov F'ewypapuwot Zvotipatog IAnpogopudv GIS, dnhadn wos yewyoagpuic Bdong dedo-
pevoy, amotekel o xakj Aion aEohdynong g towtdmrog wog BEong, andvavt ot eEwTeQurY pUmavom
(Evans, 1987). Ou guowrég non mepiarhovinés uetafhntéc mov ehéyxouy my mbavémra gumavang evog
v8oAEOV, eival 1), vdomeaTGTTA TOV EddPOUS, To BABog TS RoEECUEVNS LAVNg, N XOioM YNG, N PUTOXG-
Aoy, M TURVGTNTA TOV CVOTIROTOG ATTOXETEVONG, 1 HETAPLBOOTIXGTNTO. TOV VOPOPSEOU K. ATT.

Me tov ®atdAAnho xelQLopns xow ovvheon GAwv TV TANEOPOELHV, dnuovpyeital Eva “poviého Tpdyvem-
ong”, to omoio Oivel TOVAGXIOTOV et TOLOTLKT] EXTIPNOM Tng mBavdmTag va dnuoveynBotv duopeveic emt-
ToELg 0Toug LdRoPARouS, Yo ndbe eEeTalopevo Tprpe yng. H mo ndve extipnon (aElohdynon) maiover
uoo@n evig alydpBpov yia xdbe dedopgvo mov xenoomouinxe.

Merd mv eEaywoyr] Tou “deintn dpastixétnrag” (“drastic index”, and ta agywd twv AéEewv Depth to
water, Net Recharge Per Year, Aquifer Media, Soil Media, Topography, Impact of Vadose Zone Hydraulic
Conductivity), ad 10 oTaBuonEvo ahyefournd dBEOLOUM TWV HEQLXHY YVOREV®Y TOV ahySoLBpov, xdfe yaoa-
nIMELOTOY €Ml TOV avTioTolo ouvieheomni Pagvtntag, eEdyetan yia ®a0e eEetaldpevn mepoxi 1 vdpoyew-

-2278 -



hoywd avotua, to “duvapixé pimavons”. ‘Oco vymidtepog eivar o “deixg dpaotxdmres”, 1600 VMAdTeQo
eivan 10 duvaurd umavong tov vdpogdpov. Me Bdon T dudpopeg Tpég Tov “deintn dpaotrdtnrog”, eivon
duvor| 1 xataoxeuy evog YneLaxov X4, amtd Tov 0molo eival SuvoTig 0 EVIOTLOUOS TEQLOXWY IKEATEENS 1
peyohuteEns gvonotnoiog (tewtdmTag) oty Umavon Tmv Vadyelmy vep®v. O mo mdvew xaomg eivon dnhadn
£vag xaTng pumavtiric emxivdvvétnrog (hazard assessment map) g vdpoYEWAOYIRYS Aerdvng £VES VOEOYPS-
QOV OVOTHUATOG.

o Xdortes TowToTNTAS TWY VOQOPOQWV.

O “ydpteg towtdmrag” (“vulnerability maps™) twv vdpo@dpwv, dapépouy amd Tovs VOQOYEMAOYIROUS
¥AQTES, AS TO YEYOVOS Gt deV MaEOUOLALovY Ta VOPOYEWAOYLXRA OTOLXEIC TV VOQOPSPWY CUOTNUAT®V, OAAd
T ELORA XOQOXTNOLOTIHA. CUTWY TWV OTOLXELWY, OE OXEON UE TNV TOOTSTNTO, TOL VIGYELOV vEQOU. O TeMxdg
OTOY0g £VOG TETOLOU GQTN £lvaL O SLo(WELOUOS HLOS TEQLOYNS OF TOAMEG povadeg, Wote vo roTadelyveTaL TO
OLapoEeTIHG duvourd Qutavtirtg emdextndmrag g ®wdbe povadag. O xaotes TowTdTaC Elval EEQQTNUE-
VOL O7t6 TO XEOVO RO YL aUTO YOELALOVTOL OUVEYXE(S avOoBaBIIOELS KL ETLRALQOTOTELS, DOTE VAL TQOCUQUALO-
VIOL OTIS EXAOTOTE PETAPOAES TOU VOQEOPSEOV cuoTiuatog, alhd xat Twv avBpdmivev tapeupdocmy. XAoTeg
TOWTETNTOS HATAUOXEVALOVTOL ¥UQIWS, CAAG OYL CUTORAELOTIXA, UE TN XONOLUOTOMON TOV SLUPOQWV TOQOUE-
towv DRASTIC.

IMpaxtnd €vog xdeme TewtdmTag elvat To amoTéAeopua TS aAlnheniBeong ToMMY ETUEQOUE XOQTHV, TOU
amotehovv ta otpwpata (layers). Ou xdoteg TowTémTag Bal PIrogovoayY va RoTaToyoUv 0Tovg TEQLRAAAOVTLROTS
¥AQTEC VTG TNV £VEUTEEN £vvoLd TouG. OL RAUAKES TOV XAQTOV TOIAOVY avAAOYO PE TN X010 TOUG ROl HUNOL-
vovtan amd 1:5.000 péxor 1:1.000.000 (omavidtepa wau pexor 1:10.000.000).

3. NITPOPPYIIANZH I'EQPTTKHZ ITPOEAEYZHZ

"Exeu exuun0el, 6n, avdioyo pe 10 MPog TwV OTROTPALOLRMY RATARQNUVIOUATOV ROL UE TNV Taad0)1] OTL
1 amovitemon xapnhotea amd T Livn avamtuEng tov oot ovotijuatog eivan undeviny, cuyxEvIpmwan oto
vrdyero vepd NO-N 50 mg/l, mov givar 1o 10 6010 TOoLUGTTOS TOU VEQOY, AVILOTOLXEL 08 TOCGTNTA alwTou
7OV eQUEUSLETOL ®aTd T Aimavom wg eEric (Archer, 1992):

e Me vyog Pooyric 150 mm 17 kg N / extdplo
e Me tyog Booyric 250 mm 28 kg N / extaoLo
e Me vyog Bpoyric 350 mm 40 kg N / extdpro.

IMponTirdg, Ta IO TAVW VY1 ATHOTPOLOIRWDY RATARONUVIOUATWYV, OVTLOTOLXOVV OTO TAEGVUONM TWV (ELUE-
W@V BEOXOTTOOEMY, HETA TV EEGTULON ROL TNV RATAXQATNON XOUUOOTEYNG.

H yewpyio amoterel tv ®ipLa nyn Te vitoeumavong twv vepuv, do0gvtog Tt extipdron 6t to 60% tou
OUVOM®OYU OLHDTOV «UETAVOOTEVEL» UE TOV EVOL 1] TOV GALO TEGITO 0TO VEQOS, EVEM ONUOVTLRY TUYY VITEOEQEUTOVONS
QILOTEAOVY RO TCL ALOTUHE AVPOTOL.

¢ M¢éBodot vrodoyiouov tng éxmivans Tov atdrov

H moodmra tov vitouav mov ®otelodUeL Tog TV axoeoTy) vow exelBeV mOg TV ®0QeOUEVY TV poel
va vohoyLotel pe 1g g nebédovg:

o “Avoiperea” ovviiBuwg tov timov “povoumidn”. To Splo aviyvevong eivar <1 mg/l N. Zuvictdvrar og ap-
povyo eddgmn ne ehetiBepn amopEor. AvtiBeta, dev amodidovy xahd ota aQyhoUXa, AGY®w TmV QWYUMY TV
oynuatiCovral o oUTd.

a “Kepopwxd doxeia” (“ceramic cup”). Eivaw n o gmvr pébodog. Iodxrertan yio didtonta, ®otho #EQUUXAA
doyeta mov BABovral o omolodrote BABOG 0TO €80tPOC %Ol CUVOEOVTOL HE TNV ETULPAVELD e CWANVIO®O pe
™ BonBela Tov omolov dnpovpyeitat vtomieon oto ecwTeERs Tov doyelov. "Etol to vedagind veo pEet
7POG TO HOYELO RO (TG exel TNV EMUPAVELX OTTOV %Ol avorUeTar. To GoLo aviyvevong eival e TdEng Tou 1
mg/l N. Aev ouviotdtan 1 p€60d0g mog x1iom 0Toug povdies amoodfomaong Twv aviQOIKGY TETQMUATMV.
To BaBog TorwoBEToNg mepLopietarl ota 65-70 cm.

0 Aayparolnyie eddgovs. To Soo avixvevong eivon grwyd (>10 mg/l). H eEaywyq twv NO,-N »ar NH -N
yivetaw ouvibwg pe yonowwomoinon 2M KCl v 0,5M K,SO,.

0 Zvotjpoarta 0Tdyyiens peyding xhipaxag. Zuviotwvral Teog xofon ota agyhnd eddgn. TormoBeTovvra
otEayYLOTHEL (0QUYHATH TANQMUEVA HE Yohixia) 1| Thaotird dragpedypata, o fabog 1-2 m. Elvow n axot-
Béatepn ahhd row n axpfdteen néBodoc.
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Eux.3. Hodoinyn aldtov, avdioya ue o yoovo Eux.4. Emé?am] 'glg flmavms, ue afotovya %tml-
amopdc (Lord, 1992). ouara, »ard 10 QOYG-TWEO, OTOY VTOAOYLOUD TOV «

ovvauixov éxmdvons» (Lord, 1992).

¢ Ilagdyovres mov emnpedGovy v éxmivon tov N mov megiéyerat ora Andouara

H éxmhvon tov N, o6 e Mdopato ov, Xenotpomotouvan yuo m) Aavon twv xoAMeQyeLdy, eival ouvdp-
m™mon: (i) g mepLddov epapuoyris tg Amavong (gw.3. xou 4.), (ii) Tov €idovg g purordhuyng v putoxarhép-
vewag xow ™G drayeiptong Tovg (ewr.5.), (iii) g xerions yns (ew.6.), (iv) g amopeors (gwx.7.), (V) Tov mop-
dovg #aL Tng vdgomepatdtTag Tov eddgovg (e1x.8.), (vi) g peBédov Almavong, ®ol g TooGTTAS TOU AITd-
OUOTOG OV XONOLROTOLE(TaL ®aTd T Almovom (ewx. 4. o S.) xow (vii) Tng peBoédov dodevong xow g ToodmTag
TOV VEQOU OV XONOLOmoLEiTaL otnv dedevon. To dtwto amd tny éxmAvon Tov Mraopdrev eiodveL o€ peya-
Mitego BaBog To @OvémwEo xar TV dvoikn.

H mooémra tov alwrov éxmhvong eivar avaloyn mog ™Y Too6TNTo. Tov alkTov oV £poouoteTon (sux. 4.).
"Exer avagepbei, 6t dtav xonoypomotovvron <175 kg N/ha. H ovyrévipwon afdtov oto €dagog oe fdabog
nepimov 1,2 m ®vpaiverar omd 1 péxor 9 mg/l xow Gtav n woodtnto Tov yenopomoteiton eivor >175 kgN/ha. H
ovyxévrpwon oe BaBog 3 m avépyetan oe 6-9 mg/l. O ydvog epappoyiis ™mg Aiavong mailer peydio péro oto
ovOud mg éxrhuong alwrov. Oa meéneL N AMmwavon va epapusleTol ®atd ™V avartuln, BoTe Vo LEYLOTOMOLE-
TOL 1) X107 TOV al@TOV 0Tl T PUTA %OL VO EACLLOTOMOLETAL 1) EXTAVON aldTov.

(a) EvaicOnm nepoyi Bouhton
200
—Z\ —Béornyeny - Xoprowomij
= 0 Mézpnon
$ 50
&q Xprjon yric  ‘Exmivon aldrov
o o a
Z Iw’; (b) EvaioOnm neproyi Slealord
U
g ° 75
3 . PR
3 sl o - e \\\
o o N \\\\\\\\\\
I et il i i i Xpiion yiic  'Exnivon aldrov
[} 100 200 300 400 800
. I: Mn ayponikh}, 2: TTovkepikd. 3: Ipucoid
Aimaven ue N (ke/ha) 4: Adheg opdevoelg, 5: atatec, 6: Anunrprakd

Ewx.5. Emidgaon tng dwayeiptons Tov yaotdtov xat Eix.6. Exidpaon tov yorjocwv yns oty éxmivon
¢ Aimavong, oro fabud éxnivons Tov vrolswpar:- vroletupatinegy alorovywv Airaoudrov
®>wv, ato £0apog, Auraoudrwv (Lord, 1992). (Lord, 1992).
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Eux.7. Méon emijoia ovyxévrgoon vitoixav, o mgll, Eux.8. "Exnivon aidétov xatd tny auipiomopd: A:
0TO VEQD OV ATTOQQEEL, UE OYETN UE TO VYOS TNS xorjon xomouds xatd to @Ovomwgo, B: yorjorn xomoeids
amopgorfc, oe mm xai Ty éxmAvon aldrov, oe kglha, *atd 10 fuLov TS dvor€ng xat To 1juLov Tov Povond-
and 10 veed NS amogeorjs (Simmelsgaard,1991). oov, C: yorjon xomouds xatd v dvoi&n xar D: yorjon

lmaoudrov v dvoiky (Mikkelsen, 1992).

“Eyet mapamonOei, 6t pe Ty ahhoyi] Tov xo6vou Almavong, oe aupovya £84.qn, pe ™ oM ROTmELAS, ATd
70 POWVGTMEO OV GVOLEN, petdOnue 1 éxmivon alatov and 110 kg/ha, oe 60 kg/ha

¢ Meraoynuatiouds Tov atétov oto £dagos

Avdloya pe Ty Ty, To ALwTo ELGEQYETOL OTO VITEDOPOG EITE (G opyavixd gite mg avépyavo. To ogyavixd
GLWTO TOOEYETOU O EVIOELG, GTWGS TCL CUVOEEC, OL AUIVES, OL TOWTEIVES xouw oL YNuxEg evaoets. To avopya-
VO GLOTO TOOEQYETAL (TG TO CUUGIVLO, TL VITOWOIN %o Ta Viteund. To dLwro omd ta Mrdopata eivorl ovoQyovng
poeens ouviiBwg (NH,*, NO,).

Avtifeta 1o N o avemeEE0Y00Ta 1| HEQUAMC EMEEEQYQOUEVO MIUATOL HOU OTG ROTQLES amoteheiton elte
oo TV ogyavixy Te aTd TV 0vOEYaVN LOQREY TOV.

H emgaveiony] dudBeon Avpdtov xaw armophitwy, ®adog ko n xerion MITOULOUATWV ROl XOTIOLAS, TOTEAOVY
Gueoeg Ty atdtov (em.9.b.). Ze dhheg Suwg weurtwoets, T NO;J TOOEQYOVTOL QTS TY) PETOTQOI OQYVL-
#0U atdrov 1 NH,*, tov vdgyouv, 1j EL0GyovTaL oo Tov GvBpwmo, oy edagurr Livn. “"Etot, amd to ogyavind
Gtwro, dnutovoyeital, apywd, ue “oppwvioroinon”, NH,* (avaywyi}) zau oxohovBmg, pe “vitowon”, NO;
(0Eeidwom). Ot dradunaoies autég hapaivouy xdoa oy axéeeo Lovn, ovviifog 8¢ omv edaguxri Todvn, érov
agBovoiv To 0ELYGvo xaL 1 ogyaviry UAn, Tov xeeLdlovon To alwtopaxnipla. St ew. 9.b. oL diepyaotieg
autéc epgavitovrat va Aafaivouy xdoa €Ew amd To oivopa Tov dEOPGEOY ovorjpatog. Ta NO,~ eivan eEat-
oeTind evdidhuTa 0To VEQS ®ow folorovtal e aviovikn Loe@t, e amotéheopa vo. elvar eEaLpeTind evrivita
0T0 VITGYEL0 VEES. Kivotvran pati Tov xmoig RavEva PETOoYNIATIONS Kat eEaoBévnom. Idlaitepo vivnTind elvol
100 NO,” 0e v300@GRovS TAOUOLOVS OF 0EvY6vo (empoveraxol vdEopSpol ot mOAG vdQOTEQATAE VMXA 1 OE
Sieponypéva metodparc). Meimon tov pE (Eh) 010 ved, umogel va mporaréoet amovitpwon xatd TV omolo
10 NO, avdyovtar oe N O 1 N, (ew. 9.a). Avaloya pe 1o pE ta mooidva ™mg avaywyhs twv NO; QTTAVTOUY EV
Slahioel oto vrdyeto veed, wg N O N,.

Edv 1o vepd xivnBel 1j Poebel oty axdpeom) CLovn, pégog twv NO 1 N, umoel va xobei, ue ™ pooen
aepiov, otov edaps aoa. MV ew. 9.b mapovoidleTon avaywyw) diepyasia, Tov odnyel TeEMxA OTO oYnua-
noud NH, ", tépa and m duaduaoia tg ATOVITOMONG, 0V %o 0O, G pévo xhdopa twv NO,~

Av 10 NH, " oynuamoBei omv ®0Qeopevn Ldvn, 10 peyahiteQo HEQog Tov Ba mEoopogOEel oTe cwpaTidio
apyihov 1 ihdog. Katd tig tovinés aviohhayég, Tov xiplo gého SLdQOUOTITEL 1) IXEVOTNTA RATLOVTLXT]S OVTIQA-
AGYTS TOV YEWAOYIRMV OXNHOTIONMY, EXPQACHEVT OF aQLONG YIMOOTOITOSUVAUMY RATIOVIWY, IOV JITOQOVY VaL
avtahhayotv o pdla Engov eddgous, fdoovg 100g. H tavetnta xanovirig avtalhayrig tpoodlopitetal eo-
yoomoeaxd. Ot petaoynpotiopol Tov N oto vrédagog weouhapfdvouy mmv:
= oppoviomoinomn, dSnhadi m froroyixn uetarpomi tov ogyavikou N, oe NH -N,
= vitpoon, Mhady m froroyrr oEeldwon tov NH -N, oe NO-N,
= amovitewon, nhadi m Broroyuni avaywyr tov NO-N, o agpua umonQoidvia, 6Tmg To NO7ftoN,

m  eEadpoon ™mg aupoviog
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Bpoyn

bunkd umroAsippara
Aupara Arrdapara Koymbora
Opvavis-N NHy Dnv:;‘rfw
NHy NO3 Npwrelveg

Minytg Gueong eoaywyic NITpikiv
(v amd 1 m@m% 0:
3

(b)

Eix.9. IInyés xai T1oomog e10000v 10U aiétov aro £dagog(a) xat eioodos Tov awrov oty xogeausvny vy xabos
xat o1 pueraoynuariopuoi mov veioratal exei To diwto (Freeze-Cherry, 1979, ue tpomomoujoeis).

H dwadieaoio petaoynuatiopot tov N oto vrtédagog meothapfdvel T dLdyuon TmV pog@@y ToV GUEHVIOV,
™ SLAYVOT TOV HOEPBV TOV VLTEIXGAY KOL TNV RETAXIVIOT) OTOLALOONTOTE HOEYNG, HOLL pe TO veQEO. Ot OYETIRES

avidpdoels elval:

= EEaépoon: NH, (vyei)+H,0 <NH, + OH. Ze pH >7 evvoeitou ) magovoia vy appmvies. Ze pH <7

emnarel N pop@r tov NH,".

= Nitgwon: NH," + 1 "0, >NO, + 2H +2H,0 »ou NO, + *O, = NO, »ar and 10 ovvduaoud tmv dio

{ Amovirpuwn ot avaywyikds Gaves @

Aiaguyr) aepiwy kard T por Tou vEPOU
pog T akdpeaTn Zeavy

Nirpwon
N0 ~—— NO7 ~——NH}
l Appwviomoinon
| Opyavid N —=NH
|

\
NH} (Npoapbgnon)

YBpogépog

eElotoewv: NH, + 20 2NO, + 2H" + H,O.
= Amovitgwen: NO; >NO, 2NO >N,O >N,

Kdtm and avaepofleg OuvONrES oL Ue TV TAEOVOIN 0QYAVIXOU VTOOTQWUOTOS, TO. BOXTHOLX XONOLUO-
TOLOUY T VITOWRA 06 O€xTES NAERTEOVIMY. ‘OTtary artovotdleL 10 0EUYGVO, HEQLXOT PREO0QYOVIOROT 0EELOWVOUY
10 0pyavI6 vrdotpwua o CO, wow H O, xoNoomotdvag ta vitpurd, avtl 0§uyovou, wg déntm nhextoovioy,
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uetorpémoviag €10t 1o NO . oe N, (a€p10), otugova pe my avridoaon: 5 (CH,0) + 4NO, +4H" >5CO, +2N,
+7H,0.

AvtiBeta, Gtav videyeL dLaBEopno 0EVYGVO, oL TEOOVAPEQBEVTES IREOOQYAVLOUOL OEELOHVOUY TO 0QYVL-
%6 vréorowua oe CO, xon H,O noatd my aviideaon: C.H 0, +60,26CO, +6H 0.

H npoopdgnom amotehel Tov #0010 pmyaviops apoipeons amd 1o vedagog tov NH, -N. Kdtw and avagpd-
Preg ouvBneg, BeTind gogTiouéva. 1ovta appmviov (NH,*) mpoogog@viol amd avnTixd QOQTIOMEVE OOUATE-
dua eddgovs. H notoviny] avtadhayr amotehel, eniong, onpovird unyavionsd TpooTooias TS HOQECHEVC
Cddvng amd mv eicodo 1évimv NH,*.

Avtibeta, To vitowed givar mo gvrivita ané to NH, ™ oto vrédagog. ‘Otav ta nedta @rdoovy oTny *OQE-
opuévn Lavn, taEdetouy patl pe 10 vIdYeLo VEQES XWEIG ONUOVTLHG PETATYNUOTLONS, ETELOT EYXOUV CVIOVLXT]
no@Y ®ou eivar ol gvdidivta. O pévog TEATOg TOU URoQEr va avartuyBotv ot diadiraaies amovitpwone
omv xopeopév Tavn, elval 1 peimon tov oEedoavaywyrol duvautrot Tou VITGYELOU VEQOU.

4. EHI®PANEIOAPALXTIKEX OYXIEXL

¢ Amogoumavrixd

O TEGHTES EMPAVELODQAOTIRES OVOLES EIVOL TOL COTOVVLAL, TTOV 1) ¥ETON TOUS EVAL YVWOTH OT6 TOUG QOyal:
ovg XOVOUG.

To 1946, égroce 0T0 €UTOELO €VOL CUVOETIXG VIOXROTAOTOTO TWV TOQAIOCLAKMY CATOVVLKV, TO YVWOTC
“tetrapropylenebenzine sulfonate” (TPS), t0 T®T0 0voVIZG €mpavelodQaoTtird (ammopEumavtind). ‘Opmg T
TPS, oe avtiBeon pe to TaQadooLomd camovivia, To. omtoia eiroha frodiaomdvra, eivor avBextnd ot frodud
omaon. Adyw Tov regLailovindy tou duopevav emtdoewy, o TPS aviirataotddnre to 1965 amnd to ouv
BeTind amoppumavtind «linear alkylbenzene sulfonate» (LAS), to omoio eivat 1o ®UpLo aviovird Brodiaommpe
VO EMPAVELOOQAOTIXG. AxohoUONOE o 0elRd BEATLOOEMY 0TV TORAOREVY ELPaVELOdQaoTRAOY. Ot emipa
VELOBQAOTIXESG OVOiEC eivan «au@igpuiay pdota pe vépdpofa xar VdeSEIla Tujuata (gwx. 10.). To vOESPOR
Turjpa eivar ouviidwg vdpoyovavOparag, £lte AEWUOTIRGS, £lte alpoTirdg. To VOEAEILO VITGAOLTO UITOEET VC
QEQEL £lTE AEVNTIXG NAEXTOXG POQETIO (AVIOVIHG ETQPOVELOOQATTIKG) ETE BETIRG (ROTLOVIXG ETUPAVELODQOOTL
%0) N axdpo xar T do, BeTnd nat aevnurd Nhertowrd @ogtio (emapgotepilovia empavelodpaonnd), o
HEQIKES OE TEQUTTMOELS ®at aAvo(da moivoEueBukatviov (aviovird empavelodpaotixd). O emigaveiodgaott
%EG €V YEVEL OVOLEG EAXOVTIOL LOYVQG OO TO QUOLXE 0QLE TV EMLPAVELOY. AUTO CUVETAYETOL TV LOYVO!
TEOOQEAENOY TOUE RO LAMOTO PE TN LOEPY TOATTAOXRWY MY RATWY, TOV SLO@OQMV TUTMV ETPOVELOSQUOTUAGY
TTOV XVRAOPOQOTY OTO EUTGOLO, OTA CLMEOUUEVE VMAA TV ETUQPAVELORWV VEQWY OAAG %ot 0TV A TV oo
BAnTov.

Eux. 10. Tomixd emiqpavelodpaotixd uogto, ue éva turjua tov voedgofo xar to vaclowro vogopilo (G. Kloster,
in M. Schwuger, ed., 1997, ue toomomoutjoess).

IMBavég mnyEg pUmavong Tov £8AEOUS KOl TV VITOYELWV VEQWY OTT0 ETLPAVELOOQUOTIRESG OVOLES ElvaLL,
YEMEYLXY] %OTON TOQAGLTOXRTOVIYV, 1] X001 LU0 TTOV TTEOEQYETAL aTt6 OTaBpove eneEepyaciog VyEwWY OmopAY
TOV, 1 ETAVOYONOLUOTOMON Apdtov yiow dedevon, 1 EMhenyn 1 To EAATTOUATIRG OIXTVO QTOYETEVONG, 1) VITE(
¥ethon TV otaBudv eneEeQyaoiog Mpdtmv Tov TEoxaieitol o TS EVIOVES BOOYOTTWOELS, TO TAVOLUO 1 T
aIToQEUTOVOT TOV £8AQOVE %A, TEAOG, TG 1) ROTAORELY OTEYaviic eméviuong otoug XYTA.

H didomaon Tov emupavelodoaotindy oto £dagog empoadivetar. H ahknhemnidoaom enpavelodpaotird
%ot €8AQovg, EnNEEALEL TO LOOTUYLO «EUPLROT VEQOU», TLS LOLGTNTES TV CUOTUTLXMY TOV edAQOUS, GAND ®at T
dopn Tov, emmhéoy O T HPAOTIXGTNTO ROl TNV TURVOTNTA TV TANBUOUDY TOV PIHQO0QYAVIOIUDY HOL THY OV
TVEN Twv Qutav. To Tehnd amotéleopa ™mg mo mdve oAnienidoaong eivar 1 amémAvon Tov ROAAOELOOT
XAAOUOTOC TOV EdAQPOUS TEOS Ta fabitepa atpwuata, pall pe o dinbolpevo veo.

H éxmhvon tov eddgovg e emupavelodoaotind, CUVETTGYETOL TNV TQO0QOHNON TwV TEAeVTAlmV Rat duoy;
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QUIVETOL £TOL 1) OTOEEUTOYON TOV £8AQOUG, EVA 1 ATOPARQUVOY BOQEWMV PETAMMY atd QUITOOPREVO €dapog
yiverow op@ifoly, Wialtepo GTay TEORELTOL YO TOOOQOPNOT] LOVIRGV EMLPAVELOIQAOTIRGV.

Mze tov (810 TG0 TOU TaL EMIPAVELOOQATTIRA. ROBOQITOUY TNV RIVITIXGTNTA TV TEQLBOAAOVILRGY YN IUKDV
o010 £dagog, dnhadr Twy Mg™* now Ca** naw Pb**, 010oug ovIpopthAOVITES, GITOU 1) RIVITIHGTITC, TOV TLO AV
LOVTWV, CUEGVEL ONUAVTIXG, OTOL TRATO OTASLO APLENG TV ETLPAVELODQOOTIRGV, YL VO petwBEel 0 UONGS ovTog
oM 0QYOTEQX, PTOPEL VO EMNEENCOEL 1) PETAPOPAE TWV ETULPUVELODQAOTIRHDY O LGVTIOL GAAMDY 0QYUVIROV
EVAOOEWV.

H mpoopdpnon empavelodpaotiriv o apythnd vind, propet vo, odnyqoet otny avtahhayn Tovg e mo-
QOOTORTOVO, IMAOdY TO EMPAVELOQOOTIHG CUUTEQLPEQETAL WG LOVTOOVTAALAXTNG, OL € TOUGTNTES MOV Q-
VIOAGOOOVTOL AVTLOTOOUY OTNV LRAVOTTA RATLOVILRIG avToAaync.

H pdgnon pn wovixev ogyavirdv gUnwmv oo T oteped QAo tov £ddgpoug, eivar eAdyot, do0€vtog 6t m
tehevtaio TEoood emhextird veed. H mpdoinyn toug and to €dagog ovoyetitetal o peydho fabud pe ™
OLYREVTOWON 0QYOVLXIG VANG 0to €00,

A6 TO OUVOAO TOV ETULPAVELODQAOTIRADV TTOV YONOLHOTOLOVVTAL, TO 80% €ivon aviovixd, 15% un tovixd row
5% nomovind. A6 ovtd, Ta mo avOEXTXG OTo TEQLRAAOV EVaL TOL OVIOVIXG ROl ELVOL OVOTOTEAEOUOTINY
oxdpa xar n Broroywn tovs eneEepyaoia oe eEeldixevpévee eynataotdoel; enetepyaoiog amophitwv. Zng
TELEVTALEG, TO PEYLOTO TTOCOOTS OUTOUAXQUVONG TV VIOVIXOY ETLpovELodpaotir@y dev Eemepvd to 25%. H
mapovoia eEGANOV EMLPAVELOIQAOTIRGYV OTA VYQA OtOBANTa, UELWVEL EEQLQETIXA TNV QTOTEAECHOTLRY ETEEEQ-
yaoia twv TeElevtaimy, Ayw UeyaAiTteQNS SL00TOQRAS THV CLWQOUUEVWV OTEQEWYV, EVH) UELDVETAL ONUAVTIXG M
%raBiCnon tovg. Topdinia otig deEauevés aepuopot pewdvetar 1 TEGoAym oEvyévou xatd 80% xau mhéov
aTto TO APEMIN CUOCOUATMOUATA, OTO OTAOLO TNG EVEQYOUS LAMIOC.

¢ Zvvletixoi Geodibou

Zta péoa g dexaetiog tov 70, oL ouvBenrol LeGhiBoL vToXaBLOTOUV 0TV 0YORd EVOL ONROVTLXG TRIfHE TV
oQurTeV LedMBwv. O ouvBeTixol CeGABol, Grwg ®at oL puoLkol, eivor aQYLLOTVOITIXG GAATO TWV CAROMXDY
youdv. O TEAEVTOLES AVILITEOOMTEVOVTOL 0Tl aVTAAAGELO ®aTdv ovviiBwg, Nat.

Ta maEadooLord ATOQQUIAVTIXNG TEQLEXOUY onpovTiky moodtnro. LeohiBwy, ou omoior maitovv 10 éro
adLdrutov 0to veES avTaAAGELLOV LGVTOS TO 000 VITORABLOTA TO SLOAVTE CUUTAE YO TOLPWOPOOLROU VOTRIOV.
H xomovieey aviodhoyr, avdpeoa otoug LedMBoug xow 1o £dagog, 0dnyel oty amopudruvoy ard To tehevtaio
TV LOVIWV TV OARAMXDV Youdv, T0 £8aqog XaAapadvel xal €10l Eemhévetal mo evxola. O LedhBoL epLéyo-
VIO O€ VYNAEG OUYREVTQWOELS 0TIV AU, petd amd mewtofdOua ko dsutepofdBua eneEepyaaio amopirtwy.
H \ig, 6tav duatebel oto €dapog 1 xonowomomn et wg AMmaopa, tpoxakel eoaywyr v LeokiBwv oto mp@To.
O televtaior, vdpolioviaw ato €8agog 1 aTovg VIEOYEQOUS UE AOTEAECHUL, VO WV TRORUAEITOL aELGAoYY
pumavom, 800€vtog dAwote Tl 0 ¥EGVOS VTOSTAQOLAOUOT TOVS ival ™S TAENS Twv 1-2 pumvdv. To teMnd
TEOIGY g amoouvleams twv LedMBwy, g vyEd meQLdhhov, elvar duopgo, Teartird adidiuto oTo VeEQS, Po-
0QOQO-aQYLAO-TTVELTIXG OOPBETTLO.

5. EAEI'XOX KAI IIEPIOPIEMOX THX PYIIANEHX

H mpdAnym ™mg p¥mavong amoTeLel TOV ATOTEAEOUATIROTE QO KOL OLXOVOULXOTEQO TEOTO OVTLUETWITLONG TNG
pvmavong.
Mepwrd aEudpata mov TEETEL Vo Aapfdvovior vtoym xatd T oxediaon g moMTkng TESANYmS g U-

TOVONS TV VOROPORMY %aL TOV EdAQOVGS Elva :

. To yxpovird didomua avapeoa oy QL] EXTONTY TwWV QUIWV 0To TEQURAALOV ROl TNG ERQPAVIONG TNG
QUTaVONG OTO VEQG TV VOQOYEWTONOEWY, UTOQREL VO, €val TOOO PeYAA0, OOTE Vo XL TEOXANOEL avemavVGE-
Bwm BAAPN oty VEROOGTON ATG TO VITGYELD VEQG.

s To pramtind amoteléopata g QUIOVONS TOU VIGYELOU VEQOU UOQEL VO dLoEHOVY TAQQ TOAY, £T0L TOU
OUYVA PETAPEQOVTAL KOL OTLS UEAMOVTLRES YEVIES.

» Meoud anépinto eivar 1600 TOEwd, HOTE axOUO Rl O TOA) UXQES OUYREVIQWOELS, Ropd QOQd U
avi(VeUOoLUES, TEORAAOUY 0OBaQés PAGPES.

1 Av 1 Ajym SopBwtinav topepuPaoemv avafaileTol PEYOL Vo TRORPOUV XELQOTLOOTES atodE(EELS TG TTRay-
potxis PAdpnG, Ba €xel mpoxinBel, natd wdoa mbavotTa, T600 peydin QUIOVOY, MOTE 1 ATOQQEUIAVOM
Oa eivan duoyeris, damavnon xau Bpadeia, eQioov UOLkd eivar duvar.
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¢ To «mwAovuio» gumavons

H exnivnon ywo v 2oravonon mg petagoeds e pdlag tov gimov, oty ®0eopévn Lavn, kot ™ dat-
WO TOV OYETHDV EELODTEWY, Elvar 1) Pactrt] eEIOwON: «ELTQO1] PUTOV — E%001] VIOV — petafor TG ovyxE-
VIQWOoTNg QUmov = petaPor] TG GUYREVTEOONGS QUTOV 0TO YXGVo», Ot povddec pdlag xat yodvou. Ou Stadi-
ROOTES PETOPOQAS TS MALOG TOV QUIOV UITOQEL Vo TEQLYQOPOTY amtd TS eELODOELS «dLdxuoNg», «QEVHATWY
UETAPOQAC» RO «DLAOTOQAC».

(@)

. Ouoidpopen pot

TISE e
T

—_—

Eux.11. Enéxtaon oumavons o€ t06Teomo vogogogo ue 1) poe@lf “mlovuwv” axd onqueiaxy anyy (a) ovveyovs
(HAE) =ai (b) oriymaiag (IIZE) exmoumijs ovnov (Freeze-Cherry, 1979).

AvAloya pe TNV ETRQOTOVO0, SLodHAoi0, SLUOQPHVETOL RAL T) EXTOON, 1) YEWMUETOLO KO 1) XOTAVOUT] TG
ovyrévIomang Tov umov. To yempetord oxfipo g eumavong ovoudieton «mhovmo» (plume, ewn. 11.). Ou
KMURES ®aL PLohoyiég Sradiraoieg petdvouy Ty €xToom TOU TAOUULOU 0 RAGOoUa PGVO EXEIVNG OV TEQLYQU-
QETOL Q6 ®AmoLa omd TS mpoavapeBeioes eELOWMOELS HETOPOQAS TG PALag.

Ta pelpaTo LETOPOEAS ATOTELOTY TNV EMIKQOTOVON SLadtXaoio peTapods ™g patag xatd Ty Stapdopm-
01 TOV TAOUILOY RO avOAOVOET 1) VOPodUVaKT] draomopd, pe eEalpeam T dLddoom TG EUTAVONG OTLS QYO
topéveg poayopdles. H éxtaon g petagpoods Tmv QUmwY, PE To QEUUOTO RETAPOQAS, EAEYYETOL OTTO TV XOLTO-
vour] TS VOQOTEQAUTATNTAS KoL TOV VOQAUVALLOT POQTIOV OTO XWEO *at Lo TV UTOREN YEWTONTEWV 1] TN yaduiv
dvtinong.

¢ H “Covn avdxtyong”

T v agaipeon “mhovpiov” pimavong and vdEOPSPO, CUYVA EIVAL ATTOQAITNTY 1) KATAOXEVT VOQOYEW-
TONoEWY AvTANONG, ®atd Raveva ratdvin g anyns pvmovons. Kdabe vdooyewtonon, ratd mv dviinon g,
SLOUOQPOVEL TOV ARG TNG RWVO RATATTOONG, TTOV EXTEIVETAL OTA GQLA TNG TTEQLUETOOV TROPOJOTTNS TS “axtiva
enidpaons”.

H neroyrj mov amootayyCetar ®atd v dviAnon Tov Thovpoy, ival yvwotr og “capture zone” dniadn
“Tavn avaxtnons” 1 “amoinyns” M “cvAAnyms” 1 “mayidevons”. H “Cdvn avdxtnong ” pog vdooyedwton-
oNG, ®aTd CUVETEL, ELVAL 1) TEQLOXY] TTOV TOOYODOTEL PE QUILATUEVO VEQG TN CUYXRERQLUEVT VOPOYEWTENOY (EL%.
12.) non weprhopPdver TG00 TV avAvTn 600 oL TNV ROTAVTN TEQLOYH, OV amootayyilovion amd v vdpoye-
atEnom. ‘Otay 0 vdEoYSOg elval enimedos, OPOLOYEVHS RO LOGTEOTOG, 1 “Cavn avdxtnons” Oa eivan xurhix
%ot B0 avTLOTOLKED OTOV RWVO RoTdITTMONG TS VOEOYEDTENONS. ‘Otay Spms 0 vdEOPOEos eival *EXMUEVOS,
onwg ovpfaiver ouvnBwg, N «Cwvn avdxmong» dev ouumintel pe tov xodvo rotdrwrwons. H modt eivor wa
ETUUNKVOPUEVY TTEQLOYN], ) OTTOI0L EXTEIVETOUL EAQPOWS UEV TTOOG TOL ROTAVTY TNG YEDTENONG GVTANONG %Ol ONUCL-
vurd mpog Ta avdvey. H dapdppwon e Tovng avdxmong, eréyyetat, amd To Xo6vo, Tov xeetdletal To vepd
Yoo vo @BAoEL até TV avaven TEQLoyT, Ot YEWTENON dvtAnong. Metd amd trave xpovo aviinong m Covn
AVAATNONG WTOEEL VO gTdaeL péyL Ta oL Tov “vadyetov vdgoxrgitn”, omv avdvin nepwoyyj. H andotaon.
u€xoL Vv omolal eXTEVETAL AV AVEXTNONE TTOOG TC XATAVTY] TNG AVIAOUREVNS VOQOYEWDTENONG, RATW ATTG CUV-
Bnjxeg pévipng Eoric, 0plCeL Tov VItGYEL0 VOEOREITY, 1 TOH TOU Omo{oV pe To 0pLLAVTLO enimedo, amotehel 10
“onueio oraopotnrag” (“stagnation point”, ewx. 13.).
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Eux.12. “Zasvy avdxrnons” o€ xexduévo vogopogo. Eux.13. “Enucio oraoudrnrag” xar “Covy avdxrn-

ong” wag vdgoyedtonons.

ExotéowBev tou vdeoxeit %ot Tov “onueiov oTaopdmTag”, 1 001 Tov VIGYELOU VEQOT XaTeVBTVETOL ROTA
avtiotpopn gopd. “Exouv avamruydel avahutikés péBodot yia Tov urohoylopd g éxtaons e Lavng avdxTy-
ong.

¢ Msroa eA€yyov xat TEQLOQLOUOY TG QUIAYONS

To. pétpa OV TEETEL VoL AAUPAVOVTAL, YLl TOV EAEYXO KOl TOV TEQLOQLOUS TG pumavomg, eEagrdva, xabe
OQG, oG T PUOM TV EUTMV kL TO EId0E ™S I YTS (ouypmaia 1 ouvexrs, onuela 1 dudxum x.Am.). Kar'ag-
¥V eivau amogaitnT 1 0pLBETON, XATE KATOLO TEGTO, TG EXTAONG TG QUTAVONG KCiL TOU UETAIOU mEoENa-
orig ™.

Totto pmoel va yiver pe ™V xatdoxevy yewtofoemv derypotodmpiag, oe dapogetind Badn. Zuvibug,
YONOULOTOLEITOL 1) CUYXEVTOWON YAMOLSVIWY, YLot TOV 1o Tave oxomd (ewx. 14.). Ta pérea mov hopPdvovon
ouviiBwg eivou:

(a) uéroa eA€yyov s pvimavons.
(B) ueroa amogovmavong

ST TOMTOL OVIREL O TEQLOQLOMGS TG HETOVAOTEVONG TNG QUTAVONG. ZT0. OEUTEQH AVIHOUV 1) ApQEDT KOl
eneEepyaoio TOV QUIAOUEVOL VITGYELOU VEQEOU. OL o cuviiBels LEBOBOL TEQLOQLOROT TG PETAVAOTEVONG TIEQL-
AappGVOVY TNV OTEYOVOTOMON TG EMPAVELHS TUOAVIG ELOGIOV TOV QUTMY, TNV EYROTACTAON “PUOLKGY” pRay-
UGV %o TV AeLtovpyia “vdgavhixdv” goorypdv. H empaveiox oteyavomoinon avagpégeton omv adiafooxo-
oMo MG EMPAVELAS, BGOTE VoL TROANPOEL 1 VoL CTORATOEL 1) ROTEIOOUOT KoL 08 HEQIKES TEQUTTWOELS N dujb-
on. ~

O guowrol nmvvﬁguv)\mof QOOYIOL YQNOUHOTOLOVVTCL YLOL TOV TEQLOQLOUG TNG ETEXTAONG TNG QUIAVOMG
(ew. 15.) Z10UC PUOKOVS PEOYHOTS VILGYOVTOL TO. OTEYaVG. drapedypata, oL nocoahooavides, To vEdyeLn dro-
POGYUATOL, OL TOWUEVTEVEDELS, OL TApEOL oVALoyrs ¥Amt. H amoteheopanindmrd Tovg eivor xahvteen, Gtav o€
oYeTd. S BABog VGQYEL oTEYave otpdpa. e BAOn ueyalitego Twv 40 m dev amodidovv xohd OTOTEAE-
oparte. Ot “vdpavhinol” QEAYIOL SNULOVEYOTVTOL UE TOV CUVEVAOUG YEWTOOE®Y GVIANONG ROl EPTAOUTLONOT
(ew. 16.).

PUOOPEVES EMQPOVELOXES KAl VITOYELES DEOELS PTOQOTY VOL ATOQEUIIOVAOUY Pe TV 0paiQEDY) TOV QEVOTOY
xaw TS AGOoTNS EmpaveLaRdS xon pe dviAnon xat eoxdonon. To pumaouévo €dagog, oto omoio VTAQYEL TQO-
ofoon, Teénel va. agougeiton pe exoxagr. To quraouévo véyelo vees ouviifug aviheltol xan om CUVEXELR
vgiototal emeEeQyaoio. AV XONOWHOTOMONS YEMTEHOEWY AvTANoNg, Eivou duvam] 1) apaipeon Tov VILGYELOV
veQov, pe ™ Poribeta oTparyylotnolmy. Metd v eneEepyaoia, o vepd pmogei va exavelooybel otg YewTon-
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ATTGAUTO YWopETPO (M)

ATT6AUTO Y WopETpO (M)

AtrohuTo YWopEeTpo (m)

AuyouaTog 1978

195
Eux. 14. llagaxodovOnon tns eE€AiEng mhovuov yAwoiovroy, mov mpoépyeral and o otedyytoua XYTA
(Waterloo Res. Inst. 1982, ue tgomomoujocis). S-S, metoueroa.

OELC, TTOU OUVIOTOUY TOV VAOUUAMXG Qoaypnd 1 va xoNoLpomomBel yio TeXvNTo UTAOVTIONS TV VOPOPEOWY.
SaavioteQa To eTEEEQYAOUEVO VEQS CITOQQITTETOL OF YEIUOOQEOVS 1] OTA LK, OF TEoowEWY PePaimg Pdon.

YBpoyewTpAoeig
[
Mnyd pumavons
i Mhovpio Tms
A A A TN pTE DAy Koy
t /4 ! I "
i S—SCA
\
\\ - N
Yopoyewrphoos
Ereyavé Sid s
(xoupriva m?m
ma =3 Yopoyewrprioe:
Opuyna BE UTEVIOVITN) - Agyix aTépn aviAnong ‘
ubpopdpou
v %

Z168un uBpogdpou mhodou pimavang

?:um mvmmg'xozgn Z160un uBpogdpou perd
E, . 15. Xg '70‘”0”0,'"7"'7 Puosxdv peaypudy ’fa‘ Eux, 16. Zvvovaouos dviinons xat Exyvong vepou,
dvrAnong, yia Tov EAeyxo xat 10V mEQLOQIONC THS yia Tov €ieyyo g duddoons «mAovutov» gumavorg,
ENEXTATNS THG QUIAYOT]S, TQOEQYONUEVIS A0 EMLPA- To0EQYOUEVOV ANl empaveiaxtf didbeon amopliroy
vewwerf anyrj evnavors (Tchobanoglous ~ Schroeder, (Tchobanoglous — Schroeder, 1985, uc Tgomomou;-
1985, ue Toomomourjoeis). 0¢1S).

6. ATIOPPYIIANXIH YAPO®OPQN
¢ Zyediaon mEoyQauudTev amogQURavons

H amoppumavon mepihappavet ) «Ogpamelion vat Tov «xabalopd» tov puraviévrog péoov. H amoxard-
OTOL0N CUVIOTOTOL, YEVIXA, OTN HElWOM TG QUIavoNS ota entimeda wov BETovy oL oTéyoL TOV emTmLOV ®afaQL-
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opov Tov pEcov, dMNAadr ot SLoTrENON TOV VTGYELOV VEQOU, DOTE VA WITOREL VAL ONOLUOTTOMBEL Y10 TIC OUYRE-
ROWEVES XONOELS. AV %0 O OTGYOG TNG ATOQQUTAVONGS OPELAEL VOL ELVOL 1] AWTORATAOTAOT TOV HECOV OTN TTQO TNG
QUmaVomNG RATACTOON, O OTOY0G AUTOg SV ElvaL TAVTOTE QEAMOTIXOG, YLOTl EIVOL TROXTIRG adUvaTn 1) aroud-
%REUVOY ®AOE poeiov Tov EUmov.

O otdy0L Tov ®aBapLopoy Tov eddpovg xon Tov VdPOPOEoY, ouVHBNG, eival dLaPOPETROL Kot €V TAON
TEQUTTWOEL EEQQTWVTLL Umtd TaL 0TOBERSTUTIOL TTOV £X0VV TEBEL Yo T ovyrerwévn BEom 1 nepimtwon. To €da-
pog Ba meEmeL vo vTooTel «Bepamteia» TETOL, MOTE Va unV aoTeAel TAEOV TNYN QUIAVOTG TOU UTGYELOU VEQOU.
AvtiBeTa, 0 2080QLOUGS TOV VOROPSEOV (VTGYELOU VEQOT), TTREMEL VO 0v0AOVBE( TaL oTaBEdTUTTA TOV TGOLUOV
VEQOU.

T 10 0ot OYEdLAONS TS aropEUmavong Bo mEémet va AauPdvovtol vTdym, 0 THIOS KoL TO TAYOS TS
ORGQEOTNG %L ROQETUEVNS CVNG, TO £(80E %A 1 CUYREVTEWON TOV EUITOV, RUBMS oL 1) TEOVOw Kait 1) peAko-
vy xerion yns. H texvien amoppinavong mov Ba emheyel, eEaptdrol amnd 1o eidog g pumavang, Tov Timo Tou
eddgoug xaw Tov 1hjpatog, v vdpoyewhoyia, 10 uéyefog Tov TEOPMIHATOG KoL THY OLxovouLXY avdAvom g
nepimTwong.

To mpwto Pripa Yo TNV EMAOYN TNG TEXVIXNIG OTOQEUTOVONG, EIVOL 1) «ETUTOTLO TOQOXOAOUBNOM» (Site
monitoring) g QUmavVONg, HOTE Vo OTOLYELOBETNOEL 1) AtOTEAEORATIXATITA TG AVIANONG TOU QUITOLOUEVOU VE-
00U %ot Tov “movpiov”, alld xal va motorom et 6t dev petavaotevovv and ™ B€on gimavong dAheg T0oG-
™TEC EUIOV.

H “emtdmia mapoanohotitnon” meouhaufBaver now v eEXTEAEON YNUROY avOAIOEWY VEQOU aAd %Ow OLEQI-
wv. H dudpxera g moparohotiBnong eEaptdtor omd g UTOAELUPATIRES CUYREVTQWOELS QUITOV. Oa TEEMEL Vo
dwandmretan 1 woporohovBnon Grav dev evroniletar mo oto delypota o pumog. H dudpxeta avmi, yia v
nepimTmon g eumavong omd vdpoyovdavipones, grdvel T U0 YEGVIe (OXTH TOWUNVIALES SELYHATOAMPIES).
TNa cofapd mepuotannd Propnyavixnis Umavong 1 maoxolotiBnon cuveyiletal Yo aQrETES dERAETIES NETA
™V 0AOXAQWON TWV EQYAOLHV atoEEUIaVONS (OUyvd Yo 3 denaeTies).

H dudprera Tov EQyaoLdv amoQEumavons PTopel vo. dLoRE TEQLOOOTEQOD, atd GO0 SLEROVV OL EQYNTIES
dwamiotmong Tov pey€Boug g pumavong. H exoragt] tou eddpoug xan 1 agaipeon Tov vEQOY, WToQEL va dto-
%xovv efdopddes Emg uiveg, N apaipeon Twv aepiwv Tov £ddQous uropel va dLarel unves €mg xoovia, eva 1
apaipeoN PUTWV aItd TO VITGYELD VEQS PmoQEl va droprel xodvia 1) denaetieg.

Towrogyic onpaciag, ®oTd ™V avAaTTuEn Tov TEOYQGUIATOS aTtoQEVITavoNg, eivar 0 ®aBoQLopuds Tov
oxomoy g VOO YEMAOYYS £pEVVag, o Ba Yivel. Metd Tov ®aB0QLopd Tov o*omoU TS €pevvag, Ba TEEneL
vo. YIVEL avayvdELOT TWV VITOTLOEPEVMV QUMWY ROl VO XOTOYQOPOUV GAES OL TORANETEOL IOV Bar avaluBovv.
Idwaitepa Ba mpémel vo. AngBovv aELGmLoTES TANQOPORIES YLl TG KVUOLOTEQES PUOLXOYNUXES LOLGTNTES TV QU-
7OV, oL Omoieg Bal TEEMEL VO EVOWRATOOOTV 0T0 OYEIAOPS TOU TEOYQAUPATOS amopeimavons. Metaky avtdv
TwV WBoTtwy ovpmEQIAOUBAVOVTOL 1) PUOLXY RATAVOWT] TOU QUTOV (TT.X. OTOV QEQQ, OTO £d0QOG, OTO VITGYELO
RO ETUPAVELARO VEQO X.ATL.), M XNULKT] OUVOEON ®aL TO YNULXG €(80g (TTTnund 1 un wenund opyavixd, Bagéa
UETaAAQ, un petalxd avépyova x.Am.) xow TELOG oL QUOLRES WidTTES (TURVETTA, TTTNTUARGTNTA, OVAPAEELNG-
mra, dwfownndmra, E®dES, uOROL PuOKTlS ATOCHVOEONS 1] PUOLKOY HETAOKNUATIONOT %.AT.).

¢ MéEBodot xar Teyvines amogoumavons

H pvmovon tov vreddgous ouyvd o@eiheTar 08 pior Oueloxy Inyn 1 O pLo 0eLpd o ONUELaRES TINYEC,
eXTOUTTNS QUIaV. Ot CUYXEVIQWMIOELS TWV QUMWY ROVTA Ot ROBEULE ONpeLart] TNy, ivan, ouviiBws, VPnAES xow
1) ATOXATAOTOON), YEVIXA OUVIOTOTOL OTNV APAIQED TOV TOADY QUIACUEVOU EDAPOVS, TQOXEUEVOL VO VITOOTEL
EexmoLoTi| amopeumavon, ot d€ouevon Tov PUTOU 1] 0T HETaPOEAd %ot SidBeo 08 AoParT| XOUATEQY].

Avtij 1 dradiraoia, elvol To TEATO Pripa Yo TV TEEAN YN TNE TOQATEQE. ETEXTAONS TS QUTOVONG. Yohei-
TETAL SUMG 1) ATORARQUVOY) TV YNIKWY EVAOEWV, TOV £X0VV PETAPEQDET EXTOC TNG QYIRS OUYREVIQWUEVNS
mYNG, pe pevpoTe HETaQOQds, eEaéomon 1o dLaomOQd, Ue OUVETELD TV EXTETOUEVY QUIAVON otd OXETIRA
apaég ovyxevipoels pUnwv. H agaipeon tov eddgoug, yio TV amopudrouvon Xapnidv CUYKEVIQWOOE®Y Q¥-
v, TEENEL va amtoxieieton, Adym vymAdtatov xGoToug vow eELd] WITOQEL VO TQOXAAETEL PEYOAUTEQY TEQL-
Borhovtien PAAPN, amd exeivn mov Ba mpoéxumte av Eueve oty BEom Tov.

EEdAov xd0e mepimtmon gimavong €xet Tig iantepdtnTég ™s. Mo axpaio TeQimtwon, Gyt Tdvimg cuvii-
Ong, elvan exeivn, ®owd v omoio, 1 PUOLKY] APOPOLWOT TOV PUITOV WITOQEL, Vo emtitevyOel amoteleopatind and
™V da ™ @uom, Aoyw vimhiis travémrtog outoxaBaplopot Tov vdEOPSEEOoY, BTG Y. M TEQUTTMON ¥NAdaC
UTAVONG atd €VOV Hovadns, pn QOQOUUEVO QUTO (TT.). AXETOVY), OF OXETRA OUOLOYEVES TORWOES NECO, TO
000 VTEQXELTOL VIQOPOQOU UE VYNAY CUYREVTQWOT VITOWX@Y ot GAWV BRETTIRGY, T.). PWOPOQIKGYV, UE
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napovoio otn oteEEd Ao TOV VEOPEEOL ETAOHWY BEUXDV.

Yndeyovy, omv axpaio ot mepimtwon, GAeg oL TEoimoBEoeLs avamTuEng faxtneiny, Ta omoio Oo tpora-
Aéoouv TV amooUVOEON TG AXETAVNG, O TEMKA avOQYaVa TEOIGVTA, CUUPTA Ue TO TEQUBAALOY.

310 GAAO Gpwg axo Poioxeton N TEQITTWON £VOS ETEQOYEVOUS VOQOYPASEOV, TTOV amoTEAETAL O ETAAANALL
V3POTEQATES RO OTEYOVES Cveg, ahhd naw Al poYROTOPEVES POXONATES HOL HEYAAES OLOUVEYELES TEXTOVL-
®1i¢ TEOEAEVONC, 0 OTO{0g VOROPEPOS PUTAVETAL 0Ttd EVALEAITOVS EUIOUS, TOU AVTEXOUV OTO PLOAOYLXG ETO-
OYNUOTLONG. ZTV TEQITTWON Ut M 0ToEEUIAVOY TRarTkd eivar adivorn. H udvn Mion eivar n wodinyn
EMEXTAONG TNG QUITOVONG.

Avdpeoa otig dU0 auTtég anpaies meQUTTWOoELS foiorovial mdpa ToAES dAAeS, 0TI OTOlES auTouTE(TOL OVV-
dvaouds e dpdong g avettag autoxabaolopnoy xat g avlpdmivng mopépfaonc. Ztov xivaxa II divo-
VTOL CUVOTITLXA Ol XUQLOTEQES TEXVIRES OVTLUETAILONG TNG QUTAVONS TwV VOQOPSEWV ®at TOV edAPOUS.

o Svufatinés texvixés amogoumavans
¢ M¢g0odog dvrinong-sncEegyaoiag

H p€Bodog xonowpomoteltan eiTe yio TV, CULTANOWUATIXG, TMIEY a@aipeon QUrmV amd To VITEdOPOS, TNV
QTOEEUIAVOY) TOU VIEGYELOV VEQOU ol TAoUpLe SLaAVPEVWY, 0TO VTEOYELO VEQD, QUImV, atd NAPL ®afdg ot
amd ta duo eidn gumavong, elte yio Tov VORAVARG EAEYX0 TAOUWLOV, XWEIG AQOIQECT] ONUOVTLXWY TOCOTHTOV
VEQOV. 2T TTEATN TEQITTTWON, 1) AWTOEQUTAVOT ETLTUYYXAVETOL OE OQLOPUEVO YEOVO, EVAD 0T deVTEEN, TO CUOTNUAL
AELTOVQYEL OUVEY WG, TOORELPEVOL VAL PNV eNEXTOOEL 1) QUTOLVOT|

ITivaxag I1. H 0vvoyn tov xvolotegwy uedodov xal TEXVIxXGy aVIIUETGILONS TS QUAAVONS TOY VOQOPIQWY xal

TV £0dpovs.

a/a Texvikn Zroxog-Meprypagn

1 "EAeyxog Tng TNy pUTTavong pe peiwon Tou Oykou | —  EAayioTotroinon fij TpdAnwn Tng pUTTavong Twv
TOU PUTTOU KO QUOIKH XNHIKF £EOUBETEPWOT TOU. udpPOPOPWV.

- Meiwan Tou 6ykou Tou pUTIOU 1 EEOUBETEPWOT TOU
QuOIKoU ) XNUIKOU TOU XaPaKTHpPa.

2 2UoTHHATA USPOYEWTPITEWV: —  'EAeyxog TnG udpaulikrg KAiong Kal pEow autig TNg
- ZuoToixieg pnxwv yewTprioewv (well points). uTTOYEIaG PONG PE AvTAnon R ékxuan vepou.

—  BaBigg yewtprioeig —  AmoAnyn Tou poAucpévou vepou f/Kal TOU ETTITTAEOVTOG
- Y3pauAik6g ppaypog pUTTOU (UBPOYOVAVOPAKEG).

- ZUvBeta guoThparta

—  ZuCTANATO aQaipETNS KN avTIBPWVTWY pUTIWY

(udpoyovavepakeg).

3 ZuoTtripata cUANYNG (interception systems): Ta ouoTApaTa cUAANYNG, €ival EKOKAPEG OTNV KOPETHEVN
—  ZTpayyloTrpia (CUAAEKTAPIa CUCTARATA Quovn, e§oAIopéveg pe owArva. H ekaka®r] PTTopei va eival
oTpayyIdIV-aTpayyloTAPIa EKTOVWAONG) avoixt (interceptor trench) f TAnpwpévn pe XaAiki, TTavwW
~  Tagpog cuAAoyrG We GvTAnoN 1 pE BapuTikn até 1o owArva (collector drain). O1 avoIXTéG EKOKAPEG
pon. uTTOpEi va givar evepyég (avrAnon) fi madnTikég (BapuTikn

por}). MpoagoyoivovTal ue GUaTOIXiEG UDPOYEWT PACEWY
avtAnong, Tou dnpioupyolv évav EKTETAPEVO KWVO
KATATITWONG O£ OA0 TO PAKOG TNG EKOKAPAG.

4 ‘EAEYX0G TWV ETTIPAVEIOKWV VEPWV (QUOIKN EAaxigTomroinon Twy agifewy ETIQAVEIAKWY VEPWY KAl TNG
e€oudeTépwon, emévduan, aTToxETEUON Kal KaTeioduang, HEOW aTTOXETEUONG, ETTEVBUONG -
ouvduaopog). aTeyavoTroinang f/kal é§oudeTépwon Tou pUTIOU HE

TTPOopPOPNON.

5 Ppaypoi (oTeEYavoi): Aloxéteuan UAIKOU PIKPRG UBPOTTEPATOTNTAG OTO UTTESAQPOG,
-  TTaooaAOCQaViBEG OMTwg TTacoalooavideg (auean aTeyavotroinon),

—  KOUPTIVEC GTEYaVOTIOINONG TOIMEVTEVEDEIG, DIOXETEUOT) EVEUATOG OE TINYAdIa I) TApPoug
—  BlappdyuaTa atmd udapég UAIKG. (amrarteitai Tepiodog oTEPEOTIOINONG).

6 Emrtéma emegepyaaia: Eicaywyr) 1o uTrédapog UAIKWY TTou TTpOKaAoUv iy
- XnuikA eVIOXUOUV TO puBuS TWV XNUIKWY avTIdpEoewy, TTIou
- BioAoyikn. QKIVNTOTTIOIOUV 1| aTTOPaKpUVOUV TO pUTTOU 1 dnuioupyolv

TEPIBAAAOV EUVOIKO yIa TNV QVATITUEN HIKPOOPYQVIOUWY,
TTOU XPNOILOTIOI0UV TOV pUTTO WG TTNyN EVEPYEIQC.

7 Eme€epyaoia Tou uttdyeiou vepol oTnv em@Avela ] | Aepodiaxwpiopos opyavikwy pUuTiwy, agpodiacTropd,

aT0 UTTESaQOG. BloatroppuTravon, Tpoopd@nan amé evepyd avBpaka. MNa
TNV aQAipean Twv HETAAAWY Kal TwV avopyavwy puTiwy
XPNOIPOTTOIEITAI ) XNUIKT KabBidnaon.
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Dl tpocmiivag
Xalogrhtpo

Euwx. 17 Zvorijuara “dviinons-enctegyaociag” yia tyv avdxrnon NAPL.:
(a)Amirj yearonon, pia avriia, (b) anii yeoronon, Gevyos aviiidv (Domenico-Schwartz, 1998, pe rpomomouy-
0€Lg).

31 meQITTWOoN Ty, GTaV OTAUOTHOEL 1) AELTOVQYIO TWV YEWTENOEWV AVTANOTG, 1) QUTAVO ETAVEUPOVITE-
TOU, YLOTL TO PEYOAUTEQO UEQOG TOV QUIOU €)EL Toaueiver oto €dagog. O xpdvog t ov amouteital yia Ty

TMjon amopeUmavon mhotuou Gyrov V, diveton and m oxéon, [ =V / Z 0., 6mov 0,n maox dvrAnong xabe
oG YEGTENONS. TN TEQITTWON GRMS QOPNONS TOV PUTOU artd TO TOEWIEGUETOV 1 Mo TTdvw eEloman yiveto,

VR
t= Zé , 6mov R, 0 ouvviereonig empPodduvone. Avdhoyo pe T TEQITTWON, WIOREL VaL XENOHOTOmBovy

avihia vepou (dwahupévog pumog) 1 avidio axaBdotwy 1 xow Inhavidio, 1 oxdpo avihio vepoy xoau aviiio
oxaBdotav (gu. 17.). To QuRAOHEVO VEQS avTAETOL 0TV EPAVELX KoL aXOAOUBWS agatpovvTal oL pUmoL, Ot
xatdAAnho ovompo eneEepyaoiag, €ToL BOTe Vo elval duvoTH 1) ETAVELCOYWYT] TOU «OVAYEVVIUEVOU» VEQOU
otov vdRoPSEo (£1x%.18.) 1 1 dLoxETevon Tov O€ YELTOVIXG VORGREVNA, 1] O PEXATUOS TOV EOAPOUS PE QUTO.

Emedepyaoia

5 puTraopévou
Ofuyévo  Opemrikd VEpOU

lewrpnon
SeryparoAnyiag

Avvapikn
£70168pn

AieiBuvon porig

7.

U
Eux. 18. Agyrf Aetrovgyiag #A&10ToU ovoTIjuaros emTomias «Ploamogevmavons» vdgopogov, ue emToma
enegegyaoia Tov QUITATUEVOV VEQOU xar EmOTEOQY Tov 0Tov vogopdgo (U.S. EPA, 1994, and Clark, 1996, ue
TQOTOTOUJOELS).

‘Eva Oépa, mov €yl mpofAnpatioet, eival 0 aToLTOVREVOS XEOVOS Yia TV autoeEUmavor. o mpemeL va
AapBdvovrar UGN YuoL ToV VTOAOYIGHS TOV, TO A0S TOL USR0S0V, 1) EXTAOY TOU OV £) el QumavOel (Yo Tov
VITOAOYLOUG TOU GYHOV TOU QUITAOUEVOL VOQOPOEOV), TO EVEQYO TORWIES (YLoL TOV VTOAOYLOUS TOU GYXROU TOV
QUITOOPEVOU VEQOU) KO KOTAL CUVETELD KO TOV YQEGVOU TTOU QITOLTEITOL YLOL TNV OVTLXATACTOOT] TOV, PHE GVTANOT,
®naBdc xou 1 Tovra Darcy. Ou cuvteheotés «votépnone» («empodduvons») xvpaivovror and 1,5-2, péyor 10-
40, avdroya pe T @uom Tov vdPoPGEoL xaL To £idog Tov PUmov. ‘Otay 0 cuvteLeoT g VOTEENONG EXEL PEYAAES

- 2290 -



TpES, axdpa xot 100 xodvia dviinong dev modkettan va em@EQouy ouctaotxd anotéreopa. H uéBodog divet
ROAG ATOTELEOPOTO, WG TTOOG TN RELWON TNG CUYREVIQWONG TTNTLXWY OQYAVIXWY OTO VIGYELO VEQD, OAAA Elvar
MYOTEQO QITOTELECUATINY OTNV ATOUARQUVOY] OLOAVPEVMV CVOTATLRMDV.

2y opada «Avrinons-EneEepyaoiog» evidooovian oL o RATM TEYXVIXES:

(a) AvTAnon xar TEOCEOPNOT NG ROXXMDIT) eVEQYS dvOguxra

To QuOOPEVO VITGYELO VEQS 0dNyeitan, petd omd dviAnoy Tov, oe dOxEl0 (XAVIOTQO) TOV TEQLEXEL EVEQYO
GvBpaxa. ZuviiBug xENOLHOTOL0TVTOL TEQLOOGTEQQ. TOU eVAG doyein pe evepyd dvBpaxa. H pébodog eivon amo-
TEAEOPOTLRY, ®VOIWG, GTay 0 UmOg eivon VYRS ®avouo 1 dtodhvtxd péco. Ta petovextiuata ™mg pebBodouv eivar
TO VYNAG ROOTOG RO 1) U1 EXAEXRTINY] TQOOQOPNTLXY] LRAVGTYTA TOU 0QYOVIXOU GVBQOX, TTOU EXEL )G CUVETELLL
™MV TEOCEGENON omoLacdnmote Stahvpévng ovaiag m.x. aoBeOTiOV, ONOTE PELDVETAL 1) OTOTEAECUATIRGTNTA
TOV.

w
L
b
g g .
Q X X [}
€ B "
£ 5\ E 9
g © i I
3 & °
\: ‘ Aayuriipag (Gikrpo)

P ————

MoAuopévo éSaqog

MoAuopévo umréyeio vepd Opermikd kai Hy0,

[isimussisnu;

Euwx. 19. Emroma «froamogoumavon» ue «aggodiaywoiouo» (U.S. N.R.C. 1983, ue rpomomonjoetg)

(B) Aegodrayweropdg (Air Stripping)

[Mpdxrerton Yo oUoTN RO atoTeAOUUEVO OTt6 e mELOTH AEQIWY, TTOV UWITOQEEL VAL, EIVOL TTUQEYOS SLomELOHOT 1
d0yelo aeQLOPNOU %.ATT., 0TOV 0TO(0 TEOoXUAE(TaL EEGTULON TV SLOAVUEVOY OTO VEQS TTNTIRGYV VdEOYOVaVOd-
®rwv, olpgova pe to Ndpo touv Henry, Adyw drafifaons pedparog agpa, arnd Quontioa, (e weydain tayxitno
(ew. 19.). To perovéxtnuo g peBGdov eivar, 6Tl peTagpépetal 1 QUIOVOT 0TV OTUO0QULOA.

(y) Aepodraomogd (Air Sparging)

Todxertar yio véa OYeTIRGS TEXVIXT, OV OLUVIBWS ouvOVALeTaL ne aeELous tov eddpovs. H pébodog ov-
viotatow ot dtafifaon agpa, amd aEQOCUNITLECTY] VYNANG arGdooNS, HECH a0 TMIOTLIRG ROTARGQUPO WAL}~
V@, OTNV KOQEOUEVN KoL TNV anopeotn Lavn (gwx. 20.). O pimog, ouviibwg mntrndg vdpoyovavlparag, eEaeQw-
veTow row eEEQYETAL OTNY emupdvela ol pe tg guoahidec tov agpa. To mheovértua g peBodouv eivon m
TOUTGYQOVT OTTOQQUIOVOY) ROQECUEVNS RO AROQECTNG LOVNG.

(8) Avayweiopds — vdgoyovavlpdrwv-veQovy

Av gmhéovy vOEOYOVAVOPUKES OTNV EMLPAVELD TOV VQOPOROU (LOVTEAD Undevinng avdmEng), Tote Tomo-
Oeteitan, elte Cevyog avihav o vdQOYEWTENON, GG TV OTOl0L AVIAE(TAL 0 QUIOE, OIT6 TNV EMPAVELL TOV
VOPOPOEOV 1oL VEQES a6 peyalitepo Pabog, eite o avthion oV EMPAVELL TOV VOQOPEQOV YLt TV GVTANON
ToL EUTOV. Ax0AoUBWS, Tat TEOIGVTAL TS AVTANOYS 0dnyoUvTan 0Tov aepodioymoioty, (Air-Stripper), agov mte-
QAOCOUY TEONYOUHEVIS OTTG Sl WELOTY] TETPEAQIOY VEQOT, GOV CuyRQUTE(TaL 0 EAEVOEQOS OUMOG, O 0TTOLOG
dev mpémel va pHACEL OTOV 0EQOSLOYWELOTY .

o Mn ovufatines TeYVInés amogeUmavos.
¢+ Emroma proloyuaj arogpvmavon

OL meELoELopol ™G ouUPaTIng TEXVOAOYIOS CIoEEUIIOVONG TV VAQOPARMY %ot ot ®ivduvol g ovpfati-
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Eux. 20. Emiroma «froamogoumavan», ue «ac0odtaomogd».

I: Ado avrdies xevov xvxAdogogovv Tov agpa mov dwafifdierar ue acgoovumieoryj, evd ano ovornua dujdnons
dwapipdbovrar Goemrind yia Tyv avdrrvln agedfiov faxrnoivv (U.S. N.R.C. 1993, ue roomomoujoeig).

II: Awardéers aggodraomopds: A. Amouaxen didraén yewrorocwv asgodiaomoeds »ar dvrinongs, B. Zvotouyics
Cevyov yeotojoswy asgodiaomopds xar dvrinong, I. Acpodiaomopd ue 0giiovria €oya, A. Zvvdvaouds opiio-
vriwy xar xaraxogupwy oywv (U.S. EPA, ano Palmer, 1996, us toomonoujoeig).

I: yewrorjoeis aspodtaomopds, 2: yewtorjoets dvrinons, 3: 0piiovries yewTorjoeis acgodiaomogds, 4: 0015ovries
YewTojocls dvrinons.

%1G TEXVOLOYIOG AmoEEUIavon g Tov £8ApOUG, 0 oUVOVAOUS UE TO VYNAS ROOTOS TOUG, 0d1YNOaV OTNV aVATTTU-
En evOALOXTIXAV TEXVOROYLEY 0ToQEUmavaNS, HeTaEl twv onolnv megihapfdvetar (ewx.19., 20. xow 21.) xou n
«prodoyxn amoggumaven» 1j «proaropevravon» (“bioremediation”). H emtéma «Proamopeimavon» xonot-
UOTOLEL (UHQOOQYOVIOUOUS TQOXELUEVOV, VO RATOOTOEYOUV 1] VO QRLVNTOTOLOOVV EMTEIOV Tovg pumovs. H
uéBodog €xer amoderyOel 1dLaiTEQO ATOTENEGUATLXY, YLO. TV CVTLUETMMTLON OQLOUEVMV ELDMV QUmavong, 6rTwe
.Y AT Tt VOEOYOVAVOQOHES KO EIVOL TO(UTEQY), AOPALECTEQN KO PLKOOTEQOV RGOTOVS OGS TG CUUPATIRES
TEYVIRES ATOQEVITAVONG.

Ze Myeg povo mepurtidoels, ot BEon g EUTAVONE OTOVTOUV, 08 EXAQHES TOOGTNTES, GAO TOL AUTCLOOITNTO
VAR, TIOU XONOLUOTOLOTV TO. BOXTHOLL, M TINYY] EVEQYELOS KOt TEOWY, WOTE vo vTofAnBoiv o€ «BLoamopU-
Tavon», X0l eEwtepwrr] mapéppaon tov avBpdmov. H diadiracio avni eivar yvwor] wg «etdixt} Broaroeey-
mavon» (“intrinsic bioremediation”). ITwo ovyvd, duwg, N “Proamopeimavon” amattel v TexvNT dnpioveyic
ouvOnuav 1 ovotjpatog mov Ba eEaopaiicovy Ta amapaitTa VALK, Yiol TOOQT RO TAQOXT EVEQYELOG, OTOVG
prpoopyaviopovs. H duadwwaocia avty elvar yvwor wg “pnyovixi proamogevmaven” (“Engineered
bioremediation”). H tehevtaia, (g1x.20. now 21.), ovviotatan, oty emtdyuvon tov embopntoy avidpdoewy
«proamopumavons», e ™ dLeUVRGAUVON aVATTUENGS TEQLOOGTEQMY IIXQOOQYAVIOUMY XL UE TN BelTioTomoinom
TOV TTEQLRAMOVTOC, OTO OTOLO OL PLKQOOQYOVIOUOL UTTOYQEOUVTAL VO KAVOUY TS OTTOQQUITAVILXES OVTLOQAOELS.
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Baowd ®oimijoLo yio my epoaouoyn 1 Gt ™ms «Bloaroppitavong» eivor To €idog tov gimov, dnhadn xatd
600 0 TeEleVTaiog Eivan emOERTIHGS PLodLAOTOONS ATTG TOVS PLREOOQYOVIONOUS TTOU EVONUOTY 1] ELOGYOVTOL
ot B€am g pvmavong. Térowol pimor elvau:

a YdpoyovavBoaxes ko To TAQdYwYa& Tovs (rolurvrAurol agwpatixol vdooyovavlooxres, vyod xavowua,
AAROOAEG, HETOVEG, EOTEQES, QOEQEG).

ANOYOVOUEVES AMPATIRES EVIIOELS.

ALOYOVOUEVES OLQMUATIRES EVAOITELS.

IMolyAwoLopéva dupoviia.

NITROQWUOTIRES EVAOELGS.

Meérorra (Cr, Ca, Ni, Pb, Hg, Cd, Zn x.4.).

H xoatalnhdmra xdbe mepimrmong yio. «Broamopeimavorn», dev eEaprdtar pévo and my wavimta lo-
dudomaoms Tov QUIov, alhd xow amd TLG YEWAOYIRES OUVONKES TG BEOMGS o Ta YXNUKA TNG XOQOXTNOLOTLXA.
Euvoizég ouvOnireg yia v «edunr] frodidomoon» amote oty 1 otabeEr] 001] Tov VTGYELOU VEQOU O OAES TLG
ETTOYEC, 1) TOQOVOLO OQUXTOAOYLRAY CUOTUTIXMY OTA TTETOWIOTO. TOV VOQOPAQOV IOV HEV EVVOOUV TIG HETABOAES
Tov pH %01 0L VYMAES ouYreEVTRMOELS OEVYSVOU, ViTourdy, Beuxndv 1 Fe**. Buvoinéc ouvBirec yio mv «Mnyovi-
%1} PLodLdomaon» omoTEAOVY 1) VOQOTEQOUTATNTA KoL YEVIXGTEQX 1 TEQATATNTA TOV VIEDAPOUS OTaL PEVOTA, M
OUOLOYEVELG TOV %L 1) OXETLRA XOUUNAY VIOAELUUATLRT] CUYREVTOWOT TG 1) VOOTIRNG oM Twv eUmwy (<10 gr/
kg otepeov).

AGyw g emelyovoag avayrng yio ™ «BLoamopQumavon», eival TQOTIUAGTEQY N ETLAOYY TNG «UNXAVIXC»
amévovt oy «edwmri» froamoppumavor. H mpdm eivon mohv tayiteen amd tn devtepn. AoBEvtog Gt wohhol
vdpoyovavOpanes, Wdaitepa ToV TETEEAAIOV, amatovy 0EvyGvo yio TV amoouvBeot] Toug, €xeL doBel amd v
«unyovirn Brodidoraon» €upaon omy ooy oEuyovou. Av TEOXELTOL YIA AroQEUmavon £8dpovg ™S ond-
eomg Cavng, Téte N oEuySvmon yivetal pe xONOLUoToimoT Cevyoug aviuby XeEvou, Yo T dLoygtevon afpa
(tov TEQLEYEL OBVYOVO) %Ol QOEGTWY 1] YAAAQLAY 1 TAPEWY, YL TN SLOXETEVON VYQUOLOg 1i/aL BQETTIRGY.

[ R N =R &

OpemrTika-Yypaoia

AvrAia kevou
AvTAia xevol

u‘m:autvo £Sagog
I1d6un ud ou

Ex. 21. Emtoma «unyavixiyj froamogoumavon» axopeotns Savng. O avrdies xevou »vxlopogotv afpa yia v
mwagoyif o§vyovov. H otod (@iAtoo) dujfbnons magéxet vegd yia v avarmijowon g vygacias xat Ggerrixd (N,
P) yia v avdrrvén tov aggofrov faxtnoiov (U.S. N.R.C., 1993, uc roomomourjoeis).

Ta cvotjuata «BloamoEumavons» Tov vdEoEEEOY, CUVIONG CUVICTAVTOL TG CeUyN YEMTONOEMV EXYVONG
RO AVIANONG, YL THY ®UXAOQOEIa 0EVYGVOU o OQETTIRGY, SLAMUUEVOY 0TO VEQEOS 1| atd Le¥yog aeQOCUITLE-
otov, Yot doyErevon agpa (ew. 21.). H «edwrj froamoppuimavon» epaoudtetol, Gtav o Quiuss te puotkiic
Produdonaons Tov pimov eivar Toyitepog amd Tov euBNG petavdotevaris Tov. O puBUGS guowrtg BLodidomaong
eEaptdton and 1o £{80g RO T CUYREVTRWOT TOV QUITOV, TO E(80G AL TNV TURVETNTA TS IKQOPLOXTIC HOWVETNTAS
Ao ot TG VOPOYEWAOYLRES GUVOTHES.

Baowol mepropiopoi g pefddov eivon 1 eEdvtinon tov 0Euydvou and ta fantiola xar 0 uxedg TAndu-
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oG TV TELEVTALWY, AGY®W TEQLOQLOREVWV TTOoOTHTWY BREmTRAY, Yaunhov pH 1 ¢ taovoiag ToEmMY viL-
%nov. Kvpidtepo perovéxmpua mg pebsdou eivan  mbavomta andpeatng (clogging) tov vdpopdpov 1 tav
YEWTONOEMV, AOY®W OUYREVTIQWONS TOU GUVOAOU TMV HOXQO0QYOVION®V oF pic BEon. H andpoatn twv yewton-
OEWV 1] TOV dLoUTIEWV PoEel va mpoxaiécel emPodduvon ™ «BloamopEumavonc» 1| TEQLOPLOUO TS O
Béoeis mov de POAvovY T BpemTIRA. TLoL TNV AVTLUETATLON TNG ATGPEAENS YONOLUOTOLOUVTAL TC. TOWTOLWA, T
omota ®aTaoTEEPovY Ta faxtioia. "Evag dAOg T0mog avTIHETHIIONG TS andpeatng, eivon 1 evarhoyy dwofi-
Baong BoemTindy 1o VTOOTEMWATOS 1 1) XENOLHOTTOMon g Nyris oEuydvou tov vrepoeldiov Tov vdpoysvou.

Tuyvd m «proomopeunavon» ouvOudleTon pe GALES TEXVIRES, TAUTGYOOVA KOl CURTANOMUNTIRG, OTWG EX-
oxon xot apaipeon Paoud QUITATUEVOL edAPOVS ROVTA 0TV TNY1] EUTAVONS ®at (axohovBws) BloamopEimay-
on. O ovvdvaopds avtde, elattdvel v mboavomta dueong EUmavong Tov vdpogpdpov. ‘Otav wnAideg pumov
emIAEOUV 0TOV VOQOPGQO, TQONYEITOL GVTANOT TOV TTELY TN PLOCTTOQQUTAVAY] TWV VUTOAELpATRGOY VAMx@Y. H
Broamopumavon umoel ouyvd va axohovBel v emeEepyaoio Tov VTGYELOV VEQOU, [LE TN ¥O1]01 CUOTHRATOS
«AVTIAONG-eNEEEQYAOTOC», WOTE VA HELWBEL 1) £XTAON TOV «TAOUMOU». ZUY VA, TENOG, TOONYELTOL 1 «TEYXVIXY»
™G «EWIE» BroamoQumavomng.

Av ®ou €7t TOV TOEAGVTOS 1 «BloartoQEUIAVOT)» TEQLORILETAL 0TV aToEEUIAVOT VOQOYOVAVOQER®Y, Ot pi-
%QO0QYOVLONOL €YUV TNV avémra BLodidomaomns oxedov GAwv TV 0QYaVIXDV QURMY, aANG oL TTOMDVY o-
vépyavmyv. Ot JxQooQYOVIGHOL XONCLUOTOLOUY TOVS QUITOUS Y10l TV AVATTTUE TOUG KO THV QVOTOQOYWYT] TOUG.
O ogyovixol QUIOL ATTOTEAOUV YLt TOVS PLRQOOQYCVIOUOUS TINYY| dvBpaxa ahhd row nhextooviwy (evEQyeLag),
HEO® OEEDOAVOYWYIRDY OVTLOQAOE WV TTOV TEOXANOVVTOL QO TOVG IxEo0Yaviopovs. O pimog mailet 1o Q6-
L0 TOU «dGTN NAEXTEOVIWV» EVE OL UROOOQYUVIOROL TOU «dEXRTN NAEXTOOVIWY».

¢ Yopaviixog xeouatiouos

FroyevelL 0TV ovAmTuEN SeVTEQOYEVOUS VOQOTEQUTGTNTAGS, OF CUMITALYY TETOWUATO UE PXQT] VOQOTEQUTS-
™m0, T600 OTNV XOQETUEVN GO0 %aL TNV arSEeaty v, Kote va devroluvOel 1) 001] TOV PEVOTOYU TV YENOLUO-
TOLELTOL YLOL TNV ToEEUTAVOT. META TOV REQUATIONG, axOAOVOEL RATTOL AT TG AAAES TEXVIKES QTOQQUTALY-
one.

¢ Svotrjuara mrayidsvons

Ta «ovonjpata moyidevons» (Interceptor Systems) yonowpomorotvrat yio avaxmon NAPL, amd puxed fa-
00¢, HE TN HOTAOREVY OVOLXTHS TAPEOV, OTEYAVOTONUEVIS HATAVTY, 1] RAELOTIS TAPEOU 1] AXCUC KAl OTOOLYYL-
otijpov (ew.22.). Tra ovonjpora ovtd propel vo aviinBel natd ®iplo Adyo NAPL xow pixot) moodtyra vepoy
(avouyt, oteyavy avdvn Tdgpog), 1 peydin moodmua vepov paki pe NAPL, (avouyt tdpoog xou £heyyog Tov
NAPL péoa o” avty).

— Purovtiig

~
— —— 3 . ,
Pof) vrdyeron vspolL my,'“""o'“m'

Pon} vroyeon vepow
—_— ——

(b

Ex. 22. Tdpoor mayidevons yra tov Edeyyo s enéxraons pvmavons and NAPL: (a) €l eyyos ue oteyavomoinon
xardvry xar aviiia axaBdorov, (b) avdxtnon vegou xair vmov ue emmidovoa mqiavriia (Domenico-Schwartz,
1998, ue rpomomounjosis)
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¢ Ydgoyewroijoeis amogovmavong

“Towg, N Lo dNUoLAS TEXVIRY apaipeonS “TAOUILOV” QURAVONG, Atd QUIAOUEVO VOQOPEO, ELVAL, 1) XOTA-
oxevj evog aLBpot vdpoyswtonoewy dviknong. To pelCov Spmg medPAnua, eivat, o xaBoLopds Tov aELBpoy,
™S dATaENG %ot TS amGoTAONS AVAUESO 0TS VOQOYEWTENOELS aropEUmavons. O xabopionds s PEATLOTNG
OOOTAONG TOV VOQOYEMTOHOEMV, EMOQC OTNV ATOTELECRUATIXGTNTA TS TOQEUTAVONG QUITAVHEVTOS USPOPS-
oov. H Béhtiom amdotaon r, epSoov oL vdQOYEWTEYOELS ATOEQUIAVONGS, HECK TS AviAnoiig Toug diatay oty
yoopurd (gvBvypoppna), €ivor ouvaeTon Tov ®RaTd TOo0V 0 aptBudg Tovg elval mTeQLttog 1 dotiog (Ahmad
1995). ‘Oco avEdvetar 0 agLBuds Twv vdEOYEWTENTEMYV, TEQ artd TN BEATLOTY TLWY] TOV, TO HOAVOUEVO VEQG QEEL
OTO YO UVAUEDTO OTLS VOQOYEWTONOELS AVTANONG, XWEIS VO avTAeital artd Tig televtaies. ‘Otav n andotaon
AVAUEDO. OTLS VOQOYEWMTONOELS HELWVETAL RATW Tl TN BEATLOTN TLwt], TOAES YOUUUES QOGS dLEQyovTal, XmEIig
AGY0, a6 TG VOPOYEWTENOELS TTOV folorovTan oY )y ™S evOTypauuns dudtagne. Mdvo n Bértiot didtaén
TV VOEOYEWTEOEWY EEAOPAACEL TAMON AVTANON TOU QUITAVOEVTOC GYROU VTTGYELOL VEQOU, IMhadi] Gheg ot
YOORUES QON(G, TOV dLEPYOVTaL avdpeoa otg OE0ELS Twv VOPOYEWTENOEWY, “Ouhhaufdvovtal” and avtéc. "Etol
n 0€om y, aEBuov vdoYEWTEOoEWV N, draTteTtaypévay evbliyoaupa xot og (0Eg amooTdoeLs, SiveTal amd Tig
oyéoelg y=nd/2 ywa weprtté apBud vdgoyewtorioemy xat y=(n-1)d/2 yia dotio apBud vdgoyewtorioewv. O
“guvreleotiis PédToTng andoraons” (Optimum well-spacing factor) d vmohoyiomze (Ahmad, 1995) pe
BorBela pabnuatindv poviehov zaw pe n < 31, énwg oo wivaxa II1, 6mwov n, GETIOG ®ow N TEQLTTOS (ELOUGS
VOROYEMTOHOEWV. AXOMOUOMS, YO TOV VITOAOYLOUGS THG TTOAYUATURNG OTG0TAONS T AVAUETH OTLS VOQOYEMTOY-
oelg, 1 T tov ovviereot d molamhaoidletar pe to mnhizo Q/bv, dmov Q N maRoyy AvIAnong xobepLdg
yewTENnong, b 1o mdxog tov vdPoPSPOL kAL v N Tayitnta Darcy. Anhady, r=d(Q/bv).

A6 TaL 0 TAVE TEORVTTEL, OTL 1) PEATLOTY rtGOTaON T Elvai OUVAEQTNON TOV OUVOALKOT aeLdpov Twv vipo-
YEWTOHOEWY, TOU XUTA TGOOV 0 aQtBUAS autds elvan dETLOg 1] TEQLTTAG, TOU TEYOUS TOU VOQOYEQOoU b, g Tomt-
%NS TOYUTNTOS 0TS TOV UTGYELOU VEQOU %ot TG TaRoyis dvtinang xabepuds vdpoyewtonong. Zuviotdtat o
aQLBRGS TV VOPOYEWTEoEWY VO Elval GQTLOG.

Iivaxag I11. YroAoyiouog tov ovvreleonyj fEATIOTIG amo0Ta0NS YEWTQIOE®Y ATOQQUIAVONS AVAAOYa HE TOV
agtfud tovs (Ahmad, 1995).
3 5 7 9 1 13 15 17

N

(o 0,4024 (0,415 |0,4462 |0,452 |0,4615 |0,4659 |0,4698 [0,4723
da 0,3193 |0,388 0,4171 |0,4332 |0,4439 |0,4516 [0,4573 [0,4617
Ng 2 4 6 8 10 12 14 16

19 21 23 25 27 29 31
0,4746 |0,4762 |0,4775 |0,4787 |0,4797 [0,4808 [0,4808

Nn
dr
dq 0,4653 [0,4682 [0,4707 [0,4727 |0,4745 |0,476 [0,4765
Ng 18 20 22 24 26 28 30

O ovwvdvaopds dvrinonc-éxyvong divel To rahitepo amotehéopata, WOTEQN GTaY OL YEWTONOELS AVTAN-
ong-€xvong dLoTdooovTaL XATAAAALL, WS TEOS TO «TAOUULO».

"Exovv mpotafel emtd drotdEeig yewtorioewv (ewx. 23.), oL omoieg Bewpotvial wg TAEOV TOTELECUATIRES
YL TNV QITOQQUITAVOY).

H Mydrego amoreleoparin Moo eivar exeiv, mov mooPrémer «povadinip» yedtonon avrinong, n omoio
navTwg TEETEL VO TooOETETOL OTO %EVTEO PAQOVE TOV «tholuov». To «Eevyog», amotehoipuevo amd pa ye-
@TENON AVIANONG XOL Lot YEWTONOT €xyuong, diver xahitego amoTeAéopato, 0.6 Th XONOLLOTOINCT) HLag
povadurijg yedtenong avrineng, Aoyw g aiEnong g vdpavhriic ®hiong mpog Ty rotetBuvon g yewTon-
ong avtinong. To Cevyog mavimg odnyel oty dviinon peyolitepng moodmrag VeQoy, P WXQOTEQY OUYHE-
VIEWOM QUITOV, OV TTEETEL vaL VtooTel eneEepyaaia. ‘Otav 1 vdoavhunn xhion eivar peydin, n «touwht dudragn»
vreEEyeL Tov Cevyoug emedy dnuovpyeitan vOQOWAMRAIS PEAYUGS, GTTG TNV RATAVTH YEDTENON EXXVONG. AV
amotiyel GAAMOTE 1) YEDTENOY AVIANONG, 1) KOTAVTY YEDTONON EXYXUONS (EUTAOUTIONOU ), HTTOQEL VO TNV CVTLHAL-
taomioel. H «mevtamhy dtdtaEn» XONOOTOLEToL ®UQINS YioL TV OVILUETAMLON QUmavons amd vdpoyovay-
Bpaneg, Waitepa de, yio SeVTEQEVOVOO. OPOIQEDT) TOV QUITAOUEVOY VEQOU, PETA ol ®atdxhvon pe vepd. To
OUOTNUA «OLTTAOU REMOU», «DTTAG OidUNO», arrotelovipevo amd éva ecnTeQLRO REM AvtAnong xat €va eEmteQt-

- 2295 -



%G neMl €xyvong, dnpovpyel vOPAVAMRG peayud, ue amotéleopa ™ yeyoen amopdxrouvon (dvtinon) tov
«thoUpLov», Wiaitepa Gtav 10 e0wTeQLrG #eMl oxedidletar apxetd evey. H moodmra €xyvong Ba mpénet va
givow peyolitepn o ™y Tooyi) dviinons. “Etol ) moodmta Tov QURaopHEVoU veQou, tov xoetdleTal eneEeQ-
yaoia, uewdvetar. H dudraln avtj nepihapfdver 8o yewrpnoeig dviAnong xow 890 YewTEioels §xyuong o
dratdocovtor xotd Pirog Yeapmis, o duxotopei 1o «thovpio». H moadtnra éxyvong ouviibwg eivon iom pe v
QO AVIANONG, TANY TNG TEQITTWONG TOU SITAOT ROV, ZT1) «povadixti» xoL TV «xevigoagovixty» dudtatn
dev mpofArémetan Exyuon. ‘Otav 1 guowky| gor] otov VdEOYSEO Elvar uxEt, dev elvan amoteheopormixy 1 dudvor-
En «povadunrig» YedtENomng GVTANONE 0TO KATAVTN GOLO TOU «TTAOUULOU», SidT Ba YoEL00TEL TOMUS YOGVOG PéEXOL
TO «TTAOTVRLO» VO PTACEL OTN YEDTENON. AVvTBET™G, GTav 1 Quotrt] Qo1 eivan peydhn, Téte 1 yedtonon avtinong
TEEMEL VO TOTODETE(TAL OTO ROTAVTY GOLO TOV «TAOUVULOU».

Me ) didTaEn «dimhov xehov», 0 «Xe0vog amogEUmavans», dMAady o xedvos mov amarteitol HEXOL O
AMyog C /mens -6mov C_ 1 PEYLom ovyrEévigwaon eUmov otov vdQOPGEO KoL Coic M OUYREVIQMOT TOV QUTOU
oty mwn Umavong - va yiver <0,00005, o 0AéxAno tov vOQoYsEo, owegxerm oe pepwxd xoovia. EE ioov
oxedOV xahd amoteréopota diver xon 1 dLATAEN «duAov TELydvou». OL xedvoL aroQEUmavaNg OTo TEIQUA
twv Satkin-Bedient, avdloya pe ) 6€om g «povadixic» yedronong dvrinong, frav g 1aEng tov 3,19 uéyor

%o TAVO ot 4 xdvia.

Movadikf Kevrpoagovixiy
elewrpnon GvtAnong
X Fewrpnon ékxuong
TpimAf AnmAb Sidupo
MevramAn AnTAé Tpiywvo

Eix.23. AvatdEeig eA€yyov xat weQLo-0L0p0U TG QUIAVONS, HE YEOTOHOELS AVTANONS XatL GVTIANONS — ExYVONS
(Sat-king-Bedient, 1988).

To mheovéxtua g HelmONG TOU YEEVOU OITOQQEUIAVONG, UE TN XONOLUOTOMOT] YEWTONOEMY EXXVONG, EVOE-
Youévag aviotapiCeton and v adEnon Tou Gyrov tou vepoy éxyvong. Ildviws o xedévog amopeimavong,
STV XONOLUOTOLOVVTOL YEWTONOELS HGVO AVTIANONS («povaduxi» xat «xevigoakovixt» dudran), eivon onua-
VILRA PEYOAUTEQOS OTTG TO YEGVO QUTOEEUTAVONGS TV dLATAEEWV OV TEQLAAUPBAVOUY YEWTOHOELS GVTANONG %o
€uyvonge, ue povadixn towg eEaipeon v «mevramdn didrakn». Ae gaivetol Tdvimg va vIdoyeL dagoed oTo
¥0GOvVo amopEumavons Twv dapdpny diotdEewv mov meguhapfdvouy xar €xyvom, étav 1 petafiBacuxrdtno.
elvaw g TaEng Tov 10* m?/s. H dudtagn «dumhod nehov», emruyydver tov vymréteo Babud (99,9%) peimong
™G OUYREVTQWONG TOU QUIOV.

Tevikadg, 1 amoteleaponxdtta v dagpdpuv dwurdEewy eEagtdton and T B€an TV YenTRHoEwY, TV
ooy AvtAnong xon TEAog amd ) petafifactirdmra, ™y véoavirt ®Aion xow To ouvieleoT] SLomoEdS TOU
vdpopépov. ‘Otav Ghot oL GAAOL TUPAYOVTES TAQUUEVOUY OTOOEQOL, 0 XOGVOS ATOEEUTOVONG CUVIEETOL UE
avTiOTEON OXEON UE TNV TOQOYY AvTANoNC.

H ueiwon tov xpévou amopQumavong, CUVETGYETOL KOL UEIWON TOU GYROU TOV VEQOU TTOV XOeLALeTaL ETTe-
Eepyaotia. ‘Otav 1 vdoavhxr] ¥Aion elval YeEVIROS pixen, TV ®oAiteEn amédoon £xouv ot dlatdEelg «ToLmh»,
«Cetyog» ot «duthd nEMQPOS», ahlld amoutovv emtdmio. eneEepyacio xau exaveloaywyr. ‘Otav 1 vdoavhxy
®AoM Elvol PEYAAN %ot 1) TEOXOAOUREVT 0td TV AvIANOoM TTon otdbung elvar emiong peydin, v xolitepn
anddoon €yl M «toumhr)» ddtakn. Avubétwg, xapio didrakn dev elvar amoteheopatiny, Gtav n vdpaviiry
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%Aion o 0 ovvieheonig dlaomopds elvar VPMAoL xaw 1) TEOXAAOVPEVY TTWOT OTABUNS Y. H «revrpoatovi-
wip» dudragn eivon amoteheopotin (neiwon C of Coic 99%), 1600 O€ VYA 600 xow og xapniy vépoviuxr
#hiom, oAAG dmpoveyeital To TEOPANua ddbeong Tov avthovpevoy veQou.

‘Otoy £mOLORETAL 1) ELOYLOTOTOIMOT) TOV XEGVOL oEEUIOVONG, B0 TEETEL Vo GUYIVALOVTOL 1) «REVIQOO-
Eovixn» nan 1 dLATaEn «dumhov ToLYdvou». ZTIG TEQLOOGTEQES TEQLITTWOELS TAVIMG EMAOUEL 1) «TOLTAY» didta-

&n.

o Amogovmavon tng axdeeotns S@vns

H anoppumavon g andeeotms Civng ETUYYEVETAL LE YONOLUWOTOMOT JLAS Y| TEQLOGGTEQMV ATtd TIE TTLO
RATW TEYVIRES:

¢+ Amoparguven «eddgovg-arpdv» (SVE method)

Eivau n o amote eopatint] Texvint omopumavons ths or6QeoTng LWvng amtd TTNTRES OQYUVIXES EVIOELS,
Srmg ot pumot Timov NAPL, 1 axdpo amé drohupévoug oto edaqund vepd QUIOVS 1 ot pUIovs QOPNUEVOUS
ota 0TEQE copoTida tg ondpeotng Lavne. H texvinn ot xonouomotel puontioes xevol, oe cuvduaouds pe
YEWTONOELS «EXTOVWONGS», IMNAadY apaipeons eddpovc-agpiov, dote vo dnuovpynBel pon agpa péow e u-
naopévng Lavng (Ew. 24.). O pinog eEaepdvetal, 08 OUYXEVIQDOELS OV xaBopilovian amd tv mtieon Tmv
atudv Tov pumov. Ta wrntrd mov fyaivouvy ad tn yewtenon, axolotBug amopaxrgivovial. O agpag axohov-
Bwg xaBapileton oy empdvelo pe evepyo dvBoaxa 1 odnyeitan oe xavon. H Bemontiny «aagoyi» amoev-
navong, R, divetar and m oxéon R  =CQ Smov C 1 cvyxévipmon tov gimov oe aéola pdom ot Q 1 mapoy
TOV QLEQIOV.

¢ Buwuoegiopog (Bioventing):

Zuviotator OTov AeQLOPS TNG aXGEEOTNS VNG, TOOXEWEVOL Vo OLeuxolvvOel 1) emitdma frohoyirrj diep-
yooio now va emrouvOel pe avtév Tov 1p6mo 1 froamogeimavor.  Elvow n mo v} xow amoteleopatikn
1€B080g amoEEUIOVONS TG ARGQEOTNG LAVNG QTG 0TTOLOVGONTOTE 0QYAVIXOUS QUITOUS ®aw dLapEQEL amd TV
uéBodo SVE - onola glvat ootekeopatiny yio Ty aoQEumavon g ax6eeats Lhvng omd 0QYavires eva-
OELS OV, ®VEIMS, poprorol Pdoovs, pe eEadpwon tovg - oto 6t dievrolivel ) Prodidomaon aepdfia
Brodraonduevov opyovirdv eviroewv. H Stdtagn floaeoiopol tethapuPdvel Thv xataoxevy YEGTONONS HECQ
oné v omoia SrofPdleton aépag o wxrEEg ToodTeS (YEDTENON 0EQLONOD).

Anpovpyio
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f] Z1a0pn vépogopov

Eux. 24. Anuiovgyia #evou yia Ty aTOud*QUYOn TTTIXGY 00YavVIXGY ano Ty axopeoty ovi. Teomomoinon
oxediov Tov Schwartz (1988).

+ “Exmivon tov eddgouvg

H agpaipeon tov pinwy yivetow pe xatdxhvuomn pe veeo, pe ta@dAnin x0Mon emgpoveLodQ0oTIXMY OVOUDY
1 ue €xyvon atpov. To pevotd g €xmhuong anohotBwg avthovval.
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+ EEaéounon pe yorjon vyicvyveov niextoopayviuxay xvpdtav (RF method)

Xonowomotonre emTUX®OS Yo TNV apoipeon and v axdpeot Ldvn mmuxdv vdgoyovovBpdrwy. Ta
viovyvae nhextoopayvitind xopata meoxAitnxay and mnyr wyxvog 40 kw xow dtafifdtovrav oro vrédagog
péom xatdAAning dudtatng nhextpodinv (Toeis oelp€g and dexatpiot nhexteddia n xdbe pua), emi dcddena nué-
oes. H Bgppavon tov vreddgovg otoug 150 °C, eixe wg amotéheopa tnv eEQEQMON TOV TTIXWY VdQOYOVAV-
Bpdxwv %o TV CLALOYT TOUG, HECW PEOYHOT VIQTIMY. ZT1 GUVEYEL, PETE a6 VYQOTOINTT, Ol CITOUEIVOVTES
agpLol vdpoyovdavBpares Tpoopo@iinxray oe evepyd dvbpaxa (Downey, 1990).

¢+ Exoxagi

IMpdrerton Yo uotrt} apaipeam Tov QURACREVOU EAAQOUG, EITE YLO TNV ATORAXQUVOT] TOU EXTOG TNG EQLO-
KM, €T yia Vv eneEepyaoia Tov EmMTETOU PHE «BLoatoQEUTAVOT)», OO, AEQLORG 1) GAAN TeEXVIXY. O eviagLa-
OuGs TV eV ouviaTdral, Yot amhds petadéTel to TEORANua ot GAAN TEQLOYXY, EXTOS GV mponyNOel eneEepya-
ola, 1 omolo. O voTePAOEL T OUYREVTIQWON TOV QUIOV OF OmodeERTA Yo TopY (7., vyed ®ovoupa) emimeda.
TIowv TV EXAVOTAGEWON TNG EXOROPNS, TaLTe (Tan dErypoTodmpia xou avdivon yro v emfefaiowon g agai-
QEOMG TOV EUIOV.

Zuyvd 1 exoragi) ouvOualeTal pe:
= 11 ddBeon tov eddgovg ot yopateer. H néBodog amoppumaivel t B€om mov onuewdbnxe 1 pimavon Gxu

Sumg xaw v axdpeotn tavn. H gimavon petafifdleron amhds ot xopateen.
= TOV GEQLOMG TNG OXOQETTNS LAvg, O omolog emTuyydveTal pe ™V tomoB€mon, opitéviia, oto védagog,

07N QUIALOUEVT arGEEOTN Cavn, didTtonTwv CwAVWV 0L OO0l CUVAEOVTAL PE CLEQOCVIILEDT 1] PUONTHOQ,

mov Peioreton omv empdvewn. “Etor ta agpro tov eddgovg amopaxpivoviar and 1o £dagog, Tov TEQL-

BarieL TOUG COAYVEG.
= v froamogevnavon (ewx. 20.)
= T1 perddeon Tov £ddgovg xau emrtomo agguopd. To £dagog mov agarpeitar TomobeTeltan O YELITOVIRG

yinedo xow vtGrertow 08 agQLONG, Gmws eQLyedpeton mo mdvw. H pébodog amodider o vind vyminig

vdpomepuTdTTOG.
= T0V aEQLONG Prodoyixd Bedtiopévov eddgovs. To £€dagog mov agpaieital, anh@veTal TAve o ouvVOETIRO

OTEYOVG VMG %o UEXOL LOG PETEO Tdx0s. Axorovbwgs, meootifeTan TeQLOdIXMS Aimaopa kot To €dagog

avaxraTeVETOL TEQLOOMMG, TOVAAXLOTOV ®(OE TES wives. ITdvw and ) oteyavij exévovom TomobeTeiton

apué@iktEo, mdxovs epimov 15-20 cm. H enévdvon megipdireton meQuuetotrd amd avafabpd, wote vo

omogevyBel amopon. To £dagog €Tor aeleTan Ko EMTUYXAVETOL ETTAYXUVOY TG «BloamoQQumavonc», 1

omoia dieyeipeTan amd TV oot xn Tov Mrtdopatos, Tov wepLExel Bpemtird. O ouvdvaonds eEdTuong xow

BroamoEUIaVoNGS, TEOXAAEL ROTAOTEOPTY RO EEQEQWON TV QUTWY.
= Beguunr] emekegyacia, pe ™v omoia eEagpdvovion o wrnuxkoi vdpoyovavBpaxeg. To €dagog odnyeital o

Beppavépevo xhifavo, 6mov Beppaivetar péyor Bepporpaaia 250-300° C, omdTe OL TINTLROL RO NULTTTLROL

vdpoyovavipaxes eEagpivoviat. Axorotbwg, ol atpol, naki pe copatidio ayihov xat yevirnwe eddgovs,

TEQVOUV TS dLarymwELOTOC, GTTOV TO OTEQEC TMUOTIOLC CUALEYOVTOL ROl HETAPEQOVTOL TT{TW OTOV KAIBOvO.

21t OUVEYEL, OL OTUOL TTEQVOUV QTd XOWOTHEM, GITOV HATAOTEEPOVTOL OL TTTTLRol VdPOYyOovAvOpaxes, Ot

vymrég Bepporpaaies, 800-1050 °C. Ta aépra vTOTEOIGVTA TG ROVONG EXTEPTOVTOL OV aTuéoponoa. H

anédoomn Tov ovoTipaTog ®Vupaivetan ad 5 péyou 30 t/hr.
= aQaigeom agQinv and To £dagog: I'ivetal e YEWTONOELS «EXTGVOONG». ITpOREITOL Y10 ATTOTELEOPOTLXT] TEYVL-

%1, otV TEQITTTWON EUmavoNg TayLds ardpeomng Lhvng amd vdOYOoVAVOQUXES TOU TROEQYOVION Ao VG-

YELO. aToBreVON TOVG OF OTABROUS 1] EYROTAOTAOELS VYQWV RAUOTR®V. YTAQYEL TAVTIMGS TO TEOPANUA TG

UmOVONG TS ATUOOPULOOG, OE TEQITTTWON EXTTOUTNG TV OEQIMV YwELS IO YoUuevn eneEepyooio.

¢+ Amogovmavon e&omdiopov

“Evo. onpaviind HEQOS TV EQYNOLIV OITOQQUTAVONG OTTOTEAEL 1) ATOQEUTTAVON TOU EE0TALOHOU TTOU XONOL-
poroteltan. O ®aBaQLONGS .Y, TOU YEWTEUIOVOU amontel TV exTOEEVOT e mieon Leoroy vepov, oe ouvdvaoud
ne T xonowomoinon ratdAniwv Povprtodv. Eivar duvani n xonowpomroinon pevotot oamovviol, apyird oe
ouvdvaops pe Bovptoeg, oAd Ba meémel va axohovBioel To E€mhupa pe extéEevon rabapot mooov veQoy
%O OTN OUVEYELQ TO OTEYVWOUC TTOLV TNV omobrxevon.

Sy V4, XONOLUOTOLE(TOL 1) TEXVIXY] EPAQROYTG ATUOU e VYNAY TTLEON Y10 TOV ROOAQLONG PAQEWY Pnyavnpd-
TWV RO YEOTQUTAVY, TQOXELUEVOL VoL eAaytotortomBel ) avayxraia moodmra vepov mhvong. H texviny dpwg
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avt €xer do Baotrolg eQLoELonoUs: TV aduvvapio Toaywyis weyding toodtntag atpol oto nedio xa €-
TOEROVG TLEONS YL TNV ATTOUAXQUVOT aTtG ToV EE0TMOUS TAQOTIRY S aY iAo 1/xaw vtoheppdrov. "Exouv xon-
opomon el GumS ®ow O CUVOETES TEXVIREG, YLt TNV ATOQEUIAVOT EEQQTNUAT®V YEMTOUTOVOU, ELQORIVTMOV
derypatolnmrdv €dGpovg ®.AT., Srmg:

m  gpfdmtion row TeihPLpo pe BovpTtoa, o8 PiyPIo aoQQUITONVTLXOY ROL VEQOU,

Eémlupa pe xaBao vepd,

E€mlupa pe Loompomuhint] adnodSAn, peBavein 1 axetdvn,

TOAMOTTAG EEmAvpO pe ameoTaynévo veQo.

H amopoeimavon twv petolndv derypotonmdy yivetal, ouvnBwg, (derypatodmpio avogyovwy) pe to
TAOOLHO P VYEO CamovvL, EERyalua ue apond didhvpa 0E€og (m.y. 10% vitound 1 vdoxhwELrd) xow ctohouiBwg
pe EEPyolua ue AmeECTOYUEVO 1] ITLOVIOUEVO VEQS. AV 0 deLYHATOMTTTING EXEL XONOLHOTOOEL YL T derypato-
Ayl ogyavirdv, 1 aoEEUIAVOT TOV YIVETOL Pe TAUOLHO, AO)IKC, UE VEQS CTTLOVIOREVO 1] AECTAYUEVO 1] PE
ovthoUpHEVO VTEGYELO VEQD, axohoUBmG EERyalua pe Srahutirs péoo (axetdvn, eEdvio, oompomuitrij akrodAy,
®aBaen peBavein 1 ouvduaopds) xow otn ouvExeLa pe EERYaApa e OTTLOVIOUEVO VEQOD.

Ta TV agaipeon MIavTidv ad Tov eE0mAMOoNG, XONOLHOToLoUvToL ouviiBms dtahutind, Srmg axreTtovn xou
eEdvio. To ovvnBeg Gpwg TEOPANUA TS aroEEUTAVONS ToV EEOTAMONOY Elval 1) TOQAYWYT] ETLXIVOUVOY VYQWDV
oamofMjTwy, OAAG xoL 1 ROTOOTEOPY TUNUATOY TOU £EOTAMONOY, TOV atoTeEAOUVTOL ATt TAQOTLIXG 1) EAALOTIXG.

Tpaxtxd o ®oliteQog TEEmOE aroEUmavons eEomhopnoy eivar aQyird 1o E€mhupa pe vees (AmLovioUEVo,
OTETTAYUEVO 1) QUOLXG R0O0QG), arOAOUOMS TO TAVOLUO *oL BOUQTOLONA e ELOLRA ATTOQEUTTOVTLXA KO TEAOG TO
Eémlupa 810 1] TOELS POREG e QUTOQQUITAVILXG.

Ztov mivaxo IV magovoudlovion ou duaBéoipeg orjpuepo texvirég amopumavons tov eEomhopot. Ta viwmd
TAVIWG TOV (ONOLULOTTOLOUVTAL YOl TNV amoQEUmavoy tov eEomMopoy, eite eivan emunivduva, eite mopdyouv
emrivOUvVa OGPANTA RO ROTA CUVETELN ATOTEAOUV “ev duvduel” mnyEg pumavong, ouvdedepéves pe Tig duadi-
®naoleg amwoEUmavong (QUmavoT Tou vEQOU VAPEVONG 1] TOU VEQOU TTOU XONOLUOTOLE(TaL Yo ATOOTaEN 1 yia
QmLOVIOPG, dtohvtirnd Héoa 1 aQampEVa OEEa, OEQOAINATA, TTTNTLRG 0QYOVIXA, AVTLPURTIRG, GImS 1) otBuluxn
YAUROAY, QEVOTA TTOV YONOLUOTOLOVVTAL OTC VOROUAMXAE cuaTrpata, VOQOYOVAVOQRAKRES, OQURTEACULA X.A.TT.).

Iivaxag IV Teyvixés Anogounavons eE0TALOUOU OV XONOUOTOLETAL OTIS EQYAVIES ATOQQUTAVONS
(G. Nielsen, 1991, ue toomomoujoeis).

Puoiki ATroppuUTtravon Xnuiki AtroppuTtravon

Ekt6€euon aépa MAUGIPO pE vepd

Ex16&euon vepol MAUoIHO pe kaBapd vepd kal EERYAAUQ PE QTTIOVIOHEVO N
ATTETTAYUEVO VEPO

Xprion &npou mayou MAUoIHO pE BIGAUMA €18IKOU ATTOPPUTIAVTIKOU, OE
ouVvOUAOo PO Je EETTAUPA E ATTIOVIOUEVO | ATTECTAYUEVO
vePo

KaBapiopdg pe @péov o uynAni mieon | KabBapliopdg pe atud pe tieon

KaBapiopdg pe utreprixoug MAUGIpo pe CeoTd vepd Pe TTiEON

KaBapiopdg kevou ZémAupa, o guvduaoud e ogéa Kal aTTIOVIOUEVO -
QTTECTAYUEVO VEPD

duoikr atroudkpuvon - BoUpToIoua 2uvduaopévo EETTAUpA pe BIaAUTIKG péoa (QUTOPAPUAKWY)
KQI OTTIOVIOUEVO-QTTECTAYHEVO VEPO

o Amovitowon vaoyeiwv veewv

ALAQOQEES TEXVIRES £XOUV avartTtuyBel YLoL TV amovIiTOWOon TV VIGYELWY VEQWY, TA OO0 TTEQLEYOUY OV-
YHEVIQMOELS VITOIKAY LGVIWY, OV EEmEQVOTV Ta GOL0L TOOUGTNTOS. Ol ONUOVTILKGTEQES Ol QUTES elva:

¢ Duouni amovitewon

H dwoomn g AMimavong, amoteAel TOV o OmOTEAEOPATIRG TEOTO AITOQEUTOVONG TWV VIQOPEQWY, atd T
VITQOQQUTAVOY YEMQYLRIS TTQOEAEVONG.

O vToloYLOUGS TOV EGVOU t TOVU QITOUTELTOL YLOL TV OT0QEUITOVOY HEOW TNG dtakomng g AMmavong twv
edagv pe alwrtovyo Mrdopate proet va yiver and w oxéon: t =t / [In (C,C)], dmov t =bO/T o xedvog
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TAQOUOVIIS TOV QUIAOREVOU VEQOU OTOV VdOPAO, b 1o TTdY0g Tov TehevTaiov, B T0 TOEWdES Tov, naw I 0
EUTAOUTIONGS TOV VEQOPEROV, EVe) C €iva N CLYREVTRWOM TWV VITRIXMY PETE TEQ0J0 XeEVOU t arrd T Stawnom
TV Mdvoewv, had n oxomovuevn ouyrEVIQWON TwV VITEWM@Y Hetd t dowomi g Aimavong xow C; m
oYL avENpévN ovyxEévipwon Tav vitpukdv. Epyaoieg tov Aapmodxn et al (1998) and didgpopeg meQLoxgs g
[Tehomovvijoov, avagépouy mg XOOVo QUOLHIS amovITEWONS Twv eAeUBEQMY VOQOYSPWY, HEQIHES deraeTiES
(30-60 yo06viar), avaloyo KE TOL YUQOKRTYQLOTIXG TOV VOQOPSEOV, TOV BaBRS ViTEOEEUIAVOYS TOU *at Tov QuONG
EUTAOVTLOMOU TOV.

¢ lovruaj Avrailayy.

Qc 1ovtoavtohhdxTes yonopomototvron ouviifog ouvBetixéc ontives. H tovioaviadhayii Aopfdver ydoa
avdpeoa ota NO, xar ota CI, 6tav 1o ved diégyeton and Tig ontives. O onriveg avTég (aviovioavtahhaxTeg)
elvau elte aobeveis eite 1oyLEES Baoels (apives ow omoieg eivan mapdywya tov NH,* 1 evioeig tov NH, ). Ovev
AMym enriveg magovoudtovy vymhi emhextndmra o NO,/Cl xou pétoua emhexnndmra oe SO,*/ NO,. H
uéBodog eivar grnvij xan amoteheopatnii. H avayévvnon tov onuvay yivetow pe ™ xerjon NaCl. Ot mo ovvn-
Ouopéveg teVinég mov e@apudtovran eival:

e amhoV otedparog (single-bed process) OOV YONOLUOTOLEITOL AVIOVIRY ONTIVY, LOYVEA Baowri, 1 omtoia -
vayevvator pe NaCl.
e dumhov orpdparog (two-bed process), 7oV XENOLWMOTOLE(TAL LOYVEA GEWVN ENTivy 08 OUVOVAOUGS pe ehapEd

Baoun appwvia, n omoio avayevvdartol pe HCL
e avtiorpogpn ‘Oopwon. To vepd difpyerar and numepaty pepPodvn, evad to vitowmd dev diépyovion amd

avtiv. OL ouviiBeLg pepPEAVES OV XENOLOTOLOVVTAL Vo T TOAVauidLaL, 1 0EuruTTOEiVH RO GALa TTOAU-

ueon. To vepd, mEog amovitowon, vrrofdrietor, oto Bdlapo tg avtiotpogng Gopmons, Oe TECELS TTov Et-

TEQVOUV TV avtiotoryn oopwtxij tou rtieon. H péfodog dev epapopdtetan amoxrhelotind yio Ty amovitom-

on, oAhd ouhhoyrd yroo v agordtmon 1 ™ peiwon tov TDS, do0évtog 6t n aviiotpogn Gopmon €xet

vPnM emhexTurdTTo. o€ 0QLopEva pévo tovta. To peilCov mpdPinua eivor 1 andpeakn tov pepfooavav
®uplmwg artd ta avBoanind Lovra.

. HAextgodidivon.

Koatd m péBodo avt ta tévra diégyovtal emAeRTING, HECW NUTEQUTWV UEPPOOVOV, 0l £va didhvpa o€
€va dhho didhvpa, ®ATm amd ™V enidEaom TOV NAEXTELROU TTEdiOV oL ovarttiooeTal ot povdda. O peppod-
VEG xonowpomoovvral ae Tevyn (Baduidec), tomobetpéves evalAdE oe Bahapovg yia xatdvro (m.y. Na*, Ca®*,
Mg*) nou aviévea (.y. CI, SO,*, NO, xau HCO,). ‘Otav nhextoiné pevpo meQdoet amé ) Sidtokn twv pep-
Boavav, ta 16vro. SiEp ovTal ETMAEXTIRG A TNV avTioToLn aviovTLxT 1) ®omoviiky peppodvn. "Etor otoug
avtiototous Bordpovs, Tov evarlldooovtor PETaED TOUGS, 1 LOVTLRY ovyrEvTpmaon eivar vymAidteen (cahapoy-
oa) 1 xaunAdrepn (amoviopévo vepad), amd ™y agyiwy ovyr€vipmon tov vepoy. To peyolitepo mEofAnua
eivon 1 artdpEaEn Twv pepfavdy ot n vmhij ®otavaloon evEQYELOG.

Amovirowon ue @vx.
Zuviotatow ot dnpoveyia fropndiog amtd @uxn, Ta omoto Teépoviat amd ta vitowd. H péfodog eivar grmvij
®nouw amoteheopatiry o deEapevii uxrpov BaBovg, 6wov odnyolvral oL emoTEOPES dodevamg.
Xnuuerj amovitowon.

Kat’ avnijv tpootiBeton Al oto mhotvoro og vitpurd vepd, oe pH peta&v 9 won 10,5, omore:

3NO; + 241 + 3H,0>3NO, + 24I(OH), »au

NO; + 24l + 5SH,0 NH, + 24Il(OH) , + OH 1j

2NO, + 24l + 4H, 0N, +24l(OH) , +20H

Av 10 TEMRG TTEOIGY £lvan 1) appwvia, T0te aroAoVOET 0eQOdLOY®ELONGS (Air-stripping), Wote vo. dLoyETEL-
el n appwvia oy aTudopaLa.

Xonowomoinon tov NO ™ g dextdv niextoovioy.
3

Kord mv emrémo froamogeimavon vdpoyovaviedrwy, dwafipaletol oto vnédagog vepd mhovowo o NO,,
TQOXEWEVOU VO, XONoLpomotn el amd ta faxtiowe mg dEXTG NAERTOOVIWY.
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¢ Bioloyuxri amovitooon

H pébodog omnpitetar oty ooy ™S PLoxnxiic RETOTEOMNS TV VITOWRGYV 0t amodextd vrorpoidvta. o
TO OXOTO QUTS, XONOLUOTOLOVVTAL (IXQ00QYAVIONOL, ot omolot xonotpomototv o C xor N wg Boenmtind xow 1o
elevbego O,, To omolo mpootiBetal, wg d€xm NhextEoviwy amd Ta agEdfLo prEdPLa, To orola pe avtd Tov
TEOMO HOTAVOA@VOUY TO £AeUBEQO 0EUYGVO. ‘Otav amovoldlel 10 EAEVOEQO OEVYGVO HEQIXOT XQOOQYAVIOHOL
XONOLUOTOLOTVY WG OEXTN NAEXTOOVIWY TOL VITOWUA, RATW QO AVOERES CUVOTRES. ZTNV TEQIMTWON QUTY] TOL VITOL-
%A avdyovial O a€ELo dfwto. Ou OXETLHOL MKREOOQYOVIOWOL eivan duvnTird avaegpdfiol. Zvxvd mpootiBeton
0QYovIrog avOpoxrag (ne ™ poeer g neBavoing), dote va emtoyuvOel  amovitewo).

Ta Boxtiola XENoWomototv avil Tov 0EVYGvov, Tou amovotdlel 08 avoeQOpLeg CUVONKES, Ta VITQURA, WG
teMxd O€xT Nhextoovimy, ondTe To VITEId avdyovtal oe agolo N,. TInyn evépyeiag yia ta Baxmiolo arwotelel
0 TEOOTLOEUEVOS 0QYaVIXGS dvBpaxag (avomvon-ouvBeon). O Sradiwaoies mov hafaivouv xwoeo eiva:

6NO; + 2CH,OH>6NO, + 2CO, + 4H,0 xat 6NO,+ 3CH OH->3N ,+3 CO,+ 3H,0 + 60H
H Boxtnowaxt ovvBeon €xer wg e&vig: 3NO,; +14 CH,OH+ CO,+3H">3C HON +H,0, ondte moQdyeton
Boxtmoandg 1oTdg.

Katd tovg Dahab-Bogardi (1990):

NO; +1,8 CHOH+H*=>0,065 C.HON+0,47N,+0,76CO,+2,44H 0.
H Boxtmoiaxyi dpdon Aapaivel xdoa ot t€00epLg dLaxpLtés pdoets wg eEnc:

NO;>NO,>NO>N,0>N,

H minyn evépyewag (opyavixde avOporag), moogpyetal amd 10 Bdvato, 0to £dagog, QUTLRGY ot Loy
0QYaVIOUGY 1 amtd TV Teootixn uebavoing, xutraivng, 0Ewrovu 0E€og, abavolng, YAuvrding 1 uekdoog. ‘Otay
WG TNy TOV 0QYavVIXOU AvOQORa XONOLUOTOLE TOL 1) YAURGDY, 1 aviidpoon amovitpwong eival:

4NO; + 5/6C H O, + 4H" 32N, + 5CO, + 7H,0.

‘Otav yonopomoteiton 1o 0Exd 08U g mnyn dvBpaxa 1 avtidoaon eival:

NO; +0,85CH COOH + H*>0,ICHON + 045N, + 1,2CO, + 2,1H 0.

Téhog €xovv avamrvyBei 800 texvirég roroyirric amovitpmong oty Evpwnn (Richard, 1988): n eregotgo-
@uerj Nitrazur wov xonowomotel wg mnyr| dvBpaxa oExé o0&V ko awbavéin xon n Biedenit wov xonowpomorel
™mv aBavoin wg anyy dvBpoxa. Kaw ot U0 Texvikég xonowpuomoovy etepdtpoga faxtiota, dnhadi faxtiouo
7OV XONOLUOTOLOUY TNV 0QYaVLXY] 0Uoia G dGTN MAexTovimy, 08 avtiBeon Ue ta oVTGTEOPO. POXTHOLYL TOV
XONOLUOTOLOVY G HGTEC NAEXTEOVINY TO VOPOYEVO %ot TO avnyuévo Belo.

¢+ Emiroma Bioamwovitowon.

O teYVIREC OV €XOUV avouttuXOEl, avagépovial, ®UElms, 0TV QTOVITEWOY TWV AUUATOY OF CUCTHUATA
onmrav By 1j ot pumavon and dudbeon arofiitwy. H péBodog ovviotaton oto ouvduaopus Gviinong xou
Sroxérevong ato puraouévo vdpoedpo vrootpwpatog. “Exouv avamtuyBel téooeoig foowrés SuotdEes wg -
Erg:

i) Tedronon avrinong epmAovriopov, wov pmhovTiCel e VIGOTEWUA TO QUIAOUEVO VOQOPAEPO 1oL OF Eva,
UETALYEVEOTEQO OTAALO R apoy dOOEL 0 amapaitnTog XEGVOS Yo T PLOOTOQEUTAVOT), AVTAE] ATOVITOWUE-
Vo veQO.

i) Zevyog yeatonoenv ERTAOVTIOROV GVTMIONG O€ SLOPOQETIXES ATOOTATELS, OL OTOIES KATAOREVALOVTOL OF
duapopetinég B€oelg mov anéyovv petaky tovg 10-20 p.

iii) Zevyog yewTOOEQY EUTAOUTIONOU GVTATOT|S O€ dragogetind BdB1, ou omoles rataoxevdovrol 1 o xo-
vid omv GAA, alhd oe duapogetind BAOY. At ) pio yewtonon dwafifdletol 1o QUITAOUEVO PE VITOLKG
veQS ®Ow O TV AAAY YEDTENOM AVIAEITOU TO OTOVITOWUEVO VEQD.

iv) Evotnpa Magyagitag. Mia yedtonon dvrinong nepifdrietor and yewtonoels eptAOUTIONOY, JUKQGTEQNS
SropéTeov, omd Tg omoies drafipdletar otov VOPOPGEO TO EYUVIHS VITGOTEWUA KoL BRETTLHA.

ZTIG TOELS TEWTES TLO TEV® TEQLTTMOELS, CTLLTELTOL 1) O OLHOTOMON L0 1) TEQLOOGTEQWYV ETUTAEOV YEW-
TONOEWY, Yo TN CUVEY)] AVORUXAMOT TOU VEQOU, OTe Vo emtauvOel ) arovitowon.
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LYNTOMOZX ATIOAOTTEMOZX KAI I'ENIKH ANAKE®AAAIQXH TQN EPTAXIOQON
I1OY ITAPOYXIAXTHKAN XTIX @EMATIKEX ENOTHTEX THX I'ENIKHX
ITEQAOTIAL, TEKTONIKHE, TEQMOP®OAOTTAL, TAAAIONTOAOTIAL,
LTPQMATOTI PA®IAYL, OAAALIIAY TEQAOI'TAYL KAI IZHMATOAOI'TAL.

N. ®YTPOAAKHE'

‘Oleg oL €QYOO(EC TTOV TAQOVOCLAOTNROV EIVOL TTOA) EVOLOPEQOVOES KO OTO PEYOAUTEQO TOCOOTO UE OV-
olaotrd ovpuepdopara. O xabévag and Tovg egevvntéc mpdobeoe ue ™ dMpoaievon tov €va urEd M ueydro
MOAQL 0T0 OROSSUN UL TWV YVAOEWY TNG YEWAOYIOGS %ot O TEQLOGGTEQOL 0T YEWAOYiat Tov EAAnvinot Xagov.
Emedn dev eivan duvardy va avagepBoiv Aemtope s To oupmeQdopata a0 eoyaoiog xworotd, O vatafin-
Oet mpoomdOela va emonuavBovy oe YEVIRES YOOUUES M RUQLL CUUPOAY TOV ETLOTNUOVIAWV AVAROLVHDOIEWY
(MOTE O AVALYVHOTNG VO EYEL UIOL YEVIRY E1REVA TWV TETOAYUEVAOY TOU 9° Zuvedpiov yia TS o TEVM avopeQo-
peveg Oeponixnég evotnres.

1. 'ENIKH I'EQAOTI'TA

2t Gepanry avni evotnta €xovy eviaydel 15 emOTUOVIRESG OVOROLVAOOELS.

- Xepaoovnoog AouPdadags (Atuxn): Ilpoodiopiomray véeg Botidves ot Baldooieg amoBEoels Avm — ®aTw
TAELOROWVIXHG — €WC HATO) TAELOTOXAVIRTS NAMKRIOG PE VOVOTTAQYRTOV RO 1) TEXTOVLXY dop].

- Tewhoywn xow xvpimg - Neotextovinn doprp xow eEEMEN twv vnowdv Kegahovidg xar HOGxnG.

- O textovindg xapoxtioag tou fubiopotog petaEl Avydhem xouw Idaovnbog

- 2Zm Xepodvnoo ITviiag n maovaio QORAADY PHETAUOQPOUEVAV TETOWUATWY TOV VITAQYOVV OTH EQOOVN-
00 g Mdavng odnyel oe oupmepdopata yia v eEEMEN g TeQLOYTG.

- Zrov ITdovwva dwamotdvetar tertovind rdivppa (Thumiag) mdve oty evomra g Iivéov avdloyo pe
enelvo s ApPng »rar g Epuidvns pe avriotoya TeXTOVIXG YEYOVOTO.

- ITnuoatohoywég raw YEWROQPOAOYIRES EQEVVES OTNV EQLOXN Tov Totapoy Ogosta (BA Boulyapia) rotohi-
YOUV OF eVOLUPEQOVTA CUUTEQAORATA Yiat T1 YemOuvaunt] eEEAMEN g mepLoyhg ®atd 10 TeTaQTOYEVES *OL
uéyoL ofjueQa.

- Ta ovopatopevo Toradind Aatvmomayn e [oviag Livng onmg yoeaxrtneilovral, QaiveTol 0Tl TaQOTNQOU-
VIO ®oL 08 OLdpoeg vedtepeg nhriag atnv Ahfavio.

- 2t Poddmn petopoo@muévo TEToMUato vteQUYNAGS €we vmAiic mtieong, tormoBetiidnray og Tolo TERTOVL-
# ETELOGOLC. CUYHEXQUIEVOV NAMKLAY %Ol BAOUDY HETAUCOPOONG E OVTIOTOLXM YEYOVOTO ammordAng
(exhumation)

- ZuyrQUmRES EQYAOIES TG NPaLOTIOWLpaToYEVoUg oelpds ApyayyEhov Pédov pe ta yvootd otpodpota To-
00U (Baon evémrag Towmmdhews — Tafpdfov) xow ™G TEOTOLTOYEVVOUEC RVOVOOKLOTOMOIG QAOEMS TNG
‘Opbpvog pe avm tov Kuxhddwv, tpoobetovy véa ototyelint ot yewhoyia TV TEQLOXDY QUTHV.

- AvaBedpnom mg yewhoywrig evotnrag Tov Aavpiov

- AugpBwon tov Yemhoytrov ot oxenrd pe T dowri twv Agvrav Opémv e Korng.

- Tewypovoroyroeig (K/Ar, Zirkon, Apatit) ota ®QuotahMrd TeTodHoTa TG TEAYOVIXTG TAVNC Row eéxta-
O1) TEXTOVOUETAUUOQPLHWV YEYOVOTMV

- Epevvnuxés epyaoieg odnyolv oto ovpmépaopa 6t oL ogproibor Podioviig dev amotehovv ymwoLot emwbn-
HEvN evotta OAAG AeTIWON WG OMOTEAEOPUA TEXTOVIXAV SLEQYaoLDV dUo otadinv

2. TEKTONIKH

S Begpatn avt] evotta tagovordomray 29 gpyaoies. ‘Ohec oL QYaOTES EUTAOVTILOVY TIC YVIDOELS PagC,
OUWG ®OTE TNV ATOYY] HOG, EQEVVES OTO QVTLXEIUEVO TNG VEOTEXTOVIXNG HOL KUQIMS TNG EVEQYOUS TEXTOVIXIIG,
TOQOVOLALOVY PEYORITEQO EVIOLAQEQOV AOY® TS TELOURATNTAS TS XWDOUS HOC.

' EMMLIL, Tpipa Myyovizay Metahhelov Metahhovpyov , Topéag Tewhoymav Emomupav, Zoyodgpov 15780, Abva.
- 2305 -



Awroing pAEmovpe va ToQovoLdtovtal Ta TEAEUTAIN XEGVLe. GAO KO TEQLOCGTEQES EQYQOIES OTO CVTLXELUE-

VO QTG OE GUOXETIOUS PE T} YEMPOQQPOAOYIO TG TEQLOYIG.

210 mapdv ouvédpLo ta 2/3 v avaxowdoewv oty Bepatixt evétnra g Textovixng avagpégoval ot

Neotentovixr.

"Etol avamti Onxay vEES ATOYELG HOL YVWOOELS YLOL T VEOTEXTOVLXY] SOWT|, TNV KLVILOTLXY TV ONYRATWV %o
™V TOQARSEPWOT TG TEQLOYNS Tou Aeravomediov ABMvdy xat Twv yipm textovirdv eEGpoemy, ®uping
g [IépvnBag, ®abds xan ™mg vijoov Zalapivag.

[MeQautépm TAQOVOLAOTHRAY EQYOOIES UE VEQ OTOLYELD OYETIRG UE HOQPOYEVETIXA O VEOTEXTOVIRG YEYO-
vota ot Aerdveg e Poxidag (Mreleoitoa), omv megLoyri Tov XAopou 6povg, oty Bogela Aexdvy amop-
porjg tov Kalhidpopou dpovg, tng Aoxpidag, Tng Asvrddag, g Beyopitidog Mpvng, tov Avotohrot Avyai-
ov (Trihog - Niovpog — Kaig) xaw oto Aaxmvirs x6hmo, otov KopwvBioxs Kokmo (Ehixn) xau pe v evepyd
Tentovint] omn Aerdvn ms Muydéviag (B. EAAdda) .

IToAv evdiapépovoa 1 enidoaon ™ xdtw peloxavixis — dvem mheoxawvixic Textovixis oty onueowvs
dopn g meproxnic Bhayoxepaords (Kevrp. Iehonovvijoov)

Evdiogépov magovaldfovy emiong €peuves oTis yettovikég xwees (NA AlBavia, BA Tovpxia) oyetnd pe
TN OELOWROTNTOL.

Awtiotmon avahoywv TEXTOVIXGY ®at WCnpatohoyikadv dedopévav touv KopuvBioxoi xShmov pe Bardooia
nepuoy g Kevrowiic Noppnyiac.

H oo tortoyeviig dratuntint] Tapapéepwon UAOVLTIO TV EVOTIHTMYV XAt 1] GUYY00VY avadooun peta-
UOEPWON ™S TEACOLYOOXLOTOMBT|G OELpds Tov ‘Opous TLévag odnyel oe véa oupmepdopata Yo Tov Te-
ATOVIXG TNG OQAXTHQC.

H £pgvva g textovixiig eEEMENGS (rivnuatini] avdivom, oxEoels PETOUGOPMOTG ROL TOQAUGOPWONS) TEO-
oB€touv véa otoryeio ot yewhoyio g dutirng ogooepds Bopa.

AR ) yewpeToio ™G PEAdUOQOYEVETIHIG EXTOONG TV EAMNVIdWYV YEWAOYIRGV EVOTHTOV ROTA. TN didoxELD
tov Tortoyevoig diamotdinxray SiapopeTirol TUmoL kaTdeEevons Tov OoYEVVOTC.

Opoimg evOLPEQOVOES AVOXOLVDOELS EYLVOV OXETLXG UE TNV TOLTOYEVY TEXTOVIXY] EEEMEN TV OQLOAMBWV
™mg A€0Bov ®ow TOV PeTAPOQPWREVOU voPdfoov Tov Avyalov, pe priypato amoxrdiinong otov Iapvaood,
ne ™ doun xow TN OELRA TV YEYOVOTWV TNG TEXTOTOQUUOQPONS TS AoTurtdhanag, ®ofdg xat pe VEES
OTGPELS YLt TNV TEXTOVIXT] OXEOM peTakl twv Lovav Fapopdpov naw Ioviag oty AABavic.

3. TEQMOP®OAOI'TA

Zm Bepatinn evomra g Fempoppoloyiog avaxowvddnrav dexagtl emomuovixés epyaoies. IToAég and

QUTES UTTOQEL VXL YULQAXTNQLOTOVV (G HOQYOTEXTOVIXES £Qguveg ddt eEgtdlouv xaw ovoyetiovv Ty emidoaon
™G TEXTOVIXIG OTN poE@oroyixy eEEMEN Tng mepLoxrc €oevvag. TIoAES mdh eQyaoies GLOYETICOUY TOVG PoOQ-
POAOYLROUG OYXNUATLOROUS UE TO TTOAALS KALpCL.

O petaforég Tov axtoypoupdyv oto Zapwviké KGhmo petd myv miEn tov televtainy mayetdvov (ta tehev-
Talo 18.000 xaw ®upimg mowv 10.000 — 5.000 yodvia), 1 «Kuypela Alpvn» xat 0 CUOYETLORGS TWV QUOLKOYE-
WYEAPHMOV UETOLOADV pe 0QLOouévoug piBoug g eAnviriic pubBoloyiag maovoldlovy peydho evolope-
Qov.

To vdpoypapwrs dixTvo xoL YEVIXA 1) pOEPOLOYLRY dLapogoToinom Tng Aerdvng Touv Aoy eAEyyovion
wuplng and ™ véa pnErydvo Textovirvt mov mpoxrAidnxe and egpelxvonxd nedio BBA-NNA dievBuvong.
ARG ™) peré TV oAoUBLOXWY QUILOIWY RO TWV TETAQTOYEVAV TEXTOVIXMV YEYOVOT®V 0T NA mharyud Tov
Mevoinou ‘Opovg eEnyovviar mol evOLAPEPOVOES PUOLKOYEWYROPIXES NETAPOAES OV ENEdPOCUY KA~
00QLOTLRA OTOL ONPEQLVA YEWUOQPOAOYLXA KOl LENUATOAOYIRG XUOOKTNQLOTLIRA TNG AEXAVNGS TWV ZEQQWV.

H nohanoyemypapunr eEEMEN tg mapdxrtiag neptoxns s KneivBov, BA touv Maviovdiov yapanmeileton
omd pion oy emixdvon (mepimov mowv omd 5.000 xedvia) Adym evotatiric aviywong g otdfung e 0d-
AOOOG RO OTNY TERTOVIRTY avOPwON TG TAEEWS TwV 3 K. Tov rOAOVONOE.

To peroravind xdeot otn Xio ®oL TO TAELO-TAELOTOXAULVIRG RAQOT 0T PorEYavdpo, ev uépeL now oty I1d-
00, TAEOVOLALOVY OVOLAOTIXES dLapoEc peToEl Tovg, oL omoieg amodidovrar otig NagopeTirés rhpatirés
ouvOnneg.

Evdiogégovta ovunepdopora and tv €geuva g péxoL ofpega xow peAhovuxis eEEMENG Tov dixtdmy
awoEEoNs Twv otapudv ot Bdpela [TeAOTGVVNO0 G GUOXETIONG UE TNV TEXTOVIXY] O TG avOQWIVES
000OTNELOTNTEG.

H popgoroyio g Trivou yapaxtneileton and €viovn aouppetoio petagd tov NA xow tov BA tpunpdrog
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exatépwiey Tov empuinovs AEova — vdEOXEITN, TOV CUNTITTEL Ue TOV dEova Twv mruywy. Ta §vo autd tun-
poTa SLUPEQOVV WG TROG TO AVAYAUPO, TNV aVATTTUEY TOL VOEOYQOEXOY dkTUOV ®aw GAAG HOQPOAOYLXA.
YXOLQOUKTNOLOTLHA.

- AnG mv €pguva ot AeXGVT 0TTORQEONE TOV GVe QOU Tov Axelwov (avavtL Tng TeXvtis AMuvng twv Kpepo-
OTWV) TQOEXVYE OTL, 1) ATTOOTEAYYLON TOL VIQOYEUPLXOU dtxTiou dev eivan opahy 1o 6t avtd Poloxeton o€
aotadn duvopuntj raTtdoToom WoEoTiag ne peyolitepn aotddewa oto dutind tujua. To yeyovds autd -
ROLOAOYELTOL PUE TNV AVOLYEVVNOT] TOV VOQOYQPLAOT SIXTHOU AGY®W VEOTEXTOVIRMV KIVIOEWV.

- A6 ™) YEOPOQPOAOYLXY] TOEVOUNON TV aXTOV TS OpdxrNg TEOXRVITOUY OTOLKEM Yoo peAOVTLRES petafo-
€S, amaQATNTAL YL0L TO OYESLOOUO TOQARTLDV TEXVIRWDY EQYWV.

- TMapovowdomrav eniong epyaoieg dnuovpyiag Paong dedopévmv ot HOVIEAMV YEWUOQMOLOYIRNS EEENL-
ENG, OUYXEXQLUEVOV TLEQLOYWIV TTOV ATTOTEAOUV XO1OLU EQYOAELDL YLOL OlVAAOYES EQEVVEG.

- O avBpomives dUOTNOLOTNTES PITOQEL VO ETLPEQOVV AVUTTOMGYLOTES HOQRPOMOYIXES PETAPOAES OV 0d1)-
YOUV OF HOTAOTQOPIKA POLVOUEVAL.

- O ®UQLES ROQOTIRES YEMUOQPES TV 0QEWV®V Oyrwv [Tapvaccol, EMxdva, Mxuiwvag axohovBoiv T diev-
Buvon tov xiguwv pnyudtwv (BA-NA) xau avarttiooovral xuging oto vypdpetoo tmv 800 — 1.500 pétowv.

4. IIAAAIONTOAOI'TA

2 Bepatini] aut EVOTNTA TAQOVCLAOTNXRAY ETTTC. EVOLOPEQOVOES OVUROLVAITELS, OL OTTOLEG CUUTTANQWVOUY
TS YVOOELS POLS YL TNV NALXEQL ot TO Tahaomte QUBAALOV amdfeong Tmv IENUATwY H€CO 0T OO0 EVIOTLOTNXAY
o aoMbdpaTa.

Ot gQyaoies autég agopouv oty Avatoiwxr Ko (koparlioyeveic ipoarot Togroviov, foudima), ot
Mavn (omjdawo Avgot, Bnhaotirnd), oto Moradxraotpo Zrviidag (Bnhoaotind) waw oty Nona Ahavio (ton-:
patogdépa OAvyoxraivov — Metoxaivou xou globorotalia).

5. ZTPQMATOT'PA®IA

2 Bepominn oty EVOTTO TOQOVOLAOTROY OERATOEIG ETULOTNUOVIRES EQYAOLES, WO EVOLAPEQOVOES AO-

YO TV VEQOV OTQWUATOYQOPIXMOV OTOLXEIY TOV TROEXVYOV oo TNV €pgvva. Me ta otovyela avtd dAlote

ovaBemEovvTon ®ow GANOTE CUUITAN QWVOVTOL OL YVHOOELS POLG OXETIXG e TOL TaAoOTEQLBAALOVTA IENUOTOYEVVE-

Gr]g, s Brofaves xouw T oTewpaToYQU@LKt] dideBowan.

Zelpd ®MporOTOV PETOPOADY MxEc 1 neyding dudoxreias ta teevtaio 45.000 xodvia now GAAo EVOLOLPE-
QOVTO. CUUTEQAOUATA TQOEXVYAV ATTG THY EQUQUOYY TNG TAQUYOVTIKNG AVAAVONG OTA ATOTELE CUALTOL TN
UXQOTAACOVTOAOYIRMY OVaAToEWV IENpdTv 860 vy yewtonoemy ond 1o NA-x6 Avyato.

- Mg véa onpavuxd otoryeio xabopiCovral 1o mahotomeQUBAIOVTO ILNUATOYEVVEDNS KOl ETONUAIVOVTOL O
SLOPOQOTOLOELS OTEMUATOYQOPIXWDY 0OILAOVTMVY TG TAatpoppas s Cuvng Towrdhews ot Bopewa Kevpl
w1 Konn.

- Qt6MBou oto K. MMiewotorouvo g Kevrpurnc Koimg avagépovial yia mpat) goed otov EAadins yxmoc
%o OIOOUV ONUAVTIXG CUUTTEQACUATA YO T BLOYEMYQUPIC ROL TV TAACLOYEWYQUPIOL.

- Néo mahaioviohoyxd (QOUdLOTES, OXANEAXTIVLLL, TTOQOPOQA KA TONUATOPOQ) KoL OTOWUATOYQAPIRD OE
dopéva yio v avwrentdiry entkiuon oty BA Bowwtia tpoodidovv nhria Zavtoviov

- Tpoteivovion dexamévte (15) owmolaveg yia ta Thewo-mhelotorouvird Wjpora g Aendvng Mayoulag -
Kapatovhag (B. [Tehomtdvvnoog)

- O Bordooieg arob€0ELs TV HOAAOORMV OYXNUOTLONGY s Mecogshhnviriig Avhaxag (FoePevd) dev ota
potovy oto Avat. Mewdrawvo, adhd cuveyitovv tovhdyiotov xat oto Kdtw ITheidravo, yeyovdg mov ot
otwveTa artd To TA00g Twv TtEhayr®dv xou PevBoviradv artoMBwpdtmy.

- Néa fLoyovooTemUaTOYQOQpLRd CUNTEQAOUAT UE PAOT OXTVOLWO aITd TN OTOWUOTOYQOMLKY OELRA T
Covng QAhovot ~ IMivdov o B€on IMpogritn HAia tg B. Pédov.

- Me BevOumd ToNpuaTopGoa VOTEQOUELORALVIKYG Ntriag antd T ABooTompaToYQEKY] EVOTNTO ATTOCTOAW
PeBvpvou »abopiCovror 1o TahoomeQLBOAOVTLHA ®Ow TUAOLOOLROAOYIRA XOQOXTNOLOTIXA TG Aeravng A
TOOTOAWY.

- Zto Arpotior Kegahovidg (xepodvnoog ITahinng) amd ) perém vavoarmroMBmpudtwy TQorUITOVY XOT oL
oTou el YL0. TO IENROTOAOYIRA XQQaXTELOTIRA (VXA 0TS T X€Q00) oTs apyES Tov IThewoTtoxraivoy

- Evduagpépovta otovgeia yio ) frootpmpatoypagpio ®otd to Megonvio amv Iovia Loivn mpognvpay amd T
UELETY TONUATOPOEMV RO 00TEORWOWY and TV Kevrpodutni AMavia.

- Opoiwg oty AMBavic, OTNV TUQAXTIA TEQLOYT], TQOEXVYOV EVOLOPEQOVT OTOLYE(R TG TNV €QELVA TN
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TETOQTOYEVOUS AERAVIG OYETIHA PE T YOQOXTNOLOTIXA TV YOAOQMY 0moBEoEWY, TO TeQUBdAov améBeong
OL TN TEXTOVIXT] TAITEVOON).

6. GAAALZLIA 'EQAOI'TA

TTaovoLGOTNXRAV TEOCEQLS ETTLOTNIOVIXES OVOXOLVAOIOELS UE EVOLUPEQOVTO CUPUTTEQUOUATOL

Zmv evpvtepn meproxn tov Kéhmov mg Mulov ta hijpata mov €xovv amoteBet ndvom oto vépadeo ywoeito-
vrou og dUo vrroevomres. H vmepxreipevn moteveton 0tL, oxnuatiomxe xatd my televtaia exixluon, eve n
VITOXELPUEVT TNG RATA TIG TEONYOUREVES EMAIOELS. MeTaED Twv 8100 VITOEVOTHTOV VITAQYEL QOUUPWVIK, M
omoia TLOTEVETAL OTL OPEIAETOL OTNV TEAEVTOLN OITOCUQON).

Avastiotwon o gpunveia xatoMobnTunav pavopévwy ota vrobardooia moavy petaEl Képrvoag xou a-
Edv. To pawvépevo autd amodidetor o 0pitovies pe oEetdwpévn Al xou compommAas.

Awomiotoon extetapévng vroboidootac xatohiobnone oto Bépeto Avyaio, 85 Km?, dyxov 4 km®, og Pdadog
300-800 m. H xatorioOnon mbavoroyeitan 6t €ywve mowv amd 5.000 — 6.000 xodvia.

210 avatoMxd Tujpa tov Iatpaixov Kéimov diamiotivetal €va eveQyo medio xpatiowy dioguynic agpiwy
%o OYETICETON e TO e(d0g TV InudTtwy, Ta faéa PETaAla, TNV TEQLEXTIGTNTA TOVS KOl T QUITAVOT artd Ta.
ourLard AMipata.

. IZHMATOAOTITA

Zmv evemTaL QUTH TOEOVOLAOTNHRAY OERUTOELS ETLOTNUOVIXES OVOXOWMOELS UE EVOLOPEQOVTX CUPTEQH-

opaTo.

2y xeviour] ZaxuvBo diamotdnray ToeLs TimoL peyopdoemv: o. diefobuoudva orpduata, f. aopfeato-
MOA REOROAOTOYT, Y. TTUXWUEVA OTOWUATA TEAAYLRNG — NUTEAQYIRTS GUOTAONG, TTOU EQUNVEUTNROV KOL
wg npatoyeveis TTuyoeldeic HOQYES. ZUUTEQAIVETOL GTL TQGXELTOL YLOL «ETTAVOLLNUOTOTOMNUEVOUS aofe-
oTéAMBoUE»

ICnpotoyeveis @doels kot QUBUGS WnpatoyEvveong oto PETmmo Tov dEATA xaw Tov TEOJEATO TOU TOTAUOY
“Efoov.

[CpotohoyRES TOQAUETQOL, WCHATOAOYIXG KO OQUATOAOYLKA XOQAXTHOLOTIXA TIQOEXMPaY Ot T pehéTy
TV TapdxTiwv Wnudtwv otov Kokmo Aovtpaxiov.

Anpoveyia Tedmelag petomAneogoouav yo to detypata tov Boddoowwv Wnpdtav mou €xouv aulleyOel
s TG EVPOTAIRES Xpeg (Todypaupo EUMARSIN)

KaBogrotrr 1 entidpaom twv maippoiradv pevpdtmy atg diegyacies ttnpatoyévveang oto diavio g Av-
Aidag oto Nowo Evfoind Kdhro.

O gvoratirég petafolés g otdBung g Bdlacoag rord Ty Tehevtaio Yewhoywry mepliodo anotéhecay
TOV %P0 Tapdyovta eAEYYou TG WnuatoyEvveons ot Aexdvn twv Bakeapidwv ot Avtiny Meadyeio. H
TOUTHTO INPOToYEVVEONS Ttay onpovind peyahiteen ta tehevtaio 50.000 xo6vio amd oty Tev o yov-
uevav 50.000 — 120.000 xodvwv.

Zm B [Mehomdvinoo diompibnnay 1oelg THmoL mrpodopny ot pagydind Wit

1. Muwrpodopés «ouumtuEng», 2. Minpodopes «purtot timov» xan 3. «KouotahMrég — ouyroAMpuéves» -
%npodopgc.

Xonowa ovpmeQdopaTa amo T AETTOREQT] EQEUVO TWV TOLTOYEVAY TOVEPLOITRMY Inudtwy (pAioyng) oty
nepoy’] Metoofov, oxetind pe ta mepipdrovia andBeong, To SLuywELops SapdEmY VITOEVOTHTOVY RO TV
YXOLQOXTNQLOTLXWY TOVG.

Egappoyn pobnpotrod mpotinov yio 1oV voloyopd mg diafemons rot NETAPORAES Twv WNpdTov ot
Aendvn tov motopol NEotov.

Z1oug TovpPLditeg tov Kdtm Konudirov g Lavne Iivdov diamotdvovtal do gpdoels amébeone. H diago-
QOTOMON amOdIOETAL OE TEXTOVIXG YEYOVOG.

ZHEPELS RO TAQAYOVIES TTOU ETEDQOONV OTY] YEWYQUPLHI] RATOVOWT] TWV OTEWUOTOABWV otn Ladhvn Tlopva-
ooV,

O deinteg ammd ™V €QEVVa TV TOALOQEVUATWY TNV e0TEQLXY I6Via vitolerdvn g mpoyweag g TTiv-
dov odnyovv ot duamtiotwon dvo dievBivoswv: plag ®iplag aovirnis rot piag devtepevovoag ®ABeTNg
mpog g emwbioeils Tafpofov xaw Iivoou.

. FTEQTOIIOI

v evOTNTOL OUTH TTOQOVOLAOTNRAY TEGOEQLS CVAHOLVIOELS, OL OTTOLES ATOTEAOTVY ELONYTOELS — TQOTAOELG.
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LYNOITIKH IHAPOYEZIAXH TQN EPTALION ITOY ITAPOYXIAXTHKAN
LTOYX TOMEIX:
OPYKTOAOTITA - IIETPOAOTI'TIA — KOITAXMATOAOTI'IA - TEQXHMEIA -
BIOMHXANIKA OPYKTA - ENEPI'EIAKEX ITPQTEX YAEX.
B. IIEPAIKATZHX *

'ENIKA

210 9° AeBvég ZuvedpLo tng EMnviniig Tewhoyuxiic Etoupiag magovotdomray cuvolrd 53 Epyaoies, mwg
AVOAVTLRA OVOPEQOVTOLL OTOV TAQORATM TTivaxa. ‘'OAeg OL 0YOOTES dLanQIVOVTOL Yo TNV ETLUENELA TOUG KOl TNV
VYA Tovg oTAOu.

Tevind 40QoxTNELOTINGS TWV TEQLOCOTEQWY EQYOOLWDV ElvaL 1) X101 OUYXOoVaY peBdwy 1600 OTOV avaluTing
Topéa 600 ®at oty eneEeQyaoia xal egunveia Twv dedopévamv.

"Eva dAo onpavtivd ototyelo elval 1 OUPUETOYT] TOAAGWY VEWV ETOTNUGVOV, TOOO OITO TOV TTAVETLOTIULAKG
XWEO 600 raw and ta Egevvnuxd Idpvpata g xwoag xat Tov eEnteiroy.

OL €QYaO(eg TOU TOQOVOLEOTNXAY ApOQOUV TG00 TV PBaotxr] anadnuaixy €pevva vrodouis 6oo ®ot TV
EQUQUOOUEVY UE TQOEXTACELS OF TLOAVES UEANOVTIXES YONOELG RO OLKOVOULKES  EXUETAMAEVOELS.

Egyaoieg mov nagovordornxay 010 9° Aie@veg ouvedgro g EAAnvixig I'emhoyuntig Eranpias.

Eidoc Egpyaoiag Ap1Buds Epyaoiiv
Opuxtoloyia 8
ITetgohoyia 13
Kottaopatohoyia 10
T'ewynueia 8
Biopmyavird Oguxtd 5
Evepyeiaxég Ipdteg Yheg 9
Zivoho 53

Oguxrohoyia (8 Epyaoieg)
O gpyaoies apooUv TV BaOnT] %ol EPUQUOOUEVY] EQEVVE KOL OVOPEQOVTOL OE:

e X yorion petorhevpatos fohgoapim-avupovitn wg evtruns vaxo oty Iapaoxevn ®Aivieg TOREVTOU.
Zmv uehétn aroyovolyouvv opuxTwvV ToU Ag xaw ot YEVEODN Tovg and eEalloiwon pe ™ ovpporr Tov
Baldoolov vepou.

e XV 0QUXTOAOYIQ TORAXTIWV dupwv pe VYnAég ovyrevipwoels U xar omaviov youdv xou v mbovi
EXPUETAAAEVOT] TOVG.

e  OpuxtOhOYXA YOQAXTNOLOTIXG MaEY®DV ®OoL 1) OUVIEDTH TOUG pe TG LOLOTNTES TOVG KOL T TEXVIRG

XOQOUTNOLOTIHE TOUG.

Opuxtoloyia xaw yéveon ZeohiBwv omd npototites.

Melét SLadinaotdv RaMVITLOTOMOoNS QUOMBLRMY TETQWUATMV.

Egappoyés meptfhaopetpliog ®OVEMS pe XATOrTOo OxTiVeV-X.

OQUXTOYNUILKES  CUYHRQIOELS POMLXMV OQUXTMVY ROL TNV OXECN TOUS Me TV duoveyia epgpavicewv

mopguortxoy Cu-Mo.

ITerporoyia (13 Epyaoieg)

[Mpdnertan yio epyaoies paownris €pevvag Tov CUUPAAOVY ONUOVTLRG OTNV EQUNVEIQ TNG YEWAOYLXTG 1o
netpohoyrris eEEMENS Tov EAAvixov yaoov.

XoQOoXTNOLOTLXG TV TEQLOCOTEQWY TETQOAOYLRGY EQYAOLHIV ELVaL 1) ROBLEQMOT, TTORAANAC PE TNV RAQOLKY]
TETQOYQOPID, HOVIEQVOV aVOAITIXOV peBGdwY , OTwg YEWYXQOVOLOYNOELS, LOOTOTLRES QVOAMICELG,
paopotopeTpio Raman, x.a.

" Tlohvteyveio Koritng, Tpijpa Mnyoviray Oguxtay Tgmv , 73100 Xovid
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H gopétpa avti odjynoe otov mpoodloglopd opuxtav, 6mms dtapaviav xat xoeoity, (Raman Spect.)

pdotees YEQ vPnAWV TECEMV OTC HETAUOQQPMUEVQ TeTpapaTa TG Poddmmg, xabg wal apgioirtinoig
EevolMBoug ot ypavitec.

Iootomrég £QYOOIES ROL YEWYQOVOMOYOELS CUUTANQMVOUV TNV YVMOY ROG OXETIXG UE TNV TETQOAOYLXY

eEEMEN  otov EMMviré yaeo.

O gpyaoiec avagpeQovtal O€:

Melétn MeTopop@opuévny TETRORATmV ad 10 Y00 s Maxedoviag, g Opdxns , g Iehayoviniig
Zavng, v Kuxhddmv xow e Aowgewtirng.

Merém MEeTapoQpOUEVOY TETOWUATWY VIEQUYNANY TECEMV autd TV OQdun UE TOQOVOIR dLopavTLLV
%Ol KOEOTTN.

IootomrEg, YEMYMUIRES, TTETQOXNUIKES UENETES, YEWYQOVOAOYNOELS.

Kovraoparoroyia (10 Epyaoieg)
OL XOLTOOUOTOAOYIRES EQYOOIES TTOV TAQOVOLATTNXAY ApOQOUV TG00 TNV BaCL®Y GO0 KOL TNV EQUOUOOUEVN

€oevva.

O\ gpyaoies avagépovra:

v oxéon emduvauniic xou 1ov Miorowvixdv petairogooudv otg Kuxhddeg xat Iehayovirn Tadvn.
ZTOV EVIOMOPS OTOVIWV YOL®V HECK axTLVOPOAOG-Y.

Ze meQuextxdmres Re og pohvfdouvites.

e véeg eppavioels Agyveomeviiavtity o Cu-otya petorrogopia oty Zepfopoxredoviry udta.

2V POVTEAOTOINOY XOLTAOUATOV EMBEQUIXOU Au PECW UEAETNG QEVOTWV EYXRAELOUATMV KOL LOOTOTWV
oEvydvov.

Ze oUyxpoves TEQLROAAOVILRA PLAMKRES TEYVIRES amAlenpng Au XmwEIG TNV X0 KUAVIOUXWV EVOCEWY YLOL
™MV EXPUETAAAEVON Au-2OLTAOPGTOV 0TV OQdx™.

ZTOV UTTOAOYLOUG QPUOLXOXNILRDY TAQOUETOWY OF Vd0BEQUIRA QEVOTA.

Ze VEo YOWULTIXE XOLTAOHOT 0TV YELTOVIXY AABavia.

T'eoyxnpeia (8 Epyoaoieg)

Iagovowdomrayv egyaoieg mov agpopovoay :

Zmv ovupohij g yewymueiog oe ovyyoova xot HEAAOVTIRG TEQLBOANOVTIRA TTQOPAHOTA KO TNV AVTLUETWHTTLON
TOUG.

ZUYRERQUUEVO TAQADEIYIATA TTOV apoovooy fopéa pétarha o Apvaia wCnpata.

Ixvootouyeia 08 paEyQiREg EVOTOWOELS ALYVITOQOQWY AEXAVAIV.

Tnv ovyxévipmon ®'Cs oe dehrainég amoBEceLS 08 OUVAQTON UE TNV OQUXTOAOYIOL KOL KOXHOUETQIO TV
wnudrtov.

Teoymurd xaoxTNELOTIRG YEMDEQULRWV QEVOTWV.

Tnv yeaymueio zon XOLTAOUOTOAOYIO EVOS PAERLXOT ROITAONATOS Au.

Buopnyavixd Oguxtd (5 Epyoaoieg)
Ztov Topéa oUTl Elvar EPQOVHS 1 TEOOTADEL OUVVIEONS TV BLOUNYOVIRDV OQUKTV UE OUYHEXQLUEVES

EQOOUOYEG.

O\ ggyaoiec agpopovv:

Egagpoyés omv Bropnyavia, érwg epmhovtiopd K-aotpinv amd muoryev TETQOUATO Y0 XEQUUAKG KO
Yohovpyia »abdg xow CeoriBwv omv towpuevrofropnyavio.

Buopnyovinég xonMoels avloariiwyv TETQWRATWY.

Epyaoieg mov agopoiv Tpoadloptopd ®QUOTOAMTOV aQYLMRGY 0QUATMV ol TV TihovT eTidQao Tovg oe
Bropmyavixés xonoeLs.

Tnv xaBiépmon mpodiaypagdv/xavovioudv ISO 9000 yua v diweo@diion mowdmntag otov EAAnvixs
UETAALEVTIHG XQO.

Evegyewanég Mlpwtes Yres (5 Epyooiec)

O\ TeQLOTGTEQES EQYNOIES APOEOUV RVEIMGS Bainy EQEVVA OTOV TOPED TOIV EVEQYELOXMDV TOWDTWV VAGWY.
O gpyaoies avagépovroL:

ZmV ovoTNRATLXY] PEAETN AyViTiRGV xortaopudtwy touv EAMadikot yweov.

Zmv perétn updAvong Tov Avyvitn.
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ZTNV RUTOVOUT| LY VOOTOLXEIWV O AMYVITIHA ROLTAOPATAL.

2NV TEOEAEVOT ROLL TOUS PNYAVIOROUS UETAVATTEVONS TV ®UELOTEQWY evieEemv vdpoyovobpdrwy otny
dutnn} xon votodutiryy EMdda.

¢ norrdopara agpimv oto fopeto Avyalo.

ZTV CUOCWEEVON %o TROEAEVON aeEiwv otov EAMadd xmpo.
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YYNOIITIKH ITAPOYZIAXH TQN XYMIIEPAXMATQN TON EINIETHMONIKQN
EPTAXIOQON THX YYNEAPIAY THYX XEIEMOAOI'TAX
I. N. ETAYPAKAKHL'

1 ovvedpia ™e ZeLOUOAOYIOG TAQOVOLACTNXAV ETUOTHUOVIXES EQYOOLES WOU ROAVITTOVY EVaL OYETIRA. EVEY
(PAOIO. TNG OELOUOAOYRYIS EQEVVAC.

AQ)ICovtag ams T HEAETN TV LOTOQIRMY CELOUMY, TTUQOVOLATTN ROV EVOLAPEQOVOES EQYTTES GO0V 0pOQd
AOQUHTNOLOTIHOUS LOTOQIHOUS OELOHOTS, GTtmS 0 TELOUIS Tov 365 (.X 0 0mo(og BACEL TV OTOTEAEOUATWV TS
TEOoONOimoNg QoiveTal va eivan o Loyvedtepog oetopds (M = 8.7) mou €yl ouppel péyoL cijueoa oty TEQLOYT
™™g Av. Meooyeiov.

XoNouo aroteLEGRATOL TOHEOVOLATTNROY ETIONGS 1L YL TOVS U0 1oyvovs oelonovs s Adowooag (28/12/
1891) now (9/1/1892). Znpovtird firov €mions %o T ATOTELEGUOTC TTOV TOEXVPAY ATTS TNV ETOVAELOAGYNON
dbdER LOYLEAV TELTUWY TTOV Eytvay oty eploxy Tov Notiov Toviov ITehdyoug (1591 — 1837).

H cvompotixy pehétn twv 1otopunav oelopmy Ba oupufdiier ovolaotxd oty ovveyyj feltimwon raw TAned-
TNTO TWV ROTOAGYWY ROL ETOUEVMS HOL OTNV QECALOTIROTEQT EXTIUNOY TOV OELOULROU RIVOVVOU TG XDOUS PaG.
Ta anoteAéopaTe TV TAANOTELOROLOYIRMYV EQEVVAV TTOV TTAROVOLACTNXAV Yot TNV TeEoxy Tg NA xat A.
Kovjtng evioyvouvv tnyv dmoym avr.

"Eywav 0U0 EMOTUOVIKES OVAKOWVWDOELS OXETHA (€ TG UETABOAES TOU QAOVIOU %ot TwV UOQOBEQUIRDY
SLAVPGTWV IOV QTG PRQOTELOUIXY SOOOTNELOTNTA TNV TTEQLOYY] TOU PHYHATOS TG ATAAGVING Row OTN VOTLO-
avatohlx] axti s MiAov. And tig egyaoieg avtég mporvmtel 6t faowwr] mpotmdBeon yia #dbe ouoyETIoN TG
oeLoLrNG dRAONGS e GALES YEMPUOLRES TORARETOOVGS, ELVAL 1) TANEGTNTO TWV OELOUOAOYLRWDV OESOUEVOV.

Evdiogépovta aroteAéopata mpoxupay yio vy epLoyy tov B. Avyatov fdoel twv oglopoloyirwv dedo-
UEVOV TTOV ROTEYQOPE TURVG oENnTd dixtvo. TTapovoldotnray aELGmLoTOL PN aVIoHOL YEVEONS TWV CELOUMY
OV OUVERN OV OTNV TTEQLOYT] RO QN OLUO. OELOUOTEXTOVIXG OTOLXE( TG EVEUTEENS TTEQLOYNS TOoV B. Avyaiov.

EWEg EMOTROVIRES OVOROWMOELS £yvay Yo Tov oelopd ™mg Kovitoag (26 Toviiov 1996) non yia tov
oewopd ™mg ABnvag (9 Zemtepfoiov, 1999), pdoet evépyavmy row vroiboiwy dedopévov.

T tov oelopo g ABNVaS TaEOVOLACTNHOY EVOLAPEQOVTA OTOLYE(D GO0V OPOQA TN LETACELCILXY OHOAOV-
Bia omwg xataypdenxe ard QoENTd OiXTUO. CELOHOYQAP®Y, TTOU AELTOUQYNOOV O JLOPOQETIHES KOOVIKES TTE-
ou6dovg. Emlong mopovoidomne n mpdopat) wrpoosiomnti dpaomotdtnta omyv mepoyyj tov B. Evfoizou
Kohmov.

‘O00V apoEd TOV TOUED TNG OTUTLOTIXTG OELOUOAOY(OC, TUQOUCLAOTNRAY ETMIOTNHOVIRES EQYOQOLES TTOV AVt
@épovtal og mePLoxEc vymhiic oetopmdmrag (N. Apeownr, Tamwvia xaw Puutrives). Bdogr tg otationnyc
Bayes vtohoylotnxay ot mOavOTNTES ENPAVLONG LOYVOWY CELOUNV OF OLOPOQETIRES TELOULRES TINYES YL TN
xoovwxr mepiodo 1998-2017.

To 0T0}aoTrO POVIEAO TV Mapxofaviy ahvoidwv e@aouiomxe emiong ot voTlo APEQURY] LE OROTIG T
dLepetvnom YrtaEENS mBavoU HOVTEAOU Yo T YEVEDT) LOYVEWYV OELOU®V. T'lal TIC OELOULRA EVEQYES TEQLOYES TOU
MEeEroU, TG ®EVIOUANG %ot TNG VOTLUG APEQLRNG VTTOAOYIOTNXAY Ol TOOVOTNTES YEVEONS LOYVOWV TELOUMDV
(M = 6.5) fdoel mg otatiotixtic Bayes.

ZTOV TOPED TG TEGYVIWONGS TV OELORMV PACEL TNG ETUTAYVVOUEVNS OELOUXKIG TAQUUGQPWONG TTOQOVOLH-
OTN®E PLOL ETULOTNUOVLRY EQYAOTQ, 0TV omoiet ovahveTan 1 HEB0SOG EXTIUNONGS TV PACIROV TAQAUETOWY TOL
ETUXEIUEVOV LOYVOOU CELOUOU KOl TWV TQRAAATOV AUTHV.

Ta amote € GROTO TG EMOTNUOVIRNG EQYAOLNS TTOV AVAPEQOVTAL OTOV TOPEXR TNG AAANAOETIBQOONG OELOouL-
ROV ONYRUATOV RO OTLE PETAPOAES TV OTATIRWY TACEMY QAIVOVTOL AOHETA VTOTYOUEVA GO0V a(poQd TOV ®afo-
QLOPG TTEQLOYMV VYMAOU CELOULHOT RIVOUVOU, PETA TN YEVEON PEYAAOU GELOHOY Og ®RAmolo GAAY Yertovixt 1j pr
TTEQLOYY.

MNopovoidomue eniong pio emotnpovivy epyaoio 6wov gaivetat 1 XONon TV HoyvntoteAAovELLaV Hebs:
Swv TNV TEGYVOON TV CELOUWDV.

TEAOG, TOQOVTLATTRAV EVILAPEQOVTA ATOTEAECUOTO Yiat TO NQPaioTELO TG NtaUovu oxeTird pe v edagu:
%1] TUQARGEPWON TG TEQLOYNG OTws TEoExMPe pe ) uéBodo g dragpopunric cupforopetoiog.

'Tewduvauré Ivouroito, E.AA.
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