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H Ogpyavwtxi Emitpomi exgpodlel Oeppuég evyapLoties yia n mohitiun ovvdpopri Tmv xoutdv oto doxrolo
€070 G rEioNg TWY EQYAOLHY %aL T ouuBor] Tous oty amdxtnom Ipoxtindy vymAot emotnuovizos emmédov.

Kabe epyaoia xpibnre amd dvo xoutés. Ze eAdyioteg povo €QYOOiEs OOU oL GPELS TOV dU0 ROLTWY
Siépepav oillwmd, Tnmibnxe n droyn xon tpltov xEwmi dote n Opyavwtiry Emtpomy, oty ouvéyeia pe evbivn
™G, VO LAPORPDOEL TNV TEMRY amtdpaon ™. Q¢ £x ™ daduaciog ™ ®eloEWS, 0 RATALOYOS TV ROLTAV dEV
dnpoaievetar.

H Ogyavouxt Enttgomnii de @épet evBivn wg mEOg TO TEQLEXOUEVO AL TG ATGYELS OV EXPEALOVTOL 0TI
EQYQLOLES HOL OL OTTOLES EIVAL TQOTWTUKRES TWV OUYYQAPEWY.

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

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

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

To Aghtio XXXIV g EMnvinnc Tewhoyuxnc Etaipioag mepihoppdvet ta ITpaxtind tov 9% AeBvois Zvve-
dpilov g Etaupiag, tg 26™ éwg 28" ZemrepPoiov 2001. H Opyavwnix Emttpomii tov Zuvedpiov pe wdiaitepn
wavomoinon tapadidetl Tovg S Tépovg Twv Ipoxrtinav pe mv €vapén tov Zuvedpiov, Yeyovag mov Oa emtpéyet
OTOUG ZUVESQOUG PLOL TUO CTOTEAEOUATIXT] TTOQAXOAOVON 0N TWV EQYACLHV TOU.

O 5 t6po xaimrouy Gho 1o pdopa Twv Fememompuady repthappdvoviog vEES TANQOPORIES KL EVETIROTOL
oe Oépara faows €pevvag ohd raL EQAOUOY®V, TEOPAAOVTAS TG00 TNV avdyxn TS OepeMaddous yvdong
600 now ™V aELomoinon ™ Yvdons avtig oty opBohoywi] avdmtuEn xow oty Bertimon g modmras g
Cwg tov avBpdmov. H avtamdxoion twv yewmomudvov aré v EAAGda xaw to eEwtepund vmijpke evivmwota-
%ij now ToVg evyaprotovpe. Zra Ipoaxtnd nepuhapufdvoviar 248 epyaoies, ex Tmv omoimv €vog Waitepo peyd-
hog apBpds, axeddv oL ogg, dnuootevovion oy ayyMxr YAdooo divovrag v evraio g evEUTEENS, OLe-
Bvaig, yoriong tov Emompoviroy Agktiov tg Etawpiog pog. [eguuévoupe Gtu Ghot ot auyypogeic Bo €xouv xon
TEOCWILXY] CUUUETOYY OTO ZUVEDQLO %o Ghot pag Ba €xovpe TV gvrania Lwvraviig apolfaiag emxowvmviog,
gnoxodopnTrdy CUINTIoEWY %ot CUOQPLENS TWV ETOTNUOVIRGY OYECEWV.

Kou ot0 ZuvEdpLo autd moovotdletor €vas aELGAoyog aQlBpds EQYQOLHY a6 TOV EVQUTEQO HOG YEMYQO-
Quno TeQLPAALOV OV TEOWOOUY TV €pEVVa %Al OTLS YELTOVIXES XReS. TTpoopEpetal ovvenws €vag YOVIHOG
XWEog otov omoio Bo pumoel va dwaoer Eppaon N EMnvixr Tewhoywrj Etoupia oto endpevo Zuvédplo ng:
Eugaon omv F'ewhoyio tov Bakxraviov.

Ol\eg oL gpyaoieg ov dpootevovion TEQAOAY TV, EMWPEM] YLat GAOVG, PACAVO TG EMOTNROVIRIG ROIOE-
wg. H dradwaoio mov axohovdiOnxe ritav 1 diebvadg xabiepmpévn oto emtompovird neplodind, pe eEwtept-
®roUg xptEg, dadiracio mwovu €xer xabepwBel ne emtuylo ota Zuvédpa g EAMnviriig Tewhoywrng Etawplag,
n0Q" GLES TIS OMOLES OVOTGPEVHTES AOUVONIES ROAL YL TOV TEQLOQLOUG TWV ONOIWV EYLVOV EPETOS OQLOUEVES
wxEEg ahlayég dradumaotizol yapaxtioa. ITABog avayvmolopévav emoTnuévey GAwv Twv EL01X0THTOV OU-
peteixav ot dradwwaoia xpiong twv epyactwv. Ex pépovs mg Opyavativig Enttpomis toug euyaLotd yua to
coPal €0Y0 TOV TEOCEPEQQY %at YLt TV OupUPOAY Tovg otV EoonrdOela amdrtong Ipaxtixdv vynioy
emITEdOV.

210 9° owt6 Zuvédpro g EAMnviniic T'ewhoywrig Etauplog, n Opyavwtn Emtpony €xpwve 6t Ba ritav
wiaitepa Yoo yro Ghovg pog, arlhd dtaitepa yia Tovg VEOUg ouvadéApous, 1 medtatn otg ouvedpleg, To-
OrEXANUEVOV OV OV Vo ayrahldlovy gvputepa to B€pa tng ovvedplog, va TaEovotdiovy pwa vymioy
eMITEDOV EMOROTNON, KO KOLTLRY] TTOQOVOLOOY) TS VPLOTAREVNS YVAONG, TS VEES CTTOWELS RO TLS ONUEQIVES
tdoelg €pevvag. Evyapiotoipe Bepumg Toug omAnTég yio Tov X06vo %at Tov ®6mo wov dtéBeoay yio v vhomoi-
10M ™S TEOOPoEAs avtic. Evag edundg tépog, o €x10g, Oa teQUAapPavel TG EQYAOTES TWV TQOOREXAUEVWV
avtdv opntadv. H éxdoom tov Ba elvon motetovpe dpeon agpot 1jdn n Opyaveuxy Emtpom €xet ota x€oa
™G TOL TEQLOOGTEQX XEIPEVAL.

Onwg €xeL rabiepmbel, otn dudoreia ®dbe Zuvedpiov tg EAAnvirtis T'ewhoyinnc Eroupiog divetan €pgpaon
og B€pa emrondmTag M WOLTEQOV EVOLOPEQOVTOS. ZT0 9° avtd ZuvEédpLo 1 Epgaon didetan oty ovpufoin Twv
Tewemompayv oty Avamtgn. H éugaon avnj vhomoteltanr pe el0WXES TUQOVOLAOELS, OF OVOLXTES OUVEDQLE-
oeLg, and Yrmovpyeia, Epgvvnuxd Ivoutovta, Opyaviopots xwow Etawpeieg, dmov 8o mapovoraodei xal Ba vro-
yoapuodet n ovpforri e Fewhoyiag oty avalimon zon eExpeTdAAEVON 0QURTHV TEGPWYV, OV TEOOTAC(M
EVAVTL QUOKMV RATAOTQOPMYV ROL OTNV UEAETY), ROTOOKEVY KO AELTOVQYIO TWV £QYMV VTOSOUNG. ZYETIRMG UE
ToL TEAEVTOLDL, 0T XWEO. HOS TOQATNOELTOL ouTY TV TtEQ(00 EVag 0QYOUAS, KUQLMG OTNY KATAUOKEVT UEYAAWV
ovyrowaviaxdv £oywv. H 0mot] ®atavonon 1oV YemAoyiwdy cuvBnxoy Tov epLoyv mov diaroéyovion amd
T £Q0YQ QUTA, TNG TOOEAEVOEWG, CUOTACEMS KOl YEWAOYIXNS LOTOQINS ®ABE OynuaTLoONoU, amwotehovv Beuehod-
O TEOVTTEOEON YLoL TV AVTLUETHTLON TWV TEXVIXWY Bepudtrv oxediaopot rat xataoxrevng tovs. Elpaote wdiai-
TEQU EVYVWUOVES TEOGS TO Yrovpyeio ITepifdihovrog, XwpotaEiag raw Anpociov Egywv, mov avayvwiovrag
™ ovppor g Fewhoyiag €0ece 1o Zuvédpro vd v aryida tov. H Opyavwtiny Emtpony eAniCer 6t o
UTOQEDEL VO ONUOCLEVOEL TO TEQLEXOUEVO TWV ELOWV QUTHV TAQOVOLACEWY O UL UETALOUVEDQLOXT] ELOLHT]
€xdoon.

Av oL faowrot Tépot Tov Zuvedpiov Tapadidovial £YRAIPWG OTOVS OUVEOQOUS ROL TNV ETLOTNUOVLXY ROLWVG-
™TO, UTO YIVETOU AQLS OTNY OLXOVORLKY] CUPUTAQGOTAOY TOAM®Y. @ewpolpe Aowmdv fabid vtoyp€émon pog va

xi-



guyapLotioovpe Beppd extds omd o Yrovgyeio Iepupdihovrog XmpotaEiag xow Anudowwv Epywv, 1o Yrovp-
yeto IMolMtiopoy, Ta Egevvntind Ivotitovra, A.E.L xau tovg dhhoug xopnyots, eToupies tov Anpootov xol tdiw-
TXES ETONQIES TTOV e TOOM TTEOBNUEiD avTamoxEiBn®ay otV TEGOXRANON PG,

Ag pov emtpartel TEAOS VO EXPRACW TIG TROOWIKES POV EVYAQLOTIES TTROS GAOVS TOVS ouVadEMPOVS TG
Ogpyavouxis Emtpomis yia tyv ovAhoywij mpoondBeia wov xorafiifnre naw v éEoxn ovvepyaoia, ®obdg
Vo eV oLoTHom oL Tov Empeln) me extimwong %. Iavho Towkidn ko my gornjtoia tov F'ewhoyirot Tun-
porog tov Hoavemomuiov ABnvdv EModfetr Xortnyopohdumovg yio ty medbupn xon vetBuvn egyoocio mov
TQOCEPEQOLY OTNV TTQOETOLUOOICL TV TOUMWY.

Haviog I'. Magivog
Iooedpoc
ms Ogyavwtxijs Emitponic

Abhva, 3 Zemrepfoiov 2001

PROLOGUE

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

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

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

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

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

Paul G. Marinos
President
of the Organizing Committee

Athens, 3 September 2001
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ITAAAIOOIKOAOTI'IKEX ITAPATHPHXEIX XTOYX KOPAAAIOT'ENEIX YPAAOYX
TOY ANQTEPOY TOPTONIOY METAEY TQN EITAPXIQN BIANNOY KAI IEPAIIE-
TPAX (NA KPHTH)"

A. MAPKOITOYAOY - ATAKANTQNH'

ZYNOWH

Zmv epyaoia vt peretdvrar n movida xow n xAweido g npatoyevoig Aexdvng oto NA tufjua g
vnoov Korjmng, mov oploBeteiton and ta xwoid: Zvrohdyos, Téptoa, Aovtpdxnt, Pita, I'ddyia, Movpviég nan
Mvprog emipdvelag mepimov 30 km? (mhdrog 3 km xow prjrog 10 km). O amolBopotopdpeg BEoelg folorovia
oo ota xwoud : FddyLa, Movpviég xaw Miptog. Ipoodiopiomxray 154 yévn wow €idn (83 Tonpoatopdea, 19
AtBvga, 24 Taotepdmoda, 13 AvOSLmwa, 6 Boudtwa, 1 Zxagdmodo, 3 Exwvoewdr, 2 Zxdinres, Ootpaxrmon,
Axtvétma, 2 Puxn vow Zepnvia. O otpwpatoypagunés eEamhmoels twv Tonuaropdpwv: Coryphostoma digi-
talis (Axovitavio-Toetévio), Orbulina suturalis (Adyyo-ofjpeoa, pe agbovia xatd 1o Zeppapdito-Togtévio),
Uvigerina striatissima (Adyywo- Toptévio), apuotepdotpopec nopés Neogloboquatrina acostaensis, Bolivina
reticulata (OhySxawvo-Togtévio), Gyroidinoides altiformis (Anovitdvio -ToQtévio), Spiroplectammina carinata
(Ohvydnouvo -Toptévio), Globigerinoides conglobatus (A.MegiGravo-orjuepa) g a1 woovoia tov Gl.obliguus
extremus (CoOvN pe G.humerosa) divouv nhrio A. Togroviov ®ow Gt vaqEXay 0T TEQLOY] WREOOTOAES Ra
vparou (patch reefs).

ABSTRACT

The fossilized association as well as the petrographic material coming from a sedimentary basin (ca. 30 km?)
situated at the SE part of Crete, between the Provinces Viannos and Ierapetra are studied. The fossiliferous
regions are in the area of the villages Myrtos, Mournies and Gdochia. Among an important number of fossils
(154 taxons): 83 Foraminifers, 19 Bivalves, 24 Gastropods, Ostracods, 3 Echinoids, 13 Anthozoans, 1 Scaphopods,
6 Bryozoans, 2 Algues etc. there are some characteristic species of the Upper Tortonian age- especially GI.
obliquus extremus (zone of G. humerosa)- found in these sediments known up today generally as Miocene. The
Tortonian age are based also on the occurrence of the species: Spondylus concentricus, Chlamys submalvinea,
Chlamys solarium, Gryphaea gingensis, Gryphaea gryphoides crassissima, Turritella formata pseudoimbricata,
Terebralia bidentata bidentata, Porites collegniana, Palaeoplesiastraea desmoulinsi, Tarbellastraca carryensis,
Thegioastraea rosacea etc. Based on the faunal and floral association and their morphofunctional analysis, their
conditions of existence etc. the author attempts to interpret the paleoenvironmental conditions during the time-
span of the Upper Tortonian, like as patch reefs or micro-atolls and lagoons.

KEY WORDS: Paleoenvirontment, Corals reef, Microfauna, Megafauna, Upper Tortonian, Viannos- Ierapetra
Provinces, SE Crete.
AEEEIZ KAEIAIA: IMaAawomepipdrrov, Koparhoyeveis vparor, Muwpo-MaxrpoaromBaopata, A. Togtévio,
Enoagyies Budvvov- Iepométpag, N. Korjtn.

1. EIZATQI'H

H pehemnBeioa inpatoyeviic Aexdvn petoku tov emapyidv Budvvou xau Iegamétpog - enupdvelag mepimov
30 km?- Boioxzetan oto NA tjue g vijoov Korjng zou mepihapfdvet ta ymoud : Zuroidyos, Téptoa, Aovtod-
ut, PiCa, IOy, Movpviég xow Migtog. O aroMBopotopdpes B€oeig foionovron xbpto ota xwoerd Tdyia xa
Mvijprog.

Apxetol pehetntég aoxoMOnxay pue v meQLoxy 5. AvagEpovpe evOERTIRA TG TG TEOCPOTES EQYAOIES,

* PALEOECOLOGICAL OBSERVATIONS ON THE CORALS REEFS OF THE UPPER TORTONIAN BETWEEN VIANNOS-
IERAPETRA PROVINCES (SE CRETE)

1. University of Athens, Dept. of Earth Sciences, Division of Historical Geology and Paleontology, Panepistimioupo li Zografou, 15784
Athens, Greece. E-mail: amarkop@geol.uoa.gr
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6nwg: SYMEONIDES (1965), MARCOPOULOU - DIACANTONI (1964, 1967, 1972, 1979, MARCOPOULOU
- DIACANTONI & KNITHAKIS 1978), DERMITZAKIS (1969), GRADSTEIN (1973), ZACHARIASSE
(1975), BEZES et al.(1983), FRYDAS (1986 a, b, 1988), A. MAPKOIIOYAQOY- ATAKANTQNH (1997) x.d.

II. TEQTPA®IKA KAI TEQAOTTKA ETOIXEIA

H pehemBeioa tnpuatoyeviic Aexdvn Beloretan oto NA tuijua mg vijoov Kormg (Sowa emayidv Budvvov
nou Iepamérpag (Ew.1-2) éxer B ta AaciBudtiwa 6on (Aixt) »ow N ) BGhacoo g Iepamérpac.

Cretan sed

30 Km Sea of terapetra
—t

Lybian sea Q

Euwx. 1. l'eoygaquxti Ocon s ucietnbeioas mepoyijs.
Fig. 1. Geographical location of the studied area.

Eux. 2. Amoyn negioxrjs pueAérns (BA-NA).
Fig. 2. View of the studied area (NE-SW).

Zmv inuoroyev| ot Aexrdvn epgavitovron and xdtw meds ta ndve (ITME, gidho IEPATIETPA, 1:50.000)
ot oynuatiopot (Ewr. 3): a) to textovird xdlvppa mg evémrag mg ToimoAng, B) to textovind ndivppo mg
evomrag g Iivdov, y) To TeExTOVIRG RAMPUO TV ECOTEQLRWY Covav xat ov ahhdyBoveg oelp€s (oxnpotiopol
AppPng, Aotepovoimv, Muapov), 8) ta veoyevij Wjpata (oxynpotiopol Appovddomv, Maxpuldg, Miprov xow
MiBwv) xau €) o ahhovBraxég amobEoeLs.

III. ®EXEIZ AEITMATOAHWIAX (EIK. 1, ITIN.I).

A. Tooyra. @éon 1: dgxaiid. To Ciuata g BEong avtic (1km A-NA T'doyimwv, 150 m and ) otdBun g
BdLaocoog) amotehovvTon ato paQYES pe PKEES TaEeUPOAES Papuumnoy vAroy. MeTakd Tov peydiov aoibpod
TV amoMBopdroy, Tou CUAAEYBN®E 0o TIC PAOYES, ®UELOEYOUV Ta AVvOSCwoa. (Tarbellastraea, Porites wulvdQL-
%A now ®ovOUAWd, Siderastraea, Palaeoplesiastraea desmoulinsi) (Ewx.4) xow og uxpdtepo aoud Exwvoeidn
(Clypeaster altus), Aibvpa (Ostrea edulis) pe npovota andé 1o Bovétwo Membranipora, Tonpatopsoa
(Heterostegina, Miliolidae wow Alveolinidae Tov Meioxaivov)ron Bpavoparo F'ooreponddwy xar AlBvpwy indet.

Iagarnerjoeis: Opiopévol Porites (vuAMvOQIxol now ®ovOULAMDOELS) ExOouv un evdLdnoLtovg ®AAURES YEYOVAG,
oV VTodMAdVEL BOAGTNTO TOV VEQOU GO0 ECWTEQLXG HEQOS TOV Vpdhov. H Ostrea now 1o BoudLwo elvar raxo-
Sromonpéva, omédeEn Tov EVIOVOV XVUOTLOPOU, IOV EMXQOTEL OTO EEWTEQIRG PEQOS TOV VPAAOD.
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Eux. 3. I'ewoyieds ydorns tiic ueiernleioas megroyric (MYAQNAKHS, L, ITME, 1:50.000, axAomoiquévoc). 1.
AAdovBiaxss amobéoeis, 2. Neoyeveic oxnuatiopoi (a: Mvgrov, B) Aupovédowv, y)Maxgviids, 6)Mvbwv), 3.
O@iodibixd xdivuua, 4. Aofeardiibog Mivéov, 5. PAvoync ToimoAns, 6. Aofeoroiifog Toinoinc, f. Prjyuara

Fig. 3. Geological map of the studied area (MYLONAKIS, 1., IGME, 1:50.000, simplified)

Eniong mpoodiopiomray vparoysvou Porites, mov EXOUV EVBLANOITOVS RAAVRES Ko SLapOGypaToL noaki pe
Spondylus concentricus (afady veod Togroviov) nau Ostrea Gpa aBapd vepd xau eEwTepIxd PEOS Tov LPdiov.
H nopovoia g Tarbellastraea pe 16-24 S, avopbmpéva Torydpata xon magadium, HOTATEPALOPEVQL, ivEL TNV
EVTURTWon 6t vy E Vepahog duonoedrig 1 6u eiye T noo@r} gedypatos. Ta dropa Tov eidove avtod Botloxo-
VIQY P0G TO EEMTEQIRS HEQOS TOV VPAEAOU, YEYOVOS Tov emPefondvetar and Ty 1oy OVATTTUEN TV ROATHWY
#OL TOV ROTATEPOXIONGS TOVG, AGY® TV EvIovamv vdoduvaumdy ouvOnrdY, Tov emxpaTOUoMY OTO eEwteQud
e Tov vedhov.  Exewd 1o Sxknoaxtivia Sev EXOUV neydAo mdyog xar dedopgvou Gt €xovv Poebel oe
HOQYQ®G VMG, autd deiyvel 6T progovoay va glxav ovpPei T e€rg: o) elte Oat UTQEXE RATOL0G BLonoediic 1
TEQUPEQELAXGS Vpahog, mov TepoyioTxne, ELoYDONOE n Bdhacoo xon €10l éywve aum n avapuel€n. ) eite Oa
HTOQOVOE EVag OUVEXIS EVIOVOS XURATLOUGE VO OTo0TTd et and to eEwteend uépoc Tou VPAROU Ko VO ToL
QU VEL TQOG TO ECWTEQLXS SMIOVEYHVTOC HaLL Bohdmra pe amoréheopa my OPIRQUVON TOV ROATRWY TV Tk
axTvimV. O #ATATEPOKLOUGE TOV VYEAOU o, TRETEL VAL YWVOTOY OUVEXHDS ROTd: ™y dudorea Tov Avorépou
Togroviov xay petd and avrd. Ty dmoym vmagEng Tov vpalov cuvnyopov: L) N TOQOVOTL OQYAVLOUGY, TTOU
Cotv wioto oo eEmTEQIRG PEPOC Tov vpalov, 6mws peydhov Aipmv xat F'aoteponédwv, Bovotdmwv, Sacy-
Yov, Exwoedav, Avvelddv, Axtvoléwv, Globigerinidae, ETILYQLOVOGV HoR(@V Podogitwv %.d., w) 1 ouvi-
TaEEN atéumy Tov yévoug Porites pe EVBLAXOITOVG %o un kEAVRES, L) OL Mbohoywoi yapoxtioes Tov iEnudtav
(vhaomnd ipora, brecchia #.d.).

Ofom 2 : Keparide. To Gijpara e Honc avti (2 km NA ané I'ddxua, 100 m and ™ otaBun g Bdhacoag),
mOTEAOVVTAL ATTS eVOAayES Y1V the HUAVORITOIVOV YOIV ®an pogyav. Katd goeic o Poppite eival
TAYVOTOWUATHONG PE TAOERPOAES POQYAiROT VAHOT RO AemrooTpmpatddn Yapuim. O x6xxol Tov Yot
%00 VAroU maeovotGovy TaEBETon e toug HEYOATTEQOUG %O%ROVG OTOVG AOTHTEQOUC opiCovteg nar Toug
HHEOTEQOVS OTOUS VYMAGTEQOUC.

Méoa otov Yapuit wapameinray OVYeVIPWoeLs and Cardium. H whion tov otpwpdtwy eivar B 30°N.
A6 ) 6€om avni ouAAE Onxe peydhoc apLpds amoMBwudtov, netaEl Tmv omolmy emxpatovv Ta Faorepdro-
dat, Toe AiBuga, T AvOSTma xow Tor Tonpatogdpa.
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Eux. 4. Kopaidwoyevijs opiCovrag oty Oson Agxaiid I'doyivv
Fig. 4. Horizon with Corals (location Arkalia, Gdochia)

Hagarnerjoeis: Ané ta Tonpoatopdoa ta eidn: Anomalinoides flinti, Globigerinoides obliquus extremus,
Orbulina universa wou Spiroplectammina carinata mpoxumteL Gt Td. IRpATO TG TEQLOYNS ATOTEOMNHAV RATA TO
Togptévio. ITpéxrerron yia Avdtego Toptévio (Codvn pe G. humerosa) Méyw g mapovoiog tov Gl obliquus
extremus, wov 0yiCer oto téhog Tov Toptoviov, oxeddv Meoaijvio, (BIZON,G. et al. 1972; KENNETT &
SRINIVASAN,1975, Av. Mewdrawvo- onjuepa, tadvn N17b). Kard B€oeig vmijoyay uxéc eppavioels ue Mpvai-
0Vg 1} VpdApvpovs avipoowrovs (Cardium).

O¢on 3: Mayawidr. To \Dijpata g BEoms avtigc (1 km NA twv I'doyinv, 150 m and ™ otdBun g 6dhao-
0ag) OmOTEAOVVTON OIS GAUROVS, HAQYES, YPAUUITES RO KQOKOAOTTCLYY], GTTMS KO TWV TONYOUUEVWV BECEMY KoL
eivar mhodowa o amoMBdpare. Kvouapyotv ta T'aotepdmoda, ta AiBupa xow ta AvOSTmwa, evad €movion to
Tonparogpdpa, to Boustua, to Exwvoedn, ta guxn xou to Zerpivic.

agarneoeis: To eidog Cardita (Cardita) crassa LMK. givan mayvéotpaxo AiBuo, peydhwv Staotdoemy
(wxog 10 cm, tpog 12,8 cm o wdog 4 cm) xow peper 12 ruy€e. Emiong won ta eidn twv Ostrea, Glycymeris now
Spondylus €yovv ol o Gotpono, Srwg n. ). Ostrea lamellosa (mdyog 3,5 cm )

Ané ta Tonpatopdoa td &idn: Bolivina reticulata, Gyroidinoides altiformis, Orbulina suturalis,
Spiroplectammina carinata, Uvigerina striatissima, Vaginulinopsis carinata vrodnhavovv nhxio Togroviov xow
udiota Avdtepo Toptévio (Cavn pe G.humerosa) AGym g mogovoiag tov Gl.obliquus extremus.

Oéon 4: Agge. Ta Lijparo g O€ong avtic (1 km A amo T'dGya, 200 m and ™ otdBun g Bdhaooag) eivan
Ta (O pe Twv mponyoUpevav B€oewv now teguhapfdvouy peydho aiud amoMBmpdtwv amd ZxAnooxtivia,
AiBvpa, T'aotepémoda vow Tonporopdpa. Katd B€oeig magornoovviar eppavioes Muvaiag n vedipuvons gd-
ong.

Hagatnenoeis: Ané ta Tonuatopdpa ta eidn: Coryphostoma digitalis, Gyroidinoides longispira, Orbulina
suturalis xar Uvigerina striatissima vrodnhdvouv nhxio Togtoviou yud t cuyxrexoupévn Béon. Zmv droyn vt
oupfdrher xaw n magovoio Twv Exhnoaxtvimv (Siderastraea echinulata nou Porites lobatosepta), twv ABipwv
(Gryphaea gingensis, Arca turonensis, Amussium cristatum badense), twv Faoregonédwv (Terebralia bidentata
bidentata %.G.) n.d.

Oéon 5: Zorijees. Ta lipara g B€ons avnis (2,5 km NA amo I'ddyta, 200 m and ) otdbun g Bdracoog
elvan Ta (dua pe owtd twv mponyoupevav BEoemv. Kupuayotv ta AiBupa, evVd CUPPETEXOVV P PKRQGTEQO
T0000T6 T ZAnpaxtivia, to Faotepdmoda xow oL ZndAnxes.

Iagatnenoers: Mia and tg Chlamys mapovoldler apretd peydho wridia. lowg mpdrertor yud véo eidocg.
Opoiwg piae dAAn Chlamys @épel 28 hemtég ruy€g vow paivetow 6t meooeyyitel to eidog multistriata 1) mEOreL-
Tow Yid xAmola TopaAhayr] Tou eidovg cTov.

O¢€om 6: Evdoyaiddga. To. \Oijpoto g BEong avmg (1km A amo I'ddya, 150 m omd ™) otdBun g 6dhao-
oag) elval ouvéyelo ovtav g Béong Agrahds. Kuvouapyoiv ta AiBupa, evd OCUPPETEYXOVY e PLrEGTEQO TOCO-
016 100 Zrhnoaxtivia, ta F'aotepdmoda ot or ROANKEG.
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IMogatmoeioeis: Ztn 0€omn avrr) Be€dnxre Ostrea peydrhov dLaotdoenv, YEYovoSmOU VROdONAGVEL oNYd o
Ceotd vepd.

O¢€om 7: Megouovgia. Ta \Ojpata g B€ons avtig (1500 m NNA twv [doyimv, 50 m and ™ otdbun g
Baraooag)eivar ta o pe avtd tov dtapdpmv Bécewv Tav I'doyinv, Twv omoimy amoteAoUv CuVEYELX Row PEoa
OTOL OTOL0. HVELOEYOUV TO. AlBUQQ, EVH) CURUETEXOVV PE MXQOTEQO TO0OOTO T Faotepdmoda (expayeia), o
Zndinueg won ov Zdyyou (frodnrwtird txvn and Serpula now ITuvprtooTdYyoUs).

IHegarnenoers: H mopovoia peydlov aoibpot oe Ostrea (O. lamellosa) wow Gryphaea (G.gryphoides
crassissima, G.gingensis cochlear, %.G.) wou Twv Blodnhowtingv vdv vrtodnhdaver xabopd Boldoolo mepdriov,
onxa row Leotd vepd.

B. Mvigrog. @éon 1: Koddexro. To (Oijpato g B€ong avnis (1 km A tov xwewov Migrtov, 300 m and ™)
otafun g Bdraocoag)eivor (S pe avtd Twv BEcewy Twv T'doyinv, Twv omolwv amoteAovv CUVEXELD ROL GTTOU
©UELOEYOVY Tt AlBVQQ, EVH) CUPPETEYOUVY e prEdTEQO T0000TS To 'aotepdmoda (expayeic), oL ZXOANKES vow
oL Zndyyor (Brodnrwtxd txvn and Serpula wow TIvpLtioondyyouc).

Oéom 2: Muxpo KoAdexro. To \Oijpata g B€omg avtig, mov Poloretal oo dpdpo amd 1o xwerd I'ddyia mpds
10 Mugtog xat og mpog 200 mepimov pérpmv omd ™ otdbun e Bdhacoas amotehovvial oo YPAURITES, TOV
evahdooovTaL ue ndyes QUALoeLdEls (“ phuoyoeldeic”) mhovoleg o aoPeotitind ovyrpipuato. Emonpaiveto
€MLONG M TOQOVT(L TOAMIPULRTOV PAPULTORQOKRAAOTAYOUS e StoPaBpopnéves T #QordAES, Tavm To XoviQs-
ROKRO KO XATM TO AETTOROXKO UMAO.

Iagatnerioerg: Ztig Boeig Kolexto xaw Mixpd Kéhexto 1 magovoio peydhov apbuoi oe Ostrea (O.
lamellosa, O. cochlear, O.crassissima) noi Twv BLodMAOTRAOVY L vdV vTodnhaver xaBapd Bahdooo TeQLBdrlov,
oNnyd »ouw Ceotd. veQd.

I'. Movgviég. NA tov Lot tov Movevidy paypotomorjfnxe 1 derypatonpia, Tov £dwoe o maondten
amoteAEoUOTOL

Oéon: Movaorneixe. H Béon avti PotoretaunNNA tov ot twv Movpvidv xon oe artdotaon 1500 m BBA
10V XwELoY Migrov, ot Tyog 40 m and m otdbun ™mg BdAacoag. H B€on avt €xer pehemBei (MARCOPOULOU
- DIACANTONI, 1979 a & b) Adyw g avevpedeioas- evidg twv tnudtmv- mavidag AvBoldwy (Ontwrodh-
ha o Exinpaxtivier) Togroviov nhixios.

Hagatneroes: H mogovoio xopaxtoouxav €@V and ta AvOStwa pali pe Taotepdnodo (Terebralia
terebralia lignitarum) odjynoe oto cvpnépaoua (MARCOPOULOU-DIACANTONI, 1979) 6u ta i(&jpato g
0o avtig avijrovv oto A.ToETévio ®oL GTL 0L TOAAOOIXOAOYIRES GUVORES 1jTav ®aBapd BaAdoolo mteQL-
Barrov, onxd vepd, TEOTKG-UTOTQOTLXG HA{UA HAT.

U
xep€Os a ! d
— voixTM dadacsa

A0S~

Ve
Aipvodddacgsal ¢p wa.l Yeadoe

Eux. 5. Avamagdoraon Oons mbavov godyuarog
Fig. 5. Reconstuction of the probable reef (barrier or patch-reef)
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ITIN.I. TA AIIOAIOQMATA THZ IZHMATOTENOYZ AEKANHZ BIANNOY-IEPAIIETPAX
PL.I.THE FOSSILS FROM THE SEDIMENTARY BASIN VIANNOS- IERAPETRA

L.®YKH (ALGUAE)

1.Lithothamnium sp.

2.Melobesiae

ILTPHMATO®OPA (FORAMINIFERA)
1.Alveolinidae indet.

2.Ammonia beccarii (LINNE)
3.Amphistegina lessonii ’ORB.
4.Amphistegina sp.

5.Anomalinoides flinti (CUSH.)
6.Anomalinoides helicinus COSTA
7.Asterigerina planorbis (d’ORB.)
8.Bolivina antiqua d’ORB.

9.Bolivina punctata d’ORB.

10.Bolivina reticulata HANTKEN
11.Bolivina sp.

12.Bulimina costata d’ORB.

13.Cancris auriculus (FICHT.& MOLL)
14.Cassidulina laevigata d’ORB.
15.Cibicides lobatulus(WALT. & JAC.)
16.Cibicidoides pseudoungerianus(CUSH.)
17.Cibicidoides ungerianus(d’ORB.)
18.Coryphostoma digitalis (’ORB.)
19.Cylindroclavulina rudis (COSTA)
20.Elphidium crispum (LINNE)
21.Elphidium macellum (FICHT.& MOLL.)
22.Elphidium sp.

23.Fursenkoina schreibersiana (CZJZEK)
24.Globigerina apertura

25.Globigerina sp.

26.Globigerinoides conglobatus (BRADY)
27.Globigerinoides obliguus BOLLI
28.Globiger./des obliquus extremus B.
29.Globigerinoides ruber d’ORB.
30.Globigerinoides sacculifer (BRADY)
31.Globigerinoides trilobus (REUSS)
32.Globocassidulina subglobosa (BRADY)
33.Globorotalia obesa  BOLLI
34.Globorotalia sp.

35.Globulina gibba (’'ORB.)
36.Gyroidina longirostra miocenica
37.Gyroidinoides altiformis(R.E.&STEW.)
38.Gyroidinoides longispira (TED.&ZAN.)
39.Gyroidinoides neosoldanii (BROT.)
40.Hastigerina siphonifera (d’'ORB.)
41.Hastigerina sp.

42.Heterolepa dertonensis (RUSC.)
43.Hoeglundina elegans (d’ORB.)
44.Hopkinsina bononiensis (FORN.)
45.Karreriella bradyi (CUSHMAN)
46.Lenticulina cf. curvisepta (SEG.)
47.Lenticulina cultrata (de MONTEF.)
48.Lenticulina inornata (d’ORB.)

49.Lenticulina rotulata (LMK.)
50.Lenticulina vortex (FICHT.& MOLL)
51.Marginulina hirsuta ¢'ORB.
52.Marginulopsis fragaria (GUEMBEL)
53.Martinotiella communis (d’ORB.)
54.Melonis padanum (PERC.)
55.Miliolidae indet.

56.Neoeponides schreibersii d’ORB.
57.Neogloboquatrina acostaensis (BOLLI)
58.Nonionella turgida (WILL.)
59.0rbulina bilobata (d’ORB.)
60.Orbulina suturalis BRONN.
61.0rbulina universa d’ORB.
62.Pandaglandulina dinapolii LOEB.&TAP.
63.Planulina renzi CUSH.& STAINF.
64.Planulina wuellerstorfi (SCHWAG.)
65.Praeglobobulimina pupoides (d’ORB.)
66.Pullenia bulloides (’"ORB.)
67.Quinqueloculina sp.

68.Rosalina globularis ’'ORB.
69.Sacarenaria italica DEFR.
70.Sigmolinita tenuis (CZJZEK)
71.Sigmoilopsis schlumbergeri (SILV.)
72.Siphonina planoconvexa (SILV.)
73.Siphonina reticulata (CZJEK)

74. Sphaeroidina b ulloides(d’ORB.)
75.Spiroplectamina carinata(d’ ORB.)
76.Stilostomella plicosuturata (DEVR.)
77 Textularia carinata

78.Textularia sp.

79.Trifarina bradyi CUSHMAN
80.Uvigerina peregrina CUSHMAN
81.Uvigerina striatissima PERC.
82.Vaginulina sp.

83.Vaginulinopsis carinata SILV.
IILAKTINOZQA(RADIOLARIA)

IV. BPYOZQA (BRYOZOA)
1.Cellepora sp.

2.Cupuladria biporosa CANU & BASS.
3.Frondipora verrucosa (LMX.)
4.Membranipora sp.

5.0nychocella sp.

6.Schizoporella unicornis (JOHNS.)
V.ANGOZQA (ANTHOZOA)

a) Alcyonaria

1.Isis melitensis

b)Scleractinia

1.Dendrophyllia sp.

2.Favites neglecta MICHT.
3.Heliastraea sp.

4.Palaeoplesiastraea desmoulinsi(M.-E.)
5.Porites collegniana (MICH.)

6.Porites lobatocepta CHEV.
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7.Porites sp.

8.Siderastraea crenulata (GOLDF.)
9.Siderastraea echinulata (GOLDF.)
10.Tarbellastraea carryensis(d’ORB.)
11.Tarbellastraea sp.

12.Thegioastraea rosacea

VI.AIOYPA (BIVALVIA)
1.Ammusium cristatum badense FONT.
2.Arca (Anadara) turonensis DUJ.
3.Cardita (Cardita) crassa LMK.
4.Cardium sp.

5.Chlamys multistiata

6.Chlamys solarium LK.

7.Chlamys submalvinea

8.Chlamys varia

9.Glycymeris sp.

10.Gryphaea (Cras.) gingensis (S.)
11.Gryphaea gryph.crassissima (LK.)
12.Gryphaea gryph.cf.crassissima(LK.)
13.Ostrea edulis LINNE

14.0strea (Ostrea) lamellosa BROCC.
15.Ostrea sp.

16.Pecten cf. besseri ANDRZ.
17.Pycnodonta cochl. navicularis(BR.)
18.Spondylus concentricus BR.
19.Venus sp.

VILI'AZTEPOIIOAA (GASTROPODA)
1.Athleta ficulina rarispina
2.Cerithium crenulatum

3.Cerithium (Thericium)vulgatum
4.Chenopus pespelecani L.

IV. ZYMIIEPAZMATA - £YZHTHXIH

5.Conus mercati miocaenicus SACCO
6.Diloma(Oxystele)rotellaris (MICHT.)
7.Euthria sp.

8.Murex(Haustellum) partschi HOERNES
9.Polynices (P.) redemptus (MICH.)
10.Strombus sp.

11.Terebra acuminata subagranulata S.
12.Terebralia lignitarum lignitarum(E.)
13.Terebralia bident.bidentata(DEFR.)
14.Turritella bicarinata

15. Turritella bieniaszi

16.Turritella communis

17.Turritella formata pseudoimbricata
18.Turritella sp.

19. Turritella tornata

20.Turritella (T.) tricarinata BR.
21.Turritella (T.) tricincta BOR.
22.T.(H.)tripl. superneaplicata SAC.
23.T.(Haustator) unicarinata
24.Gastropoda indet.
VIII.ZKA®OIIOAA (SCAPHOPODA)
1. Dentalium sp.

IX.ZKQAHKEZ (ANNELLIDA)
1.Ditrupa cornea

2.Serpula sp.

X.OXTPAKQAH (OSTRACODA)
XL.EXINOEIAH (ECHINOIDEA)
1.Clypeaster altus (KLEIN)
2.Clypeaster sp.

3. Axavbeg Echinoidea indet.
XIL.EZEIPHNIA (SERINIA)

ARG T AETTOUEQT] HEAETY TWV CUYREVTQWOEWV TV amoMBupdrav (ITiv.]), mov mpogpyovrar and 9 BEaewg
™g Wnuatoyevoug Aexdvng oto NA tpijua g vijoov Konmg, ota éowa twv Enapyidv Budvvou o Ieppamé-
UG, TEOEXVY A TO. axoAovBa:

1. Ov amoMBwpotTopopes O€oelg Poloroviar ®ipLa eviog Twv yweinv I'doyinv xow Migtov, amd 6mov ovAAE-
xOnre onpavtnds aplBuog aroMbwpdtov. ITpoodopiomrav 154 €idn, ta omoia ratavéuovrow oe 83 Ton-
potopda, 19 Albupa, 24 Taotepdmoda, 20 AvOStwa, 6 Bpustwa, 1 Zragpdmodo, 3 Exwvoeidn, 2 Zxdinxrec,
txvn Muoroondyywy, 2 Goxn, Axtvélmwa, Ooteaxrwdn xor ZelR1vic.

2. An6 g oTmpatoyagurés eEaTAMOELS Twv AlBipwv, Faoteponddwy, AvBoldwy, oArd Wialtepo amd Ty
TooVoio xopaxELoTrY edav and ta Tonuatogspa (Coryphostoma digitalis, Orbulina suturalis, Uvigerina
striatissima, Neogloboquatrina acostaensis, Bolivina reticulata, Gyroidinoides altiformis, Spiroplectammina
carinata, Globigerinoides conglobatus) mpoodiopiCetan v wapovaie Tov Togroviov yua tig pehetneioeg O€-
OELS.

3. Hmapovoia tov vroeidovg Globigerinoides obliquus extremus viodmidver nhnic Avartépov Togroviov (Lo-
vn G.humerosa). Emopévog dexdpaote 6t 1o magamdvo Wijpate €xovy nhxia A.Togtoviov.

4. TToQatENOELS TAVM OTNY Tavida, ToV TEOT0 SLatioNoYg ™S, TNV LOQPOAELTOVQYLAY avAAVOY TWV CWTOM-
Bwpdtov oe cuVdLAOUS pe TO WNROTOAOYRG VMG emTEmouy va dexBovue yid Tyv Aexdvn avty ta ToQa-
nATW:

a) ITpdg to voto pépog g pekemBeioas Aexndvng Ba vmijoye eite €vag dioxoeldic Vparog 1 ovotddeg
VpaAwy (rpoatdrAeg - patch-reef) eite ndmolog peyahitepog Vpahog pe T poeyn pedyuatog dievBuvong A-
A mepimov 3 km. Meta&i g x€ooov %ot Tov vpdiov oxnuatiCoviay Mpvoddraooes, 6ov to meQLdhiov frov
1oepo ®xon oL emrEaTovoES VOPOdUVaULKES CUVOKES iTav xaunhig evépyetas. To Twijua avtd anotehovoe 10
E0MTEQLXG PEQOG TOV VPAAOL IE TNV avdroyn mavida xan Tovg MBoroyirois yaaxtioes (Ew. 5).
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B) Mmpootd. and Tov vparo dnA. meog TV avouxrti Bdlacoa xow wov omotehovoe 1o eEmteQund HEQOg Tov
vpdhov emxpatovoay vmhis evépyetas vdpoduvamres ouvbijreg pe avdioyn mavida xon nuatohoyiroig
XOQOUXTHOES.

v) Katd m dudoreia 1 petd to A.ToQTovio T0 QEAYIO ROTATEUOYILETAL HE ATMOTELEOUO TV OVAUELEY TT0-
vidwv g avowrtrc Bdhacoag (eEwteurnd néQog Tov vedlov) pe movideg Tou E0WTEQLROU HEQOVS TOV VRAAOV
(#hewoni Bdhaooa, Mpvobdraooa).

V. EYXAPIXTIEX

O mpoodroptopds twv Tonpatopspwy €ywve and v Mirgorahatovioddyo P.-M. Mipxrov, v omolo na
and Vv B€om auni Beppd evyapLoTovpe.
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H ANEYPEXH BPYOZQQN rXTO KATQTEPO ITAEIOKAINO THX KPHTHX
(MAPQNIA, EIIAPXIA THTEIAY). YYETHMATIKH - ITAAAIOOIKOAOTIA®
A. MAPKOIIOYAOY- AIAKANTQNH', P. M. MIPKOY' KAI M. ITATIAAAKH'

ZYNOWH

Zmyv epyaoio auti PEAETOVIOL Yot TEMTY popd Ta Bpudtwa, mov Peédnrav ong amobéoeig tov K.
IMewravov mg meproxng Ay. Indvvn Mapwvidg Entetog Konmg. ITpoodiopiomray 47 £idn, wov avijxouvv oto
Kurhootépata (16) ko Xethoorspata (31).H pehé toug enétoeye- ue fdon m ovvods mavida twv Tonpoto-
@opwv-va. deyxBotpe v nhuria Tov K.IThewdrawvov yia n ouyrexuuévn meployt. Baoldpevol otoug otnoroyt-
%0VUG TAQAYOVTES, RATW OTTG TOVG 0MOLoVS Louvv ta BoudTma pmopolpe va eXTjoovpe 1o mohotomeoLdAlov
TOVG.

ABSTRACT

A rich fauna of Bryozoa from the Lower Pliocene of the Maronia district (location of Hagios loannis) had
been studied. 47 species have been indentified belonging to the Cyclostomata (16) and Cheilostomata (31). This
study allows to precise - based on the Foraminifers - the distribution of Bryozoans in this area of the South- East
Mediterranean. Based on the zoarial forms, the bathymetry, the temperature and the bottoms, where some
species live yet now, we attempt to give a reconstruction of the paleoenvironments. The Lower Pliocene age is
based on the stratigraphic distribution of the following Foraminifers: Amphistegina lessonii, Bolivina antigua,
Bulimina cf. minima, Cibicides refulgens, Globigerinoides extremus, Globigerinoides nepenthes, Globigerinella
pseudobesa, Globulina fissicosta, Heterolepa dertonensis, Neogloboquatrina cf.acostaensis, Rectuvigerina
siphogenerinoides, Sphaeroidinellopsis seminulina.

KEY WORDS: Bryozoa, Systematics, Paleoecology, Fauna assemblage, Lower Pliocene, Maronia,(Sitia, Crete).
AEEEIZ KAEIAIA: Bovdtwa, Zvompotny, IMahowooworoyia, Zvvodds mavido, Katwrepo ITAeidxaivo,
Moapovid ( Znreio-Koem).

I. EIZATQI'H

O veoyeveis amoBéoeig Tg evpuitepns meptoxis (oxnuatiopos Povepmpuévng) oty omolior avixeL xow M
ueremBeioa B€on Tov Ay.Iwdvvn Mapwvidg fitov 10N Yvwotég and maiidtepes ueréteg (MaQromovhov-Ava-
rovravn, A.1972, 1975, 1979, Gradstein (1973), Magxromovhov - Awaxavidvn, A. et al., 1993). Zro mhaiowo tov
HEAETAV pog - TOL apopolv ta Boudtwa tov EAladunoy ydov- peketioape to Boustwa, mov Boétnxray péoa
otg aQyMovyes ndoyes g 0€ong tov Ay.Indvvn Magwvids. H ouvodds mavida tawv Bouoldwv amoteheiton
and Tonuaropdpa, Zndyyovs, Boaytovémoda, Avvehides, Exwoedy, Kopdiha, AiBupa, Zxagdémoda, O-
otpoxwd, QrohiBovg x.d.

To evlapépov g €evvag auTig TEOEXVYE amtd TV avelpeon - and péeovs tov Kabny. %. I. Momaddxn
egaottéyvn Iaharovroddyou - evég 0d6via Kapyapoedois. H pehém g mavidog twv AiBupwv, Taotego-
m6dwv, Zxagonddwv, Kogordv xor Exivoelddv emétoee TG OTQWUATOYQUPIRES KAl TOMOLOOLRONOYLXES
gounveieg yia tov oxnuotiopnd g Pavepwuévns (Magromotiov- Atoxavidvn, A. 1972- 1975) 1600 yio Tig
veoyeveig amoB€oeis g mepLoxns: AxAddia Inteiag (Mapromovhov- Awoxaviavn, A., 1972) oo xow yio v
meELoyN Tov peydiov fuBioparog g Znteiag(Mapromovlov - Avoxavidvn, A. et al., 1993). Ta Bouétwa tov
OYNUOTLONOV REAETWVTOL VI TOWTY oEd. T to orond avtd mpaynatorovjoaue 2 devypotodmpieg ot Béon,
6mov xow to opdvupo eEwxxhiot tov Ay. Iwdvvn Mapwvids. Metd v emeEepyaoia xow peA€Tn Tov VAKOU TV
Bouolowv #ow g ouvodou mavidag, ®igue twv Tenpatogdomyv, meogxupe Gt 1 topr tg Magwvidg avijrel
oto ratireQo IMAedrouvo xaw 6L oto Mewdxawvo, mov péyot tiea ritav yvwotd. H nlurio tov Katwtégov ITheto-

* THE FINDING OF BRYOZOANS FROM THE LOWER PLIOCENE OF CRETE(MARONIA-SITIA). SYSTEMATICS-
PALEOECOLOGY.
1. University of Athens . Dept. of Geology. Division: Hist. Geology & Paleontology. Panepistimioupoli Zografou, 15784, Athens, Greece.
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%xaivov omeiteTon ot otempatoyeagurt eEdmiwon Twv tagondtn aveveeBévinv Tonuaropdpwv: Amphistegina
lessonii, Bolivina antiqua, Bulimina cf.minima,Cibicides refulgens, Globigerinoides extremus, Globigerinoides
nepenthes, Globigerinella pseudobesa, Globulina fissicosta, Heterolepa dertonensis, Neogloboquatrina cf. acostaensis,
Rectuvigerina siphogenerinoides, Sphaeroidinellopsis seminulina.

II. TA 2TPQMATA ME BPYOZQA

Sm 0éon Ay. Iwdvvne Mapwvidg (Ew. 1-2) dmov xan 1o opadvopo eEoxxhiot vrdeyovy XoAaQEs agythiov-
YES NAQYES VITORITOIVES HEYGAOL TAYOUS, TTOU TEQLEXOVV aNpavirs aotbpud aroMBopdrov-»igiae Bovolowv-
1600 0¢ 0BG ATOPWY 600 %o O aELOPS ELOMY.

Cretan sea

30 Km ’ &

Lybian sea Q Sea of lerapetra

Euwx.1. T'ewoyoaquxri Oon s megroytis tov Ay. Iodvvy.
Fiq. 1. Geographical location of the reqion Hagios Ioannis.

Eux. 2. Amoyn g megroxtjs HeAETS.
Fig. 2. View of the studied area.
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. TA MEAETHOENTA BPYOZQA ME TH LYNOAO ITANIAA TOYZ

I. TPHMATO®OPA VI.BPYOZQA

1.Ammonia beccarii (I,INNE) 1. Annectocyma major (JOHNSTON)
2.Amphicoryna sublineata (BRADY) 2. Biflustra savartii (SAV.- AUD.)
3.Amphistegina lessonii d’ORB. 3. Caberea boryi (SAV.- AUD.)
4.Anomalina pompilioides GAL.& HEM. 4. Calpensia nobilis (ESPER)
5.Asterigerinata planorbis (d’ORB.) 5. Cellaria fistulosa (LINNE)
6.Bolivina antiqua d’ORB. 6. Cellaria salicornioides AUD.
7.Brisalina cf. dilatata (REUSS) 7. «Cellepora» pumicosa (PALLAS)
8.Bulimina cf.minima TED. & ZAN. 8. Celleporaria palmata (MICHELIN)
9.Cibicides kullenbergi (PARKER) 9. Chaperia annulus (MANZ.)
10.Cibicides lobatulus (WALT.& JAC.) 10. Conopeum reticulum (L.)
11.Cibicides pseudoungerianus (CUSH.) 11. Cribrilaria innominata (COUCH)
12.Cibicides refulgens (d’ORB.) 12. Cribrilaria radiata (MOLL)
13.Elphidium aculeatum (d’ORB.) 13. Crisia denticulata (LAMARCK)
14.Elphidium complanatum(d’ORB.) 14. Crisia eburnea (LINNE)
15.Elphidium crispum (LINNE) 15. Crisia fistulosa (HELLER)
16.Fissurina sp. 16. Crisia hoernesi REUSS
17.Fursenkoina schreibersiana (CZJZEK) 17. Cupuladria canariensis (BUSK)
18.Globigerina bulloides d’ORB. 18 Diplosolen obelium (JOHSTON)
19.Globigerina woodi (JENKINS) 19. Diporula verrucosa ( PEACH)
20.Globigerina nepenthes TODD 20. Emballotheca longidens (CIPOLLA)
21.Globigerinella prebulloides BLOW 21. Entalophora probocidea (M.-EDW.)
22.Globigerinella pseudobesa 22. Entalophora sp.

23.Globigerinella siphonifera 23. Enthalophoroecia deflexa COUCH
24.Globigerinoides conglobatus (BRADY) 24. Enthalophoroecia gracilis HAR.
25.Globigerinoides elongatus (d’ORB.) 25. Exidmonea atlantica (F. in JOHN.)
26.Globigerinoides extremus (BOL.& BER.) 26. Frondipora verrucosa (LAM.)
27.Globigerinoides obliquus BOLLI 27. Hippopleurifera cf. surgens (MANZ.)
28.Globigerinoides ruber d’ORB. 28. Hippopodinella lata (BUSK)
29.Globigerinoides sacculifer (BRADY) 29. Hippoporina rarepunctata (REUSS)
30.Globigerinoides trilobus (REUSS) 30. Hornera frondiculata MONG.
31.Globogquadrina baroemoensis (Le ROY) 31. Lichenopora hispida (FLEMING)
32.Globulina fissicostata CUSH.& OZAWA 32. Lichenopora cf. mediterranea BLAIN.
33.Guttulina communis (d’ORB.) 33. Lunulites sp.

34.Gyroidinoides neosoldanii (BROTZEN) 34. Metrarabdotos maleckii CHEETHAM
35.Heterolepa dertonensis (RUSCEL.) 35. Porina coronata (REUSS)
36.Hopkinsina bononiensis (FORN.) 36. Reptadeonella violacea (JOHN.)
37.Lenticulina costata gymnaesica 37. Reteporella cf. cellulosa (LINNE)
38.Lenticulina orbicularis (d’'ORB.) 38. Schizomavella auriculata (HASSALL)
39.Marginulina glabra d’ORB. 39. Schizoporella longirostris HINCKS
40.Miliolidae sp. 40. Schizoporella tetragona (REUSS)
41.Neoeponides schreibersii (d’ORB.) 41. Schizoporella unicornis JOHNSTON
42.Neogloboquadrina cf.acostaensis(BL.) | 42. Scrupocellaria elliptica (REUSS)
43.0rbulina universa (d’ORB.) 43. Smittina cervicornis (PALLAS)
44.0rthomorphina tenuicostata (COSTA) 44. Tervia irregularis MENEGHINI
45.Planulina ariminensis d’ORB. 45. Thalamoporella neogenica BUGE
46.Praeglobobulimina ovata (d’ORB.) 46. Turbicellepora coronopus (WOOD)
47.Pullenia bulloides (d’ORB.) 47. Turbicellepora laxesinuosa (VIGN.)
48.Quinqueloculina longirostra d’ORB. 48. Umbonula sp

49.Rectuvigerina siphogenerinoides (LP.) | VII. AI®YPA
50.Sphaerogypsina globula Ostrea sp.
51.Textularia sagittula DEFRANCE Lucina sp.
52.Textularia soldanii FORNASINI VIII. I'TAZTEPOIIOAA
53.Uvigerina peregrina (CUSH.) IX. ZKA$OIIOAA

5

4.Uvigerina striatissima PERCONIG

X. ZKQAHKEZL

II.

NYPITIOZNOI'TOI

Portula sp.

III. OZTPAKQAH

XI. BPAXIONOIIOAA
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IV. TAAAIONTOAOI'TKH MEAETH TQN BPYOZQQN

H ovompatixy ta€wvéunon tov Bpvolwwv ompitetar otig peréteg nvpimg twv BUGE in
PIVETEAU(1952)xow BASSLER oto «Treatise of Invertebrate Paleontology»(Edit. MOORE,1953) tpomo-
TOMUEVO atd ovyyeovovg ovyypageic. H mietovémra tov e1ddv €xer 1dn mepryoapei(Br.emovvamtéuevn

Biphoypagpia).
SYSXTHMATIKH
dvho: BPYOZOA (BRYOZOA EHRENBERG,1831)
Opotokia : STENOAAIMA (STENOLAEMATA BORG, 1926)
TdEn : Kuvrhootdparo (Cyclostomata (= Tubuliporata) BUSK , 1852)
Ynorokn : Tubuliporina MILNE-EDWARDS, 1838
Owoyéveio: Annectocymidae HAYW. and FRYL.,1985
T'évog : Annectocyma HAYW. & FRYL.,1985

Annectocyma major (JOHNSTON, 1847) (Iliv. I, eix. 1)

Z1oopatoyQaqixti xor yewygaguxtj eEGTA00n xal otxoroyia. Medrowvo xar K. Mewdrawvo Ttahiag, Avoroi-
ag, Fodhiog. M. Mewérawvo Tahiog. A.Mewdrawvo Mapdrov, Akyepiag, Korjme. IMhewdrowvo Itakiag, Tuvnoi-
ag, AyyMag, KdtwXwedv.A. TTAeidrawvo Korpng. IMietotdxaivo Tvahiag, P6dov. Zjueoa Ter oty Meadyeo,
Adguratixn, A. wow A. Athovuxd, Ewonviré oe Bdbog peta&y 3 now 200 m %ow 0€ motriho vTooTOMROTA KoL OTOV
Athavtird o peyovtepo fddn (362 m petakl Iomaviag xaw Magdxov).
T'évog: Entbalophoroecia. HARMELIN, 1976

Enthalophoroecia qracilis HARMELIN , 1976 (Iliv. I, e1x.2)
LToopaToyQaquxti xot YewyQagixi] eEaniwon ko owxoroyio. IIheidrowvo Itahkiag. A. ITheidnawvo Korjmg. ITAet-
oréroawvo Ttahiog. Eripepa Cev oty Meodyelo xon tov Athavtxd, o fdBog peta&d 70 xow 200 m %xow 08 TEOXO-
QaAMOYEVY HEYOL HAUOTIRA VITOOTOMUATOL.

Enthalophoroecia deflexa (COUCH , 1844) (ITiv.1, eix. 3-4)
LTo0pRaToyQaqLxt] XL Yewyupixt eEGrAwon xar ovxoloyia. [T eidxawvo Itakiog. A. TTheidrawvo Korjmng. TTAeL-
oténouvo Itohiog. Efpeoa Cer ot Meodyeio, oe Bdbog petokd 70 xow 200 m xow 08 TOOROROQOAMOYEVT UEXOL
HAOLOTIHG VITOOTQMUATO.
Ouwoyévew: Frondiporidae BUSK,1875
T'évog : Frondipora LAMARCK, 1807

Frondipora verrucosa ( LAMOUROQUX, 1821) (Iliv. 11, &ix. 8)
Zrpoparoypaqunt) ko yeoyoapxti eEdrloon xa ouoloyia. Mew6rawvo Itahiog, Avotpiag, Talriog, ITo-
hoviog, Toexoohofaxiag, Mapdrov, Akyepiag. ITheidrawvo Itahhag, P6dov. A. IMhewdnowvo Kovjing. TTher-
otéxnavo Itahiag. Eipepo Ter ot Meodyeio nan Tov Athavixd, oe Bdbog 16 -100 m %o og #haoTind TOQAATLO.
VITOOTQWUOLTOL.
Owovyévewa: Tubuliporidae JOHNSTON, 1838
T'évog : Exidmonea DAVID, MONGEREAU & POUYET, 1972

Exidmonea atlantica (FORBES in JOHNSTON, 1847) (Iliv. I, e1x. 5-6)
Lroopoatoygaquxr] xai yeayoagxtj eEdnimon xa oworoyia. Horawo Itahiag, Ovyyaplog, Pouvpaviog, B.
Apeornic(?)non Agyevviic(?).Ohydxawvo Itahiog, leppaviag, B. Apepurrig(?).Mewdrawvo F'ahhiog, Itahiog,Av-
otpiag,ITohwviag,Avyvmrov, Auping, Alyepiag, Mapdrov, Avotgohiog. IThewdrawvo T'alhiag, Ivohiag, Tvvnoi-
ag, Mogdrov, MeEwov. A. IThewdrawvo Korjmne. IMThewotonawvo Itahiog, Kavadda(?).Zuepa Cev ot Meodyelo,
A. now A. Athovaxd, Ewpnvird, Agntinn ko Avtoprtin. Koopomohinno ot fd6og usm&u 10 zon 850 m xaw ot
Meodyero (Optimum) peta&d 40 xon 100 m.
Owoyévewa : Diastoporidae
T'évog : Diplosolen CANU,1918

Diplosolen obelium (JOHNSTON, 1838)
Lrooporoygaquxy xou yeoygaguxy eEdmimon xar owxohoyia. Mewdrawo T'alhiag, Avotpiag, Ovyyapiog,
Alyepiag, Mapdrov, Avotpohiag. ITheidrouvo Todhiag, Itohiag, Tuvnoiag, Magdxov. ITheidrowvo Ayyhiog,
Ttahiag, Tarhiog. A IIewdrowvo Korjmg. IThewoténouwvo Itohiog. Zipepa Cel o Meadyeto.
Owoyévew: Tervildae CANU & BASSLER, 1920
Tévog : Tervia JULLIEN, 1882
Tervia irregularis (MENEGHINI, 1845) (ITiv. II, ewx. 7)
Lrooparoygaguxr xor yeoyoaguxt eEdriwon xa orxohoyia. Hoxouvo Ionaviag, Ovyyapiog, II6Amviag. Oh-
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yorawvo Teppaviog. Mewdrawvo Torhiog, Avotpiag,Ovyyapiog, Toeyoohofaxiag, Povpaviag, Akyepiag, Ma-
o6rov, Konmg. IThewdnawvo T'odhiag, Itakiog, Kdatw Xwedv, Belyiov. A. IThewdrawvo Konmg. IThewotéravo
Itahiag. Zfuepa Cev oty Meodyero, A.Athavtird, Ewlonvind xon Ivdwnd oe fdbog petafd 60 xow 300 m otig
Ceotég evnpareg Liveg.

Owoyévero: Entalophoridae REUSS, 1869

I'évog: Entalophora LAMOUROUX, 1821

Entalophora proboscidea (MILNE-EDWARDS, 1838)
LToupatoyea@Lrt] xaL yeayoaginti eEdmloon ko owxoloyio. Hoxawvo Itakiog, Povpaviag. Olydrawvo I'ep-
paviog, HILA. Mewdrowvo Falhiag, Avotpiog, Alyepiog, Mapdxrov, Avyvmrov.IThewdrawvo Itahiog Iomavi-
ag. IThewotérawvo Itahiag. Zfpepa *oOUOmOATIRO?
Entalophora sp. Kaxodiatnonuévo eidog.
Ynérogn : Canceilata GREGORY, 1896
Owoyévewa: Horneridae GREGORY, 1899
I'évog : Hornera LAMOUROUX, 1821

Hornera frondiculata LAMOUROUX, 1821
LToonatoyeaqirt oL Yeoyeugixt eEdrloon xar owxoroyio. Horawo Todhiag, Itaiiog, T'eppaviag, Ovyya-
ptag, ohwviag, Povpaviog. Ohydnarvo Itohios. Mewdnawvo Taklhiog, Itohivg, Avotpiag, Hohwviag, Alyept-
ag, Maporov, Avyvmrov, Avotpadiag, N. Znhavdiog.IThewdnawvo Tardiag, Itakiog, Kdtw Xwedv, Beiyiov,
Ayyhiog. A. IThewdrawvo Korjne. IIhewoténawvo Itahiog. Zew ofuepa o L Meodyero, A. Athavaxd, Elonvird ?
og pabog oo 40-200 m (opt. 70 zow 100 m).
Ynrdéroagn: Articuiata BUSK, 1859
Owovyévewo: Crisildae JOHNSTON, 1847
I'évog : Crisia LAMOUROUX, 1821

Crisia denticulata (LAMARCK, 1816) (Iliv. 11, €1x. 9)

Ligopatoyeaqirr xar yeaygagpixt) eEdrlwon. Owoloywrol mopdyovies. M. Mewdrawvo Avortpiag, [Theidron-
vo Talhiog, Itakiag, Ayyiiog, Belyiov, Kdtm Xwowv, Tvvnotag, Pédov.IThelotérouvo Itariog, Zixerios. Ei-
dog evpubeppo, Cer ofjpepa ot A. Meodyeto o Adoiatini},otov Athavund row Elonvird(?)otov aprtind to-
uéa og fabog 10-100 m.

Crisia eburnea (LINNE, 1758)
Z1oopatoypaqiri oL yeoyoagxy eEdmiman. Owoloywrol mapdyovies. Mewdxawvo Itahiog, Avotpiag, ITo-
Moviag, Povpaviag, Mapdxov, Alyeplag. IThewdrawvo Italiog, Ayyiios, P6dov.Eidog roopomohitizo,Cel onjpe-
oo og 10-330 m og U pnéyoL xpva evrQoTo VEQU.

Crisia fistulosa HELLER, 1867
Zrooparoyoaqxn) xar yeoyoaput eEdxhoan. Owoloywol mapdyovies. IThewdrawvo Itakiog, Ayyhiag, Po-
dov. Eidog noopomohitno, evonuns mg Meooyetov xatd HARMELIN (1968, p.434) Cev oe fdBog and 3
uéxot 60 m og ROQUAAOYEVY] CUYRQIPUATOL.
Ynotokn: Rectangulata WATERS, 1887
Owoyévewa: Lichenoporidae SMITT, 1866
I'évog : Lichenopora DEFRANCE, 1823

Lichenopora hispida (FLEMING, 1828)

Lipopatoypaqixt) xur yeoypupiry eEdninon. Owoloywot mapdyovies. Honawo Tolhiog, Avyvmtov. Ohi-
yoxawo Ieppaviag. Mewroawvo T'arhiog, Akyeotag. IThewdnawvo F'ahhiag, Italiog, Ayyhiag, Tuvnoiac. Tetap-
toyevég Ttohiag. Zew onpepa péyor fdbog 420 m.

Lichenopora mediterranea DE BLAINVILLE, 1834
LZrooparoyoagurr] ®or yeoypaqry eEdandwon. Owoloywnol mapdyovies. WMewgnavo Talhiog, Avotpiog,
Ovyyoapiag, ToeyoohoPaxiag, Akyeoiag. IMheidnouvo Fadhiog, ITtahiog, Akyeolog, PSdov. IMheiotéroivo
Itahios. Zew ofjueoa ot Meodyelo row atoug mxreavois Eionvixd xow Ivons og Bdbog peta&y 35 xaw 400 m og
Ceotd péyol Ceotd evrpota vepd.
OpotaEioc: GYMNOLAEMATA  ALLMAN, 1856
TdEn: Cheilostomata BUSK, 1852
Yn6taEn: Anasca LEVINSEN, 1909
Yrodwaipeon : Malacostega LEVINSEN, 1902
Ouwroyévewa: Membraniporldae BUSK, 1854
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I'évog : Biflustra &’ ORBIGNY, 1852

Biflustra savarti (SAVIGNY-AUDOUIN, 1826)

Lrooparoypogixi) xou yewyooguxt] eEdmdwon. Owoloyirol mopdyovies. Mewdnatvo Avotpiog. ITiewdxaivo
Itahiog, Ionaviac.

Conopeum reticuimn ( LINNE, 1767)
ZTOOPOTOYQOPLRY HaL YEWYaput] eEGTAman. Owoloyinol TaQAYOVTES.
Haorowvo K.ILA.?. Mewdxrawvo T'arhiog, ITogroyoahiag, Auping. IThewdrowvo Itakiog, M. Znhovdiog, Iomwviag?.
ITherotérouvo Itahiog, Agyevuviis. Eidog mohd evpiaro. Zew ofjpepa ot Meadyeo (?) , tov ATAavTirs ko tov
B. Evonvixd.
Ouwoyévelo: Cupuladriidae LAGAAIJ, 1952
I'évog : Cupuladria CANu & BASSLER, 1919

Cupuladria canariensis (BUSK, 1859)
Zrpoparoypaqux) xar yeoygaguaj eEdrimon. Oworoywol mapdyovres. Olrydxarvo Kdtm Xmodv. Meigrawvo
T'ahiog, T'eopaviag, Kdtw Xwedv. IThewdrarvo Kdrw Xwodv, Ayyhiag, Falliag. A. TThewéxnavo Koe. Zeu
onfjuepa ot Meodyelo xow Tov Teomnd ATAAVTLKG.
Owoyévewa: Lunulitidae LAGAAILJ, 1952
T'évoc : Lunulites 1.AMARCK, 1816

Lunulites sp. Eidog o€ xaxif xaordoraon dwatijonong.
Owoyévewa: Chaperiidae JULLIEN, 1888
I'évog : Chaperia JULLIEN, 1881
Chaperia annulus (MANZONI, 1870)
Zrooparoygaguxt) xar yeoypopixn eEdrimon. Owoloywxol mapdyovies. Mewdrawvo Itahiog, Magdxov, Ak-
yeoiag. IMiewdravo Kdtw Xwedv, Iomaviag, Itaiiag, Pédov. A. Miewdrawvo Korjtng. Miewotéxavo Trariog,
EMadag. Eidog toomxd. Zer ofjuepa. ot Meodyeio xaw otov A.Arhaviird oe fdBog 30 -115 m oe Tadveg pe
aoBevij QuBPO \Inuatoyéveong.
Ynrodwaipeon: Coilostega LEVINSEN, 1902
Owoyévewa: Calpensiidae CANU & BASSLER, 1923
I'évog : Calpensia JULLIEN, 1888

Calpensia nobilis (ESPER, 1797)
Zrgoparoygaguxt) xar yeoypaguxy eEdrloon. Owoloynol mapdyovies. Olyoxrawvo Kapaifirris. Mewdror-
vo Tahhiag, Itakiag, Mapdrov, Ahyepiog, Avytmrov. IThewdrauvo Itakiog, Tuvvnoias. A. TThewdrovo Kormg.
IMAeroténawvo Itakios. Zew ofjuepa oty Meodyewo non A. Athaviind oe fdafog O-60 m oe Leotd eurpata vepd
How ®AAOTIROUG ROL OQYOVOYEVE(S TUOUEVEG.
Owoyévew: Thalamoporellidae LEVINSEN, 1902
I'évog : ThalamoporeUa HINCKS, 1887

Thalamoporella neogenica BUGE, 1950
Zrpmpatoyopuxt xou yewypaguxy eEdmhmwon. Owoloywxol mopdyovies. Mewdrawvo Togroyahiog, Talhiag,
Itahiog, Alyeplag, Avytmrov. TThewdnawvo Ayyhiog, Iomaviog, Itoliac. A. IMhewdrouvo Kovine. IMhewotéxovo
Itahiog (7).
Yrnodwaipeon : Pseudostega LEVINSEN, 1909
Owoyévea: Cellariidae HINCKS, 1880
T'évog : Cellaria ELLIS & SOLLANDER, 1786

Cellaria fistulosa (LINNE, 1758) (IIiv. I, eix. 8-10)
Zroopatoyoaqxt xar yewyooguxi] eEdrnloon. Owoloywol mogdyovies. Olydxroawvo Tepupaviag, Italiog.
Mewnauvo IMogroyohiog, Falhiog, Avortpiag, Italiog, Mapdxov, Alyepiog, Avyintov, Kormge. ITAeidrouvo
IMogroyahiag, Ioraviog, Falhiog, Itakiog, Tvvnoiag, Kdtw Xwedv. IMiewotéravo Itahiog, Kdrtnm Xwoav. Ei-
d0g NuixoopomoMTxG (ExTOG aprTRMY Bahaoodv). Zelw ofjpega ot Pddog and 0-200 m. Zt Meodyewo oe Bd-
Bog  30-80 m xvpilwg oe xoparhoyeveilc xou rhaotxols pe dotpaxra wubuéveg, oe Leord evrpata 1 xEUo
gunpara veQd.
Cellaria salicornioides LAMOUROUX, 1816

Zrgoparoypaguxt] xa yeoypagxt eEdmloon. Owoloyirol mapdyovies. Mewdxawvo TTogroyahiag, Itahiog,
Alyepiag. IIhewdrouwvo Ttohiog. A. IThedrouvo Kormg. Zew ovjpepa ot Meaodyelo, A. Athaviivd, EguBpd
8dlacoa ot BaBog uéxol to. 100 m (opt. 50 - 80 m) o€ mVBUEVES MADIELS KO GUUOVS 0OTEAXOPSOOVS TNG
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vomoaxtag Livng oe o Ceotd vepd amd v C. fistulosa.
Yrnodaipeon : Cellularina SMITT, 1867

Ouwoyévewa: Scrupocellariidae LEVINSEN, 1909

I'évog : Scrupocellaria VAN BENEDEN, 1845

Scrupocellana elllptica (REUSS, 1848) (ITiv. I, ewx. 11-13)
Lroopatoygaguxt xo yewyoapxt eEdrimon. Owoloynol tapdyovres. Hoxowvo Iomoviag, Talhiog, Ttoli-
ag, H.ILA. Olydxawvo Todhiag, Itahiag. Mewdraivo Iogroyahiog, Farlhiag, Avotpiag, ITohwviag, Povpavi-
ag, Akyeolag, Apung, Avyvmrov. IMThewdrouvo IMogroyahiog, lomaviog, Itahiog, Tuvvnoiog, Avylmrov. A.
IMewdravo Korjrng. IThetotérawvo Itahiog. Zew ovjpepa og Oheg Tig BGaooES.
Owoyévela: Cabereidae BUSK, 1852
I'évog: Caberea LAMARCK, 1816

Caberea boryi (SA IGNY-AUDOUIN, 1826)
Zroopatoygaqixi] xou yeoyoaqxt eEdndoor. Owoloywol tapdyovies. OMydrawvo HILA. (?). Mes-
nouwvo Avyumrov, Avotpoahiog. IMhewdrowvo Itahiog. IMieotéxawvo Italiog. Zew ovjuepa ot Meodyero, A. nou
A. Athovtrd, Ewonvind now Ivdxd oe fdBog  petofd O wow 100 m ( péywoto agboviog and 20 - 60 m) os
drapopeTivovs mubuéveg, ®upimg o€ Aepuaves pe Iooeldwvies.
Yrodiaipeon : Cribrimorpha LANG, 1916 Owoyévewa: Cribrillnidae HINCKS, 1880 I'évog : Cribrilaria CANU
& BASSLER, 1929

Cribrllaria innominata (COUCH, 1844) (Iliv. I, eix. 14)
Zrpmpatoypopuij won yewyoopurtj eEdmhwon. Owohoywol mapdyovres. Eidog yvmwotrs ané to Haonoawvo
(POUYET & MOISSETTE, 1992, p.48).ITAewdxouvo Itohicg. A. MMiewdrowvo Kovjme. Eidog roopomohitino.
Zew onuepa og fadog petaky 10 xow 400 m.
Ynétagn : Ascophora LEVINSEN, 1909
Owoyéveiwa: Umbonulidae CANU, 1904
I'évog : Umbonula HINCKS, 1880

Umbonula sp. Eidog o¢ xaxtj xaordoraon dwatijonons.
Hippopleurifera cf. surgens (MANZONI, 1875)
Lrpopotoyoaqint] ®ou yeoyoagunt] eEanmioorn. Owoloyrol mapdyoviec. Mewdrawvo Magpdxov, Alyepiac.
IMhewdrawvo Iomaviag, Itahiog.
Owovyéveia: Schizoporellidae JULLIEN, 1903
I'évog : Schlzoporella HINCKS, 1877

Schizoporella unicornis (JOHNSTON, 1847)

Zrooparoygagixt] xou yeoypaqxy eEdniwon. Owoloyxol mapdyovies. Ohyorawvo Tadhias. Mewdrawvo
Iogroyohiag, Falhiog,Iomaviag, Tepuaviag, ITohmviog, Avyvrtov, Akyepiog. IThewdrawvo Ionavioag, Itohiag,
Ayyhiog, Kdtw Xwoewv, Alyeplag, B. Apepirng, Ianwvioag. IThetotérxovo Itahiag, Ayyhiog, B. Apeouiic. Zeu
ofjpepa ot Meadyero, Adpromxt, B. Athavtird, Eipnvixd non Ivdurd oe fdbog yevird wxpdtepo twv 50 m.

Schlzoporella longirostris HINCKS, 1886
Lroopatoygaqixy ol yeoyoagixt) eEdmdoon. Owoloywwol mogdyovtes. Mewdrawvo T'ahhiog. A. IThewdraivo
Konmg. Zew ofjuepa oty Meodyeio row Athavurd oe Bdadog and 20-60 m oe ®oporhoyeveis 1 ®haotirovg
muOpéveg.

Schizoporella tetragona (REUSS, 1848) (ITiv. I, eux. 7)

ZTompROTOYQOPLRY RO YEWYQO@RY eEdmAmon. Owoloyirol mapdyovtes. Pvmotd and to Mewdrouvo péyot ovj-
pepa. Mewdrauvo Takhiag, Itakiog, Avotpiag, Povpaviag. TThewdravo EMGdag. A. TThewdrawvo Korjne. Te-
TaETOYeVES: aféfato.
I'évog : Emballotheca LEVINSEN, 1909

Emballotheca longidens (CI OLLA, 1921)
Zrooparoypaguet] xai yeoyoopixy eEdnimon. Owoloywol mapdyovies. A. Mewrouwvo Iomoviag, Ahyepiag.
IMewdrawvo Itakiog. A. IMhewdrovo Kgiftng. Aviimpdowmor tov yévoug Lovv o Leotd vepd tov Elgnvirot xou
Ivduxov.
I'évog : Schizomavella CANU & BASSLER, 1917

Schizomavella auriculata (HASSALL, 1842)
Zrgopatoypugux) xan yewyoaglxt] eEdndonon. Owoloywrol topdyovies. Mewdrawvo Tlogroyohiag, Tarhiog,
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Awyvmrov, Tuvnoiag, Magpdxov, Akyeplog, Avotpahiag, N. Znhavdiag. IMieidrawvo Iomaviag, Todhiog, Ttahi-
ag, Ayyhiag, Kdtw Xwpadv, Behyiov, Alyepiag. A.IThewdrnouvo Korjmg. IMiewotérawvo Itakiogs. Eidog evpibep-
po. Zew onuepa ot Meadyeio, Agrmnty, A. xou A. Athavuxd, Ewionvixé og fdBog 0-200 m xar oty Meadyeio
agpBovel petago 20 xow 80 m. Mpotipder TuBpéveg orAnEovs xow dLoPoEETLROVS.

Owoyévewn: : Microporellidae HINCKS,

I'évog : Diporula HINCKS,1880

Diporula verrucosa ( EACH, 1868)
Zrpoparoygagunn xon yeoyoaguxt eEdrloan. Owoloywrol mtapdyovres. IThewdrowvo Itaiiog. IThelotéravo
Itohiog. Zew ovjuepa ot Meodyewo zar A Athavuxd oe PdBog peta&d 70 »ow 120 m og Gupo-thuddelg o
ROQAAMOYEVELS TUOUEVES.
Owoyévewo: Hippoporinidae BASSLER,1935
I'évog : Hippoporina NEVIANI, 1895

Hippoporina rarepunctata (REUSS, 1848)
Lroopatoyguguxt) xuu Yenypagixn eEdmloorn. Owmoroywol mapdyovies. Mewdrawvo Avotpiag. A. ITheidrou-
vo Konmg.
Owoyévewa: : Smittinidae LEVINSEN, 1909
I'évog : Smittina NORMAN, 1903

Smittina cervicornis ( ALIAS, 1766)
Lrpoparoygaquxi] xat Yeoygagix eEdmiwor. Oworoyol maQdyovTes.
I'vwotd and 1o Konudind péyor ofjuepa (DAVID & DEMARCQ,1964, 0.155). Ohyérowvo Itahiog. Mewdrou-
vo IMogtoyahiog, Falhiog, Avotpiag, 'eppaviag, ITohwviag,Povpaviag, Toexoohofaxiag, Aiping, Moapdrov,
Awytmtov, Alyeplag. TThewdrowvo Ioproyariog, Iomavias, Tuvnoiag, Akyeploag, Belyiov, T'odhiag, Kdrtw
Xwpdv. A. IThewdxawvo Kovjing. Zev ofjpepa oty Meodyero, Adpratiny, A. Athovuxd. Zm Meodyewo Cel oe
Babog amd 30-120 m (opt. ueta&y 40 zow 60 m) . AgpBovel peta&l 12 xow 150 m oe muBpéves xopahhoyevels rou
rhaotzovc. Zrov Athavtind uetal 30 o 400 m.
Owoyévela: Reteporidae SMITT, 1867
I'évog : Reteporella BUSK, 1884 ( = Sertella JULLIEN, 1903)

Reteporella cf. cellulosa (LINNE, 1767)
Lrooparoyoapxi) xar yeoypapuetj eEdmloon. Owoloyixol mapdyovres. Mewdrawvo F'arhiag, Itaiiag, Tohw-
viag, Akyeptog, Apung. IThewdrowvo Iomaviag, Falhiog, [Togroyahiag, Itakiog, Ayyhiog, Kdtm Xmpdv. IThet-
otérawvo Itakiog, Pédov. Ziuepa Cew ot Meodyero, oto A. Athavuxd xow Ivord, faBog 20-1300 m xow ot
Meodyeto petaks 30 -80 m.
Owoyévewr: Porinidae d’'ORBIGNY, 1852
I'évog : Porina d” ORBIGNY, 1852

Porina coronata (REUSS, 1848) (Iliv. II, eix. 3)
Lrooparoygaquxt xor yewygaguxt eEdrloon. Owoloywol mapdyovres. Hoxawo Tahhiog, Tomaviog,Itohi-
ag, Teppaviag. Mewrawo Avotpiag. IThewdxrarvo T'orhiag, ITogroyahiog.
Owoyévewa: Metrarabdotosidae VIGNEAUX, 1949
T'évoc : Metrarabdotos CANU, 1914

Metrarabdotos maleckii CHEETHAM, 1968 (Iiv. II, €. 6)
Zrgopatoygapuxt) xar yewygoguxt) eEdnhwon.Owoloywrol mapdyovies. Mewdrawvo Avotoiag, ITohwviag, Toe-
yxoohofaxiag. To Metrarabdotos xaQoxtE{CeL TOQOMHES TEQLOYES.
Owoyévewa: Cheiloporinidae BASSLER, 1936
I'évog : Hippopodinella BAROSSO, 1926

Hippopodinella lata (BUSK, 1856)
LTopatoygapuxt] xar Yewyeaguxti eEdrAmnon. Owoloyirol tapdyovies. Mewdrawvo Avotpiag, Ahyepiag. IThels-
xouwvo Tomaviag, Itahiog, Kdtw Xwav, Pédov. ITiewotéxawvo Itahios. Eidog mapdxtio. Zew ojpepa ot Mead-
vewo, Athavtxd now A. Eionvird og fdabog peta&l O now 30 m. og vepd evxpota uéyot EEotd evnpata.
Owoyévewa: Celleporariidae HARMER, 1957
I'évog : Celleporaria LAMOUROUX, 1821

Celleporaria palmata (MICHELIN, 1847) (Iliv. 11, ewx. 1)
Lrooparoygapuxi xa yeoypaguet] EEdrhoon. Owoloywol mapdyovres. Mewdrawvo F'aihiag, Belyiov, ITop-
toyoahiag, lomaviag, Itahiog, Avotpiog, Mapdrov, Akyepiag, Avydmtov. TThewdxrawo F'arhiog, Belyiov, ITogto-
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yohiag, Itohiag, Kdrw Xmodv, Ayyhias, Alyepiog.
Owoyévela: Celleporinidae BUSK, 1852
I'évog : Turblcellepora RYLAND, 1963

Turbicellepora coronopus (WOOD, 1844) (Hiv. 11, eix. 2)
Zrgouatoygogixt xor yeoyoaguxl eEdndwon.Owwoloywnol tapdyoviec. K.Meiwdrawvo Taldiog, Iomavi-
ac.M.Mewrawvo Itahiog, Avotpiag, Toexoohofaxiag ITolwviag, Povpaviag, Ionaviag, Avyimrtov. A. Mewdrat-
vo Bekylov, Irahiog, Mapdrou, Ahyeplog, Kong. [Thewdnawvo Iomaviag, F'arhiog, ogtoyohiog, Itahicg, Ay-
yhiag, Behyiov, Kdtw Xwowv, Akyepiog, Tuvnoiac. A. IMhewdnowvo Korms. IMiewotéravo Itaiiog, Pédov.
Zrjuepo Ler ot Meodyeto ran oto A. Athovtird og vepd guxpota xai 5-200 m xaw oty Meodyeio amo 20-200 m
(uéyroto and 40-60m,tubuéveg *AUOTIROL ROt TOQAMOL ROQUAMOYEVELS).

Turbicellepora laxesinuosa ( IGNEAUX, 1949) (ITiv. 11, eix. 4)
Zrpopatoya@uxt] kot yewypopirtj eEdmhwon. Owokoywrol tapdyovies. Metdrawvo Tarhiog. TTheidrovo EA-
Aadag. A. IThetdrarvo Korjmng.
Owoyévela :«Celleporidae» AUCT.
I'évog : «Cellepora» LINNE, 1767

«Cellepora» pumicosa ( ALIAS, 1766) (Iiv. 11, ex. 5)
Zrpmpatoyoaguxt xow Yemyeapxy eEdmimon. Oworoywot mopdyovies. Mewdxowvo Faihiog. ITheidxrawvo Ita-
Mag, Ayyhog, Kdto Xaooav. Zjueoa Lew ot Meadyelo rat oto A. Athavurd oe Bdog ueta&i 10 xow 100 m og
HoAOXd 0QYCVIRG. VITOOTQMUOTOL.

V. BAOYMETPIKEX KAI KAIMATIKEEZ ENAEIZEIZ ME BAZH TA BPYOZQA

Meta&l tov peretB€viov Bouolwwv optopéva divouv fabunetomes xhpanrés ouviixreg vatd ™ dido-
®ewa G Wnuaroyéveong tov K. Iewdrawvov ot meproyn tov Ay.Iwdvvny Mapwvidg Enteiag. Etol o fiétomog
TV Bouolhwv avriotoyovoe oty mapdxrtio {avn 1 8e peyiotn ovyvomnra twv xupaiveton petou 30 xow 35 m.
Ta avoageodpeva idn ot Tapovoa HeAET EmTEETOUY var deyxtotpne wxd BABog »upavopevo petagv 30 rou
35 m. A6 »hpatizy drwoyn ta avevpeBévia eidn o egrox Ay.lodvvy Mapwvidg, orjuepa dev elvar ovte
OTTOAAELOTIRG TQOTURA, OUTE CLORTIR, OQLOUEVO, XOOUOTOATLRA, 1] EVONUIKG, EVE 1) TAELOVETNTA QTTOVTA OF (EOTO
€U%EOTO ®ApOL.

VI. ZXEZEIX METAZY EXHMATOX ZQAPIOY KAl AIAMONHX

Metagb Tov evbiyoappov xon evbpoavotmy amowudy o winmog reteporiform (Reteporelia septentrionalis)
amowxel og oxAnEd vadotompa pe aobevii pevuata xon aobevi Wwnuatoyéveon (1 eidog). To idro LoyveL nan pe
Tov Towo membraniporiform (Membranipora tuberculata) mov nvpLoQyel oe mapdxTIES 1] VTOTTORARTIES Cd-
veg(20 eidn). Ztig emypiovoeg amowrieg, o Tomog celleporiform {Turbicellepora, Celleporaria) mpotipuder oxin-
00 VTOOTEWUA 1) EVXOUTTO He AoBEVY QEUROTO KaL OBEVT] IKNUOTOYEVEDT), OF TOQAKTLES HOL VITOTAQULTLES
Civeg. O nupLopyovoeg amorries auTo Tov TV eivan oupmayels xon »Aadwtés (4 £idn).Amowries ehaopato-
e1deic naw eVBpavoTeg Tov Timov adeoniform (Smittina cervicornis) eyxafiotavrol 0 VTGOTEQMUA OTEQES M OF
ropaAhioyevy mubpéva petakl 20 xaw 50 m (3 €dn). 0 timog lunuiitiform (Lunulites)(I €idog), ehetiBeon pooen,
TEQLOQILETAL QTOXAELOTING OE EVRIVITO VIGOTOWUA (apPpPdSELS 1] LAvoapnddels TUBUEVES) UE LoYVEA QEUNa-
Ta ®ao VYN iEnpotoyéveon. Avtd mov culMExOnrav ot TuBpPEVeS pe xpoxdhes 1 ue dotpaxa dev Lovoav exel
TOUYROTLRG, OAAG VITEOTNRAV PETO.POEE. OL OMueELVES ouvBrxec, Tov Covv Ta Boudtmwa tov tirov lunuiitiform-
vepd Ceotd eUxQoral 1j WECOTQOMKA - UITOQOUV VO EQPUQUOCTOUV OTOVS OVILTTQOOMITOVS TG neletnBeioog
mepLoxne. ‘Oheg oL amowrieg delyvouv 6t ELnoay o€ HEERN VEQA: TOQEAXTLES oW VITOTOAXTIES Cdveg, Bdhaoon
Ceoni etrpatn now TUOREVES TORAMOL RAOOTIROT KOQOAMOYEVEIS 1] dupoL e xOoYYUAaL %O LMUMOELS.

VIII. IEPIAHWH - LYZHTHEZH

2w Béon Ay Jodvvn Mapovidg Enteiag xoL péoa oToug oQYLAORMQYOLXOUS VEOYEVEIS oYnuaTLonovs BoE-
Onxe onpovtrdg 0ptBpds amoMBwudtoy - xioua Bovotwa -mov og cuvduaopd pe v stavido twv Tonuatops-
owv divouy nhric K. IThswoxaivov. Avapépovron yio tpaT poed ta Boudtma tov oxnuatopot yvmotol, péxot
ofjuepa 6t avijrel oto Mewdrawvo. H pehemnBeioa mavida amoteleiton xipia amd 54 eidn Tonpuatopdemv ®ow
48 idn Bovolwwv. H mavido ot vmodnidver yia tg amoBéoes avtés pxd Bdog(30 m), »hipa Ceotd xon
gvxpato. Metal twv oulhexBéviwv Bovoldwy, and moootiur] drmoyn, oL RUQLOQXOUOES ATTOKIES - COXETA
oyrddeLs - eivon awtég g owoyéveilag Celleporidae. Meydhn 1 OUPUETOYY] HOL TV EAMOOPATOEDDV HOQPWDV
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Thalamoporella, Calpensia, Membra-nipora »Aw. wg ®ow Twv ®hadwtdv Smittina, Reteporella, Hornera, Tervia,
Crisia wh. mov eivau €Eicov dgpbovo, ahhd 6xL 1600 evivmwotaxd. Oplopéva idn progotv va Tijoovy xow oe
peyaivtega faon vwv 200 m.Onwg xov o€ pxpdtepa Badn(Exidmonea atlantica, Reteporella septentrionalis
%.4.). Yrdoyouv eniong eidn roomxd 1j vrotoomxd (w.). Metrarabdotos) wow €{dn, wov Lovv onjpepa oe evrpata
1| evxpata vpUa Reteporella septentrionalis, Microporella ciliata, Schizoporella unicornis . @.).
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EIIEEHTHZIEIZ ITINAKQN

IMINAKAZ 1

Ew. 1. Annectocyma major (JOHNSTON), 32x

Ew. 2. Entalophoroecia gracilis HAMERLIN, 32x

Ew. 3-4. Entalophoroecia deflexa (COUCH), 32x

Euwx. 5-6. Exidmonea atlantica (FORBES in JOHNSTON), 5: 16x, 6: 13x
Euw. 8-10.Cellaria fistulosa (LINNE), 8: 17x, 9: 49x, 10: 57x
Ew.11-13.Scrupocellaria elliptica (REUSS), 11, 13: 27x, 12: 52x

Ew.14. Cribrilaria innominata (COUCH), 57x

IMINAKAZX II

Euwt. 1. Celloporaria palmata (MICHELIN), 32x

Euwt. 2. Turbicellepora coronopus (WOOD), 21x

Ewt. 3. Porina coronata (REUSS), 10x

Euw. 4. Turbicellepora laxesinuosa (VIGNEAUX), 25x
Ew. 5. “Cellepora”’pumicosa (PALLAS), 13x

Ewx. 6. Metrarabdotos maleckii CHEET., 32x

Ew. 7. Tervia irregularis (MENEGHINTI), 20x

Euwx. 8. Frondipora verrucosa (LAMOUROUX), 6,5x
Ew. 9. Crisia denticulata (LAMARCK), 65x
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ITAEIZETOKAINIKEX ITANIAEXY TOY ZITHAAIOY «AYPAAA» AIPOY AAKQNIAX*
N.K.LYMEQNIAHE', B.LTTANNOIIOYAOX

ZYNOWH

To omijhawo «Thupdda» Boioxetal oty vétia Ilehondvvnoo omy xepodvnoo g Mdvng. “Exel dnuiovoyn-
Bel péoa oe nuuELoTaAMrOTS, ove-reNTdrots aofeatoriBoug g evitntag Mdvng xat 1 onueQLvY] Tov PoQ-
@1j eivor Tohvdoudaddong.

Ta tehevtaia xovio yiveton pio ovotnuotirr €peuva kol peétm Tov meplBdAlovtog Tov ormAaiov ®oTd v
omoio EVTom{oTN®AY, ®VEIWS OE VITOPEUYLL TWROTE TOV, TTANOME TOAALOVTIOAOYIXMV EVENUATWV EVOELXTIRGV
yra T mohaomavido Tng mepLoxrs oy omd mepimov 32.000 yodvia.

ABSTRACT

The cave of “Glyfada” is located in Mani peninsula, in the perfecture of Laconia, about 2 km. north to the
Municipality of Diros.

It was discovered in 1923 by the local agents of the town, but it has been systematically studied since 1949 up
to now; a corridor-with the secondary developments-of 10.606 m. length has been surveyed and mapped, while it
was found that there is a part of 1833 m. being submarine.

The cave has been developed in semi-crystallized Upper Cretacean and Eocean limestones of Mani Unit; it
develops a labyrinth like morphology.

The first paleontological findings are reported in 1957-58,by Petrochilos, the first geologist who discovered
the cave. Since 1994, there has been ongoing a systematic study of the environment of the cave, while, in thirteen
different sites in the cave, a large amount of bones was located, attributed to prehistoric mammals and specifi-
cally to Hippopotammus amphibius LINNE, although the new evidence provides data for a new species. It was
also located the species Martes foina ERXLEBEN, Dama dama LINNE, a fragment of the upper jaw
RUMINANDIA, bones of birds, the carnivore Panthera sp., Panthera leo LINNE, Crocuta crocuta ERXLEBEN
and, lastly, Monachus monachus.

The taxonomic identification was conducted in the Paleontological Laboratory of the University of Athens
and the Institute of Paleontology in Vienna. The dating was undertaken in the Centre of Isotopic Research in
the University of Groningen in Holland.

AEZEIZ KAEIAIA: omjhaio, Alpdg, mavida, tamomndtapogs, TAeLoTéRaLvo.
KEY WORDS: cave, Diros, fauna, hippopotamus, pleistocene.

1. EIZATQTH

To onfjhowo PBoloxerow oto Noud Aaxrwviog ot xeeodvnoo g Mdvng xow anéyel mepimov 2 yAu. fogeLa
and v xowdmro [Tpyov Awpov. H mpdofaon o’ avtd yivetar diapéocov aopaktootpwuévng 0dod, n omolo
amotehel ouvéyela g eBvixtig 0dov IMbBeiov-Apedmolng rauw Kahapdrtoag-Agedmoing.

To omijhawo «TAupddax» 1 «Bhuyddor otnv tomxii dudhexto, opeilel To Gvoud Tov 0to VQAAUVEO VEQS TTOU
exfdarler oty Bdhaooa amd TV Quowkt] Tov £i00do. ATtG TV €i00d0 ot oL e OROTG TNV OVEVQEDN TGOLUOU
vdatog to 1923, ou xdTowxol TG TEQLOXNS avardivpav tuyalo Tig mEwTes aiBovoeg Tov ommiaiov. H modtn
ovomportixr] eEgpetvnon €yive and tov yewAdyo-ommAiatohdyo LITetpdyetho xon v o6Cuyd tou to 1949 (Ewx.1).

Méy oL 10 1992 10 oUVOMXRS Pijrog Twv EEEpEVVNUEVAV dLoddumy Tou ormAaiov 1itav 6.200 p. xow 1 éxtoor
tov 34.100 m* (LMITAZIAKOZX 1993). Zrjueoa, votepa and vedtepes eEEQEVVIHOELS, TO wixog Twv dLadodumv
€xeL prdoet ta 10.606 p., omtd To omoia ta 1833p. eivon viwofoiyia.

* PLEISTOCENE FAUNAS OF “GLYFADA” CAVE, DIROS, LACONIA.
1. University of Athens, Dept. of Geology, Section of Historical Geology, Panepistimiopolis, 15784 Athens, Greece.
2. Ministry of Culture, Dept. of Paleoanthropology-Speleology, Ardittou 34B, 11636 Athens, Greece.
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Euwx. 1. Kdroyn rov omniaiov “TAvpddal Awgov Aaxwviag ue i Ocoets omov evromiotxay oord
Fig. 1. Plan of the cave with the places where the bones has been found

2. TEQMOP®OAOI'IA

Zmv gvEUTEQEN TTEQLOXT] TS XEQOOVIIOOV TN Aaxmvixng Mdvng amavtdvrol S0 ®UQLES YEMTERTOVIRES EVO-
mres. H evémra Korjtng-Mdvng 1j “Plattenkalk” (THIEBAULT, 1977, JACOBSHAGEN, 1986) »ai 1 enw6n-
uévn o avtiv evémra g Tolmoing.

Tevird 10 avaylvgo g XeEOOVIiooU elvar amdtopo pe povadwrtj eEaipeon ™My «tadToo» Tou el On-
poveyN Ol oty dutiky mhevpd avtiig now og VpSpeTeo 200-350u.

To omijlowo €xer duovorytel PEOO OTOUS NUHQUOTEAMROUS overENTHOUS-NwHRaWVIXOUS aoPeoToliBoug g
gvomrag Mdvns. H puown tov eicodog fotoxretan oty vt theved tov Gopov Aot xow g vpoueteo 0,5u. wave
ond ™y empdvea mg 0dhaooas. H onpeouvii popn tov amniaiov eivon doudohddng xow ogeiheton ®owd peydro
TTOO0OTO OTLS HOQPOAOYIRES DLXVUAVOELS TTOL €0V TEoXANOel ot v dMpoveyia Tov Turvos duurdopov.

3. ITAAATIONTOAOT'TIKA TTOIXEIA

"Hom ond 1o mpdyto. xedvia g eEgpevvnong tov ommiaiov elxav avogedel To TdTe TAAUOVIOMOYIRA
gvpnuato (LIIETPOXEIAOZX 1957, 58, AIIETPOXEIAQOY 1974) xwels amd t6te va €gL yiver xapio ovotm-
potey €QEVva.

Katd ) dudorera tov pehetdv Tov tTeEAevTainy etV xat edrdtega Tmv vrofouyiny eEgpevvioewy vio-
miotxav og dudgopeg BEoeg Tov omnraiov takarovtoroyind evprjpata. H minbdoa ol n omovdardmra ov-
TOV TV EVONUATOY EOMOE TO EVAVOUQ YLl TNV AETTOUEQEOTEQT) UEAETY TOVG.

O peyoliteog aQLBUGs 00TOV EVIOTIOTNRE OF AQYIMOYOUULTIRG OTQANUO ROL ®VQIWG Ot BECELS LOQ@OLOYL-
%nd evEUmWEEes. Movaduxy eEaipeomn mapovoiaoe to otpopo eguipds yng omv B€om 9 (Amofdbpa) Tov omoiov
T 00Td, 0 avtiBeon pe ta vrrohowta, QaiveTol vo Exouy netopeEbel and tov eEmteQund xdeo. Méxol orjuepa
€youv oulheyBel teproadrega omd 150 (mpoodiopiowma) arépata ootd (M. AMota) non mdvew and 400 Tujpoto
00TAV, EVA PEYANOS 0rdpn aptBudg ootav €xel mapapeivel ot O€on tov (Ewt. 1,2).
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Euwx.2. Turjua tov onglaiov “FAvgdda” Awgou ue 1ig ooteopoges Osoeis 1-8
Fig.1. Part of 1Glyfadal Diros cave with the locations of the bones 1-8

H ovompatnn} mahatoviohoywrr] pekét €9eiEe ayrnd 6Tl T0 UEYOATTEQO HEQOS CWTAV TWV 00TV aVY-
®rovv oto £idog Hippopotammus amphibius (LINNE) ywois vo amoxheleton Spwg, olpgmva pe g TeAevTtoieg
€oevves (BA. dayodupata) va medrertol yia vEo €idog 1 Touhdyiotov ya eEEMEN tov mpoavagpepbévtog &i-
dovg, o omoto va gumimttel peta&Y tov H.amphibius wow H. incognitos(Euwx. 3,4).

H tadtion twv ootdv €ywe oto gpyaotijoto Iaiarovroroyiog tov IMavemompuiov ABnvav xaw oto T'ew-
hoyund xon Molaovroroynd Tujua tov Puotoypagrrot Movoeiov g Biévyng o tovg ovyyeageis g €0-
vaoiog avtig (BAéne mivaneg 1 xow 2).

Ilivaxag 1: Merprjoers yougpiov (M)No. 80, No. 81, No. 82

H. Amphibius H. major H. Incognitus |Hippopotamus ané to
Metpfioeig” | Metpficel¢ ané | MetpficeL¢ and Metpficelg and Znfjdaio AiLpol
m. FAURE (1985) m. FAURE m. FAURE Aaxraviag
(1985) (1985)
Méoog Mini- | Méoog | Mini-| Méocog | Mini- No.80 [No.81 |No.82
bpog Maxi bpog Maxi | 6pog Maxi
L 67,83 57-78 | 82,64 | 68-92| 75,16 | 63-87 70,3 | 77,7 |80,1
L. ant. 38,54 34-45 | 46,25 | 42-54)| 42,81 |34,5-50| 39,5 | 40,3 | 40,7
L. med. 37,39 32-43 | 44,57 | 39-50| 40,49 | 33-48 38,6 | 32,9 | 34,3
L. post. 30,50 21-34 | 31,80 | 21-40| 28,51 | 19-35 32,2 35 35,6

*0Aes o1 uerorjoeis oe mm

-517 -



Hivaxag 2: Merprjoets youpiov (M-' dext) No. 85, No. 86

H. Amphibius H. major H. Incognitus | Hippopotamus ané
Metpficeig” | Metpfioceigc and | Metpfioeic and Metpficei¢ and| 1o EmfAaio ALpod
m. FAURE (1985) m. FAURE m. FAURE Aarevioag
(1985) (1985)
Méocog Mini- | Méoog | Mini-| Méocog | Mini- No.85 No.86
6po¢ Maxi 6pog Maxi bpog Maxi
L 42 33-53 | 46,63 | 36-60| 46,16 | 39-55 41,6 51,3
L. ant. 39,86 36-45 | 44,31 | 40-56| 41,69 | 37-45 40,8 51,7
L. post. 41,89 38-49 | 44,53 | 40-46| 43,19 | 39-49 44,6 50,7
*0Aes o1 uergrjoets o mm
xro e .major
015 e H.inaéggnitutus
o e H. Aipol
0,10 - et
0'05_ ': ,./ ......... -
3 ." .......
i x g
0,00 ; : . : ; , .
1 .7 2 3 4 5 6 7 8
No 37

Eux.3. Aidygauua oxéocwv Tov uéowv 6taotdocwy Tov TéragTey ucraxagmxdagy (Mc IV)

Fig.3. Diagram of relation of average dimensions of Mc IV

2 T H.major
0,15 - - H. ina(!ognituws
",— - O e H.Alpoa
0,10 1
@ A -
K ’ N -7
; . S
0,05 - B N _./‘/ -
i T
'/
et e e
R A
000 L_No36%~ . : . ’ . — :
1 2 3 4 5 6 7 8

Ewx.4. didygauua oxéocwv tov uéowv diaordocav Tov Toitwv ucraxagmxgy (Mc III)

Fig.4. Diagram of telation of average dimensions of Mc ITI

Eniong evromiomxay to €idn tov Zaproedywv: Panthera sp., Panthera leo LINNE, Crocuta crocuta
ERXLEBEN »ow Monachus monachus HERMANN. To. €{dn avtd mpoodiopiomxav oto Ivoutovto ITahawo-
vrohoyiag tov ITovemomupiov g Biévvng o v Ag. Doris Nagel.

AxSpa avayvogiomxay ta €idn Martes foina (ERXLEBEN), Dama dama LINNE, tufjpa dvo owyévog
RUMINANTIA xou ootd omé ITTHNA.
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OL ¥QOVOLOYNOELS TV 0OTWV Ko TOU avBaxinoU vMx0oU Tov ta efye emuoalipel €ywvav oto Kévipo "Egev-
vog Iootémwv tov Mavemomuiov Groningen g OAavdiag. H ypovoldynon twv ootwv dev xatéotn duvorr
AOyw ™G amovoiag ®xoAaydvovu. AvtiBeta 1 xeovoldynom tov avBparixol vArot €dwoe nixia 31.6504-550
B.P. H nhxia avt popet va BewoenBel wg 1 ehoyiom nhxio tov ootdv, agpot dev yvwpitovue Tig ouvOnreg
AOL TOV XOOVO TTLQOUOVNS TOVS OTO OTTAQLO TTELY TNV dMULovEYia Tov avBaxizol OTRMUATOS ETAVM OF QUTA.

DAP prox ) DAP prox

DAP dia

DAP dist DT art. dist
DT max. dist
MeTprioeig No 36
1:L:154,9 4: DT dia: 42,3 7: DT art dist: 45,2
2:DT. 51,8 5: DAP dia: 25,5 8: DAP dist: 44,1
3: DAP prox: 49,5 6: DT max. dist: 49,9

Eix.6. No 36 ueraxapmino 6e5io (Mc 111 dext)
Fig.6. No 36 of Mc III dext

4. KATAAOI'OX OXTQN

HIPPOPOTAMIDAE (MAMMALIA, ARTIODACTYLA)
EIAOZX : Hippopotamus amphibius LINNE

No.1 Zadvdurog ovpaiog (Vertebra Caudal)

No.2 Srévdvhog ovpaiog 6™ (Vertebra Caudal 6th)
No.3 Sr6vduhog ovpaiog 3™ (Vertebra Caudal 3™)
No.4 Zréviuhog 5" (Vertebra Caudal 5th)

No.5 & 6 Tujpoata Zmovdidov

No.7 Snévdvhog 7" (Vertebra 7™)
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No.8 &9
No.10
No.11
No.12
No.13
No.14
No.15
No.16
No.17
No.18
No.19
No.20
No.21
No.22
No.23
No.24
No.25
No.26
No.27
No.28
No.29
No.30
No.31
No.32
No.33
No.34
No.35
No.36
No.37
No.38
No.39
No.40
No.41
No.42
No.43
No.44
No.45
No.46
No.47
No.48
No.49
No.50
No.51
No.52
No.57
No.58
No.59
No.60
No.61
No.62
No.63
No.64
No.65
No.66
No.67-69

56

Athag (Atlas)

Znévduhog 4th (Vertebra 4th)

Znrovdvhog epmpdobiog (Vertebra)

Inévduhog 5™ (Vertebra 5™)

Mnpdg deEidg (Femur dext)

Mnpdg deEdg (Amdtotn emigpuong veapot atépov) (Femur dext)
Mnodc apiotepds (Femur sin)

Kdrw twijpo deEudg xvijung (Tibia dext)

Kvijun aprotepyj (Tibia sin)

Kvijun d¢eEid veaot atdpov (Tibia dext Juvenile)

Kvnijun d¢Eua (Tibia dext)

Kviun aplotepd veapou atdpov (Tibia sin juvevile)
Kvijun aprotepd (eyyvtam emiguon) (Tibia sin juvenile)
Booayiwv deEi6g (Humerus dext)

Boayiov aguotepds (Humerus sin)

Keonig xou andram enipuon deE. (Radius dex Juvenile)
QAévn 6eEud (Ulna dext Junevile)

Emvyovaris agwotepd (Rotula sin)

Emyovarig deEid (Rotula dext)

IThevod (turjpcr)

Aotpdyalog apLotepds (Astragalus sin)

Aotpdyahog deELdg (Astragalus dext)

Aotpdyalog deEldg (Astragalus dext)

ITtépva dekd (Calcaneus dext)

ABotupmavird aguoteed (Petrosum sin)

AwBorvpmavins deEi6 (Petrosum dext)

AwBotupmavind deEid (Petrosum dext)

Metaragmxd III 8eEid (Mc III dext) (Ewx. 5)
Merarapmnd IV 8eEwd (Mc IV dext)

Metaxapmnd V ogot. (Mc V sin)

Meraxopmnd V aguot. (Mc V sin)

Metaxogmnd II 6eE. (Mc II dext)

Meratapowd III aguot. (Mt III sin)

Meratagowd IV apwot. (Mt IV sin)

Metatapowd V apwot. (Mt V sin)

Meraragows II apiot. (Mt 11 sin)

Meratapowd V 8eE. (Mt V dext)

1" déhayya 1 petotagorwo deEwov (Phalanx Mt I dext)
1" ®Ghayyo 2° petanomxoy agioteot (Phalanx Mc II sin)
1" ddhayya 3° petaroagmixot deEwoy (Phalanx Mc IIT dext)
2" dahayya 3% petataporwot aplotepod (Phalanx Mt 111 sin)
2" ®Gharyya 2 petotagotkov deElov (Phalanx Mt II dext)
2" dahayya 3™ petatoporwot (Phalanx Mt 1IT)
ddhayyo (Phalanx)

Kvijun veapot ardpov (Tibia Juvenile)

Kvijun deEud veapov atdpov (Tibia dext Juvenile)
Kepnic veapoi atdpov (Radius Juvenile)

Keoxic veapot atduov (Radius Juvenile)

Metatapowd veapot atdpov (Mt Juvenile)

Boayiwv aplot. veaot artépuov (Humerus sin Juvenile)
Boayiwv agiot. veapot artdpov (Humerus sin Juvenile)
Kegohotd deElé (Magnum dext)

Kegpahotd deEls (Magnum dext)

IMupapoeldég deEld (Pyramidal dext)

IMwooedég (Pisiforme)
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No.70
No.71
No.72
No.73
No.74
No.75
No.76
No.77
No.78
No.79

No.80
No.81
No.82
No.83

No.84
No.85
No.86
No.87
No.88
No.89
No.90
No.91

No0.92-94
No.95

No.96
No.97

No.98
No.99

No.100-104
No.105

No.106
No.107

Zxragoetdéc (Naviculare)

Mnvoedég deEl6 (Semilunare dext)

KvBoedég aprotepd (Cuboide sin)
Mupapoeldég deEld (Pyramidal dext)
Znogpoetdég apLoted (Scaphoide sin)
Kupoewdés deEi6 (Cuboide dext)

Ayriotpotd 8eEld (Uniciforme dext)
Zgnvoeldég (Cuneiforme)

Tufua owayévag xdtm deEudg (Mandibula dext)
Tuipo otayévag xdrm deEudg (Mandibula dext)

Topgiog Teitog xdtw deErdg (M3 dext)
Topgpiog toitog ®dTw apioteds (M3 sin)
Tougiog toitog xdtw deEtds (M3 dext)
Topgpiog Toltog dvw apiotepds (M3sin)
Topgiog devtepog dvm aptotepds (M2sin)
Topgpiog mpwtog dvw deEudg (Midext)
Topgiog mpdtog dvem deEidg (Midext)
Topgplog devrepog ndtw deEidg (M2 dext)
ITpoyduguog Toitog dvw deEtds (Pm3dext)
poydpprog Té€taptog dvem deEldg (Pm4 dext)
Kuvidoug dva deEldg ( Cdext)

Kuvédovg dvm aplotepds (Csin)
Kuvédovreg ndtw apiotepol (Csin)
Kuvédovg dvm apiotepds ( Csin)
Konnijpag mpditog xdtw apwotepdg(ilsin)
Komtjpas devtepog dvw deEuds (i2 dext)
Kvvadovg rdtm deEidg (Cdext)

Kuvédovg dvw aprotepds ( Csin)

Awogpopd Tprjpato. OxeAETOU atd veaQd dtopo tov H. amphibius (Juvenile)
Oddvteg (Juvenile) veapol atdpov

Topgiog mpdtog xdtw deEudg (M1 dext)
Topgiog devtepog xdtw deErdg (M2 dext)
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MIA NEA EM®ANIXH KPHTIAIKQN EXINGN XTHN IIEPIOXH ITAAAIOKAXTPOY
YTYAIAAL NOMOY POIQTIAAYY
N.LYMEQNIAHE', AAMAPKOIIOYAOY — AIAKANTQNH' & B.I'TANNOIIOYAOX

IZYNOWH

H mavida twv Exivoeddv (114 dropa) tov Av Konudunov oty seproxy Haiawordotpov ®Oudndag, mov
OVTLITROOMTTEVETOL ®UOLOL artd €(dn tov Yévovg Echinocorys(72%), »auv o0& pxpOteQo T0000Td autd eidn Twv
vevav Micraster(8%), Galeaster(1%) now Coraster(19%), avagépetol yia mp@t @oed otov EAadixd yweo.
TTp6nerton yuo oworoyuny] @wiid tov yévous Echinocorys. TIpoodiopiotnzav 17 €idn Exivoedwv ta omolo
ratavépovior 13 oo yévog Echinocorys ( E. conoideus, E. gravesi, E. humilis, E. lamberti, E. marginatus, E.
obliquus, E. ovatus, E. pyramidatus, E. rectus, E. sulcatus, E. turritus, E. vulgaris, E. zejszneri), 1 oto yévog Micraster
(M. coranguinum), 1 oto yévog Galeaster (G. cf. bertrandi) nou 2 oo yévog Coraster (C. sphaericus, C. frechi).
Zuvoddg mavida to Zxknoaxtivio Caryophyllia sp. won 1o Navthoedég Eutrephoceras dekayi.

ABSTRACT

The rich Fauna of Echinoids (114 individuals) coming from the region Paleokastro Fthiotida has been found
for the first time in Greece.

The most part of the Echinoids studied, belongs to the genus Echinocorys(72%), and in minor quantity to
the genus Micraster(8%), Galeaster(1%) and Coraster(19%).

17 species has been indentidied which have been distributed 13 to the genus Echinocorys ( E. conoideus, E.
gravesi, E. humilis, E. lamberti, E. marginatus, E. obliquus, E. ovatus, E. pyramidatus, E. rectus, E. sulcatus, E.
turritus, E. vulgaris, E. zejszneri), 1 to the genus Micraster (M. coranguinum), 1 to the genus Galeaster (G. cf.
bertrandi) and 2 to the genus Coraster (C. sphaericus, C. frechi). The accompagnied fauna is consisting of one
Scleractinian (Caryophyllia sp.) and one Nautiloid (Eutrephoceras dekayi (MORTON)).

The stratigraphical distributions of the studied fauna allow us to accept that the cretaceous layers with the
Echinoid Fauna belong to the Upper Maestrichtian age. The studied fauna, with his monotonous character, is
an ecological niche of the genus Echinocorys living in almost littoral waters.

KEY WORDS: Cretaceous Echinoids, Nautiloidea (Eutrephoceras), Paleokastro, Stylida, Central Greece
(Fthiotida).
AEEEIZ KAEIAIA: Konudwea Eywvoewdr], Novthoedrj(Eutrephoceras), Iahowdraotpo, Ztuaida, Kevipiun
EMado (POuTda).

1. IETOPIKO

2o mhaiowo eEepevvnong arnhaimy e mepuoxris Aapiog xar Zrohidag g Egopeiog [MakaoavOpnmoro-
yiag evromiomnrayv and tov B. Tavvémovro (1990)amorbwpévor Exivor ot B8€on IMolaidraotgo, 6mov yio
mAneéotepn €pevva emorépnoay v mepLoyi] ratd xawEots ot Kadny. N. Zupewvidng xaw E. BeMttéhog wg
%o 0 A/vtig tov Puoloypagirot Movoeiov Biévvng R. Dr. H. Kollmann.

Zug apyég Tov Ampihiov 1998, ota mhaiowo tov mpoypedppotog EXinvo-Tovyroohafurng Zuvepyaoiog emt-
on€pOnue xau ePEAETNOE THY TEQLOYI] avevEEONS TS thototag wavidag Twv Exwvoeldiv xal n A. Magxomov-
Lov - Avoravtdv.

2. OEXH ANEYPEIHE TQN EXINOEIAQN

Ou Exivol Bo€nnav o NA mhevpd tov Adgpov «ITahoudraotgo», A Tov owiopot Awoyadiov, oty me-

* A NEW EVIDENCE OF CRETACEOUS ECHINOIDS AT THE REGION PALEOKASTRO OF STYLIS AREA (FTHIOTIDA
DISTRICT)

1. Tewhoywd Tuqua Iav/piov Abnvav, Havemomuiovmorn Zoyedgov, 157 84 Atjva.

2. Temhoyo Tuuo Tav/piov ABnvav, Yrovpyeio ITolmopov, A/vo‘gi}akatoavﬂgmnoloyiag xaw Zrnharoroyiog, Abrva.



o1 Zwhidag (Ewx.1) 2,5 yh. meimov petd. 1o xwotd g Ayiag Iapaoxevis moog Tov ouutopd Atwoyodiov.
TTgog A omv aQyii mag mxers xaeddag, mov Eexwvd axouBdg amé to A meavi Tov Adpov IMokaroxdoroou
®oTN@oQICovog xow petd amd 100 p. mepimov xou wow avm] yivelr amdtopn xow dSvoPam Adym g muxvig
Praomong, vdoyer tépaoua, Tov odnyei A ntiow and éva aoPeoToMBMG OmGTOpO TOAVES. APEoWS NHETA TO
méQaopa xau 1eog ta. N agxiCet n epgdvion twv Exivav. Extdg tmv Exivav Boédnray xau évo Navtihoetdéc xat
nanodramenuéva Kopdrho om BA xouw NA avtiotorya mhevod autig ™me epgaviong.

3. MOP®OAOT'IA THX ITIEPIOXHZ

To mhdrmpa, wov €xeL oynpaTLoTel 0TV EVEUTEEN TTEQLOXY %o B TOU 0110t €xgL péco vpépetoo 800-900
p. EEautiog tov evallaydy tmv metpopdtav xon tov eidovs avtdv (phioyng, xpoxohomoyii, aopeotéiboc,
OEQTEVILVITNG %.A.JT.) TAQUTNEOVVTOL OTNY TEQLOXY] TOMES Mnés TNyEs, nabds won peydln dudpowon Tav me-
Toopdtov. O aoBeotoMbinés Mopog Tov Mohatondotpov, He To OPGVURO REOTEO 0TV XOQUEPY TOv, EXEL Tpog
885 p. Notwo. tov A6gov, 1600 omv A 600 xou 0t A TAEVQEE TOU, UTAEYOUY S0 TQOEXTATELS e (UHQES VPOLE-
TQUEG EXTAOELS, £TOL DOTE VO, oYNUaTiCeTan €vag kGAmog avoutds uévo mpog N. Méoa 0’outév xou oe tipog
nepimov 800 . evromiomme n epgdvion twv Exivav (Ew. 1). Notdtepa axdun vrdoyel ofyuo pe dietbuvon
meQimov A- A nou e TEOVH Yivovtal axun mo omdtopa, ya vo pBGoouy téhog oto emimedo ™ onueoviic
neduddog, Aiya pétpa mdvew and to eninedo g Odhaooog.

Inepaidoppaxn &
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Eue. 1. A) Heguoyr uedéms, B) Newdoyixnds ydptns tns megroxis avevgeons tov Konribixav Exivav. (MAPI-
NOZ et al ITME, 1963, ®vAdo: Zrvdis, 1: 50.000, andonomusvos). 1. ExgnEryevif meroduara, 2. Aofeordiiboc
(A. Konridwxo), 3. A. Konridixds @Avayns, 4. Zyioroxeparoribuaf dudniaon (Toradixd- Tovgaoixd),

5. ©Oéon avevpeons Exivaov.

Fig. 1. Geological map of the area with the Cretaceous Echinoids.

(IGME, 1963, sheet : Stylis, 1: 50.000, simplified).
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4. IIAAAIONTOAOI'TKO MEPOZ-LYETHMATIKH TAEINOMHIH
I. ECHINODERMATA KLEIN, 1734

OuotaEio: Echinoidea LESKE, 1778

TdEn: Spatangoida L. AGASSIZ, 1840
Yndragn: Meridosternata (LOVEN) MORTENSEN
Owoyévera: Holasteridae PICTET, 1857
Ynroowoygvera: Holasterinae MORTENSEN, 1948

I'évog: Echinocorys BREYNIUS, 1732
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1. Echinocorys conoideus (GOLDFUSS, 1862)
(ITw. I, ew. 1a-b)
Zrgopatoyooguxr) xou yeoypaguet eEdniwon:Koundvio: Pwoia. Koprdvio-Matotpiyto: Béhyio.Mawotpl
¥to: Boukyapio
2. Echinocorys gravesi (DESOR, 1847)
Lrooparoygoguxt] xa yeaygaguxt eEdrdoon: Zaviévio: Ionavia (Koataiwvia). Kovidowo: Takkio, Béhyio.
Tovopdvio: Tepuavia, Boviyapio.
3. Echinocorys humilis (LAMBERT, 1903)
(TTw. 1, ew. 2a-b)
Lroopatoygogurr rat yeoypaguxkt eEdrloon:Kaprdvio: Tolhia, Béhyo, Pwola. Mawotpiytio: Bovhyapio.
4. Echinocorys lamberti SMISER, 1935
(ITw. I, €wx. 3a-b)
Zroopatoygoguxer) xa yeoyeaquxij eEdmhiwon: Koumdvio: Béhyo. Mawotpiytio: Bovlyapia.
5. Echinocorys marginatus (GOLDFUSS, 1862)
(ITw. I, ewx. 5a-b)
Trgopatoyoaguxt] xor yeoyoaguxt eEdmimon:Kourdvio: ITohwvia, Pwoia. Mawotpiytio: Bovkyapio.
6. Echinocorys obliquus (NILSS. ) RAVN, 1927
(TTw. I, ew. 6a-b)
Lroopatoygaqixn xor yeoygoguer) eEdniwon: Av. Konudwds (Kat. Advio): Aavia, ITorwvia, Zoundio.(Kotd
KONGIEL, 1949, to Kat. Advio avixel oto Av. Kontdwd). Advio: Zepfio.
7. Echinocorys ovatus (LESKE, 1778)
(TIw. I, ewx. 4a-b)
Lrpwpoatoyoaqixt ot yeoypagpin eEanioon:Kaundvio: Ayyhio, Béhyo, Takhia, Teppavia. Kopmdvio-Mot-
otpiyno: Pooio . Mawotpiytio: Bovkyapia, Zeppfio.
8. Echinocorys pyramidatus (PORTLOCK, 1843)
(TIw. 11, ewx. 1a-b)
Troopatoyeaquxt xat yewygaguej eEdniwon:Kaprdvio: Iolwvia. Koprdvio- Mawotpiyno: Foldic, Béiyio,
Boukyapia, Pwoia.
9. Echinocorys rectus (KONGIEL, 1935)
(ITw. II, wx. 2a-b)
Zrgoporoygoaquxtj xor yeaypaptj eEdrhoon:Mawotpiytio: ITohwvia.
10. Echinocorys sulcatus GOLDFUSS
(ITw. II, ewx. 3a-b)
Lroopatoygaguxt xau yeoyoaquxtj eEdriwon: Mootplyto: ITohwvia.
11. Echinocorys turritus (LAMBERT, 1903)
(TIw. 11, ewx. 4a-b)
Zrooparoypaqxn xo yeayoagpuxt] eEdrdoon:Kapmdvio: TTohwvia.
12. Echinocorys vulgaris BREYNIUS, 1732
Zrooparoypogixt] xar yeoyoaquei eEdnhwon: Zaovn tov Micraster coranguinum : AyyMa, Tolio. Zovtévio:
IToAwvia.
13. Echinocorys zejszneri MACZYNSKA, 1984
Zroopatoypaqixy xou yeoyoapuxt] eEdninon: Kapmndvio: ITolwvia.
Owoyévela: Pourtalesiidae AGASSIZ, 1881
T'évoc: Galeaster SEUNES, 1889
Galeaster cf. bertrandi SEUNES, 1889
Lrooparoygugpixt] ko yeoyoagurt eEdrioony:Mawotpiytio: Falhic, Bovkyopia. Katd DURHAM et al. (1966,
p. 530) xapoxtneiter To Av. Konudwd (Kaumdvio).

Ynotagn: Micrasterina FISCHER, 1966
Owoyeévela: Micrasteridae LAMBERT, 1920
T'évoc: Micraster L.AGASSIZ, 1836

Micraster coranguinum (KLEIN, 1734)
(TTw. II, ewx. Sa-b)
Zroopatoypaguxi o yewygougxn eEdrinon:Tovpdvio: Bovhyapia, Pwola. Kovidowo- Zaviévio: Pooia. Za-
viévio-?Kopmdvio: Iomavia. Av. Konudwxd: Tadhia (Zaviévio), Ayyhia (Kovidowo) ko zatd DURHAM et al.
(1966, p. 581) oto Zaviévio Ayyiiog.
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Ynotagn: Amphisternata (LOVEN) MORTENSEN
Owoyévela: Aeropsidae LAMBERT, 1896
I'évog: Coraster COTTEAU, 1886
1. Coraster frechi BOEHM, 1927
Zrooparoygoguer] xa yeayoaquxy eEdrimon:Kevopdvio: Mixpd Aoia. Mowotpiytio: Bovkyapic.
2. Coraster sphaericus SEUNES, 1888
Zrgopatoygagixt] xou yeoypaqxi eEdrioon: Mootpiyto: Bovkyapio. Advio: Talhia, Pooio.
II. CNIDARIA

OuoraEio: ANTHOZOA

Ypopota&io: ZOANTHARIA

TaEn: SCLERACTINIA

Owoy.: Caryophyllidae GRAY, 1847
I'évog: Caryophyllia LAMARCK, 1801
Edoc: Caryophyllia sp.
III.LMOLLUSCA

Opota&ia: Cephalopoda CUVIER, 1795
Td&n: Nautiloidea OWEN, 1836
Ynérokn: Nautilida SPATH

Ouwoyéveia: Nautilidae de BLAINVILLE, 1825
I'évog: Eutrephoceras HYATT, 1894

Eutrephoceras dekayi (MORTON, 1834)
(ITw. 11, ewx. 6a-b)
ZTompaToYQopLXY] o YEwyoapuxt| eEdmhwon: Konudind: Apeounri. Kapmdvio-Advio: T'eppavio, ITohwvia, Pw-
oia, Agour. Avdtepo Mawotpiytio: Bovkyapia

5. HAPATHPHXEIZX - LYZHTHXH- EYMIIEPAZMATA

Ta Exwoeudr], wg fevOunot ogyaviopot, ouvdgovial pe 1o vmdotpmpa, oto omoto Lovv. Optopéva avomrio-
oovton EXEL GOV VITAEYXEL o] ®urRAOPOEia Tov VePOU, émmg to. Holectypoida, wov Cotv oty empdveia Tov
mBuéva ot oxenxd afadii vepd. Ta Micraster Louv magooywpéva. (evdopevBovind)oto itnpa, evd ta Echinocorys
givaw pooBappéva péoa oto nua (MuBeviovird). Zro Mawotpiyto to. Exwvoeid] amavtody pe mhamiég vot
avopBwpéveg ONreg (AVTUTEOOMTEVOVTOL TEQLOOGTEQO amtd 10 YEVOS Echinocorys) av ®ai VITAQYOUV HOQYES UE
URQES ROVIXES 1] GAAOV oxfjpotog BMxeg, mov avirovy ota Yévy Galeaster wow Coraster.

Coraster
19%

Galeaster

1%

Micraster
8%

Echinocorys
2% ]

Ex. 2. KvxAixd 0idygaupua mo000tiaias avaloyias Tov yevay Twv exivoy, Tov axaviovy oTny wegLoxn
IaAaroxdorgov Zrviidag.
Fig.2.Proportion of the Echinoids of the region Paleokastro, Stylida.

Ta Spantagoida xatahapfdvouy o peyolitego mogoatd Tmv Exivoelddv xat ovvdéovial pe mAoUoto Ot
avBooxd aopéono vadotpwpe. Mopgohoywrég mpooapuoyés magameitnray otg Bxeg Twv Exwvoeday,
mov eEagTdvral and Tig ouvenreg Comg.
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EXINOI KE TO KO A KA | MA | AA
1 Echinocorys conoideus (GOLD.) * * !
2 Echinocorys gravesi (DES ) * * *
3 Echinocorys humilis (LAMB ) * *
4 Echinocorys lamberti SMIS , ¥ *
5| Echinocorys marginatus (GOLD ) * #
6 Echinocorys obliquus (NIL.)RAV, B
7 Echinocorys ovatus (LESKE) *
8 Echin ocorys pyramidatus
(PORT )
9 Echinocorys rectus (KONG ) *
10 | Echinocorys sulcatus GOLD |, *
11 Echinocorys turritus (LAMB ) * ok % *
12 Echinocorys vulgaris BREYN, x
13 | Echinocorys zejszneri MACZ | *
14 | Micraster coran guinum (KL ) ® * i *
15 | Coraster cf. Bertrandi SEUN * *
16 | Coraster sphaericus SEUN | * *
17 Coraster frechi BOEHM * *

Eux. 3. Zrpouaroypaqixés eEanidoeis tov uedetnbsviov  Exivov (KE = Kevoudvio, Cenomanian, TO =
Tovodvio, Touronian, KO = Kovidoio, Coniasian, 24 = Zavrovio, Santonian, KA= Kaumrdvio, Campanian,
MA = Maworpiyrio,Maestrichtian, AA = Advio, Danian).
Fig. 3. Stratigraphical distributions of the studied Echinoids.

EXINOI Lo La H La/Lo H/Lo
i E.conoideus 64-79 55-67 46-63 0,83-0,86 0,72-=0,85
2 E.gravesi 42 37 B2 0,88 0,76
3 E.humilis 42 41 26 0,97 0,62
4 E.lamberti 73 61-63 57-60 0,83-0,86 0,78-0,8
5 E.marginatus 65-92 56-68 50-67 0,85-0,092 0,68-0,80
6 E.obliquus 59-84 55— 79 49-71 0,93-0,96 0,75-0, 84
7 E.ovatus 64-65 55-58 47-50 0,86-0,90 0;73=-0,77
8 E. pyramidatus 56-81 50-70 54-67 0,82-0,91 0,82-0,85
9 E.rectus 55 47 37 0,85 0,67
10 E.sulcatus 71-82 64-70 50-58 0,85-0,90 0,65-0,81
11 E.turritus 76 66 66-71 0,86-0,87 0,86-0,89
12 E.vulgaris 64-76 56-70 50-69 0,87-0,92 0,78-1,02
13 E.zejsznerl 58-69 52-64 41-55 0,87-0,92 0,70-0,80
14 M.coranguinum 45-4¢6 40-47 28-30 0,89-1,02 0,62-0,65
15 C.cf.bertrandi 17 15 15 0,88 0,88
16 C.sphaericus 18-19 18-19 16-18 1 0,88-0,095
17 C.frechi 17 15 14 0,88 0,82

Eux. 4. Metgijoeis ogiousvaw e1dov tov ueietnlsvrov Exivov (E=Echi nocorys, M=Micraster,C=Coraster,
Lo=Mijrog, La =ITAdrog, H= Yyog) Fig. 4. Measurments of some species of Echinoids studied. (Lo=Lenght,
La =Width, H= Height).

H movida tov Exwvoetdav (114 dropa), mov ovdhéynxe and v mepoxy okaoxdotpov POiwTdag €xel
Oy edOV HOVATOVO XOQOXTHOM.  AVTUTQOCMITEVETAL ®UQL amtd e{dn Tov yévoug Echinocorys »aL Ot rpoteQo
T0000TE antS €(0N TV Yevdv Micraster, Galeaster wou Coraster (Ewx. 3 xau 4). Ta dropo tov eld@dv Tov yévoug
Echinocorys eltvon 81 (72%), tov Micraster 9 (8%), touv Galeaster 1(1% )xau tov Coraster 21(19%) (Ew. 2). ITp6-
RELTOL YLOL OLRONOYLHT] wALd Tov YEvoug Echinocorys.
IMpoodropiotrav 28 eidn Exwvoedwv. Anté autd. :
1) Ta 13 avijrovv oto yévog Echinocorys ( E. conoideus, E. gravesi, E. humilis, E. lamberti, E. marginatus, E.
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obliquus, E. ovatus, E. pyramidatus, E. rectus, E. sulcatus, E. turritus, E. vulgaris, E. zejszneri). 2) An6 10 yévog
Micraster o €idog M. coranguinum. 3) An6 1o yévog Galeaster to €(dog G. cf. bertrandi. 4) Ané 1o yévog Coraster
2 &idn (C. sphaericus, C. frechi).

ATO TG OTROPATOYQOPIRES EEATAMOELS TV TEOTOLOQLOBEVTAV E10WV (. 3), TEORUTTEL OTL 1) TTEQLOY
TTohawoxrdotoou PHidtdag avijxer oto Avatepo Konudixd (Av. Maiorgiytio).

Ztov mEoodLoELops g nhxkiag avtig ouvnyopel xau 1 pxgomolatovroloyurti peréTn Tov vAMxoU omé To
€0WTEQLKG TG B1jung exivou amd v €18t Mixgomohawovioddyo Av. KaBny. x. A. Zapmetdun - Aéuxa, myv
omoia gvyooLotovpe *oL and v Bom avti. H pelétn €deike 6t mpdnertan yia froprpity mhovowo og
Globigerinidae, eve o€ yxroL froxraotxots aofeotoriBoug grainstone BeéOnnay Bpovopata ootpdxrwy Poudi-
otdv, Exwodéopwv pali ue ta Tonpotopsoa Orbitoides media, Siderolites calcitrapoides, Hellenocyclina beotica,
7oV amotEOray xotd 10 Av. Mowotpixtio oe megudilov eEwteQurrc mhatpdopas. EmBefaimon twv nogomd-
v amotehel xow m ovevpeon péoa om moavido tov Exivov xar tov Navuhoedotds Eutrephoceras dekayi
(MORTON).
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EIIEEHTHZEIZ ITIINAKQN (EXPLANATIONS OF THE PLATES)

ININAKAX I (PLATE I)

Eux. 1a-b : Echinocorys conoideus (GOLDFUSS, 1862)
Eux. 2a-b: Echinocorys humilis (LAMBERT, 1903)

Eux. 3a-b: Echinocorys lamberti SMISER, 1935

Eux. 4a-b: Echinocorys ovatus (LESKE, 1778)

Eux. 5a-b: Echinocorys marginatus (GOLDFUSS, 1862)
Eux. 6a-b: Echinocorys obliquus (NILSS. ) RAVN, 1927

ITINAKAZ II (PLATE II)

Eux. 1a-b : Echinocorys pyramidatus (PORTLOCK, 1843)
Eux. 2a-b: Echinocorys rectus (KONGIEL, 1935)

Eux. 3a-b: Echinocorys sulcatus GOLDFUSS

Euwx. 4a-b: Echinocorys turritus (LAMBERT, 1903)

Eux. 5a-b: Micraster coranguinum (KLEIN, 1734)

Eux. 6a-c: Eutrephoceras dekayi (MORTON, 1834)
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NEW FINDINGS OF FOSSIL LARGE MAMMAL REMAINS
IN THE PENIOS VALLEY (AREA OF LARISSA, THESSALY, GREECE)*
A. ATHANASSIOU'

ABSTRACT

Fossil large mammal remains that come from the Penios valley, Thessaly, are described and compared to
already known specimens. The studied material includes two elephant mandibles, tusk fragments and limb bones,
as well as a part of a large bovid skull. On the basis of morphology and biometry the sample is taxonomically
referred to the species Elephas antiquus and Bos primigenius. An Upper Pleistocene age is assumed.

ZYNOWH

Zmv Toeovoa £QYAci0 TEQLYQAMOVTAL Kat OUYXEivovTal VE evpripata amoMBwpévaov Oniaotxdy, Tov
TmEOEQYoVTOL amtd TV xohdda tov motapoy IInverov (N. Aapiong, Ocooalia). ITodxertan Yo Tpijpato do
®RATW YVAOWV EAEPAVTOV, TUHOTA XOUMOIOVIWY XKoL O0THV TOV AXQWYV, KOOWS KoL TR KQAVIOU PEYGAOU
Boogdovs. Bdoel tng popgporoyiag tovg ta evprjpata omodidovion ota i0n Elephas antiquus wow Bos primigenius
%o Yeovoroyovvtar oto Avatepo ITAelotéraivo.

KEY WORDS: Greece, Thessaly, Penios valley, Pleistocene, Proboscidea, Elephas antiquus, Artiodactyla, Bos
primigenius
AEEEIZ KAEIAIA: O¢ooahio, Kowldda IImverod, IMieiotérawvo, Ipofoorndwrtd, Elephas antiquus, Agtiodd-
nwha, Bos primigenius

1. INTRODUCTION

The material of the present study comprises some odontological and osteological elephant remains, as well
as a specimen (partial skull) of a big bovid. It comes from an excavation carried out by amateurs in the riverbed
of Penios, during the very dry summer of 1988, when the riverbed was exposed. The excavation site is situated
between the city of Larissa and the gorge of Kalamaki. Its approximate position is indicated in Fig. 1.

=}
S
~

Amygdaléa

\200 J

Larissa
§ 0 3 km

Fig. 1: Schematic map of the Penios valley area, between the city of Larissa and the gorge of Kalamaki. The
arrow shows the approximate position of the fossil finds.

This area of the Penios valley is already known since many years for its fossil fauna, as well as for Palaeolithic
artefacts (MiLoseiz et al., 1965; SCHNEIDER, 1968). Some other elephant remains found close to the mouth of the
same river are reported by PArRaskevaIDis (1977). The material under study was given by the excavators to the

* NEA EYPHMATA AINTOAIGQMENQN METAAQN OHAAZTIKQN ZTHN KOIAAAA TOY ITOTAMOY ITHNEIOY (IIEPIOXH
AAPIZHZ, OEZZAAIA)
1. University of Athens, Dept. of Historical Geology and Palacontology, GR-15784 ATHENs aathan@cc.uoa.gr
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Museum of Geology and Palaeontology of the University of Athens and it currently belongs to its collections.

The locality is situated in the East Thessalian Plain, near to the area where Penios flows out of the Kalamaki
gorge. The region is covered by alluvial fluvio-lacustrine sediments (silt, clay, sand and pebbles), which overlay
marbles and crystalline limestones of the Pelagonian zone. The riverbanks are very steep, due to erosion, allow-
ing the exposure of the lower fluvio-lacustrine strata during dry periods.

Fossil elephant remains, mainly of the species Mammuthus meridionalis (Ngst1, 1825) and Elephas antiquus
FALCONER & CAUTLEY, 1845, are quite common in Greece as mainland or insular (endemic) forms (AEPMITZAKHE
et al., 1982; DErMITZAKIS & THEODOROU, 1980; DOUKAS & ATHANASSIOU, in press).

In the present study the elephant remains are measured and described according to the methods proposed
by MacLio (1973).

2. SYSTEMATICS

Order: Proboscidea ILLIGER, 1811
Suborder: Elephantoidea OsBoRrN, 1921
Family: Elephantidae Gray, 1821
Subfamily: Elephantinae Gray, 1821
Genus: Elephas Linnaeus, 1758

Elephas antiquus Far.coNer & CauTLEY, 1845
(Fig. 24, B)

Material — Tusk fragment (I?): AA-1; tusk fragment (I?): AA-2; tusk fragment (I?): AA-3; part of mandible
with part of right M,: AA-4; mandible without teeth: AA-5; distal part of right tibia: AA-6.

Description — The preserved tusk fragments are very small (length 18-40 cm), so their morphology (curva-
ture, torsion etc.) is not known. All three fragments have small diameters, smaller than 14 cm. The cross section
of the retained parts is circular.

The two available mandibles are heavily built and relatively large. In AA-4 only the right ramus is preserved,
while the AA-5 is almost intact but it lacks the teeth. The former is relatively higher in comparison to the latter.
It has only one alveolus that accommodates the M,, which was the only functional tooth when the animal died.
The AA-5 has strong symphysis that forms proximally a short, narrow and pointed process, typical of the species.
The existing alveoli show that this individual used the molars M, and M,. The alveolus of M, is very small,
indicating that the molar was almost worn out and only its last plates were in use. The alveoli of M, are very large
to accommodate the third molars, which were in a rather early stage of wear.

The molar of the mandible AA-4 is partly preserved, as its distal part is broken. The retained part consists of
ten plates, of which the mesial are almost worn out. The last preserved distal plate is little worn, as the enamel
forms islets on the occlusal surface. It is very possible that some more plates existed in the mesial part of the
tooth, which have been worn out and discarded during the animal’s life. The morphology of the alveolus shows
that also at least 2-3 additional plates existed in the distal part of the molar. The tooth shows a lingual convexity,
as well as a divergence of the plates towards the base, both being characters of the lower elephant molars
(MacLio, 1973). The total length of the preserved part is 235 mm. The maximal width of the molar is 101 mm
and it is measured in the fifth plate (counting from the mesial end of the tooth). The maximal height is measured
in the tenth plate (the most distal one) and it is 132 mm. As the tenth plate is already worn, the total height of the
third molar in life was surely greater. The retained height and width result to a hypsodonty index larger than 131.
The enamel is relatively thick, 2.5-3.3 mm, and intensively folded, especially in the median area of the plates.
The plate frequency is relatively low; the mean value calculated from measurements in several areas of the
crown (lingually, bucally, near the occlusal surface and near the base of the crown) is 4.1 (plates per 10 cm of
molar length).

The tibia AA-6 is preserved only distally. The diaphysis is triangular in cross-section. The distal articulation
is almost trapezoid in shape. The minimal diameters of the diaphysis (DAP and DT) are 85 and 108 mm respec-
tively. The maximal dimensions of the distal end of the bone (DAP and DT) are 136 and 177 mm respectively.

Discussion — Two proboscidean species classified in the genus Elephas are known in the Middle-Upper
Pleistocene of Eurasia: the European species E. antiquus (also attributed by older authors to the separate genus
or subgenus Palaeoloxodon Matsumoto, 1924, due to the loxodont characters of its molars) and the Asian E.
namadicus FALCONER & CAUTLEY, 1845. Some authors (as MacLio, 1973) consider the two species as synonyms,
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as they have many affinities in size and cranial and dental morphology to each other. In the case that the syn-
onymy is accepted, all Middle and Upper Pleistocene Eurasian representatives of the genus Elephas should be
named E. namadicus, as this name has priority over E. antiquus. However, most European authors still prefer to
use the name E. antiquus, although most accept that the two species are hardly distinguishable between each
other. Though considering the large variability of the elephants and the vast geographical distribution of the
Eurasian Elephas, a possible distinction between the two alleged species could be difficult to see (see also PALomBo,
1994; SnosHANI & Tassy, 1996: 360). Until a detailed comparative study of the European and Asian samples is
made, it is better to keep both species names for the moment, and provisionally refer the European material to
E. antiquus.

The morphology of the studied mandibles (with short and pointed chin), as well as the anatomical characters
of the molar (inferred high plate number, folded enamel, hypsodonty), are typical for Elephas antiquus. The
species is very common in the Middle and Upper Pleistocene of Europe and Greece in particular (AEPMITZAKHS
et al., 1982; DErmITZAKIS & THFODOROU, 1980; DOUKAS & ATHANASSIOU, in press).

General biometrical data for samples or individual finds of Elephas antiquus are given by several authors. The
mandibles are comparable in size to the mandible 1960/27 from Megalopolis, described by MELENTIS (1961) (Table
2). The relatively higher ramus of the studied specimens could be due to more advanced ontogenetical age.

The molar seems to be rather short and wide, compared to other known samples of the species (Table 1).
The relatively small total length and low plate number are due to the post mortem breakage and loss of the
posterior plates, as well as to the possible loss of some mesial ones during the life of the animal, because of wear.
The total width is, however, very high, usually higher than the maximal values measured in most available sam-
ples (Table 1). Musi Nicorussi (1971) reports, however, an even higher value. The hypsodonty index (100 X
height / width) is also very low, both because of the large total width and the low total height. The real total
height of the molar could, however, be fairly higher, as the distal, i.e. less worn, plates are missing. The calcu-
lated lamellar frequency is very low, lower than that of any known sample, but comparable with the lowest value
given by AGUIRRE ENRIQUEZ (1968-1969).

The dimensions of the tibia are small in comparison to the data given in the literature. TREvISAN (1954: 43)
gives a distal DT measurement of 260 mm. MEeLENTIs (1963: Tabelle 20) gives 218-241 mm for the same meas-
urement and 160-181 mm for the distal DAP of tibias from Megalopolis. The author refers the corresponding
specimens to Archidiskodon meridionalis, though Elephas antiquus is provenly present in this locality. The mod-
ern aspect of the fauna shows, however, that they could well belong to the latter species.

Table 1: Comparative dimensions of selected Elephas antiquus M, samples from several European localities.
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v > =~ & =] 8 r g © < s O
o = ] o P Zo e %5 %
Lower 99 ) E A g gg 2 s g E o E o gt‘. 9
Third Molar g 5 g3 5 B g g g £6 £ °
o > g 3 < = 3 3 a
Total length 235+ 275-480 230 193-265 237411 222-325 232-339 272-290 255330 242
Total width 101 62-92 75 58-74 58-97 80-115 50-88 75-87 63-95 82.7
Total height 132 — 153 137140 118165 120-210 123-166 142-160 93-176 —_
Plate number 10+ 15-20 15 14 14-20 817 13-18 13*+16 14-19 14+
Lamellar frequency 4.1 4.56.0 6.3 5.47.2 4.27.7 5.06.0 4.46.8 5.66.7 4.56.5 6.0
Enamel thickness 25343 —_ 2-2.5 2:32.8 2.23.3 2.75 1.8-3.4 2.43.0 2.33.5 2,33.3
Hypsodonty index 131 — 204 185-241 140-200 140-213 145302 1731-215 — —

! Acuirre ENRNQUEZ (1968-1969) uses the “functional lamellar frequency”, which does not differ markedly from
the plate frequency calculated according to the method of MacLio (1973).
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Fig. 2: Draft drawings of some of the specimens studied in this paper: A: Elephas antiquus FALCONER &
CavrLEy, 1845, occlusal view of the mandible AA-5; B: Elephas antiquus Farconver & CautLEY, 1845, occlusal
view of the right lower third molar (specimen AA-4); C: Bos primigenius Bojanus, 1827, occipital view of the

cranium AA-7.

Many authors have distinguished several subspecies of Elephas antiquus in the past mainly based on the
plate number, the lamellar frequency and the enamel thickness. OsBorn (1942: 1217) divides the species in three
subspecies, according to the number of plates in the last molars: E. a. antiquus, E. a. germanicus STEFANESCU,
1924 and E. a. italicus OsBORN, 1931 with 16%2-17, +18+ and 18+ plates in M, respectively. Taking into account
the high morphological and biometricalvariety of the elephants, which is also intensified by marked sexual di-
morphism (HAayNEs, 1991), the absence of any statistical definition of these subspecies and the fragmentary state
of the studied molar, a subspesific determination of the material is not possible. It is evident that many isolated
and/or fragmentary finds that have been attributed to subspecies by several older authors (MELENTIS, 1961, 1963;
MiLoseiz et al., 1965; SCHNEIDER, 1968; AEPMITZAKHE ef al., 1982) need reconsideration.
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Table 2: Comparative dimensions of Elephas antiquus mandibles.
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Mandible H zo 3 o
-
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Total length >500 >360 540-700 —
Total width >590 >490 — 630
Height of the horizontal ramus 205-230 185 158-250 —
Length of the diastema 134 140 — —

The wear stage of the one available molar (AA-4) can give some clues about the biological age of the indi-
vidual it belonged to. According to observations on recent elephants (MacLio, 1973; HAyNEs, 1991) and consid-
ering the relatively larger size of the European Elephas antiquus that possibly implies a longer lifespan, the age
of this animal could be about 45-50 years. The mandible AA-5 that seems to have had also a functional M, could
belong to a somewhat younger individual, about 35-40 years old.

Order: Artiodactyla OWEN, 1848
Family: Bovidae Gray, 1821
Subfamily: Bovinae Gray, 1821
Genus: Bos Linnvaeus, 1758

Bos primigenius Bojanus, 1827
(Fig. 2C)

Material — Cranium fragment (distal part): AA-7.

Description — The cranium fragment AA-7 preserves the occipital region and a small part of the cranial
roof with the base of the left horn core. It is massively built and very big in dimensions. The horn core is directed
laterally and its base has a horizontal position. Internally it is full of sinuses, as it is common in bovins. The horn
core cross-section is elliptical, the antero-posterior diameter being smaller than the dorso-ventral one. The horn
cores are very similar in morphology and dimensions (see Table 3) to the horn core 388 from Megalopolis, which
is described by MELENTIS (1966).

Table 3: Comparative dimensions of Bos primigenius cranium.

Bos primigenius Larissa MELENTIS (1966)

Cranium (Penids Vvalley) Megalépolis
Occipital breadth 280 —
Total cranial height >300 —
Breadth at the mastoid pesses 245 —
Breadth of the occipital condyles 157 —
Horn core DAP (base) 105 87
Horn core dorswentral diameter (base) 146 140
Horn core perimeter (base) 390 375
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3. BIOSTRATIGRAPHY-PALAEOECOLOGY

The species Elephas antiquus characterises the European Middle and Late Pleistocene (MacLio, 1973). The
rather primitive aspect of the molar (reduced hypsodonty, low lamellar frequency) could indicate a rather old
age. The species Bos primigenius is, however, confined in the Late Pleistocene (KurTin, 1968), being abundant
during the postglacial. So, the available data point to a Late Pleistocene age for the studied specimens. A more
detailed biochronology requires a larger sample of specimens and associated findings of other Mammals.

Elephas antiquus is considered as a forest species, adapted to temperate climate (KURTIN, 1968). Bos primigenius
was probably a grassland or open woodland animal. This indicates dominance of mild climate and of a probably
open woodland environment in the area.

EYXAPIZTIEX

Ogpuég evyopLoties opeilovtal atovg xveiovs Tdxn Thovma xar Koota Tappoxd, ow omoiol avordivypay,
avéoropav rou Taédmoay oto Movoeio I'ewhoyiog xau Iakaovroroyiog Tov EBvirot o Komodiotolanou
IMavemotnuiov AOMvav to pehemBévia evpfuato, rabung xou orovg Kabnynmi N. Zvpewvidn xow Av. Kabnyno
I'. ®e0dwov, oL omoiol pov avéBeoav v Tagovoo peheT.
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THE STUDY OF LEPIDOCYCLINA (EULEPIDINA) (FORAMINIFERA) FROM
MIDDLE OLIGOCENE TO LOWER MIOCENE OF SOUTH ALBANIA
S. MYFTARI', M. BAKO', B. MYFTART'

ABSTRACT

There are studied too many samples from Ionian Zone (geological outcrops and drilling wells) and Koma
depression containing Larger Foraminifers, Lepidocyclina (Eulepidina) subgenus. For their study, determina-
tion to species level, biometric and counting measurements known in literature are used. According to proposal
(for Mediterranean region) we suggest that in south Albania also can be separated the following species and
subspecies:

- Lepidocyclina-(Eulepidina) formosoides DOUVILLE R.

- Lepidocyclina-(Eulepidina) dilatata (MICHELOTTTI)

- Lepidocyclina-(Eulepidina) dilatata (MICHELOTTI) var concentrica SILVESTRI

For the specimens of microsphaeric generation (B-Form, diameter more than 5 centimeter) maintained the
typological concept of classification and were attributed to the species Lepidocyclina (Eulepidina) elephantina
LEMOINE and DOUVILLE (1904). They are given briefly the deposition conditions of the shells of this subgenus
in flysch (Ionian Zone and mollasic deposits (Korna depression) Middle Oligocene- Lower Miocene age. The
paper has been accompanied by means 3 plates.

KEY WORDS: Foraminifera Lepidocyclina (Eulepidina), Middle Oligocene-Lower Miocene, South Albania.

1. INTRODUCTION

In parallel with the study of planktonic foraminifers for biostratigraphic purposes, in many samples from
geological outcrops and drilling wells in Ionian zone are encountered Larger foraminifers Lepidocyclina
(Eulepidina) subgenus (MYFTARLS, 1981, 1989, 1998). Also were studied complexes of the same subgenus
from Korma depression varying from Middle Oligocene to Lower Miocene (Aquitanian) deposits (KUMATI
LlL, KOROVESHI T., VATHI K., MYFTARI S., 1998).(Fig. 1). The isolated Larger foraminifers specimens in
the samples remaining after decantation were chipped dyed and photographed according to the published lit-
erature (Plate 1, 2) or prepared slides from limestones or detritic clastic sandstones encountered in flysch depos-
its (Plate 3, fig.1-4). Specimens (over S centimeter in diameter) are collected in natural conditions in Valesh
(Elbasan) and Plasa (Korna) sections (figs. 2, 3). For their determination to species level, biometric and count-
ing measurements known in literature are used (for macrosphaeric generation, A-Form), MATTEUCCI R. et.
al., (1977), DROOGER CW et al., (1986), LESS G. (1991).

2. RESULTS AND DISCUSSION

In equatorial sections of oriented slides (A Form) there is seen a too large Nukleoconch. The Protoconch is
outlined by Deuteroconch in different degree (Plate 1, 2). The degree of outline of Protoconch by Deuteroconch
(the “grade of enclosure” also called “Factor-A” by VAN DER VLERK 1963) is different. It varies from those
with an obvious tangenciality of Protoconch up to them with small tangenciality or specimens, where the
Protoconch has an eccentric or central position (Plate 1,2)

According to DROOGER C.W.et et al., (1986) proposal, for Mediterranean Region, we suggest that in
South Albania also can be separated the following species and subspecies:

1. Specimens with the values of “Factor A” around 70 %, to be attributed to species Lepidocyclina (Eulepidina)
formosoides DOUVILLE R. These ones are more primitive specimens encountered in South Albania. Their
occurrence is rare.

2. Specimens with values of “Factor A” 90-100 % were attributed to L. (Eulepidina) dilatata (MICHELOTTI).
(Plate 1, figs 3, 4, 6, 7, 10, Plate 2, figs. 1, 2, 3, 4, 5, 8,9,11) These species have more occurrence and more

1. Oil and Gas Institute, Dep. of Paleontology, Fier, Albania
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frequency in flych deposits of Middle Oligocene to Lower Miocene (Aquitanian) in Ionian zone and Korna
Depression.

3. Specimens with eccentric or central position of Protoconch to Deuteroconch, were attributed to subspecies L.
(Eulepidina) dilatata (MICHELOTTTI)
concentrica SILVESTRI(Plate 2 figs 6, 7, 10, 12, 13). It is the more evolutionary subspecies encountered.
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Fig. 1 Location of geological sections and wells

4. The specimens of microsphaeric generation(Fig. 3)(with more than 5 centimeter in diameter) is maintained
the typological concept of classification, and were attributed to the species of Lepidocyclina (Eulepidina)
elephantina LEMOINE and DOUVILLE R., (1904) (after CIZZANCOURT M., and CIZANCOURT M,
(1931) and ELLIS B., and MESSINA A., (1965) (figs. 2, 3) These specimens have a shell which is lens in form
(not inflated in center) (Fig. 2, 3), the evolved equatorial chambers do not differ from those of the A. Forms.
Perhaps these specimens belong to microsphaeric generation (B. Forms) of Lepidocyclina (Eulepidina) dilatata

(MICHELOTTI) species. These specimens are encountered together with those macrosphaeric generation (A-

Form) in Ionian zone (Berati belt). In Eastern part of Ionian zone (Valesh section, Elbasan) and Korna Depres-

sion (Plasa section) they form thick biostromes (fig. 2). It is very difficult to determine, in time, the successive of

evolution of L.(Eulepidina) subgenus, compared with the zonal scheme based on planktonic foraminifers. But
we can say that in Ionian zone are encountered, in same samples different mixes specimens of Lepidocyclina

(Eulepidina) subgenus (specimens with different values of “Factor-A”) (MYFTARI S. 1981, 1989). The age of

these specimens is jugged by the coexistence of Lepidocyclina (Nephrolepidina) praemarginata DOUVILLE R.

(Middle Oligocene for earlier species) and s/g. Miogypsinoides and s/g Miogypsina for youngest assemblages

(Upper Oligocene-Lower Miocene (Aquitanian) and coexistence of planktonic foraminifers. The subgenus is

disappeared in the end of Aquitanian that is never found in the lower part of Burdigalian (MYFTARIS., 1981).
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Fig. 2 Assemblage with Lepidocyclina (Eulepidina) in the Middle Oligocene clays Plasa (Korne) section 22, x 1.2.

3. BRIEFLY ON PALEOECOLOGY AND DEPOSITING CONDITIONS

In biostromes(Fig. 2)(generally consisting of specimens of subgenus Eulepidina) from Eastern part of Ionian
zone (Valesh section) and Korma Depression (Fig.1) are, encountered also a lot of fossils with animal and plant
origin such as Corals, Gastropods, Bivalvia, Bryozoars, Echinodermata etc. The biostromes aren’t well cemented
and the shells of Eulepidina subgenus were setting in biological position (parallel with each other, (Fig.2). The
facts have pointed out that Larger Foraminifers (s/g Eulepidina) lived near the shoreline of the basin, depth to
20-50 meters, in waters with normal salinity, warm waters and rich with Calcium carbonate (CaCO,). After the
living process, fossilization, their large shells have remained in their place (“in situ”). Such a thing is evident
from their to regressive phase of Upper -Oligocene in periphery of Ionian zone, while in Korna depression to
transgressive phase of Middle Oligocene (KUMATI LL, et al. 1998).

e

-

Fig. 3 - Lepidocyclina (Eulepidina) elephantina LEMOINE et DOUVILLE 1904. Upper Oligocene. Valesh
(Elbasan) section 13 Natural grossiment.

In the Ionian zone (Inner and Middle subzone) we have a full different situation to its above-mentioned:
Specimens of L.(Eulepidina) subgenus (also complexes Oligocene of Larger Foraminifers) are encountered in
horizons of clastic -organogenous limestones and sandstones and slumping masses into Oligocene flysch, setting
disorderly manner (Plate 3, Fig.1,2, 3) and mixed with planktonic and benthonic foraminifers of depth waters
(middle-upper bathyal). Their miscellaneous process and reworking is due to turbidite currents. Through to
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submarine canyons Larger Foraminifers have been taken from of basin margins and were transported too long,
parallel with syncline axes. During that process they are differentiated to their form and weight, depositing
where the energy of turbidite currents has fallen in its minimum. The direction of erosion and transportation has
been from East to West, whereas that of transportation has been valley axe (in belts of Ionian zone). In the same
manner we can explain the small dimensions of Larger Foraminifers and of specimens of L. (Eulepidina) subgenus
and their coexistence with planktonic foraminifers. Larger Foraminifers can be used for biostratigraphic and
paleogeographic purposes; because of the time difference is disdained.
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EXPLANATION OF PLATES

PLATE 1
Fig. 1, 2 -Surface aspect of Lepidocyclina (Eulepidina).’Upper Oligocene. Aranitas (Fier) section 274.x10.
Fig. 3, 4, 6, 7, 10- Lepidocyclina (Eulepidina) dilatata (MICHELOTTI) Equatorial sections, (Form A) Upper
Oligocene. Gorisht (Vlore) section 7 x 20.
Fig. 5, 8, 9 - Lepidocyclina (Eulepidina) - Axial sections (Forma A) Upper Oligocene. Gorisht (Vlore) section
7x20.

PLATE 2
Fig. 1,2, 3,4, 5,8, 9, 11 - Lepidocyclina (Eulepidina) dilatata (MICHELOTTI) fragments of Equatorial
sections (Form A). Mbjeshove (Fier) section: Sample 1488 x 20.
Fig. 6, 7, 10, 12, 13 - Lepidocyclina (Eulepidina) dilatata (MICHELOTTI) var_concentrica (SILVESTRI).
Equatorial sections (Form A) Upper Oligocene
Aranitas (Fier) section. Sample 274 x 25.

PLATE 3
Fig. 1 - Biofacies with Lepidocyclina (Eulepidina) Axial section. Form A. Middle Oligocene. Well Sqepuri-2
(1869-1872) x 23.
Fig. 2 - Biofacies with Lepidocyclina (Eulepidina) sp. There are encountered also L.Nephrolepidina),
Pararotalia, Operculina, Amphistegina, Rotalidae. Middle Oligocene. Well Rova-l (839-844) m x 23.
Fig.3 -Biofacies with Lepidocyclina (Eulepidina) (Form A+B), L.Nephrolepidina), Pararotalia, Middle
Oligocene. Well Rova-1 (839-844) m x 23
Fig. 4- Biofacies with Lepidocyclina (Eulepidina). There are encountered also Miogypsinoides , Upper Oligocen,
Aranitas (Fier) section. Sample 274 x 23.
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OTHER COILING CHANGES IN GLOBOROTALIA ACOSTAENSIS UNKNOWN
TILL NOW IN MEDITERRANEAN AREA
S. PRILLO', J. MEHAJ' AND J. PRILLO'

ABSTRACT

In this study, all samples from Tortonian to Early Pliocene sediments of Zvernec-Vlora and Kavaja-Durres
regions within Peri-Adriatic Foredeep (PAF) of Albania containing Globorotalia acostaensis were studied quali-
tatively and quantitatively. Based on these analyses resulted that G. acostaensis have changed coiling ratio direc-
tion during G. acostaensis and G. obliquus extremus Zone of Tortonian, differently from that known in Mediter-
ranean area up to now. This is not a short time interval, which more exactly is from the first appearance of G.
acostaensis to first appearance of G. suterae, at the upper part of G. extremus Zone. Another documented and
explaining unconformity here is related with beginning of Pliocene sediments. There are at least four altenating
sinistral and dextral coiling changes in G.acostaensis populations. Also in this work is given the history of the
study of G. acostaensis and which maybe causes that this species in Mediterranean province and especially in our
country is used relatively late as zonal marker species.

The main object of stratigraphers and paleontologists has been finding a successive section, with uninter-
rupted sedimentation, possibly for the longest geological time. Regarding to this phenomenon could be ex-
plained resulting unconformity between coiling ratio changes in Globorotalia acostaensis of the present study
and other studies carried out in Mediterranean area on this occasion up to now. It is difficult to understand here
the resulting unconformity during the main part of Tortonian age, which prolonged more than 2 m.y. Another
resulting unconformity discovered at the Miocene/Pliocene boundary of the Kavaja-Durres regions is very sig-
nificant. In these regions was discovered an earlier Pliocene sedimentation than known up to now according to
resulting alternations of coiling direction of Globorotalia acostaensis prior to Pliocene Sphaeroidinellopsis Acme
zone. These data are in favour of those based on the isotopic stratigraphy, which give a new definition at 5.32
M.Y. Miocene/Pliocene boundary instead of 5.1 or 5.2 M.Y. given previously based on absolute age. Coiling
changes, in our case that of G. acostaensis are in response to changing climates or alternation of different cold
and warm water populations resulting from changes in the boundaries between water masses as at the beginning
of the Pliocene when the water masses of the Atlantic Ocean overflowed the Mediterranean area. Here is also
proposed to correct the Neogene paleoclimatic curve referring, for the interval of G. acostaensis range distribu-
tion.

KEY WORDS: Planctonic foraminifera, Globorotalia acostaensis, Zonal marker, Paleoclimate, Ionian Zone

INTRODUCION

The present study is focused in two regions (Fig. 1). Thus Zvernec section in the south (Vlora region) and
Kavaja section (Kavaja-Durres region) in the northern part of PAF, represent two main sections on which it is
based. The both regions where previously surveyed and sampled by our geological service but taken samples for
microfauna have never resulted so rich in planktonic foraminifera as these taken last time by Kumati et al.
(1999). Here it is necessary to remark that only main part of Tortonian of the both sections is useful for plank-
tonic foraminiferal study. The rest part of the Zvernec section is not exposed, therefore instead of it, here are
used some cores of Narta-2, Vlora-12, Orikum-1, boreholes (Fig.1, 2). Also in Kavaja the other part of section
from uppermost part of Tortonian up to the base of Pliocene is very well exposed but shallow sediments of this
part also are not available for the evolutionary study of Globorotalia acostaensis. For that here also are used core
samples from Durres-7 borehole and some outcrops all around Kavaja section, which represent the only expo-
sures of Messinian deep-sea sediments in Albania

1. Oil and Gas Geological Institute Fier, Albania
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PREVIOUS WORK

Globorotalia acostaensis was originally described by Blow W. H (1959) from late Miocene of Venezuela,
Caribbean area (Blow, 1959). This species was used by Bolli & Bermudez and Bolli, 1966 (referring Bolli, 1966)
as zonal marker of their G. acostaensis Zone.

Later on G. acostaensis was used as zonal marker in Mediterranean area (Bizon & Bizon, 1972), where the
upper boundary of their zone defined by first occurrence of two zonal markers Globorotalia dutertrei (d’Orbigny)
and G. humerosa Takayanaki & Saito.

In 1982 and 1985 G.acostaensis was also used as zonal marker in Italy (Iaccarino, 1985). The upper boundary
of their zone in the both cases marked by first occurrence of Globigerinoides obliquus extremus Bolli & Bermudez.
Such an interval with G. acostaensis zonal marker was also established by Prillo & Hasanaj 1994 in Albania

The above-mentioned data show for a delay in use of G. acostaensis as zonal marker in Mediterranean area
and in our country. It is probably related with its rare occurrence and with difficulties in its determination.

COILING RATIO CHANGES IN G. ACOSTAENSIS

In the both regions studied has a complete conformity in coiling ratio changes during entire its stratigafic
range. In contrast a great unconformity in coiling changes of G. acostaensis especially during Tortonian between
our data and them recorded in Mediterranean area (Bolli & Saunders, 1985). Thus, from first appearance of G.
acostaensis, close to early part of Tortonian and during the lower part of G. acostaensis Zone over 80% speci-
mens of Kavaja section prefer sinistral coiling, while in Zvernec section these are over 90% (Fig. 2,3). Onward,
almost in the middle of G. acostaensis Zone a sudden change from sinistral to dextral occurs in the both sections.

In Zvernec this preference for dextral coiling coincides with sample nr.16 while in Kavaja coincides with
sample 280 where such a preference develops also Globorotalia continuosa Blow. In Zvernec its very sporadi-
cally occurrence does not allow us to say which coiling does it prefer in this section. Dextral coiling remains such
a coiling during upper part of G. acostaensis Zone and the lower part of the successive G. extremus Zone up to
the first occurrence of Globorotalia suterae.

In the Mediterranean area (Bolli & Saunders, 1985) instead of dextral coiling reported only the sinistral
coiling remaining such not only for the interval above-mentioned but still higher up to the first occurrence of
Globigerina multiloba Romeo (Fig. 4).

In consequence, resulting differences in coiling preferences occur within the Mediterranean area. Accord-
ing to Jenkins (1967) and Bolli (1971) such local differences in coiling preferences with one species are depend-
ent on the temperature of the water. These sayings are valuable for Miocene to Recent species. If we are agree-
ing with them we must admit within Mediterranean area during the most part of Tortonian two different climate
regions at the same time. In the interval from first occurrence of G. suterae to first occurrence of G. multiloba
demonstrated an opposite coiling within the previous one of this study and again specimens of G. acostaensis
prefer dextral coiling which is in conformity with the Mediterranean area. The Kavaja section and Guri i Bardh
exposure (Fig. 1,3) apparently represent an earlier Pliocene section in Mediterranean area. Here for the first
time are found deep-sea sediments prior to Pliocene Sphaeroidinellopsis Acme zone (Fig. 4).

STRATIGRAPHIC AND PALEOCLIMATIC IMPLICATION OF COILING CHANGES IN GLOBOROTALIA

Fig. 5 gives the preferable coiling changes of several Globorotalia species studied in Ionian Zone of Albania,
from middle Miocene to early Pliocene. Most species demonstrated here belong to genus Globorotalia s.1. and
are its integrated species like G. mayeri, G. continuosa, G. acostaensis and G. pachyderma, which is not occurred
in our samples. Globorotalia menardii make an exception in our case, perhaps because it belongs to Globorotalia
s.s. According to Bolli (1971) this species demonstrated the local differences in coiling preferences between
tropical Caribbean area and tropical Pacific area. Within Mediterranean this species has not any differences in
coiling preferences from each to other regions. It is rather a cold-water species. Its coiling change from sinistral
to dextral at the top of Tortonian seems to be in unconformity with sinistral coiling of G.acostaensis, however we
do not say that G. menardii, its dextral coiling do not reflect any climatic change because it dependent on indi-
vidual species. Thus, in G. menardii after coiling change suddenly occurs also its disappearance giving in this way
a marked stratigraphic level. Other aspect should be the interval with dextral coiling in G. acostaensis during
most part of Tortonian. In sampled interval of the both sections no one specimens of G. menardii occur. Believ-
ing that coiling changes in G. acostaensis coincide with climate changes, we corrected the paleoclimatic curve
given by Bizon &Muller (1977) (Fig. 5).
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In Kavaja-Durres region at the base of its Pliocene sediments was found an interval represented by 4 alterna-
tive coiling directions, which give confirmation on our knowledge for Miocene-Pliocene sediments of our re-
gion. These alternations of different cold and warm water masses entered into Mediterranean from Atlantic
Ocean. By the end of this interval, within Sph. A. zone, prior to the first occurrence of G. margaritae Bolli &
Bermudez was established a stability of water temperature between Atlantic and Mediterranean Sea, towards a
warm climate. Remaining dextral coiling during the rest part of early Pliocene was also in response of warm
water early Pliocene populations. These data are also in favor of them based on the isotopic stratigraphy which
give a new definition at 5.32 M. Y. Miocene/Pliocene boundary instead of 5.1 or 5.2 M. Y. given previously based
on absolute age.
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LYMBOAH THX ITAPATONTIKHX ANAAYXHX YTH MEAETH TOY ITAAAIOKAI-
MATOZX KAI THX ITAAAIOQKEANOTPA®IAY XTO NA-KO AITAIO ITEAAT'OX”
M. TEPATA M, L. TEAIAA-MONOIIQAH’, I'. IAIIAOEOAQPOY', X. IRAKEIM’, I'. PEPENTINOL'

NEPIAHWH

IMopayoviiry avaivon epaouoodnKe OTa ATOTEALECUOTA TWV PXQOTOAULOVTIOAOYLXGY OVOAYOEMY artd 10N-
poro o TuErvav, ol omotol CUAMEXBNrav antd 1o NA-é Avyaio. H epoopoyr g mapayovuxiic avdlvong
oMV mAayrtovixt pxgomavida xabopLoe 5 mapdyovies. AVo amtd TOUS TOQAYOVIES OUTOUS OXETICOVTOL HE TV
empovelox] Bahaoolo OEQUORQAOTN RO CUYRQLYOUEVOL UE TIS THIES TOv §'°0, avédetEav o, 0ELpE *MpOTIHOY
ueTaf oAby peydaing xon puixpng dudpxetag, Ta televtaio 45000y odvia. O vaélowmol Toels Tapdyovieg aveEdeL-
Eav 1o xpovird draotipuata, 6Tov 1 0ahGooLo TOQOYWYIRGTNTO EVVOEITOL Ot TNV Avodo TOV TURVORMVOUG
oty gvewTey LAV, ™Y aENOY TV TOTAIMY EL0QOMY %o TNV Xoh WEN TV emupavelaxdy vepwv. H epap-
UOYN TNG TOQAYOVILXYG avdAluong ot BevBoviry uxpomavida ®aBopLoe S TaQAYOVIES, OL OTOIOL OVTLITQOOM-
evouy 5 oTddLa EPTAOVTIONOT TOU OLXOOUOTHIOTOS TOV TUOUEVAL.

ABSTRACT

Factor analysis was subjected to high resolution microfauna data. The microfauna data (planktonic and
benthic foraminifera) comes from analyses of two gravity cores selected from SW Aegean Sea and concerns the
last 45000yrs. The two cores contain the sapropelic sequence of S1 which appears in two layers Sla and S1b and
the sapropelitic sequence of S2. The results of the analyses have been high accurate dated by the AMS method.

The application of factor analysis to planktonic forams revealed 5 factors. Two of these factors cluster plank-
tonic species which are indicators of temperature changes such as Gs. ruber, Gs. sacculifer, Or. universa and
Globigerinella which are indicative of warm and oligotrophic waters and T. quinqueloba and Gr. scitula which are
indicative of cold waters. So these factors can be considered as sea surface temperature depended. The variation
of their scores compared with the 8O data showed a sequence of palaeoclimatic changes of long and short
duration, which may correspond to global events such as Heinrich 1, 2, 3, 4 and Younger Dryas. The other three
factors cluster planktonic species which prefer high eutrophicated waters, such as Neogloboquadrina, G. inflata
and G. bulloides. The variation of their scores revealed the periods where the marine productivity was improved
by (i) the shoaling of the pycnocline within the euphotic zone and the subsequent development of Deep Chlorophyl
Maximum (DCM) layer, (ii) the increase of water outflows and (iii) the well mixed surface waters. Furthermore,
factor analysis showed that the organic material of S1 is related more to the enhanced river outflows, than that
of S2 which seems to be related with the development of DCM layer.

The application of the factor analysis to benthonic forams revealed 5 factors, which appear to correspond to
five stages of bottom water enrichment. The 1* factor cluster epifauna species with high oxygen demands such as
H. elegans, Asterigerinata, Valvulineria, Rosalina, Miliolidae, Nonion spp. and Cassidulina spp. The variation of
the scores showed that the last 45kyrs SW Aegean Sea was characterized by well oxidized bottom waters except
of the periods of sapropel deposition. When the trophic level of the sea bottom increases such as occurs at the
deposition of S2, the dominated benthic fauna is represented by the 2nd factor with species as Cibicides spp.,
Uvigerina spp. and Cassidulina spp. Species such as Gyroidina spp., Uvigerina spp., Bulimina spp. and Chilostomela
spp. are represented by the 4" factor, which indicates environments of reduced oxygen supply and/or increased
organic flows, such those which developed during the interruption of the sapropelic deposition of S1.

Shallow infauna species such as Bolivina spp. and B. marginata and deep infauna species such as Fursenkoina
spp. are represented by the 3th factor, which indicates dysoxic environments such those which developed exactly
before the deposition of Sla and S1b.

* CONTRIBUTION OF FACTOR ANALYSIS TO THE STUDY OF PALAEOCLIMATIC AND PALAEOCEANOGRAPHIC VARI-
ABILITY IN SW AEGEAN SEA, GREECE

1. Epyaomipio Bahdooiag T'emhoyiag xow vowig Queavoypagios (E. OA.TE.®Q.), tuipalewloyiog, MMav/wo Matpomv

2. Topéag I'evinric Oohdootag I'ewhoyiag & ewduvapris, Tuwijpa Tewhoyiog, MTav/o IMotpdv

3. Ivonrtovto Tewhoyiav xaw Metahhevuxov Epevvav (LT.M.E)
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Deep infauna species such as Cassidulinoides spp. and Globobulimina spp. are represented by the 5™ factor,
which shows highly dysoxic, almost anoxic conditions, such those which developed at the begging of S1a and S1b.

AEZEEIZ KAEIAIA: mogayoviixy avaiuon, ToNpatopooa, TOALOWXREAVOYQOPLC, TOACLORAMUATOAOYIOL
KEY WORDS: factor analysis, foraminifera, palacoceanography, palaeoclimatology

L.EIZATQI'H

ZmV ToQovon QYAOT0. TAQOVOLALOVTOL TO CUUTEQUONATC, TTOV 0pOQOTY OTnV eEEMEN TV TahoorApaT-
ROV KOL TOALOWREAVOYQOPIXMDV OVVONRMOV, Tov avartiyOnxav oty Av. Meodyeio ta tehevtaia 45000y00-
Vi, €T0L TS QUTA TTQOEXVYAV UE TNV EQAQUOYT] TNS TTORAYOVTIXRIIG AVAAVONG O UXQOTAAXLOVTOAOYLXA dEdO-
uéva. To purgomararovioloyird dedopéva yapoaxtnoitovrar and puxed yeovird fripa (200 éwg 500xo6via),
OOV ThoryrTovIird nat PeVOOVIRA TENUATOPOQX ®ow TROEEYOVTONL ot Wipata dUo muprvarv, T140 xow 169,
7oV oVAAEYONHaY oTo NA®G Avyaio. Me T otationx avaluon emtuyyavetol apevos opadomoinom twv eiddv
(raL YEVEV) TV TONUATOPOE®V BAOEL TV XOQOXTNELOTLXRGDY SLofiwong TOUS *on APETEQOV O EVIOTOUGS Ta-
MUORMPOTIRDV KO TTOAALOMKEAVOYQAPIRGY HETABOADY pe pabnuativé tedmo.

2. MEOOAOI EPEYNAL

H epyaoia aoiCeton om perém tov muprva 1140, uirovg 2m mov ocvAhéxBnxe and 1o Mugtwo ITéhayog
(36° 56,122, 24° 04,688) ot fdbBog 850m xow ot pehrétn Tov I169 pixrovg 2m, wov oVAAEXON®E and to Avtnd
Konund méhayog (36° 32,769, 24° 12,782), oe pdbog 630m. H peAém v muorvav mepuhapfdvet: (i) poxngooxo-
i weprypag, (i) avdivon wnpotoyevay dopdv, (iii) petonoels Tov tocootol opyovixoy dvBpaxa (Corg),
(iv) TOLOTLXG KO TOCOTIXG TEOOOLOPLONG TWV TACYXTOVIXWY TONPRaTopopwy ot 54 delypota Wjparog tov 140
now og 101 delypora Tov 1169, xabdg 1o TooOTIRG TEOGILOEONG BEvBOVIXGY TonuaTo@Spwy Ot 44 delypata
tov T169 (v) petprioeig Tov 80 ota xeMign Tov mhayrtovirol tenuatogsépov Globigerinoides ruber oe 34 Seiy-
pora Tov 140 xou o 45 delypora tov I169. H ypoovordynon twv amoteleopdtav faotobnxe ot 5 padioypovoro-
ynoeis: 1eig ota tlipata Tov I140 %o 2 ota Wjpora tov 169 (TTivaxag 1), ol omoieg mpaypatomoniBnxay oto
Epyaomipto g Beta Analytic INC pe ™ pé6odo AMS.

270 ATOTEAEOPOLTOL TV XQOTTOACLOVTOAOYIXGY OVOATOEQV EQUONUGOON®E TOayovTLkY avdivon R-timov
(Davis, 1986). H magayovuxy avdivon epapudodnxe oe dvo agynots mivaxeg dedopévav: (o) otov mivara
TWV TOCOTTWDV TWV KVQLOTEQWYV TAAYXTOVIXWYV €MDV, OGS OVTOS TROEXVYPE QTG TLS ULXQOTOACLOVTOAMOYIRES
avaiioelg Twv muerivav T140 o T169, ouvodevduevog pe 1o aviiotoL o ToC00TO TOU 0QYOVIXOU GvOpaxa YioL
%d0e delypa xar (B) otov mvaxa TWV TOCOTTOV TV KVELSTEQWV PEVBOVIXADY EWOWV ROL YEVAV, OTWG OUTOG
TROEXVYPE aITO TLG PHQOTOALOVTOLOYIRES avalioeLs Tov muprjva I169, ouvodevdpevog pe To aviiotoL o mooo-
até oQyavixkou davBgaxa yia kGOt delypa.

3. AIOTEAEZMATA

O mvgrivog 140 amotehelton omd 5 MBo@Aoels nuueAayiriig LMIOG, EX TV OTOIWY 1) Pi AVILITQOCWTEVEL TN
oampomnixy axolovbio tov S1 (Geraga et al., 2000). O mvprivag T169 amoteleitor omé 6 MBogdogls xvping
LAYOG % TV omoimy 1 plo aviurpoommever T comeorniiky] axolovBio tov S1 ko pia GAAN ™) campommArtix
axolovBia tov S2 (T'epayd x.a., 2000). H oamponmniuxr itnpoaroyéveon tov S1 amoteleiton xou otovg do muer-
veg and do orpdpata Sla xaw S1b. Bdoel twv padioypovoloyroewy o péoog puiuds inuatoyéveons tov 1140
vrohoyitetar ota 10,3cm/kyr evd tov 1169 ota 4,3cm/kyr (Ew. 1). H pdon tov I140 yoovoroyeiton ota 18,3kys
eva Tov I169 ota 45,5Kyrs.

Ilivaxag 1
A/a B&Boc | HAtkia
(cm) (kyrs
BP)
G 36 3370
n4o0 2y’ 12;5 6830
(3)" 82,5 7830
(4)" | 131 12350
(5)° 15 3370
69 | (6)° 40 8750
m* | 152 36070
‘Hoauoreiaxtj vépoa Z2
*AMS ypovoAoynon
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Euwx. 1: Avayodupara, ora onoia wagovordlerar o puluds iSnquaroysveans tov 140 xar 1169 pdoct Tov niixidy
Tov Iivaxa 1
Fig. 1: Sedimentation rates of P40 and P69, based on the radiochronological data showed at table 1

2o ijporo tov 140 xou TI69 eviomiomxay to eEg ®0pLa €8 mAayrtovindy Tonuatopsépwv: Globigerinoides
ruber, Gs. obliquus, Gs. sacculifer, Gs., trilobus, Gs. tenellus, Orbulina universa, Globigerinella aequilateralis, G.
calida, Globigerina bulloides, G. falconencis, Globigerinita glutinata, Turborotalita quinqueloba, Globorotalia inflata,
Gr. scitula, Gr.truncatulinoides, Neogloboquadrina dutertrei, N. pachyderma.

Zra Wiparo tov I169 evromiomxay ta e€rjg xvpla €0 (ron yévn) BevBovirdy tonpatopspwy Articuling
tubulosa, Asterigerinata sp., Bolivina spathulata, B. dilatata, B.alata, Bulimina costata, B. marginata, Cassidulina
crassa, C.laevigata, C.subglobosa, Cassidulinoides bradyi, Chilostomella sp., Cibicides spp., Dentalina sp., Discorbis
spp., Fursenkoina sp., Globobulimina spp., Gravelinopsis sp., Gyroidina spp., Elphidium spp., Hanzawaia sp.,
Hyalinea balthica, Hoegludina sp., Miliolidae, Nonion sp, Nonionella sp., Ophthalmidium acutimargo, Osangularia
sp., Patellina sp., Planulina sp., Pullenia sp., Rosalina sp., Spirillina sp., Textularia spp., Trifarina sp., Uvigerina
peregrina, Uv. aculeata, Uv. mediterranea, wow Uv.auberiana, Vaginulina spp.xou Valvulineria sp.

Eqgappoyn g maoayoviikig avaluong ota TAQYXTOVIXA TONIATOPOQC

O mEWTOG %O OTATLOTIRA ONUOVTIXGTEQOS TARAYOVTOG EXPEALEL TO 35% Tng oMxnrg draxipovong xou eivon
dumolxnoy xopaxtioa ®abds maovotdler vymAés Betnés ota T. quinqueloba wou Gr. scitula (0,919 naw 0,648
avtiotorya) xow VYMAEg apvntiné goptioeis ota Gs. ruber (-0,687). O devtepog mapdyovtog exgodteLto 11,7%
™g oMnrig dromipavong xat TaEoVoLdter ouyxEGveg VMAES BeTinés gogtioews ota N. dutertrei (0,871) xan N.
pachyderma (0,832).0 tpitog mapdyovrog exgpodlet to 10,3% tng olniig dianipovong xon opadomorei pe vmhd
Betinég goptioeig ta Or. universa (0,672), Gs. sacculifer (0,788) xon Globigerinella spp (0,657). O tétootog mo.0d-
yoviag exgedtet 1o 9,0% g oMxrg draxbpavong xow £xer Surond yapaxtioa rabdg maovotdier vymAiéc
Betinég gogrioeig ota G. bulloides wou Corg (0,625 »ow 0,761 avtiotoryae) xon apvnurés ot G. glutinata (-
0,667). O méumtog mapdyovrag expodlel 10 8,5% g olxiis daxipavons xoL TaQOVoLAel VYNAEC BeTinéc
ogrioelg uévo om G. inflata (0,931). OL *ATORGQUPES ROTAVOUES TWV TOQAYOVILRMOV TUMY TOQOVOLALOVTOL
ong Ewdveg 2 nou 3.

O mp@rog mapdyovrag eivar dutoMrds xow expdler tnv avustdeira petakd tov Gs. ruber mov evdonipei o€
Beoud xar oMyotpo@uxd megBdrhovra now twv T. quingueloba wou G. scitula mov gvdoxipotv oe YPuypd xo
OyeTird EvTOPIKA TEQLBAMOVTE. Q¢ £x ToUTOL 0 1% mapdyovrag propel vo BewoenBel wg delnme e duowi-
pavons mg empovelonis Bahdoolog BEQUORQACTOG AL 1) RATOKRGEUEPY BLOUTPAVON TOV XOTd PROC TV dio
TUENVOV QaiveTal va oupQVel e Ty eyraBidovon xow v eEEMEN pog OELdS ToyRGOWMV YEYOVSTOY, EVHD
ToRAMAN A UTOQEL VO OUOYETIOTEL e TV avTioToLyn Twv Ty Tou §'°0.

MetoEv 18ka nou 14ka M xorordouen ratavoprj tov 1 mapdyovia xotd wixog tov TT40 expodletan pe
yevird. xapnhéc npés. To dudompa avtd avurmgoomneveton e VYMAES Tipég 80 xan paivetar vo vrodnhdvel
OYETG YUy € nMpomnes ouvbrines Adym g emxpdmong g tekevtaiag moyeTddous tepLddov. Zrodiom
Tdon avEnong Twv TV Tou 1 mapdyovto xat ovyyxeovn pelwon twv Tpdv tov 80 mapovoidtetal petaty
14ka nou 10ka, yeyovdg mov aviimpoowmever T BeATinom tav xMpativdv ouvinxdy ota Tedevtaie otddio g
tehevtalag mayetwdoug mepLddov (Late Glacial). EEaipeon amotehovv ou xaunhés mapoyovinés uéc ota 13,8ka
nat 11ka, o omoieg ouvodevovrar pe avEoels Twv Ty 80 %ot CUUTIITOUY EOVIXG e TV ETXQETNON TV
Yuyewv yeyovétmv Heinrich 1 xouw Younger Dryas avtiotoua (Bond and Lotti, 1995).
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Eux. 2: Kataxogupes xatavouss Tov tiugv "0 xat Tov magayovrixdy Tiudy tov avaivoswy ota mAayxrovixd
Tonuarogpogpa tov I140.
Fig. 2: Downcore variation of "*0 values and factor scores, as they revealed after the application of factor
analysis at the planktonic data of P40
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Eux. 3: Karaxdpvpes xaravousés tov tudv 6'°0 xar tov magayoviixdy tipudy 1ov aveAvocoy ota mAayxrovixd
Tonuaropopa Tov I1169.
Fig. 3: Downcore variation of "0 values and factor scores, as they revealed after the application of factor
analysis at the planktonic data of P69.
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Ta tehevtaio 10 MAdES XOOVIO OL VYNAES TUQUYOVTLRES TLHES VITOINAMVOUY TNV ETREGETNON TWV BEQUAY
rhupaTnxdv ouvOnxrov touv Oloxaivov. EEalpeon omotehotv oL peltmpéveg TRES Tov mapdyovta ota 8.9ka na
7.1ka, o omoleg mBavag duxatohoyotiviar amd T VYMAES ovyrevipwoels tav T. quinqueloba. To eidog autd
gvdoxipel og Yuyd oArd xar oe veed xauniig olatdtrag (Laurens, 1994), 6nwg autd mov @oivetoL vo ava-
iy Onray ratd ) dudprelo andbeong twv Sla now S1b.

Avdhoya ovurepdopata eEGyovTaL EIONG ®OL YLOL TV ROTAVOWY] TV TTOQUYOVTILXMY TGV Tov 1% mopdyo-
vra wow otov wuerjva 1169, Meta&t 45 éwg 21ka, o 1% mapdyoviag exqodletol and oxetind vYmiég Tpeég, oL
0TOlES OUVODEVOVTOL TS TIG OYETIRES YOUNAES TLES TOV 80, Tov ootomxot emmgédov 3 (ST3). O mapayovii-
%EQ TWHES Tapovotdlovron pewmuéves ota 36-38ka, 26-28ka »wou 21ka. Ta daonjpata avtd, ta otoio. ouvodevo-
viaw ot avEfoELs Tov Tdv Tou 80, vtodnAdvouY TV EMHEATNON YUXQOTEQMV KMUATIROY CUVENHWOY, oL
omoleg oupmimrovy yovird pe to yeyovota Heinrich 4, 3 wou 2 aviiotouya.

Katd m Sudoneia tov ST2, 1o omoio oupgpwve. pe Tt Tuéc Tov 80 eviomiteton netakt 21 éwe 10ka, ot
YOUNAOTEQES TAQAYOVILRES TIUES TTapovoLdlovtar ota 18 ko 13,8ka naw oupmizrovy yoovird pe Ty emrQd-
on twv (o) péyrotov g tehevtaiog moyetmdovg meprddov (Last Glacial Maximum) xou () Heinrich 1 yeyové-
TOV.

O vymhég maparyovirés Tnég »otd 1 didpreita twv tehevtainv 10 xthddwy xodvav delyvouv Ty emxrod-
™mon Tov Bepudv xMpatxdy Tov Ohoxaivov. EEaipeon amotehel 1o didompua 6-7ka, dmov ot younhés mapayo-
virég TEg duarohoyovvial, Smwg o omy mepintwon tov 1140, amd v emxredInon xounhic ahardmrag
VEQWV %aiL TNV axShovdn avEnon twv T. quinqueloba, notd. ) didprea amdBeong tov S1b

O 2 mapdyovrag opadomolel ta N. dutertrei wow N. pachyderma, to omoia elvar dginteg avAamTuENS TOV
DCM otpidpatog, 1o 0mwoio dNuoveyeitar pe Ty dvodo tov murvorhivots oty evgpotxy Covn. "Etor ot vymhd
BeTnEg TaEAYOVTLRES TLUES TOV TTARAYOVTO QUTOU EXQEATOVY OVATTUEYN EVTQOPIRWY OUVONXWY pe TV avEnon
g Oahdoolag TpwToyevoug mapaywywromrtas. Tétoleg ouvOnireg evroniCovral xatd pnrog tov 140 petagi
11-18ka »ow xatd pnrog tov I169 petakv 31-35ka »ow 11-18ka pe puo purnj duaeromy] mepimov ota 14ka. MdMoro,
N andtropn avEnon wwv Neogloboquadrina ot “35ka gaiveton mwg ouviéAeoe otV aiENON TAEOYNS 0QYUVIXOU
VAMxoU oTov Tubpéva now oy andBeon tou S2 campomtnhou.

0 3% mapdyovrag opadomorel ta Beppd eidn Or. universa, Gs. sacculifer now Globigerinella spp. xow oL vymAiég
Betnég mapayovureg TES Tov dMidvouv \pnhéc Bahdooies empavelaxrés Oepuorpaoies. H Suaxipavon twv
TOQOYOVTLRGY TV Tov Ba mEénel va eEetdletar o ovvdvaous e Ty aviiotoyn tov 1 mopdyovia.

O mopayovirég npég tov 3™ mapdyovra otov muenva I140 mopovordiovrar apretd avEnuéves Aiyo mowy
mv évapén towv Sla nou S1b exgedlovrag £toL ™ omovdardtra ™ avEnong te Bardooiag Bepporpaciog oty
amdBeon tov S1. Zrov mugrjva 169 o 3% napdyovrag maovotdlel vYmAES Tuég xaBohn ) didoxeio twv Sla now
S1b now Gy pévo oty €vaEn v otpopdrav autdyv. To yeyovdg avtd mbavadg duaoroyeitar omd Tg xouy-
Mg ovyrevipwioeis twv T. quinqueloba otov T169 o oyéon pe tig aviiotoryes otov I140. Emumhéov vymrés napa-
yovuxég TUES evromiCovrar otov T169 mepimov ota 40ka. To yeyovog autd mbavig va aviloTtolyel oty emirQd-
™on ®dmwotov Beppov ovvropov yeyovétog (interstadial) twv wixhwv Dansgaard, Alyo mowv v eyrafidovon
Tov yeyovotog Heinrich 4 (Bond and Lotti, 1995).

O 4% nopdyovrog exgpEdlel Ty vPMAY CUOYETION IOV TOOVOLALEL TO 0gyovirs vhrd (Corg) ue To wooo-
ot6 towv G. bulloides. To £idog owtd, evdonipet oe evtoPLrd TeQLBAAAOVTA, GTTMG TT.X. AUTA TOV AVATTHGOOVTOL
HE TV aENON TV TOTAULMV ELGEOMY. Ot VYMAES TaEAYOVTIXES TLUES nOTd T Oudoxrele amdBeomg Tov Sla ro
S1b, otoug 140 xow 169 deiyvel 6t ) cawpomniti] Lnpuatoyéveon tov S1 evvoriinxe pe v avEnuévn eicodo
BpemTIRWY CUOTATLXRWY OTNV VAATLVY OTHAN OTT6 TLIG VYNAES TOTANLES ELOQOES TS TTEQLGdOUL exreivnc. O mapdyo-
VI0G aUTig OEV TOEOVOLALEL avaloyn atEnon zatd v andBeon tov S2, deiyxvovtag Gt 0 unxeviouds avEnong
™G TOEAYWYWATTag 0Ty VOdTIVH OTHAN %at axorovBmg ™S TaEoYNS 0QYOVLXOT VAMXOU OToV TuBuéva, ®oTd
™ dudpxreLa tov S2, dev ovvdedTay povo pe Vv eicodo BpemTraV CUoTATIREY 0TV VOATIVY OTHAN QUTG TOTAULES
€LOQOEG, Omwg otV TeEimTwon tov S1. Ou eAdyioteg TiRES Tov 4°° mapdyovta evroniCovial atov uenva 1169
mepimov ota 40ka now petagy 10-14ka dnhodvovrag my emrpdtnon tov G. glutinata, evog e(00VG TOL av raL €XEL
ROOUOTOA{TLRO YapoxTOC epgavitel avibenuxés Tdoels wg mpog 1o G. bulloides »ow Corg o€ autév TOV Tepd-
yovra.

O 5% mapdyovtog toviCer v xoatavoui ms G. inflata otovg dvo mupnves. To gidog avtd cuvdéetal pe
YPuyed ot evtopLrd TteQidAlovTa. O EVTROELOUOS O QUTHY TNV TEQITTMON OVVIEETUL e RO avApuiEn g
vddmvng oniing. "Etot ov vYmA€g mapayovurés TLES Tov 5% moQdyovio avIQOommEYOUY TEQLGOOUS XOUNATS
OeQUOXQAOTOG o CVENUEVNS TAQOYWYIRGTNTOS, TG OOING O UNYAVIOUGS YEVEONS eivon dlapopeTivds ad
aTOUg OV TTEOTELVOVTOL PE TOVG TAQAYOVTES 2 ®aw 4 o YU vt T0 AGYO OL SLOXUUGVOELS TV TTHQUYOVTILAWMV
TWOV Tovg O)edGV TovBevd dev tawtiCovrar. YyYnhés Bennés mapayovurés TES Tov 5% mapdyovra eviomito-
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vrow xow 0tovg duo urjveg T140 xow T169 xotd ™) droxomn xow axQpds petd  MiEn mg campommAnis npa-
Toyéveong Tov S1, yeyovdg mov delyver TV emxodtnon xahd avaperyvoduevav vepav. Emimhiéov otov T169
vymAéc BeTnéc magaryovinés Tég evromiGovran petd  Mign andéBeong tov S2 (30-32 ka), #abig nar petakyl
22-25ka o oto 40ka.

Egaguoyij s magayovruajs avdlvons ara fevlovixd Tonuaropoga

O mEdTog mMaEdyoviag eival 0 ONPAVIKGTEQOS OTaTIOTIRG, %aBds avtds expedlel To 30,4% g ohriig
droipovone. O mapdyovrag ovtds €XEL SITOMXAE YaoxT|oa, ®oBrg TaEOoVoLdtel VYNAES BeTinég TIHES ota H.
elegans (0,761), Asterigerinata, Valvulineria, Rosalina (0,844), Miliolidae (0,768), otva. Nonion spp. (0,732) xau ota
Cassidulina spp. (0,509) %o 0.QvTIXES POQTITELS 0TO TT0000TE TOV 0QYavinoy dvBpaxa (Corg)(-0,619). O devteQog
napdyovtag expdlel 1o 17% g ohrig dombpavong xau eivon emiong dumolxov yogoxtigo. diayweiCovrag
pe Wnhd Betinég tég ta Cibicides spp. (0,862), Uvigerina spp. (0,567) wow Cassidulina spp. (0,543) wow pe
AOVNTUES TLIES TO TOOOOTS Tou 0EYavxoy dvBpaxa (Corg) (-0,633). O toitog mapdyovrag expedlel 1o 12%
™mg ohric Sramvpovong xow opadomolel pe vymAd Betnés qoptioels ta Bolivina spp. (0,696), B. marginata
(0,870) aw Fursenkoina spp. (0,621). O tétagrog mapdyoviag expodlel To 8,7% g olnig diomdpavong xon
opadomotel pe vymAEg Betinég gogtioews to Bulimina spp. (0,770), Chilostomella sp. (0,650), Gyroidina spp.
(0,809) xou Uvigerina spp. (0,550). O mépmtog mopdyovag expedlet To 7,2% g olntig daxipovong xow opa-
domotel pe vymAéc Betinég poptioews ta Cassidulinoides spp. (0,891) xaw Globobulimina spp. (0,871). Ou xataxd-
QUQEC ROTAVOUES TV TAQOYOVILRGY TRV tagovordLovrar omy Eux. 4.
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Ewova 4: Kataxdoupes »atavouss magayovixay tipdy tov avelvoewy ora fevlovixd tonuaropoga tov 1169
Figure 4: Downcore variation of 60 values and factor scores, as they revealed after the application of factor
analysis at the benthonic data of P69

Srov 1° nopdyovra To. £(dn o TeEovoLdtovy BETRES PORTIoELS Eivon ®VEING EmpaveLaxd eidn pe vYMAEg
AmOUTHOELG 0TI OUYREVTRWOELS Tov O, otov mubpéva. Qg ex ToUTov OL VYNAEG BETIRES TOQAYOVTIRES TIRES TOV
napdyovra Bo mpénel va Bewpouvion deintes vmAdy ovyxevipwoenmv O, otov mubpéva mg Aendvng. H woyvoer
AVTITTAHELD TTOV EMOEVIOUY ()C TTROS TO TOGOOTS TOV oYXy dvBpaxa (Corg) vrodnhwvel Ty aviutdOewe
Touc oe dUOOERA 1] cvoEwnd meQBdALovIa, €101 GTTWS CUTA POIVETOL VO, OVOITIO0OVTOL, HATA TLG OOBEDELS
TV comEomNAxGY axohovBudy. Ol TLES Tov TopdyovTa autoy xotd wikog Tov serve. 169, magovotdtovy
xoumA€c Tég xatd ™y andBeon tov S1 xou S2 xow eivar vMAES o€ Gho To vGhowo wirog Tov muerva. H
HATORGOUEPY ROTavopY Toug dnAdvel, 6T 1 Tpopodocia Tov TuBuEva. pe O, 1tav emaErg Yo vo. RahiypeL Tig
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avdyreg tov mubuéva to tehevtaia 46ka pe eEaipeon ta ypovirnd draotijpata ardBeons twv S1 xow S2.

Ta eidn mov opadomotel pe Oetnés POETHIOELS 0 2% TaEGYOVTIAS EVDOXLUOTVY OTNY ETUPAVELD TOU TUOPEVOL
ue eEaipeom ta Uvigerina spp. mov mapovowdiovy ran 1doelg dafinong kat evids Twv Inudtwy tou mudpéva
(Murray, 1991). Q¢ ex tovtov 1 aviddeLe Tov emOELRVIOUV Tt £(ON AUTA WG TTEOG TO TTOCOOTES TOU OQYOVIKOT
avBpara (Corg), vrodnhwver TNy avurnddeia Tovg oe dvooEwrd 1 avoSwd megipdrhovia. “Etol o 2 mapdyo-
VIOG ETONG, UoQEl v BemenBel wg deing avarTvEng xahd oEvyovopévov vepwv muBuéva non yuo to Adyo
OUTO Ol TARAYOVTLRES TWUES TTOQOVOLALOVTOL HELWUEVES XarTd T ddoxreta ardBeong twv S1 xow S2 xow oxennd
VYNAGTEQES 0TO VIGAOLTO Prxog Tov muenva T169.

Moapdho mov kaw otovg dio mapdyovreg (1 wow 2) oL VYMAES BeTIRES TOOYOVILRES POQTIOELS EXPEATOVV TIG
TEQLOBOUG EmLQATHONS VYMADY ouyreVIQoEmY O, otov mubpévo Tyg Aendvng nan oL o@vTxég g meguédoug
ETREATNONG XOUNADY OUYREVIQHOEWV O,, 0L SLAXVPAVOELS TOV HOTOUHGQUPWY ROTAVOUDY TV TAQOYOVIIAWDY
TRV Tovg Srapgpovy petakl Tovg ot Erig: (o) ®otd T dudoxera andBeong Tov S2 oL TaEAYOVTLRES TIRES TOV
1* mopdyovto wapovotdiovy ouvexr] Taon peiwong oe avriBeon pe Tig avtiotolyes Tov 2% mapdyovTa, Ot OTOLES
OV RO PELWPEVES TOLEOVOLALOVY OYeTHES awENOELS Alyo petd Tnv €vagEn Tov S2, xabwg xou ota "34,5Kka, (B) av
%O OL TTHQOUYOVILRES TWHES TG00 Tov 1%, 300 %at Tov 2°° TapdyovTa TaQovoLdtovy oxetxij avEnon petd m Min
amofeong Tou S2, oL TAQOYOVTIXES TUES TOV 2% TOQAYOVTO ETMLOELRVIOUY OOPME VYNAGTEQY KoL TTLO YO YOON
OVATITVEY, () OL TTOQOYOVTLRES TLES TOV 1% todyovta Taovotdiovy oxetinn aiEnon oy Ty €vaEn tov S1,
EVA OL TORAYOVTLRES TLUES TOV 2% opdyovTo xatd T didoxreta Tmv aydv otadimv amdBeong tov S1 xa (8)
o€ 6M0 10 Wijnog Tov mupiva I169, extds and ta fAON andBeong Twv comQOmMAGY 0:xOAOVBLEY, OL TUEOYOVTL-
%ES TWES TWV TAQAYSVTOV 1 naw 2 TaQoVoLALouy TAoT «ELOMAOU-OVTIXELLEVOU».

ARG ta ToQoutdve umopel va vroomeyBet ot to idn wov opadomorel pe vymArég Betinés poptioelg o 2
rapdyovtag otov muerva I169, paivetal va elval avOeRTIRGTEQN OE HELDOELS TWV OUYXREVTQWOEWY Tov O, oTov
mluéva, o oyéon pe ta aviiotowya Tov 1% mopdyovia eve emuthéov gaivetal OtL To £10m Tov 2° Topdyovto
EXUETAAAEVOVTOL TNV TTROOPOQE 0QYAVIXOU VALXOU %Ol AVOTTTUOOOVTAL YO YOQOTEQX OF EVTROMLXA. TTEQLBAALO-
VIO GG QUTA ETXEOTOVOAV Xatd T didouela ®ou UeTd T MEN andBeong tov S2, ®abg wou ota aQyLrd
otddia tov S1.

Ta £idn mov opadomorel pe BeTinég pogrioels o 3° magdyovtag oe xavovirég ouvbireg O, dlofrodv ouvii-
Bwg evidg Tov Inudtwyv eite o wrEd Pdbog omd v empdvela tov wubuéva (Bolivina spp. »ow B. marginata)
eite oe apreTo PaBog ndtw and avt (Fursenkoina spp.) ®ow avEéQYOVToL TV OTNV EMPAVELR TOV TUOUEV OF
ouvbiixes perwpgvng ovyxévipwong O, 1i/xar cvEnuévng Teopodooiag opyavixoy vhxov. “Etot, oL vynhég Bemt-
HES TOQOLYOVTILXES TUUES TOV 3% apdyovta. pumoQel va BemenBotv wg deixteg meELddwy dvooEndv meQlBarrs-
viwv 1 /ot TeELddmv avENUEVOU gutEoPLopoy oTov TuBpéva. TUUPWVO. PE TNV RATOXCQUPY ROTAVORY TWV
TAQAYOVTLRAY TV otov mugriva T169, tétoieg ouvOixeg avamtiyBnroy natd m dudoxewn anéBeons tov S2,
raBdg xow Aiyo mowv v €vaEn adBeong twv Sla xow S1b, ®abdg ot drotipuata oavtd evromiCovroL ot v-
YNAGTEQES TOQAYOVILRES TLUES RUTA P0G Tov Tupijva. EmmAéov xatd ) dudpxrera areéBeong tov S2 1 duoxy-
HOVOT] TWV TOQOLYOVTLXMV TV Tov 3% tapdyovta delyvel emiong puo Soxipavon 600 avapopd T cuvoixes
0,, nabidg N/xaL ™Y TEOTPOEA. TOV 0QYVIXOY VAXOY.

Ta £{dn mov opadomoLel pe Betinég pogtioelg o 4™ magdyoviag, oe xavovinég ovvbhixeg O, duaBiovy cuvi-
Bwg (i) mavw oty empdvela tov mubuéva (Gyroidina spp. nwon Uvigerina spp.), (ii) mdvo oty empdvelo Tov
TOpEVA 1 EVIOS TV Wnpdtov, oAd ot wxred Badog antd tov mubpévo (Bulimina spp. »ouw Uvigerina spp.) %o
(iii) oe apretd PAbog ndtw and v empdvela Tov wubpéva (Chilostomella sp.). Tevind, n opdda avty twv
TENHOTOPSEWY TTaRovoLalel oxeTiny avBextindtra ot ouvBijxes peiwong O,, evd TowtdxEOVa Paiveton ST
expeTareveTaL TV AVENUEVN TEOOPOEA 0QYOVIXOTU VAMROU. OL VYNAGTEQES TTOQAYOVTLRES TLUES, OL OTTOLES EX-
podlovv autég Tig ouvbiires damotdvovton xatd T dudpxera doaxomnig T campommixns Wnuatoygveong
tou S1 (7,8-6,9ka) xaBog now axoLpods uetd m MEN andBeong tov S1. Kard m dudprera amdBeong tov S2, ou
TOQAYOVILRES TLHES TOQOVOLATOUV OYETIHY aENOM, XWEIS OumS auti va elvar avdloyn pe v avEnon twv
TV oL TaEaTEBnxe Ratd T didorela amdBeong g camgomnlxryig axohovBiag Tou S1.

Ta edn mov opadomorlel pe Betinég pogrioels o 5* magdyovrog daflovv (oe xavovinés ouvbijreg O,) evidg
TV Inudtwv koL og apretd fadog and mv empdvera tov Tubpéva. H ovppetoxn twv edadv avtdv ot Pevbo-
v mavida avgdvetan oe ouvOrreg xopumhic ovyrévrowong O, xabdg xau o€ avEnueévn TRopodooic ogyavt-
%00 VMxovU. Ot mteQiodot avamtuENG TETOLWY cuvANrMY eviomiCovial pe Tg VYMAES Tapayovarég Tpég Touv 5%
TaEdyovra ®atd Ta agyrd otddia arndBeong twv Sla xou S1b, kabos 1o 0To reVTPIRG Tuipa andBeons tou S2.
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4. LYMIIEPAZMATA

Svpmepaopotind, PAETOVNE GTL 1) EQAQROYY] TNG TAQOYOVIIKHG avAAVONS OT0. TOCOOTE TWV TAAYRTOVIRDY
TONRATOPOEWV avESEIEE TTEVTE MAEAYOVTES, 0T TOVG 0Toiovg oL dUo oxetiCovion pe TV empaveloxry] Oahdo-
oo Bepuoxrpaoia ot ot vrdlowmol TRels pe diepyaoies avEnong e Baldooiag Tapaywywmdmmrag. Ot xatoxd-
QUPES HOTAVORES TWV TOQAYGVIWY OV OYETICOVTIOL pE TV emipavelaxy) Oahdoowa Bepuorpaoio ovyrpvope-
VEG PE TG avTioTolEs Twv TRdv 80 avédeiEay wo oelpd xhpamxdv petaBohdv peyding row proris diudo-
xewag, omwg to Younger Dryas, Heinrich 1, 2, 3 nou 4.

O pnyaviopot avEnons e Bahdoolas TaEaymyeTnTas, GTmS TEOXVITTOVY GIT6 T TAUYHTOVIXG. TONUA-
oG eivor: (o) N cvEnpévn tpopodoacia Twv BEETTIRWY CLOTOTROV OTA ETUPAVELOXD VEQH AGYm aiEnong
TWV TOTAWY EL0QOMYV (4% mapdyovtog), (B) n avEnuévn mpwtoyeviic Tapaywywdmra AGym avédov tou m-
®vorAvoUs oty evponxry Cavn (2% mapdyovrag) xow (Y) 1 avdrtuEn evtRo@Lopoy Ota EQOVELXd VEQD
AOY® ®aMijs avamEng Tov vdduvav poafov (5% mapdyovrag). H atEnon gutpogiopoy otov mubuéva xaw tmv
&0 Aenavay, xord t dudoxero andBeong tov S1 paiveton va eivar T0 amOTEAETUA TOV TEWTOV THITOU aiENOMG
NG TAQAYWYIRSTNTAG, EVA 1) AENON TS TAROXNS 0QYAVIXOTU VAXOT 0ToV TTuBuéva, rotd ) didoxrela andBeong
Tov S2, paiveran vo ouvOEeTaL ®VEIMGS ne To dEVTEQO THITO VENONG TG TAQAYWYLHOTNTAS.

H egappoyii g magayovurtig avdluong ota tocootd twv BevBovindy elddv opadonoinoe ta fevBovird
£(dn, wote avtd va exgedlovy 5 cageic Taoels. YYnAEg ouyrevipdoels oEuydvou xapaxtiotav tov mubpéva
tov NAwov Avyaiov ta televtaio 46000 yodvia, pe eEaipeon ta dootjuata ardBeons Twv camponxrdv oxo-
MovBudv S1 xaw S2, alpgpmva pe tov 1° mapdyovia. Katd m didoxeio andéBeong twv Sla, S1b xaw S2 1 otodiony
peiwon mg teogodociag Tov O, f/xon n oradioxy aiENon 0EYOVIXMY QOWV OTOV TLOUEVE AVILTEOCWIEVETOL
QEYWA PE TN OTODLOXRY] OVTLROTAOTAON TV ETLPAVELORGY fevBovindv elddY amd onyd evdomovidind (2°, now
4° MG YOVTAGS) KO OTY CUVEXELD TV ONYWV evdomavidindv elddv amd fabetd evdomavidind eidn (3 xow 5%
napdyovrag). “Eviova 8i00Emé €wg nan avoEirés ouvirires avamttiyxnrov pévo xord v andbeon tav Sla
xno S1b.
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NEA AEAOMENA EIIl THX CYTPOMATOI'PA®IAY TOY AOITEPIOY -
KENOMANIOY THX XEIPAYX THY TPIIIOAHX XTHN KENTPIKH KPHTH"
A. ZAMIIETAKH - AEKKA' & A. AAEEOIIOYAOL'

IZYNOWH

Zmv €pyaoio ouTy ETLXELQOVUE VA AVAOUVOECOUNE TN OTQWUATOYQUPLXY] ROAGVQ TNG TAATPOQUAS TG
ToimoAng and 1o péoo Iovpaoird €mg to Kevopdvio, dnmg avt epgpavitetor ot Bogeta nevrown Konm.
XONOLUOTOLDVTOG VEX ONUOAVTLRG OTOLYE(D TOV TROEXRVPOV OT0 TEOOQOTES EQEVVES pog, xabopitovpe ta
TAoLOTTEQLRAANOVTOL IENUOTOYEVEONS RO ETLONUOLVOURE TS OLOPOQOTOLTELS OTNV LENUATOYEVEDT) TV dLapOQmV
OTQMRATOYQOPIXWDV 0QLEOVIWY NG mAatgoppas. Télog mpofaivovue oe ovyrQUoelg e GALES TAUTQPOQUES
TEQUUECOYELOXWY TTEQLOYWV.

ABSTRACT

Tripolitza series represents the eastern part of the Gavrovo - Tripolitza platform. It outcrops in central and
southeastern Peloponnesus, Crete and the Aegean islands. Its stratigraphic column starts with a volcano-sedi-
mentary, clastic sequences (the Tyros beds), of Late Paleozoic to Late Triassic age, followed by a carbonate
series of Late Triassic to Late Eocene age and a tertiary flysch. On account of intense dolomitisation as well as
of rarity of fossils, the stratigraphy of Tripolitza series is not so well known as the Gavrovo series. Recent inves-
tigation attempts to complete the puzzle of Tripolitza’s stratigraphic column and to reconstruct the
paleogeographic sedimentation conditions.

In this paper, we study some stratigraphic sections, which are taken in different places in northern - central
Crete(Fig.1). New data about the stratigraphy and the sedimentation conditions of the Tripolitza series during
Late Dogger to Cenomanian, complete older ones and provide information about the paleogeographic evolu-
tion of the platform.

Late Dogger is determinated by Pfenderina salernitana. It is overlain by a carbonate series containing
Cladocoropsis mirabilis and Macroporella sellii, dating Early Malm.

Early Malm (Oxfordian - Early Kimmeridgian) is characterized by the presence of Cladocoropsis mirabilis,
Kurnubia palastiniensis, Neokilianina rahonensis, Parurgonina caelinensis.

Late Malm (Late Kimmeridgian - Portlandian) is characterized by Clypeina jurassica and Kurnubia
palastiniensis.

Early Cretaceous (Valanginian - Barremian) is determinated by Salpingoporella katzeri and Orbitolinopsis
capuensis. Early Aptian is determinated by Palorbitolina lenticularis, Salpingoporella dinarica, Debarina
hahounerensis, Pseudocyclammina hedbergi. Late(?) Aptian comprises Sabaudia minuta, Cuneolina hensoni,
Cuneolina laurentii, Glomospira urgoniana.

Albian is characterized by the disappearence of Cuneolina hensoni and Cuneolina laurentii, while
Praechrysalidina infracretacea and Cretacicladus minervini are present. Late Albian is determined by the pres-
ence of "Coskinolina" bronnimanni. Early Cenomanian is not determinated by characteristic microfossils. Up-
per Cenomanian is overlain in comformity with upper Albian - lower Cenomanian carbonates. It is character-
ized by Chrysalidina gradata, Pseudorhapydionina dubia, Pseudorhapydionina laurinensis, Nummoloculina heimi,
Broeckina balcanica, Nezzazata gyra, Biconcava bentori, Trochospira anvimelechi.

Sedimentation took place in a peritidal environment. We observe alternations of subtidal and intratidal to
supratidal conditions of sedimentation. Comparison between the carbonate microfacies of different sections
representing synchronous deposits on different places of the platform, show lateral differentiation of depositional
environments, from subtidal to supratidal, even supported short and local emersive episodes. (compare lower
Aptian deposits of Profitis Ilias and Pinakianou sections, upper Albian deposits of Kythia and Karouzanos
sections in present paper, as well as upper Cenomanian deposits of Karouzanos section in this paper, Louloudaki

* NEW DATA ON THE DOGGER - CENOMANIAN STRATIGRAPHY OF TRIPOLITZA SERIES IN CENTRAL CRETE.
1. University of Athens, Department of Geology, Panepistimiopolis, 15784 Athens, Greece
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section (ZAMBETAKIS-LEKKAS et al. 1995 and Vitina section ZAMBETAKIS et al. 1988, Varassova section
BERNIER & FLEURY 1980, Gavrovo mountain I.G.R.S. & LF.P. 1966)(Fig.2).

Similar sedimentation characterize the perimediterranean platforms during this period (SARTONI &
CRESCENTI 1962, DE CASTRO 1962, FARINACCI & RADOICIC 1964, GUSIC 1969, GUSIC, NIKLER &
SOKAC 1971, VELIC 1977, CHIOCCHINI et. al.1979, LUPERTO SINNI & MASSE 1993).

AEEEIX KAEIAIA: Zrompoatoypogic, Zavn Towdhews, Konm, Tonpatopdpa, Dasycladales, ITahalomept-
Barrov, Iovpaowd, Konuudud.
KEY WORDS: Stratigraphy, Tripolitza zone, Crete, Foraminifera, Dasycladales, Paleoenvironment, Jurassic,
Cretaceous.

1. EIZATQI'H

H og1pd TOWGAEWS OVILTQOCMTEVEL TO avaTtoMxO Tufjpe. g mAatpoppas Fafedpov - Towrdhews Twv
eEwteQuav EAMvidwv.

EpgpaviCeton omyv xeviouny Iehomdvvnoo, Korm xaw vnowd Avyaiov, evd n ogpd Tapodpov oty dutxi
nrepwtny) EAAGda xow ot dvtuwij Iehomdvvnoo.

H otpwpatoypagio tg oepdg F'afpdfov, yvwot) and to avatepo Iovpaoxd péxot to Tottoyeveg, elvor
ROAITEQQ pekemuévn ontdé oty g oewds Towmtdiews. H atpmuatoypaqzt xohdva e oetpds Totmorews
Eentvd pe po neoroteloilnpatoyeviy ®*haotikty axolovbia, yvwor wg "otpdpata Tvpov", nhxkiag
avorolaotmiroy - ovatoLadikol xat fabuiaio petafaivel - av ®ow OTLG TEQLOCGTEQES MEQLITTMOELS 1) ETTOQPY
elvan Textovind duotoaypévn - o pa avlpaxix axohovBic, nhxias dve Towdixov - v Howxaivov, ondte
aExiCer N nuatoyéveon tov phioyy. H €vrovn xat axavéviory doloptiowon g oelpdg g Tolmolng xouw to
YEYOVOG OtL mopovoldletan mtwydteen o amoMOdpata and ™ oswd I'afpdfov, €xel wg amotéheoua vo.
VTIEQYOUY OEXETE, REVA OTY YVHON TWV OTOWUOATOYQUPLIRGV 0QLLOVTIWV TG OELRAS.

Ta televiaio xpovia €oVV YIVEL QOXETES EQEVVEC MOV CUUTANQ®YOUY TA VEAQYOVIA XEVA OTN
orpmpoaroypapio g oelpds Towmdhews. Znpavuxd eivor exiong ta vEo OVPTEQAORATA OYETRG PE TNV
mahanoyewypapuxr eEEMEN ™ mhatpdopag, n omolo owoderxvieton Gt vmijpEe aEreTd aoTabc, EVOLORGUEYN
ovYVaA 0TO 610 ™G ovaduomg, peptrd 8e TpOTd TG PEOMKAY YIo IrEGTEQO 1] peYOAUTEQO XEOVING dLdoTnua
avadupéva, eV og GAMA TUIOTOL THG TACTPOQUOS 1) LENUOTOYEVEDY) CUVEXILGTOY O VITOTAALQQOLOXG TTEQLBGAAOV.

Evag and tovg 0Qitovtes mov maQovoidiel aQreTd mQoPARRAT WS QOGS T TTQWROTOYQAPLKY TOU CUVEXELD,
eivou 1 petdfoom Iovpaonoy /Kontdirot, xabag vt 1o xotdtepo Kontdund. O opitovrog avtds xapaxmoeietor
and €vrovn dolowtimon xal v amovoia (mpwtoyevn 1 Adyw doropttimong) rahodiatnonuévov
KOQOKTNOLOTIRGY atOMOWUETWY.

Zmv avarolvoon aut] ETLELQOVIE VO avaOoUVOECOUUE TY) OTOWUOTOYQAMLXT] KOAGVA TG TAATQOQUAS
Tow6hews and to péoo lovpaons €wg xouw to Kevopdvio, 6rmg ave epgpoavitetan oty épera - xevrouwri Ko,
XONOLUOTOLHVTAS VEQ ONUOVTLRG OTOLYEID TTOV TTROEXRMPaY atd TEOoates £0eVVvES pog. Ta otouxeio owtd
ovpmAnedvovy molaudtepa dedopsva nar mapameioss (AAEEOIIOYAOZ 1990).

211 OUVEXELDL ETLONUOIVOURE TLS dLapoQomotoeLs oty LENPATOYEVEDT TWV SLopOQMY OTQWUATOYQAPLRMY
0LLGVTIMV O€ GALES TTEQLOXES TNG TAOTQPOQNOS KOl T CUYKQIVOUpE PE GANES TAOTPOQUES TTEQLUETOYELARDV
TEQLOYWV.

2. IEPITPA®H TQN TOMOQN

H emhoyn Tov Topdv Tou onoUomoLtinray yLo v avaoivOeon ™S OTRMPATOYQAPIXNS XOAGVAS TG OELRAS
Towrérews omv Korjn, €ywve pe xounijoro T xatd 1o duvatdy ouvéxela xaw tAnedmra twv epgavioewy. ITagdio
OUTA 1) EVTOVY) TEXTOVLXT] TG TTEQLOXNS, OE CUVOVOIOUS KE TIG TTOQATNQOUNEVES MBOPAOIRES TAEVOLRES peTaBOAES
eV PO EMITEENEL VO EPOOTE QTOAMITMS OYOVQEOL YLaL TNV TTAYjON avTloToty i Twv optldvtav idag nhxiag. Eriong
elvou mBavav, EEALTiOg TOU EVIOVOU TEXTOVIOPOU, TO TTAXY] TWV TEQLYQUPOUEVWV OTQWUATOYQUPLRIV 0QLLOVTIV
va un eivon ta meaypatikd. I'io to AGyo autd mopodEoape To TUIOTO TV TOPMY PE TNV OTOWUOTOYQUPLXTY] TOUS
O€om, amogevyovrag va. ouvOEooupe eviaion OTEWROTOYQAUPIRY ®oAdva. Ou Topés mov emAéEaue Boionovron
omv Bdpera revrowt] Korpm (Ew. 1), naw anewoviCovror otny Ew.2.

2.1 TOMH XTAAIAAY (Tourj A-B ex.1, e1x.2)

210 dpdpo and Zrarida mpog Moyd, mapatmeotue ™ uerdpaon axd 1o AoyyEépLo oto aviteQo Iovpaotrd.
H topn apyitet pe 12 mepimov uérpa mayvotpmpuatddels dohopites xwic amoMbdpata. AxolovBoty 20 pétoa
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mehpuorinol aofeotoibol pe xompohiBovug, 0otEox®IY, YooTteEQdmoda ®ot avarQuatallopéva uy
TEOCOLOQIOLUCL TONUATOPSOCL. € VTEQREIUEVO PBLOLRQLTLXG 0QICOVTQL, TAYOUG TTEQITOV 2 UETEWY, TTEOTOLOQIOTN®E
10 tonparopopo Pfenderina salernitana SARTONI & CRESCENTI, nhxiag Babwviov - Kalofiov xon
Valvulinidae. AxolovBoivv tegoouéraves mayvotowpatddels froptrortrol aofeotéhBor pe Cladocoropsis
mirabilis FELIX, Macroporella sellii CRESCENTI, Valvulinidae, ntpoodiogitoviag Mdakuo.

Opiovrag avatégov Aoyyepiov pe Pfenderina salernitana SARTONI & CRESCENTI Bo€0nxre eniong oto
vexpotageio TCeouddov oe po pepovopévn puxen avlooxixkn udta, EViovo REQUATIOUEVN, TEXTOVIXG
vreereipevn Twv Pafdotymv otooudtmny, ®abs ®aL 08 ToAD TEXTOVIOREVOUS, POLOUS KOl HaiQOUS HIXQLTLROUC,
ev pépet xpuotarlhinots aofeotoriBovg pe yaotepdmodo ot O€on Kappl.

OPONEAIG™"* ™™}
AAZIOIOY

Ewx. 1. I'toyoaqpuaj Oson s megloyrs ueA€rns xat Tov A1000T00UATOYQAPIXGY TOUGY.
Fig. 1. Situation of the sections

2.2 TOMH MOXOZ - KPAZI (Tourj I'-A &ix.1, £1x.2)

Avatepo Tovpaoud pe Kurnubia palastiniensis HENSON »au Cladocoropsis mirabilis FELIX, mpoodiopiooue
ot daotavpowon Moyot - Kodor npog 0pomédio Aaondiov, oe o avBoaxixy oglpd mov Poioxetan enwbnuévn
oe ®ulhiteg - Xahaliteg. And »dww mpog ta wdvew mapatnoovpe: Iepimov 70 puérpa poigouvs peco £mg
TO(VOTEWROT®OELS aoBeatoriBoug, xatd BEoelg oAU dohoputTirovs, OTOVS OTOIOUS TAEATNEOVVTAL PEYAAC
ehaoparopodyyta. Zm fdaom avtrg me axorovbiog mpoodiopiomxre Kurnubia palastiniensis ®ou Trocholina sp.,
evdd oto avarepo tprjpa Cladocoropsis mirabilis FELIX, Parurgonina caelinensis CUVILIER, FOURY &
PIGNATI MORANO, Neokilianina rahonensis (FOURY & VINCENT), npocdiogitovtag nixio xatdtegov
Kuppepidiov. AxohovBovv nepinov 80 pérpa teppopéhaves pecootompatddels frownprinol aofeotéMbot, pe
evoAhayég Aapvoeldwv aofeatoriBuv o Aatvromaydv 0Qlléviwy, 1ov VTOdNADVOUV HECOTAMQEEOLAXS EwG
vrepnolipooland negBdilov. Etovg Proproitirovg ogitovieg mpoodiopioyrne Kurnubia palastiniensis
HENSON xav Valvulinidae. Ynépxettor oeipd 20 meQimov p€towv AEVX®OV PLXQOXQUOTOAMXOV
HECOOTEORATOINY oBe0TOMBMV, e MXQEA AVorQUOTAAMMUEVO YOOTEQGTOdA.
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2.3 TOMH KOWAZ (Touij E-Z ex.1, €1x.2)

Zmv topj Koydg, mpoodopioape to avitepo Iovpaowxd, exiong pdoer tov tonuatopdgov Kurnubia
palastiniensis HENSON. H topn agyiCer pe 80 uétpa patvpwv xor gpoudv dohowtindy aofeotorBov xot
doloptadv mov meELEYovy Bpavopata diBVEWY ot Yaotepordmy pe drohvpéva 1j ovarguotahmpEva ke,
ROVOUAOVG ®UOVOPUTWV, EAGXLOTO. KOG TONUATOPOQ, 00TEORMIN, ®OTTEOABOUS Rat EXWVOIEQUA. ZTOL ETOUEVQL
50 pérpa mogotnEovvtal evorhay€s haturomoydy oQuidviav. Ze 0pifovra mhovolo o peydla yootepdmodo
(cf. Nerinea sp.) npoodiopicope Kurnubia palastiniensis HENSON, Trocholina sp., Pseudocyclammina sp. H
andBeon €ywe oe mepualppolond meQLpdilov. AxorovBotv 90 péroa oL@y o povpwv doropmTtdy Ko
Soropmnav aopeotoriBav, ue evoLooTHoELS Aatumomaydv wou otemuatoMBudy opltoviwy. H mepiexdpevn
navida cvviotoron and debdovo ootpaxwdn, exivouvs, Pseudocyclammina sp., Valvulina sp., Trocholina sp.,
Baccinella sp. Zto avdteQo tujpa g Towis, o€ 0itovra pe yaoteedmoda, TeoodloQiotn®e T0 AOREOTOPUROG
Salpingoporella annulata CAROZZI, nAwxiog avartégov Babwviou - Bahoviwviov. H otpwporoypagpuxti ouvexewa
™mg avBoaxiis axolovBiog omyv meguoxr Tou Adgou Koyd dvoxdmreton mbavdtata awd oryua.

KAROUZANOS
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x0vévior xvavopurwv, 7: Maidxia, 8: 0otgaxwon, 9: Povdiotés
Fig.2. Stratigraphic sections.l:limestone, 2:dolomite, 3:breccia, 4:laminite, 5:coprolite, 6:oncoids of Cyanophyta,
7:molusc, 8:ostracod, 9:rudist.

2.4 TOMH TZEPMIAAOY (Tourf H-6 eix.1, €1x.2)

Avdrego Tovpaowd pe Clypeina jurassica FAVRE xou Kurnubia palastiniensis HENSON, mpoodopioope
omy steproyri TCeppddo - Xhmpofouvviov. Zm fdon poag avBpoxinrc oewds, tdyovg mepimov 40 pétpmv, poipwv
UECOOTOMUATOIMY WxOITIHOY ®on Bropxprtrdy aofectoMBwv pe yaotepdmoda xow ehaopatofodyyia,
nmpoodiopioape Valvulinidae, Clypeina jurassica FAVRE »ow Kurnubia palastiniensis HENSON, evd) oto
avdteQo tujpa Beétnxrav wxred dioelpa tonpatopdoa xow kévduiol Kvavogitwv.

2.5 TOMH BOAAKAZ (Toprj I-K eux.1, €1x.2)

Katwrepo Konudund (Baraviivio - Bappémo), mtpoodiopiomre fdoel tov aofeotogpiroug Salpingoperella
katzeri CONRAD & RADOICIC, xaw tov tonpoatogpdpov Orbitolinopsis capuensis DE CASTRO, otig anoBéoelg
™m¢ topric Bohanag. Idyovg 115 uétpmv, n oepd ouviotatow ard dolopiteg vow dohoptird horvmomay, pe
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noapepfori oto pecaio Tuipa g Topric aoBeotolMBundy amtoBEoswy ne yopormELotinég dopés bird’s eyes. X
ouvodevovoa mavido ONRELDVOURE OXSUN THV TOEOVOIN KN TEOOILORICLU®Y PUXREY, 00TEAXMAMY,
yaotepomddwv, xaw Ophthalmidiidae. To vrepmalpEolaxd meQtBdAlov IiNUaToYEVEONS PAIVETOL VO XUQLOOYEL
otig atoBEoeLs avuTés, onmwgs xaw ota 100 mtepimov pétpa amoBgaewy dohoptdv xo SOAOULTIRMV AaTUTOTOY ()Y,
mbavitata Papeepiov nhriog, wov voxewvton Textovird (pe ofypa) g topng Ayiov Fewoyiov [Mivaxiavod.
H pévn mepiexdpevn avida ovviotaton and Alya pn 1poodiogiowa tenpatopsea ®ol xomeoliBous.

2.6 TOMH IINAKIANOY (Tourj A-M &1, e1%.2) xar IPOPHTH HAIA (Tourj N-Z eix.1, €1x.2)

To ratwrego Amtio meoodiopiotnxe otg Topuég Ayiov I'ewpyiov ITivaxiavoy xow IToogritn HAioo Mahiov.
Zmv medtn apxCeL pe wa aofeotoMBuxy oglpd, mdyovs 150 pétpwv mov amotétnre ot VTOTOALQEOWKS €
avatego evdomaipporaxd mepidihov (ZAMBETAKIS-LEKKAS et al. 1995). ITpoodiwopilotnue dgbovn
XOQOXTNELOTLXY Prpomavida xan puxgoylmeida cuviotduevn and Palorbitolina lenticularis (BLUMENBACH),
Salpingoporella dinarica RADOICIC, Debarina hahounerensis FOURCADE, RAOULT & VILLA,
Praechrysalidina infracretacea LUPERTO SINNI, Glomospira urgoniana ARNAUD - VANNEAU,
Pseudocyclammina hedbergi MAYNC, Pseudotextulariella scarsellai (DE CASTRO), Baccinella irregularis
RADOICIC, Thaumatoporella parvovesiculifera (RAINERI), Aeolisaccus kotori RADOICIC, Miliolidae,
Ophthalmidiidae, Tubiphytes, ootpax@dn, Bpatopata dtBUpwy, Yooteporddwy xon Behdves exivav. Zuveyitel
ue 130 pétoat dorowTdv oL SOLOULTLIRMV AQTUTTOTTOYWDY, PE TAQOVOIR OTEWUATOABWY o TTwYY] Tavido
(ootpaxddn, wxed Miliolidae , Ophthalmidiidae) wov dnrdvouv andBeon xvpiwg oe vVeEmAAEQOLOXS
neQLaAlov.

210 e tpopa Ioogitny Hhio Mohinv, To ®atdteQo Amtio 1Q00dL0QI0T1E O 1o, OELRA AEVXMV Ew¢
0AESVTWV R OTN CUVEXELD TEPQOPENOVMY aoBecTOLBwY pe oxeTnd dpbovn mxgomavida ovviotduevn omd
Salpingoporella dinarica RADOICIC, Praechrysalidina infracretacea LUPERTO SINNI, Sabaudia minuta
(HOFKER), Palorbitolina lenticularis (BLUMENBACH), Voloshinoides murgensis LUPERTO SINNI &
MASSE, Ophthalmidiidae, Miliolidae, ootpax®dn xav xelign di8vpwv.

2.7 TOMH KAPOYZANOY (Tourj O-1I eix.1, e1x.2) xar AOPOY KYOIQN (Tourj P-X ex.1, e12.2)

To avatepo(?) Amrtio mpoadiopiotnre oty topn KapouTavo, oe pa aofeotolBuxn oelpd. dyovg 45 uétpmv
OV amOTEBNRE O VITOTAAMEQEOLOXS TEQLRAAAOV, pE PETAPOQA TOMMY ®AAOTOV antd mepBdAlov evdo -
VIEQTOMOEQEOLAKS, O TEWIHO oTddio drayéveonc. ITpoodiopiotray, Sabaudia minuta (HOFKER), Cuneolina
hensoni DALBIEZ, Cuneolina laurentii SARTONI & CRESCENTI, Glomospira urgoniana ARNAUD-
VANNEAU, Haplophragmoides sp., Orbitolinidae, Miliolidae, Ophthalmidiidae, Tubiphytes, ootpox®dn.

H ({Cnuatoyéveon xatd to AMBLo paivetor va aQyiter pe 1o endpeva 18 péroa aofeotolOunav amoBéocmv
o€ vrroraheotoxo teguBdAhov. H eEapdvion tmv 8o yapaxmoeiouxdv tov Artiov £1ddv C. hensoni DALBIEZ
xa C. laurentii SARTONI & CRESCENTI, 6yt 6pwg »ow tng P. infracretacea LUPERTO SINNI xau
Cretacicladus minervini LUPERTO SINNI, ovvnyootv vitép g anddoons twv arofgoemv avtav oto AAPio.
BoéOnrav axdun Miliolidae, Ophthalmidiidae, 8pavouata govdiotwv xar ootpoxddn. H (nuatoyéveon
ouveyiteron pe v amdBeon 235 pétpwv aoBectoMBIREY AApvViTdY xou oTROUATOMOLXGY doAopLTaY, oL 0TToioL
EO0JEVTIRA. KVOLQXOUV, HE eVOLOTRWOELS dohoprtindv Aatumoraydv. H mavida mwrwyr, meplopitetar o
ootpaxddn xow Ophthalmidiidae. Ou xopaxtipeg IENUATOYEVEONS 0T OUYXRERQLUEVT] TOPY], HALQTUQOUY GTL ROTd,
70 Yovird drdompa avotégov AABiov - xatwtépov Kevopaviov emxgatovoe €va. meQuidAlov omdouQong.
Avtifeta, oto Adgo Kvbiwv, mpoodiopiotre to avdtepo AAPLo, o ofeotoriBunés anoBéoeis mepipdilovtog
VTOTOALQQOLOKOY Yopaxtioa, ne dpbovny mapovoia Eovdiotwy xal pixgomavidas. Ilgoodiopiotnray
"Coskinolina" bronnimanni DECROUEZ & MOULLADE, Sabaudia minuta (HOFKER), Cuneolina gr. pavonia
d’ORBIGNY, Textulariella sp., Nezzazata sp., Miliolidae, Ophthalmidiidae.

Y monahpotaroy Y apantion eivor now or 0moBEoeis avatépov Kevouaviov mov axohovBoty oe cupgpovio
ue g voxreipeves, omv touj Kagovlovou. ITpdxerton yio aofeotolBixés amobéoeig pe AMyeg dohoptixég
evdootpwoetg nat dgBovn pxpomavida. [Mpoodioptomrav Chrysalidina gradata d’ORBIGNY,
Pseudorhapydionina dubia (DE CASTRO), Pseudorhapydionina laurinensis (DE CASTRQ), Nummoloculina
heimi BONET, Broeckina balcanica CHERCHI, RADOICIC & SCHROEDER, Nezzazata gyra (SMOUT),
Biconcava bentori HAMAOUI & SAINT-MARC, Trochospira anvimelechi HAMAOUI & SAINT-MARC,
Cuneolina gr. pavonia dORBIGNY, Thaumatoporella parvovesiculifera (RAINERI), Aeolisaccus kotori
RADOICIC, Miliolidae, Ophthalmidiidae, ootoax®don.
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3. IAPATHPHZEIX I'TA TA EZHMANTIKOTEPA MIKPOAITOAIOQMATA

Salpingoporella annulata CAROZZI 1953 (fig.3,a)

To aofeotogpinog avtd g owmoyevelog Dasycladaceae weprypdgmue yia oty QoEd O CTRWUOT TOU
avartegov Iovpaowoy (Portlandian - Purbeckian) g meproxric Grand Saleve ot F'oddio.H otpwpatoypagxn
tov eEdmhwon extelveTon amd 10 avatepo Babwvio, péxol 1o xatdrepo Bahaviivio. Zuyveég eivar oL avagpopEg
OV @Urovg oto xatwteeo Balaviivio. Ou CHIOCCHINI et al. (1979), v Beioxovv and 1o Mogrhdvdio -
Qrepifro oty meprox g Poung dnuoveyotv de Brotdivn Favreina salevensis & S. annulata, nhxiog Bepoiaoiov
- BaAavCwviov. Ty (dua eEdmiwon amodidouvv oto girog oo CHIOCCHINI et al. (1988) omv xeviouwxr| Itakia.
O1FOURCADE et al. (1972), mv Beioxovv oto IToptAdvdio - Bepprdoio o NA Tonavia, eved oo FOURCADE
et al. (1977) mv avagépovv oto péoo Kippepido g iduag meproxrc.

Zmv EMdGdo avagépetar and tov KAPPA (1995) oto avwiovpaoxsd twv aofeotoliBwv Alotépov g
TOQVAOOLKNIS TAQTROQUOS, 0TO ®atdTeEQO Neordpuo twv aofeotoribwv Apgpioong, ond v TZAIAA -
MONOIIQAH (1977) oto avarovgaowxd g mratpdpuas Towrdrews o dvtni Iehomdvvnoo. Zmv meproxi
T'afodpov, omv topj Kavéha, o FLEURY (1980), Boioxer S. annulata exotépwBev opitovta pe Clypeina
jurassica.

e s P d "ol B D

Fig.3: a: Salpingoporella annulata CAROZZI. b: Salpingoporella dinarica RADOICIC.

Salpingoporella dinarica RADOICIC 1959 (fig. 3,b)

To 7oA ®owé autd €idog Yo tg avBpaxég axolovbies Tov xatwrepov Kontidirod g Agornoviniis
TAAxag, ival ®VEiwg YVwots oov deixmg Tov Amtiov av %o 1 otempatoyeoguxt Tov eEdrhwon avagépeton
o6 to Balaviivio péxol to 6oto Amtiov - AABiov (BASSOULET et al.1978, SCHILDER & CONRAD 1994)

Zmv EMGdo avagépetal oe dheg Tig avBoaxixés axrolovBies Amtiov (TZAIAA - MONOIIQAH 1977,
ZAMBETAKIS - LEKKAS et al. 1995, KAPPAX 1995).

Pfenderina salernitana SARTONI & CRESCENTI 1962

Eidog Tov avmtépov Aoyyepiov, TeQLyQdpeTaL yio et poed oto aviTepo Babuvio - xatwrepo Kahopio
ota véma Aévvive. O RADOICIC (1966), GUSIC (1969) to avagépouv 0to avidteQo AoyyEpLo - ROTHTEQO
Mdipo tav Agwvapidwv, BASSOULET & POISSON (1975) mv Boioxovv oto avdrepo Aoyy€pio 1j fdom tou
MoApiov oty meproxy g Antalya. Ot BASSOULET & FOURCADE (1979) o¢ puo ouvBeTiny] egyaoio ywo )
OTQWPATOYQO@LXY] XaTavout Twv BevOirdv Tonuato@sowy e meQloxis s Meogoyeiov, g amodidovy
orpmpotoypagixy eEGniwon Babwviov - Kalofiov xar mBavév Bdong tov OEgpopdiov. Zwnv idio
orpwpoToyoapurt] eEGTAmon Tov Tenpatopdpov xotahijyer xow BASSOULET (1997).

Zmv EMGda éxer poebel oty mhatpdppa Tourdhemws (ZAMBETAKIS - LEKKAS & KAROTSIERIS 1986).

Salpingoporella katzeri CONRAD, RADOICIC 1978 (fig. 4, a,b)

To {dog a6, meQrypdenxe Yo T pod oto Bahaviivio g Iovyroohaviag. Exet foeBei oto Beppidowo
- Bodavtivio ot Tovyroohavia, Bakaviivio - Qrepifio oy Anovhio. (LUPERTO SINNI & MASSE 1984,
1986), oto Neoxduo twv eEwteoundv Aswvapidmv (SOKAC 1986) xar oto Balaviivio g Iomaviag, 6mov
duoveyribnxe uio Broladvn pe S. kantzeri & C. marteli 010 xat@reQO - péco Baraviivio.
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Fig. 4. a,b: Salpingoporella katzeri CONRAD & RADOICIC.

Zmv EMdda avoagpépetor 0to oynuatiopd twv aoBeotoriBov Augpioons tov xoatdrepov Kontduou mg
mhatgpdpuas Iapgvacoot (KAPPAS 1995).

Kurnubia palastiniensis HENSON

To xaEUATNELOTLXG YLOL TLS TEQUUECOYELORES TAUTPOQUES TONUOTOPOQO, avapépeTol ad Toug SARTONI
& CRESCENTI (1962) oto Kahldfro - natwtepo Kippepidio tov véuwv Anevvivov. RADOICIC (1966) to
Botoxer oto avitepo Iovpaownd twv eEmtepurdv Agtvagidwy, xat o VELIC (1977) oto MAAWO TG REVTQUARTG
Kooatiag. O GUSIC (1969) avagépet v otpmpatoypopuxt e eEdnhwon og Gho 1o Mdhuo tmv Astvapidwy,
arha agbovel oto ratdtego Mdipo. RAMALHO (1971) v Poioxzer péyol 1o avdtepo Tlopthdvoio g
Hoptoyokiag. BENEST et al. (1973) tov anodidovv nhwxia Kippepidiov - ratdregov IMogrhavdiov.
BASSOULET (1997), ouvvoyiloviag OxETIRE Ue TY OTQWRATOYQAPLXY EEATAWON TWV PEYAAWY TONUATOPGOWY
oto Iovpaowd s Evpdmng naw Bépewag Ao, Ty torobetel oto Méoo Babwvio - uéco Tibavio.

Zmv EMdda, €xel foebel oe dudgogoug opitovies tov avwtépov Tovpaoiwol (TEAIAA - MONOIIQAH
1977, ZAMBETAKIS-LEKKAS & KAROTSIERIS 1986, SKOURTSIS - KORONEOU et al. 1993,
ZAMBETAKIS -LEKKAS 1995, KAPPAX 1995).

Neokilianina rahonensis (FOURY & VINCENT) 1967

To eidog avtdé meprypdgmxre yio modtn @oed mwg Kilianina oto xatdtego Kippepidio oty Tarhia. Ou
BASSOULET & FOURCADE (1979) tv tomofetotv oto avdtato OEpépdio - avidtepo Kipupepidio. O
SEPTFONTAINE (1988) mv evidooetr oto yévog Neokilianina n. gen. »ow g 0modider nxio xatwiépov
Kuppeodiov. O BASSOULET (1997) v avagépet oto Kippepido

Parurgonina caelinensis CUVILIER, FOURY & PIGNATTI - MORENO 1968

Me 10 £{d0g a6, 10 Omoio TEQLYOAPN®E Yo TEWTN Pod oto Kippepidio - TTogrhdvdo g Itaiiog, t€Onrav
amd Tovg ovyypapeic o ovvovupio pe Coskinolina sp. xaw Coskinolinopsis sp. (CELET 1962 ot Cdvng
Mopvaocoy - Tuiwvog).

270 TENUATOPGRO auTd, amodidetar ofjuepa nhnia Kuppepidiov - faong TiBwviov (BASSOULET 1997).

Orbitolinopsis (=Campanelulla) capuensis DE CASTRO 1964 (fig. 5,a)

To pnEd ot RWVIRG TENUATOPOEO TEOTHLOQIOTNRE OTLS VNENTKES PdoeLs Tov xatdtepov Konuuduwov
(Bahaviivio - Bapeéuo) mg Kauraviag. O VELIC (1973)t Boloxer ae axohovBieg tov Neorwpiov oty
Kooaria, eved VELIC et al. (1979) xon LUPERTO SINNI & MASSE (1982, 1984) tv avagépouv oto Beppidoto
- Bahaviivio tov eEmtepuradv Aswvapidmv xat g Amoviiog aviiotouya. VELIC (1988) xaw CHIOCCHINI et
al. (1988) v tomofetovv oto GpLo Qrepifiov - Bappepiov. ARNAUD - VANNEAU & SLITER (1995) tyv
Botorovy oto avatepo QLrepifro g Itakiog.

Zmv EAdada, omy mhatpdppa T'apopdpov - Toutdhews, avagpépetar and tov FLEURY (1980) oto Bappépio
tov 6povg Kavdara (T'dfpopo), and v TZAIAA - MONOIIQAH (1977) oto Neoxduio - Bapeéplo tov
aofectoriBov Towmdhews ot dvtnij Melondvvnoo, ané SKOURTSIS-CORONEOQOU et. al. (1993) oe
aopeotoribous Qrepifiov - ratwtépov Bappepiov g oewpds Towdhews oty Kovjm. Zmv nagvacown
mhatpdopa avagpEpetan oto Qtepiflo p.p. twv aofeotodibwv Apgioons (KAPPAX 1995).
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Sabaudia minuta (HOFKER 1965) (fig. 5,b)

To wxEd rwvird avtd Tonuatopdpa mov agbovel otig mhatpdopes g Tnbvog, €xer Poebel amd to
Bahaviivio (MASSE 1976) uéyot to ratdrepo Kevopdvio (DECROUEZ 1976, 1977). H »ipia avdmtuEr eivor
oto Amtio - AAPro tov mepwpimv g Tnovog.

Zug TOPES pag PoEONre amd To ®OTHTEQO ATTLO PEYOL TO avETEQO AAPLO.

Fig.5: a: Orbitolinopsis capuensis DE CASTRO. b: Sabaudia minuta HOFKER

Praechrysalidina infracretacea LUPERTO SINNI 1979

To ToNpaToEoQo AUt TEQLYQAPNKE Yia TEWT QOEd 0TO XKoTKTeEQO AmtTio ouvodeuduevo pe Palorbitolina
lenticularis ®ou o™ Bdon Tov avwtépov Amtiov oty neguoyy Murge Baresi g Itahiog. Extote €xel foebel and
10 BahavCivio (?) - AApro. Katd toug BANNER et al.(1991), n otpopatoypagui tov eEGmlmon meénet va
7eQLOQLOTEL 0T0 Anttio - AAPro. H yewypagurr tov eEdmhmon exteiveton og Gho to voto mepubupro tg Tnbvog,
tov Eignvixé Qxeavé (ARNAUD - VANNEAU & SILTER 1975, ARNAUD - VANNEAU & PREMOLI
SILVA 1995) xau to Me&wné (MICHAUD & FOURCADE 1989).

Zmv EMdda €xer emiong Poebei oto Amtio g mhatpdopag Toudhews (SKOURTSIS - CORONEOU et
al. 1993, ZAMBETAKIS-LEKKAS et al. 1995).

4. ZYMIIEPAXMATA - ZYT'KPITIKEX ITAPATHPHXEIZ

211 UEAETOUUEVT TEQLOYT] TQOTILOQICOIE:

To avitepo Aoyyépro (topq Ztahida), pe Pfenderina salernitana xou ) petdfoon oto Mdipio,ue
Cladocoropsis mirabilis ®aw Macroporella sellii.

To MdMuo, #ow ouyrexQUuéva 1o xkatitepo Mdhuo (OEpdpdio - katatepo Kuupepido) (towi Moyov - Kodou),
pe Cladocoropsis mirabilis, Kurnubia palastiniensis, Neokilianina rahonensis, Parurgonina caelinensis. Bo€nxov
oxoun Salpingoporella annulata, Trocholina sp., Pseudocyclammina sp., Valvulina sp.,Baccinella sp., ,xévdviot
RVAVOPUTOV, 00TQOXMON, xoTEGMOOL, EXLVGdEQUQ, Bpaiopata duBvpmv nan Yaoteporddmv. To avatepo Mdiuwo
(avirepo Kippepidio - Iogthdvdio) (tou TCepomddo), mpoodrogiotre pe Clypeina jurassica xow

Kurnubia palastiniensis. BoéOnxav axdun Valvulinidae, pixpd dioeipa tonpatopdpa »ot xovdviot
HVAVOPUTWV.

To natwrepo Kontdixs (Bahaviivio - Bappéuo) (top) Bélaxag), mpoodiopiomxe PdoeL Tg mapovoiog
Salpingoporella katzeri, Orbitolinopsis capuensis. Bogfnzav axdun, Ophthalmidiidae, ootpaxddn, ®ompdiBot,
yootedmoda, @Uxn xot wred, uy mpoodiogioa tonpatopdea. To ratdtego Anto (topés Mivaxiavold ot
IMoogrjtn HAlo) mpoadiopiomne pe Palorbitolina lenticularis, Salpingoporella dinarica, Debarina hahounerensis,
Pseudocyclammina hedbergi. Yrdoyovv axdun Praechrysalidina infracretacea, Sabaudia minuta, Glomospira
urgoniana, Pseudotextulariella scarsellai, Voloshinoides murgensis, Baccinella irregularis, Thaumatoporella
parvovesiculifera, Aeolisaccus kotori, Miliolidae, Ophthalmidiidae, Tubiphytes, ootpaxddn, Bpaouate dtBvpwy,
yaotepomddwv o Berdves exivav. To avatepo(?) Anno (touég IMvaniavor, Kagovtavol) mpoodiopiomne
ue Sabaudia minuta, Cuneolina hensoni, Cuneolina laurentii, Glomospira urgoniana. Ymdyouvv axdun
Haplophragmoides sp., Orbitolinidae, Miliolidae, Ophthalmidiidae, Tubiphytes, ootpoxadn.

To Ao (touj Kapovtavdg) yopaxmeiteror and tyv eEapdvion twv Cuneolina hensoni xaw Cuneolina
laurentii, eve) ovveyiCovv va vdoyovv Praechrysalidina infracretacea xou Cretacicladus minervini. Bogonnav
axdpn Miliolidae, Ophthalmidiidae, Bpavopata govdiotdv row ootEar®dN. Avarepo Alro (tour Kubiwv)
nmoodiopiomre fdoer Tov tonpatopsépov "Coskinolina" bronnimanni. Boébnrav axdun Sabaudia minuta,
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Cuneolina gr. pavonia, Textulariella sp., Nezzazata sp., Miliolidae, Ophthalmidiidae.

To avdrepo Kevopudvio (topj KapovCavdg) mpoodiopiotre and v mapovoio. Chrysalidina gradata,
Pseudorhapydionina dubia, Pseudorhapydionina laurinensis, Nummoloculina heimi, Broeckina balcanica,
Nezzazata gyra, Biconcava bentori, Trochospira anvimelechi. Yndpyovv axéun Cuneolina gr.pavonia,
Thaumatoporella parvovesiculifera, Aeolisaccus kotori, Miliolidae, Ophthalmidiidae, ootoox@dn.

To mepifdrhov EnpatoyEveons xoQanTnICeToL TEQITAMOQOLONE, HE EVOANIYY VITOTTOAQQOOLAKMV KoL
EVOOTAAMQQOLOKMV £MG VITEQTAMQOQOLOXMY CLVONRMY InuaToyEVEoNS.

Ze vromahgpolard meoifdilov yiveror (Wnpatoyéveon Broprporuixdv aofeotoribBwy pe mhovoio
ULRQOTTAVEO 0L RO PLrEOY ALK, 0TS 08 0QLOPREVOUS 0QILOVTES TOV aviiteQov Iovpaoirot, 0to ®oTwkTeQO ATRTIO,
oto avatego Kevoudvio.

Ze vaepnahgotand meQLpdilov amotibevrar Aapwviteg, dohowtind hatvmomayr, oToWUAToAboL,
aofeotohBol pe mopabuooeldeic dopéc. H mavida row yhwoida elval wiaitepa Ttmy€g o to keAigpn elvon
ouyvd avaxruotodhmpuéva (Bdon Kontdixou - Bapeéuo, Ahplo - xatdtepo Kevoudvio). IapdAnha pe mv
RATARGEVEN (0TO ¥EAEV0) EVOALOYT TWV QPACEMY, TAEOTNQOUUE KoL 0QLLAVTLY. (0TO XEO0) dLapoQomoinoy Twv
pdoewv (oUyrpve amoB€oelg ratwtepov Artiov topdv ITpogrit HAla ko ITivaniovot, ®aBeg #ow Tov aveiTteQou
AlBiov Topris KuBimv zou toprig Kapovtavov). H diagogomoinon avty mapamoeeitor kot peta&l Totdypovey
amoBgoewv oy gvpiteen mhatedoua FafedBou - Towrdhews. Ot vomtoEEOLRES ouvBres Inuatoyéveong
Twv ovBgaxrv aofEcewy Tov avatepov Kevopaviov otig topés Kapovtavou (tagovoa perétn) Aovhovddant
(nevroun Kovjtn, ZAMBETAKIS - LEKKAS et al. 1995), avuxofiotavtor pe vrepmoalQootoxés oviqreg
Wtnpatoyéveong, oL omoieg ayyovy To 6oLaL TG Tomktig avdduong, T6oo otnv vrotwvn Towmdiews (toun Butivag
ZAMBETAKIS - LEKKAS et al. 1988), 600 »ouw oty vtotavn Faffeéfov (I.G.R.S. & LF.P. 1966, BERNIER &
FLEURY 1980).

IMopdpowa otpmpatoypagiry] didpBowon ratr mepipdrrhov andBeons xapaxrTNOICEL TIS TEQLOOOTEQES
aepuecoyelanéc Thatpopues(SARTONI & CRESCENTI 1962, DE CASTRO 1962, FARINACCI &
RADOICIC 1964, GUSIC 1969, GUSIC, NIKLER & SOKAC 1971, VELIC 1977, CHIOCCHINI et. al.1979,
LUPERTO SINNI & MASSE 1993).
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QTOAIOOI AIIO TO KATQTEPO ITAEIOKAINO THX TOMHZX ITPAZXIQON
(PEOYMNO, KPHTH). XYETHMATIKH- ITAAAIOOIKOAOTIA.
A. MAPKOITOYAOY- AIAKANTONH ' KAI I'P. KATKIOYZHE '

ZYNOWH

Zmv gpyaoio ovt pereTdvion or wtéMBot, mov PEEBnray otoug oynuatiopovs tov K. IThewoxaivov g
neproyrc Kegpahav g xowvdmrag IMoaoowdv PeBipvou (B.A - Kevrpiny Korjm) 10 xAp. amd v mpowtevovoa
Tov vopoyu. Ta delypoata mdobnxrav amé veoyevi (liuata, 1 avamtvuin tmv omolmv YIveTal XaTd tixrog TV ETaQ-
¥Lorot dpdpov Pefipvov-Apapiov tovhdyiotov péxot to xmwold Mpaootés. O pehetnBEvTeg amoMBopgvol w-
T6MBoL avirovy ong TdEeg: 1. Iniomi (Myctophiformes):Diaphus splendidus (PROCHAZKA 1893), Diaphus
sp., Diaphus holti TANING, 1918, Diaphus kokeni (PROCHAZKA 1893), Ceratoscopelus madarensis (LOWE
1839), Myctophidarum edwardsi (SAUVAGE 1873), 2. Anacanthini (Gadiformes): Bregmaceros albyi (SAUVAGE
1880), Macrurus novus BASSOLI, 3. Percomorphi (Perciformes): Gobius vicinalis KOKEN., Gobius sp. Ot pehe-
™mOEvteg wtoMBot, mov avapépovatt yia T @oed otov EALadixd xwo, divouy onpavtind ovpmepdopoto
Yo T Bloyemya@io koL TV TOAALOYEMYQAPIC. X0 CUUBAAALOVY OTIS YVAOELS PG Yiot TNV armoMBwuévn ot
oudda.

ABSTRACT

This paper concerns the study of Otoliths coming from the sediments of the L. Pliocene of the region Kefales
of the community Prassies at the northern part of Rethymnon (NW- Central Crete), 10 km from it and the
places of sampling are along the road Rethymnon- Amari to the village Prassies. These sediments are yellowish
with a visible inclination and sedimentary structures overlying in unconformity on the alpic substrate. The
sediments of the studied area consist of Miocene, Plio-Pleistocene and Holocene formations. Holocene appears
with littoral deposits (sand, gravels and alluvian deposits) 20 m. The Plio - Pleistocene formations -marine
deposits- consisting of brawn marls without fossils (upper members), of marls with macrofossils (intermediate
members) and white marls and clays with Algae and Pectinidae, Ostreidae, some Gastropods and Echinoids
(lower members). Total height 150 m. The Miocene has a total thickness of 200 m. The studied Otoliths belong
to the orders: 1. Iniomi (Myctophiformes): Diaphus splendidus (PROCHAZKA 1893), Diaphus sp., Diaphus
holti TANING, 1918, Diaphus kokeni (PROCHAZKA 1893), Ceratoskopelus madarensis (LOWE 1839),
Myctophidarum edwardsi (SAUVAGE 1873), 2. Anacanthini (Gadiformes): Bregmaceros albyi (SAUVAGE 1880),
Macrurus novus BASSOLI, 3. Percomorphi (Perciformes): Gobius vicinalis KOKEN., Gobius sp.

The studied Otoliths, mentioned for the first time in Greece, give important results on the biogeography and
paleogeography and contribute to our knowledge about this fossilized group.

KEYS WORDS: Otoliths (Teleostei Fishes), L. Pliocene, Kefales (Prassies), Rethymnon, N W - Central Crete.
AEEEIL KAEIAIA: QtéMbou (Tehedoteor Iybieg), K. IThedrawvo, Kegdheg IMpaoowdv, PEéBuuvov, BA- Ke-
vrown Konm.

1. EIZATQI'H

O Qt6MBot, tov peheTriOnray, Beétnrav ota veoyevn Wijpora mg megloytic Kegdheg g rowdtrog [pao-
oy PeBipvou (BA - Kevrour] Koijtn), mov améyer 10 yAp. and v npwrevovoa tov vopov. H avdrtugn twv
VEOYEVHV LENUATOV YIVETOL RATA Pi%0g TOU emaQyLaroy dpdpov Pebipvov-Apagiov TouldyLlotov HeyoL to xm-
o6 TTpaootéc. Ot B€oelg derypatoApiog ONUELMVOVTUL TAVD OTO TUHHA TOV YEWAOYXOU xdotn tov ITME
(®UvAo TTépapna, Ew.1). Ta lipata €xouvv xodua avolytd ®ritowvo, moQovotdovy ®oly otoon, evd rotd
T6movg eivar epgaveis ov tnuatodopés. Ta veoyevi) Wipata emxdOovialr aoipgovae oto almrd vopadeo,
mov elvau Miyo €Em amd To YmELO.

* OTOLITHS FROM THE LOWER PLIOCENE OF THE SECTION PRASSIES (RETHYMNON, NW-CRETE). SYSTEMATICS-
PALEOECOLOGY.
1. Tewhoyiré Turpa Mav/piov ABnvov. Mavemomuovmoln Zaypdgov, 15784, Abrva.
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Ew.1:Tswloyixds ydotns tng megioxis ueAérns pe nig Oéoeig avevpeons tov Qrodidov (MYAQNAKHZ, 1.,
@uddo “TIEPAMA”, 1:50.000,1991, ITME, axiomoumuévos). 1. Aodouites xar doroutixoi aofeoroiifor
Araoiov- Pairiov, 2.Aopeordiribor xar dodouites A. Iovpaorxov- Kenridixov, 3. Zyiororifor- Pvllives-

Xalakiec xar evorpdoei aoPeotodibwv M.AiBavBgaxopdpov?- A. Toadixov, 4. Aopeordrifor- pdgyes- doyiior-
xpoxalomayrf Meioxaivov, 5. Mdgyss- agytdouagyatxd viixd Mieoxaivov- Il eotoxaivov.
Fig.1.Geological map of the studied area with Otoliths (MYLONAKIS, J., sheet Perama, 1 :50.000, IGME, 1991,
simplified).

Ta modta Brinata otov topéa g Tomxis Fewhoyiag pe fdon tovg wroriBoug €xouv yiver amd Tovg
GAEMERS & SCHWARZHANS (1973)(OMydxawvo xou Neoyevés, Aexdvn Bégetag @dhacoag) xar NOLF
(1978)(Aexdvn Bekyiov xou ITapiotov, IMalaloyevee).

2. IAAAIONTOAOI'TKO MEPOZ
2. 1. TENIKA I'IA TOYZ QTOAIOO0YZ

O wtéMBoL elvar To. Spyova 100EEOTIag #at axovotrys Twv Teheootéwvy IxBiwv. Belorovral péoa oe
wTirolc BUAaRES TOU XOAVIOV %O OUYREXQUIEVO. péoa otov pepfoavddn Aapiowdo(Ew.2,3). Amotehovvia
amé aEoryoviTn ®ow ogyaviky] UAN xau Sev €X0UV Xopupd OXEON KE TO 00TLHE OTOLXELD, TWV OTOIWV TO 0QUXTOAO-
Y6 péog eivar Puopogrd aoféotio. To uéyedds Toug rupaiveton uetas 0,2 xou 15 mm.

Eivon ta povadind mpoodiogiota. pepovopsve. vtoreipparo tov Teleootémv IxBiwnv, moog 1o magov, v
QTQVTOBY TTOAD TILG OUYVE oTaL aEyela TV amoMBwpdrmv tapd ol mhjoels oxeletol Tov Ixdiwv. H yvdon pag
Yia Toug amoMBmpEVoVs mTéMBoug BoloneTal axdun OTo OTASLO TV AVORUATPEWY KoL TG TEQLYQOPTS EXTOS
amo Tove wrohiBove, Tov avagépovial amo To Torroyevés mg Evpdnng. H pehém toug mapovotdlel evologpe-
00V xat cupBdiier oty eEaymyn ovpmepaopdtwy 1600 Yo ™ Blootpmportoypagpia, 600 xat Ty INolowoyew-
yoogio.

‘Ohou o péxor tdpa spevvniéc (HECHT & HECHT, 1977; KARRER, 1971; NOLF, 1974;
SCHWARZHANS, 1972; STINTON, 1967; WEILER, 1968) avayvmilovv 6t o1 otéMBot €xouv ouvimentrd
YOQOXTNOLOTXG (HOTE VO EMTQETOVY QuAoyeveETInES eENYIOELS OTO enimedo Tov eidoug, Tou YEVOug 1oL TV
owoyeveudv. To mo omovdaio yvaouopd toug elvar v adhoxa. (sulcus).

2.2. MOP®OAOT'IKA 'NQPIZMATA

10 emimESO TOU EIBOVC OL KOES SLaOEES 0TO mEQlyQaupa, ot dopr, Tig avadoyieg LiH #ow LiT, eivon ta
G ONUOVTIRG YOQOXTNOLOTIXG. ZT0 EMINESO TOU YEVOUS %Ol TG OLOYEVELAG GANOL XQQAXTHQES, dmwg elvar
mxpéc dapopéc, mepddoLa ahoxog (sulcus margius), 0To TEQIYQAUUL YEVIRG, 0TS RAPTUAGTNTES (Curva-
tures) ot cristae x0Bdg xaw o8 GAheg peyalitepes dopés omy eEwteQun Empdveld Tovg eivat ueyohiteons
onpaoiog. Tio tig avatepes ToEounés povades mapapéver Miyo 1j okl €va pévo xoropo KXOLQOKTNOLOTIHG
mov aoed T dopr thg aiharog (0 aeLBpdg Twv colliculi, To dvorypa ™g QUAAROG, TO YEVIXRO TEQIYQOUNO. TNG
avhoxoc). Tevind pmogovpe va avagépoupe 6t 0 Te6mog Lwrig Tov IxBiwv (emmehoyrde, peoomehaynog,
BoBumehoyindc) enmpedlet xamms T HoEPoAoYia TwV wToAiBwv Tovg.
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antirostrum

area

excisura\

crista superior
a.r.—

rostrum — colliculum

ostium cauda

k———— sulcus acusticus ——

Ex.2. Ovoparodoyia tns pogpoloyias eowreguxijs Ewx.3. H 0con tov otodiBwv oto xgavio tov tyxfvwv.
) s oyns 1oV otodiboy ) Fig.3. Location of the Otolithes into the brain of the
Fig.2. Morphological nomenclature of the inner face of Fishes (a=asteriscus, s=sagitta, |=lapillus) (xard

Otoliths. NOLF et al. 1987)

2.3. OIKOAOI'TKA AEAOMENA

Ta Badn, oo omoio Lovv ou i Bveg pe Tovg ouyrexQuuévous wtohiboug eivar ta e&rc: 1.Ta dudgpopa idn
Diaphus »otd rovéva petafd 700 wg 200 m. 2. Ceratoscopelus madarensis (LOWE 1839) oné 700 o 200 m.
3.Bregmaceros THOMPSON, 1840 and 200 wg 0 m. 4. Giobius-gidn »vpiwg and 50 wg 0 m.

2.4. ZY2>THMATIKH TAZINOMHZH

O peretnB€vreg amoMBmpévor wrohBor avijrovy otig taEetg: 1. Iniomi (Myctophiformes):Diaphus splendidus
(PROCHAZKA 1893), Diaphus sp., Diaphus holti TANING, 1918, Diaphus kokeni (PROCHAZKA 1893),
Ceratoscopelus madarensis (LOWE 1839), Myctophidarum edwardsi (SAUVAGE 1873), 2. Anacanthini

(Gadiformes): Bregmaceros albyi (SAUVAGE 1880), Macrurus novus BASSOLI, 3. Percomorphi (Perciformes):
Gobius vicinalis KOKEN., Gobius sp.

I. Tdgn : Iniomi (Myctophiformes)
YnotaEn 3 Myctophoidei
A)Owoyévera s Myctophidae GILL,1892
T'évog Diaphus EIGEMANN & EIGEMANN, 1890

Diaphus splendidus (PROCHAZKA, 1893)

1978b. Diaphus splendidus (PROCHAZKA).- SCHWARZHANS. W., p.8, Taf.2, fig. 16-18.
Atopa : 3

Awgotdoelg o mm: Mrjxog “Yyog M/Y
4,5 34 1,35
4,0 3,0 1,33
3,7 2,7 1,37

Heprygaq :QtéMbol woedoig oxfipatos.To éuforo (Rostrum) xat o aviéuporo (Antirostrum) eivon
uutepd pe oxwopn (excisura) xogrepn (1] o&eta) xau Paberd. TTagovoldlovy Eva CUPUETOHG QOYLOE0 TUquC:
(Dorsalrand) pe puxer} ahhd xogrepn ywvia omoBopayiaio (Postdorsal) xow ehagon xoiha 6o oo micw. To
nothaxd tpijpo (Ventralrand) mopovotdter ovvexoueveg yovieg (Ew. 4).

Ieoyoaqixn xa otpoparoypaguey EEdndoon: K. IMhewdravo N. ZixehMog, Tooxdvng Itakios.

B)Owoyévera : Myctophidae GILL 1892
Tévog 2 Diaphus EIGEMANN & EIGEMANN 1890
Diaphus sp. (Ew.3)
1973. Diaphus sp. ANFOSSI, G. - MOSNA, S, p..97, Tav. XV(I), fig. 7a.b.
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1978. Diaphus sp. NOLF, D., p. 521.

1978b. Diaphus sp. SCHWARZHANS, W., p.10, taf. 2, fig. 26.

1980. Diaphus sp. NOLF, D. & MARTINELL, J., p.211, Tafel 2, fig. 1-8.

Atopa.: 9
Awaotdoeg o mm: Mnjzog “Yapog M/Y

3,1 2,8 1,11

Ieorypagi) :Zxedov empuirers wrohbot. To xolthoaxd tupo eivan tumnd odovimtd. To €éupfolo Alyo peyo-
MiteQo Tov avueuﬁd)tov Zywoun oA uir.

Teayoagmxr & orpopatoypagun eEdndoon: K. ITheidravo N. Zixehiog xow Tooxdvng Italiog.

sso=

Euwx. 3. Diaphus sp.
Fig. 3. Diaphus sp.

I'évog $ Diaphus EIGEMANN & EIGEMANN, 1890
Diaphus holti TANING, 1918 (Ew. 4)
1980. Diaphus holti TANING.- NOLF, D. & MARTINELL, J., p. 211, Taf. 2, fig. 15-20.
Avtopa: 6

Euwx. 4. Diaphus holti TANING,1918
Fig. 4. Diaphus holti TANING,1918

Heorypagn:Tyedov empnuels wréhBor. To nowhano Tpuipa eivar €viova oéovnm:o To Euforo peyohi-
Q0 ToV avuepuforov. H epmpooboxothion yovia elivar €viovy.

Teoyooquer] & otpoparoypegut] eEdndwon: ITheiérouvo lomaviog (Katahwvio).

I'évog - Diaphus EIGEMANN & EIGEMANN, 1890

Diaphus kokeni (PROCHAZKA, 1893) (Ewx. 5)

1980. Diaphus cf. kokeni (PROCHAZKA).- SCHWARZHANS, W., p.8, Taf. 2, fig. 12.

Avopa: 1

Awordoerg : Mirogc=1,6 mm, “Yyoc=1,3 mm, Méoog M/Y =1,23

Ieovyoo@ii: Mixpdg otpoyyvhepévos mtéMbog pe duvomi avamrugn g yoviag wov BeloxeTol 0To EPTQO-
ofopaytaio twijpna. H oxiopi xat to avuépupforo eivor pxed. To €uporo eivan duvord xan mo poxel amd to
avuépfohro.
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Leoyoaguxt] 2o otpopatoypagir eEdrloon: K. ITheidrouvo N. Zixehlag now Toondvng (Itohog).

o)

Eux. 5. Diaphus kokeni (PROCHANZA, 1893)
Fig. 5. Diaphus kokeni (PROCHANZA, 1893)

I'évog - Ceratoscopelus GUNTHER, 1864

Ceratoscopelus madarensis (LOWE, 1839) (Euwx. 6)
1971. Ceratoscopelus madarensis (LOWE).- WEILER,W., p.10,Taf.2,fig. 10.
1980. Ceratoscopelus madarensis (LOWE).- NOLF,D. & MARTINELL,J.,Tab. 1, fig. 21.
1980. Ceratoscopelus madarensis(LOWE).- SCHWARZHANS, W., p.12,Taf.3, fig.33, 37.
Atopa: 6

Awootdoels oe mm: Mnjrog “Yyog M/Y
3,25 2,2 1,48
4,53 33 1,40

Ieovyoaqii: Enipnxec mtéhMBog pe poxt €uporo, aviéupforo xat oxtour duodudxoir, poyraio Tuijpo oye-
d6v helo. Omobopayraio yovio Tg TeQuoodtepes Qopés adivat 1 amovoa. Eumpdobia otpoyyvlepévn.

s S
=

Eux. 6. Ceratoscopelus madarensis (LOWE, 1839)x27
Fig. 6. Ceratoscopelus madarensis (LOWE, 1839)x27

I'soypagun xo otooparoypaguwr eEdrhoan: K. IThewdrawvo N. Zixehio wonw Toordvn (Itahia), TThels-
rawvo Ioraviog (Kotohwvia).

I'évog ¢ Myctophidarum
Myctophidarum edwardsi (SAUVAGE 1873)
1980. Myctophidarum edwardsi(SAUVAGE).- SCHWARZHANS, W., p.16,Taf 4, fig.46.
Avtopa : 1
Awgordoelg oe mm: Mnjxog “Yyog M/Y
1,85 2,55 1,14
Iepvypagm: Eivow oyenxd xovidyovigog wtéMbog. To €uporo eivarl adivoro, avartuooduevo, Omms ®at
oyout] zat to avitépforo. To payaio medio eivar younho eve to ®othaxd medio RapTUAWTO. ZTNV E0MTEQLXY
oxénn Poloreton pio ehapd vepupwpévn aviaxa. To Ostium eivon @avepd mo poxy and v Cauda.

l'eoypogun xo otoopatoypagixy eEdrxloon: K. ITiewdrowvo N. Zweriag, Tooxdvng (Itohiog).

II. Tdgn 7 Anacanthini (Gadiformes)
Ynotokn : Bregmacerodida GILL, 1872
A)  Owoyévera 3 Myctophidae GILL, 1892
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I'évog H Bregmaceros THOMPSON, 1840
Bregmaceros albyi (SAUVAGE, 1880)
1971. Bregmaceros albyi (SAUVAGE).- WEILER,W., p. 17, Taf. 2, Fig. 27.
1973 Bregmaceros albyi (SAUVAGE).- ANFOSSI, G. & MOSNA, S, p. 104, Tav. XVIII (IV), fig. 3a,b.
Artopa: 1
Awordoeg oe mm: Mijrog “Ypog M/Y
1,2 1,2 1,0
Ieovypagiy: O otéMBog avtde €xet o (dto wijrog ko Mpog xat TaEovoLdlel Eva axavévioro oxrpa. Idve
ad 1o Ostium avefaiver To gaytoio Tuipo TAGyLo 0T TEOEKLOLC Ywvio ®ow OTTO EXEL TEPTEL, RATW OGS £V
OXNUATIONG LS HECOLOS EYROATWONG, 0T petaaytoio yovia. H athaxo poioxeton oto pécov. To Ostium xon
n Cauda givau xwoLopéves uetaky Toue.

Ex. 7. Bregmaceros albyi (SAUVAGE, 1880)
Fig. 7. Bregmaceros albyi (SAUVAGE, 1880)

I'eoyoaqueti xoar otpoparoypaguxt eEdrhmon: Togtévio Avotpiog, Av. Medrawvo Piemonte (Itahio), Kon-
™ms (ZEYMEQNIAHZ, 1969), K. IThewdrawvo Itariog, A. IMThewdrawvo Kotitme (GAUDANT et al., 1994).

B) Owoyévera s Macruridae BONAPARTE 1838
I'évog : Macrurus BLOCH 1787
Macrurus novus BASSOLI

1973. Macrurus novus BASSOLI.- ANFOSSLG. & MOSNA, S., p. 106, Tav XIX(V), fig. 2a,b.

Atopa: 1
Awotdogg o mm: Mijxog “Yyog M/Y

8,52 5,25 1,52

Iepvypagij: QuoMbog woedots oxjpuatoc. H xowhaxy meouoxri ivan ToEoedng xou 1 payoio mopovotdter
dLoyrwom TEQL TO REVTEO Xaw puat TAEVELKY] avEEBwoN).

Cewyoagui xor otowparoypaquer eEdrlmon: Mewdrawo Emillia (Itahic), Togtévio Piemonte (Itahic),

K. IMAeiéxauvo Itahiog.

IL.TdEn 2 Percomorphi (Perciformes)
Yndragn 3 Gobioidei
Owoyévera s Gobiidae BONAPARTE, 1831
I'évog : Gobius LINNE, 1758

Gobius vicinalis KOKEN (Euw. 8)
1973. Gobius vicinalis KOKEN.- ANFOSSI, G. & MOSNA, S, p. 113, Tav. XXI (VII), fig. 5a,b.
Atopa : 1
Awrordoeig oe mm: Mnjxog “Yyog M/Y
1,8 1,95 0,92
Ileovypaqi: Zxedov tetparywviopévn xothaxd. Payaia eivon avaBohwt). ITepi to pécov o wréMBog moQov-
oudter eyrom xow amd TG dvo peglés. PEpet oe BEomn reviouxr] TV avhoxra. [ToQOTNEOUNE CUYREVIQIXES TEQL-
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(PEQELONES YOOUUES AVATTTUENS.
Ceoyooguer] xaL grgoparoyoaguy eEdnhmon: Mewdrawvo Feppaviag, Iohwviog, Povpaviag, Mogafiag,
Itahiog, A. Mewdrawvo Piemonte (Itahia), K. IThewdrowvo Itahiag, [Tiewdrawvo Ionaviag.

Eux. 8. Gobius vicinalis KOKEN, 1891
Fig. 8. Gobius vicinalis KOKEN, 1891

3. ZYMIIEPAZMATA

Amo ™) perém twv wtohiBwv, mov moépyoviar and v nuotoyevy axolovBia tov Katwtépov ITAeionai-
vou g topis [paoowwv PeBipvou mpoéxumpav ta andhovbo

1. Ta peremBévra 10 eidn v wtoAiBwv avijxovv oug tdEeis a)Iniomi (Myctophiformes):Diaphus splendidus
(PROCHAZKA 1893), Diaphus sp., Diaphus holti TANING, 1918, Diaphus kokeni (PROCHAZKA 1893),
Ceratoscopelus madarensis (LOWE 1839), Myctophidarum edwardsi (SAUVAGE 1873), f)Anacanthini
(Gadiformes): Bregmaceros albyi (SAUVAGE 1880), Macrurus novus BASSOLI, »xou y)Percomorphi
(Perciformes): Gobius vicinalis KOKEN., Gobius sp.

2. H merovomra tov wyBimv, mov pépouy Tous ouyrenQLUEVOUS wtoribous Ba mpémel va Covoay ota 6pLa TS
vhortrig Ldvng (Bregmaceros) pe v nrepwtiry xatweépew (Diaphus, Ceratoscopelus). Ta tehevtaio ei-
VO LECOTTEAQLY XA KL TTQOYUATOTTOLOVY RAOETES UETAVAOTEVOELS ROTA TN OLAQKELL TNG VURTOS KOL TNG NUE-
pag (NOLF et al., 1987).

3. H perém tov otoriBwv fonbdeL otny eTE€XTAON TOV YVOOEDY pag yid Ty floyemwypogpuxt] xon tolaopLoye-
wypagpwrij eEdmhmon tovg raw oty NA MeodGyewo péyor ofpepa dyvwot otov EMMadxG yweo.
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NEA ITAAAIONTOAOTIIKA KAI XTPQMATOI' PA®IKA AEAOMENA
EIlIl THX ANQKPHTIAIKHY EIIIKAYXHX
YTHN ZQNH ANATOAIKHX EAAAAAX
(MAPMEIKO, IITQON OPOX, BOPEIOANATOAIKH BOIQTIA)®
A. MEPMITKH', A. MAPKOIIOYAOY - AIAKANTQNH', A. ZAMIIETAKH - AEKKA’

ZYNOWH

2V e0Y00io PEAETATOL ULOL ETILXAVOLYEVIIS OELOE. TTAV®M OF OVmLOVQAOLXOVS mOALBLXOUS aofeoTOABOVS TG
VIOTEAQLYOVIXY|G CAOVNG HOL AaTEQLTIRAY aTOBETEWY TEOEQYOPEVWV atd eEQAAOION 0PLOAIBMV OV TANEOUV
OQOTA EYxOotha TV eV AGYw aofeotoriBav, oty BA Bowwtia (Zy.1). ITpocdiopiteton n megrexopevn mavido
N omoia ovviotatow amd Povdiotég, Znhnpaxtivia, ITopogdpa xar Tonuatopdpa ta omoio mEoodidovy atnv
gmxhvotyevn axohovBia nhxia Zavroviov. To amotéheopa ovtd, emBeBatdver T SLoEOVIXGTNTO TOU (OLVO-
HEVOU TNG OvVORONTILRNE ETXAVONG OTNV TTEAayoviry ThoTpoppa s.l.

ABSTRACT

This paper concerns the study of a transgressive series, which overlies the upperjurassic oolitic limestones of
subpelagonian zone, as well as the lateritic deposits, resulting from the alteration of the ophiolitic and fill the
karstic cavities of the above mentioned limestones in NE Beotia (Fig.1).

The purpose of this study is to
e clucidate the age of the transgression, that occurred on the jurassic limestones of the pelagonian platform at

this region.

e Discuss about the observed diachronism of the Late Cretaceous transgression on the Pelagonian platform.

It is based on the study of micro- and macrofauna occurred in a section we describe in the “Marmeiko” area,
on the Ptoon mountain. NOETH (1931) was the first who defined as Upper Turonian the age of the transgres-
sive series, based on the study of Rudists. Later, BIGNOT & GUERNET (1968) studied the microfauna and
attributed an age of lower Senonian. STEUBER (1993) based on the study of Hippuritidae, defined as Turonian
and later (1995) as Turonian — Coniacian the age of the transgessive series.

The basal part of the series consists of marls and marly limestones alternations. An abundant micro and
macrofauna is found in this part of the section, as well as the first Rudist biostrome.

In the middle part of the section 2 Rudist biostroms alternate with bioclastic limestones, containing abun-
dant microfauna.

In the upper part marls alternate with cherty limestones.

The determinated micro- and macrofauna (Fig. 1), precises the age of the transgressive series as Santonian.

This result confirms the diachronism of the transgressive phenomenon on the Pelagonian Upper- Jurassic
limestones and the overthrusted ophiolites (AUBOUIN et al. 1960, BRUNN et al. 1972, KALLERGIS &
ALBANTAKIS 1970, MAVRIDIS et al. 1979, NOETH 1931, BIGNOT & GUERNET 1968, CLEMENT &
FERRIERE 1973, BIGNOT et al. 1973, STEUBER 1993, 1995, SKARPELIS & ZAMBETAKIS — LEKKAS
1998)

KEY WORDS: Biostratigraphy, Transgression, Pelagonian platform s.l., Rudists, Porifera, Scleractinians,
Foraminifera, Marmeiko, Ptoon, Northern Beotia,
AEEZEEIZX KAEIAIA: Biootpmpatoypagic, Exixdvon, [Tehayoviri Loovn s.l., Povdiotég, Topogpdpa, Zxhnoaxti-
via, Tonparopdpa, Mapugiro, Itwov 6pog, B. Bowwrtia.

* NEW PALEONTOLOGICAL AND STRATIGRAPHICAL DATA ON THE UPPER-CRETACEOUS TRANSGRESSION OF THE
PELAGONIAN ZONE s.l. (MARMEIKO, PTOON MOUNTAIN, NE BEOTIA)

1. Sapfous 38, 17676, Athens

2. Department of Geology, University of Athens, Panepistimioupoli, 15784 Zografou, Athens

O ouyypageic emMBLPOVY Vo EXPOATOVY TIG EVYOQLOTIES TOVS TTROg TV Emtpom “"Epevvag tov IMavemommpuiov ABnvav yuo ™ yxonuatodom-
On TG €QEVVOS BUTHC.
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1. EIZATQIH

2

H pelemBeioa neguoyy “Maouéwno”, poioreton fogera twv Muvadv YAixng xou Iagakipyns, Skm BA tou
xwerot Kéxxivo ato TTrdov Gpog s BA Bowwtiog. Ot YewAOYIRES EPQAVIOELS TG TTEQLOYTS, EVTIATTOVTOL OTHY
evomra Avatohxrrig EAAddog, n omoia yopaxtoitetor amd ovorontidumi] enixduom, mévw oto enmdnpuévo 1d-
Avppo tov ogroABmv 1j/xat o avwiovpaoxols aofeotorifovg g oelpds. Ou uéyoL ofuepa €QEVVES EYoUV
deiEer dnu 1 emixhvon g avoxEnTOKIG OELRAS dEV £yLVve TAUTOXQOVO OF GAES TIG TTEQLOXES TG AVOTOMXIG
EMGSag, alhd apovoldlel po duaxpovirdmra. Zmv TEQLOYY, TV ETXAVOLYEVT] OELd PEAETNOE TRWMTOS O
NOETH (1931), o omoiog mpoadidptoe faoer Poudiotdv v nhria g enirhvong avatégov Tovpwviov, evad
0T0 OVATEQO TUNPAL TNG OELRAS TTROOdLGELoE NMria avwtépov Zavroviov - xatwtépov Kapmaviov. Ot BIGNOT
& GUERNET (1968)Bdoet prgomalouovioroyinav dedopévav, mpoadiopiCovv nhuria ratwmtégov Zevaviov.
O STEUBER (1993) peletdivrog to Hippuritidae mpoodiopiter Tovpdvio nhxia, evd agydtepa (1995), v
enextelvel péyot to Kovidoro.

H nagotvoo pehém €xer oxoms va ouvOUAOEL HOXQOTUALOVTONOYIXG RO PLXQOTTOACLOVTOAOY A dEdopéva
Y0 TOV axQLBEOCTEQO TQOTDLOPLOUG TS NMAIOS TNG AVOXENTLOKIG ETIXAVONG OTNY TTEQLOYN.

2. IEPITPA®H TOMHZ

-

H topu] eMign oty meguoxn] “Maguéo”, oe £vo TaAld AaTOpelO ot CUVEXIOTNXRE ROTA PiROG EVOC ayQO-
Txov dpdpov oy mhayd Tov 6povg ITrdov.

To vrt6Pabeo g oeLRAS ATOTEAETOL OTTO AVILOVQEAOLROUS WOALOLKOUS 0loPEOTOMBOVS, O RAQOTIXG, £YHOL-
Ao TV oroiwy asavtotv Aatepites mhovolor og oEeidio Fe xan Ni, mov mpogpyovror amd ty arloiwon tov

£ , ;, "
L _- . 3 I
§§°§E h_.gé_,g-agaEE & E:
glaieibanadd figaudil NA gy,
nttnak il 1 [
EEEEERERIEEES 338810 §3451 3547
§§§§§§§33333: £§§§§§§§ kBTN
LT
-l=
NI
== T
==
IOII
7] ¢ [g|biostrome 3 1 11
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Zy. 1. Zrgouaroygaguxy otijAn xar xaravourj Twv amoiifwudrov oty Touri Maguéixo. 1: aofeororifog, 2:
HaQyaixos aofeororifos, 3: woAiBixds aofeororifos, 4 : aofeororifos ue xovdviovs mvgitiodibwvy, 5: udoyes,
6: Aategiteg, 7: govdIoTES
Fig. 1. Stratigraphical column of Mameiko section and fauna distribution. 1: limestone, 2: marly limestone, 3:
oolitic limestone, 4: cherty limestone, 5: marls, 6: laterites, 7: rudists
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Zy. 2. Xapaxrnoiotixés pixpopdoss. H Aevxrf yoauur avrioroiyei oe 0.5 mm. a : Pseudocyclammina
sphaeroidea GENDROT. b: 200magiTns ue Tonuatopoga evros tov wolibwv. c: Biouixgitng ue
Dasycladaceans, d: Mixgogpdon pe feloves mvgitioondyywv
Fig.2. Carbonate microfacies in the Ptoon section. White klimax represents 0.5mm. a: Pseudocyclammina
sphaeroidea GENDROT. b:Biserial foram in oosparitic microfacies. c:Biomicritic facies with Dasycladaceans.
d: Silicisponge spiculs.

o@loAiBwv. ITdvw o autovg emxdOnton 1 peemBeioa emxlvoryevic avoxrontdiry oewpd, n omoio:

2 pdon g amotedeiton and mepimov 20 pétpa evarhoydv eQUOQOKRITOLVIV HOQYDV, POty %ot EQuBQOXi-
TOWWV pagyandv aoBeotoriBav xaw oy aoeotoriBuv. Boébnue dpbovn uxeo xor poromovido xabdg
%O TO TTEWTO POVALOTOPEO PLOOTEWO.

Zm ovvéyelo 2 andpn povdotopdpa Brootpwpata, evorhdodgoviol pe Broxhaotinots aofeotoriBovs. H
meQeXOpevn mavida amewoviCetar oo 2y.1. Mirgooxromiry eE€taom Aerrotopdv Twv aoBeoToABwWY %ol pog-
yorrav aofeotoribwv Edwoe Propxpites, Broomapites, Blopngoonapites pe dobova wxgoaroMbmpato. TIgoo-
dwoplomunay Pseudocyclammina sphaeroidea GENDROT (Fig2/1), Cuneolina pavonia ¢’ORBIGNY, Dicyclina
schlumbergeri MUNIER-CHALMAS, Pseudonummoloculina sp., Baccinella irregularis RADOICIC, Miliolidae,
Trochamminidae, Textulariidae, Ophthalmidiidae, Topuég and yaorepdnoda cf. Nerinea, and diBuvooa, ooToR®-
dn naw Dasycladacea. Ztovug ovdtepovg opilovieg g axohovBiag avnig amaviotv wofoomapiteg (Fig2/2) pe
™V (O TEQLEXSUEVN prQOTTOVIdL.
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Fig.3. Rudist biostrom

21t ouvEYELOL T OELQA EUTAOUTICETAL OF HOQYOUXES EVOLAOTOMOELS TTOV EVaANGTOOVTOL Pe aoBeoToriBoug pe
®ovdUAoug uprttoAiBwv. H pxgomavido eivoun wrmyGtepn av xow omovtoty to idia arohBdporo. Zta avdtepo
otpwpara vrepéxovy ta Dasycladacea (Fig 2/3), Behdves muptnoondyymv (Fig.2/4), Bpavouato de Povdiotdv,
oynuotitovy otpdoeis xoyxvhdrov AiBov.

3. TIAAATIONTOAOT'TKEZ KAI BIOZTPQMATOI'PA®IKEL ITAPATHPHXEIZ
3.1. MIKPOAITOAIO2MATA

OAdxAnen 1 peretnOeioo emrhvoryeviis arohovbio yapaxmoeiletan and ™ otabepr xaw o agbovia ma-
ovoio Tov TENUaToQopov Pseudocyclammina spaeroidea GENDROT 1968. Aavtotv 1600 meQLeAYpEveg, -
00 xat exTUMoadueveg ot ouvEyela popees (Fig2/1). H otpmpatoypapury eEGTA®ON 10U TONRATOPEQ0ov Q-
oV didetan and ig GENDROT (1968) xow LUPERTO SINNI (1976) wg Zavroviov, evéd 1 DROBNE (1979)
myv enexteiver oto Kopmdvio. Ot SRIBAR & PLENICAR (1990) dnuroveyovy wo frolivn pe Pseudocyclammina
sphaeroidea oto Kovidowo - ®otdtepo Zavtovio g Zhofeviag.

Zmv EMada, oo XPIZTOAOYAOY & TEAIAA - MONOIIQAH (1975) v avagégovy oto avarepo Ke-
vopavio - Tovpdvio tg Ladvng Avatohxiic EAMGdog, n TEATAA - MONOIIQAH (1977) oto natdtepo Zevd-
vio ™ Cadvne Towmdrewg oty IMehondvvnoo, o FLEURY (1980) and 1o Tovpavio uéyot 1o oviitego ZaviGvio
s Civng Taedpou - Toumcrewg.

O ouvyypogéag avtde dnuovpyel yuo ta thijuata Tg mhatpdopag ot po Brotovn ue Pseudocyclammina
sphaeroidea (CsB3) nhxiag Tovpmviov - ®otwtépov Zavtoviov, oe cuvdlaond de pe v mapovoio tg Murgella
lata vy tg Keramosphaera tergestina ) proCavn CsB4 nhxiog avarépov Zavroviov. H ZAMBETAKIS -LEKKAS
(1988) v avagpéper 0to natdteQo Zovtdvio g meproxs Butivag, mdve and vov opitovra avdduong touv
avartépov Kevopaviov, evd) oo ZAMBETAKIS - LEKKAS & ALEXOPOULOS (1998), Ty poioxovv oto ave-
1eQ0 Zavtovio mg Ldvng Toutdhews omv Koim, ouvodevépevy ané Keramosphaera tergestina, Cuneolina gr.
pavonia, Accordiella conica, Thaumatoporella parvovesiculifera, Orbitolinidae, Moncharmontia sp., Rotorbinella
scarsellai, Dicyclina schlumbergeri, Nummoloculina sp., Baccinella irregularis, Scandonea mediterranea,
Ophthalmidiidae, exiwvédeopa xau YooteQomoda.

3.2. POYAIZTEX

H pehemnBeioa meuoy] vtdeyer onuoaviikds ootfpds Poudiotdy, mov aviutpoownmetovion ®VQLe amd TG
owoyéveleg Hippuritidae xou Radiolitidae xow xard O€oelg ouvavtdvion Emiong ovIuTEEOmITOL TS OWOYEVELOS
Requieniidae, mov eivaw agpbovditepot ot fdon g oelpdg emixiuong, 6mov oxnuatiCouy froxataoxreves (Bo-
otpwpora)(Fig.3).

Ta €idn, mwov eivon wdvtote mapdvra petagt twv Hippuritidae elvouw ta Vaccinites sulcatus won V. praesulcatus
xow peTokV twv Radiolitidae o Radiolites sauvagesi. Evd 6ho ta gidn givaw povijon péoa onig Bavatornovemreg,
ta V.sulcatus won V.praesulcatus oynpotiCouv peta&u toug pux€s Ploxataonevés mg avBodéopes (omdvia mopa-
mofOnrov wxtés Proxaraorevés pe Visulcatus won V.praesulcatus), mov dev eivan mwoté ot B€om Cons. Zm
otpwpatoypagwy oelpd de tapatnenBnre Povdiotés va oxynpatiCovv aknBivois vpdlovs. AAhol ogyoviopol,
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mov agBovouv ot fdon g oepds (frootpmpa 1) xow avILTEOCMIEVOVTaL ETE 06 EMYOIOVOES KO OYRMIELS
nopwes (Iopowdpa), TEooKoAMNUEVES OTO VITGOTEWUL, ElTe s povijpelg (Nerinea and to I'aotepdmoda xow
AoBeoTo@Unn )OOtV Vo YoQaXRTNOLOTOUV g vparoydvol. Ta avevpeBévta Zninpaxtivia av xat eival veo-
hoyova, omaviCouv ot TEOEEYOVTaL 0Tt oxnuatiopovs patch-reef. Zrovg avdtepovs 0piovtes (Budotpmpua 3)
TapoTEnxay floxataoxeveés pe peydhovs Vaccinites twv eWddv V. gosaviensis, V. vredenburgi, V.taburnii now
V. cornuvaccinum gaudryi. Téhog 0T 200U TOU YNELTLROT OYNUATLONOU ®VLaQY0VV oL otxoyEéveleg Requieniidae
xau Radiolitidae, evd) eEagaviCetan n owwoyévera Hippuritidae.

Meto&d twv 106V, Tov mpoodiopiomrayv elvar: 1. Ané v owoyévewa Hippuritidae : Vaccinites sulcatus
DEFRANCE, V. praesulcatus DOUVILLI, V. boehmi DOUVILLI, V. vredenburgi KéHN, V. cornuvaccinum
gaudryi ( MUNIER-CHALMAS) KA&HN, V. taburnii GUISCARDI, V. gosaviensis DOUVILLI ; 2. A v
owoyévewa Radiolitidae : Radiolites sauvagesi D’HOMBRES-FIRMAS, R. mamillaris MATHERON, R.
aurigerensis MUNIER-CHALMAS, R. angeiodes PICOT DE LAPEIROUSE, R. radiosus D’ORBIGNY, R. aff.
galloprovincialis. H ovyxéviwon twv Povdiotav delyver nuria A. Zavidviov. (TTiv.1).

ITIN.1. Zrpwuaroyoa@ixés eEamddoels Tov ueletnlsvriov Povdtotwy
PL.1. Stratigraphical distributions of the studied Rudists. Al :AApio, Ce :Kevoudvio, Tu :Tovgavio Co :Ko-
wvidoto, Sa :Zavrovio, Ca :Kaumdvio, Ma :Maigroiytio.

Poeudomurmoloculing 9.
Miiolodae

Testuaridae
Opithabmidida

VIS

= Ho
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3.3. IOPO®OPA

2w magovoa perérn mpoodiopiotnrav 9 eidn IMopogdpwv (IMuprtidomoyyor, Demospongea xat
Hyalospongea), mov avixovv otig tdEeig Tetraxonia (Homalodora tuberosa SCHRAMMEN, Siphonia cf. tubulosa
(ROEMER)) »ou Triaxonia (Aphrocallistes alveolites (ROEMER), Aphrocallistes coronatus MALECKI, Becksia
augustae SHRAMMEN, Becksia ojcoviensis MALECKI, Coeloptychium deciminum ROEMER, Etheridgea
korzkivicensis MALECKI, Plocoscyphia communis MORET). A6 TLg OTQWUATOYQOQPLRES EEATADOELS TV TQOO-
dLopLofévimv 9 edav twv Mopopdpwv mEoxvmtel Gt N TAetovémTa eivon nhriog Zaviwviov(IIiv.2). Ta Io-
eo@dpa ™G Tow|s Mapuéwrov Beébnrav péoa otovg popyarrovg aopfeotoribovg Tov Biootpwuarog 1.

H ta&wvopnon twv Iogogpdpwv omeitetan otg epyaoies twov SCHRAMMEN (1910-12), HURCEWICZ,
H. (1968,1989), KHMILEVSKY (1969), MALECKI (1978).

3.4. > KAHPAKTINIA

H taEwdunon tov Zxinpoaxtviov omeileton otig epyaoies twv ALLOITEAU (1957), xaw MORYCOWA
(1989).

Ta weoodLopLoBévta £idn Zuinpontivinv avijrovy otig oroyeveies: Synastreidae (Valliculastraea jauberti
ALLOITEAU), Placocoeniidae (Columnocoenia lamberti ALLOITEAU), Amphiastreidae (Lochmaeosmilia
(Eunomia) cf. radiata LAMOUROUX.

To pehenOEvVTa ZUANQARTIVIO OVTILITQOOMITEVOVTOL OO EQUOTUTLRES HOQYES, TTOV (Vo delrTES TOhOUOTTE-
odrovTog (oNxd veEd, diouyr] xat pwtohovota, Beppoxpaocio 22° e 26C, TQOmKG-VTOTEOTKG *ALUL).
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ITIN. 2. Zrgouaroygaqixés eEamddoets Twv uelernbévrav Iogopoowv
Pl.2. Stratigraphical distributions of the studied Porifera

PORIFERA Al Ce Tu Co Sa Ca Ma
Aphrocallistes alveolites MAL. * * *
Aphrocallistes coronatus MALECKI *

Becksia augustae SCHRAMMEN * * * *
Becksia ojcoviensis MALECKI *
Coeloptychium deciminum ROEMER * * *
Etheridgea korzkievicensisMAL. *
Homalodora tuberosa SCHRAMMEN * * * *
Plocoscyphia communis MORET * * *

Siphonia cf. tubulosa (ROEMER) * * * * *

4. LYMIIEPAZMATA

H nhrio g avoxentdixis enixhuong,omv mteptoxr] peA£Tng meoodlopiletol T600 amd To pxQoaToMBwm-
poto 600 %ot atd Tovg Poudiotéc nat toug Zndyyous wg Zaviovia.

Empeparddvetar pe tov 16mo awtd, n dwaxpovirdmra g emixdluong oy avadvpévn mehayoviry mhat-
@oppa s.l. xow 1o e’ ovTig ETwONUEvo ogroMBuxd rdivppa. H dvaxpovirdmra avni eixe 10 vroyoouuotel
and tovg AUBOUIN et al. (1960). Ov ovyypageig yoovohoyotv m fdon g emxlvoryevoig oelpds Baoet
UOXQO KOl pxQoaToMBwudtny xatd BE0els reEVopdvia, oavatéeov Zavioviov — xarwtépov Kaumaviov, 1 xo-
UITAVLOL.

2 ovvéyeta 1 dropovirdTnTa auty SLEVEUVETOL OXOUY TEQLOOGTEQD TS TIG NEAETES dLaPAOmV EQEVVY-
t@dv: Ot KALLERGIS & ALBANTAKIS (1970) omnv weproxm Kohapmdxog — Totrdhwv avaggépouy avmLovpa-
o] NMxia Twv emxAvoryevady aofeotolibwy, eva oo BRUNN et al. (1972) divouv pecolovpaouxy nhxia otovg
ooBeatoliBoug Tov emixeVTOL ETUHAVOLYEVWS TV OPLOAIBwY otn BA mhevpd tov Bovpivov. MAVRIDIS et al.
(1979) omv dua TeELoX1] avapépouy avmlovpaoiry nNhxia ™mg Paong ™ emxAvoLryEVOUs £l TV OPLOAIBWY
oepds. BIGNOT, FLEURY & GUERNET (1973)otv xevroun Edfoia xpovohoyotv mg xevopdvia m fdon
“mg emxhvoryevoug oelpds. CLEMENT & FERRIERE (1973) mpoodiopitovy Amtio-AMto oty fdon g emi-
®AUOLYEVOUS OELRAS €T OVOLOVQOOLKMV 00PEOTOABWY otV TTEQLOYT} TNg AMdoTtou, Kevopdvio tdve o avw-
oL dovg aoPeotoriBous e Ehevoivag, Kovidolo ndve oe pecotoradinois aofeotoribouvg xow oxiotohibovg
tov Ieppiov Bpera g MdovnBac. ZKAPITEAHS & ZAMITETAKH-AEKKA (1998), ¥00vohoyotv g #evo-
PAVIO — RATWTATOV TOVQWVIOU TNV ERiXAVON entl OLONEOVIXEAMOTVYWY UETAMMEVUATOV TROEQXOUEVWY OIS TNV
arhoinon oproMBirdv TeTpwpdtov ot meQLoXEs xeviownic Evporag xar Bowwriog.
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H LYMBOAH TQN OIKOZOQNQN ETHN OIKOXTPQMATOI'PA®IA. IIAPAAEITMA
H ITAEIO- ITAEIETOKAINIKH AEKANH MAT'OYAAXZ- KAPATOYAA
(HAEIA, BA IIEAOIIONNHZXZOX)"

A. ZINEKOT'AOY ', A. MAPKOIIOYAOY-AIAKANTQNH * & O. DRAGASTAN

ZYNOWH

Zmv epyaoia aut EMONPAIVETOL 1) CURBOA TWV OLXOTWVAV 0TIV OXOCTOWUOTOYQUPIC KL TTQOTEVOVTOL
15 owmoClveg yia ™ Aerdvny Mayovhag- Kapdtoula, TOU TQOEXUPAY OTTO TN UEAETY TWV OUYXEVIQWOEWV TOV
aroMBopdrov ot wd oelpd yewtprjoewv oto IThewo- ITeotoxavird Wijpatd g (M1, M2, M3, M4, M6, M10),
mov paypatorotonxov and to L.I'M.E.

ABSTRACT

In this paper is marked the contribution of the Ecozones to the Ecostratigraphy. As an example we use the
drillings (M1, M2, M3, M4, M6, M10) coming from the Plio- Pleistocene basin of the Magoula- Karatoulas
(Pyrgos, Peloponnesus). Based on the detailed stratigraphical and paleoecological studies of the postalpine
sediments (VAGIAS et al. 1995) of the formation of Vounargo (HAGEMAN 1977, 1979 & KAMITEPHZ 1987)
we attempt to define 15 ecozones, as it is understood the layer or the whole of the layers, which is characterized
by an association of fossils (at the level of species, genus or family). The Ecozone reflects the evolution of a
sedimentary basin from the bathymetrical point of view as well as the transgressions and the regressions. The
Ecozones are often related with the curve of the change of the sea level. The transgression is characterized by
the rich fossil associations (species and individuals), while the regression is characterized by a diminution of
species and individuals. There are also 11 white spots, which can not be enclosed in Ecozones. They are observed
in the drillings M2, M3, M4, M6 and M10.

KEY WORDS: Ecozones, white spots, Plio-pleistocene, basin Magoula- Karatoulas, Ilia, Peloponnissos.
AEZEIZL KAEIAIA: Owolwvee, Aevrd daotipata, ITiero- IMhewotorawvo, Aexdvny Mayoviag- Kapdrovha,
Hhela, ITehomdvvnoog.

1. EIXAI'QI'H

H Aexdvn Mayovlas -Kapdtovia amotehel tufua tov pubiopatog tov IIigyov, to omoio droymoiomue
TEXTOVIRA R0t T0 NeOYeVES 0ONYdVTaS 0TV dNULovEYio TEQLOTOTEQMV TEUAYWV AERAVAOV pue oveEAQTNT
€EEMEN, nau Polonetan 11 km BA tov ITvgyov.

A6 YeEWUOQ@OAOYWXY Gmoyn 1 mEQLOYY Eival OXedOV emimedn, pe urEovg Aogpovg. Ou TEOVEOYEVELS
oynuotopol, ot ooiol amoteAovy To VGPabeo ¢ Aendvng, nalimrovrar and to. Neoyevn wipata tov
oynuatiopov Tov Bovvapyovu, xafwg xar and ohoravirég amoBEoelg xat NUOTo TOU VROV OTNV OVATEQN
xato avapoabuida, ota onola TpootiBevral xat ®dmoteg ahhoUPLeg aToBEoELS .

Meh€teg €X0UV YIVEL RATA ROUEOVG QTG ALAPOQOVS EQUVNTES YLA TaL peTaATLRA Lhjpata tng BA ITehomovviioov.
AvagEpovpe eVOELRTIRA TIG TOQUXATW £Qyaoies: MITZOPOULOS 1940, KAPATEQPITOY 1951, GIANOTTI
1953, DAVI 1957, PARASKEVAIDIS et al. 1966, CHRISTODOULOU 1971, HAGEMAN 1977, 1979, STREIF
1978 & 1982, KAMIIEPHZX 1987, BATTAX 1987, 1988, 1994, FRYDAS 1989, MOUNTZOS 1992, FERNANDEZ-
GONZALES et al. 1994, DOYNTOYAHZX 1994, VAGIAS et al. 1995.

* THE CONTRIBUTION OF THE ECOZONES TO THE ECOSTRATIGRAPHY. AS AN EXAMPLE THE PLIO-PLEISTOCENE BA-
SIN OF MAGOULA-KARATOULAS (ILIANE PELOPONNISSOS)

1. Ayuhéwg 13, 152 31, Xahavdor, Abrva.

2. Tewroywd Tuqpa Iav/piov Adnvav, Iavemotuovmwoln Zayedpov, 157 84, Abrva.

3. Univ. of Bucharest, Dept. of Geology and Paleontology, Bd. N. Balescu 1, 70 111 Bucharest, Romania.
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2. IEPIOXH MEAETHZ

H mepuoxni puehémg avixer otov oxnuanious tov Bovvayoov (HAGEMAN 1977, KAMITEPHZ, 1987), mov
ROAUTTTEL TO PEYOMUITEQO MEQOG TG AEXAVNG KO TOEOVOLALEL TO PeyahiteQo mdyog (tovddylotov 400p)(Ew. 1,
2). H peydin eEdmhmon] tov vrrodnhdver opotopopio tmv ouvBnrdv itnuortoyéveons xatd v mepiodo amdéeons
tov. Tnv (o Tepiodo Ehafay xweo un QuBuxoi xirhot enirAvons-améovpons. O oynuationds yapaxrteiteto
and evolhayés agyilov, dupwv, otpopdtnv ®eNTidag ot ®oyxialitn AiBov. Zndvio epgpavitovror xou
npoxaromayy. O moamdve QAcels eivar onyrig Bahacoag, MpuvoBdhaooog, Muvaies koL TOTARO- LELUOQLES).
AVt amodevieTor ®ow ammd T REAETN TS HaxQEO- ®ou pxeomavidog, pdosl g omolog €xer d00el avw-
IMeoxawvinri - IMiewotoxowvini] nhrio otov oynuatiops (VAGIAS et al., 1995).

Zmv meQLoyt] amavtovv emiong:1)uo avateen xdtw ovafaduida, mov epgaviCetor 1,5-2 p néve and myv
otd0pun Tov AAPELOU TOTAPOY RO OTTOTEAE(TOL 0Tt YOAIKLOL, APPO Ko LAVMON dppo, ue Eva otpadpoe aAhovpranoy
nhov pe depbova amoMBdpata, oty ®oQueY, nhxiog xotwrego OAGxavo, ko 2)arlovfroxés amobEoeLs:
XOADXLO RO GUPOL OUYXQOVOV TTOTAULWY at0BEcEMY.

YhxG: To vhArd pehétng mpofpyetar and €Ev yewteioewg (M1, M2, M3, M4, M6, M10), mwov
mpayparormounidnxav arné to LI.M.E. ota mhaiow €pguvog yio Tagovoion Ayvitav oty TEQLOYY}, OL OTOLES
drame@votv Tov oxnuotioud tov Bovvapyov. (Ew.1,2). Ta iuatoe eivar wohi mhovowo og mavida xow guitnd
Aeipava. Mpoadiogiomrav (VAGIAS et al., 1995) ovvolxd 222 €idn, and ta omoia: 55 T'ootepdmoda, 34
AiBuga, 4 Zxagdéroda, 1 Exwvoeldég, 1 @uoavémodo, 1 Zxhnpaxtivio, 1 Xapdguro, 2 Bovétwa, 2 Poddgura, 19
Ootpaxddn xow 102 Tonparogpdpa. Me Bdon TV OTQOUOTOYQOMLXI] %Ko TOAXLOOLXOAOYLXRY] HEAETY aUTOU TOV
VMROU, ®OBDS KA PE TOLQATNONOELS, TTOV 0pOoQOvV 0TN MBOoAOYIL, EYLVE Yo TR POoEd TEOOTABELN ®OBOOLONOT
owoCmvav ota Neoyevn hijpata g Aendvng Mayovhag - Kapdtouvha.

4

kY LLINT

v

Euwx. 1. Heguoxy peAérng.
Fig. 1. The studied area.
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A NS

Eux. 2. CewAoyuds xdorns tns acgioxrs peAérns (LI.M.E., pvAio OAvuria, 1: 50.000) amdomwoinuevos ue T
Osoerc Twv yeotorocov M. 1. AAdovfiaxss amobéoes, 2. Avareon avapaduida, 3. Zynuatiouds Bovvagyov.
Fig. 2. Geological map of the studied area (I.G.M.E., sheet Olympia,1: 50.000, simplified) with the places of the
drillings M. 1.Allouvian deposits, 2.Upper terrasse, 3.Formation of Vounargo.

3. 1. OI IPOTEINOMENEZ OIKOZQNEZ (Ewx. 3-4)

Mehetdviae 10 VMXG Tov detypdrov and tig yewtoroeilg M1-M4, M6 xaw M10 omy mepLoyi Mayouvha -
Kapdrovha, xabopiomrav ovvolxd 15 owxoldves. Autég xagaxmeiLoviar and ng EMHQATECTEQES OPAdES
AmOMOWPATMVY X VTOSEHVEOLY EvaL OUYXEXQUIEVO TTEQUBGMOV odBeomg 1 RATTOLES QOEg uetafatind orddia
uetaEy dvo dLopopetindv TEQUBAAOVIWY. Ze YEVIXES YQOUPUPES TQOKELTAL Vi 8 owolwveg Bahdooov
TEQUBAMOVTOG, 5 0X0LHVES VPAAVEWY TEQLBAANGVTWY (dehtaind, MpvoBardooua) xow 2 otxolwves Muvainv
neQBarévImy. Ot 15 autég owmotdveg dev xahimtovy oto ovvolxd tovg Padog Tig £EL yeotpijoELg, bt
o’oplopéva deiypara mpoodiopiotray povayo 1-2 £idn, mov dev elvon YOQOXTNOLOTRG Ao PAONG, KBS
EMIONC KOw SE(YPTO. COHETE ATOPOVWUEVD. How PE VARG TV dEV vrodnhmver pe Befoudtyra to meQuBGAlov
anébeong.

Avoluuxd mooTeivovial Lo TLg peretnBeioes YemTEOELS OL TOQOHAT® OLOLWVEG:

1. Owotavy pe Tonuarogdga- Exwoewds: (Elphidiidae, Globigerinidae, Rotaliidae, Textulariidae). H otxolddvn
v xapoxrtnoetar and peydhes ovyrevipdoels Tonpatopspmv xat yevird mhotto eWdwV. Ymodewmviel
BoAGooLo TEQUBAALOV s.5. , wxEoY BdBoug pe oxeTind Begpd vepd, Thovolo oe YAwoida xon véPaboo xveing
Widec-appnddes. Engpavitetar otig yewtorioes: M1 petagd 224,5- 112,6 p, M2 ot 264,8 p ®ow petaky
194,3-192,5 p, M6 petoEv 203,2- 200,6 p ko ot 152,4 p, M10 peto£u 134,6- 93 p now uetoly 47,3- 14,2 p.

2. Owotavy pe Exwvoerdij: yopanmoiteton amd wxGTeQo, 08 OXEON UE TNV TOONYOUUEVY, ooLBus L0MV.
Yrodewmvier BorGooto s.5. onyd #ou Oepud meodhAov ue meQLoodTEQO adporhaotrd(xovdpsronK0)
véPabeo. Epgavitetol otg YEWTONHOELS:
M6 oto. 178,5 p, M10 ota 68,8 .

3. Owot@vn pe Tellinidae- Nassidae: (Tellina(Moerella)donacina, Nassa(Hinia) musiva). [TeQLéyel wrEo
a6 eddv. Yrodnhwver onyd, Bakdooio mepipdlhov. Eppavierar om vedtgnon M4 xau oe fdabog
14,3p.

4. Owotévn pe Veneriidae- Naticidae:(Parvivenus widhalmi, Natica sp.). Yreotoyxvovv ta Bardoowa €idn,
VIAEYXOUV 0OTE00 ®au 0 vpdatpvewv vddtwv (Hydrobia syrmica, Rissoia). Avuiotou el oe meQiBdAlov
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Baidaato s.l. EpgoviCetor ot yedtonon M4 ota 166 p.

5. Owotdvn pe Cardiidae- Tonparogdea: (Elphidiidae, Globigerinidae, Textulariidae). XapoaxtnoiCetan omd
peyaro apbud Tonuaropdowv. H mapovoio xdrowwy Melanopsidae e avtd to megufdihov eivar amotéleapa
HETOQOQEAS TOVS (Tapovotdtovion Boavopéva xar pun meoadiogiowpa). H owoldvy vrodnidver onyg,
Boldooto megufdAhov, mhotolo oe xAmEida xai pe vTEPabEo INvddec-oupnddes. Aravtdrol ot YeWdTENON
M3 xon oe fabog 287 p.

6. Owotdévn pe Veneriidae- Rotaliidae: (Venus sp., Ammonia beccarii). Xagaxtneiterarw and v ouvinooén
BaAAOOLWV 0QYAVIOWEYV, OL OTTOOL XUQLOEYOVV, HE 0QYUVIOMOUS AYGTEQO 1) TTEQLOOGTEQO OVBEXTIROUS 0T
pelwon g ahpuvedmrog. Avuotoyel oe Baldooto meoBdilov s.l. EugaviCeton otig yewtorioels:

M6 ota 212,5 p, M10 peta&y 141- 140 p.

7. Owotdvn pe Cardiidae- Hydrobiidae- Rotaliidae: (Cardium sp., Hydrobia syrmica, Ammonia beccarii).
Xapoxrtneiteton amd vy ®upLapyia - 16oo ot £idn 600 non ot dropa- Twv Boldoolwy eV, ahld xat ond
1) TAUTOYQOVN TOQOVCLR OQYUVIOUWY, TTOV OTO OUVOAS TOUg VItodNAWVOUV XapnAES aipvpdmreg (AMpvaiot-
vpdipvpor). H owofadvn avni aviumpgoownever to petafonxnd, oand €va xavoviris aipvpdmrag oe €va
vpdiuvo, meplBdrhov (dertaixd 1i/xar Lavn exfolis motapov). EpgaviCetar otig yewtorjoeig: M1 peto€y
236,5- 235,5 p, M4 oto 108,5 p, M6 petati 94,6- 85,4 .

8. Owotwvn pe Veneriidae- Hydrobiidae: (Parvivenus widhalmi, Hydrobia syrmica). Yrodnidver epifdirov
GuoL0 pE QUTO TG TEONYOUREVNS owotwvng. Epgavitetar om yewronon M2 oe Bdbog 218,9 .

9. Owotavn pe Hydrobiidae- Neritidae- Rotaliidae: (Hydrobia syrmica, Theodoxus micans, Ammonia beccarii).
XaporTnEIeton oms TV TORAELOTIRY TTUQOVOTA TWV TOLWYV CUTWV OLXOYEVELHDV. AVTLOTOLKEL OF VQAMIVEO
meQdrhov xou amavrdton ot M2 yedtonon og fabog 109,3 p.

10. Owotdvn pe Bithyniidae- Neritidae: (Bithynia sp., Theodoxus sp.). ITegupdArov 6poto pe tg mponyotuevng
owmotwvng, eppaviteton ot yedronon M2 ota 211 p.

11. Owzotwvn pe Hydrobiidae-Cardiidae:(Hydrobia sp., Cardium sp.). XapaxmoiCeton and avapeiEn eidodv
VPAAPVOWV-YAURGDY vOGTOV pe GAAo Bohdooio xow evpUohat, 0TV 0TTO0: SUMS VITEQLOYVOVY CUPHS TCL TTQUWTAL.
Yrodnhdver petdpaon oné vedhpvgo ot Bahdooto mepidrhov (dertaind Ti/xon Tavn expforng motopot
omv 8dhaocoa). Epgoavitetar otig yewtonoews: M1 petokv 271,5- 241,3 p xow petokd 70,8- 59,5 u, M2 ota
164,5p »on ot 106,2p, M3 petoki 54,7- 18,8u.

12. Owotdvn pe Hydrobiidae- Melanopsidae- Rotaliidae: (Hydrobia syrmica, Melanopsis nodosa, Ammonia
beccarii). XapaxtneiCetol and cuyrReEVIQMOELS Ue Ayo povo €idn, aAld ToAAG dtopa, Tov avirouy oxeddv
ATOXAELOTING OTIG TOEIS QUTES OLKOYEVELES. AvTioTotKel oe vpdipvpa wepLfdilovra xar eupaviCetar oty
yedtonon M2 petogyo 81,5- 32 .

13. Owotavn pe Rissoidae- Cardiidae: (Rissoa angulata, Cardium (Papillicardium) papillosum). XopoaxtoiCeton
amé veoy Tov eidoug Rissoa sp. o€ ouvimagEn pe Bahdooio xow evpiaha eidn. Ewvon deintng petofatinod
aeQLBdMOVTOS, amd vpdipugo oe Boldoowo (dehtaind n/noaw Cdvn exPolic motapov). Eppavitetar om
yedronon M6 oto 217 p wow ote 51,6 p.

14. Oweot@vn pe purnind Aeiyava- Ooteaxd@dn: Xapoxmolomxd mg 1 omovsio ootaodirote GAMNG xatnyopiag
amoMBwpdtmv. To yeyovdg on oto fdBog oto omoio mpoadiopiomxe 1 owmolwvn avni ouvaviotpe oxedov
amorAeloTird QuTind Aelpova, ®aBag xow 1o otL ta Ootpanddn vrolelmovial oe oToMopd pag odnyel oto
ovprépaopa 6L To TeQLdiiov ftav Ayvaio. H owoldvn avn epgaviCetar ot yedronon M2 xouw og fdbog
75 w:

15. Owotdvn pe gutixd Aeiyava- Cyprideis torosa- Lithophyllum racemus- Bithyniidae: E6& Ghou ou
opyoviopol vrodnhavouy vpdipvoa §ws yAurd vdata, pe eEaipeon to L. racemus to omoio givar deixng
ravovirot Bahdootov megidrlovtog. ZUpgpuva pe v gpyacia twv MARCOPOULOU- DIACANTONI,
et al.(1990) 7o £idog autd delyverL ouyvd To TEAEVTAIO OTASLO RAELOTROTOG Piog AeRAVNG, UE PAOELS PETAROONG
peTaEy Oahdooiov ko vpdipveov mepdriovios. H owmoldvn avni epgavitetar ot yedronon M1 oe fdbog
13 naw 36,7u.

3. 2. AIAXTHMATA TA OIIOIA AEN MIIOPOYN NA XYMIIEPIAH®®OYN ZE OIKOZQNEX (WHITE
SPOTS)(Euwx. 3-5)

1. TEQTPHZH M2
W.S.1 (elypa omd o 196,7u): Boloxeton ot fdon evig oTpdpatog TAAOTIXYG dEYIAOU, QUEOWS HETA 0TS
€vav Myvitiné opitovra. Améyel 14,3p amd v apéoms TEoNnyYoUupevn owxoldvn (vpdiuvpov meQLpdilovtog),
péoa ota omoio Vdeyovy 8o otpdpata, and Ta omoio dev €xeL yivel deryparolnyia. Zto (dro otpdpa deythov
na 2,4p mo mave, aeyiter n owmotdvn pe Tonuatogdoa-Exwvoeidn n omoia eivan Oakdoowov mepifdilovrog. H
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mavida autot tou delypatog eivar, yevird, gtoxy. H tavtdypovn magovaio uurav Aewpdvav xat A. beccarii
(Rotaliidae) pag odnyet omv oxéym 6t to megupdrhov amdBeong fitay maedpoto (wg pAon) Pe To TEONYOUUEVO,
oM v da otywrj €xovpe naw dvo owoyéveleg (Cardiidae, Ostreidae), ou omoieg vwodnidivovv Bakdooto
neQUpdrlovra deiyvoviag OpoLSTTES PeE TNV ETTGUEVY OLROCWHVY).

Eux. 3. Ot Otnoloves xar Ta white spots Tov yeotorjocov M1, M4.

TEQTPHIH Ml TEQTPHEH M4
HAixia B&fog | NepiLpardov | Otkoldvy Hiixia Ba&og NepLpaArov OLxold
(m) (m) vn
-13 -14,3 @aAdooLo 3
Aipvo- 15
MEZO- ~36.7 0oA&oT 1O -24,3 w.s. 5
ANQTEPO '
[AEIO -59,5 Yo&Apupo 11
KAINO_ -70 , 8 npoq
INAEIZTO OaAdooio
s IIAEIO- @aAdooLo 7
KAINO KAINO- -108,5 dpog
updApupo
NAEIETO-
-112,6 KAINO -139 w.s. 6
MEZO- ®aAdocoLo 1
ANQTEPO s. s.
NAEIO- -166 QaAdooio s.1 4
KAINO
IIAEIO- -224,5
KAINO; -235,5 gorgootio 7
npog
Yp&Apupo -219
-236,5 e L
-271 .5 | Ye&Anupo 11
! npog
faAdooLo
-301

Fig. 3. The Ecozones and the white spots of the drillings M1, M4.

W.S.2 (delypa amd ta 130,5p): foloretan péoa oe doylhovs, tepihapfdver €va pdvo eidog (Bithynia sp.),
givow TOAG amopovwpgvo now BEwEovpe GTL deV EMTEETEL TOV TROOALOQLOUG OLROTHVNC.

2. TEQTPHZH M3

W.S.3 (delypa and to 150,5u): mpoépyetar and otpdua doywthov pe mapepforés hvos. IMpoodiopiotxe
uévo to eidog A. Beccarii, eva) ta virdpyovra Naticidae elvar Opavopévo xat pn Teoadiogioyua.

W.S.4 (delypa oG tor 148,7p): mpo€pyetan amd 1o (SL0 -ue ToV TEOTYOUUEVOU OEIYRIOTOS- OTQWUIO KOt OF
Ut ouvavtotpe OoTEOXMAN Un TEOOALOEITIUAL, T OTTOT0. ROT ETEXTAON EV LITOEOVY Vo xeNnoLuomomBovy yia
Tov ®afopLopd tov mepLpdriovtog andbeong.

W.S.5 (delypa amd ta 134,6p): mpoépyetor and 1o ido otpdpa pe o mponyolueva o deiyparta non To
uovo mpoodiopioipo etdog eivaw o Lithophyllum racemus.

3. TEQTPHXZH M4

W.S.6 (deiyna and ta 139u): mpoépyetar amd oToduo aofeotitirig thiog ko améyel 27p and v
meonyovpevn xa 30,51 and Ty enduevn owmolvn. Me fdor v cuvetpeon twv ewddv A. beccarii xow Bithynia
sp. Bo Aéyaue, 6t to mEQLPAMOV amdBeong eivan vpdiuveo (1 £otw xauniig aipvodmrag, Timov Moveng
Bdlaooog).

W.S.7 (deilypna amd ta 23,4u): TOEEYETOUL OTTG QRYIAMAG OTQOMUO. PE AUUMOELS EVOLOOTRWOELS, TAOVOLO OF
Qutrd Aeipava, ehdyiota operculum tov eidovg Bithynia sp., Bewpoipe 6t 10 delypa dev umopel va
OUUTEQIANPOEL O€ nATTOLL OLROTEVT).
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TEQTPHEH M2 TEQTPHEH M3
HAkia B&bog NepLpaAdov | OLxro- HAikia Ba&bog NepLpaddrov | OLko-
(m) {aovn (m) {évn
-7,5 Aipvaio
-18,8 @aAé&ooLo 11
-32 Yp&Apupo 12 npog
updApupo
MEZO- MEZO- _54.7
ANQTEPO -81.5 ANQTEPO !
[IAEIO ' [AEIO
KAINO- Yp&dApupo 11 KAINO-
[AEIETO- | -106,2 | YpéApupo 9 [IAEIZTO-
KAINO npog KAINO
-109,3 | ®addooio
_ YpdApupo w.s.5
-130,5 w.s.2 134,6 npog
@aA&oo Lo
-164,5 YpdApupo 11
npog w.s.4
@addooLo -148,7 w.s.3
-192,5 @aAdooc Lo 1 -150,5
-104,3 | S- S-
-196 , 9 w.s.1l
NAEIO- -211 Yp&Apupo 10
KAINO
-218,9 | ®aAdooio 8
npog
updApupo
GaAdooLo 5
-264,8 @aAdooLo 1 L L1
s. s.
-328
-344

Ex. 4. Ou Owxobasves xar ta white spots tov yeotorjocwv M2, M3.
Fig. 4. The Ecozones and the white spots of the drillings M2, M3.

4. TEQTPHZH M6
W.S.8 (delypo amd tor 57,61): TEOEQYETOL OTTG TO (810 OTEMNA e aUTS TG EMGUEVNS OLROLHVNG (TAooTLra],
aofeotiuxt] dpythog, mhovola ot QuTLrd Aelpava, pe AeTTES EVOLAOTOWOELS GUUMYV), EVA 1) TOQEOVOIN 0’ aUTo
Rissoidae xou guuirav Aenpdvmv pag odnyei oty oxéyn ot 1o megufdihov andBeong rjtay vpdipvgo. Avtd
eVIoYVETOL RO a6 TNV UTaEN AyviTizol oTtpdpoTog toQoxdtn. Qotéoo oto defypo amavrovv xaw Naticidae,
Ta omoia, av xow eppavitovrar Bpovopéva, dev BAEmovpe oo mov ahhoy WITOQEL Va TTROERYOVTAL.
5. TEQTPHZH M10
W.S.9 (delypata and to 158,8u/155,5u/ 149,8u/148,5p): mpo€pyovror and ooBeoTtinés doylhoug pe
naEeuPorés Ayvitwv timov fapfav (BATTAZ, 1987-88). Eivaw eite pn amoMBwuoatogpdpa, eite megLéyxovv
eMdyLota amoMBdpaTa, pe aToTEAETHO Vo unV eivar Suvotog 0 TEOOLOQLOUGS PAOEWV-TEQROAAGVTWY.
W.S.10 (deiypo ané ta 147,8u): Boioxretar oto (6to otdpo pe Ta mponyovpeve deiypoto, oArd edd n
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mavida eivor madpoto, pe avtiv g owroldvng Veneriidae- Hydrobiidae. Emgulaodpaote va evidEovue to
delypa oy ouyrexLuévn owoldvny (petdpaon and xavoviris alpvedtntag repdAlov g vpdiuveo) didtt
pévo 0,7u mo xdtm To TEQLRAAAOY dev eivan oe xauio tepimtwon Burdaoto.

W.S.11 (delyporo amd to 141p/144p): mpogpyovrar amd to (dua pue Tor ToaTTavem iyt OTQMUATO KOl
eve) TEQLEYOLV Alya €(dn, dEV WToQOTUE VO UNV TOQUTNOYOOUNE TOV ONROVILXE HEYORTTEQO 0ELONG aTGpWY OF
OYEON LE TA TTQONYOUPEVAL.

TEQTPHEZH M6 TEQTPHEH M10
HAixia Bd&log MepLpaArov | OLko- HAikia B&bog NMepLfaArov | OLkrO-
(m) davn (m) davn
Yp&Apupo 13
MEEO- npog -14,2 [@aAé&ooio 1
ANQTEPO -51,6 ®aldootio s.s.
NAEIO- -57,6 w.s.8
KAINO- -47,3 @aAd&oo Lo
-85,4 s.s.
[NAEIETO- @aAdooLo 7 -68,8 2
KAINO -94,6 npog
vydiinpo ANGTERO | 93
GaAd&ooLo 1
NAEIO- s-.8.
KAINO
-152,4 | @ardooLo 1 -134,6 | ®@aAdooio 6
s.s. -141 s.1l.
-144 w.s.1l1l
-148,3 w.s.1l0
-178,5 Mgaraocio 2 -138,8 w.s.9
s.5. -159,3
-200,6
-203,2 @aAdoo Lo 1
s.s.
6
-212,5 | ®addooio
Yp&Apupo 13
-217 .
@aA&oo Lo
NAEIO-
KAINO-
-300,5

Ewx. 5. Ot Owxoldves »ar Ta white spots tav yewtorjosov M6, M10.
Fig. 5. The Ecozones and the white spots of the drillings M6, M10.

4. LYMIIEPAXMATA - YYZHTHXH

An6 tov n0boolopd twv Owotwvav oty pekemBeioa meguoxy g Aexdvng Mayoilag- Kapdrovio
TEOXUTTTEL 1} anpaaia Toug yuo Ty Owootpwpatoyeagia dnh. t atgupatoygogury exeivy pédodo, tov facitetan
OTIS CUYREVIPMOELS TwV amoMBopdtmv. ETol pe tov 600 otxoldvn £vvoolpe 10 0TQWUA, 1 T0 OUVOAO TwV
OTRWRATOV, TOL YaparmETeton and po ovyrévrpwon aroMBmpdrtov (ot eninedo eidoug, YEvoug 1j oumoyEvelug)

-599 -



1 omoio ovopdietat orrotTimog. O ooTUTOG Eivat OTEVA OUVOEIEUEVOG (LE EVOL TUYRERQLUEVO TOAALOTTEQLBAALOV
now ovyrerouuévo véfabpo. Mia axorovBia, mov yapantmeitetor amd v eEEMEN g epmepiexopévng o
ot Tovidag xat ToU EPTTAEREL ROL TNV QUAOYEVETIXY] EQUNVEIQ TV EWOWV, YEVOVY 1] OLKOYEVELWV UTOQEL Vo
amotehel TNV owoaxohrovBic. H owolwvn aviiratomtoiCer v eEEMEN pog nuatoyevoig Aerdvng omd
Babupetornn dmoym xan amnd ot TwV EmMAToEmV row aroovposwy. O owroldves ovoyetiCovral, ouviibws, pe
™V ®OUTTOAY petofoiic g otdbung g Bdlacoas. H enixhuon xoaxrmIiCetol amd OuyREVIQWOELS TAOVOLES
1600 0 0EIOUO eV GO0 RO ATGUWY, EVEH 1) ATTCCVEOT XaoXTNEICETOL 0TS pelmon xan Twv dvo. H ouppetoxm
Tov AMBoAoyvoU mapdyovia CUVELCPEQEL OTH TEQLYROPY] dLopiomy (WEnuatoroyirdy dopdv Broloyirig
EoEAEVONS, BoNBBVTAS £TOL CUVOMXA 0TV AVOaQAOTOON TV TohatomeQOAAGVTWY. Ot oroldves umoet
vo §xouvv eite evBUypappa £ite XOUTUAWTA GOLOL, KO UTOQOTY V. ROPOVY TS SLOXMOLOTIRES TWV OTQWUATWY
empaveires. Emiong eivar duvard vo vdoyovv meploootepes owolidves péoa oe pua dhlov tomov frotavy. H
OLXROOTQMUATOYQOAPIC. XONOLUOTOLEITAL CUXVA 0TV QEVVA EVOTHTMV OV JLATEQVOUVTOL OtS YEWTONOELS.
Avdhoyo pe Tov aptBpd tav Yewteioewy givon duvani xo 1 tolodidotary avaroapdotaon. Etou pe fdon 6ha ta
nrapanrdve xabogiotray yio T OUYrEXQUUEVN eploxy 15 owmoloves, PACIOREVES OTLS TUYREVIQWOELS TWV
oamoMBopdrov xar 11 Asvrd drootjuata (white spots), mov emonpdavinray otg yewtorjoels M2, M3, M4, M6
wow M10.
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H IIAPOYZIA OAAALIION IIAEIOKAINIKQN IZHMATQN LTHN
MEXZOEAAHNIKH AYAAKA (OXOEX ITPAMOPITZA, TPEBENA)”

I. POYNTOYAHE, A. MAPKOIIOYAOY-ATAKANTONH', A. MIIIAKOHOYAOYl, E. MQPAITH',
M.P. MIPKOY & X. ZAPOTAOY

NEPIAHWH

H Lemropepric MBootpmpoatoypaminn HEAET) TV petalmixody arwoBéoemy ong 6xBeg Tov motapoy Ipapo-
pitoa — magomdtapov Tov AlMdxpova Bopela twv Foefevarv, €0e1Ee GtL oL BaAdooles amoBEoeLs TwV HOAXOOL-
ROV OYNUATLOUDV OEV OTOUATOUV 0TO AviteQo Meldraivo, ahhd ovveyiCouv tovhdytotov xan oto Kdtw ITheis-
rawvo. Zvotpotiky derypatoinyio €dwoe whjBog mehaywav raw fevBovirdv anoMBwudtov (Bulimina exilis,
Bulimina costata, Neogloboquadrina acostaensis, Globigerinella pseudobesa, Globoquadrina venezuelana,
Neoeponides schreibersii, Pulleniatina obliquiloculata, Dorothea gibbosa) v.ou vavvoasoMOwpdtwv (Amaurolithus
delicates, Discoaster quinqueramus (BioC@vn NN11b) »ouw Ceratolithus rugosus (BioCaiyvny NN13), (MARTINI,
1971 and OKADA & BUKRY, 1980), ta omoia amodewwviouv 6t 1 Bahdoowa gpdon ouvveyiomure TovhdyLotov
uéxor xow 1o Kdrw IMieidnavo xou 6t 1o megudihov andfeons tav inudtwy autdy 1jtay moodxtio pe Ceotd
vepd. TéAog, TeEQLYQAPOVTL OQLOUEVO. YVMRIOROTO TOV TAELOROWVIXAV INUATWVY HE PAOY UOrQO- XKoL ULKQO-
OROTURES TTOQOTNONOELS.

ABSTRACT

Detailed lithostratigraphic study of the postalpine deposits that build Pramoritsa river banks — tributary of
Aliakmonas river- north of Grevena (Greece), showed that the marine molassic deposition did not cease in the
Upper Miocene but continued in the Lower Pliocene, too. Systematic sampling revealed abundant pelagic and
benthic fossils, the presence of which (Bulimina exilis, Bulimina costata, Neogloboquadrina acostaensis,
Globigerinella pseudobesa, Globoquadrina venezuelana, Neoeponides schreibersii, Pulleniatina obliquiloculata,
Dorothia gibbosa) proves that marine facies went on, at least, until the Lower Pliocene and that the depositional
environment was characterized as coastal with warm waters. According to the Nannoplankton flora correlated
with standard nannoplankton —zones-subzones NN11b Amaurolithus delicatus, Discoaster quinqueramus) and
NN13 (Ceratolithus rugosus) of MARTINI, 1971 and OKADA & BUKRY, 1980 during the Late Miocene -
Early Pliocene. Besides, some characteristics of the Pliocene sediments are described, based on macro- and
microscopic observations.

KEY WORDS : Lower Pliocene, benthic and planktonic Foraminifera, nannofossils, Grevena, NW Greece.
AEZEIX KAEIAIA: Katdtepo [Mhewdravo, Beviovirnd row mhayrtovind Tonuatopdpa, vavvooroMbdpara,
FoePeva, BA EAAddo.

1. EIZAI'QTI'H

H MBootpwpatoypapuny didoBowon ts MeooeAnvixniig avhaxag, mwov xabiépwoe o BRUNN (1956) amo-
Tehel TNV ROAUTEQN PEYOL TOQX AVAAVOT TWV HOAUCOLRMV AToBECEWV.

O BRUNN (1956) d€yetan 6t 1 Mecoghhnvintj avhana, BA-NA dievBuvong, €xer minowbel ue Bahdooia
Wipata ond 1o Avatepo Horawo (Zymponiopds Koavidg) péxol to doro Méoov — Avdtegov Metdraivoy
(Zynmpnotiopds Oviolag). ArohoUBwg 1 Aexdvn €xel TANEwOEe( ue Mpvaies M xeQOOLES TAELO-TETAQTOYEVEIS QTO-
B€oeig. ITio ovyrexpwpéva o BRUNN (1956) yio tny weproyn ueA€tng vrootiolEe ot a)ta tehevtaio Baldooio
uohaoowrd Wipata amotétnuay xatd to Togtévio 1j Avart. Mewdrawvo, B)to mépaopa and 1o Mewdrawvo oto
IThewdnonvo yivetar pe mwordpeg amobéoels. Tétoleg anoBéoelg dev vmdoyovv oy meQLOYT| Tad UGVo OtV

* THE PRESENCE OF MARINE PLIOCENE SEDIMENTS IN THE MESSOHELLENIC TROUGH (PRAMORITSA BANKS,
GREVENA, GREECE).

1. Univ. of Athens, Faculty of Geology, Panepistimiopolis Zografou, 15784, Athens Greece, fountoulis@geol.uoa.gr

2. Institute of Geological and Mining Research, 70, Mesogion str., 11527, Athens Greece, moraiti@igme.gr
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AMoavia, v)Bopewa and ta T'eefevd mpog ™) Nedmohy, oL TAELORALVIXES KOL KOTOTETOQTOYEVEIS OMOBETELS
eivar appiders xou mepLéyovy dgbova vroheippota nhaouxdv(n.x. Mastodon borsoni, Blhhopodyxiog nhuxi-
ag), 8)ou avwrtetogroyeveic amoB€oelg aviiotoryoly oe Muvaio hijpara, tov mepiéyovy dgpbova Planorbis, Lym-
naea, %.4., duund. oo Ta ZEpPLo.

H neproxn perémg Poloneton wepimov 25km fopeta twv I'oepevarv, avixet oto fEpeto Tprjpo ts vdporoyi-
®1ig Aexdvng tov Ipapopitoa mov eivor magamdtopos tov Ahdxpova (Ewx. 1).

ARG veotextovini} dmoym, 1 meQuoyy nerétg Poioxretan oto Spo do pnErtepoydv, tov Tootvuliov ota
Bopera now Twv I'pefevarv oo vomua, ta omoia ogroBetovviar petakl Tovg amd ™ enEryevii Lavn IMpapopitoa
(POYNTOYAHZ & MITAKOITIOYAOQOY 1999). Ta 8o avtd pnErtepdyn ovviototy 2™ TaEnG VEOTEXTOVIRES
poxodopég oto fubiopa mg Meooshhnvirig avhaxag. Koo yapoxtnolotird avtdv tmv onErtepoydv eivor
ta andhovBa (POYNTOYAHZE & MITAKOIIOYAQY 1999):

e 20 pnErépayog Tootuhiov amavtovy amorheloTind oL vedteQoL oxnuatiopol g MeocoeAnvirnig avhaxog

(Zynuatiopot Tootviiov, ‘Oviguag avopewmavirig naxiag) pe otabepn xhion Tov otpmpdtnv mog ta BA.
o 210 onEutépaxog FoePevay amavtd xvping o oynuatiopds Ieviohdpov (Axrovitdvio). Ot xMoELs Tov oTem-

pdrwv dev €xovv otabepr popd rat xAivouv meog ta BA, ta BA xou ta NA.

NG
s

)=
75

o ol v I
s o

W ANmixo utréBaBpo
[ Ahdoupiokég amoBéaig

MAgioTETOPTOYEVE
= unoetoslgmov =
E3 Mohaoaikoi oxnuanopoi
o Y pitng Aekdvng Mg
~— Koim Mpapopitaa B
~— Ybpoypagiké diktuo Mpapopitoa |~
= looliyis B00M 7

1 ©ton BeyparoAnyiag

Ex. 1: Zynuatinds yewdoyinds ydoetns tne meotoxtjs ueAfTns ue tig Oéoeis detyparolppiag.
Fig.1: Schematic Geological map of the study area with the sampling locations.

Zipgpwva pe tov BRUNN, (1956), oty ev AMoyw megoxn amavtoty xvpimg Oahdootes pOAOOIRES Ko AL-
uvaies 1 xepoaies mAELOTETOQTOYEVE(S amoB€oels. MAvo pia pixot) epgdvion aoBeotdMBmy g avoxrenTdxiig
enixhvong epgpaviteton oty xoit tov I[oapopitoa xovid ot cvpfoli Tov pe Tov Aldxpova. ‘Ocov agopd
TOUG HOAQLOOLROUG OYXNUATLOROUS, 0T OTEVY] TEQLOYT] MEAETNG amovtovv uévo oL oynuatiopoi Ieviahdgov (A-
®novitdvio) xau Tootvdiov (Bovpdrydhio).

Zmv meQLoyr] HEAETNG, OL ®UQLES TTAELOTETAQTOYEVEIS 0mOBEoELS Elvan autég TG Aendvng IoePevav-Nedmo-
Mg, T omoieg dratépver oty mopeia Tov o motapdg Ipapopitoos. Avtég ratalapfdvouy onpovry €xtaon
UG OTO AVATOMXG TP TS AEXAVNG TOU TTOTAUOU, EVA OTO REVIQLKO TUICL OUTAVTWVTOL VTTOAELUPATIRES
EUPOVIOELS TOVG O PEYOMITEQO VYPGUETQO.

O ELTGEN (1986) €06e0€ vité apgLofiitnon v ToTopoAMpvaio: TQOEAEVOY TV TAELOXUVIXDY atoBEoEmV
oty eLoyij votia g Nedmoing Kotdvng, woxuotlduevog 6t 1 gpdom toug eivor Bahdooto Ve pegurés Qoeeég
VGEYOoUV eVOEIEELS YO VPAAVEN Pdon. O amdéyels Tov faciomuay Ot TETQOYQUPIRES TAQUTNONOELS XOOMG
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RO TAAOVTONOYIRG gvEHjpata, Tov TeQUhaufdvouy BevBovird row mhayrtovird Yévy Tonuatogopwy, xmls
Spwg vo avagépet £10n. ITo ovyrexouuéva avagéet 6t n Bardooio nuatoyéveon oto tujpa avtd s Meoo-
eMvinic avharag ovveyiCetar watd ™ dudpxrewa ohdxinpov tov IThewoxaivou xwois va eEedineter T eidn
TV aoMBmpdTmy 1 axdpa ®ot 1g BECELS, TOV EVIOTIOTNHAY.

ZxomAE TS QYOGS QUTYiG EIVOL 1) TOEOVGIOON VEWV OTOLYEIMYV, TTOV APOQOTY OTNV RUTE TO SUVOTS AETTTO-
peen MBootowpatoyoapry dudebomon Tmv Wnudtmv ®ving xotd to MAeidrowvo pe v avelutiny Teoryoa-
@ TV eddv Tov amoMBopdTov (TENRAToPERMY KoL VAVVOOTOMBmMUAT!Y), TOU XoQaXTNEICOVY T (don ot
™mv nxia Tov IKnudtmy, oe ToLég BECELS OTavVTOTY ETorQLBHS RUBMS ®ow OQLOUEVA YVWEIOROTO TV Wnudtwy
Ty,

2. IEPITPA®H TOMON
TI'evixd

Znv ey nehémng moayporomorinxe TAB0g TPV TEOREWUEVOU VO peLeTBOTVY OL VITEQREINEVES TOV
oynuotiopdv Meviahdpov zow Tootwhiov amobEoels. A6 avtés ToQOoVaLAToVTaL OL 4 TLO OVTLITQOCMTEVTIXES.

TOMH >TH OEZH 1

TTpdxertan yro pio toptj ouvolxoy mdyxovg 15m.Ta mpdita 10m amwoteAovvial and AETTORORKY GUNO, UE
aofevi] oTavpTi 0TEWON aQyLxd, 1) oroia o TAve yivetar xavoviry. To avdtepo Tujpo T Tops arotelei-
TOL OTTG XOVOQOHOXKT GUUO, YOAIHLL RO XQOXAAES OE OTOWQMTY] OTEWOY), TOV KOTAAM]YOUV OF AOTOWTO XQORAL-
homayég pe mowniho uéyeBog nporakwv. Zta rpoxahomoyn mapeufdiloviar 0pillovieg AuIov PeE oTaVEWTY
OTE®WON. ZTO OVATEQX TUIUOTO TNG TOUTG OTTAVTOUY ~OOVUPOVA- AVOROLGHOQPO ROORUAOAATUTTOTTOLYT.

Zra delypara, Tov mdednxav amd tovg opitovies A, B xow C mpoodiopiomxay ta arobwmpata, Tov gpaivo-
vian otov ITINAKA I (TABLE I).

HAIKIA

Me Bdon tic otpwpatoypa@ixés eEanhwoelg tov Tonpoatopdpwv rotw ®vpiwg tov Bulimina exilis
(BRADY)(Kdtw, Méoo, Avw IThewdrowvo - IThewoténowvo), Bulimina costata (D’ORB.)(Togtdvio - ITheiSnou-
vo pe xvplo eEdmhwon oto K. IMAewdrouvo) »ow tov vavvoaroMbopdtov, mtov xapoxteiovv mv flotdvn
NN13 (Ceratolithus rugosus) »ow Tov aavTovv otovg opiCovies A, B naw C mpoxintel 6 nhxic twv arobéoe-
v eivon TovAdytotov Katwrepo ITheidrawvo.

Halatootxoroyia - malaronegifdiiov

H nagovoia axavidv Exivwv rar fevBovirav Tonpatopdpwv vrodniaover kabopd BorAdoolo moodxrto
nepBdAhov, ue Ceotd vepd. Eniong n magovoio tov aofeonnndv cohMijvov vrodniavet Leotd vepd. Ewdurdite-
ea yia. tov opitovta C to mhayxtovind Tonuatopdpo Globigerinoides ruber (Leotd TOmxd- VTOTQOMIKA VEQU,
Baboc uéxol o 50 m) o to BevBovind Tonparogdpo Uvigerina peregrina (BaBog ouvviifws petakd 30-70 m)
vrodniavouy Babog yipw ota S0m xaw Ceotd vepd (G.& J.J.BIZON, 1984).

TOMH XTH ©EZH 2

Ko og avtij my topy 6mov ta otpdpata eival yopaxtmototxd evdidxprta, emjpbnoay delypata amnd mévie
opiCovteg, oL 0moioL 0T TOV AEYOLGTEQO TTEOS TO VESTEQD ExouV WG eErjc. Opitovtag A: yxoL evBpumTn neoo-
ROXKY EWG YOVOQORONKY AUIOE OE OTAVQEMTY OTEMOY Ue TaEovota xohirwy tomxrd, Ogitovrag B: pmel evbou-
7T PEOGHONRY Appog. AEloonueiwto elvon 6t 0to onueio avtd BEEOMray Yaputnol xGvOvhol Towrihov peye-
Bovug pe mupnva o xaBEvag ua xpoxdha. Opitovrog C: ouvertixn TEOOoWVWITH-y%EL thig. Kdtw amé tov opiCo-
vta D toatneeitan yroL XovOQOrO®®Y GUIOS OF OTAVQMTY OTEWON UE XUAIXLO, OTWS ATELROVICETAL OTNV TOWY.
OpiCovtag D: pmet dppog, OpiCovrog E: nagé thig. Ztov opllovra avtdv véprettar GAAOG e ®ueiaoyn v
TOQOVTI0, OOBECTITLRWV CUYROLUATOV.

Zta delyparta wov mdebnxrav and toug opitovtes A, D xaw E mpoadropiotnray ta amoMOdpata, mov goivo-
vrou otov ITINAKA 1T (TABLE 1I).
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Hluixia

Me Bdon tg otpwpatoyapixés eEamhwoelg tav Tonuarogedewv Bulimina costata (Toptévio - TTheidravo
e nupLa avdamtugn oto Kdtm IThewdnawvo), Pulleniatina obliquiloculata (ITheidxauvo- ovjueoa), Bulimina minima
(Togtévio - Kdtw - Méoo IThewdnawvo), Cibicides refulgens (D’ ORB.) (Togptévio- Kdtw- Méoo ITheidrouvo),
Globigerinella pseudobesa (M. Meiornauwvo- K. IThewdnawvo), Globoquadrina venezuelana (M. Honauwvo - K. TThei6-
rawo), Globulina fissicostata (K.-M. ITheiénawvo), Gyroidinoides neosoldanii (Mewdrawvo- ITheldnaivo)
Neogloboquadrina acoastensis (BLOW)(Togptévio- Katwtepo IThewdrawvo), Uvigerina longistriata (Togtévio- K.
ITAeldxauvo), Tov amavtovy atovg opitovtes A, D xouw E mpoxrimter 6t n nhwric tov anobgoemv mpémnel vo eivar
TovAdyrotov Katdrepo ITheidnowvo.

ITINAKAZ I (TABLE I)

OPIZONTEE / HORIZONS A

ANOAIGQMATA / FOSSILS

TPHMATO®OPA (FORAMINIFERA)

Ammonia beccarii (LINNE)
Bolivina spp.
Brizalina dilatata (REUSS)
Bulimina costata (D’ ORBEGNY)
Bulimina exilis (BRADY)
Cibicidoides pseudoungerianus
(CUSHMAN)
Globigerina apertura (CUSHMAN)
Globigerina falconensis (D’ ORBIGNY)
Globigerinella sp.
Globigerinoides ruber (D' ORB.)
Globigerinoides trilobus (REUSS)
Globorotalia scitula (BRADY)
Globoquadrina dehiscens
(CHAPMAN, PARR, COLLINS)
Hanzawaia boueana (D" ORB.)
Lenticulina sp.
Melonis padanum (PERCONIG)
Neogloboquadrina acostaensis (BLOW)
Sphaeroidina bulloides (D’ ORBIGNY)
Uvigerina peregrina (CUSHMAN)

NANNOAIIOAISQMATA (NANNOPLANKTON)

Amaurolithus delicatus (MARTINI
MULLER)

Amaurolithus primus (BUKRY & PERCIVAL)

Amaurolithus tricorniculatus (GARTNER)

Cheratolithus rugosus (BUKRY &
BRAMLETTE)

Discoaster asymmetricus (GARTNER)

Discoaster decorus (BUKRY)

Discoaster quinqueramus (GARTNER)

Discoaster calcaris (GARTNER)

Discoaster surculus (MARTINI
BRAMLETTE)

Discoaster variabilis (MARTINI
BRAMLETTE)

Discoaster sp.

Helirosphaera sp.

Reticulofenestra pseudoumbilica
(GARTNER)

Sphenolithy sp.

Sphenolithus abies (DEFLANDRE)

Schyphosphaera graphica (MULLER)

&

&

&

OITPAKQAH (OSTRACODS)

AKTINOZQA (RADIOLARIA)

EXINOEIAH (ECHINOIDER)
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ITINAKAZ Il (TABLE I1I)

OPIZONTEL / HORIZONS | A D E
ANOAI@QMATA / FOSSILS

TPHMATO®OPA (FORAMINIFERA)
Astrononion stelligerum (D’ ORB.) ——
Bolivina sp. ——
Bolivina sp. —_—— | =——
Brizalina aenariensis (COSTA) ——
Bulimina alazanensis -
Bulimina costata (D' ORB.) —-_——
Bulimina minima —-——
Cibicides refulgens (DE MONFORT) —
Cibicides pseudoungerianus (CUSHMAN) | ===
Cribroelphidium semistriatum —_——
Globigerina apertura (CUSHMAN) -
Globigerina ciperoensis —-—
Globigerina falconensis (BLOW) —_——
Globigerina sp. ——
Globigerina woodi (JENKINS) —_— —_——
Globigerinella sp. - -
Globigerinita sp. ——
Globigerinoides extremus (BOLLI & | =—-
BERMUDEZ)
Globigerinoides trilobus (REUSS) —-— —-—
Globoquadrina dehiscens (CHAPMAN, | ===
PARR & COLLINS)
Globoguadrina venezuelana (FINLAY) - -
Globorotalia scitula (BRADY) —_——
Globulina sp. —-_—
Gyroidinoides neosoldanii (BROTZEN) —_—
Hanzawaia boueana (D’ ORB.) ——
Haplophragmoides obliquecarinatus ——
Lagenidae R
Lenticulina rotulatus (LAMARCK) ——

m Lenticulina sp. —-—

Martinottiela communis (D’ ORB.) ——

Melonis pompilioides (FCHTEL & MOLL) ——

0.5m Neogloboquadrina acostaensis (BLOW) | —

Neoeponides schreibersii (D’ ORB.) —_— —_——

Orbulina universa —-_—

0 Pullenia bulloides s,

Pulleniatina obliquiloculata o ———

Uvigerina longistriata (PERCONIG) il

AKTINOZQA (RADIOLARIA) e |

EXINOEIAH (ECHINOIDEA) -

NANNOATIOAIOQMATA (NANNOPLANKTON)

OZTPAKQAH (OSTRACODS)

Haliatooixodoyia - malatomeotfdilov

H nogovaoio axavidv Exivov, fevBovirav Tonpotopdpmv zor aofeotiuxev coijvov vrodnhaver xaba-
0d Bahdooio mapdxTo TeQLRAALOVY, e Ceotd vepd.

Ewduedtepa yia tov 0pifovra A To ThaykTovirs Tonuato@deo Orbulina universa (Ceotd TQOmIRE- VTOTQOTMTL-
%d vepd, BAaBog puéxoL Ta S0 m) ot to BevBovird Pullenia bulloides (epgaviCeton ouvijfmg ota 90 m) virodnim-
vouv €va PBdBog yipw ota S0 m xau Ceotd vepd(BIZON et al. 1972, G. & J. J. BIZON, 1984), evd yiwo. tov
opiCovra C 1o BevBovind Hanzawaia boueana (emigputo, ouvdedeuévo pe mv evpotrt Laovn) delyvel vmomapd-
%o €mg mepurapdxto meptpdirov (VENEC - PEYRE, 1984).
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TOMH 2TH OEZH 3

2’ aut ™Y Tou) TEQLYQAPOVTOL TEVTE OQICOVTES OTTG TOVUG OTOLOVS OL TECOEQLS £XOVV TO [OL0L Y OOOXTNOLOTL-
%d. Opiovteg A,B,D,E: modnetton yio uel yohapr V00Ut AemTORORKY PE OTOWUAT®ON AUpo, XWig oTov-
owt) otpaomn. OpiCovrag C: yrpL XovOpOro®®Y APUUOS e Yohixia YwEIS OTAVEWTY OTEWOT).

Zto delypata wov mdpdnrav and Tovg opitovieg A, D v E npoodiogiotnrav 1o arolBopata mov poivo-
vrou otov ITINAKA TII (TABLE III).

ITINAKAZX III (TABLE III)

OPIZONTEEZ / HORIZONS [ A D E
ANIOATOQMATA / FOSSI

NANNOATIOAISQMATA (NANNOPLANKTON)
Calcidiscus leptoporus (MURRAY & | -—-
BLACKMANN)
Discoaster calcaris (GARTNER) —— | ———
Discoaster intercalaris (BUKRY) ——
Discoaster neohamatus (BUKRY & —— | ———
BRAMLETTE)

E Discoaster quinqueramis (GARTNER) el el R

Discoaster sp. — i )] e

Coccolithus sp. owises

Sphenolithus neoabies (BUKRY & | ==—

BRAMLETTE)

Sphenolithus sp. PR P

D TPHMATOQOPA (FORAMINIFERA)
Ammonia beccarii LINNE) L W | -
Asterigerinata planorbis (D’ ORB.) —-—
Bulimina sp. ——
C Dorothia gibbosa (D’ ORB.) e
Elphidium crispum (LINNE) -
Globigerina falconensis (BLOW) ——
B Globigerinella pseudobesa areni

Globigerinella siphonifera ———
2m Globigerinita glutinata —-—
Globigerinoides primordius —
Globigerinoides trilobus (REUSS) ——
A 1m Globoquadrina dehiscens (CHAPMAN, | -=--
PARR & COLLINS)
Globoquadrina venezuelana (FINLAY) ——
0 Neogloboquadrina acostaensis (BLOW) -
Uvigerina sp. ——

AKTINOZQA (RADIOLARIA) - -

EXINOEIAH (ECHINOIDEA) e

OZTPAKQAH (OSTRACODS)

Hluwio

Me Bdon ta vavvoaroMBdpatoe tov aravtody otov 0pitovia A 1 nuxic Tov IENuaTov autdy XoQoxTnei-
Cetow amd ™y Protivn NN11 (Discoaster quinqueramus) mov xopaxmeiter 1o Avdtepo Mewdrawvo. Me pdon
10 vavvoaroMBdpoara mov anavroty atovs ogitovies D xou E mpoadiogiterar 1 frotdvn NN13 (Ceratolithus
rugosus) dnhadij nhxio Tovddyotov Kdrw IThetonowvix.

Halaiooixoroyia - malatonegifdiiov

H nagovoia axavidv Exivav xow fevBovirdv Tonporopdpwy xat 0oBECTITROY COAVOY VITOONAWVEL Kot
Bopd Bardooto odxtio meQLBdMhov, pe Leotd vepd.

Ewwdtepa Yo tov opiovia A ta PevBovind tonpatoqpopa Elphidium crispum wow Asterigerina planorbis
emeldn] elvau emiuta ouvdEovtal pe TNV evpwTiry Tivn xow delyvouy VTomoEAXTIO £MG TEQLTOQAKRTIO TEQLRAA-
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Aov (VENEC - PEYRE, 1984, MAPKOITIOYAOY-ATAKANTQNH et al. 1988).

TOMH 2TH OEZH 4

Boioxetar fégera g noitng tov IMpapopitoa. Zen fAomn ™G Topuig amavtd TEaotvmTy £mG YXOL LECGRONKT
Gupog oty omoio, TAEOTNEETOL EVTOVN ROTdA TOTOUS OTAVQMTH OTOMOY. ZT0. ETCUEVE L. OL EVOTQWOELS TG
idLag dppov evolhdoovron pe xohinwo peyédoug 1 ex. Zro endpeva 1-2p. 10 vMxS eivon mo Aemtopeo€s, Aentd-
HOXKT] AUPOS €S 0EYIAOTATS pe oTowewTr otedon rtdAt. Emtiong, mapatneeitatr aotpugova tdvm oty Tponyos-
uevn axohovBic VAXG TOTapoYEWpdoLas TeoEhevong, ovyxovn iowg avafaduida tov Ilpopopitoa. ITpoxet-
Tow Yoo EQUOPORATTAVN AUpo pe ®EordAeg drapétoov £20ex.

TOMH 2TH OEZH 5

H topn €xer ouvolurd mdxog 20p. 2t Bdon eppavitetar pagyairnds opitovras. Ta endpeva Sp. ®upLapyov-
VIOL OTt6 GUUOVGS, LECGRORKRES EDS YOVOQORORKES, HOL XOUAIKLO HE OTOVQMTY OTEWON. ZTO OVHTEQX OTQWIATO
QUTOU TOV TTRWTOV TUHUOTOS, PECK OF 0QILOVTES pE Xohixia, mapepfdiloviar eVOLOOTRWOELS Aoy VALKOY
7oV TUOAVETATO AVTLOTOLXOUY O QuTLd Aeipava. To vwélowmo Tujua T Topwig Tapovoldtel diafdbuon and
LETTOROUKY OF YOVOQOXROKXY PE OTOWUATWON GUUO KOL XOAIXLOL UE OTAVQOT OTEWOT JTOV YIVETOL TO LOXVOT
OTOUG OVATEQOVS 0QILOVTEG.

Ze durhavn Topuq poug 2u. opatneiton idio drafdbuion and AemTGrORRO OF YOVOQGHOKRO UEYOL TEUAYN
UeYANg SLap€TEOL Sex., TEVTA O OTAVEWTY] OTEWOT. XOQUXTNOLOTLRES EIVOL OL TAEVQLRES HETOPAOELS PATEMV
AGy®w OTOvEWTIS OTEMONG KoL 0ooPVAcEWY 0ptldvimy. Ievird vdpyer €viovn xurhogopio aofeotitirol
VMXOU 0 QWYRES Y| #OTA TN OTEWON PE ATOTELEOUA. TN DEVTEQOYEVT] OUYROAANON ®UEIWS TWY Aupwv. Ardua oe
OTEWUOTIOLOL OTTOVTAVTOL OOBECTITLRG OUYRQIMOTA OPEAGUEVE. TILOOVEHS OE PUTLROUG 0QYAVIOUOUS O UOQPES
orwMjrwy. Avtol evromifoviol og @axrolg dotpwg Miog mov reguBdAhoviol amtd evalhayEg Guuovu xow Xohi-
ROV. ZTO. OVATEQQ, TUHUATA EPPAVICOVTAL 0QICOVTES TOMIUELRTWV RQOROAOTIAYDV pe Towkiho uéyebog rpona-
Av.

Zta delyparta ov mdtnxrov and touvg opitovres A, C xar H mpoadiopiomray ta amoMBdpota mov gaivo-
vran otov ITINAKA IV (TABLE 1V).

Hhwxia

Me Bdon g orpwpatoypapuxés eEamhdoels twv Tonuatopdpwv Dorothea gibbosa (IThewdnawvo- TTAeloto-
®ouvo), xow Neogloboquadrina acoastensis (BLOW)(Togtévio- K. IThei6rouvo) mov amavtoty otovg 0pilovieg
A, C nou H mpoxtmrer 6t | nhxio tov anobéoemv mpénet va eivar tovhdyotov Kdtw ITAeidxawvo.

Tohawoorroroyia - tokawomeQLdAlov

H nogovoia axavOdv Exivov xaur BevBovixdv Tonuatopdpwv vodnhdvel xabapd Bordooto tadxtio
neodrrov, pe Ceotd vepd.

3. ZYZHTHZH - CYMIIEPAZMATA

‘Ola. 600, TEQLYQAPTNHAV TAQOTAV® YO TO MOOCTOWHATOYQUPIKG KOQAKTNOLOTIKG. TV OOBETEWV OV
pereniOnxrav Ba propovoay va ouvoyploBouvv ota axdiovbo:

o OuamoBéoeis xoeantEItovial amnd EVIOVES OTOVQMTES OTRMOELS XL POKOELE(S EVOLAOTOWOELS, OTA OTTOi0L
eUQaviCeTaL 1oYVEY SorUpavom 0To PEYEDOS TMV ROXRWV KL OTO TTAYOS TWV 0QLEGVT™Y.

e H perém tov amoMBopdtwv (TENHOTOopoQa *aL VavVoaroMOdpaTe) Tov TeoadloQiomxray aTovs 0pito-
VIES TWV TOQATAVM TOPWV ES€LEE GTL OTO OUYREXRQLUEVO XWEO VILdEXovy Boldooteg amoBéaeig nhixiag Tov-
Adayotov Katw IMhewdrawvov. Xapaxmoiotikd g nhwiog avnig ivow ta vovvoarroMBdpuato mov xooo-
wwneitouvv m Brotwvn NN13 (Ceratolithus rugosus).

e To mepidrhov amdBeomng xopantmeiletor wg BaAGOOL0 VITOTAQGEXTIO - TEQUTAQGXTIO pe Leotd vepd. Emo-
UEVWG, OUVOAMXRA YiVETaL aVTLANTTS GTL TOUAGLOTOV OTO X0 ovté oty mepLoxy Popeta twv T'oePeviv
vjoye Bdhaooa tovhdylotov xatd to Kdtm IMheidravo.

o IV meQLoyn uehémg, o° éva pépa g Toametitoog (AMyo mo ndvm and t 0on 3), eviomiomxay gvprjpata
ond omovOVAWTA O€ OTRWUATO UE EVIOVY) OTOUQWTY OTEWOY TOAY xovtd omv emgdvela. H axpipric otow-
patoyea@ry taEvopunon rrav dVoxoin ASYm €vrovng amoodfpmaong xau EVOEIXVUTAL TEQUUTEQW EQEVVA.
Ev totrtoig, o Eltgen ta&wvounoe po oelpd omd evpnpata oto Katdtepo, Méoo now Avatepo ITheidnaivo.

e 210 Kdtw IMheidxarvo n dratrionon twv Tonuatopdpwy eivar xaxij, ouyvd de ta xeAign €ouv avoxQuotal-
AwBel 1 emxpuoTodwBel, omdte 0 TEOTOLOELONGS TOVG eivar doxolog €mg adivatog. Ievind ondvia fol-
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ITINAKAZ 1V (TABLE 1IV)

OPIZONTEE / HORIZONS | A Cc H
ANOAIGQMATA / FOSSILS

TPHMATO®OPA (FORAMINIFERA)
Astrononion stelligerum (D’ ORB.) i pe
Ammonia beccarii (LINNE) o i
G Bolivina sp. ——
Bulimina costata (D’ ORB.) e
Dorothia gibbosa (D’ ORB.) —-——
Elphidium crispum (LINNE) ——
Elphidium sp. i
Globigerina sp. "
Globigerinella sp. S
Globigerinita glutinata (EGGER) ——
Globigerinoides primordium -
Globigerinoides trilobus (REUSS) —
Globorotalia mayeri (CUSHMAN & ELLISOR) ——
Globoguadrina dehiscens (CHAPMAN, PARR & ——
E COLLINS)
Globogquadrina venezuelana (FINLAY) —
Gyroidinoides longispira (TADESCHI & | ===
ZAMMATTTI)

E
Haplophragmoides obliquecarinatus —— =
Karreriela cylindrica g
Laginidae ——

D Neoeponides schreibersii (D’ ORB.) ——
Neogloboquadrina acostaensis (BLOW) - =i
Vaginulina legumen (LINNE) -

C
AKTINOZQA (RADIOLARIA) ——

EXINOEIAH (ECHINOIDEA) g

B
NANNOAIIOANI®QMATA (NANNOPLANKTON)

2m | OSTPAKQAH (OSTRACODS)

A

im
0

OXOVTOL 00TQOXMON OTO. OTQWRATO TTOV EYLVE 1) deLypatoAnpio.

Tumxr] yioo Gha T €60m xow to YEVN givan M 1oyun] pelwon g ovyvotrog tapovoiag atdpmyv oto Kdtm
IMewdrawvo. To yeyovog 6t oyeddv Sha ta otpwuata péxot o Kdtm IMiewdrawvo neguhapfdvouy tonporo-
Pépa, ®oBME emiong row XAQOTRA VXA amtd vroleippata exvodEpumy, vtodewmviel To BoAdooLo Yapa-
xmjoa tov Kdto IMiedrowvou.

“Eva ovyvé otouyelo otig amoBéoeis tov Kdtm ITAeidravou eivar ta vwoleippota and axavoviota dlopop-
POUEVOUS OWMVES, OL OTOloL EivOL ElTE oUpPQUEpATOTAYE(S E(TE EXKOLUOTLROl AOBEOTLTLROL.

H pehét v derypdtmv 0To rQOORGTLO PG E8MOE TNV EVROLEIC VO OUYXQIVOUPE OQLOUEVE. YOQOXTNOLOTL-
%A TOV RATOTAELOXAVIXDV ROL TOV UOAACOIRGV ATODECEMY, OO OOV TEOXVTTOVY T TEAEVTAD OO TOL
TOQOTAVE CUUTEQAONaTO To. 0moia ovolootixd emfefordvouy Tig meprypapés tov Eltgen (1986).

Am6 g avogoeés tov Eltgen (1986) onpoaviixd eivan vo ovagpégovpe Ot

Avtég moadlopiler oAdxAno to IMhedxawvo oty mepLoytj uehétng row oyt pévo to Kdrw IMhewdronvo.
ZUYRERQLUEVOL TTEQLYQGPEL TO RUTHTEQO, HECO *au aviteo Miewdrawvo ong Béoeig ANA tov ITohAonxov
xaw NA tov AEordotpou (Ew. 1).

To 6010 MetGravou-TTAELGxavoU WToEel va TeoodLopLoTel eUxoho. amtd Ty oxedGV ohorinpwtixr] EAhenpn
TOMDY CUPPUEROTOTAYWDV OTO #OTiTEQO TTAELGRALVO, Por OAGKANET) OELRE OT6 EXROIPATIXOUG TUTTOUS PEV-
Boviriic €wg mehaywiis mpogéhevong. TToAAd €idn mov avijxovv otoug aviurpoodmovs Twv Miliolidae,
Nodosariidae, Globigerinidae oto Meigxauvo, dev amavtoty oto ITAeidnaivo.
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e & o topn dvtrd g Toamelitoag, omy xdmpn tov Ahdxuova oty ovpfor pe tov Ipapopitoa, om
Bdom g axolovdiog TV eVOANUOOOUEVOY RQORUAOTOYHDV RO POUWLTHV POIOKETOL TO OVOLOOTIRG GPLO
Meroxraivov — [Theronaivov. Ilag’ 6t oto xooxaromayEg dev foEOnray amoMBouata, n droyn avtov otoei-
Cetal 010 GTL TOL 7O RATW OTODUATO EIYOV LELOXROVIXG TONUATORAQM, Ta OTtoloL deV udpeoav va Bpebovy
AV 0TS TO RQORUMOTAYEG.

Befaing to onpovurdteQo GAwV TwV TaQamdve givar 6Tl TOUAGXLOTOV 0TO XMEO CUTO OTNV TEQLOXY BOOEL
tov Toefevav vmoye Bdhacoa tovkdyiotov xatd to Kdtm IMiewdravo. ‘Opmg 1o epdTnua eivor and mov
EMKXOWMVOUOE 1] Bdhacoa ov LTy e oty mtepLoxy Hehéms vard to ITheldnauvo pe v téte Meodyewo; At
avatolMxd g avarticoetan 1y Aerdvn Zepfiwv — ITtohepaidag mov €xel minewhel pe hpvaieg omoBéoeig mheto-
o nhriog. Nota eriong dev vrdoyovv Bahdooieg amoféoeis mhetonavinis nhriog emopévos o moé-
7eL va eEETOOTEL 1) TEQITTWON TNG ETXOVWVIOG TROG Tar fOeLa naw dutind g mteproxs uehémng. To alyovpo
glvol GTL 0 TAAUOYEWYQAMLRGS XWEOS TS TEQLOXNS HeAETNS rotd To TTAELGxavO TEEMEL vau 1Tay oAU duagpo-
QETHOG At TOV ONUEQLVS ®Ow ONUAVTIXG TUUA, oV G)L TO ONUAVTIXGTEQO, TV AVUPMOTIXWY HVHOEWV Va EXEL
Maper xwpa xatd o Tetoproyevég dnhadn ta tehevtaio 3.4Ma.
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MESSINIAN BIOSTRATIGRAPHY BASED ON FORAMINIFERA AND
OSTRACODES IN IONIAN ZONE OF ALBANIA
K. BULL, S. PRILLO', N. BULI', L. KUMATI' AND R. ROQI'

ABSTRACT

Messinian biostratigraphy based on foraminifera and Ostracodes was studied in several surface sections
within Peqin-Durres region. The sections are located in the eastern and northwestern part of the Peri-Adriatic
Foredeep (PAF) of Albania (Fig.1). The Thartor section is located more or less in the center of the region
studied.

Its Messinian sediments in particular late Messinian one are well exposed and just in this place they repre-
sent the boundary of great differences between these sediments and those that could be occurred towards east
or towards south. Firstly, here well distinguished the preevaporitic sequence which very rapidly wedge-out to-
wards southeast. Secondly, here is the latest southeast boundary of gypsum blocks occurrence. Moreover in this
section the lack of “lago-mare” biofacies is apparently owing to its erosion. Towards northern and western
sections the lower boundary of “lago-mare” biofacies is well determined lithologically and faunistically. To-
wards southeast and eastern sections this boundary determined also by first occurrence of Cyprideis, Candona
etc., as above but it seems to be not synchronous from section to section. In this aspect this “lago-mare” biofacies
is more similar with a Paratethyan biofacies. Within the gypsum bearing region “lago-mare” biofacies is focused
in the latest Messinian only, in this aspect it could be called “Tethyan lago-mare’ biofacies.

KEY WORDS: Biostratigraphy, Messinian, Foraminifera, Ostracods, “Lago- mare” Biofacies-Ionian Zone.

1. INTRODUCTION

In 1994, Prillo and Hasanaj gave information on the presence of “lago-mare” biofacies in the Durres region.

Later Prillo and Kumati (1996) based on the re-examination of foraminifera and ostracodes of several pre-
viously sampled sections (Dalipi et al, 1974; Prillo, 1981) gave a more complete regarding late Messinian “lago-
mare” biofacies. However many geologists of our country the conglomeratic beds occurred along Miocene/
Pliocene boundary continued to consider them as Pliocene basal conglomerates. In order to explain their real
stratigraphic position by Kumati et al. (1999) were carried out several sections cross-exposed Messinian sediments
along all eastern and northern part of PAF. In this work concluded that in most cases above mentioned
conglomeratic beds included in “lago-mare” biofacies and rare they represent Pliocene basal conglomerates.

2. MESSINIAN BIOSTRATIGRAPHY OF SECTIONS STUDIED

Here is given biostratigraphic description of Progem, Thartor, Kemukje and Durres sections (Fig. 1, 2, 3).
These sections were carried out cross the general extension of late Miocene sediments, beginning from south-
east to northwest. First Progem and Thartor are similar with each other as concerning their lithology and faunistic
content. The both sections are devoid planktonic forams in their Messinian sediments.

However the stratigraphic distribution of benthonic forams biofacies and ostracode biozones were estab-
lished by comparison using Mediterranean planktonic forams zonation (Iaccarino, 1985;Prillo and Hasanaj,
1994).

The biostratigraphic description of two other sections is given separate.

3. TORTONIAN/MESSINIAN BOUNDARY OF PROGEM AND THARTOR SECTIONS(FIG. 1, 2)

The both sections were sampled close to marked organic limestone horizon. Only first samples (Progem
214) and (Thartor 226) contain planktonic foram which document the entry into late Tortonian, Globigerinoides
extremus Zone. In the both sections all their rest part is represented only by benthonic fauna like Ammonia

1. Oil and Gas Geological Institute Fier, Albania
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inflata frequent biofacies (Prillo et Kumati, 1996) and Cytheridea acuminata s.1.-Buntonia Zone (Ostracoda).

Globorotalia conomiozea Zone

Under the existing conditions, the latest Tortonian and all Messinian sediments are characterized by shal-
low, without planktonic foram sediments. They represented by the prevailing thick to massive sandstones alter-
nating with clay layers, which in most of cases contain Oyster banks. In first samples of this interval, Progem 181
and Thartor 240 and by its end, Progem 200 and in particular Thartor 258 were found a lot of gypsum crystals.
Here is difficult to bring at the same biostratigraphic level benthonic data with planktonic ones. Taking into
consideration data of the present study sections and those of previous study, which contain as benthos and
plankton, here is given an interval more or less equivalent with G. conomiozea Zone that corresponds with range
distribution of Ammonia tepida-Ammonia latiseptata also it characterized by Cyprideis dominant biofacies. In
Thartor by the end of this biofacies an organic limestone-sandstone level with Ammonia punctato-granosa etc.
occurs. This level, which does not occurred in Progem section, apparently demonstrates the beginnings of differ-
ences in sedimentary basin from section to section.

Globigerina multiloba Zone

In Progem, this zone or its equivalences could not be established. In Thartor it is not well documented from
sample 264 to 274 and it represents a preevaporitic sequence characterized by prevailing blue-grey unstratified
clays and clayey marls. Here these clays contain very rare planktonic foram represented by very small Globigerina
quinqueloba, G. cf. multiloba and reworked foram like Globorotalia mayeri, Globoquadrina dehiscens etc.

Non — Distinctive Zone

Under this definition we understand all late Messinian sediments, which, do not contain any index fossil and
are usually very poor in fauna, which along their extension are replaced by gypsum blocks, which also occurred
close to Pliocene basal conglomerates. In contrast, in Progem such a zone has a considerable thickness starting
from sample 202 to 208 reaching over 250m thickness. Its lower part represented by blue-grey to reddish clays
and marls, while its middle part represented by a marker horizon over 10m thickness with conglomerate and
massive sandstone which previously considered as Pliocene basal conglomerates. Now it is included in so-called
“lago-mare” biofacies and apparently it represents the latest Messinian “continental” transgression (Cita et al.,
1980). Higher up, again occur grey unstratified clays without fauna which in their upper part passes into strati-
fied clays alternating with thin siltstone and sandstone layers. Here in sample 208 are found frequently Cyprideis
and pelecypods. At the beginning of this zone, sample 202 also was found very rare Candona. In sample nr.209
(5m above sample nr.208) documented Pliocene Sphaeroidinellopsis Acme zone, without remarkable horizon at
Miocene/Pliocene boundary of Progem section.

Globorotalia conomiozea zone, in Kernqukje section (Fig. 2, 3)

This is the only surface section in PAF, where well exposed deep-sea sediments of the Messinian in age. It
could be used as type-section in Albania for Messinian stage if its lower boundary would not be tectonic (Fig. 2, 3).

Its lithology is represented by prevailing blue-grey unstratified clays and clayey marls. These sediments are
generally abundant in planktonic and benthonic forams, however G. conomiozea rare occurs.

Globigerina multiloba Zone

This zone starts from sample nr, 400 to 403. Its lithology represents a preevaporitic sequence similar with
Tripoli Fm. in Italy, and characterized by prevailing grey unstratified marls which in their lower part (with
exception of samples 398, 399 that not contain any fauna) are usually more abundant in planktonic than in
benthonic foram, and in contrary occur in their upper part which may be also very poor in fauna indicating
probably for entry in next successive zone.

Non - Distinctive Zone

As above-mentioned, such a zone is equivalent with Non-Distinctive zone of Iaccarino (1985). In our case its
lower boundary starts from sample nr. 404 to 411. All these samples are rich in gypsum crystals and without
fauna. In this zone was also included the next interval from sample 412 to 416. Its lower part is represented by
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grey to dark unstratified marls, which contain very rare Cyprideis. The middle part of this interval is represented,
as Progem section, by a marker thick conglomerate-massive sandstone horizon over 10 m thickness. Higher up
the interval is represented again by grey unstratified marls, rich in Cyprideis and pelecypods. This entire interval
seems to be characterized by non-marine sediments of “lago-mare” biofacies, which according to Kumati et al.
1999 belong to Candona-Cyprideis zone.

Durres section (Fig. 2, 3)

In this surface section are exposed almost only sediments of Non-Distinctive zone (Kumati et al. 1999) and
their Miocene/Pliocene boundary. The older sediments of Messinian in Durres are documented by some boreholes
drilled along today Adriatic coast.

Non ~ Distinctive Zone

It starts from sample 430 to 441. This entire zone here can be divided in two intervals. First starts from
Adriatic coast to base of conglomeratic horizon and represented by alternating thin clay and siltstone layers
which often contain also gypsum crystals and at the top of this interval a gypsum bed with maximal thickness 1.5
occurs. Close to this bed here starts next interval, which ends with ending of entire Messinian sediments. In its
lower part represented by conglomerate massive sandstone horizon and gypsum crystals (sample 431). The rest
part of this interval represented by grey unstratified clays in its lower part. Higher up the clays pass into alternat-
ing thin siltstone and thicker sandstone and again in its uppermost part grey to reddish unstratified marls occur
which often contain Cyprideis and pelecypods. This entire interval, over 250m thickness previously was given
Pliocene in age. Present Miocene/Pliocene boundary is undistinguishable lithologically, but well determined
thanks to the presence of Sph. A. zone prior to first appearance of Globorotalia margaritae.

CONCLUSIONS

The northwestern part of studies region is characterized by the presence of a late Messinian gypsum bearing
Formation the ending of which could be used as the lower boundary of so-called “lago-mare” biofacies. Here
this biofacies can be recognised owing to the frequent presence of Cyprides genus or Cyprideis~-Candona associa-
tion. Also in all gypsum bearing sections of this part of the region is interesting the presence of a thick conglom-
erate-sandy unit at different levels within “lago-mare” biofacies. Such a unit is also occurred in the southeastern,
without gypsum part of the region. Here is difficult to determine the lower boundary of Tethyan “lago-mare”
biofacies because Cyprideis or Cyprideis-Candona associations and conglomerate-sandy unit could be also found
in the middle or lower part of Messinian sediments, which do not contain any gypsum bed.

REFERENCES

CITA, M.B., SCHILLING, A.V. and BOSSIO, A. 1980 — Stratigraphy and Paleoenvironment of the Cuevas del
Almanzora section (Vera Basin, Spain)

Riv.Ital.Paleont. 86, n.1, p. 215-240

DALIPI, H., NASTO, Th., DALIPI, V., dhe PRILLO S. 1974 — Stratigrafia dhe paleogjeografia e depozitimeve te
Miocenit mesem, Miocenit te siperm dhe Pliocenit ne UPA. Fondi i ING Fier

IACCARINO, S. 1985 — Mediterranean Miocene and Pliocene planktonic foraminifera Plankton Stratigraphy.
Cambridge University Press. p. 283-314

PRILLO, S. 1981 — Biostratigrafia e depozitimeve te Neogenit ne Ultesiren e Tiranes dhe ne UPA ne baze te
studimit te fossileve Ostrakode ne depozitimet e Neogenit. Nafta dhe Gazi, nr. 1, Fier 1981.

KUMATI, LI, PRILLO, S. dhe BULI, K. 1999. — Deshifrimi stratigrafik i depozitimeve detare dhe ligenoree te
Messinianit ne baze te Ostrakodeve ne rajonin Vlore-Durres. Fondi i ING Fier

PRILLO, S.& HASANAJ, L. 1994 — Studimi kompleks biostratigrafik i depozitimeve te Miocenit mesem dhe te
siperm, per konkretizimin e kateve Langhian, Serravallian, Tortonian e Messinian sipas stratotipeve te Mesdheut
(unpublished).

PRILLO, S. & HASANAJ, L. 1999 — Biostratigrafia the interpretime paleoekologjike per depozitimet e Pliocenit
ne Shqiperi. Fondi ING Fier.

PRILLO, S. & KUMATI LI. 1996 — The stratigraphic and paleoecological significance of the Bolivinitidae from
the Serravallian to Pliocene sediments from Durres to Lushnja area (unpublished).

-618 -



Aehtio Tng EAAnvIKig Mewhoyikiis ETaiping, Top. XXXIV/2, 619-625, 2001 Bulletin of the Geological Society of Greece, Vol. XXXIV/2, 619-625, 2001
NpokTikd 9ou AicBvoig Zuvedpiou, ABrva, Zentépppiog 2001 Proceedings of the 9th International Congress, Athens, September 2001

PALAEOGEOGRAPHIC AND PALAEOCEANOGRAPHIC IMPLICATIONS OF NEW
AND REVISED BIO-CHRONOSTRATIGRAPHIC CONSTRAINTS FROM THE
PROFITIS ILIAS UNIT (RHODES, GREECE)

T. DANELIAN', M. BONNEAU’, J.P. CADET’, A. POISSON’ & B. VRIELYNCK'

ABSTRACT

Middle Oxfordian-early Kimmeridgian radiolaria, extracted from the top of radiolarites of Profitis Ilias unit
(Rhodes island), suggest that the latter are essentially Middle Jurassic in age and the overlying siliceous shales
Late Jurassic. The previously identified Calpionellid horizon at the top of Profitis Ilias siliceous marls is now
regarded as early Valanginian in age. The above chronostratigraphic constraints allow tentative correlations to
be made between Profitis Ilias and Pindos-Olonos sedimentary units. Finally, the palacoceanographic signifi-
cance of the studied series in Rhodes and potentially similar pelagic sequences in the Marmaris area of Turkey
are discussed.

KEYWORDS : Radiolaria, Radiolarites, Rhodes, Greece, Hellenides, Taurides

1. INTRODUCTION

One of the major problems that still remains unsolved in Eastern Mediterranean geology is the connection
of Mesozoic sedimentary sequences between the Hellenides, in Greece, and the Taurides, in southern Turkey
(Bernoulli ef al. 1974, Aubouin ef al. 1976, Harbury & Hall 1988). This is true despite the fact that these areas
are amongst the best studied parts of the Alpine mountain belts which derived after the closure of Tethys.

Improved understanding of the Mesozoic-early Tertiary geological evolution of individual areas in the SE
Aegean is of key importance for meaningful correlation of tectonic and palaeogeographic units between Greece
and Turkey. For this reason we recently undertook new fieldwork on the island of Rhodes (Fig. 1A) to improve
our understanding of the stratigraphy of the Profitis Ilias unit -an essentially pelagic carbonate sequence- and its
tectonic relation to adjacent units (i.e. platform/slope sequences, ophiolites).

The particular interest of this unit is that for a long time it has been considered as the easternmost lateral
extension of the Pindos-Olonos zone, based essentially on studies which were conducted over 25 years ago
(Orombelli & Pozzi 1967, Aubouin & Dercourt 1970, Aubouin et al. 1976). More recent studies disputed this
conclusion, arguing that the Profitis Ilias sedimentary sequence originated from a basin situated at a further
external palaeogeographic position than the Gavrovo-Tripolitsa zone (Harbury & Hall 1988). However, no
comprehensive stratigraphic work has been undertaken since 1975 on the Profitis Ilias sedimentary sequence,
despite major progress in our understanding of the Pindos-Olonos zone stratigraphy in mainland Greece and
the Peloponnese (Fleury 1980, Thitbault et al. 1981, De Wever & Cordey 1986) and/or in the light of modern
radiolarian taxonomy and biostratigraphy.

In this paper we revise the Jurassic to Lower Cretaceous stratigraphy of the Profitis Ilias sedimentary se-
quence in the light of some preliminary bio-chronostratigraphic results based on extracted radiolaria. We fur-
ther compare the Profitis Ilias lithostratigraphic units with formally defined formations of the Pindos-Olonos
zone in mainland Greece. Finally, we dicuss the palacoceanographic significance of Middle/Late Jurassic
radiolarites and Lower Cretaceous carbonates of the Profitis Ilias sequence.

2. GEOLOGICAL AND STRATIGRAPHIC FRAMEWORK

The Profitis Ilias unit crops out in the northern-central part of the island of Rhodes (Fig. 1B); it is essentially
composed of pelagic carbonate and siliceous sedimentary rocks covering the Late Triassic to Late Cretaceous
interval ; it is thrusted over the Archangelos unit -a Mesozoic platform/slope sedimentary sequence- and is

1. Département Géologie Sédimentaire, UPMC, CRNS-ESA 7073, C.104, 4, place Jussieu, 75005 Paris
2. Département de Géotectonique, UPMC, CNRS-ESA 7071, C.129, 4, place Jussieu, 75005 Paris
3. Université PARIS XI, Centre d’Orsay, 91405 Orsay Cedex
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tectonically overlain by ophiolitic rocks (Renz 1929, Orombeli & Pozzi 1967, Mutti et al. 1970, Leboulenger &
Matesco 1975, Aubouin ef al. 1976).

Rhodes
(town)

e
* 2Ka||ﬂhea
Salakos .
Archipoli
onpo is
Archangelos
@

-
L]
@
Laerma

Xerovourna
section

Lindos

Profitis llias
outcrops

A Pindos Z «

Figure 1. A) Outline of the main Mesozoic palaeogeographic zones in Greece. B) Ouline map of Rhodes including
the main outcrops of the Profitis Ilias unit (after Leboulenger & Matesco 1975).

The oldest known sedimentary rocks assigned to the Profitis Ilias unit are Carnian alternations of sandstones
and marls, containing some limestone intercalations. They are overlain by siliceous limestones with Halobia,
dated as Norian in age. Thinly-bedded Liassic(?) limestones with chert nodules follow upwards, which are
overlain by brown-rose marly and breccia limestones. Several tens of meters of undated red-brownish radiolarites
(cyclic alternations of radiolarian chert beds and shaly intervals) punctuate the essentially carbonate sequence
with an easily recognizable lithology. Siliceous marly shales overly the radiolarites, passing upwards to siliceous
marls, at the top of which a Calpionellid horizon was reported (Leboulenger & Matesco 1975). Considered at
the time as Berriasian, the age of this level is now doubtful and likely to be late Valanginian, as we discuss
further below.

Pelagic limestones with minor intercalations of marly and siliceous intervals follow further up the sequence
and they are well dated by means of planktic foraminifera. It is noteworthy that ophiolite-derived fragments are
reported in one Campanian intercalation of breccia limestone (Leboulenger & Matesco 1975). Finally, the
Maastrichtian flysch ends the sedimentary cycle.
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3. PREVIOUS RADIOLARIAN DATA

A single radiolarian species (Lithocampe mediodilatata) was identified by Riedel (in Leboulenger & Matesco,
1975) in the last marly limestone beds underlying the radiolarites of the Profitis Ilias unit. A Late Jurassic
(Tithonian) age was suggested at the time for the radiolarites and accepted as such in later works (Harbury &
Hall 1988). However, this early attempt to date the Profitis Ilias radiolarites is over 20 years obsolete, as modern
taxonomy and the first biozonations for Mesozoic radiolaria were only established in the late seventies (i.e.
Pessagno 1977). The radiolarian morphotypes assigned to L.mediodilatata are now known under the binomial
Mirifusus dianae (Rést) s.1., a species comprising 3 subspecies and covering the Mid Jurassic (late Bathonian/
early Callovian) to Early Cretaceous (late Hauterivian) interval (see Baumgartner et al. 1985a).

Pindos-Olonos Profitis llias

calcaires en )
plaquettes intercalations

| of breccia =

0
calcaires a

| Calpionelles maris

i

; siliceous

| radiolarites marly shales

| ss | radiolarites *

3 . | marly and

Drivos brecciated

| limestones

¢ ophiolite-derived debris b oo - 10
~= Planktic Foraminifera 9 j——_——a [

U Calpionellids

# Radiolaria

Figure 2. Jurassic and Cretaceous synthetic log of the Profitis Ilias unit, based on observations along several
sections by Leboulenger & Matesco (1975, modified). On the right is presented the detailed lithostratigraphy of
radiolarites at the Xerovourna section, with the position of samples studied herein. On the left, a tentative
correlation is made with the lithostratigraphic units of Pindos-Olonos Zone, as defined by Fleury (1980).

4. NEW RESULTS

In order to improve the chronostratigraphic framework of the Profitis Ilias radiolarites and overlying
sediments, we visited the Xerovourna section, situated west of the village of Archangelos, at the eastern part of
the island (Fig. 1B). The section is more precisely situated 3 km north of the village of Malona and it was already
carefully described (Leboulenger & Matesco 1975).

Radiolarites and overlying sedimentary rocks were sampled on the southwestern flank of the valley, starting
from the bottom of the stream upwards. The contact with the underlying limestones was not observed, as it is
covered by scree. Radiolarites here are about 40 metres thick, although their original thickness might be slightly
exagerated due to folds, present in some parts of the section (i.e. between samples XER-1 and XER-2 on Fig. 2).
Five samples were collected throughout the radiolarian chert sequence, but only one sample (XER-4), coming
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from the top of the formation, yielded a well-preserved radiolarian assemblage which allows for a confident age
assignement.

The following radiolaria were identified:

Acanthocircus suboblongus minor Baumgartner in Baumgartner et al. 1995b(Fig. 3a)

Archaeodictyomitra labronica Chiari, Cortese & Marcucci in Chiari ef al., 1997 (Fig. 3b)

Cinguloturris (?) venusta Chiari, Cortese & Marcucci in Chiari et al., 1997 (Fig. 3c)

Sethocapsa leiostraca Foreman 1973

Parvicingula dhimenaensis Baumgartner 1984 s.1.

Transhsuum maxwelli (Pessagno 1977) gr. (Fig. 3d)

Williriedellum crystallinum Dumitrica 1970 (Fig. 3e)

Zhamoidellum ovum Dumitrica 1970 (Fig. 3f)

The identified radiolarian species characterize the Unitary Association Zones (UAZ) 9-10 of the recently
established biozonation by Baumgartner et al. (1995a); they can be therefore correlated with the middle-late
Oxfordian to early Kimmeridgian time interval. Moreover, A.labronica and C.(?)venusta are only known from
the UAZ 8-9 so far (Chiari et al. 1997), which might indicate that the age of sample XER-4 is limited to the UAZ
9 (middle-late Oxfordian).

5. DISCUSSION

Assuming that the average sedimentation rate of the Profitis Ilias radiolarites (average rate for lithified
sediments) is comparable to the one estimated for radiolarites of the Pindos-Olonos Zone (1.8-2 m/Ma ; De
Wever & Cordey 1986), it is likely that the median-lower parts of this formation in Rhodes are Middle Jurassic
in age. It is now well-established that the Middle Jurassic was a favorable time for the accumulation of radiolarites
in western Tethyan basins (De Wever et al. 1993). This is partly due to the estuarine circulation of western
Tethys, drawing nutrients from the Palaeopacific (Baumgartner 1987) and favoring the bloom of radiolaria. In
addition, the drastic reduction, since the Bajocian, of carbonate production on the platforms, cut off any major
input of periplatform carbonate ooze into the basins (Bartolini & Cecca 1999), which were starved already from
any substantial input of planktic calcareous productivity (i.e. calcareous nannofossils) in pre-Cretaceous times.

Given the middle Oxfordian-early Kimmeridgian age of the top of Profitis Ilias radiolarites, the overlying
siliceous and slightly marly shales, could be correlated with the upper part of Radiolarites s.s. formation of the
Pindos-Olonos zone (Fig. 2). The latter is essentially Late Jurassic (Kimmeridgian-Tithonian) in age (De Wever
& Cordey 1986) and often contains centimeter-thick shaly intervals and thin limestone beds intercalated with
radiolarian cherts (Fleury 1980).

The Calpionellid limestones («Calcaires a Calpionelles» ; late Tithonian to early Valanginian ; Fleury 1980)
overlying the Radiolarites s.s. of the Pindos-Olonos Zone are of particular significance. This is because the
presence of Calpionellids in these limestones provides both precious chronostratigraphic constraints and iden-
tification of a marker lithostratigraphic unit within the Pindos-Olonos sedimentary sequence (Fleury 1980,
Thiwbault ef al. 1981). In this context, the Calpionellid level reported by Leboulenger & Matesco (1975) at the
top of the siliceous marls at Xerovourna section is of particular importance. It is one amongst the rare Profitis
Ilias outcrops on Rhodes island which clearly display the passage of (Middle-)Late Jurassic radiolarites to Early
Cretaceous micritic limestones. The age of this Calpionellid horizon has been considered as late Berriasian,
based on the identification of the following assemblage : Calpionellopsis oblonga (CAD.), C.simplex (COL.),
Calpionellites darderi (COL.), Calpionella elliptica CAD., Tintinopsella carpathica (MURG. & FIL.) and T.longa
(COL.). However, the previoulsy assigned Berriasian age is questionable, because C. darderi is a species re-
stricted in the early Valanginian and it does not co-occur with C. elliptica (see Remane, 1985). It is likely that the
latter species is misidentified, in which case the age of this Calpionellid horizon at Xerovourna would be rather
the early Valanginian. For this reason, the base of the marly unit at Xerovourna (which reflects a substantial
increase of the sedimentary sequence in carbonate content following the underlying siliceous shales) is tenta-
tively correlated with the base of the Calpionellid limestone formation of the Pindos-Olonos zone. However,
further biostratigraphic work is needed to validate this hypothesis.

As discussed by Mpodozis (1977) and Fleury (1980), the bulk of the Pindos-Olonos’ Calpionellid limestones
is made of calcareous nannofossils (Maiolica facies). Their accumulation in the Pindos-Olonos basin is re-
corded since the Late Tithonian, at the same time as in a great number of western Tethyan and Atlantic basins,
reflecting a major facies change (radiolarite to Maiolica limestone) in all these basins, regardless of their
palaeogeographic setting (Bernoulli 1972; Fourcade et al. 1993).

It is likely that the “Maiolica event” resulted from the response of calcareous nannoplankton to environ-
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Figure 3. Scanning electron micrographs of some age diagnostic radiolarian species from the top of Xerovourna
radiolarites. All illustrated species were extracted from sample XER-4 a) Acanthocircus suboblongus minor,
x150; b) Archaeodictyomitra labronica, x200; c) Cinguloturris (?) venusta, x300; d) Transhsuum maxwelli,

x150 (proximal part is broken); e) Williriedellum crystallinum, x300; f) Zhamoidellum ovum, x320.

mental/oceanographic changes (i.e. migration of calcareous nannofossils from the shallow shelves and
epicontinental seas to the open ocean; Roth, 1986, 1989), in relation to the combined effect of climatic and
tectonic causes.

6. CONCLUSIONS

Preliminary palaeontological and biostratigraphic results on extracted radiolaria from the top of Profitis
Ilias radiolarites allow for a middle Oxfordian to early Kimmeridgian (probably only Oxfordian) age assignement.
The previously assigned Berriasian age to the Calpionellid assemblage identified at the top of the siliceous marls
at Xerovourna is questionable and more likely to be early Valanginian.

Based on the above new and revised chronostratigraphic constraints the following comparison is suggested
with respect to Pindos-Olonos formations :

The Profitis Ilias radiolarites can be correlated with the lower and middle parts of Radiolarites s.s. forma-
tion, while the upper part of the latter could be represented in Rhodes by the siliceous shales overlying the
Profitis Ilias radiolarites. We tentatively correlate the Profitis Ilias siliceous marls with the Calpionellid lime-
stones of Pindos-Olonos.

Consequently, our results enhance the correspondance between the Profitis Ilias and Pindos-Olonos sedi-
mentary sequences, pointed out in previous works (Leboulenger & Matesco 1975, Aubouin et al. 1976). They
highlight the similarities of the Middle Jurassic to Lower Cretaceous sedimentological evolution of sequences
which are today approximately 900 km apart along the hellenic arc (i.e. between Karpenissi and Xerovourna).
Mesozoic pelagic sedimentary sequences recording a similar evolution as the Pindos-Profitis Ilias series are also
present in the Marmaris area of SW Turkey (the Turunn Subgroup; Ersoy 1995) and are likely continued east-
wards in the western Tauride mountain belt (Senel 1997, Marmaris and Fethiye maps).
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PALAEOENVIRONMENTAL SIGNIFICANCE
OF A LATE MIOCENE BENTHIC FORAMINIFERA FAUNA FROM APOSTOLI
FORMATION, CENTRAL WEST CRETE, GREECE
H. DRINIA'

ABSTRACT

The palacoenvironmental and palacoecological reconstruction of the Apostoli Basin (Crete, Rethymnon
Region) during early Late Miocene by means of benthic foraminifers is given. Biologically important factors,
such as oxygen and nutrient content of sea-water, played a great role in the evolution of the palacoecosystem. A
gradual deepening took place during the deposition of the Apostoli Formation. The sediments of the lower part
of the formation document a shallow-marine environment with vegetation in the neighborhood. In the middle
part of the formation sediments are characterized by intermediate oxygenated conditions, whereas the upper
part of it is characterized by the establishment of a restricted envrironment, where organic matter accumulates
and infaunal opportunistic species capable of surviving in stressed conditions dominate, being favoured by abun-
dant nutrients.

KEY WORDS: Crete, Late Miocene, Benthic foraminifers, palacoenvironment.

1. INTRODUCTION

The study area forms part of the Apostoli Basin, which is located in the Rethymnon Region in Central West
Crete. Meulenkamp (1969) established the geological setting of the basin, while Drinia (1996) revised its
stratigraphy. In the meantime, biostratigraphical and stratigraphical research in the broader area of Rethymnon
Province has been carried out by many workers (De Bruijn & Meulenkamp, 1972; Georgiades-Dikeoulia, 1974;
Melentis, 1974; Symeonides & Sondaar, 1975; Meulenkamp, 1979; Georgiades-Dikeoulia, 1979; Frydas, 1989;
Frydas & Keupp, 1992; Keupp & Kohring, 1999; Drinia et al., 1997; Drinia et al., 1998).

The Neogene succession of the Apostoli Basin includes coarse-grained fluviolacustrine deposits (Pandanassa
Formation) and conglomerates with alternations of siliciclastic or carbonate shallow-marine sediments (Apostoli
Formation). The marine facies gradually increases in thickness and changes into the overlying bioclastic lime-
stones of the Rethymnon Formation.

The purpose of this paper is to reveal biotic and palaecoenvironmental trends in Apostoli Formation during
the early Late Miocene by quantitatively analyzing benthic foraminiferal assemblages.

2. STUDY AREA

The studied Apostoli Formation has been sampled in the Apostoli section, which is situated near the village
of Apostoli in the province of Rethymnon (Fig. 1).

The Apostoli Formation is mainly constituted by marly-silty sedimentation at the top of the siliciclastic
succession of Pandanassa Formation. The transition from fluviolacustrine to marine sedimentation is marked by
the appearance of burrowing features and marine fossils such as Heterostegina in conglomeratic-sandy deposits.
Upwards the sequence passes into grey, bluish-grey and brownish-grey, silty or sandy clays, which yield a rich
mollusc fauna.

The analysis of the deposits of the Apostoli Formation based on calcareous nannofossils (Drinia et al., 1997;
1998) allows the assignment of the formation to CN8a (upper part)/CN9a (top) biozones (Okada & Bukry, 1980,
suggesting a Middle-Upper Tortonian age.

3. METHODS AND MATERIAL

In order to obtain insight into general palacoenvironmental conditions, P/B ratios, the diversity of the benthics
and the proportion of the most frequent taxon have been calculated. The P/B ratio is expressed as a calculation

1. University of Athens, Dept.of Geology, Section of Hist. Geology-Paleontology, Panepistimiopolis, 157 84, Athens Greece.
-627 -



of P/P+Bx100 (the percentage of planktonic foraminifers of the total foraminiferal population).

3

Fig. 1. The Apostoli section, at Apostoli, Province of Rethymnon.

In addition, the general relationship between depth and marine productivity espressed as %P =P/P+Bx100
(where P is for planktonic foraminifers and B is for benthic foraminifers) is described according to:
Depth=gC8718+00536%P) (7yaan et al., 1990).

The diversity of the species per sample is measured by using the Shannon-Wiever formula (Margalef,
1968)which is:

M

H=-Zp/np,

i=1

where pi=ni/N (ni=the number of individuals of the i"" species and N the total number of individuals) and M
is the total number of species. Finally, the index of Evenness (J) is defined by the formula J=H/Hmax (Margalef,
1968) where H=diversity and Hmax=InM.

4. PALAEOECOLOGICAL ANALYSIS

The study of the listed benthic foraminifers allows the following qualitative analysis of Apostoli Formation
(Table 1):
-628 -



Table 1: List of the determined benthic foraminifera

Asterigerinata planorbis (D’ ORBIGNY) Gyroidinoides umbonatus (SILVESTRI)
Ammonia beccarii (Linnaeus) Hanzawia boueana (d’Orbigny)
Ammonia perlucida (Heron-Allen&Earland) Hoeglundina sp.

Angulogenerina angulosa (Williamson) Hoeglundina elegans (d’Orbigny)
Astrononion sp. Lagena sulcata (Walker&Jacob)
Bigenerina sp. Lenticulina sp.

Bolivina antiqua d’Orbigny Melonis pompilioides (Fichtel&Moll)
Bolivina pseudoplicata Heron-Allen&Earland Miliolidae

Bolivina spathulata (Williamson) Nodosaria scalaris (Batsch)
Bolivina tortuosa Brady Nodosaria sp.

Bulimina aculeata (d’Orbigny) Nonion depressulum (Walker&Jacob)
Bulimina costata (d’Orbigny) Nonion soldanii

Bulimina elongata (d’Orbigny) Nonionella sp.

Cancris sp. Oridorsalis umbonatus (Reuss)
Cassidulina sp. Paracassidulina sagamiensis Assano&Nacamura
Cibicides sp. Pullenia quingueloba Reuss
Cibicides dutemplei (d’Orbigny) Reusella spinulosa (Reuss)
Cibicides lobatulus (Walker&Jacob) Rosalina globularis d’Orbigny
Cibicides refulgens Montfort Siphonina bradyana Cushman
Cribrononion gerthi (Cole) Siphonina reticulata Czizek
Cribrononion asklundi (Brotzen) Spiroplectamina carinata d’Orbigny
Discorbis spp. Textularia agglutinans d’Orbigny
Elphidium spp. Textularia candeiana d’Orbigny
Elphidium crispum (Linnaeus) Trifarina bradyi (Williamson)
Elphidium fichtellianum (d’Orbigny) Uvigerina bononiensis Fornansini
Eponides sp. Uvigerina cylindrica gaudrynoides d’Orbigny
Fissurina orbignyana Sequenza Uvigerina peregrina Cushman
Fissurina bisulcata (Heron-Allen&Earland) Uvigerina rutila d’'Orbigny
Globocassidulina subglobosa (Brady) Valvulineria bradyana Formasini
Gyroidinoides sp. Valvulineria complanata (D’Orbigny)
Gyroidinoides soldanii (d’ Orbigny)

It is known that species fitness is primarily affected by changes in nutrient abundance and to a much lesser
extent by factors such as salinity and temperature. Therefore, according to their reactions to environmental
changes expressed in terms of food abundance-competition for food and salinity, the benthic foraminifers deter-
mined have been grouped in three categories (according to Zwaan, 1982).

Group A: comprises species showing an indifferent reaction to any environmental change, which means that
they are greatly tolerant to physical/chemical changes. These species are mostly epiphytes or vegetation bound
or show a positive correlation with epiphytes. These are the following: Cibicides lobatulus, C. refulgens, Discorbis
spp., Asterigerinata planorbis, Reusella spinulosa, Elphidium spp., Bolivina pseudoplicata, miliolids, Ammonia
beccarii, Cibicides sp.

Group B:is composed of species, which inhabit stable marine conditions. They show intolerance to oxygen
deficiency as well as increased salinity and never proliferate during times of nutrient abundance. These are
usually open marine species, which inhabit a considerable depth range, living mainly on muddy substrates. These
species are: Cibicides dutemplei, Hanzawaia boueana, Siphonina bradyana, Gyroidinoides sp., Uvigerina peregrina,
U. rutila, Nonion soldanii, Melonis pompilioides and agglutinants.

Group C: is represented by species, which tolerate a great deal of environmental change and are tolerant to
oxygen deficiency as well as salinity increase. They proliferate during periods of nutrient abundance (stressed
and nutrient-rich environments). These are: Bolivina spathulata, Bulimina aculeata, B. elongata, B. costata,
Cassidulina sp., Valvulineria complanata, Uvigerina cylindrica gaudrynoides.

In addition, frequency curves have been created for the following species of group of species:

Uvigerina peregrina Group,(including U. peregrina, U. bononiensis, U. cylindrica gaudrynoides, U. rutila),.Bolivina
spathulata Group (Bolivina spathulata, B. antiqua, B. tortuosa and Bulimina aculeata, B. elongata, B.
costata),.Gyroidinoides soldanii Group (G. soldanii, G. umbonatus, Gyroidinoides sp. as well as Hoeglundina elegans,
Melonis pompilioides, Pullenia quinqueloba, Nonion sp), Cibicides lobatulus Group (C. lobatulus, C. refulgens, C.
lobatulus trans type refulgens, Cibicides sp.), Group of miliolids and Group of agglutinants.
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From the quantitative data (Table 2) and the plotted diagrams (Fig. 2) have been concluded:

SAMPLES AP1 AP2 AP3 AP4 APS AP6 AP7 AP8
Benthic Forams 165 229 138 223 196 330 288 249
Planktonic Forams 36 102 71 104 100 435 216 368
Group A 63,9 45,8 20,5 28,1 28,4 28,3 48,1 27,7
Group B 17,4 397 51 40,2 42,2 40 22,1 20
Group C 8,7 2.3 4,6 3,6 4,2 18 8,8 41,8
C. lobatulus group 23,9 18,3 6,5 19 17,6 12 17,5 5
C. dutemplei group 4,3 9,2 7,4 4,1 4,2 16,7 3 2.5
B. spathulata group 7,6 4,6 4,6 3,6 8,4 21,8 10,9 41,4
G. soldanii group 242 13 8,3 12,9 7,8 5,9 9,6 5
U. peregrina group 0 6,8 1 11.3 20,4 3,8 4,6 13,1
Agglutinants 0 7,6 27,7 8,2 8,4 2,7 5,8 0
Miliolidae 1,1 10 8,3 6,7 8.4 % | 0 1
Diversity (H) 2,22 1,8 2,31 2,28 2,28 1,2 2,5 2,41
Evenness (J) 0,89 0,62 0,93 0,89 0,89 0,4 0,92 0,89
P/ P+B 0,18 0,31 0,34 0,32 0,34 0,57 0,43 0,6
Depth (m) 68,04 107,3 120,0 111,1 119,2 269,5 164,3 297,4

The P/B+P ratio varies between 0.18 and 0.6. Relatively high values are confined to samples of the upper
part of the Formation (Fig. 3a). The depth of deposition as has been reconstructed using the relevant formula
ranges from 68.04 to 297.37 m wd (Fig. 3b) indicating the transition from middle neritic to the upper bathyal
Zone.

As far as the diversity and evenness indices are concerned (Fig. 4a, b), these remain constant with small-
scale changes. Shannon diversity (H) values generally fluctuate between 1.2 to 2.5. Highest diversity is reached
at sample AP7. The Evenness Index (J) remains constant for the eight samples ranging from 0.4 to 0.93 indicat-
ing a trend for predominance of a single species.

From the frequency diagrams (Fig. 2) it may be inferred that the entire section sampled is characterized by
high percentage values of the representatives of the Group A and Group B.

The first three samples (AP1-AP3) of the section are characterized by a decline in the abundance of Group
A and an increase of Group B. These three samples contain a rather rich and diversified benthic fauna, which
points to a stable marine environment. Between the deposition of the layers corresponding to the samples AP1
and AP3, an important event must have taken place: the character of the faunal associations changes from
shallow marine to deeper marine, indicating the establishment of stable conditions. In particular, the increase of
Group B in sample AP3 may be due to the abrupt increase of the representatives of the agglutinated Group.
According to Kaminski et al. (1995), the prevalence of agglutinants indicates intermediate oxygenated condi-
tions. Additionally, the same sample is characterized by rather low values of the P/B ratio. This low P/B ratio is
generally associated with shallow water or restricted environments, but may also result from calcite dissolution,
because planktonic foraminifers are generally more susceptible to dissolution than most of the benthics (Murray,
1991). Nini (1996) claims that the low P/B ratio and the high number of agglutinated tests could represent two
different responses to the same environmental variation: partial dissolution of the planktonic tests or develop-
ment of a primary agglutinated dominated fauna, better adapted to sea bottom conditions.

In sample AP4 an improvement in bottom conditions is indicated by the increase of Cibicides species, whereas
in sample APS5, the abundance of Gyroidinoides and Uvigerina species indicates that oxygen and relatively few
nutrients were available at the bottom. Sample AP6 show decreasing diversity, while the composition of the
benthic association indicates that the nutrient level was considerably lowered. This low diversity indicates rather
restricted bottom life (high levels of environmental stress at the sea-floor). Oxygen deficiency is an important
component of this ecological stress.

In the case of AP7 sample, bottom conditions were slightly more favourable as this is indicated by the higher
percentage values of group A and group B. The small percentage of the Bolivina spathulata group and the
increase in percentage values of the Cibicides lobatulus group and Gyroidinoides soldanii group also support this
fact. The high percentage of Group A of epiphytic species may indicate the proximity of vegetated areas. It
should be borne in mind that this entire group might represent an allochthonous constituent of the assemblage.
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Fig. 3a. Benthic and Planktonic Foraminifera distribution of the studied samples.
3b. Water depth distribution of the studied samples.
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Fig. 4a,b.Diversity (H) and Evenness (J) indices in the studied samples.

The higher diversity of the sample corresponds to low levels of ecological stress, as commonly met in relatively
stable and well-ventilated deep-sea environment (e.g. Boltovskoy & Wright, 1976; Murray, 1991).

Environmental conditions must have changed considerably during the deposition of the sample AP8. The
conditions that led to the high numbers of representatives of Group C are not well understood. It is possible that
an increase of the salinity played a role in the seas at the time. Representatives of this group are the least
sensitive to hypoxia and therefore are typical for low oxygen environment. Moreover, the strong appearance of
the Bolivina spathulata group suggests enhanced food levels, lowered oxygenation or a combination of these
interrelated parameters (e.g. Corliss & Chen, 1988; Sen Gupta & Machain-Castillo, 1993). The reappearance of
Uvigerina peregrina further supports that oxygen contents may be a controlling factor in its distribution. In addi-
tion, Seiglie (1968) U. peregrina to be correlated with sediments rich in organic matter.

5. CONCLUSIONS

A palaeoenvironmental and palaeoecological reconstruction of the Apostoli Basin during the early Late
Miocene is suggested.

A gradual deepening took place during the deposition of the Apostoli Formation. Three critical episodes for
the benthic foraminiferal fauna occur in the lower, lower-middle and upper part of the formation.

The lower part of the formation corresponds to a rather shallow marine environment with vegetation in the
neighbourhood; epiphytes are mixed with a mud-dwelling association.

In the lower to middle part of the formation the character of the faunal associations changes. The develop-
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ment of the representatives of Group B may be related to intermediate oxygenated conditions.

In the upper part of the formation, Group C represents the establishment of a restricted environment with
abundant nutrients; where organic matter accumulates and infaunal opportunistic species capable of surviving
in stressed conditions dominate.

The abrupt reappearance of representative species of Group A in this part of the formation may suggest that
these shallow living species were all transported in a distal direction by plant-rafting and should therefore be
considered as allochthonous in deeper mud environments.

The data indicate that biologically important factors such as oxygen and nutrient content of the waters
played a great role in the palacoecosystem evolution.

The benthic association up to sample AP6 points to ample nutrients and oxygen at the bottom. From sample
AP6 onwards the faunal pattern points to a decreasing supply of nutrients and/or oxygen. Probably vertical
circulation slowed down, owing to the increased surface temperature.
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SEQUENCE STRATIGRAPHY, QUATERNARY BASIN ANALYSES IN THE
ADRIATIC FOREDEEP
S. GURI, L. GJANT, S. RANXHA', M. GURT', A. XHAXHIU'

ABSTRACT

This paper intends to give the characterization of Quaternary loose deposits, near and along the sea coast
zone, by evaluating lithological-geologic parameters, depositional environments and the tectonic subsidence.
The main objectives are:

- The lithologic-facial zone by mapping of lithologic composition and facies distribution.

- The Quaternary basin analyses by interpreting depositional sequences of third order, where system tracts
(lowstand, shelf wedge, transgressive and highstand) are individualized.

- The present fluvial processes and delta configuration (Shkumbin, Seman).

INTRODUCTION

The paper treats the sedimentology of Quaternary deposits in the Durres-Fier littoral zone, their relation to
fluvial processes and coastline shifting.(Fig. 1)

In this context, the Quaternary basin is analyzed by interpreting the sea level changes and subsurface lithol-
ogy, in the benefit of water resource exploration and discoveries.

This paper emphasizes eustasy as an important factor in recognizing the changing sea levels during the
Pleistocene.

Each cycle consists of a couplet representing a lowstand and highstand of sea level. The couplets are seem-
ingly related to the climatic changes, such as those that occur between glacial and interglacial periods.

The sedimentary response to the rising and lowering of sea level is recognized on seismic sections by onlapping
or downlapping cycle termination and amplitude contrast.

These cycles are identified by multiple criteria including paleontologic, sedimentologic and seismic evi-
dence.

Seismic-sequence interpretation is based on identification of discrete stratigraphic units within relatively
conformable intervals of strata, by using reflection patterns.

KEY WORDS: Eustasy,Sequence,Sedimentology, Sandstone, Water Resource, Quaternary, Loose deposits, Sub-
sidence.

I. GEOLOGIC FRAME WORK

Two main formational types represent the study area:
- Bedrock Formation (Messinian and Pliocene)
- Covering formation (Quaternary loose deposits)

I-1. LITHOLOGY AND FACIES DISTRIBUTION
I.1.4 - BED ROCKS

The Messinian rocks are appeared in Currila sector and around the “rock of Kavaja”. It’s represented by
massive clay stones intercalated with sandstones, which predominate upward. The clays are blue colored, com-
pact and with few silty

From mineralogical point of view, based on diffractometry, the clays constitutes of montmorillonit (45-
60%), ilit (15-20%) caolinit (10-15%) and other minerals (up to 5-7%). (Mahmutaj. L, 1989).

1. Oil & Gas Institute, Department of Geology, Fier-Albania
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The cement is of a mixture contact, and it’s mainly represented by the spatic carbonate.

Pliocene rocks take place along the eastern part of the study area, beginning from the “rock of Kavaja” down
to the city of Fieri. ‘

Two known formations take part in its constitution:

- Helmesi suite

- Rrogozhina suite

The deposits of Helmasi suit begin with basal sandstones and conglomerates, interbedded with clays that
predominate upwards. Both sandstones and claystones have the same mineralogical constituents as in the
Messinian.

I.1.B. COVERING FORMATION

Based on surface geology and on numerous drillings wells, the Quaternary loose deposits are considered to
be composed of deluvial, alluvial, lagoon-marshes and coastal-deltas deposits.

Deluvial deposits outcrops near the foothills of bedrocks with a thickness of 4-5m., which is being reduced
westward, going laterally and facially in alluvial ones. It’s difficult to be identified in the subsurface sections,
because of its similarity with alluvial ones.(fig. 2)

Alluvial deposits seize the major part of the study area, presented as a vegetal land. These are mainly repre-
sented by plastic to little compact subclays.

Near the water stream (rivers, drainages), it is represented by light subsands up to half of this century, as that
of Semani, or not to have the optimal constructive rhythms as Vjosa, Shkumbini river.(Skramil., Guri S., 1994)

Another reason of delta destruction is the completion of the constructive cycle’s period of agradational and
progradational parasequence set. They prolong not more than 40-50 years. The evaluation of the above-men-
tioned parameters allows to forecast a definite geomorphology on the benefit and / or on the serve of water
source exploration.

Medium grain size gravels saturated with waters represent them. It’s also evident in the subsurface section
during the highstand system tract, especially in the last one.

Lagoon and marshes deposits emerge as a strip, accompanying the beach zone. They are represented by wet
up to flowing clays, with brown to dark color and with abundant quantity of organic matter, as plant remnants,
cool matter, lignite and mud.

On surface, it’s presented as a hypersaline land, with no vegetation.

In subsurface (well sections), it is distinguished by individualizing the coal markers or clay thickness with
abundant organic matters.

The lagoon and marshes environments migrate westward to younger stratigraphic levels.(Fig. 3)

Coastal deposits consist of beach and front delta sediments. Small and medium grain size sands, gray to
beige color, semicompact and with some light subclay laminations represent them.

Along the seacoast, these deposits have a thickness of 17-20m. On the subsurface, they took place during the
respective highstand of each depositional sequence and they are preserved in the last one.

This environment also migrates westward to younger stratigraphic levels.

II. THE QUATERNARY BASIN ANALYSES
II.1. INTERPRETATION OF DEPOSITIONAL (SEISMIC) SEQUENCE

In correspondence with sequential analyses of world basin (Possamentier, et al 1988), in the Quaternary
thickness, three depositional sequences of third order have been recognized. It’s noticed that the Quaternary
initiated its “life” since 1.6 million years in more restricted space than the former (Pliocene) with a depocenter
more westward.

It is surrounded by an intensive orogen, in both sides (Appenines and Albanides), with a strong relief.

The sequence - A

This sequence took place soon after the sea level fall at the latest Pliocene, in accordance with the global sea
level changes Chart, too.

In our basin, it is confirmed by evidencing a sequence boundary of Sb, type, in Apsi-Pisha zone, near Karavasta
lagoon, where this boundary surface is onlapped and toplapped by seismic reflection groups.(Fig.- 4)

This boundary belongs to a new sequence (Guri S., Xhango V., 1986). The Quaternary base is correlated
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FIG.2. SCHEME OF HOLOCENE DEPOSITIONAL ENVIRONMENTS
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through regional seismic lines of Albanian offshore (Guri S., Mehillka LI. 1995), with the real Quaternary base
of Italian offshore.

A progradational facies (oblique and sigmoid one) is encountered in the middle of Adriatic Sea. Together
with some other data, it indicates that the first Quaternary sedimentation belongs to lowstand system tracts.

Then, we come across in the Albanian onshore (seismic line 192/89, Karavasta) the transgressive and highstand
system tracts “expressed” by a distinctive unconformity near the sea coast (in the western side of the neogen
anticlined structures).

An aggradational facie accompanied by strong and continuous seismic reflections rather indicate shelf con-
dition sedimentation of highstand system tracts.

The thickness of this depositional sequence attains 800-1200m offshore, and 200-300m in Albanian onshore.

The sequence - B

The second depositional sequence took place 800 thousand years ago. Its boundary surface is encountered
in both sides of Quaternary basin (offshore seismic lines), where onlapped reflection termination is observed.
(seismic line 39/88, Divjake).

The nature of reflections and their geometry indicate an inner shelf sedimentation of (Albania onshore) and
an outer shelf to basin (Albania-Italian offshore).

Parts of transgressive and highstand system tracts, with prodominant fluvial processes, are interpreted in the
study area. The sedimentary environments (alluvial plain, deltaic plain, lagoon, marshes, delta fronts) migrate
westward to younger stratigraphic levels.

The sequence - C

The third sequence belongs to Holocene and has just taken place with its sediments not farther than 0.05
million years ago. There is no noticed the lowstand system tract away in offshore, but we can deal with that of
highstand in our study area., The presence of fluvial processes is typical and better preserved than in the older
sequences.

I1.2. BRIEFLY ON AREA GEODYNAMIC

The thickness of Quaternary deposits cover several neogen structures as:

- Povelce - Seman

- Divjake - Ballaj - Kryevidh

- Golem - Kavaj — Shkoze

which are related to the orogenic tectonic. As a consequence, overthrusted and backthrusted faults accom-
pany them, where the key role generally belongs to the overthrusted one. (Scientific Report, Appenines —
Helenides Geodynamic)

Occassionaly, where neogen structures are nearby the competent masses (carbonate structures), triangular
zones are formed, and the key role of faults is exchanged passing to the backthrusted one, such as in Durres,
Preze, Ardenice.

A feature of tectonic faults is the diminution of their range toward the surface that does not often appear on
the ground. The Plio-Quaternary deposits are not often affected, neither by overthrusted or backthrusted faults.

But, their evidences toward the surface take importance for the fact

that, these faults play a key role in fluvial processes, coastline shifting, in the distribution of water reservoirs
and in seismicity of the zone.

Another feature of tectonic active faults is the diminution of their range northwards, as well. So, the faults of
Zvernec-Poro-Povelne-Seman and that of Kraps-Ardenice-Divake-Kryevidh do not respectively continue or
lose the orogenic role seawards.

The structural plane continues to preserve the same values originated since Tortonian, where a subsidence
of above-mentioned structures is evidenced. Besides the overthrusted faults that accompany the neogen struc-
tures, we come across transcurrent system faults, just where the key role of the overthrusted fault is passing to
the backthrusted one (Ardenice-Divjake, Kryevidh-Durres)

This fault type directly influences in the formation of subsidence zones. They also effect in the destruction of
deltas (Seman), especially during the ingression of the sea.

As above, we can draw the conclusion that the tectonic and neotectonic take directly part in the eustatic sea
level processes by creating a relative sea level change, in the overthrusting and / or subsidence zones.
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11.3. ACTUAL SEDIMENTOLOGY

Eustasy, tectonics, climate are three of factors controlling the coastal line shift in each position of globe.

During last century, it seems that a postglacial period has been established. The glaciers melting caused an
increasing of eustatic sea level change, but combining with a determined tectonic factor, it brings out the falling
or rising of this level.

Practically, the zone of Seman-Spile and the Karpen-Golem one present features of subsidence zones be-
cause of structural plane character, which always dips from south (Zvernec, Kraps) to the Quaternary basin
depocenter.

During this century, the tectonic processes and the eustatic sea level changes have created in these zone
conditions for a shift of coastal line toward orogen. Being that these deposits coincide with late highstand, where
the fluvial processes dominate or determine control the sedimentation. Large delta plains are formed accompa-
nied with respective delta fronts as those of Seman, Shkumbin rivers and generally occurs an aggradation of
river side or a displace of shoreline seaward and / or formations of landtracts.

The humid climate and the vicinity of source rocks contributes to large sedimentary loads, which limit the
aggressivity of the sea, but not stopping it into interdeltaic zones. Basing on these data, we can understand the
presence of the interdeltaic zone between Vjosa and Semani delta, or Semani and Shkumbini one, etc.

During the last years, the human interference in natural processes has caused the diminution of sedimentary
loads. The combination of this factor with those mentioned above (tectonic, eustasy) have made possible to be
destroyed the geomorphologic equilibrium, on the detriment of the formation of new land such as delta front,
beaches, delta plain, marshes lagoons etc., creating in this way new delta fronts, delta plain, beaches, marsh etc.

On the other part, this have caused the demolition of old deltas formed in the first sequences.

CONCLUSIONS

1.- Two main formational types represent the study area:
- Bedrock’s formation (Messinian and Pliocene)

- Covering formation (Quaternary loose deposits)

The first is represented by massive claystones intercalated with sandstones, which predominate upward.

Two known formation take part in the Pliocene rocks constitution:

- Helmesi suite

- Rrogozhina suite

The deposits of Helmasi suite begin with basal sandstones and conglomerates.

2.- The Quaternary is composed of deluvial, alluvial, lagoon-marshes and coastal-deltas deposits.

3.- Three depositional sequences of third order have been recognized.

These sequences took place soon after the sea level fall at the end of upper Pliocene, where the boundary
surface is onlapped and toplapped by seismic reflection groups.

The second depositional sequence occurred 800 thousand years ago. Its boundary surface is encountered in
both sides of Quaternary basin. The nature of reflections and their geometry indicate an inner shelf sedimenta-
tion of (Albania onshore) and on outer shelf to basin one (Albania-Italian offshore).

The third sequence belongs to Holocene and has just taken place with its sediments not farther than 0.05
million years ago. There is no noticed the lowstand system tract

4.- The Quaternary deposits cover several neogenic structures, which are related to the orogenic tectonic.

The tectonic and neotectonic take directly part in the eustatic sea level processes by creating the relative sea
level change, in the overthrusting and / or the subsidence zones.

The tectonic processes and the eustatic sea level changes have created in these zones conditions for a shift of
coastal line towards orogen.

5.- The human interference in natural processes has caused the diminution of sedimentary loads.

The combination of this factor with those mentioned above (tectonic, eustasy) led to the destruction of the
geomorphologic equilibrium, in this area.
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QUANTITATIVE CALCAREOUS NANNOFOSSIL BIOSTRATIGRAPHY OF BAY
AKROTIRI SECTION (CEFALLINIA ISLAND, W.GREECE). TRACING THE
GEPHYROCAPSID SIZE - TREND IN AN EARLY PLEISTOCENE TERRIGENOUS
SEQUENCE
M.V. TRIANTAPHYLLOU'

ABSTRACT

Bay Akrotiri section represents a thick terrigenous sequence laying along the southern part of Paliki penin-
sula (southwest Cefallinia). The data of the calcareous nannofossil quantitative analysis indicate that the studied
sediments are ranging in terms of age between 1.95 Ma and 1.238 Ma approximately. The provided distribution
patterns clearly depict an apparent evolutionary lineage close to the Plio/Pleistocene boundary, from small
Gephyrocapsa placoliths to larger forms of gephyrocapsids.

KEY WORDS: biostratigraphy, calcareous nannofossils, Plio/Pleistocene, gephyrocapsids

1. INTRODUCTION

The quantitative study of nannofossil assemblages has proven to be necessary in order to obtain precise age
assignments for the terrigenous sediments (Triantaphyllou 1993,1998, Frydas et al., 1995, Marino 1996).

The Late Miocene to Pleistocene age sediments of southwestern Cefallinia are mainly composed of marls,
silts, silty clays, sandstones and calcarenites. These Upper Neogene and Pleistocene sediments are well exposed
in coastal cliffs along the southwestern (Paliki peninsula) and southern part of the island (Georgiades-Dikeoulia
(1967), Symeonidis & Schultz (1970), etc).

The main goal of the present study is to perform calcareous nannofossil analyses in order to obtain a more
precise determination of biozones, improve the biostratigraphic resolution and provide new chronostratigraphic
data on the sedimentary evolution of the Plio/Pleistocene of the Paliki peninsula on Cefallinia island.

Additionally this paper presents the gephyrocapsid size-trend in the terrigenous sequences of Bay Akrotiri,
through a biometrically defined classification scheme —dealing with the morphologically most distinct features,
which are (Fig.2) the mean bridge angle (a°) and the mean placolith length (L), Rio(1982), Raffi et al. (1993),
Bollmann (1997)- that can be applied with light microscope techniques. Is is well known that the gephyrocapsids
increased progressively in overall size throughout the Early Pleistocene (Rio 1982, Raffi et al. 1993). We used the
Early Pleistocene deposits from Cephallinia island in order to reinforce the statement that this genuine evolu-
tionary trend seems to have been developed simultaneously in all major ocean basins and marginal seas. Frydas
et al. (1995) have also used gephyrocapsid representatives for the biostratigraphic subdivision of Middle-Late
Pleistocene deposits of W. Peloponnesus, managing to distinguish four different species of the genus Gephyrocapsa,
with biometric criteria.

It must be noted that we do not intend to distinguish species among the small representatives of
gephyrocapsids, which are certainly difficult to be identified confidently under the light microscope. Moreover
Bollmann (1997) showed that the morphology of the genus Gephyrocapsa assemblages correlates significantly
with environmental gradients and questioned their assignment in formalized species. On the contrary, the only
bioevents that have been used for biostratigraphic purposes are these which have already been calibrated versus
the GPTS and stable isotope stratigraphy (Berggren et al., 1995b), and therefore commonly used and widely
accepted (Table 1).

2. PREVIOUS STUDIES, SELECTED MATERIAL AND METHODS

In Cefallinia island (Ionian Sea, western Greece), a major unconformity separates Messinian sequences
from those of the Middle Pliocene. Sedimentation persists in well-defined basins in the Pre-Apulian zone during
the late Pliocene. Thick Pliocene-Pleistocene delta-fan conglomerates in western Cefallinia were shed west-

1. University of Athens, Dept. of Geology, Section of Hist.Geology-Paleontology, Panepistimiopolis, 15784 Athens.
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wards and southwestwards (Underhill, 1989). Blanc-Vernet & Keraudren (1970) recognized Calavrian marly
sediments in Paliki peninsula by determining the benthic foraminifer Hyalinea balthica, Triantaphyllou (1993)
determined marly deposits of Early Pleistocene age by means of calcareous nannofossils, in the south part of
Paliki peninsula and along the south coasts of Cefallinia, and Triantaphyllou et al.,(1999) studied the
paleoenvironmental reconstruction of the Pliocene/Pleistocene sediments in the Paliki Peninsula.

VA 5 -
=

CEFALLINIA

Bay Akrofiri Cape X

Cape Akrotiri
* 1Km

Fig.1. Location map of Bay Akrotiri and BAI sections along the south coast of Paliki peninsula

The study area is located in the southwest side of the island. A sequence of almost 100m thick marly
sediments outcrops along the Bay Akrotiri at the south coast of Paliki peninsula (Fig.1) The Bay Akrotiri sec-
tion is mainly characterized by thick bedded marly sediments, which are occasionally intercalated by thin (less
than 0.5m) sandy horizons, alternating with thinner marly beds (Fig.2). Three relative short unexposed parts are
met across the section. A bioclastic limestone bed is occurring at the uppermost part of the section, which is
covered by coastal calcarenite beds with distinct groove marks.

A total number of 28 samples were collected with an average spacing of 2m. Evidently the sample resolution
is low, but it is capable to provide satisfying biostratigraphic results.

Four additional samples were collected from a small outcrop (section BA1), located almost 1km to the
north of Bay Akrotiri (Fig.1).

Light microscope techniques were used for the examination of the smear slides, which were prepared using
standard methods.

The calcareous nannofossil taxonomy and zonation are after Raffi & Rio (1979), Rio (1982), Rio et al.
(1990) and Raffi et al. (1993), to which the reader is referred. The quantitative methods of biostratigraphic
analysis being used in the present study are those proposed by Rio ef al. (1990), Triantaphyllou (1993): a)
counting of the index species versus the total nannofossil assemblage (counts in 300 placoliths, L>3um). This
method was applied in order to estimate the relative abundance of three size classes of gephyrocapsids
(3<L<4pm, 4<L<4.5um, 4.5<L<5um), b)counting of the index species versus a fixed number of taxonomically
related forms, e.g. Helicosphaera sellii (counts in 50 specimens of the genus), Calcidiscus macintyrei, L>10um
(counts in 100 specimens of the genus), discoasterids (counts in 50 specimens of the genus). Moreover this
method was applied for evaluating the relative abundance of two gephyrocapsid size classes (S<L<5.5pm,
L>5.5um) in a count of at least 100 gephyrocapsid specimens.

A qualitatitave planktonic foraminifera analysis was performed at selected samples from various levels of

- 646 -



Bay Akrotiri Section

-1 I ¢ T
VoL

2

¢ |
i il
5 L 45<L<5pm
il J_ ' >30°
-7 4<L<45um
-3 230
-9
-1

ot

13 3<L<4um
o = variable

!

-2 sands

bioclastic
limestanes

fec 2 calcarenites

R samples

Fig.2. Bay Acrotiri section: Lithology and stratigraphic occurrences of three different size-classes of
gephyrocapsids

the section, in order to confirm the calcareous nannofossil biozonation.

3. BIOSTRATIGRAPHIC RESULTS

The studied material is generally characterised by abundant nannofossil content, in a good state of preserva-
tion. An increase in terrigenous material is observed at the lower 10-15m of the section, accompanied by poor
nannofossil assemblages. Abundant Pliocene to Oligocene reworked specimens were easily recognized.

The quantitative calcareous nannofossil analysis of 26 samples from Bay Akrotiri section led to the estab-
lishment of the distribution patterns of two species (Helicosphaera selli, Calcidiscus macintyrei) and three size-
classes of gephyrocapsids (3<L<4pum, 4<L<4.5pm, 4.5<L<5um), (Fig. 3). The abundance patterns of
discoasterids have been evaluated at the lower 20m of the section. Discoasterid species are generally absent
from the rest part of the section.

The quantitative analysis of Pliocene discoasterid species -which are extremely rare and in a bad state of
preservation- led to the conclusion that these have been reworked, as different species with different stratigraphic
intervals were found co-existing. On the contrary Discoaster brouweri exhibits relatively increased presence (very
well preserved specimens) at the lower samples. Concerning D.triradiatus, the presence of two specimens of the
species have been detected ,at around 20m from the base of the section (sample 21), but it is more difficult to
judge whether or not they are indigenous.

The percentage abundance of C.macintyrei varies from 20% up to 35% in a count of 100 specimens of the
genus (distal shields at parallel nicols). Along the upper 20m of the section C.macintyrei abundance declines
considerably, showing percentages below 2%.
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Fig.3. Calcareus nannofossil abundance and biostratigraphic correlation of Bay Acrotiri Section.

Helicosphaera sellii dominates the nannoflora assemblages, with percentages reaching 80%, but shows the
same pattern with C.macintyrei, during the upper 20m of the section reaching in abundance 20%.

Pseudoemiliania lacunosa specimens are abundant and very well developed. Their shape changes only dur-
ing the lower 10m of the section (samples 24,25,26), where more typical Pliocene forms (smaller and rather
elliptical) can be observed.

The abundance patterns of gephyrocapsids clearly depict the sharpness by which forms with an overall placolith
length ranging between 4<L<4.5um first appear, although the clear lowest occurrence of these forms must be
placed at about 75m from the bottom of the section (probably in the second unexposed part). This pattern has
already been recognized on Cefallinia island (Triantaphyllou 1993, Triantaphyllou et al., 1999), indicating the
MNN19a/MNN19b biozones boundary, which points to the Plio/Pleistocene boundary.

The qualitative analysis of foraminifera assemblages showed that planktonic foraminifera are in excellent
state of preservation, especially in the upper parts of the section, whereas Globorotalia inflata almost dominates
the assemblages, accompanied by increased number of left-coiled Neogloboquadrinids.

On the contrary the lower part of the section is characterized by the dominance of benthic foraminifera,
whereas the planktonic microfauna contains specimens of Globorotalia puncticulata (probably reworked) and
rare specimens of Glinflata. The higher rate of benthic foraminifera at this stratigraphic level is accompanied
by the intense presence of the calcareous nannofossil specimens of Rhabdosphaera spp.,Scyphospaera spp. and
Braarudosphaera spp, followed by a distinct increase in terrigenous material, which has been recorded in the
performed nannofossil analyses.

The intervals of low abundance or absence of discoasterids could indicate variations in productivity in the
Early Miocene of the Mediterranean (Hilgen et al., 2000). The abundance of discoasterids is considered to be
influenced by productivity (Chepstow-Lusty ef al. 1989, Chepstow-Lusty et al.1992). Low abundance or absence
of discoasterids are associated with high productivity as observed in Pliocene sections in the Atlantic ocean
(Chepstow-Lusty et al. 1989, Chepstow-Lusty et al.1992), and in the Late Miocene of the eastern equatorial
Pacific (Raffi & Flores, 1995). High productivity at the lower part of Bay Akrotiri section, is indicated by the
increased presence of Rhabdosphaera spp. Negri et al. (1999a,b) discussed the meaning of both Rhabdospaera
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spp. and Helicosphaera spp. in the Quaternary and Miocene sediments of the Mediterranean area, concluding
that the behavior of the two taxa could support a mechanism of sapropel deposition triggered by both increased
primary productivity and water stratification.

The frequencies of discoasterids in the lower part of the section (if we consider the presence of D.brouweri as
indigenous) supported by the rare presence of Glinflata, suggest that the lower 20m of the section could be
assigned to MNN18 biozone (Rio ef al., 1990).

The part of the section ranging from 20m to 75m can be assigned to MNN19a biozone and is characterized
by the intense presence of gephyrocapsids with an overall placolith length between 3<L<4pm, along with the
absence of discoasters and the intense presence of well-developed specimens of P.lacunosa. The abundance of
gephyrocapsids ranging between 3.5<L<4um in size, with a relatively central opening and a clear central bar, is
the major diagnostic element to recognize MNN19a biozone (Triantaphyllou 1993, Triantaphyllou et al. 1997,1999,
Marino 1996).

The last 25 m of the section are characterized by the clear presence of gephyrocapsid forms with maximum
placolith length L>4pm, and thus can be correlated with MNN19b biozone.

The lowest occurrence (LO) of placoliths with the features of the taxonomical group of medium sized
gephyrocapsids —ranging in size between 4um up to 4.5um with a bar and a relatively open central area (Raffi et
al., 1993) must be placed at the level of the second unexposed part of the section.

The presence of gephyrocapsids ranging in size between 4.5 <L <5um has been detected during the last 10m
of the section (samples 1,2) and can probably be associated with the apparent decline in C.macintyrei abun-
dance, and the considerable increase in the abundance of the other two gephyrocapsid size-classes (3<L<4um,
4<L<4.5um).Raffi et al. (1993) showed that the extinction level of C.macintyrei occurs shortly after the increas-
ing appearance of gephyrocapsid forms ranging between 4.5<L<5um.

Therefore the uppermost part of the section must be correlated with MNN19b, and in particularly can be
placed near the top of this biozone, close to the extinction level of C.macintyrei.

Subsequently Bay Akrotiri section deposits are in terms of time older than 1.95 Ma (LAD of D.brouweri and
D.triradiatus, Rio et al. 1990) and younger than 1.710 Ma (FAD of normal sized gephyrocapsids, Rio et al. 1997).

The biostratigraphic analysis of the rest four samples (collected from a small outcrop to the north of Bay
Akrotiri section), showed relatively high frequencies of gephyrocapsid forms L>5.5um (large Gephyrocapsa
spp.), accompanied by high frequencies of forms ranging between 5<L<5.5um. The provided data allow the
correlation of these sediments with MNN19d biozone (Fig.4). Large Gephyrocapsa forms show an abrupt de-
cline at the level of the upper sample (the fourth of this set of samples). Normal sized gephyrocapsids are also
missing, but there can be observed an intense presence of small Gephyrocapsa spp. in the assemblages. There-
fore the stratigraphic level of this last sample may be correlated with MNN19e biozone (Rio et al., 1990).

Subsequently BA1 outcrop deposits are in terms of time younger than 1.608 Ma (FAD of large Gephyrocapsa,
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Rioetal,1990  Of larger gephyrocapsid forms
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Fig.4. Gephyrocapsid abudance patterns and biostratigraphic correlation of BA1 outcrop.
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Rio et al. 1997) and slightly younger than 1.238 Ma (LAD of large Gephyrocapsa, Rio et al. 1997)
4. THE PLIO/PLEISTOCENE SIZE-TREND OF GEPHYROCAPSIDS IN BAY AKROTIRI SECTION

The gephyrocapsid size-defined morphogroups have been proven to provide biostratigraphically useful re-
sults (Rio ef al. 1990, Raffi er al. 1993, Matsuoka & Okada 1990). Rio (1982) observed that gephyrocapsids
increased progressively in overall size throughout the early Peistocene, and that this increase occurred over wide
geographic and latitudinal distances.

We have performed countings of five different size-classes of gephyrocapsids (3<L<4um, 4<L<4.5m,
4.5<L<5pum, 5<L<5.5um, L>5.5um), in order to trace the gephyrocapsid size-trend in the terrigenous se-
quence of Bay Akrotiri section.

The provided distribution patterns (Fig.3,4) clearly depict an apparent evolutionary lineage from the small
Gephyrocapsa to larger forms of gephyrocapsids near the Plio/Pleistocene boundary. These patterns are virtu-
ally identical to those observed by Raffi et al. (1993) from western and eastern equatorial Pacific, Caribbean sea,
western Mediterranean sea and northern Atlantic ocean.

Gephyrocapsids ranging in size between 3<L<4pum are present with very low frequencies at almost 20m
from the base of the section (Fig.3). Their abundance increases gradually and reaches almost 50% at the upper-
most part of the section. This pattern is accompanied by a similar one, concerning forms ranging between
4<L<4.5um. These forms make their presence clear at about 75m from the base of the section, with very low
frequencies that finally reach almost 20%. The presence of gephyrocapsid types with an overall size ranging
between 4.5<L<5um and percentages reaching 5%, is observed a few meters above the first occurrence of the
normal-sized gephyrocapsids.

This is the first time that this trend towards larger size in the Late Pliocene/Pleistocene interval has been
quantitatively traced in a Greek terrigenous sequence, indicating that stratigraphic changes in the Gephyrocapsa
complex occurred in a similar mode between the terrigenous sequences of the Mediterranean (Greece, Italy)
and the deep oceanic environments, during the Quaternary.

5. CONLUSIONS - DISCUSSION

In conclusion Bay Akrotiri section can possibly be correlated -on the basis of a quantitative calcareous
nannofossil analysis- with MNN18, MNN19a, MNN19b biozones (Rio et al., 1990), or NN18, lower NN19 (Mar-
tini, 1971) and CN12d, CN13a (Okada & Bukry, 1981) which are pointing to Late Pliocene/Early Pleistocene
time interval (Berggren et al. 1995a,199b). Additional biostratigraphic data from the small outcrop BA1 (pres-
ence of MNN19d and MNN19e biozones, Rio et al, 1990) prove that the marly deposits of Paliki peninsula
clearly range in the middle Early Pleistocene.

The abundance of forms ranging between 3<L<4um characterises the stratigraphic range of MNN19a
biozone. Moreover the biostratigraphical importance of morphotypes with length >4pum has been well defined,
pointing the base of the Pleistocene (MNN19a/MNN19b biozones boundary).

We believe that the distribution patterns of forms with an overall size between 4.5<L<5um should be useful
in order to determine the MNN19b/MNN19c boundary. In particularly there must be a close relation between
the increase in abundance of these forms and the decline of C.macintyrei frequencies.

We cannot provide enough data for this suggestion in this work -as there were few available samples from
the certain biostratigraphic interval- but we consider that the monitoring of the abundance patterns of such
gephyrocapsid morphotypes (4.5<L<5um) may provide a sound bioevent for the definition of the top of MNN19b
biozone as the highest occurrence (HO) of C.macintyrei in terrigenous sediments is very difficult to be evaluated
due to strong reworking phaenomena.
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Table 1. Chronostratigraphic control for Bay Akrotiri section and BAI outcrop

Stratigraphic event Section/samples Age (Ma) Comments for Age
D.brouweri/

D.triradiatus HO BA / 21 1.95 LAD: Rio et al.(1997)
Normal sized

Gephyrocapsids LO BA/8-9 1.710 FAD: Rio et al.(1990)
Large Gephyrocapsa LO 1.608 FAD: Rio et al.(1997)
Large Gephyrocapsa HO BA1/3-4 1.238 LAD: Rio et al.(1997)

HO: Highest Occurrence, LO: Lowest Occurrence
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NEPIAHWH

Znomdg ™G eQyaoiag elvan 1 yewhoywrr] €oeuva tov mubuéva tov xGhov tov Nowapivou 1o tg evouteong
vroBahdootag epLoyrc dutrd me Zpoxtneiog, ue BAomn MBOCEICIUKES RaTayQAPES VYNMIG ®aw pEong drelodu-
TXOTNTAS ®OL TOLWY TUEHVOY TOU Mj@Bnrav £xTdg Tov ®GAov. O muBuévag Tou ®OAMTOU TUEOVOLALEL YEVIHG.
ouaAS avdylugo, evd oto BOEeLo Tuua Tou dartevdtol artd o avadioels Tov vofdoov. Zto turjpo dutind
™Me Z@axmElag 0 TUBREVAS TOQEOVOLALEL EVIOVOTEQN ROEYOLOYIa, WLaTEQO PETA TO VPAAOGQLO TTOV draxpiveToL
oe fa0og mepimov 160 petpwv. ZTo ®¥AAOoRO TS GUUOU TWV TTUENVMV XUOLOQXEL 1 Bloyevc @don ot 6ha Ta. delypa-
TAL EVO 1) YEWYEVNG QAON €LVOL TTOAD TEQLOQLOUEVT. ZTIS OELOUIKES RATAYQAPES EVOL OAPNS 1 TOQOVCia Hvo
CELOUARMDV OTQMUATOYQOPIHGY EVOTHTWY, oG avatens (A) mov eivon To WGnpatoyeveg rdivppa tov vtofdboov
ROL WLOS XOTOTEQENGS 7oV avtiotowyel oto vrtdPabpo (Y). Evide mg avatepns evomnrag dwoaxpivetar wo oagrig
aovpgpovio wov dayweitel 0o vwoevdtteg Al non A2. Zuvdayetol 6t 1) vioevotnta Al ametédn xatd vy teheu-
taio enirinon (oEvyovoiwootomxd otddio 1), evad N A2 xord g mponyolpeves emxhioels (0EvyovolooTomixd
otdda 3 1 5)xon n acvppwvia dnuoveyritnxe xotd mv terevtaio arndovpon(otddio 2).

AEZEEIZ KAEIAIA: KéAtog Navagivou, itnuatohoyia, otpouatoypagia, petaforés otddung me 8draocoas.
KEY WORDS: Bay of Navarino, sedimentology, stratigraphy, sea level changes.

SUMMARY

This paper examines the marine area of the Bay of Navarino and the Ionian sea sector to the west of the bay,
based on a collection of shallow and intermediate penetration seismic profiles and on three gravity cores.

The Bay has a smooth sea bottom morphology with maximum depth (75m) toward the south. Two minor
reefs penetrate the sea bottom, one of them rising above the sea level forming a rocky island. In the open sea
area the sea bottom is anomalous, especially after the shelf break, that is distinguished at a depth of approx.
160m. Beyond this depth deep valleys and ridges alternate and produce a rough morphology.

The examination of the three gravity cores indicated that their sediment sand composition is mainly biogenic
with minor amounts of terrigenous material. Increased shell fragments and terrigenous material was found at
the bottom of one core taken at a depth of 116m, related probably to wave action at an earlier sea level position.

The study of the seismic profiles collected within the bay and in the shelf area revealed,the presence of two
distinct sedimentation units, un upper A filling with Ioose sediments the basins that are formed in the lower Y
which is the basement. Within unit A two distinct subunits are recognized Al and A2, separated by an
unconformity.

In the sector to the west of the bay and beyond the shelf break, alternating opaque and transparent sediment
packages are present, that are attributed to earlier sedimentation phases of low/high sea level stages. An older
shelf break feature correlated with sea level stage 6 was distinguished at approx. 250m. sea depth. Thus subsid-
ence rate in the area is estimated between 1 and 2 mm/year.

The comparison of all data with the known sea level change curve indicated that unit Al was deposited
during and after the latest transgression (stage 1) the unconformity between Al and A2 is related to the previous
regression (stage 2), while the deposition of the unit A2 took place probably during stages 3 and/or 5. The
morphology of the basement Y in the bay and the shelf area is thus attributed probably to stage 6 when the area
was again subaerially exposed.

* MARINE GEOLOGICAL RESEARCHES IN THE GREATER BAY OF NAVARINO AREA, SOUTHERN IONIAN SEA.
1. I'ME, A/von T'ev.I'ewhoyiag xar Xapr/oewv, Meooyeiwv 70, Abijva
2. EML.IL, Topéog T'ewhoywav Emompav, ITohvtexveloinoin Zoypdgov.
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EIZATQI'H

O %6Mog Tov Nowoivou avarttiooeton 0To votlodutind dxo g Ilehoovvijoov xaw evidooeTal 0to dutt-
%6 eEMMVIrG T6Eo (Zyx.1). To oyrjua Tov eivar eEMEPOEES raw opeileTon 08 peydho Babud oty emyixn vijoco
Zpaxmoia, 1 oot RATaAApUPAEVEL TO SUTIRG TURA TOV. ZT0 BOQELO TUNUE. TOV XOATTOU VITAQYEL EVAGS AppU@dING
VNOLOTIRGS PEOYIGS, urovs 3km xou uéoov mhdrovg 400m, o omoiog xweitel Tov ®GAmo Tov Noavagivou o
MpvoBdhaooa g Tdhofag. O oppddng autds peayuds €xet nhric tovhdyiotov 2.300 etdv (Kraft et al. 1980)
XOL OXNUATIOTNXE OTG TN OTEQEOPETAPOQRA TV WENUdTOY Twv Yewdopwv Egpordyradov xau Mavvoiloxa 1
Tdhopfa, ov oroiol oxnuatiCouv Ta SEATA TOUS 0T0 OVATOMXAG GAXQEO TOU appuddovs VNoLwTLRoY PEoypot (Mmov-
Cog o Kovtdmouvhrog, 1998). Ta Bordooia ebpato ®ord uirog Tov @ooypol govy amd duopdg meog ava-
tohdg (Kraft et al. 1980).
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2158 2162 2186 217 21.74
Zy. 1: Heguoxif epevvns. Ot yoauuss deixvovv v Bon Tav ociouixdv dradgoudv xai or agibuoi Tig Ooeis Twv
moervey.

Fig.1.: Map of the studied area. The lines indicate indicate the location of the seismic reflection profiles and the

numbers the location of the cores.

O %6Amog ouvdgetar pe 10 I6vio TEAayog pe To OTpS Tov, Tov BEloxreTaL VETLO KO e Eval OTeEVO ko aff b
dtawho, mov Poioxetor Bopetodutind. Zuvdéeton axdpa pe ™ Mpvobdlaooa g INidhofag dia péoov evig »o-
LoV SLAOV ETUROLVOVIOS OTO HECO TOU oppcddous poaypot ot pue €va devtepevovia dicwho mov Peioxetar
010 duTKG GREO TOV PEAYUOU.

270 VOTLOOVOTOMXAG %Ol OTO avaTtoM®G TR TG axtic folorovior aviiotorya 1 ol g ITvhov xow n
rwpomoin tg INdrofag, ov omoieg TPoPodoTovV Tov ®OATO pe EUmoUs aotxrng mpoghevong (Varnavas et al.
1987).

ENuavtrés moooTTES WNRATOVY ELOEQYOVTOL OTOV ROATTO RATA TIE TEQLOAOVS TWV BROYOTTHOEWV, KUQRIWS
and Tovg motapovs Ndlofa zaw Eeoud ®abmg xow ad ddpoeovsg GAAOUGS XEPaEEOVE.

Zromdg TG TaEovoag EQEVVAG Elval 1) YE@AOYLRY PEAETN TOov TUBuéva Tov ®GATov Tov Navapivou xat ™g
gvEUTEENS VtoBaAdoolog TEQLOYTS duTind, voTa ran voTodutird g Zeoxteiag pe fdon MOooEIoRES Ko~
ToyoopEs vymArs (3,5KHz) »ou péong drerodutindtnrag (sparker) mwov €yvay tovtéyoova, %ot TOLV TUivey,
7ov MjgOnrav avowrtd g e106dov Tov xGAmov (Zy.1).

T'EQAOTTA

H ztepoxm tov ®6hmov tov Navapivou avixel yewmtextovirnd ot Lovn Tapedfov — IThov mov amotehel
moharoyewyoopurd éva Bpmpa oto 0moto amotéBnxray vepakidels oynpatiopol. H Enod, n omoio mepidieL tov
%#GAto Tov Navagivov, rolvrreton and Ilpoveoyeveic , Neoyeveis xouw Tetagroyevels oynpatiopovg (Zx.1). Ou
[Mpoveoyeveig OXNUATIONOL XOAITTTOUY TUNUOTOL TWV VOTLOOVOTOAMXMY OXTHV KO TY) VOO ZQanTnoio. RO OToTE-
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hovvran and aopeotdhBous nhriog dve Konudumov émg Makadrawvo — Horawvo, xat and gphioyn.

O @AMIoYNGS OTO RATATEQO TUHUA TOVU ATOTEAEITOL 0TS CQYLAOPRAQYCIXG TETQWUATA KL OTO HECAIO QIO
Yopprropapyaizés amobéosls. Ta aviTepa OTOMRATO TOV AVOYN OTOTEAOTVVTOL GTTG RQOXAAOTOYT], TWYV OTO(-
WV OL XQOXAAES TEOEQEYOVTOL a6 TeTEWpaTe TG Lidvng QAovot — ITivdov. H inpotoyéveon tov phioyn doxioe
and 1o rordtego Iolounévio (Putpordnng, 1971).

O1 Neoyeveig oynuatiopol epgaviCovror ®vping oto fogetoavotoMxd Tuiua g Enods xouw amotelotvial
nUplwg amd pdoyes, ahhd now awd wEoraAomayy, Youuiteg xow agyilovs. Zta Hecaio. OTQMUATO TWV VEOYEVHV
EUQPAVICOVTOL OTQWOELS AMYVITAV.

O Tetagroyevels OXNUATIONOT ROTOAOUPBAVOUV GAN TNV EXTOON TWV POQELV ARTWY ROl THIJIOTOL TWV OVOL-
ToM®@OV axTdv. Aotehotvrar ard ovyxoves aAMOUBLOKES TOOOYMOELS, TAEVQLRA KOQTILOLTOL KOLL ROVOUG KO-
udtwyv, Biveg, agythoappnndn edden, rpoxaromayr xaw Tveeviovs aofeotitnols Papuites.

O aofeatéMbol €xovv virootel éviovn dudpEnEn eve to oTEMpUAT TOV PATOYY elvar EAOPEE TTUXWREVAL.
O peyaitepog apuds Twv pnypdtov éxel dievdivoeig B — N zow BA — NA. Ou dievBivoeis autég tavtiCovran
UE TN LOEYOAOYID TG TTEQLOXNS ®ow pe Tig drevBivoeis Tov onypdtov g loviov tdgpeov oxnpotiotnzov de,
mbavév oto téhog tov TThelotoxaivov (Putpordxng, 1973).

BAGYMETPIA

2y.2: BaBvuerpuxog ydotns (Bdbog oe uéroa)
Fig.2: Bathymetric map (depth in m)

O x6hrog tov Navapivov eivor afadng weproyr pe péyioro fabog 75 pérpa, 1o omoio mopatmeeitar oty
€E000 1oV ®OATTOVL (ZX.2). ATS TN peLET TG HoEEIS TwV Loofabdv xaumirov tpoxrvmtel 6Tt To BAB0g avEdveL
OMOAG artd TV avatoArt] ®ow ™) BOQELC OXTH TTEOG TO REVIQO XAl TO OTGMO TOV ®OAToU (Zy. 2 xou 5). Kotd
WIi%og TV SuTRGY orTdY 0 TONEVAS eppaviter peydin »hion. H wrpdtepn »hion tov mubuéva mopatneeiton
OT0 OVOTOM®G %ot 0TO BOQELO TUNUA TOU HOATTOV, 0TS TQOOEATAIRES RATMPEQELES TWV TOTAUWY EEQLA RO
Tdhofa. Zto fSpeto Tuijpa Tov ®GAtov 0 mubpévag dromepvdtor omd dvo avadioels Tov VToRdBoov puo ad
TS omoieg oynpoTiCel puxen vnoida (Zy.2). Zto twijpo dutrd e Zeaxtneiog o Tuhuévag Tapovotdiel eviove-
TEQY HOE@OAOYiQ, LOLTEQX HETA TO VPOAOGOLO OV draxgivetan oe fdBog mepimov 160 uétowv Metd o fdbog
avtd o mubuévag diehativetar and avhareg evaihaooopeves ue vwuata (x.6).

ME®OAOAOTIIA

1o mhatowe ™mg nUatoloyrnig neAETng Tmwv amofEcewv Tov Tubuéva mpayuatomonidnxray 3 Tuenvoinyi-
€c. OL muErjveg oUMAEYMHOV pe Tupnvoimen fagittag pwixovs 3 m, dtapéteov 73 cm xou fdoous 250 Kgr. Ou
B€oe1g Twv TTUENVOM YLDV elvar VOTLa ®a voTLoduTIRd TG Vijoov Zgaxtotoag (Zx.1 xow ITiv.1).
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Hivaxag 1. Xagaxtoiotixd tov mugvey
Table 1. Core characteristics

upAvag B&Oog MAkog Tewypap Lxd Tewypop LkO
m TUpAva  cm TA&TOG HAKOGC
KMT 12 52 52 36,8955 21,6635
KMT 13 118 94 36,9006 21,6492
KMT 16 147 126 36,859 21,6549

O muenveg petagéetnray oto eQYaoTioLo, avolynxray xal mpaypatoroujdnre emAeypévn xotd pwirog
derypoarodmypia yio TG TeQOUTEQW EQYNOTNOLAXRES avolioets. TTio ovyrexrpluéva, and tov muprive. KMT16 ovh-
Aéxmrav 7 delyporta and Badn 3-5, 18-20, 38-40, 66-68, 90-92, 108-110 xon 124-126cm. Ané Tov wupriva KMT13
guMAExmrav 4 delypota and fddn 3-5, 29-31, 59-61 xaw 90-92cm. And tov wupriva KMT12 ovAhéxymuay 3
delypora amd Badn 5-7, 20-22 xou 48-50cm.

Zro delypato autd €yive Loy wELONSS TV *AOOUAT®V TG ARIOV, TS LMI0G RO TNG QRYIAOU HE ROORIVIOPOL
%o pe ™ uEBodo g mutéTog.

2’ 6ha T SElypaTaL TS AUIOV TTEAYROTOTTOW 0N ®E EEETAON PE TO MHQOOXOTLO, 1] OTTOla TTEQLEAAUPavE ava-
yvopLon xor aeibunon twv degdpwv ovotanxdv ™. Ta cvotatrd g dppov ta omoio avayvweiodtnzay,
petonOnrav xow amoBunOnray frav:

1) Tewyevij: Bpavopata netpwpdtmy, xahaliog, pappaguyies (nooyopitng, protitme), fagéa opuxtd.

2) Bioyevrj: Bpaiopato #eEMQAOV, TONHOTOPGQ0., ddTopa, OXTVOLma, ohdxio, OrdYyoL ®ow XOQGAALL.

AvBuryevég vxd oto ®Adopa g dupov dev tapatmeronxe.

To oln6 avBpaxixs mepLexSpevo Tov xhdopatog 3¢ (0,125mm) tng dppov Shwv Twv derypdtonv teoodlopi-
OTN®E UE TV 010 0yrOUETOLXY nEB0dO , xatdmiy enidpaons HCI ota xoviomompéva delypoto.

Tt TV TEAYRATOTOMOoN TOV CELOUXAMY SLOLOROTOEWY XONOLULOTOWBNXE TO GQYOVO EXTTOUTNG KoL MYMG
3,5KHz g etaupetag ORE xou 1o ovommua SPARKER 1t etanpeiog SIG pe 1oy 750 éwg 1000Joule. Xonowpo-
moujOnrav xataypogeis g etanpeiog EPC (3200 xow 1600). Ou €pgvveg €ywvav pe 1o oxdgog «ITuB€ag» g
YY/TEN xatd ) didoxera vog ®owvot epgvvnuiroy mpoypdupatos YY — IFTME. O npocavatolopds Tov oxd-
@oug ywdtav ue GPS »ouw Radar. T'o Tov vtoAOYLOUGS TOU TE(OVS TWV OTEWUATWYV OITG TG OELOULKES KOTOYQO-
Qg BemEiBnxre St 1 TogUTTa TOU f)ou oto Xohaod Cipara tg evémrag A eivor 1.500 m/sec.

AITIOTEAEEMATA
LIZHMATOAOI'IA

To amOTELECUATO TWV RKORKOPUETOIRMV OVOAMICEWY autetrovitovtar oto oxfjue 3. O eEetaldpevol mueijves
v IEnpudtov arotelotvion and e Wnpatoroyrots Tirous: Tov TnAddY dupo, Tov apupddn s xai tov
AG (Zx.3). O muprivag KMT12 ovyxgoteitan omtd pa @don nudtov, tov inhéddn dupo, o muerives KMT13
ard appddn Tnhd ®otd To peyalited Tou Tjpo xouw amd Tnhddn dupo ot fdom tov ko o muevag KMT16
ad TNAG row appuddn Tnhé ot fdon tov. To xAdopa tg duuov xatd ufixog twv mevov KMT13 zat KMT16
TOQOVOLALEL YEVIXG pLa aliENOM atd TNV XOQUPT TWV TUEVWV TTROG ™) BA0Y TOVS, Stov evromiCovrol To vYnAs-
TEQX TTOCOUTA Appov, eved otov mupjva KMT12 urdoyer wa ehopod TToTirt] Taom amd v ®oQueh| TTeog ™)
Bdon Tov mugriva (Zy.4).

Appog

ApyLhog A INGG

2 21
Zy.3: Toryovind didygapua xoxxouctouxtjs vijs Tov Iinudrov). (Folk 1974).
Aeiypara wvorjva KMTI2, Asiyuara mvgrjva KMTI3 xat Aeiypara mvorjva KMT1I6.
Fig.3: Sediment triangle (after Folk 1974). Core KMT12, Core KMT13, Core KMT16
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AT6 TN WHQOCROTILAY TTOQATIENOT TOV XAAOUATOS TG ARUOV CAMV TV SELYUATOV TQOXUTTEL OTL 1] BLOYEVHS
PAon ®uELaEyel o GAa Ta OelypaTa, EVE 1) YEOYEVIS PAON TG dupov eivor Tohd meQlogLopévn 1 ehdyrom. H
Broyeviig pdom amoteleiton omd ohdxrAnea xehign 1j Boaiopata xehv@uv xo orANEd oneleTind HEQEN EAOOUO-
Topoayimv, YAoTEQOTOdWY, TONUOTOPOQWY, OTTOYYWY, XOQOAM®Y, axTivoldmv ®ot datduwy. Ot OUYREVTQ®-
OELg TV BRaVOPdTWY TOV REAVPOV TOWIAOUY, 0L HEYOAITEQES CUIE CUYREVTIQWOELS TOVS QAT BN®AY 0TO
HOTWTEQO TUNUA Tov uenva KMT16.

To yewyevég vixd, 10 omoio 6mmws Tpoavagpépnre amotehelton amd xdxrovg yohaltio, fagéwv opurtwy,
Boavopdtov TETPMUAETOV ®oL EAAOPATIOV pOoYOPiTY, OTAVTATOL OF WXQEES OUYREVIQWOELS (XQGTEQES TOU
10%) oe 6ha o delypata, eVA oL PEYLOTES TOV CUYXEVIQWOELS EVTomitovtal ot Bdon tov upriva KMT16, 6ov
TOEATNEOVVTOL ETTIONG KoL AENON TV BRAVOUATMV TwV REAPHOV %ot TOV avOQaxLnoy VAR0U (Zy.4).

AIYPHNAZ KMT 12

TYNOZ IZHMATOZ XPOMA
Mipisdg dupog Daié

b dupiog Mpaowéregpo
Mot MNpacivére:
%:% 13
AppibBng TnAag (daid
Apptsting TnAdg |MNpaavéregpo
Appusbing s [Mpaavéregpo

Mnh@3ng dppog |Mpagwéregpo
TTYPHNA

I KMT 16
03 * [MinAog Daid
» |MinAdg Teppdpomio
* |MnAog Teppogaio
50
1 |MNnAég Teppdemo
MnAdg Teppogmo

Aupwdng TASE | TEppoeaio
s |AuLGBNG TNASS [ TEQpOGaIO

Zy.4: AmoreAéopara avalvoewy Tov Tvovay.
Fig.4: Results of the core sediment analyses.

2. 2TPQMATOI'PAPIA - TEKTONIKH

ZTLG OELOPLRES RATAYQAPES TOOO OTOV GPUO 600 %o otV €xtaon dutnd tov Navagivov (2x.5 xou 6) eival
oOogNg N TAEOVOI0 SV CELOIARGY OTOWUATOYQUPIKGY EVOTHTOV, MOG AVOTEONS (A) TOV €ival TO WKNRATOYEVES
xaAvppo Tov vITofddeov ron Hog raTHTEENS OV avtiotoLyEel oto vdfabpo (Y).

H avdteon evétro teQuhopfBaver pa Towmihon Taxous Wpatoyev GelQd, TOU OOTENETOL OTI6 ETUUKELS
oaeic 1 ®atd 1émovg dataayuévous acageis avaxhaotijoes. Evidg tg evomtog ouThc ®ow OT0 ovaiTEQO
Tina g Stakgivetan po evdidnguen aovpgmvia (AX) wov diaxweilel pia avdteen vroevémTa A, amd pio
1ATHTEQN VITOXEIREVY VTOEVETITO. A, TTOV TTANQOL TIg Aendveg Tov umofdabov.

H vmoevémra A, amotedeital and €viovoug ouveyeig ovarhaotioeg ot xoAimter 6An Ty €x10.01 TOU %OA-
mov #abwg now g Aendves inpatoyéveong omv vpororenmdwx éxtaon dutrd mg gaxtmeios. “"Exet mdxog
navw and 25m oto BEPELo xow dumnd Trjpae Tov ®kOATov, 6mov exfdAlovv o motapoi Tidhopag xow EgQudg,
HELOVETOL 0T Sm oV £{0080 TOU ROMTTOU Hetl OEV TOQOVOLALEL, OTLS OCELOURES RATOYQAPES OV AjgBnxray
MEo OTOV HOATO, dLA(POQOTOMON OTN OELOUIKY TOV ewova. Ztnv TeElox dvtind tng Z@axrtnoiag oTig Uev
ofabeic meELoxEs 1 vrroevoTnTo Al maovoldlel v (dla eovo. pe TV vtég Tov ®Ghov Tov Nawopivov,
eve oug Babutepes (wdtw Twv 125m) duapopomoteitar cagpug oe Yo opddes OTEMUATMV, EVOL ROTHTEQO dLapa-
VEg, 0N A0 TOV 0TIV VITAQYOVV PEQLXOL EVIOVOL AVOXAUOTIQES KL EVOL OVAITEQO PE OELQE EVIGVMV CUVEX GV
AVOXAQLOTHOWV, TTOV E(VOL OUOLO IE AUTO oV epgavitetat otov 6ppo Tov Novapivov. To vparodplo diaxpive-
taL o€ Pdabog mepinov 160 €mwg 170 pérpmv (Zx.6, ZB1).

H vrroevémra A, otov 6opo tov Navagivov mingol tig (Cnuatoyeveig Aendveg, €xeL mdxog €mg mave amd
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100m xon emnddnron aotppwva og £va avayAupo avdpaho xow ouyvd ENYROTOUEVO. TV (0080 Tov RGATTOV
10 Tdyxog g evomrag A2 eivon mepimov 60 p. H sowtepunr] tov dopn eivar apretd mohimhoxrn, dpumg eivol
duvatdv o edd) var SaxLBotv ToOVAAYLOTOV TEI0 OTEMNATA: EVOL RATWTEQO PHE dLOPOVT] AROVOTIXG XOQAXTQO
7oV ot PAOM TOV YiveETow O adLapavES ue mowriho mdyog (€mg S0m, Zyx.5, A 2.3), éva pecaio pe rord 1émoug
xaddn doprj, acvvexeis adiogpaveis avarhootipes apretd otadepol mdyovs (§wg 40m, Zy.5,A 2.2) xou €vo
ava@TeQO pe auvexels adiapaveis avaxhaotioes wxrQov mdxovs (negimov 10m, Zy. 5, A 2.1) eni tov omoiov
emxaONTon aolpgpova 1 vroevétta A,. Zmv meeLoyri dutind g Zeaxmeliag n vroevéma A, emiong tAngoi
AENAVES pE aVAUOAO %ot ONYUOTOREVO VITGPad0, ahhd dev mapaTEEiTaL 1) TOQOVTTC TOU HECOIOV OTEONOTOS
UE TV YoddN dopni.

2x.5: Zewomxrf xaraygaqij evrog tov xolinmov. EO: Emdveia aidoons, EIl: Em@dveia mvbusva. AE:Aiafoow-
ovyevijs empdvera. Pifyua. Ofon tng dwadgourjs oro Zyx.2. Aowrés eknyrjoes oo xeiuevo.
Fig.5: Seismic profile within the bay. E@:Sea surface, EIl:sea bottom. AE Weathered surface. Fault. Location of
profile at fig.2. Other explanations in the text.

'

Zx.6: Zewouvaj xarayoaprj dvtixd s Zeaxtnoiag. Znusidverar  Oon Tov mvpriva KMT 13 xai tov
vpaloogiwv ZBI xar ZB2. PS1:Iinuaroyeveic anobéoes xard v didgxeia Tov o§vyovotsotomxov oradiov 2.
Aowrés e€nyrjocis oro xeiuevo.

Fig.6: Seismic profile west of Sfactiria. It is depicted the location of core KMT 13 and of the shelf break SB1 and
SB2. PS1 pregrading sequence during oxygen isotopic stage 2. Other explanations in the text.
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LYZHTHXIH KAI XYMIIEPAZMATA

O avorioeis €detEav 6T 0To ®AAopUE TG GUUOU CAMV TV SELYUATWY, TO YEWYEVES VMG Boloneton o8 oA
MXQES OUYREVIQWOELS O QUTO TEOQaVMS delyveL GTL To VMKG cvtd dev ®oToEBMVEL VO TAOEL TNV TEQLOXN
ot ot TLS EXPOAES TWV TOTAUWY RO TWV XELWAQQ®WYV Ko aTtl TS AXTES, TBavOY Yot €yl 1jdn amotedel otov
%#6A0 Tov Nowoaivou ot ®ord pirog Twv Sutiedv axtdy g vijoov Zgoaxtmoeios. ‘Opwg ta Buldooia peipato
UETOPEQOUY TA TUO AETTGHOXK A YEWYEVH] VMKA EXTES TOV ®GATTOU Tov Nowapivou, Smov yiveton omdéBeor oty
oe yapunréc vdpoduvarés ouvBires xat ouVVTTAEYXOVY €10l paki pe To o adoopeEés VMRS twv xelvpdv. H
inpatoyéveon ong meQLOXES £XTAS TOV ®GATov Tov Nawaivou, 6mov MjgBnxav oL CUyXEXQLUEVOL TURT{VEG,
XOQOXTNOICETOL ETOPEVIS VIOt PEV TOL VARG PEYEBOUS Appov amd pua BLoouooHEEVON *eEAVPWMV %o Boowoud-
TOV REAVPAV BOAAOOLOV 0QYAVIOUAY, OTa O€ Ta Lo Aemtéroxxa VAMRA peyEBoug thbog xat agyihov 1 itnparo-
YEVEON KUQLOQYELTOL QTG TN YEWYEVH PAOM 1) omolo amoTEONre O Yauniic evEgyetog vdoduvaurs TeQUBAA-
Aov.

"Etor oty vad perét mepuoyy, mov Poioxetor extdg Tov ®6Amov tov Nowoivov, ouvurdyovv (Cjpoato
drapoeTirrg mEoEAevong ko daPOEETIRDY VOROdUVOUIKGY ouvBNREY evaréBeons. H xotavour tov itnud-
TWV TEOPAVAS OPEILETOL OF CUYRERQUUEVES VOQOBdUVOUKES CUVBTiRES TOV EABOY XD TTEGOPOTO OTNV TTEQLO-
M ®aBds raw oy emidEOON TS TEALEVTALOG EVOTOTIRIG avipmong TG otdBung g 6dhaocoac. H agbovia tov
Boowopdtwy TV REAVPWDY oL TOV YEWYEVAV ®Aaoudtonv dupov om Bdon tov mueriva KMT16 vrodnidver
TEOPAVAS TS EVTOveS VOPOdUVOUKES OUVBTiRES TTOU QaiveTal GTL emexpdmooy oty meploxy avty. Tétoleg
€vroveg vdpoduvaLRES CUVONKES ETEXQTNOMY ROTA TNV TEAEVTAC AVvOdO TG 0TdBung g Bdlaooag, dtav To
pétono g Baldoowag emivdnong, n onoia axohotBnoe v Tayetddn tepiodo tov Bovpuiov, €Bpavoe ta ne-
Mgn TwV 0QYAVIOPGYV OV Htoy otV TapdxTio Livn ®on ta oméOeoe exel pali pue ta yemyevij ovotatind xotd
™mv Toxela eminhvon mov arorotBnoe (BA. xaw Perissoratis and V. Andel, 1988).

ZUppovo pe VY YVmon) Xapmiin g petaffoiis me otdbung tg 8dhaococog xotd to terevtaio 200.000 €t
(Zx.7), og 8Y0 ypovixd dwaonijpora, mpo 20.000 etdv zow o 150.000 etdv vitipEe, AGyw Tng THENS TV oy ETd-
VOV (ot ToEivemon g otdpung g Bdhaocoag xatd 120 uétpa nepinov. Meta&l autdv twv megLédwy pecora-
Bel pua Tepiodog 6mwov n otdBun petaforidtay peta&v 30 ol 75uETea TEQITOV RATM TG TO ONUEQLVS EMITEDO.
ZUpgmvo. pe v 2oBLlempEvn 0QoAoYia, Ta yeovird otddio. Tameivwong xapaxtneitovial pe Tuyd avEovia
0QLBps, eved Ta oTddia TG avedou pe meQLttd aLius (Zx.7).

Xspoala SaddooLo
phoy

43
(=]

®tq x10* Kyr

B
o
b

150+

-100 -50 0
B&Bog m
2y.7.: MeraPolif tig ovd6ungs (xard Chappel and Shackleton, 1986 and Skene et.al., 1998). Aounés e€nyrjocis
070 XEUEVO.
Fig.7: Sea level change curve (according to Chappel and Shackleton, 1986, and Skene, et.al., 1998). Other
explanations in text.
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ARG v GAAN ueELd otnv mteQLoy ov pehetidnxre mopoTnenxe ¢t to vpakodoo Poioxreton ot fdbog 160
- 170 pérpa mepinov. Eni mhéov 1 pehérn twv oewomrdy dtaoromioewy otig Pabiés mepoygs tov »Ghou £de1Ee
OtL petd omd To veparodpro xar oe BABog 250 puétpa mepimov VdYEL Eva HEUTEQO VPAAOGOLO TTOV UITOQEL VaL
amodoBei oty dadacio g TEONYOUHEVNS TomE (VDONS TS 0TABUNG Tov §ywve mowy amtd 150.000 ém otddio 6
(Zx.6).

E@daov houtdv xat otig d00 mEQITTWOELS, TG00 TOU TEACPATOU GO0 %ot TOU TOAAGTEQOY VPALooQioy 1
apyu Tovg B€om 1tav ®oved oy téte empdvele g Bdlacoag, Tov frav mepimov 120 pérpa rdTm amd TV
onueow, ®aw 1 onueowt} tovg B€on elvan oe Pdbog 160 xow 250 pérowv avtiotorya, Téte 0To didoTpa TOV
20.000 gradv nouw 150.000 evahv oy amd ofjpepa, viepEe textoviry xatofvBion ™mg tdEng tov 40 pétpwv xow 160
UETOWV, ROW ETOUEVOS M ToUTnTa TG ®aTtafiBlong extpdton oe 1 €mg 2mm/€10g, aEQVOPEVY TTEOG TIG TEAEV-
Taleg meELédoug.

Me Bdon to mopadvm o QEA0g g BEom ¢ L0680V TOV ROATTOV O OYEom pe TV petafoli e otdbung
TOELOTAVETOL OTO ZY.7 (SLoEROPPEVN YOOUWT]), 0TS GOV CUUTEQAIVETOL GTL 1) TEQLOYY] TOV ®GATOL Tov Nowa-
pivou ftav Enpd xatd ta otddua 2 xaw 6 ko Thavas xatd 1o otddo 4. AvtiBeta Baldooeve word To oTado 3
%o 5, 6mog xow ovjpepa (otddio 1). To (dro ouvéRarve xow oty vpororonmdixy €xtaon dutird e Zpoaxmoi-
og. Axoun 1 opai xAion g acvpgovias petall twv vroevotitwv Al xow A2 mpog v 8dAacoa delyvet GtL
dev dnuoveyriBnrav Aipves xatd v tehevtaio andoveon (otddio 2). AvtiBeta to avdpaho TomoyoupLrd
ddmedo g vmoevémrag A2 (Zy.5) deiyver 6t xatd ™y TMjemon Tov avdylugou cutol mboavev va elxav
dmuoveynBel Aipveg xard to otddia 4 (bovg) 1j 6.

ZUUTEQOONLTIXA PTOQOURE VO TOVPE GTL Ta Bohdooia Wjpata ™ voevémrag Al armotéBnxrov rotd v
tehevtaia emixhvon g Bdhaocoag (otddio 1). H aovpgpovia emopévas petakl tmv vroevomjtov Al ko A2
elval amotéAeoua ™G aréovEoNs xatd To oTddo 2 vow €Tl To Wijpata g vrtoevottas A2 Ba aviiotouovv
mbavitata oe Bahdooles amobEoels mov amotéBnuay xord to otddia 3 1 xow 5 pe por puxen droxory mbavey
®ratd 1o otddwo 4. H yerrviaon g meQLoxng Touv ®OATov pe TG AEXGVES 0ToQEONS %ol TEOOQORAS WCnudtwv
TEOPAVMS OUVETELECE OTNV JLOPOQETLXY] OELOMHT] ELXGVO TNG VITOEVATNTOS A2 VTGS TOU XOATTOU atd EXEIVN
dvtnd g Zpaxmoias. "Etou w.x. 1 xawdns dopr] twv avetépwv opilléviwy s A2 mbavev va ogeiketal oty
onéBeon adoopepdv vMrdyY (dupot, xooxdieg) mov doxetedmray and tovg yipow motapois. To avdylvgo
téhog TG PAong g vroevétras A2 pdALOV SLopoepdONre ROTA TNV XEQOEVOT TNG TTEQLOXNS *aTd TO 0TAdL0 6
mpo 150.000 etdiv wepimov.

B0 meéneL vo onpelnBel GTL To TOQATAVEM CUUTEQAOUATO. TTOTEAOVY Pict TTOMTY EXTIUNOM KO EQUNVEVTLRY
TEOCEYYLON TwV oTotxelwv. Mo Aertropuep€oten pelétn tovg Bo emteépel va yivouv axoi€0teQeg EXTIOELS
Aapfdvovtag v GYPm ®ow TLS AVTIOTOLXES TTROOPATES XEQONES amoBEoeLs Tng Enodc.
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EIII®PANEIAKA KATOAIZOHTIKA ®PAINOMENA KAI ANAAYXH EYXTAGEIAX
YIHOOAAAZZIOQN ITPANQN XTHN IIAAI'TA METAEY KEPKYPAX - TIAZQN (ITAA-
I'TA AYT. EAAAAAL)"

0. XALIQTHE' , I IAITAOGEOAQPOY' & I'. PEPENTINOEL'

ZYNOWH

Zmv mepovoa eQyaoto Tapovotdfovial To aroteAéopata piog 0aAAooLas YEMQUOLRC/YEwTEXVIXTS EQEV-
vag Tov exteAEotnre oty mhoyd petoEl Képnvpag-TlaEdv (mhayid Avnrric EMAGdag). Ta xupidtepa yem-
HOQPOAOYIHG. XUQUKTNOLOTIXG TNG TEQLOYNG ATTOTEAOTY OL EVAAAIYES XAOAQWOEWMV RO QAYEWY (VYNAGYV RAL-
CEMV) ROL T TOWKIAQ xoTOMOONTHA pavépeva tov Aapfdavouy xopa. H pelém twv yewmtexvirdv Wiomijtov
TV Inudtwv £de1Ee TV TAEOVOT0 XoQOXTNELOTRMV 0QLLEVTWY (0EEdwuévn thig, oarpommhds) 1 mapovoia 1
1 amovoia Twv omolwv eivar evogwxtiny g dpdong PoQUILKMY PETOXVIOEMY. ATtG TNV avdivon evotddetag
TEOEXVPE OTL TO, TTEOVT] ElvOL aoTad OYL LGVO OE OUVOIKES OAAG KoL TOTURA OF OTOTIRES CUVOTXES %o OTL TOL
pabn oricbnong avamriooovion oe fAON 5-20m xdtm ond Tov TbpEva.

ABSTRACT

This paper presents the results of a marine geophysical/geotechnical survey, which was carried out between
Kerkyra and Paxi slope (part of the western Greek slope). The main bathymorphological features are numerous
canyons and intercanyon ridges that exhibit high slope gradients (up to 30°T). The canyon flanks as well as the
ridges are affected by numerous mass movements that include slides, rotated sediment blocks, well-expresed
sediment detachment surfaces, mass flows and creeping. Most of the aforementioned movememtns present a
retrogressive action of the failure mechanism. The unstable sediment masses are often transported through the
canyons and are deposited in the adjacent basin creating a sequence of alternating mass flow deposits and
turbiditic/hemipelagic sediments.

The gravity cores collected along two ridges, in the Kerkyra and Paxi slopes, revealed a certain sedimentary
sequence consisting of calcareous ooze, oxidized mud and a sapropel layer overlaying hemipelagic mud. Along
those sediment facies turbiditic muddy to sandy deposits usually appear. The main geotechnical characteristics
of these lithofacies are the low undrained shear strength and high water content in the sapropel layer and the
inverse relationship of the abovementioned properties in the oxidized mud. The water content of all the sediments
is higher than the liquid limit indicating the very soft nature of the deposits and the possible destabilization upon
disturbance (i.e. earthquake).

The stability of the sedimentary cover was evaluated using the infinite slope, the Bishop and the Janbu
methods. The main results that stemmed from the analysis are that (i) the Kerkyra slope is unstable both in
static and dynamic conditions and (ii) the Paxi slope is unstable in dynamic conditions, whilst the very surficial
layers (<1.5m in thickness) can be also unstable under static conditions. The possible failure planes are located
5-20m under the seabed. The absence of the oxidized mud and sapropel layers in the Kerkyra slope as well as
their presence in the Paxi slope, and the presence of an episapropelic layer in the Kerkira-Paxi basin are all
indicative of the unstable nature of the seafloor.

Cyclic loading by earthquakes, high slope gradients and sediment bedding parallel to the slope are believed
to be the predominant slope failure mechanisms in the surveyed area.

AEEEIL KAEIAIA: vnoBoldooia natoModntnd pouvopeva, yemtexvirég didtyieg Baldoouny inudrov, o-
VAAUOT €VOTABELOG TEAVWDV
KEY WORDS: submarine mass movements, geotechnical properties of marine sediments, slope stability analy-
sis

* SURFICIAL MASS MOVEMENTS AND SUBMARINE SLOPE STABILITY ANALYSIS BETWEEN KERKYRA AND PAXI SLOPE
(WESTERN GREEK SLOPE)
1. Egyaonjoio Oahdooias Femhoyiag & Puovnris Queavoypapias (E.OATE.®.Q.), Tuwjua Fewhoyiog, Mavemonjuo Matpdv
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1. EIZAI'QI'H

210 mhaiowo piag BahdooLog YEWPUOLRTIG/YEMTEXVIRNG EQEVVUG EEETATTNRAY TOL ETPAVELOHRG XOTOMOONTL-
%A QAULVOUEVQ %O 1) EVOTAOEL TV VITOHOAROOLY TEOVEY Ot TPua TS TAayds s BA EAAddag, peta&d twv
viowv Képxvpag naw ITakdv. H mepuoxy avt ta tehevtaio mepimov 13.10° yodvia folonetar ot éva xobeotdc
OUUTTLEOTG RO YOOORTNOICETOL a6 €viovn OeLopmxdTTa ASYyw ™ avamtuEns onypdtoy BBA-NNA xar BBA-
NNA dieibvvong. Ta mpoavagepBévia ocvotijpata enyudtov opitovy pio empuixn Covn €viovng oelomxrnig
dpaomeidTrag, YvooTic oav «aewourt] tavn tav Ioviowv vijowv» (Papazachos and Papazachou 1989). And
RATOAGYOUS OELOUMY TEOXVITTEL GTL 0 EVEUTEQOS XWDWEOG EXEL DDOEL OELOUOVS HEXOL ¥ 6.5R eVE 0Vppmva ue To
xdotn ogourdmrog Tov EMnvirot xdoov n mepuoxy] €pevvag pmopel va dwoel oewopotds and 5 €wg 6.3R
(Papazachos and Papazachou, 1989).

2. MEOOAOI EPEYNAZ

H gpevva exteléomue 1o ZemréuPoro tov 1993 and 1o E.OA.TE.D.Q. xow xatd T SLdorela TS YENOLHo-
momonrayv (o) vdpoypaprds nyofolotig timov SIMRAD EA-300P, xou (B) Topoypdgot vrodouns mubpéva
tinov 3.5kHz (O.R.E.) xaw tomov Sparker (SIG). EmumtAéov ovMéxBnrav 8 muprves iljparog pijrovg 120-210cm
YLOL T HEAETY TOV YEQTEXVIXWV LOtoTitev Tov iinpdtwyv. O tpoodiopopds tg B€ong Tou oxdpoug yivoviay pe
10 drapoprd dopvypoprs ovomua TRIMBLE 400011 RL-DL.

H gpyaomnouaxii avalvon tov muoiivev TeQLEAafe aQyd TNV axTvoyQAgnon ToUg, TOV TQOTOLOQLOUS TG
SroTunTriic avToxnc, TS VYIS TUXVGTHTOS KoL TS QUOLKNIS UYQOTOS GpEows HETA T dtdvolEn Toug xan atn
OUVEYELL TOV TTROOALOELOUGS TV 0QimV Atterberg, Tng ROXROUETOIOG R TOV TOOOOTOU avBaXL®0U AOoPETTiOV.

3. AITIOTEAEEMATA

BuvBouetoia-Mopgodoyia: Ané T fuBopetouxr amotinwon oty vy €pevvag dromotdbnre 6t 1) mhoyid
Kéonvpoag-TTaEwv oproBeteitor amd v wofabdn twv 160m omy mepioyy tes Képxrvpag eved mpog ta votio
(nepuoxn IMaEdv) and v wopadn twv 300m. ITgog ta xaTdvin 1 PUOLOYEAPLKY EVOTITA THG TAQYLAS, TEQLO-
pitetow pueta&l Tov Wwofoddv twv 900m ko 1250m and fépeta (Képrvpa) moog voma (Iagoi). H yevuur poe-
pohoyia mg megroxrc €pevvag mapovoldteton Wiaitepa mohimhoxn. H mhayid datépvetar amd peydio ooBpd
VEoHAAAOOLWV X0QASQWOEWY KOL QAYEWY OL TEQLOCGTEQES EX TWV OTOLWV CVATTTUCTOVTAL QTS TO VPAAGOLO KOl
xnatohjyouy omy mepLoyy ™mg Aexdvng Kéorvpogs-TTaEdv. Aemtouepeis EQEVVES OV EXTELECTNHOY OE TUNPATOL
g mhoyrdg tng Képxvpag xabdg xar NNA tov ITaEdv (Ew. 1) anédeiEay 1 o1 vmoboldooteg yoadwoelg
£x0Uv aoUppueton datowri pe ATOTELECUA OL TAEVQES TOUS VO TaQOVOLALouV dtagogetirot fabuot avaylugo
%o xMiogrs. To e0pog Toug eivan YEVIRG PEYANO %O TO VYOS TMV TOLMPATMVY ®upaivetor omd 60 £mg xow 270m
(Ewx. 2). O péyroteg ®MOELS TWV TOLXOUATOV TV K0ododhoewv elvar VYMAES nan Tomxd, Eemepvotv g 30°.
1o do mpoavagpeEbEvto Tprjpata TS mAayLAS mov peletriOnrav dieEodumdtepa SromiotdOnxe Gt ov ®hioELg
eivan vymAGTeeg oty mepLoyrj Te Kéoxvpag (uéyiom 30°) oe axéom pe mv meproxr tov Ma&dv (péywom 25°).
O1 mxpdtepeg TES xAioewy (5-7°) mapamEOnxray xovid om Bdon g mAayLdg, EVE XOTA WXOS TOU VPOAO-
ofov damotditnxe €va onpovtixd eVpog xhioewv ov xupaivetar ad 8 émg 18.5°. H hexndvn Képrvpag-TIaEdv
XOOXTNEICETAL 0TS OUOAS avAYAMQO pe ®MoES prEdteQes and 1.5° mov tomxd pévo grdavouy g 4°.

Tewguou draoxdmnon: O TuBPEVOS ®ATA UXOG TOV VQAA0QIOV xoAUmTTETON 06 pict IENRATOYEVY] OHOAOV-
Bia ITheo-Tetagroyevoug nhwiag mdyovg 30-140m, mov emxdOeTon AOVPPOVLE Ot pie. TahotdteEn oxolovdi-
a, mbovidg Metorouviniis nhnies. Avaven Tov vpologiov mootneBnxay evpeies ®OAGTNTES, OL ONOIES aLvTL-
TQEOOMTEVOUV TG REPOAES VITOBOAGOTLMV X0QASQWDOEWYV TOL TOLXDUOTA TWV OTOIWY €X0VV ®oAupBEel and amo-
0éoeig Maomopodv / powv ropnudtwv. H vymhic éviaong avoxhaotndmto tov muBpuéva opLopévay xooadon-
oemv dMhaver 6t elvon eveQygs, dnhadr 6t aotehotv ovyyeoveg 0dovg petapopds Wnudtwy TEog T RoTd-
V1), %UQIWG VTS TN HOEYY QOWYV, Ot 0moieS dLafEWVOVV TOV TUOUEVA TV RAVOALDY.

ZmV TEQLOYT] TOV VPAAOQIOV ®ow TG dvew mAaylds domotdBnxay arwoxoljoels Inudtwy T ovg €mg nat
75m, o 0molo. EX0VV HETAPEQBET OGS Ta RATAVTY, EVHD ROTH OETELS ATORAMITTOVTOL GTQWUOLTO TYG HOTOTEONS
(Mewrawvinic) oxohovdiags (Ew. 3). H napovoia emnalvrrépevov amoBEoemy 0omv ooV RaTaven Twv pe-
TOTWV AoXGANONG dMMAGVEL TV VITOXDENON TOUS OGS TaL AVAVTY) AGYM SLODOYLKMV ROTOTTHOEMY TEPAY DV
tnudrov (Ew. 38,y). H ®hion tav otpopdtov eivor tagdhnin €og vroma@dAnkn pe t yeviry xhion g
TAOYLAG, YEYOVAGS Ttov avEdver v mbavdtro aotdBelog Tov meavols. v eQuoyy] ™s avdteons TAaydg
dromotdbnre emaAEov, TOmMKG, OTOLERTUVOY oL EAOQEA TTUXMON TOV IENRATOYEVEV TTOMUATWY, YEYOVOS
7oV UTOIMAWVEL T dRdoN EPEARVOTIRGDY TATEWV OTOL ETPAVELOXG (CTjpata (EQUONGS).
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Ex. 1: (a) Xdotng arov omoio @aiverar 5 wepioxr £0evvag xar n 0gon Tov mverjveoy mov eAfjpbnoay aro Ty
aeguoyrf s Aexdvng. (B »ar y) Xdgres arovg omoiovs magovarderar n fvbouctoia, ot mopeics ocvvas (d1axe-
xOpUEVES Yoauuscs), ot Goeis Tov mugtivav xai Tov exdvoy otig mhayiés g Képrveas (B) xar tov NNA-ixedv

Hakaov ().
Fig. 1: (a) Map showing the location of the surveyed area and of the cores collected in the basin. (b and c) Maps
showing the bathymetry, the survey lines (dotted lines), the core and the figure locations in the Kerkyra (b) and
Paxi (c) slope.

. )" Y ;g 3
Eux. 2: Touoypapia timov Sparker ornv omoia @aivovrai ot evailayes vrobaldootwy yagadedocwv (C) xat

odxewv (R) ornv mdayid twv NNA-ixdav IaSov.
Fig. 2: Sparker profile showing the alternations of canyon (C) and intercanyon ridges (R) in the SSW Paxi slope.
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Ze Bdbog Baracoag peyaiiteo amté 500m ta emgoaveiaxd lipata (30-40m) g mhayids exnoedlovra
emmAEov omd meQuotpo@nés ohathjoelg ehaotinot yooartijoa (Ew. 3). H amovoia emgoveiaxic eppaviong
TV eMIEdMV oAloONoMG dnhdver Ty N petanivnon twv oMoBEvTmy Tepaydv. O ®HQLog uNYavIopRds avamT-
Eng v empavelandy xatoModioemy givar pdAhov avadpopou xopaxtijoa, dMiadi avartiocoeTal OGS To
avavm Aoym EMAeNG avTLoTHOLENS TV VITEQREIUEVWV OTOWUATMV.

L

Ewx. 3: Touoygagics tumov Sparker (a) xai 3.5kHz (B) oty mhayid tov NNA-ixov Mooy xar tvmov 3.5kHz
oy mAayd s Kéoxveas (y) orig omoics paivovrar odtobrjosis itnuaroyevay teuaydv (S1), emepdveies
amoxdiinongs (Sc) xat emxalvnrdueves anobéoeis fagurixav gowv (MF).

Fig. 3: Sparker (a) and 3.5kHz (b) profiles along the SSW Paxi slope and 3.5kHz profile (c) along the Kerkyra
slope showing slided sediment blocks (Sl), sediment detachment surfaces (Sc) and overlapping mass flow deposits (MF).

H evémra g rendvns Képnvpacs-TIaEdv ovviotaror and evoadrayég ToveBidimxdy 1i/xar nuumehayindy
WEnudtwv pe anoB€oers, ou omoleg eite (i) mEOEEyovToN s oMOBOELS Row EXOVY VTOOTEL TAOOTLRT] TOQOALUOQ-
pwon eite (ii) eivon amotéheopo godv patdv (ropnudtwy / Aaomopodv). O fagutirés anobioels mpoépyovrol
€(Te QG PETOHVIOELS LENUATOYEVAV TERODY QTS TO TAQAXEIUEVA TEOVY] EITE 0TS PETAPOQA nudTOV pe T
ROEYY} POWV LAPECOV TWV KOAOQDOEWY OV TEUVOUY TNV TTACLYL. 5

Tewteyvinéc i0idtnres: Tt HEAETY TV YEWTEXVIXGDY LOWOTHTWV TV WNUATWY TOL TUBPREVE CUALEXOMROV 8
VT VES WHKOTOG 0md TLS PUOLOYQUPIKES EVOTNTES TG TAAYLAS Rait TG Aexdvng. Amtd tig mhayég g Képnvoog
%o TV NNA-idv MaEdv oudhéyxbnray 6 mugijves, evd omd ™ Aerndvn Kéorvpac-TIoEdy 2 mupijveg (Ew. 1).

ATIS TN LOXQOOKOTLXY TTOQOTHENON Rat TV EEETOON TV axTvoyQoLav -X- draxpiBnxay ot eEvig MBogpd-
OELG PE TNV AN tov PaBovg wdtw amd tov mubuéva: (Al) aofeotitnri Wig mdyovg 15-28cm, (A2) oEetdwpé-
vn g dxovg 5-13cm, (A3) campomnids mdyovg 7-20cm, (A4) nuurehoywmri thig mdyovg ouviBug peyahvte-
oov and 1m zow (AS) tovepditxy Wig/dupog mtdyovg 3-50cm. H rogandve avdmtuEn Siamotddnre omy
oy tov ITaEdv evd amovotdler omd myv mhayid s Képxrvpag. H zotaxndouen xatavoun Tmv YEWTEXVIXOY
wWonijtov oty meQLoyt] §peuvag eAEYXETOL OITG TNV TAEOVOTO TV CUYREXOREVWY MBogpdoewy. Ot dLovpdy-
OELG TWV TGV TV YEOTEYVIXWY TOQUUETOWY Ot kA MBSpaon (TTw. 1) ®aBdg xat oL ONPOVTILRGTEQES TOQATY-
o1fjoeig mapovordovrar Guvorud TUQARATW.
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(o) Kord wijrog g nuuterayuiis tiiog Siamiotdfnxe peiwon g TeQLEXTIRGTNTAS TOV VEQOU Ko avENOM TG
VYIS TURVOTNTOG ROL TG QLOTOGEYYLOTNG SLOPTNTRTS OVTOYIG, TACELS TUTUKES Yot LEHPATOL TTOV TTROEQYOVTON
amd v *eBinon AeTTéror*WV CULWQOTUEVOV CWUOTLIIWV.

IINAKAX 1

S Z c CaCOs Y w 1L PL PI Su

(%) (%) (%) (%) (gr/cm’) (%) (%) | (3) | (%) | (kPa)

Min | 3.80 | 26.7 | 26.5 22 1.61 44.14 | 37 26 9 0.1

Al | Max | 16.7 64.9 66.1 37 1.79 71.35 | 49 33 20 8.7
Mean | 7.54 | 38.66 | 53.8 30 1.69 56.40 | 45 30 15 2.9
Min | 3.56 | 27.8 | 44.1 28 1.59 47.4 47 28 15 4.2

A2 | Max | 7.74 51.6 66.6 33 1.72 65.78 | 54 38 20 11.2
Mean | 3.89 | 37.49 | 58.62 30 1.65 55.9 5 33 18 745
Min | 1.49 | 20.39 | 42.94 24 1.56 52.8 45 29 14 0.4

A3 | Max | 36.67 | 44.6 | 67.8 29 1.69 76.8 53 34 19 6.4
Mean | 6.19 | 36.02 | 57.79 26 1.61 63.1 48 31 17 2.9
Min | 0.54 | 30.49 | 28.26 14 1.60 35.9 32 23 5 0.8

A4 | Max | 18.04 | 59.6 | 62.9 27 1.92 85.1 53 33 20 7.8
Mean | 3.94 | 49.18 | 46.88 20 1.72 49.34 | a1 28 13 4.0

Min | 1.50 43.6 | 30.8 15 1.65 41.13 | 40 26 13 2.9

A5 | Max | 19.17 | 59.4 | 49.6 20 1,77 56.35 | 46 30 17 7.7
Mean | 7.25 | 50.51 | 42.24 19 172 49.82 | 43 217 16 51

S: dupog, Z: anids, C: dgyiios, CaCO; avBganixd aoféorio, y: vyerf muxvornta, w: neguentixdotra vegov, LL:
doto voagomyrag, PL: doio mhaotixotnrag, PI: deixtng mAaorindrnrag, Su: aotedyyiory datunriaj avroyr.

(B) OvvynAGTEQES TLUES TNG TTEQLEXTIXGTNTAS VEQOU OE OXEON E TLS TWES TOV 0QIOV VdaQdTTaS dNAdiveL GTL TaL
wipota autd elivol VTOOTEQEOTOMUEVD, KoL OF TEQIMTOON duvaprng ovapdyrevong (m.y. oelopds) eivon
mBavS va YEooUY T CUVOYT] TOUS KO VoL QEVOOUV.

(v) H oEedwuévn g yapoxmeiletar and vymiéc oyennd Tipés diatuninnc avroxrs, oL omoieg xupaivovion
omd 4.2-11.2kPa, rar pdhhov ogeihovron otnv moQovoio ®itoLvo-xéxxivav oEewdinv oudijpov. O vymAég
TYES dLoTunTLrtis avtoyis dLUTaRdocouY T oUVEN RATARGEUEN ROTAVOUT] ROTA PHHOS TWV TUENVWYV 0oy
elval onuovtird aVENREVES EVOVTL TWV VTEQREIHEVMV ROL VTTOREIUEVOV LENUdTWV.

(8) H compomnhuxy MBSpoom ToQovotdier auENUEVES TYES TTEQLEXTIXGTNTAS VEQOVU EVAVTL TV UTEQREIUEVWV
RO UTTORELUEVOVY MBOPATEWY, EVA OL TYUES TNG VYQI|S TUXRVATNTOG RO TGS LATUNTLRNG avTOXI|G Elval rQo-
TEQPEGS EVOVTL TWV OVTIOTOLXWV TV TwV TEQLRaMMOVIOV WKnudtwv. Ol compomnhixol opiCovieg Tov eviomi-
OOV 0T AEXAVY WToQovv va BemenBotv, oUppwva PE T0 XOQOXTHOO TOVG OTIS axTVOYRapies —X-0g
“EMOOTTEOTNAMAOV” THTTOV. AUTS onpaiver 6Tt n Nurehoykn INRatoyEveon Tov campommMxoy opitovia
drandmnre and uxEng xhipoxag yeyovota Bauitriic netapopds ttnudtwv (tovefdrtind pelpata)
(Anastasakis and Piper, 1991).

(e) TovpPditirol dupor xat Ueg dmoTdONRaY TOTXRA 08 0QLOUEVOUS TUETIVES, UE ETOQY BAONS AvAUAAOU
OYNUOTOG RO TTOQOVOIX, ETTAEOV, BUAAXWY Appov xot TBavayY Lvav Broavaudyrevons. H Mbdgpaon avm
epQaviCeL oVENUEVN TEQLEXTIRGTNTA TOV VEQOU O€ OYE0M pe ta mepupdihovia ttiuata AGyw Tou YeryoQov
oUONOU artdBeong TG ko OYETRA AVENUEVY draTpunTiry] avtoxy.

Evordbeia mpavdv: H pelét g evotdbeiog twv mhayuwv e Képrvpoag xat twv NNA-wav IaEdv moay-
poatomomOnxe pe xoron g avdivong (i) Tov “drelgov wirovs” meavoug xau (i) Tov empéovg Aweidmv ue tig
neB6dovg Bishop xaw Janbu, petd and ™ pehém) TV TOHOYQAPLEV KoL THV AvAAVOT TOV TUEV®YV TTOU CUALE-
xOrov oo to dVo EMPEQOUS TEAVY] OF CUYREXQLUUEVES YEWTEXVIXES TOUES ROTA UIHROG MrEOU £¥QOVS VOB~
Adoowwv pdxewv. Ta otouela TOV TEOEXRMPOAV OO TS YEMTEYXVIXES AVAAUOELS ®OL XONOLHOTOON®aY OtV
avdlvon gvotdfeiog mogovotdtovral atov mivoxa 2.

AGyw Tov TEQLOQLOPEVOL BaBoug uponvoinyiog (epimov 2m) n petafolr] Tng daTpnTinig avioxis ue To
padog vrohoyiobnxe Pdoel Twv dedopévav Twv Tueivmy, ue ™MV EQaEUoyy T neBGdov TG yoouurig ma-
Avdpdunomg (linear regression analysis). 't v aogad epappoyn ™g pedddov omy mhoryid tov NNA-wmav TToEwdv
QTOPOHQUVEN OV OL TIRES TV TOUDY ETpavelomay MBogpdoewy (Al, A2, A3), oL omoleg Adyw Tov onpavixdy duo-
POQMV PETUEY TOVG, aAhoimvav onpavtixd v aEomotio g eElcwong mov mpoéxrumte and v avdivon. H
Sropmmnr avroyr} Tov IENUATwY TEEoVoLdtEeL pia oxeTIRE oogi] Taom avEnong pe to Pdbog Adywm Tng avdmty-
ENG TOV OTEWRATOS TNG NILTEALYLXI|G LMIOC RATW OTTG TLS TOELS ETUPAVELORES MBOPATELS.

- 667 -



ITINAKAZX 2

YypR AotpdyyLotn Kaion (°) NiBava eninmeda Ze LOpLKY
Mep Loy MUKRV. SLaTENT LKA avToxXh max | min oAioH. emLT&yxuvon
(v) (Su) (m) ()
Moot 1.71 Su=1.79+2.62*1072*d 25 5 0:35; 1:9# 5
0.24
Képrupo 1.7l Su=2.06+1.89*10 %*d 30 a 1, 1.7, 5

d: pdfog o€ cm

T ™y aroguyn mopdpolmy tEofAnudtwy mov elvar duvatd vo Stata@dEoUY TNV RATOROQUPY KATOVOUN
TOV TGV TNG dlaTpntinns avroxris ne 1o Badog (apovaia evotowoemy e diapoetind MBoAOYLXE yooxTioo
oo ®atl PE SLUPOQETIRES PUOLRES LOLOTNTES, DLOKVUAVOELS TG TTEGNS TOV VEQOU TV TGOMWV) 1) YOOLUIMAY HETO-
Boin mpocouoBnxe: (i) and arhemdinio otpdpata Tdyovs 4m, Grov ftav duoyeers 1 dudxolon g empa-
VELONG OTPWUOTOYQpias (ruolwg Adym Tmv VYMADGY *®Aioewv) 1 6T0U SLUTLOTHVOVTAY OYETIXAE OPOLGHOQPES
ouvOijreg LLNUOTOYEVEON S OTIS TOROYQOWIES %O (ii) 0TS OTEMROTO. SLOPORETIROT TTAYOVG, TaL omoia Titov duva-
76 va droxgiBovv ot Touoypapies. Kou otig 6o mepumtdoeis 1 aotdyylot dwatunmxy avioyy Bswonnre
{on pe ot ov TEOoRUTTTEL (TS TN OYEOM TNG YOAUUHNG RaTavourig Yo To BABog Tov péoov tov xdbe oTpwua-
toc. Etou avil yio yoapupuxn petoffol] g aotedyylomgs dotpnuxiic avtoxis pe 1o fabog xonoipomouonxe
BoOudwTé dudyoappo.

H Suoxtpavon g vyeg muxrvemrog eivan mohl 1] ko VIToTEONRE TETOLO. XATAVOW] DOTE VoL EXOVNE
avEnom rotd 0.01gr/em® avd 2m Babovg ot oygon pe T HEoN Ty VYENS TURVOTNTOS TTOV VITOAOYIOTNXE OTTtd TV
avAAuon TOV TUEVAY.

IMBava emimeda oMoBNoNG ®aTd pNrog TV 0molwv eEETATTXRE 1) EVOTADELD. PE TV avdAVON TOV “AItelQov
ufrovg” mpavovg eivau: (i) o campomniinds opiCovrag oty mhoyd tov IaEwbv o fdbog 35cm, Adym g dral-
TeQX rEYS droTumtixiic Tov avtoyng xau (ii) To puéyioto PaBog oto omoio emtevyOnre TuEVOApic o ndBe
EMUEQOVG TUHa TG TAOYLAS *OL GO VITdEYOVV eQyaomolaxd dedopéva. Emumiéov eléyynne to fdBog tov
Sm wg mBave Babitepo enimedo oAioBnong, agov eEartiog g yoopmxiig avEnong mg dratunmnng avtoxis ue
10 fdbog, o Adyog Su/Po (aatpdyyioty droTuntixt] avioyr/eveQyr tdon vregreipevay inudtwy) oe peyorite-
oa BAaOn mogovoiaoe TOM wrEES danvudvoelg xan oto dbo mavii ov eEeTdomuay.

H opildvuia ouviotdoa mg oelopuxrg emttdyuvong woottan pe 0.12, agot fdon tov NEAK n meploy €pev-
vag avijrel om Laovn I oewopxrg emunvduvemrog (a=0.24).

Avdlvon evotdBeiog mpavay o otatiry xatdotoon (IMivaxog 3)

Katd wixog mg mhayidc twv MaEdv n avdlvon evotdBeiag pe ) péBodo tov “dreipov pirovg” mpavois
£de1Ee 6t 0 otomrds ovvreheotis aopdhrerag (Fs) ota avatepa 155cm eivon prpdtepog ™ povadag (0.5-0.66)
%o 1) pEyLotn #hion Yo duatijionom evotafav ouvvOnradY uxedteen artd 15° yeyovog mov pavepdvel Ty aotadr
®rordotaon oty omoia fetoxetar 1o mEavés. O ovvreheot|g aopdrelag ot fadn peyaritega omd 1.9m xvpal-
vetow petalu 1.08 xan 1.13 yeyovig mov dmhaver ot ta hijpata eivan oplaxd evotadij éwg evotad.

ITINAKAZ 3
ITATIKEEL IYNGHKEXL
MH HEINEPAZMENO NPANEEZ ME®OAOI AQPIAQN
BaBog Méyiotn
Nep toxég emLgp. KAion Fs Nep 1oxécg Bishop Janbu
oAioch. avadvong Fs Fs
(m)
[ 0.50
Moy L& 155 25° 0.66 Aoty L& < 22° 0,96 ~. 2.59 > 1.03
HoEdv 1.90 1.08 Mo &dv > 22° 0.87 - 1.00 >, 0,98
5.0 1.X3
NAay L& 1.0 0.84 Aoy L& <, 18° .11 -, 1473 L@k = 1.91
Képxrupag v Y 30° 1.00 | Képxupag | > 15° 0.63 - 0.84 0.70. - 0.93
5.0 0.76

H avdivom evotdBeiag pe tg peBodoug twv empuépous Mpidwy (Bishop xow Janbu) omy mhoryud twv Hagdv €deike
6u oe BéoeLs rmou 1) xhiom eivon puxpdTeEn amtd 22° ton (npomo eivon opuoxd evatad wg okl evotad (Fs: 0.96-2.59),
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eva) avtiBeToL 08 TEQLOYES TEQLOOGTEQO OIGTOUWV ¥AioEWV (>22°) o Whjparta eivon awotadn (Fs: 0.87-1.0).

O €heyyog mg gvotdfeog omy mhayid ™me Képrvpog €de1Ee dn ta ihjnata elvan yevird aotadn €wg opio-
%d gvotadn oe Gha to mlavd emtimedo ohMiobnong (Fs: 0.63-1.0). EEaipeon astotehovv meQLoy€g 6mmov oL ®hioeLg
elvar prEdtepeg Twv 1571 dmov n avdivon pe g neddédovg Bishop raw Janbu €6ei&e dtu ta ilijpota eivon evota-
01 (Fs: 1.11-1.91).

Avdlvon evotdfeiog moavayv oe oewopd (IMivarog 4)

H avdivon tg evotdfelag o duvaprt] *atdotaom Teoypatorotjinxe yio SAo To paoua Twv ®¥AEwY o
VTOAOYIOTNROY OTOL HVO EMUEQOVS TUNUATOL TG TAAYLAS TTOV EEETAOTNRAV AETTOUEQHS.

O €leyyog gvotdBetag oty mhayud tov ITaEwv, pe ™ péBodo Tov “drerpov wijrovs” mpavois, amédelEe Ty
Wiaitepa aotab] ®oTdoTaon Tmwv aveTepmv 35cm TS IKNUaToYEVols oTiANG, TAVM ontd TOV CamQOomnALRG 0Qi-
Covra naw yevirdtepa tav npdtoy puéxol to fdbog tmv 155cm. Ewg to fdbog awtd ta liporta elivar duvatd vo
QOTOXNO0VY 0O RO XWEIS TNV ETIOQOT OELOPOY Yot xMoels peyoritepes and 12T, O tpég tov duvouron
ovvteheor aopdherag (F ) magovoudfouy pia adgnon oo ehartaveron 1) xhion Tov moavous kol wic. ehapold
ueiwon 600 avEdveton 1o BAB0S TV mBavVEY emupaveldy oAioBnong xdtm amd tov Tbpéva (Yo fadn olioty-
ong peyoritepa amd Sm).

Ol €T UVOELS TTOV QTOULTOVVICL VL0t VO TTOOROAECOUY RATAQQEVOY] TOV TTROVOUG £V YEVIRA JUHQOTEQES
amd vty Tov mpoteivetol artd Tov N.E.A.K. Mdvo og tijpato g mhaylds 6mov ot xAoeLs elva Tepimov 5° o
Wijpata ragovoidlovran evotadr] €mg opraxd gvotadi oe fdBog 1.9 xaw Sm avtiotouya.

O €heyyog g evotdberag pe ™ pébodo Bishop £deiEe dm T empaveiand hijparta eivon aotady (F: 0.57-
0.90), evd n péBodog Janbu €de1&e oL To Wijpara eivon aotadn g evoradn (F: 0.64-1.26). Omog eival gave-
00 ta TEavY elvon oplaxd gvotadr otig Boeig v wxpdtepwv xhioewv. Ta Bddn twv mbavdv emaédmv oli-
obnong ropaivovrol and 5 €wg 20m mepimov.

IIINAKAX 4
AYNAMIKEE ZYNOHKEZL
MH NENEPAZMENO IIPANEZ ME®OAOI AQPIAQN
Ba&aBog
HDepitoxég | Emuigp. KAion a’ Fp Iep Loy ég Bishop Janbu
OAiocH. (°) (%g) Fp Fp
(m)
0,35 0.0-4.3 0 .31=0..51
Aoy L& 1.55 5=25 0.0-6.8 0.40-0.67 Aoy L& 0.57 - 0.90 0.64 - 1.26
Mo Edv 1.90 1.4-13.5| 0.66-1.10 Mo gov
5,0 2.4-14.3 0.69-1.15
Aoy L& 1.0 0,0-10.1 | 0.55-0.89 Aoy L&
Képxrupag 1.7 7-30 0.0-13.1 0.66-1.06 Képrupag 0.43 - 0.66 0.47 - 0.73
5.0 0.0=7.6 0.51-0.83

a*: uéyiory opiGovria edaquxtf emrdyvvon oe evorabeis ovvbijxres

Katd pirog mg mhaydg g Kéoxrvpoag 1 tywrj tov duvapuxot cvvteheoni aopdieiag ®vuaivetar ard 0.43
£€mg 1.06 nou ToQOVOLATEL TG HEYLOTES TIUES TS GO0 EAATTWVETOL 1) XALOT) TOV TEAVOUS. Omtwg paiveTal amd Tov
nivara, To IOV og Gha T mBavd fabn ohiobnong, pe eEalpgon avtd Twv 1.7m, eivan duvard va ohobjcouy
XWPELG TNV ENLdQUON CELOonLRNG dpaoTNELOTTOS O TEQLOXES »hloewY neyahitepwy and 20°. H avdhvon evotd-
Berag €8e1Ee A€oV GTL 0L 0QLLOVTLES EDAPIXES EMLTAYUVOELS, OL OTOIES ATOLTOVVTOL YLOL TNV XATAQQEVON TOV
TEOVOUS eivon oM puxpdtepes (1.3-13.1%g) ot oxgon pe tig ovtiotouyes ov N.E.A K., yeyovig mov evioyiet
TO YOQOXTNOLONO TG TAQYLAS ¢ TAEOV aotafovc.

To moavég tg Képrvpag eivan evotabég povo oe Béoeis nhioemv urpdtepmv and 9° xot névo yio. 1o mbo-
vé Babog orioOnong twv 1.7m.

H avdhlvon pe tig pebddovg Bishop xaw Janbu €deiEe emmhéov 6t ta mbavd enimeda ohicOnong avarrio-
ooVt 08 OXeTd ueydho fadn xdtm amd mv empdvela tov Tubpéva (15-20m).

4. ZYMIIEPAZMATA - LYZHTHXIH

H 0aldooia yemhoywrj €pgvva mov exteAéotnre oty hoyld petad Képrvpag xan ITaEdv (twijpa mhayidg
™ Avtrnc EMddag) anédeiEe my (i) wiaitepa moAimhonn poegpohoyic Tg TEQLOYNS, 1 0TOl0: dLOHOQQWVE-
T OT6 EVAAAAYES XaOadOWOEMV oL eVOLAueomV pdyewv mowihov peyéBoug, (ii) mapovoio mowihwy Timwy
Baoutrav petaxrvijoewy, (iii) VmapEn “yapoxrtoLlotrmv”’ 0ptlldvimy (campomnAds, oEeldmuévn thig) ota emt-

- 669 -



pavelond Wjpato ne WLaitepeg YeWTeEXVIRES WL TES, (Iv) aotadn xardotaon oty oroio folorovial ta dvo
emp€povs moavij Tov pereTiiBnxay dieEodindtepa, V6 duvapmxrés adhd xow Tomund V6 oTaTrég ovviijreg, Yo
ovyrexouuéves Tpés xhioewv voun (v) eEdmhwon twv mbavdv empaverdy ohiodnong (olppwvo pe v avdilvon
gvotdfelag) o fAdn and 5 €wg 20m weQimOV RATW ARG TNV ETPAVELD. TOV TVOPEVQL.

H évotpwon tov camgommiot, Adyw Twv idaitegmv YEMTEXVIXOV TNg 1dtoTiTaY, atotedel €va tdovinG emi-
7edo yo TV avdmTuEn “emdepuinot” Timov (emupavelanés, purEoy TAXoUS) BaguTtrdy OV Grws dtamotd-
Bnxe now and v avdlvon evotdBerog. Zto (dlo ovpmépaopo kotédnEay xow ov Chassefiere and Monaco (1989),
ot omoiot peAéTnoay g evotadeLa Twv Wnpdtov ndvon ond camponnhxois opiovreg ot Bddy, Suwg, 3-5m *au
8-12m xdtm omd ™V eMPAveLe TOV TUOREVA, Yo BEENTIRES TIUES KMOEWY, EMITAXTVOEMV RO EVOEIRTIRGV
YeWTEXVIXAOV WOoTiTOV. ZTa fAOn avtd oL omoBEoeLs Twv camgommidy BemeiOnxe emmAéov Gt meQuBdovTon
ot pun SLoeQOTd APYIAXA OTOMROTA, PE CUVETELD TV AUENON TG TEEONS TOV VEQOT TWV TGQWV ROTA PO
TOUG O€ TEQITTWON duvapuriis PéoTonG.

H napovoio tov oampomniinol OTp@RaTog 08 CUVOVOOUS PE TO PULVOPEVO BOQUTIRGV PETOXIVIOEWMY TOV
Sramotabnrav omv mhayid twv NNA-xdv IoEdv dnhdvouy 6t (o) ) mhayid eivor evotabig ta tehevtaio 7-
9 xthddeg xodvia (nhxio campomnArot opitovra S1) o o ®aToAoBnTrd palvépeva oV oot BN®oY
eivon modoudtepa xat £xovv xoAv@lel and €vo empaveiand orewpa Oloxawvirig nxiag mdyxovs mepimov
1.5m (to omoio dev eivar evdidxnpiro ong Topoypapies 3.5kHz Adyw twv vymidv xhioewv tov Tbuéva) 1 (B)
oAioBnon Tov npuotoyevay Tepaydv eivar oxeTxd avyyovn, ouvépn dnhadi ta tehevtaio 7-9 xhddeg xo6-
vio, 0AAd Oev exdNADONKE ROP(C TOVTGXQOVY) HETAXIVION TV XOAXQWY ETLQPOVELORGY WNRATOV ROTA Wi%Og
oV VEOYS TampoTnMxoy 0pitovta (EAOTIXOT THTTOU peToxivnon).

H arovoia tov campommiixot opiCovra xat g vrepxreipevng MOSpaons g oEedwpévng tWiog amnd v
mwhoyud ™mg Képrvpag vrodnhavel eite ) dpdom xatoMofnmrdy Qaivopnévav petd v oméBeon Tov oomQormn-
Mro¥ otpdpatog (vedtepa amd 7-9 xihddeg xoovia) amoTELECHO TWV OTTOWY 1TV 1 HETAPOQE TOV TTROG T
Aexdvn eite 6T oL carEomnAoi dev amoTEOMray BOPELGTEQO QTG TO CUYRERQIUEVO YEWYQAPIKG TAATOS AGY® un)
QVATTVENG OTEWUOTOTOMOMG TN VddTIVNG OTHANG OTY gVEUteEn meployy. H magovoia Spms comgommhav oe
Wijpora Popeidtepa e Képnvpag (Anastasakis and Stanley 1984) dnhdvel 6tL 0 dayvoonundg awtdg oito-
vrog amotédnue nou petapépdnxre vt ™ poEEY PaQuTrY Powv O Puotoypa@ry evoTnTa ™G Aexdvns. H
duanoron dAwote “emioamponnAirot” Timov aroBéoewv otov muenva I12 o hexdvn Képrvpas-TIaEdy em-
BePardver v mopamdve diepyaoia.

O ®igieg autieg mOV TEORAAOUY TNV TUEOAGTNON KATOMOONTIRDV QALVOREVWV 0TIV TEQLOYN EQEVVUS QITO-
tehotv 1 osoprt] dpaotnoidtra ®abmg xon 1 avartuEn vymAdy xhiogwv o cuvduaoud pe ™y mopariniio
TOV IENUATOYEVEV EVOTOQOOEMY Pe 1) Yevixy xhion g mhoyidc.
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STRATIGRAPHY AND DATING OF A LARGE SLUMPING EVENT
IN THE NORTHERN AEGEAN
V. LYKOUSIS', G. ROUSAKIS', P. PAVLAKIS' AND M. ALEXANDRI'

ABSTRACT

Continuous seismic (Air-Gun) subbotom profiling in the N.Aegean was revealed a large submarine transla-
tional slide. The failure zone is extended from about 300m depth down to 800 m and covers an area of 85 Km®.
The mean thickness of the slide reaches about 55 m and an estimated total volume of 4 Km® of Quaternary
sediments have been slided along a distance of 6 to 7 Km.

Chronostratigraphic analysis of the acoustic reflectors imply that the slide plane is the muddy layer of late
Pleistocene age (170-240 Ka BP). AMS dating of sediment cores provided indications that this major slide event
occurred 5 to 6 Ka BP.

ZYNOWH

Kotd v Sudorera vtoBohdooimy epevveyv oto B. Avyaio pe Spyova axovotniig Siaondmiong avorhdioeng
(Air-Gun) dromot@bnre 1 ol peyding €xtooms xatohioBnon omv mepoxy HeTaED Twv viowv Odoov —
Anpvov.

H meguoyrf g xotohiofnong €xel éxtoon mepimov 85 km® xou og BAHN amd 300 €ng 800m mepimov now xAion
oL TUBpEva amd 1° éwg 2.9°. To péoo maxog tg xatoriodnong eivan 55 m, o cuvolnds ™me Gyxog mepimov 4 km?
1 8¢ petorivnon mg exnpdron ota 6 £wg 7 km xatd pfxrog Tov mpavois. To Hoepoloyrd TS XOQAXTNOLOTLRA.
™V ROTATACoOVY (®VEImG) oty Ratnyoia ™G entimedng ohioBnong. To xatdtaTo Tujua ™S xaTtoAoBnoNg €XEL
avapoxrevBet now magovotdlel hogpoeldry dapdopwon eve 0To aviTeQO deV TAQOVOLATETOL ECWTEQLRY
SLatdoatn twv mapdAAnAwY 0QLOVIWV (OTOWRATOTOMUEVOV) TV WnudTwy.

H (Enuatoroyry avdivon towv mvpivov mov ANednxav otnv meQLoyy ot ouvduvaopd pe dvo
padoypovoroyrioels (AMS) €deiEav 6t n natoriobnon ywve mbavdtata mow and S §wg 6.000 €.

Exupdron 6t 1o emtimedo ohioBnong eivan évag thvoaythwdng opitovrag wov €xer amotedel mw amd 170 ng
240.000 € oe cuvbrixes vymMis otdBuns ™g BdAacoag (uecomayetdong mepiodog — oEuyovorootomxt} mepiodog
7).

KEY WORDS: Translational slide; acoustic stratigraphy; slide plane; relative dating; N. Aegean Trough.

1. INTRODUCTION

Submarine slumping and mass wasting processes at active plate margins is one of the principal and the more
complicated downslope sedimentation mechanism quantitatively and qualitatively (Prior and Coleman, 1982).
Medium to large scale mass movements are the most commonly recognized sediment failures on continental
slopes and are measuring hundrends of meters to kilometers in horizontal dimensions (Field and Edwards,
1980). Slumping processes is the main potential natural hazard to existing and future offshore engineering struc-
tures on the continental margins (Heezen et al., 1966; Bee and Audibert, 1980; Carlson et al., 1980; Coleman
and Prior, 1981).

In the NE Mediterranean downslope slumping is related with the Quaternary evolution and the present
seismotectonic regime of the Hellenic Arc and Trench system (Hudson and Fortuin, 1985; Lykousis, 1991a;
Ferentinos, 1992). Active neotectonics imply high seismicity with strong earthquake shocks (M=6.0-7.0) and
high peak ground accelerations (20-35%g) in the forearc margins, as well as in the back-arc grabens (basins) of
the Aegean Sea (Makropoulos and Burton, 1985; Delibasis et al., 1987; Jackson and McKenzie, 1988).

The major objective of this paper is to present and analyze the characteristics and dynamics (potential initia-
tion mechanisms, failure planes, relative timing) of a slumping that was recorded during a conventional cable
route survey across the central sub-basin of the North Aegean trough. This mass failure event is, probably, the
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largest in terms of a single event that has been recognised in the Aegean domain.

2. GEOLOGICAL SETTING

The North Aegean Trough (N.A.T.)isa 1 - 1.8 km deep ENE - WSW trending graben system with a series of
three deep fault - bounded main sub - basins (Fig.1), characterized by extentional tectonics with an important

strike slip component (Lyberis, 1984; Le Pichon et al. 1984; Mascle and Martin, 1990).

Lo
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Fig.1. General bathymetric map with seismic continuous seismic profiling tracks, gravity (dots) and box coring

(squares) in the greater region of the slide. The failure zone is deliniated by the shaded area. The selected seismic
profiles that used in the text are also indicated.

Itis interpreted as the westward extension of the North Anatolian fault (Dewey and Sengor, 1979) configuring
the northern transform - type border of the Aegean microplate (Mercier et al., 1976; Mc Kenzie, 1978; Taymaz
et al., 1991). Strike slip neotectonics and seismicity are closely related in the N.A.T. initiating strong shallow
earthquakes (Papazachos and Papazachos 1989). During the last 30 years, four prominent seismic events (M >6.0)
were reported and studied in detail in the central part of N.A.T. closely to the observed slumped deposits (Mc
Kenzie, 1972, 1978; Jackson et al., 1982; Jackson and Mc Kenzie, 1984; Taymaz et al., 1991). Also nine very
shallow earthquake motions (3-8 Km) of medium strength (M= 4.0-5.0) affected the area under investigation
the period 1980-1989. These shallow earthquakes are able to induce, locally, high horizontal ground accelerations
and to initiate slope sediment failures.

Quaternary sedimentological studies in the North Aegean have been carried out mainly by Perissoratis et al.
(1987); Perissoratis and van Andel (1988); Lykousis and Chronis (1989a); Perissoratis and Mitropoulos (1989);
Piper and Perissoratis (1991); Perissoratis and Piper (1992) and Lykousis (1991b). The thickness of the Late
Quaternary sediments (late 150 ka) in the central part of the N.A.T. range from 30-50 m, while the mean subsid-
ence rates due to neotectonics for the same period ranges from 0.3-1.5 m ka™ with a mean value of 0.8 m ka
(Piper and Perissoratis 1991). Slope stability studies were performed by Lykousis and Chronis (1989b) in Late
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Pleistocene prodelta deposits on the upper slope of thr NW Aegean (western termination of the N.A.T.).

3. DATA AND METHODS

The study area was surveyed in terms of subbottom profiling by a 1-40 cu.in. Air-Gun (PAR BOLT U.S.).
The Air-Gun was operated with the 5 or 10 cu.in. chamber with the signal filtered at 200-1100 Hz for optimum
penetration and higher resolution of the Late Quaternary reflectors, and the better identification of the poten-
tial slip planes (layers). Selected gravity coring was scheduled with a BENTHOS INST.(U.S.A) gravity corer,
after a preliminary onboard seismic profiling interpretation. Most sampling attempts in the scarp and along the
glide zone failed, possibly due to the exposed hard Pleistocene slide plane and/or the stiff mud clasts and slide
debris. Sediment cores were recovered from the greater undisturbed Late Pleistocene slope and basin sediments
and the toe of the slide while one core was obtained from the northern edge of the slide plane/scarp foot. Box
core was used for supplementary sampling where the gravity coring failed, especially along the slide surface and
the scarp slope covered by the stiff mud debris.

Sections of split cores was X-rayed using a Faxitron (U.S.) X-Ray cabinet. Grain-size analysis was per-
formed by the SEDIGRAPH laser technique (Micrometrics 5100) at regular intervals along the split cores.
Selected samples was analysed for organic carbon and total carbonates content with a CHN Analyser (Fisons
EA 1108).

The field work was carried out with the R/V AEGAEO during 1989, 1994 and 2000 navigated by a TRIMBLE
4000 Surveyor D.G.P.S. system (accuracy + 5m).

4. RESULTS
4.1. Slide geometry (morphology)

The morphological characteristics of the failure zone were revealed from the study of detailed multibeam
bathymetry and images, conventional echo sounding and continuous seismic profiling records. The slide and the
related failure zone is highly complex in terms of morphology and vertical profile appearance indicating, appar-
ently, variability in the sliding processes. The failure zone that trends WSW is extended between 300 to 800m
depth with slope gradients from 1° - 2.9° (mean 1.8°) covering an area of 85 Km?* (mean length 16.5 Km, mean
width 5.3 Km)(Fig. 1). The boundaries along the flanks of the slide are relatively well defined especially towards
the shallower parts of the failure zone.

The uppermost part of the failure zone is about 4-4.5 km wide and consists mainly from a well defined slide
scarp (headwall) that has an average slope of 6° and an approximate (mean) relative high of 40-50 m (estimated
from the continuous subbottom profiling, Fig. 2A,B). The subbottom stratified acoustic reflectors are clearly
truncated by the slide scarp. Slide debris (SLD) of about 0.2 Km?® in volume have been accumulated to the foot
of the scarp, while slab like slumped sediment masses (slide blocks) appears on the glide zone (depths from 320-
600 m) especially in the northern part of the failure (Fig. 2B). These blocks of about 0.7 Km’ in volume retained
the initial sediment strata of alternating stratified and relatively transparent reflectors equivalent to those that
have been truncated by the slide scarp. The glide plane appears to be a sequence of well stratified reflectors that
are extended upwards and constitutes the base of the slide scarp.

In the deeper (and larger) part of the failure zone (extended from 650-800 m) the slumped sediments have
resulted in a well defined seabed elevation of 10-15 m high lahibiting characteristic hummocky bottom topogra-
phy (Fig. 2A). In the seismic profiles this zone display characteristic hyperbolic and chaotic internal reflections
throughout the disturbed sediment mass implying intense remolding of the sediment strata (Stuart and Gaughey,
1977). The thickness of this lower part of the slide range from 40-85 m (mean 55 m), their aerial extension is
about 45 Km® and the estimated volume exceeds the 2.7 Km®. The hyperbolic and chaotic reflections terminate
abruptly downslope where a sequence of stratified undisturbed reflectors that have been regarded as the base of
the potential glide plane of the failure. In the lowermost edge of the failure zone these hyperbolic and chaotic
reflections appears to split in two or three patches and to prograde over the underling intermediate stratified
reflectors distructing only the poorly stratified or partly transparent reflectors. This indicates presence of weak
layers over the intense and stratified reflectors and along the base of the acoustically transparent layers as
already noted by Lykousis (1991a) and Perissoratis and Papadopoulos (1999). Consequently the major and
secondary glide planes are the transitional zones between the basal strongly stratified reflectors (stiff-relatively
coarser sediment layers) and the overlay acoustically transparent and/or poorly stratified reflections (weaker-
muddy layers with higher water content and lower shear strength).
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Fig.2. Downslope Air-Gun subbottom profiles of the failure zone showinging all the general appearance and
characteristics of the slide. Slide scarp (SC) debris (SLD), glide plane (GP), slab slide (SLB) and the remolted
toe of the slide (SLP) with haotic and hyperbolic reflectors are indicated.

The observed failure is a rather typical translational slide of bedded sediments with about 4 Km® of downslope
moved sediments along a distance of 6 to 7 Km over a well defined glide plane. The overall morphological
characteristics of the slide resemble to that of Currituc translational slide in the Mid-Atlantic continental slope
(Prior et al., 1986) despite the volume differences. The overall structure and characteristics (scarps, block slides-
olistoliths, slide debris, weak layers as glide planes) indicates a failure mechanism similar to that described in the
review paper on the origin and behavor of submarine slub slides (O’Leary, 1991).

4.2. Sediment cores

Three gravity sediment cores were recovered from the undisturbed slope sediments, from which one was
taken from the lower part of the slide (region of hyperbolic reflectors) and one from the sidewall scarp (Fig. 1).
A number of box corings were carried out in the exposed gliding surface, since gravity coring attempts failed to
obtain more than 20 to 30 cm of homogenous muddy sediments.

The cores T5,T3 and T4 taken from different depths in the slope surrounding the slide (depths 360 m, 670 m
and 880 m) is assumed to represent the regional (relatively to the slide) shallow stratigraphy and geotechnical
conditions. Texturally these three representative sediment cores display the typical N. Aegean shallow sediment
sequence stratigraphy (Fig. 3). Four basic upward sediment sequences are distinguished: a) The Late glacial
stiff silty-mud layer (>about 16 Ka BP), (b) The lower Pre-Holocene muddy layer (9.2-about 16 Ka BP), c¢) The
thinner intermediate Early Holocene sapropelic layer (9.2-6.4 Ka BP from Perissoratis and Piper, 1992) and d)
The upper Late Holocene muddy horizon (<6.4 BP Ka BP). The upper Late Holocene layer is from 55 cm thick
in the shallower T5 core (360 m) to 110 and 140 cm thick in the other two lower slope cores (core T3 and core T4
respectively). Since sapropelic layer deposition was terminated about 6.4 Ka BP the calculated regional mean
Late Holocene sedimentation rates are about 10 Ka cm™ in the upper slope and from 15-25 Ka cm™ in the lower
slope environment. The short core M8 (depth 820m) taken from the toe of the slide did not provide any addi-
tional information regarding the remolting character of this. part of the slide.

The box cores retrieved a few tens of centimeters in thickness that consist of a basal admixture of very stiff
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Fig.3. Basic textural and stratigraphic characteristics along the cores taken from the upper (T5, 360m) and lower
slope(T3, 670m and T4, 880m),the toe of the slide (M8, 820m) and the side slide scarp (M7,720m).

mud clasts and an overlay of homogeneous hemipelagic mud drape. The mud clasts probably are glide debris
and should be compared with the “friable clay” that was sampled from the glide plane of Currituc slide (Prior et
al., 1986). The homogeneous mud drape is expected to have been deposited after the termination of the failure
processes. The thin muddy veneer that covers the stiff mud clasts (and possibly drapes the entire glide plane)
and the regional sedimentation rates for the upper slope environment (around 10 cm Ka™) indicates a relatively
recent (Early Holocene) age of the slumping event in the N. Aegean.

Important information was revealed from the core sampled from the northern sidewall scarp (core M7,
depth 720m)(Fig. 3). This core displayed two different muddy sections in terms of textural characteristics. The
upper (130 cm) part (section 1) is a homogeneous clayey pelagic mud and the lower (150-250 cm, section 2) is a
stiff mud sediment layer of greenish gray color (10GY). Also the upper most part of the section 2 (130-155cm)
display a rather reworked texture with organic mud clasts. Organic carbon values of these clasts range between
1.5-1.9% revealing the sapropelic origin (character) of the mud clasts. The reworked section is underlined by
two gravity fault “cracks” indicating that the sediment core has penetrated a gravity fault zone, since the core
M7 recovered from the lower scarp of the slide sidewall. AMS "“C dates from the base of the section 1 yielded an
age of 5140 + 120 years BP (BETA-148979) and an age of 25180 + 410 years BP (BETA-148980) for the section
2 (within the gravity fault zone) implying a sidewall gravity fault process between Early Holocene-Latest
Pleistocene. This is in agreement with the Early Holocene age of the major failure event that was postulated
from the thickness of muddy drape of the glide plane and the estimated Holocene sedimentation rates.

4.3 Seismic chronostratigraphy and glide plane

The relative timing of the late Quaternary seismic reflectors in the N. Aegean have been performed by Piper
and Perissoratis (1991) in their detailed study for the Late Quaternary sedimentation on the North Aegean. The
authors correlate basin wide sequences of reflectors with major transgressive/regressive periods during the late
150 ka (oxygen isotopic stages 6.3 to 2)(Imbrie et al., 1984; Chappell and Scackleton, 1986)(Fig. 4). The total
subbottom thickness of these sequences is 35m in the slopes and around 55m in the deep basins. The reflectors
are differentiated in packages of strong stratified and transparent/poorly stratified reflectors. The stratified
reflectors represent sandy to silty turbidites that was deposited during low sea level stands (oxygen isotopic
stages 2 — 3.2 and 6.5 - 6) and the transparent reflect hemipelagic mud deposition during high sea level stands
(interglacial periods, isotopic stages 3, 5, 1). Poorly stratified reflectors reflect probably smaller fluctuations of
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sea level during the extended interglacial period from isotopic stage 3.3 — 5 (about 70 ka). The deeper recog-
nized package of reflectors (Cu, Cs, CL) represent the top and base of the turbidite sequences that was depos-
ited during isotopic stages 6.5 — 6 (about 170 — 120 ka BP). The base of these reflectors is located in at about 33
m subbottom on slopes and 55 m in basins.

This concept was applied for the chronostratigraphic analysis of the slide and the estimated “age” of the
glide zone. Since the slide thickness is greater than the deepest package of stratified reflectors identified by
Piper and Perissoratis (1991), we proceed in a chronostratigraphic analysis of the deeper reflectors. This enables
us to identify the relative “age” and the textural character of the glide plane stratigraphic section. Figure 4
illustrates the stratigraphic section from the lower edge of the failure zone and the basinward undisturbed
subbottom strata. This seismic profile shows an alteration of well stratified and acoustically transparent to poorly
stratified intervals. Three major stratified packages and three transparent intervals were identified to a subbottom
depth of 100 — 110 ms (75 — 85 m) that is the maximum depth of sediment disturbance of the sliding processes.
The thin reflector represents silty — sandy turbidite sequences of the relatively short duration stage 2 (late glacial
maximum). Reflectors bu and bL marks the top and base of silty mud turbidites that was deposited during the
isotopic stage 4 (about 70 — 55 ka BP). Accordingly the strong reflectors Cu and CL that is the upper and lower
end of a thick package of stratified reflectors indicates turbidite deposition at glacial stage 6 (about 170 — 130 ka

’E Reflectors Age
< (kyrs BP)
g — bu— 55
g — bL— 70

| 22K >

Fig.4. Cronostratigraphic analysis subbottom reflectors. The glide plane corresponds to the du reflector.

BP). The lower package of thick and well stratified reflectors (reflectors du to dL) correlates to major low sea
level stand turbidite sequences (stage 8, about 290 — 245 ka BP). The uppermost reflector du that is traced
upward to the base of the slide scarp serves the undisturbed base of the remolted slide masses. Consequently the
glide plane should be the lower part of the transparent layer that correspons to interglacial hemipelagic muds
(high sea level stand — stage 7) that have been deposited about 240-170 Ka BP. The very stiff semiconsolidated
mud clasts recovered from the exposed gliding surface could probably be debris from this intergacial muddy
layer. As indicated in Fig.4 weak layers (secondary glide planes) could be the trasparent sections of the seismic
profiles that have been deposited during inerglacial high sea level stands (isotopic stages 7, 5, 3) when the
sediment input and the sedimentation rates were lower. This implies initiation and evolution of the failure along
the base of “weak” interglacial muddy layers and progradation of the failure over the shear resistant stratified
glacial packages.

5. CONCLUSIONS

e The morphological, and stratigraphic characteristics of the large failure event in the N. Aegean leads to the
conclusion that this is a typical translational slide of well bedded sediments.

e The overall dimensions of the slide (volume 45 Km’, aerial extension 85 Km? mean thickness 55 m, downslope
movement 6-7 Km) implies that it could be regarded as a large scale slump. Actually it is the largest single
slump event recognized so far in the Central and North Aegean sea and probably the entire Aegean.

e The glide plane is a well defined basal surface in the seismic profiles. Relative chronostratigraphic analysis
coupled with surface sediment cores indicated that the over lying muddy layer was deposited about 170-240
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Ka BP during the interglacial stage 7 (high sea level stand).
e AMS dating in one sediment core (above and below slide scarp) integrated with the sedimentary information
from the sediment cores indicates a major slide event around 5 to 6 Ka BP.
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EFFECTS OF AN ACTIVE POCKMARK FIELD ON THE DISTRIBUTION OF HEAVY
METALS OF SURFICIAL SEDIMENTS IN THE GULF OF PATRAS, GREECE
J. RAVASOPOULOS', G. PAPATHEODOROU' AND J. KAPOLOS'

ABSTRACT

Factor analysis carried out in thirteen sediment cores, collected from an active pockmark field area in the
eastern part of the Gulf of Patras, discriminated a domestic sewage pollution factor, the Mn/Fe oxides and the
carbonate sedimentation. The increased content in sand, the low C__ content as well as the lack of C g/heavy
metals association follow a specific NW-SE transect in the centre of the surveyed pockmark field, suggesting
pockmarks activity. This seems to control sedimentation and heavy metals distributions.

KEY WORDS: pockmarks, heavy metals, factor analysis, pockmark activity, geochemistry, Gulf of Patras.

INTRODUCTION

This paper deals with the distributions of several heavy metals in surficial sediments taken from pockmarks
and the surrounding seafloor of an active pockmark field in the eastern Gulf of Patras. It is the first time such an
attempt is being made, since there are no references dealing with geochemistry in active pockmark fields. The
further aim of this study is to investigate the potential effects of pockmarks activity in the distributions of heavy
metals in surficial sediments contained in the field, by applying a multivariate statistical analysis on the sediments
grain size data and metals concentrations.

Figure 1. Side scan sonar image from the Gulf of Patras showing gas plumes (GS) rising in the water column
Jfrom active pockmarks (PM). The circular step-like features (Sl) in the rim of the pockmark may indicate that
the sidewalls are affected by slumping due to the release of gas.

Eux.1. Karaypagr nyopoiiorij mievounjs odpwons ano tov Ilatgaixo xoimo mov deiyver diaguyés acgiov (GS)
ano evepyouvs xpatijoes (PM) moog v vodrivy atijAr. O xvxdixés pog@és mov ouordGovy ue avafabuovg (Sl)
070 yeilog Tov xpatipa vrodnidvovy mbavy xaroliodnon Twv ToryEudTOY AdYw dlaguyrs asgivwy.

1. Laboratory of Marine Geology and Physical Oceanography, Geology Department, University of Patras, 261 10, Rio, Patras, Greece. E-
mail: ethagefo@upatras.gr.
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GEOLOGICAL SETTING

The Gulf of Patras is an active tectonic trough with a W.NW - E.SE direction. The gulf is covered by Holocene
sediments, which lie on Pleistocene depositions (Ferentinos et al., 1985). The Holocene and Pleistocene sediments
of the gulf are gas-charged (Ferentinos, 1992; Papatheodorou et al., 1993; Hasiotis et al., 1996). The subsurface
gas is mostly methane, biogenic in origin. These hydrocarbons migrate towards the seabed surface through the
Holocene/Pleistocene interface, which seems to be the area of gas hydrocarbon accumulations (Papatheodorou
et al., 1993). Gas hydrocarbons escape to the water column through faulty zones and/or pockmarks formed on
the seafloor (Fig.1). Recently, Hasiotis ez al. (1996) found a large active pockmark field in the eastern part of the
gulf. Pockmarks varied in size and shape from 25 to 250m in diameter and from 0.5 to 15m in depth. This
pockmark field was activated during the 14/7/1993 seismic event, releasing large amounts of gas in the water
column.

METHODS

The bathymetric survey was carried out prior to coring, using a precision depths meter ODOM ECHOTRAC
DF3200 MKII, equipped with a 200kHz/2.75° transducer. A Differential GPS, type TRIMBLE 4000 II RL-DL,
with an accuracy of +1m was used for positioning. Sediment cores were obtained with the use of a BENTHOS
gravity corer. Thirteen (13) cores were collected from inside and outside the pockmarks (Fig.2). The top 2cm of
each core was subsampled and considered as surficial sample. Laboratory analyses consisted of grain size (Folk,
1974), organic carbon determination according to Gaudette et al. (1974) and heavy metals were extracted by
bulk sediment digestion with the attack of HCI, HNO, and HF, according to Thompson and Wood (1982).
Digested samples were analysed for Ca, Fe, Co, Cu, Mn, Pb and Zn with the use of a Perkin Elmer 3110 AAS.
The concentration for each metal was derived by the equation given for the calibration curve for each metal.

[ r ‘

12400848 3813.460512' N
\ | |
g |

c1
[}

—
0 100 200m

2142.732148"

e i, o
| i e

e1r
a

&

Figure 2. Map of the study area showing coring locations (dotted squares) in relation to pockmarks (stippled
areas).
Ex.2. Xdotns tng megioxijs vad uedérn mov deiyver Tig Ooets Tov muonvoinyidv (Terodywva ue teleia) oe
OYE0n pE TOVS XQATIfOES OLAPUYIS ALQiwY (YOAUUOTXIATUEVES TEQLOYES).

Factor Analysis (Davis, 1986), a multivariate statistical method, was applied to the grain size classes (<-1Z,
(-1)-0Z, 0-1Z, ..., 9-10Z) and geochemical (Ca, Cmg, Fe Co, Cu, Mn, Pb and Zn) data. It provides the possibility
to determine the geographical distribution of the resulting factors. The geochemical - geological interpretation
of the factors gives an insight into the main processes that may control the distribution of the variables. The aim
of R-mode Factor Analysis is to represent a large number of variables in the original data set by a significantly
smaller number of ‘factors’, each of which is a linear function of the original variables.

a. Data matrix: A 13 rows “ 16 columns matrix was created on a spreadsheet. Rows corresponded to the number

of samples and columns to the elements concentrations and grain size classes (variables).
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Figure 3. Detailed bathymetric map of the study area. Depths calculated from Mean Sea Level. Isobaths in
metres. Major isobaths (thick lines) every 5m, minor (light lines) every Im.
Eux.3. Aenropeoijs pvbouetouxos ydorns tns vao uedérn megoyxrjs. BdOn vroloyiouéva ano ty Méony Ztdbun
Odlaooag. Toofabeis oe uerga. Kvoieg 1oofaldeis (mayiss yoauuss) avd 5m, dcvrepevovoes ioofabeis (Aemrés
yoauuss) avd Im.

. Correlation matrix: The correlation coefficient (R) was used to measure the linear relationship between each
pair of variables. A 16716 correlation matrix was resulted.

. Initial factor matrix: The eigenvalues and corresponding eigenvectors of the correlation matrix were ex-
tracted. An initial factor matrix was computed using standard mathematical procedures. Eigenvalues ac-
count for the total variability variation explained by each factor. Each factor consists of as many coefficients
(loadings) as the number of variables. The loadings represent the correlation between the factor and the
original variables.

. Selection of the number of factors: In order to reduce the complexity of the original data, the selection of an
optimal k number of factors, less than the p original variables (k<p), is required. There are no universally
agreed upon criteria for the selection of the number of factors to be retained. There are many suggestions for
selecting the optimum number of factors (amount of the cumulative variance, eigenvalues >1, scree plot)
(Davis, 1986; Reyment and Joreskop, 1993), but the most straightforward solution is to retain as many fac-
tors as the ruling theory demands. The cut-off of the k significant factors in the present study was based on
the cumulative percentage of variance, which was accounted for by the k factors, in conjunction with the
clear-cut geochemical/granulometric meanings, which are represented by the factors. In this way, high
communalities were achieved for each variable when k factors were retained.

. Rotation of factor axes: The simple factor matrix consists of simple factors that have a few high and many

zero or near-zero loadings. Kaiser’s Varimax orthogonal rotation method was applied to the initial unrotated
factor loadings in order to achieve a simple structure (Kaiser, 1958).
Factor scores: Factor scores determine the ‘amount’ of each factor in each sample. The factor scores matrix
was computed by multiplying the factor loadings for the variables times the original values of the variables
and then combined these products to obtain a score for each sample. This step is important for the mapping
of the geographical distribution of each factor.
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RESULTS
Bathymetry

A detailed bathymetric map of the study area (Fig.3) indicates several pockmarks on the seabed of the
area. These pockmarks lie in the north-end part of the pockmark field discovered and surveyed by Hasiotis ef al.
(1996). The surrounding seafloor appears to be smooth with no particular morphological features.

Grain size

Table 1 shows the sediments contents in sand, silt and clay fractions, as well as their textural description
according to Folk (1974). Generally, the sediments consist of fine materials. The spatial distribution of clay
(Fig.4a) shows that it increases away from sample 14, which was taken inside a composite pockmark. Silt de-
creases away from sample 14 (Fig.4b) and sand exhibits a general shoreward-increasing gradient (Fig.4c). How-
ever, two local sand peaks appear at samples 22 and 24, which were taken inside pockmarks.

Table 1. Grain size fraction percentages and textural descriptions of the surficial samples analysed.
ITiv.1. ITo000Td %0XXOUETQIXWDY XAATUATOY XAl IEHUATOAOYIXES EQLYQAPES TWY EMIPAVEIARGY OELYUATWV TTOV

avalvOnxav.
Sample Clay Silt Sand Textural Sample Clay Silt Sand Textural

No. (%) (%) (%) desxcription No. (%) (%) (%) description
1 i Mud 14 7.8 90.4 1.9 Silt

4 9 Mud 17 28.7 63.9 Z.5 Silt

7 6 Sandy Mud 18 39.4 56.3 4.3 Mud

8 o1 Mud 22 34.5 48.1 17.4 Sandy Mud
11 .8 Mud 24 22.3 62.1 15.7 Sandy Mud
12 7 Mud 26 39.6 59.4 1.0 Mud

13 7 Mud

13400008  tsssrer
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Figure 4. Maps of the study area showing cores locations (as in Fig.2) and the spatial distributions of clay (a),
silt (b) and sand (c) in the surficial sediments. Contours represent sediment fraction content in %. Stippled areas
as in Fig.2.

Ex.4. Xdgteg tng vad uedérn megioxijs mov deixvovy tig Oéoeis Twv muonvoinypiav (drnws Eix.2) xat Tig
EMIQPOVEIXES XaTAVOUES THS 0QYidov (a), Tov mnlov (b) xar TS dupov (c) ora empaveaxd iGjuara. Ot
L00UEYEDELS RAUTTUAES AVTITQOOMTEVOVY TA WO000TE TWY XAAOUdTOY 08 Y. I'00UIHO0KIAOUEVES TTEQIOYES OTWG
oy Ex.2.

Geochemistry

The comparison of Table 1 and Table 2 shows that calcium occurs in higher concentrations where surficial
sediments have higher silt content. Generally, there is a Ca-increasing gradient from the offshore to the near-
shore surficial sediments. The spatial distribution of C__ (Fig.5) shows that it is detected in higher concentra-
tions near-shore, particularly at the northern part of the studied area. Minimum C__ concentrations were found
in the middle of the pockmark field. Numerous sewage pipes discharge untreated domestic wastes from the city
of Patras along the coastline of the study area. The effect of Patras city sewage in the surficial sediments of the
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study area is quite evident by the fact that maximum Cmg concentrations occur at the north of the study area (i.e.
closer to Patras city).

Table 2. Concentrations of calcium (%), organic carbon (%) and heavy metals (Fe in %; Co, Cu, Mn, Pb and Zn
in mgXkg” (ppm)) analysed in the surficial sediments.
Hiv.2. Zvyxevrodocis aofeotiov (%), ogyavixov dvlgaxa (%) xar fagéwv uerdllwv (Fe ae %; Co, Cu, Mn, Pb
xat Zn e mgXkg™" (ppm)) mov avaivbnxav ora empaveiaxd iGijuara.

Sample No. Ca (%) GC,g (%) Fe (%) Co (ppm) Cu (ppm) Mn (ppm) Pb (ppm) Zn (ppm)

1 5.6 1.1 2.8 35.4 60.7 743.8 98.5 152 1.
4 7.8 07 4.1 34.4 55.9 832.6 92.8 107.3
7 5.2 1.2 2.5 31.9 53.8 589.5 74.8 78.8
8 4.6 0.9 1.8 34.5 47.4 641.2 84.6 85.5
11 8.5 0.9 5.0 52.9 65.5 966.0 82.6 108.8
12 11.3 1.1 4.9 54.1 65.0 883.2 90.4 131.3
13 101 8y 3.9 44.5 64.5 883.2 100.1 105.3
14 11.3 Liad 3.5 50.4 57.5 750.6 90.7 101.4
17 11.6 1.3 3.4 66.3 81.4 798.6 105.3 128.3
18 8.7 0.8 253 30.5 530 69249 54.9 75:9
22 9.0 140 3.1 48.4 57.3 804.0 70.9 79.4
24 7.0 0.7 2.6 37.0 48.9 742.0 66.6 71.7
26 6.0 0.9 2.6 32.6 43.7 844.2 64.5 86.2

Fe concentrations in surficial sediments exhibit a decreasing gradient towards the city of Patras, while
maximum Fe concentrations are noted in samples taken inside pockmarks. Cobalt shows a general decreasing
concentrations gradient offshorewards. Maximum Co concentrations occur rather locally around sample 17.
Another local peak occurs around sample 11 to the west of the pockmark field. Cu in the surficial sediments
appears to increase from offshore to nearshore, showing maximum concentrations locally around sample 17.
Enhanced Cu concentrations also seem to occur around samples 11 and 22 at the west and south parts of the
area respectively, disturbing thus an even shoreward-increasing Cu distribution. Manganese increases in a NE-
SW direction. In a wider geographical view, Mn increases from the surficial sediments near the city of Patras
(NE) to the south. Maximum Mn values seem to be locally concentrated, rather than distributed. Three areas of
maximum Pb concentrations lie at the N, E and SW parts of the study area (samples 1, 17 and 13 respectively).
Maximum Zn appears at the north and in nearshore sectors, showing a decreasing gradient to the south and
offshore. In the pockmark field Zn distribution is random.

36'13.460948" 3813460612’

2142732148

Figure 5. Map showing the ng content (%) in the surficial samples. Stippled areas as in Fig.2.
Euwx.5. Xdotns mov deiyvel Tov TeQLEXOUEVO Cm ora empavetaxd iGfjpata (%). I'oauuooxiaousves meploxes
omws oty Eix.2.
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Factor Analysis

A 5-factors model accounts for the 85.3% of the total variance of the original variables (Table 3). The first
two factors combine both geochemistry and granulometry, while the third is a pure geochemical factor. The last
two factors are purely granulometric, explaining interrelationships between the grain size classes. The high
communalities achieved (Table 4) suggest that the model is statistically significant. The Varimax rotated loadings
for each factor extracted are shown in Table 4. Table 5 presents the scores of the extracted factors.

Table 3. Eigenvalues, individual and cumulative percentages of variance explained by each factor (R-mode) for
the surficial samples.
ITiv.3. Idrotiuss, emugoovs xat abototixd mo00To daxvuavons mov megryedperal and xdbe magdyovra (R-
mode) yia Ta emipaveiaxd deiyuara.

Factor Eigenvalue Percentage of Cumulative percentage of
variance (%) variance (%)
il 5.89389 36.8 36.8
2 3.07562 19,2 56.1
3 1.98507 12.4 68.5
4 1.46978 9.2 77.7
5 1.21573 7.6 85.3
16 0.00000 0.0 100.0

Table 4. Varimax rotated factor loadings and related communalities for the 5-factors model (R-mode) selected for
the surficial samples. Factor loadings are unitless.
Hiv.4. Ilegiorgapusves (Varimax) magayovrixes QogTioets xal X0OIVEs TaQAYOVTIXES Olaxvudvaels Tov S-puelovs
wapayovrixov uovréov (R-mode) mov emiAeyOnxe yia ra empaveioxd deiypara. Ot magayovrixes pogriosts
eivar xabagoi agiBuoi.

Variable Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Communalities

Ca 0.1164 0.3469 0.7856 -0.0989 0.3751 0.90150
Co 0.4129 0.3308 0.7510 -0.0329 0.0502 0.84750
Corg 0.6956 -0.2248 0.3718 -0.3373 -0.0629 0.79040
Cu 0.5251 0.2425 0.6779 -0.2651 -0.0697 0.86916
Fe 0.2405 0.8060 0.4210 -0.0720 0.0400 0.89158
Mn 0.1408 09572 0.1599 0.0504 0.0360 0.96543
Pb 0.8416 0.1586 0.2861 -0.1628 0.0343 0.84292
Zn 0.7553 0.3376 0.1103 -0.2650 0.0890 0.77473
< (-1)-32 -0.1816 -0.5210 0.2775 -0.0221 -0.6822 0.84725
3-40 -0.2294 -0.6638 0.2811 -0.4874 0.2880 0.89276
4-50 0.8644 .1922 0.1730 0.1306 0.1151 0.84437
5-6J 0.0282 0.0583 0.2548 0.0793 0.7826 0.68792
6-7J -0.1248 0.2163 -0.2145 0.9149 0.0794 0.95169
7-80 -0.2651 0.1842 -0.7618 0.0478 0.1788 0.71878
8-9J -0.0246 0.4468 0.1835 0.1542 -0.7772 0.86164
9-10J -0.2271 -0.1247 0.0433 0.9382 -0.0575 0.95247

Factor 1 accounts for the 36.8% of the total variance of the original variables (Table 3). High to moderate

factor loadings were shown for Pb, Zn, C_, Cu, Co and the 5-6Z grain size class (silt) (Table 4). This factor is a
org

typical ‘domestic sewage pollution’ factor. Salomons and Forstner (1984) reported that these metals (among
others) are indices of pollution in nearshore sediments. High positive factor scores were obtained for samples 1
and 17 (Table 5). The effect of Factor 1 in the surficial sediments in terms of geographic distribution is shown by
the spatial distribution of the factor scores in Fig.6a. Generally, Factor 1 seems to have high scores in samples
located in the SW and NE parts of the study area, the latter being closer to the city of Patras. Most of the surficial
samples exhibiting high positive factor scores were collected outside pockmarks. The most striking observation
in the spatial distribution of Factor 1 scores (Fig.6a) is the lack of C_ s/metals association in the centre of the
pockmark field. The pockmark field is dominated by negative factor scores, which occur for samples inside
pockmarks, except for sample 18. The contribution of silt in the factor (Table 4) is justified by the fact that areas
of moderate and/or high positive factor scores are dominated by enhanced contents in silt (Fig.6a).
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Table 5. Factor scores obtained for the 5-factors model (R-mode) applied for the surficial samples. Factor scores
are unitless.
Iiv.5. Ilagayovrixes Tiues mov mosxvyay yia 1o 5-ucAés magayovrixo uovrélo (R-mode) mwov epagudornxe
ora empaveraxd dsiypara. Ot TaQayovTixes Tiues eivar xabagoi agiBuoi.

Sample Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

1. 1.3739 -0.2736 -0.9337 -0.4582 -0.3923
4 -0.1949 0.8677 -0.5085 -0.2554 -0.0602
7 0.2581 -1.7786 -0.1926 -0.3588 -1.2165
8 -0.0214 -1.0744 -1.0403 -0.3233 -0.0619
11 -0.3360 1.9127 0.3621 -0.1287 -0.4374
12 0.5569 1.1179 0.5648 -0.1807 0.3422
13 0.6488 0.5857 0.2543 -0.0826 -0.134

14 0.2850 -0.5956 1.0967 0.2345 2.3116
17 1.4955 -0.5110 1.3844 -0.2037 0.0065
18 -2.2259 -0.6151 0.0280 -1.2352 1.0643
22 151379 0.1648 0.9819 -0.5156 17332
24 -0.7695 -0.4305 0.2580 3.0569 -0.3508
26 0.0672 0.6299 -2.2550 0.4508 0.6561

Factor 2 accounts for the 19.2% of the total variance of the original data (Table 3). High positive loadings
were resulted for Mn and Fe, while a more moderate loading was observed for the 9-10Z grain size class (clay)
(Table 4). This factor is interpreted as an Mn/Fe oxides factor. The capability of Mn- and Fe-oxides to scavenge
other trace metals is well documented (Goldberg, 1954; Cronan, 1969; Calvert and Price, 1977), but no heavy
metals seemed to relate with Mn and Fe in the factor. Comparing Factors 1 and 2 with respect to metals affilia-
tion, there seems to be a competition between the organic matter and the Fe/Mn oxides. Organic matter appears
to dominate over the Mn-/Fe-oxides with regard to metals adsorptive ability. Factor 2 has the greatest effects in
samples 11 and 12, both of which come from inside pockmarks and show the highest positive factor scores
(Table 5). The spatial distributions for Factors 1 and 2 (Fig.6a and 6b respectively) indicate that the aforemen-
tioned competition between Corg and Mn-/Fe-oxides, regarding metal bonding, may be more intense in the SW
part of the study site. This particularly occurs in the surrounding area of samples 12 and 13, because both
samples exhibited moderate to high positive factor scores for both factors.

Factor 3 explains the 12.1% of the total variance of the original variables (Table 3) and is a pure geochemical
factor. The metals that contribute to the factor with high positive loadings are Ca, Co and Cu, while Fe exhibits
a more moderate loading (Table 4). This third factor is interpreted as the carbonates fraction factor. The car-
bonates do not normally correlate well with heavy metals. The contribution of Fe in the factor may indicate that
Fe is in lattice positions of the carbonate minerals and/or forms a coating around the carbonate grains under the
Fe-oxide form, constituting an attraction pole for other metals as well, such as Co and Cu, as the factor demon-
strated. Caroll (1958) reported that Fe is deposited in the form of oxide or hydroxide and coats fine clay parti-
cles. High positive factor scores (Figure 6¢) occurred for samples 14, 17 and 22 (Table 5), indicate that the
particular surficial sediments are dominated by the carbonate fraction. This was also observed in the concentra-
tions of Ca in surficial sediments, demonstrating high Ca content locally around samples 14 and 17, as well as
enhanced Ca in the surrounding area of sample 22.

Factors 4 and 5 account for the 9.2% and 7.6% of the total variance of the original variables respectively
(Table 3). Both are pure granulometric factors. High positive loadings resulted for the <(-1)-3Z and 7-8Z grain
size classes in the fourth factor (Table 4). The fourth factor has an effect only in sample 24, which was the only
one with a very high positive factor score (Table 5). Factor 5 is a bipolar factor with two associations that are
inversely related. The grain size class that contributes most to the positive pole is 6-7Z (coarse silt) (Table 4).
Two grain size classes comprise the negative pole of the fifth factor and these are the 3-4Z (coarse sand) and 9-
10Z (clay) (Table 4). The positive factor pole has an effect in samples 14 and 18, which exhibited the highest
positive scores, whereas the negative pole seems to have effect in samples 7 and 22 (Table 5). The pure
granulometric nature of these last two factors does not provide helpful information regarding the distribution of
heavy metals in surficial sediments.
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Figure 6. Spatial distributions of (a) Factor 1 scores, (b) Factor 2 scores and (c) Factor 3 scores in the surficial
sediments. Contours represent factor scores, which are unitless. Stippled areas as in Fig.2.
Eux.6. Emupaveiaxss xatavouss 1ov magayovrixay tyudv (a) tov lov Hagdyovra, (b) Tov 2ov Ilagdyovra xat
(¢) Tov 3ov Iagdyovra ora empaveiaxd deiypuara. O toouey€dels xaumvAes avIimQOTOTEVOVY TAQAYOVTIXES
TLES, o1 omoieg eivar xabagoi apiBuoi. Ioauuooxiaouséves megroyés onws oty Ewx.2.

CONCLUSIONS AND DISCUSSION

Sediment samples analysed in the present study were sampled in an active pockmark field lying in the east-
ern part of the Gulf of Patras. Samples were taken from both inside and outside pockmarks. According to
Hasiotis et al. (1996), the pockmark field was activated during a major earthquake event on 14" July 1993. The
Gulf of Patras is a seismically active area, periodically giving earthquakes of great magnitudes (Papadopoulos
and Lefkopoulos, 1993). Similar gas seepage triggered by earthquakes has also been documented at Malibu
Point, CA (Clifton et al., 1971). Hasiotis et al. (1996) reported only one buried pockmark within the entire
pockmark field during the time of their survey. This fact together with that the pockmarks are located in shallow
waters, where sediment on the seafloor can be suspended and transported by the wave regime in the Gulf and
therefore filling the pockmarks, suggest a long-term activity state of the field. Although there is evidence for the
activity of the pockmark field as a whole, it cannot be pointed out which individual pockmarks are the active
ones or which will be activated in the case of a triggering event in the future.

Grain size analyses showed that the surficial sediments in the study site consist of mud, sandy mud and silt.
The coarser sediments seem to lie nearshore at the north end of the pockmark field. The distribution patterns of
sand, silt and clay seem to be controlled by the presence of pockmarks that affects the general pattern of sediments
distribution.

R-mode factor analysis applied for the surficial samples primarily discriminated the domestic sewage pollu-
tion factor, the Mn-/Fe-oxides phases in the surficial sediments and the carbonate sedimentation. Heavy metals
in surficial sediments seem to have an affinity for the organic matter rather for the Mn-/Fe-oxides. Organic
matter dominates over the Mn-/Fe-oxides in terms of metals adsorptive capability. Nevertheless, the strong
association between € and heavy metals in surficial sediments does not seem to exist in the centre of the
pockmark field under study. Oganic matter seems to control the distribution of heavy metals in surficial sediments,
but no clear discriminations between ‘inside’ and ‘outside pockmarks’ samples can be implied. The combined
study of the spatial distributions of the sand fraction, C__ and Factor 1 scores imply that pockmarks in the centre
of the surveyed field may be active. The release of small but continuous amounts of gas re-suspends the fine
sediments, which in turn are carried away by the current regime. Lastly, the carbonates seem to control sedimen-
tation mainly in the nearshore surficial sediments.

In conclusion, the difference detected and interpreted between sediments inside and outside pockmarks in
the Gulf of Patras lies in the ways heavy metals are linked with sediments fractions. The correlations made
between sediments texture and geochemistry can be attributed to the pockmark field activity during gas release
events. Although samples analysed were taken from both inside and outside pockmarks, in reality all samples
locations are in the vicinity of the pockmark field. This means that samples analysed in the present study are all
more or less affected by the activity of pockmarks. Therefore, it is possible that differences detected in their
geochemistry — granulometry may be masked by the aforementioned fact.
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OPIEMENA XAPAKTHPIXTIKA TOY NEOY TAMIEYTHPA THX
ITAATANOBPYXHYX IIOY EITHPEAZOYN TO IIOTAMIO LYETHMA TOY NEXTOY"
K. AAMIIANAKHE', A. WIAOBIKOX', K. BOYBAAIAHE'

ZYNOWH

H tpogodooia oe vepd tov véou tapevtoa ™mg IMhatavépovons and to evdidueco BaBog Tov avavm to-
uevTipa Tov @naavpot otov rotapd NEoto, evBivetan yia T SLapSe@mon LLAITEQMY AMPVOAOYLRGV YooK T -
QWV 0'OVTOV, TTOV OEV CUVAVIWVTOL OF QUOLKES AIIVES, IE RUELOTEQT TNV OEQUOXQOOLAXY RATAVORY. ZTO avdvTy
aBaBES TUHIOL TOQATNQEITOL PETOTOTLON TWV ETOXWV HE YuxpdteEn ™ Bepvii meptodo (7°C) raw Bepudtepn
pBvomtwewvi] mepiodo (15° C). Zto nordvrn fabitepo Tuipa dnuioveyeitor emAUVIO PE TN HOEPY EYHAWPLOUE-
vNg Beppis OPrivog wg ATOTEAECHO TNG EVIOVNG QONS TOU Yuyeoy VTOAUVIOU TROG TV VRdyELa €6080 TOV
podypatog xat v xoitn Tov Néotov. I'ia Ty amogpuyr mepiparioviinddy meofinudtwy axd ) por tou Yuyeov
VEQOU OTA HOTAVTY TNV OEQUATEQY ETOYY TOV ETOVG ELVOL VYA 1) ROTATREVY] TOV AVOQUOMLOTIXOT TOULEVTY-
oa tov Tepévoug ota xatdven.

ABSTRACT

The reservoir of Platanovrysi in the Nestos valley has a long and narrow shape, limited in area and volume,
deep close to the dam wall (90 m) and very shallow at its uphill end (5m). It receives considerable volume of
water from the upper large reservoir of Thesaurus all through the year, as well as limited volumes of water in
seasonal flows from its drainage basin. Platanovrysi reservoir has distinct morphological and operational char-
acteristics that make it different from natural lakes regarding temperature and dissolved oxygen distribution in
the water column.

The epilimnion is limited at the area of the deeper part of the lake only. It forms an entrapped warm wedge,
with the maximum depth close to the dam and a horizontal extension up to the beginning of the shallow part of
the lake. This is due to both the inflows of large volumes of cold water from Thesaurus as well as the lack of a
surface outflow from the dam of Platanovrysi.

The water temperatures of the surface water of the upper part of the lake as well as the temperatures of the
hypolimnion are similar. The temperature is very low during the spring and the summer (6-7°C), becomes higher
during autumn (14-15°C) and drops again during winter (9-10°C). This shifting of seasonal temperatures is
purely due to the inflows of cold water from the hypolimnion of the reservoir of Thesaurus in spring and summer
periods and from the base of epilimnion during autumn. The water is rich in oxygen during the spring and the
summer while it becomes poor in oxygen during the autumn and the beginning of winter.

The operation of Platanovrysi Power Station allows the cold water from the hypolimnion of the lake to flow
into the river Nestos channel and brings cold water during the warm period of the year downstream. This type of
change of the water temperature may affect the natural processes of the river fauna and flora as well as the
human processes in the plains of Nestos (irrigation). It is therefore necessary to construct and operate the last
(lower) reservoir of Temenos in Nestos, to regulate the flow and warm the water of the river Nestos channel.

AEEEIZ KAEIAIA: tauevtigag, [Mhatavéfouon, Onoavpds, motapds NEotog, Aipvn, Beppoxrgaocio diahupg-
vo oEuvydvo, hpvoroyia.
KEY WORDS: reservoir, Platanovrysi, Thesaurus, river Nestos, lake, temperature, dissolved oxygen, limnology.

1. EIZAT'QI'H

To @EAYHOTO-TAULEVTHEES TOV ONoowot xat Tg ITAaTtavefouong #oTaoKEVATTNRAV 0TV ROITY TOU TOTA-
pou Néorov nou Aertovpynaay wg €pyo s AEH amd to 1996-7 ko 1999-2000 avtiotouya.

* SOME CHARACTERISTICS OF THE NEW RESERVOIR OF PLATANOVRYSI THAT AFFECT THE RIVER NESTOS SYSTEM.
1. Twijpa F'ewhoyiag, Topéag Fewhoyiag & Pvowmg Memypapiag, AILO. 54006 OEZZAAONIKH
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O tapevteoag Tov ONoavEoy CUYXREVIQWVEL Ta VEQA TG avdavtn EAAnvixig xar Bovkyoapuxig vdpoloyuxrig
Aexdvng Tov Néotov, pe éxtaon 4263 Km”. O toyuevnipag tg Mhatavofouong déxetar xvping to vepd mov
eE€oyovian and tov YHE Onoavpot xatd ) didoxeia Aettovpyiog Tov, xabds emiong xoL Ta VEQA TG mrens
vdoAoYIHTiC TOV Aexrdvng pe éxtaon 375.3 Km?. O tauevtioag avtdg €xel oxediaotel va Aertovpyei mg evoid-
UECOG, PETOED TOV aVAVTY XTOLOV TOMEVTIHOO TOV ONoavEoy XoL TOU ROTAVTY aVaQUOULOTIXOT TOMEVTIO TOV
Tepévoug o omoiog dev €XEL AUOPN ROTUOHEVAOTEL.

Zijpuepa o Toypuevtioag g Matavépovong mailel €va onuaviins evepyelaxd xau teplBailoviivs 6o oto
nuteAég ovommpua tov Néotov. Ki ‘oautd yuort déxeton tig expoés tov YHE Onoavot Tig omoles amotopever
TEoowELVA. "Eva H€QOog Tou GYROU TV EXQOMY ETUOTREPETOL 0TO BNOaVEE XOTd T dLdQRELN TEQLGdWY TEQLO-
oLopévng evepyetaxic Limong, yia va yenowpomomnBel o mdh o pdoels ouxpav Ojmong evépyelas. "Eva
GAo p€QOog Tov Gyrov cwToU £XEEL aTNV ®oitn Tov NEotov péow tov YHZE IMhatavéfovong, 6mov xaw moQd-
yevow Y/H evépyeua.

To veed tov Topevtipa ™ IMatavéfovong and mhevpds BeQUORQUOLOXIG KATAOTAONG KOl CUUTEQUPO-
0dig, SLopEQeL s To VEQS TwV uatR@Y AMpvadv. T 1o Aéyo autd eivon omaQaitnT 1 £0EVVO. TOU QOLVOUEVOU
awtov, ®0B0g emiong xow oL TMBAVES CUVETELES TOU OTO ROTAVTY TOTAMO cuotnua Tov NEotou, péyor g exPorEc.

2. TO LYETHMA OHIAYPOY - IIAATANOBPYZHX

To motdpo ovompa tov Néotov amoteAeitan and pa ToMd-dowun ®othdda, péoa oty omoic 0 TOTaAuss
éxeL eyrpPoniotel xau €xer davoiEer po véa Pabid xar amdropun xowhdda (Psilovikos A. & Vavliakis E., 1989).
Zm véa autr] ®0hddo OXESATTNHAY KO KOTAOREVAOTNRAY UEXOL OTJUEQQ T PEAYROTO TOV ONoavoy (avate-
00) xau g MatavoPouons (evOudpeao), Ve AVOPEVETOL ETIONG KOL 1) RATAOKRELVT] TOV PEGYHOTOS TOU TepE-
voug (ROTKTEQOD).

To pedypa Tov OnoavEoy BepeldOnre oe MPopeTeo +220m omv xoit tov Néotov, €xet tpog 175m xon
dmuovpynoe €va tapevtioa-Aipvn pe wijrog mepimov 32 Km xow mhdrog 320-2700m. H Aipvn v yia avdrorn
otdOun +379m €xer éxtoon 16 Km? xau 6yxo vepou 680x10° m?. To B&Bog mc Aipuvng eivar 147m o Aexdvn tov
POGYHOTOG KO UELWVETOL TTROOEVTLXRE TTROG TNV TteELoYT] Twv ITotapdv, 6ov o Néotog xar 0 AoomdTng eLoQE-
ouvv ot Aipvn. Ztn Aexdvn Tov pedypotog xow o vpopeteo +310 wg +330 m Bpioxeton o migyos vdooAnpiog
pE€ow Tov omoiov To veEd odnyeitan otov vrtdyeto YHE 6noowpot now eE€pyeTan ot duiduya Quyric otny xoitn
tov Néotov ratdvn avtot og vpépeteo 220m. Ou Stoxvpdvoels ™ otddung g Apvng Bnooveot eivor vn-
Aég natd T didonero Tov €Toug xaw PBAvovV péxoL Ta 24m.

AGY® TV HOEPOAOYIREV Y0oXTHEWY OAAD %ot ToV TEEToL Aettovgyiag Tov €0you, 1 Aipvn Tov @noavoy
OVanTUOOEL LOYVETY OTQWUATOON %atd T diderela Tng AvolEng, Tov @€poug xan Tov POvordov xow 0.00evN
otpwpdTonon xatd ) dudoxela Tov Xewpava (Alumavdxns & Wikofirog, 1999). O Bepporpaoies Tov emhpvi-
0V axOAOVBOTY TIg HETABOAES TV ATROOPALLRAY BEQUOXEAOLEV *a kupaivovial and 10°- 12°C to Xewpdvo
uéxot 25-28°C 1o ®€pog. O Beppoxrpaoies Tov vwolpuviov €xouv Tig eAdxLOTES TWES Toug 5°-7°C ®otd ) Sudp-
®ELOL TNG AVOLENG ®ou Tov Oovg xaw TG HEYLOTES TWES Tovg 12°-15°C mog to Té€hog Tov OFpoug xou xatd T
dudpxrera tov POvordEov. Zto fabitego TUiipa TS Apvng €xeL oynuatiotel €va otabed Yuyed otpdpe veQoy
5-6°C 1o omoio mapapéver apetdfinto ®ad’ 6An ) didoxela Tov €TOVG.

Ay g avEopeimwong Tov dxovs Tov emApviov 0to ONoovEd xatd ™) SudxreLe TOV £TOVE TOQOTNEITAL
TO POUVOPEVO TNG TEOPOJ00IaS TOv opdvupov YHE pe Yuxoo vepd 6-7°C and to vrolipvio xatd 1o @€pog, ue
BepudteQo veQED 14-15°C amd ) fdon tov emhpviov xatd 1o POvomdEo xow pue veed 11°C xatd to Xewpdva.

To vepd awtd amd T ovjparyya eE6dov Tov YHE Bnoavpoy ratorjyel oto avdvm tuipa ™mg IMharavépouong.

To pedypa g IMhatavopouvons Bepehddnre oe vpopetEo +135m oy noitn tov Néotov, €xelL Tpog 95m
xnow dmpuovgynoe €va topevtipa—Aipvn pue prixog 10 Km xou whdrog 200-1000m mepimov. T avaytaty otdbun
+227.5m €xeu éxtaon 3.3 Km? mepimov raw Gyxo vepou 92.5x10°m’. To Babog tg AMpuvng eivan wepi ta 80 m om
AEXAVY TOU POAYUOTOS KO UELDVETOL TTEOOEVTING TTROG TN BE0M €10001 S TOV VEQOU atd Tov YHE Onoowod.
T Aexdvn Tov pedypotog foioxetal o mipyos vdpompiag o VSueTeo +186 wg +193 m péow Tov omoiov To
veEd odnyeiton otov YHE IThotavéBouang omd dmov expéel oty duiguyo guyrc oe vpdpetoo +146/157m xau
otn ouvéxelo oy xabouni xoity Tov motopov NEotov.

O dromupdyoeLs ™G otdOpung ™ AMuyng eivon urQes xotd tn dudpxera Tov £Tovug xau dev vrepPaivouy ta 4m.

H IMatavofovon tpogodoteitor ®uping and Tig expogg Tov YHE Onoavpov pe peydioug Gyrovg veou, ot
onoiol eloEEouv T Alpvn ard To avdvn Twina ™e. Mixpng ®¥Apaxag eToxLaxés EL0QOES VEQOU YivOVTaL Ko
amd ™) O] g vdgohoyw Aexdvn péow Tov AL foroQEERNTOS, TO 00i0 EXPAAAEL OTO RATAVTN TUNUA TNG
®ovtd o) Aexdvn tov odypotog (Ewxéva 1).
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3. TPOIIOZ AEITOYPI'TAX TQN EPI'QN

Ta €pya Tov Onoavpot xow g ITAatavopouong eival ToAD vEa xal emopévamg dev eivar duvato va Bewen-
Bouv 6t Beiorovrol oe ogrotxr] pdom Aettovpyiog zow duayeipromg. TIoA meQLocdteQo udhota oot dev EXEL
OGP ROTAOHEVOOTEL Rt AELTOVEYTOEL TO TETO £0Y0 dnhadr To pEdypa-tapevTioos Tov Tepévoug.

AT6 tor péyoL ofjpega otorxeia Aettovpyiag Toug vow Wiaitepa avtd g meprddov 1999, ondte doyLoe va
Aertoveyel ®ol To cUoTHA AVTANONS %ot ETLOTEORNS VEQOU artd T IThatavdfouon mpog to Bnoaupd, maaty-
povvton To axdhovfa:

O tapevtipoc-Aiuvn e IMatavéPovong 8€xOnue £1000£¢ veoy and tov YHE Onoavpot yxwv 612.2x10°
m?® %0td To o eEGunvo Tov 1999 #aw 776.4x10° m* xawd To BeEdunvo tov 1999. Ané v IMhatavéBouon avthion-
%aw %o EXECTEEYPAV 010 ONoowES Gyxol vepoy 54.1x10° m® xatd to o'eEGunvo Tov 1999 (Aertovpynoe Mdio xow
Tovvio 1999) xaw 219.9x10° m® xatd 1o B eEdunvo Tov 1999 (ravoviu Aettovgyia).

Enouévog, progoipe vo oupstepdvovpe 6t oL €xpo€g and tov YHE IMhatavopouong meog Ty roTdvn
xoitn Tov Néotov yio. 1o 1999 vjrav meptoodtepes and 1114.6x10°m® oupe ouAapuBEvovTaS ®aL TOV GYRO ELOQOWMV
Tov Ataforopeépatos. “Etol o péoog puBudg avavéwong tov vepou eivar 30.3 nuépeg

H npegriowa Aertovpyia twv €oywv eE0QTdTon TAVTOTE O TIC EVEQYELUXRES QTOLTIHOELS TOV dnTiov TG
AEH, agov ta vdponkextoird €oyo eivon £pyo auyuric xou eEummpetovv aviiotoryes avdyxes. Eival dpwg on-
povaxd va onpelmBei Gt m wepiodog mg eviatirviic Aertovpyiag twv épyav eivan to O€pog raw 1o POLvéTmpo,
OTIGTE OL AVAYHRES TG00 OF EVEQYELX AGY® KALUOTLOTLRWV PNYAVIRAT@YV, 600 ®ou O 0QOEVTIRG VEEO AGyw Hah-
MeQYELDIV, EVOL OL PEYOMITEQES TOV ETOVG.

ARS Ta avOTEQW TEORVTTEL OTL 0TV %0(TN TOU NEOTOU ROTAVTN TV PEOYMdTOY €UV avENBel onuaviind
OL TTAQOYES TOV TOTAUOT OE OYEOT TEOG TIG PUOLRES TOV TAQOYES HOTd. T BEQLVT] ®aL TN POvormEvY] tepiodo.

4. MEOOAOAOTI'TA EPEYNAL

T v €pevva mtediov xnotpomordnre tayimhoo oxdpog ts AEH pe 1o omoio €ywvav petonoeis Beppo-
®rpaotog, aywyudmrag, dtuhvpévov oEvydvov, pe CDT Hydronaut 500 (€x800m yia yhurd vepd). Tavtéypova
MjgBnxav delyporo vepoy yuor ynuirég avarioels. Ou HETENOELS TG Ratd BABOS RATOVOUNG TV TOQAUETQWY
otovg 4 otafpots PL-1 wg PL-4 (Ewdva 1) €ywvay yio tig T€00eQLs emoy€g Tov £toug 2000. Ou petorioelg vdeo-
Bewov €ywvay emrémov pe v péBodo mov meprypdgetan o Moustaka-Gouni et al (2000), aAhd oe Sheg Tig
TEQUTTAOELS BOLORGTAY RATW QTS TO GQLO aviyvevomg g ueBddov. Tpénel eniong va onuelwOel Gt iye moo-
NynOel Aemwropenic neAéTn Tov avdvT TaEVTHEO TOV ONnoavEoy To veQS Tov omotov ewoépyetal oty [Tharo-
véBovon.

AT 10 0UVOLO TV TTOQOUETQMV TTOV PETOTONHROY, EXEIVES TTOV TTOQOVOLALOVV LaiTeQO EVALAPEQOV apo-
0Uv ot Beppoxpaoia xa 0To SLohupévo oTo ved oEuydvo. H pev Beppoxpaocia xabopilel vy murvemra xot
™MV OTEMUATOON TOV VEQOU To d¢ dtahupévo oEuydvo amotehel onpovand meguparhoviind deintm, n EAhewyn
TOU omo{ov divel To Evavopa yia avoepdfiles diepyaoies xat maaywyn vdeEBeLoV GITmg OTOV AVAVTN TAULEVTH-
oa tov OnoavEot (Alumavdaxng xar Pilofinog 1999, Moustaka-Gouni et al 2000)

5. AHOTEAEEMATA

Am6 10 0UVOLO TV PETENOEMY TG HaTd PABOG HATAVOUIS TWV TAQAPETOWY ROTAOKEVACTNHOV OL ETIOLES
xaumohes petaforic Bepporpaciog xar Tov dtehvpgévov oEvyévou yuo tolor fEOn 0.8m, 25m xow 55m otov
otafud PL-1 xou pio xaprtidn otov otabud PL-4. Ta diaypdpporo avtd tapovordtovror oty Ewdéva 2 padi pe
TS TOPES TWV TOUEVTHOWY Onoaveot xow ITAatavéBouong ot onoles eivan eX{ONS ONUELWUEVHL UE SLoryQGpUL-
on 10 OTEMUATA TOV VEQOV ®aBwg emiong 1 enjoila xorovopr] Tg Beppoxoaciag yua ta fddn twv Om, 40m xauw
80m ya v TEYVNTY Alpvn Tov Onoavpot and Alpmavdaxn & Pihofixo (1999).

Katd tov Xewpdva oynuotiCeton wooBepporpaociaxd otpwua 11.5° C oto peyoritego tuina g Alpvng,
extog amé ™V Babitepn meELoxy mov epgpaviCetar €va elapES Bepuorhvég pe vtohipvio oe BAa6n peyorvtepa
v 50m zow Bepuoxrpacia yipw otoug 9° C. To drolupévo oEvydvo v emoy ot (Vo TEQLOQLOUEVO OTO
eMALUVIO OF OAGHANEYN TNV ALpVN HE TES TOV xupoivovial YU ota 4.0 - 4.5 mg/l ota xatdvin xou 3.0 mg/l ota
avdv pe eEailpeon to Pafl voripvio wov 1 cuyrévipwon eBdvel Ta 6.0 mg/l.

Tnv AvolEn apyiCer n avdmtvEn tov Beppoxhvois oe BAadn 8 - 12 m. “Etol to emhipvio €xer 7.0°C xau to
vrtohipvio 5.0 - 5.5° C xow 1o Stoahvpévo oEuydvo eivan dgbovo 10.0 — 12.0 mg/l oe oAdxAnen v Alpvy.

To ©€pog (apyéc [ovhiov) vrdoyet Eviovo BepuorAvEg, ue Beguoxgaoies emhipviov otovg 25°C #ow vToAl-
uviov otoug 6 - 9°C. Tnv emoyn avi To eMALUVIO OEV aVOTTUOOETOL LOOTaX OMA €XEL EVIOVO YOQOXTHOO
oPiivag 1e To PeYahiteQo mdyog (3m) 0To RATAVTN TU P TNS APVNG  %OL ATOOPNVAVETOL TTOOG TO. AVAVTY 1S
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Ewova 1. Zxagigpnua tov taquueevrijga s IHiatavofovons xar T1av geudTov T Aexdvns amogoons Tov ue tig
Oocis Tov orabudv usronons PLI1, PL2, PL3 & PLA4.

Figure 1. Sketch map of the Platanovrysi reservoir and its drainage basin, with the sample stations PL1, PL2,
PL3 & PL4.
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Tov otafud PL-3. Ztov otabud PL-4, omv avav afadn meoroxi n Bepuoxpaoia eivar 6.7°C og ohdxingo to
otpopo. Tov vepoU. To duahvpévo oEuyovo eivan emapréc oe oAGrANEY TV Alpvn mapovotdfovrag wua EEapan
OTO PETAALUVLO.

To ®Owvénweo (Téhn Zemrepfpiov) N rordoToon eivon ToEdpoLa ue v Bepwvn og 6Tl apod TV avdmTuEn
TOU ETUAIUVIOV O€ oY1} OPrivag, ahld ot dtagoEég g BeproxQaoiag TOU He TO VITOAIUVLO ElvaL IUKRQGTEQES
vyt €xovv ehattobel o ardluteg Tipég otovg 18° - 19°C. To voripvio yweiteton oe ddo otpdparta. “Eva
oteddpa antd ta 7m wg Ta 43m Bdbog pe Bepuorpacio 11° — 14° C rouw €va Pabitepo amd ta S0m pe Bepponpa-
oieg apetdpinteg amd Yy meonyovpevn eptodo ota aviiotou o fdbn (6° -7°C). O orabudg PL-4 €yel Beppo-
%EAOTEG WO younAdtepeg Yo v emoyrj (15°C og 6ho to BA60G). Ot TLpES aTEG Elvat oL PEYLOTES ETOLEG TLUES
OV £X0VV ZaTOyQOpY] 0ToV 0TaBpus cwtd. To dahvpévo oEvyovo eivar 9.0 mg/l oto emhipvio 4.0 — 5.0 mg/l oto0
vrrohipvio zan 2.0 — 0.5 mg/l ovo fabitepo tmwv 50 m otpwpa. O otabudg PL-4 €xel ehattmpévo oEvydvo oe 6hn
™V oTjAn Tov veEou 5.0 — 6.0 mg/l.

6. ZYMIIEPAXMATA - LYZHTHXH

H Maravépovon amoterel Tuijpo OUPTAEYRotog Taputevtiomy otov motapud Néoto pe mhjon avlpwmoyevii
ELEYYO IOV €XEL ATOTELECIOL TNV OVATTTUEY XULQOATHOMV TTOU OEV OUVOVTAVTOL OTLS PUOLKES Alpveg. O mo xabo-
QLOTHGG TORAYOVTOS EIvVaL GTL OL E10QOES Yivovran amd €va evildueco BABog Tov avav taevtijoo Tov On-
oovEOY %ot oL EXQOES emiong amd €va eviudpeco fabog amd v IThatavépouon.

210 T€M0G TOV XELUMDVa 0QYES TS AVOLENGS e ™V avAEn tov vepol xou v diteioduom Ppuxoi vepol atov
TopLEVTioa Tov ONoaVEOY, To veEd 0to PBAO0g amd Gmov eEEpyeTal elvar YPuxd xat ®ohd oEvyovouévo. To
vepd avtd eEomhdvetar oe ohdxinen ™y IMhatavéfovon.

To grmhipvio g IMatavépuone (Ewndva 2) Eexrivd rovovirnd tov oxnuatiopd Tov pe v dvodo twv Beppo-
®QaAOLEV TV AvolEn non 1o @€p0g ahhd malpvel Ty poegr ogivas ne péyloto BABog 0To raTAvVTY TN TG
Apvng, dimha oto pedypa xow faduoic arooEivmon TEOS T AvAvTn, 1S TNV TEQLOXY oV a)itel To afabég
TR ™S AMpvng. Avtn 1 OTEWUATMON TOU TALULEVTOO EIVOL YOQAXTNOLOTLAY YO ELOQON YUYWV VEQWV STV O
XQOVOS avavémong tov vepoU tov tapevtioa eivon ueta&l 10 zow 100 nuepwv (Hejzlar & Strskrava, 1989).
Avavtn ot 1o oNpeio amoo@ivmong To VEQS EIVOL OPOYEVES HOL TO XAQOATNOLOTLRA TOV ®0B0EICovVTaL 0mtd Ta
XOQUXTNOLOTIRA TOV EEEQYOUEVOV VEQOU Ot TOV ONoavEo.

“Etou dnuovpyeiton €va moddoEo patvouevo 6mov empavelaxd vepd oty didoxela g Beppdteong me-
o680V oV €ToUg (OFP0G) Vo ExEL TIg Yuystepes Bepponpaoieg (6.7°C). Avtd ovufaiver yiott and Tov On-
0avE0 eEEQYETAL TO VEQO TOV UTTOAUVLOU, YLATE TO ETUALUVLO BEIORETOL OTNY PAOT TG avamTuEng ®au 1) Beppdtn-
ta dev €xeL dradoBel og Bdbog.

To ®POWETWEO, e ™V 0EYN TS YUXOAVONS TOV VEQOY, TO ETMAIUVLO TOV ONoavEoy enexteivetal oe fdBog
%o To veQEo mov eE€pyeTan Poloretal TAEov otV fdon Tov emAiuviov pe oxeTvd VYMAGTEQES Bepuorpaoieg
omd mv mponyovuevn mepiodo (14-15°C). To vepd avtd eEamhwveton oty IThatavéBovon pe v idua votavo-
un 6mwg v Beppr} tEEL0dO (HATM OGS TO CPNVOELOES VITOAUVLO).

Tov Xewpwva, Tty yivel ohoxAnowtixn YiEn tov vepou otov Onoaved, eEanohovBel va vdyeL €va otot-
YELDOES emAUVIO ne younhy Spmg Beppoxpacia yigw otovg 11°C non TeEQLOQLOUEVO 0EUYGVO, yott dev oho-
®ANEDBNx®E N avavémon tov vepov. To ved awvtd tpogodotel ohdxinon v ITharavéPouon n onoila mapovod-
Ceu emiong yaunrés tuég oEuyovou pe eEaipeon to fabitego Tuipa g Alpuvng, dimha oto pedyua, 6rov emi-
QOTOVY YopMAGTEQES OEQUORQOCTES RO VYNAGS TOCOOTS SIOAUREVOU OEVYGVOU IOV PAVEQEWVOULY £{0030 VEQOY
ané 10 Atofordeeua.

Zuvomtird dvo eivar Ta Wialtepa xopaxmoerouxd g IMaravépovong:

To €va eivan 1 dnuoveyia emAipvIov pe poE@Y] eYRAWPLOREVNS OPIVOS UE TEQLOQLOUEVO TTAY0G, TTOU ELVOL
oyLdeVHEVO petaEl Tov PEAyYHaTog ®an TS avdven apabotc mepoxnc. To emhipvio oynuotiCeTon ®avovird
antd v B€puavon tov vepou v Bepur epiodo tov £tovg aldd dev pmopel vo doeL peydln avdmtuEn ot
Babog yuati vTdyEL CUVEXTS QOT] TOU YUy oYU VITOALUVLOU TROGS TNV VIEdYELt £E080 Tov gpdynarog. H mayidev-
on ovpPaivel yroti amovotdleL 1) ETQOVELXY 0TTOEEON atd TV TEXVNTI Alpvn.

H ognvoetdns poer tov emAIUVIOU €ival aroTELETUO TOV WXEOU GY®OU TS Aiptvng og ox€om pe o droxt-
volpevo og nabnuepvii Bdon vepd, n porj Tov omolov epmtoditer v dnuovpyia cuvBnrdy otactudmTag now
OTOTUTTAVETOL OTLG UETONOELS OOV ULdt Suvapurt] atdoTaom.

To devteo WaiteEo yopoxrmELoTXs ™G ITAaTavEREUoNG Eivan 1 OVCLOOTIXRT HETATOTLOY TWV ETOXWYV OTO
avav afafés Tipo ™ ne Yuyedrepn mepiodo to Karoxaipr pe 7° C zow Beppdtepn 1o ®Oivémmeo pe 15°C.

H noardotaon avni Babuaio (cwg ennpedoet to prgoxhipo tg mopohipvias tovng xat 10 PLGrOoHo Tou
Cev 0° avn. Emtiong n €E0dog Yuypot vepot tv Bepwvn mepiodo amd tov tapevtioa g Ihatavéfovong xow n
-695-
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T00@0od00ia Tov NEOTOU EVIEYETOL VO ETTNOEACOLVY TIG PUOKES 1oL avOQWTOYEVE(S SLEQYNTIES TOV RATAVTY
TWjpaTog Tov motapoy oty dehtaixy medudda. H nataoxeun xou Aettovgyio Tov avoguuotinot Tapueution
tov Tepévoug xatdvin g [Matavopovong avapévetor va eEoparivel ta tpopijpata avtd.

7.EYXAPIXTIEX

O\ ovyypageis exgpedlovy Tig Beppés Tovg evxapLoties mpog T Anudoro Emyeionon Hhextoiopnot (Aiev-
Buvon Yoponhextomadv "Egymv) yia T yonpatoddmmon mg €pevvag otoug tapevnjoss Onoavpoy o Mhata-
véfouong tov Néorov (Epevvnuxd IModypappa 07730 g Entpomis Epevvav tov AII®). Eriong evyaoiotovy
™ drtevBuvon xou 1o Ttpoowmird Tov KEWE Néotov xaw YHZE Onooavpoi xow IThatavéBouong yia  cuvepyaot-
o Tovg xaw TN BoriBELd Toug ®OTd T SLAQKRELL TG EQEVVOG.
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GAXEIX EEQTEPIKHX KAITYOX TQN HQKAINIKOQN AYBEXTOAIGQN XTHN
TOMH TQN AT'ION ITANTQON (ZAKYNOOZX, AYTIKH EAAAAA)*
M. KATH'

IZYNOWH

H avdivon @daoswv tov Hoxowvindv aofeotoriBov oty toun twv Ayiov ITdviov oty reviowr Zaxuvvoo,
Tujuatog g evputepns Ipoamoviiag avBpaxixis arolovdiag oty mepLoyy], avédelEe tpelg THmovg
peyapdoewv: a) drafaduiouéva oTdpaTe, 0Te. 0Tl avayvwEIoTNXAY OU0 RUQLES VTOPAOCELS, TWV HECO- EMOG
AeTTOOTOOUATOIDY AOPECTAQEVITOV-0OPECTOAOVTLTAV ROL TWV TO{VOTQMUATMIWY QOVIITIRWY AOPECTAQEVLTAV,
OUVIOTAPEVES KVEIWS atd entavailnuatomompuéves onyés avOoarirés dupous (rveing PlorhaoTtdy vouppovMtdy
%o EXWVOELDMV) ue fAom To olvoro Tmv nuatodopdy Toug punvelmray wg amoBEoeis yaunhis murvémrog
TOVERWLTAY 2on VYN TURVETNTOS TOVEPLOLTEY (1] opupmdwy pody Bpavoudtmy) aviiotowa, B) aopeotohbixd
xpoxahomayr anotelovpeva and MBoxhdotes pdoewy uxeov fdbovs xow dgbovous mehoyinovis evdorhdotes
OV EQUNVEVTNROV O ATOBE0ELS QOWV BRAVOUGTWV ROl Y) TTUXOUEVE OTOWUOTO  TEAAYIRTIG-TUITEAAY RIS
oU0TOONG OV EQUNVEVTHRAY WS ouvilnpotoyevels truyoewdels popeés (slumps). Eropévacg, ov eEgtaodévieg
aopeotoMBoL oUVIOTOUV omorheloTIRd BaBLég ETavailnUOTOTOMUEVES PACELS OV OMOTEONHRAY KVQIWE HEOW
depyaoldv gowv Inudtmv and Pagutnta, petagépovras onpuavurd tood onyou pro- Mboxhaotizol vhixov.
H zatavopn xowm ogydvmon twv gacewv oty tagolioo ouvabooion, Ue Ty emxdtnon Wiaitepa v "ateAdv"
TOUERLOLTIHGV OELRWY, VITOdEWMVTOUV MG DO TeEMHYS artdBeons twv eEetalduevaov Hoxovindy aofectoliBuv
éva "yaunhd" oto eEwtepnd Turipata mg ®Atiog mov ouvédee ™y Ipoaotla mhatpdopa e ™v IGvia Aexdvn.

AEEEIZ KAEIAIA: Zdaxvvbog, Hoxowvo, exavailnpororomuévor aopeatéhiBor, pdoeis eEwtepumric ®htiog,
avBpaxixrol tovpPidites, poég Bpavoudtwy, mruyoewdeis dopuég ohicBnong.
KEY WORDS: Zakynthos, Eocene, resedimented limestones, outer-slope facies, carbonate turbidites, debris
flows, slumps

ABSTRACT

The facies analysis of the Eocene limestones in the Aghioi Pantes section in central Zakynthos, part of the
Preapulian carbonate sequence in the greater area, showed three megafacies types: a) graded beds, in which two
main subtypes have been recognized, medium- to thin-bedded calcarenites-calcilutites and thick-bedded ruditic
calcarenites, consisting mainly of redeposited shallow-water carbonate sands (mostly bioclasts of nummulites
and echinoids); based on their sedimentary structures they have been interpreted as low density turbidite and
high density turbidite (or sandy debris flows) deposits correspondingly, b) calcareous conglomerates consisting
of shallow-water facies lithoclasts and abundant pelagic intraclasts all of which have been interpreted as debris
flow deposits and c) folded strata of pelagic-hemipelagic composition that have been interpreted as slumps.
Subsequently, the studied limestones constitute exclusively deep-water resedimented facies having been depos-
ited mainly through sediment gravity flows, carrying significant amounts of shallow-water bio- lithoclastic mate-
rial. The distribution and the organization of this facies association, with the dominance in particular of the base
cut-out turbidites, suggest as depositional environment of the studied Eocene limestones a "low" in the outer
slope connecting the Preapulian platform with the adjacent Ionian basin.

1. EIZAI'QI'H

H avayvopion gdoenv "mhatpdonag” oty IMooarmovia Taivn (1 Covn IMaEwv) row @doemy "hexdvng” oy
I6via Coovn apyund mooypatoroniBnxe and tov Renz (1955) xou éywve amodexni and tovg Aubouin (1959,
1965), Aubouin & Dercourt (1962), Bernoulli & Laubscher (1972), Aubouin et al. (1976), ahhd ovolaoTizd xou

* TOE-OF-SLOPE FACIES OF THE EOCENE LIMESTONES IN AGHIOI PANTES SEQUENCE (ZAKYNTHOS ISLAND, WEST-
ERN GREECE).
1. University of Athens, Department of Geology, Panepistimiopolis, 15784 Athens, Greece.
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and 6Ahovg Tovg vedtepovg epevvnTéc. Emumhéov, n mohawoyewypagpunri ovvdeon g [poamoviag Lavng pe my
Amotha mhatpdopa g Itahiog xow n gounveio g wg 1 OVOTOMRY] OUVEXELD QUTHG, UE TNV Evvola piog
meQLBWELONS ROTWPERELOS TEOS TV Iévia Aexdvn, ovpupova pe Tovg avotépm eQevvnTés 1 To "avtdyBovo"
NTELRWTIKG TEQLODELO TG ATtoUMag pxgomhdxag otg EAANvideg and vedrepovg epgvvntés (Mountrakis 1985,
Papanikolaou 1986, Robertson et al. 1991, Dercourt et al. 1993), CUVTEAECE OTOV YEVIXG {OQOKTNOLOUS KO TNG
Mpoamothag Ldvng wg pia afadi avBparuni mhatpdoua mov Aertotgynoe oyedov adidxnoma and to Iovpaoxd
péxot xar To OlMydxrovo. Qotéoo, TEGCPATES MOOOTOWUATOYQUPIRES KOl TEXTOVIRES UEAETEG VTOdELRVIOUY
ot 1 mohaoyewypaurii ™ eEEMEN, Wiaitepa xatd 1o Avatepo Kontduwd xar péoa oto IMalaioyeves,
TOEOVOLATEL GELOONUEIWTN TOAMTAORGTNTO Kot TEMXA ATOTEAETOL TOUAAYLOTOV 0TS S0 DLOPOQETIHES TEXTOVO-
ICNuatoYEVElS EVOTNTES, PE XAQUKTIIOES TAUTQOOUOGC, UE SLOPOQETIXY GUMG TOQEIQ AVATTUENGS %ol OL OTOLES
ofuepa Poloxovron oe textoviry TEooéyywon (Accordi and Carbone 1992, Accordi et al. 1998).

Zrondg TG TaEoVoaS eQYAOTOS EIVOL VO TAQOVOLAOEL XOQAXTNQWOTRES (PAOELS ®MTUOG TG avOpamirig
Tpoamovhag anohovbiog oty Zdaxnuvoo xau teMnd va ovufdrler ot diepevvnon g eEEMENS xau dropndepwong
twv nepbmpinv ™mg ITpoamoviag mhatpdouag xotd T didexrewo Tov Hoxaivov.

2. TEQAOI'IKH @EXH

O Honouvirol oxnuatopoti, 6mws xow GAES oL VEGTEQES OTOWROTOYQAPIRES dromhdoers ™ ITooamovhog
Lovng ot Zdaxuvho, amavidvior OAOXANQOTIRG OTLS avaTOMKUES TOQUPES TS 0000ELRdS Boayidva, evig
aoPeoTorBixol avtAivou pe dEova dieviBuvong BBA naw 10 omoio xokumtet v dutiut] TAEUQE TOU viioLov,
oxeddv oto wod Tov. Ov eEetaldpevol oxnpomnopol eppaviCoviar oe €va eyratahelpuévo Aatopeio, 1,5 Km
nepimov NA tov xwewol twv Ayinv ITaviwv, om xevioum] ZdaxvvBo (Ew. 1). ITpdxzerton yio pio omopovopgvn
engpavion Twv Horowvindv aofeotoriBwv, agot oy ovyrexQuuévn top eivar ot povadiwol oxnpotiopol mov
engaviCovrar xat 0pLoBeTOUVTOL TAEVELXA PE TG ONYES PAOELS TG Avarentdiric axolovbiag péow pnyudtwy
veviric dievBuvong A-A. Ou vté perétn aofeotéhMbor ovviotavror ®xveimg and rald oTEWREVOUG,
AEMTOOTQOUATHOELS EMS TAYVOTOOUATOIELS PLoXAaoTIROTUS AOPECTOQEVITES-OOPEOTOMOVTITES EWG KO
aoBeotopovditeg ®oBws oL and RATOLOVS 0ILOVTES AOBECTOMORGY KOORAAOTAYMV ROl TTUYWUEVOV
0OPECTOLOVTITIXRGY OTOWUATWY EVOLOOTOMUEVWY OTa TRoovapepBévta otpduata (Ew. 2).

ZTOWUATOYQAPIRES PEAETES TwV drapdpmv oxnuatiopdv s Ipoamovhag Lavng ot ZdxuvvBo €xouvv
moarypatomown el and didgogovg epguvntég 6mme, Horstmann (1967), Mipxov (1974), Asourtanng (1978),
Towavtagurhov (1996), evdd MBopoorég vow WNUATOAOYIRES PENETES pe EPgaon oty avamTuEn o eEEMEN
g Konudinrig mhorgpdppag ratd tv didpnera tov Iaiaroyevois €xovy yiver omd Accordi and Carbone (1992)
o Karrj (1999).

3. ANAAYZH ®AZEQN

H pehém 1ov eEetaobéviav Hoxawixdv aopeotoMbwv megLéhafe aQyixd amotipnon Tov LoTtohoyROY
XOQOXTHOWV KOl HOXQOOOUMY TOVG, OTY) CUVEYELXL avVOyVAQOLON %ot SLOYWELONG TV RUOLWV QPACEMV KoL
VITOQPACEMV TTOV TOVS CUVLOTOUV %0t TEMXA avAAvon Twv mxopdoemy 1ous. O duoywolopds Tmv amofetndy
TOVG PAcEWV £ywve ®Uplwg pe PAon to PéyeHog TV CLOTATIRWY TOUS XA/ RATOLWV HUQLOV LOTOAOYLHGY
YOQOXTNOLOTIXMDY TOVGS, 0oV autd xEifnxe avayxraio. H gppnveia tov gpdoemv omoixtnure omy tagwvounon
twv Pickering et al. (1986),  omoia amotelel Tpomomoinom g taEvéunong twv Mutti and Ricei Lucchi (1972)
yiotig BobLég xAaotinég amoBEoeLs TEOCUQUOTUEVY Ota avtiotoua avBpaxird Wipata. T v ogurtohoyry
HEAETN TOU EAAYLOTOV TEQLEXOUEVOU pn-ovBooritzol xhAouoTog apywnd mpaypatomonidnxe dudhvomn ohxod
delyparog pe vimo enidoaon oEwmol 0EE0g xou axolovBnoe axtivooromixy LEAET) TOU adLIAUTOL VTTOAE(ppaTOg
eQoEUOLoVTUS TS *AaowEg neB3dous €pevvag yua To ®¥Adopo <2pm. Ov avarioelg €ytvay o TeQUOAAOIPETO
Philips PW 1050 xon axtivopolria kaCo ota gpyootmipa tov Geus oty Komeyydyn.

Zuvolrd, oty Topr] Twv Ayinv IIdviav avayvmeiotroy TeELS ®UpLES ratnyoples (ueya)@doemy, ot eEng:
a)dafabutopéva oTe®uUata, B)XEOROAOTOYI] RaL Y)TTUXOUEVO AOBECTOMOVTITIXG OTQMUOLTOL.

a) Awafabuiousva orpduara

Ieorvypagr] : Amotehovv v mo dadedopévn @don oty eEetalopevny axohovBio pe QOLVOPEVO PEYLOTO
mdyog mepimov 40 m. IMpdxrertar Yo woAG ®ohd otpmuévovs ®at drafabutopévovs aofeotapevites-
00BEOTOLOVTITES, RAOTOVOU €S YROLLORATTAVOU OWNATOG 08 EVOMYES e AeVr0Ug, xahapoUs Emg evBpumToug
%o AETTOOTRMOPRATOELS 0piCovVTES aoPeatolovtitddv poyainis verc. To mdyn twv otpwpdtwy ®upaivovral
om6 5-50 cm, pe emxrQOTEOTEQN TOL HEYEDM TV 15-25 cm, VA TO TAYOG TWV POQYOIRIS VIS 00LEOVTWY RUPAIVETOL
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Zakynthos

Euwx. 1. l'soyoaguxij Ocon xar awdomoinuevos yewAdoyixos xdotns tng eveutepns megioxrs pueAérns, ano ITME
(1980) xar Accordi and Carbone (1992) (a.Kontidwxo, b.Hoxawvo, c.OAvyoxaivo, d.Mewoxarvo, e.ITAeto-
Teragroyeveés).

Fig. 1. Simplified geological map and the localities of the studied area, after IGME (1980) and Accordi and
Carbone (1992) (a.Cretaceous, b.Eocene, c.Oligocene, d.Miocene, e.Plio-Quaternary).

Ex. 2. Amoyn tov Aatougiov Tov Ayiov Hdvrev: a.diapabuiousva oreduara, b.aofeororibuxd xgoxalomayij,
C.ATVYOUEVA 0TQdUATA 0AiaOnonS.
Fig. 2. View of Aghioi Pantes quarry: a.graded beds, b.calcareous conglomerates, c.folded strata (slumps).
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ontd AMyo mm €wg %o 10 cm (ouviiBwg 2-5 cm). Ou aviTEQES KOl ROTWTEQES EMUPAVELES TV OTOWUATWV EVaL

yevird eninedeg non mopdhhnhes. H yevixi toug whion eivan 300 BA (Ew. 2, 3a). Avdlvon pe axtiveg-X oto

adidhuto vhewppo emAsypévay derypdtov and tovg pagyaixnis verg opitovieg €8eiEe ouyrEvipmon ToAY

WHQGV TOOOOTMV ®AAOTIHOU VAMKOU OuvioTdpevo omd a-yxahalia, xaohvitn xow opnxrim (0,18% ot ovvolur

ovotaon). H pugooromnr] uehérn amd 1o ®oTdTeQO QOGS TO AVATEQC TUHHATO TOV OTQWUATWY £dOE TIg

onGAOVOES HUPLES RATNYOQIES HQOPAOEWV:

1. AwpaBmouéva grainstone-packstone ue dgpbovo vormnd otoryeio Grmg exvoeldr, ehaopatofodyyia, guxn,
00tEan@dN xaw BevBovind tonpuuatopspa, ®upiwg Miliolidae, ahhd zow Alya mehayird Tonupatopdea, Grwg
Globigerina »au Globigerinatheka.

2. Aauwv@dn packstone xar wackestone og evalhayég, mdyovs Alywv mm, (ovviBwg 2-3 mm) xow ovoToon
SpoLa pe oty TV VoxElpEVAYV grainstone-packstone MG Ue TEQLOTOTEQN TEALY XA TONUUATOPOQO., GTTWG
Globigerina, Cerroazulensis pomeroli, Globigerinathenka xouw Truncorotaloides topilensis.

3. Mudstone-wackestone pe dgBova melayxd tonppatogpdpa (Globigerina, Globigerinathenka,
Truncorotaloides topilensis) xow £vTovoug xaQOXTHEES PLoavapdyAevong, 6ws VITOSELRVUETOL RO 06 TNV
moovoia burrows cuviBwg TAnowpéva pue mo xovOEorox®o PBLORAAOTIXG VAMKRG GUOLO PE QUTS TV
vroxeipevwy packstone.

Méoa oto TEoavapeQOEVTO OTEDUOTO XaL LOLATEQO. OTO. XOUUNAGTEQC TUHATA TOV AoTopelov, Eviovn eival
1 TAEOVCiC XRATOLWV TOAG 7O XOVOQGROXKRWY 0QLWGVTOY, emtiong Siofaduopévmy, ol omoiol ouvioTovy pio
devteEn ®ipLa Vo4O, auti Twv Eovditkayv aofeotagevitav (Ew. 2, 3a). ITodxrerton yio didomaprovg,
TAXVOTEMUATOIELS EWG GOTEMTOVS 0pItoVTES, OYrjpatos Tpometiov (Tdyxov) ron mdyxovg 60 cm €wg 1,5 m.
Zuyvd mopatneeitar xon pia emmAéov diapogomoinon tov (dov Tov mdyrov ot AemtdteQa otpdpata. Ou
XOTOTEQES KO AVITEQES EMUPAVELES TOUG EIVOIL OTTGTOUES HOL YEVIRG. ETITEDES KO TARAMNAES peTaEl Tovs. To
%®UOLO LOTOMOYIXG KOQOKTNOLOTIXG TG VOPAONS TG amoTeAEL 1) TEQLOSIXY RO TTOAS VPMMI] OUYREVTQWON TOU
Broxhaotinoy xhdopatog, peyE0oug yevird ol peyalitegov and 2 mm. Ewdwdtepa, amnd to ®otdrepo mpog
TOL VATEQOL TUILOTAL EVOC TETOLOV TTAYROV, QLA TapatnOEiTtan Evag XovORGRO®10G QOVIITIHGS AOPECTOQEVITNG,
nudxoug 20 - 30 cm, pe dpbBovoug Nummulites xou Bpadopora exvoedav, pey€bovg 0,5-1,5 cm. Xapoxtoiotinds
€lvou 0 TEOTUNTEOS TEOCUVOTOMOUGS TWV OREAETIRMV CUTAV OTOLYXEIWYV, TOQAANAa 1] O€ TTOAU puxn yovio pe
™ Yevir otpdion, »afdg 1o 1 SaBdbpion Tov pey€Boug Toug, YEVIRA kavoviroU THOV av xow ouxvd Eexivolv
pe SLafdaduton avaotEopov TUmoV. TN CUVEXELR, OL XOVOROHOUAOL CUTOL 0QILOVTES TEQVOTUY OF AETTORONNOVS
aopeortapeviteg-aopeotorovtiteg, maxovg 5-10 cm pe Alya non Aemtd oxehennd Bpavopata, ovvijdmg un
ovayvweiowo oty poxgooxormxy ¥hipoxo. H evallayn twv dbo ovtdv pdoemy enavalopfdveton pe tov idlo
TE6mO 0€ AN TV éxtaom tov mtdyxov. H avdlvon uxgogdoemv édmoe toug eEng xiprovg timovs: 1. Rudstone
we Nummulites, 2. Grainstone-packstone pe mehhogidri xau 3. Iehaywnd Wackestone-mudstone.

H mtpoodiooiiépevn nhuria yio 6ha ta Stofabpuopévo otpdpata, Xuolnmg NECM TG REAETNS TV TEAQYIROY
TONUROTOPSMY, elvar 1o Méoo Hdxouvo xon eidimdtega to avatepo tpijpa tov Méoov Huxaivov (Avdr.
Aovtijolo - MraQtévio;).

Eounveia: Ta dwafabuiopéva otpdpota, ouvolird, eppnvevoviar wg tovefiditeg, agou diabétovy
YO.QOXTHOES avAhoyous pe avtols Twv amoféoewv and tovePuditnd pevparo (Bouma 1962, Walker 1965,
Middleton and Hampton 1973, Nardin et al. 1979, Lowe 1979, 1982). Qoté00, 1 Aemroperis perét twv dvo
vro@doemv £delEe Gt 1 xabepio and avtég SLabETeL Evo. OUVOAO LOTOAOYIRGV XOQOXTHOWY KoL SOUMV LXOVEV
va vtodelEovy oxeTHG "dLapoQETIROUS" uNxaviopovs amdBeong yio Ty ®aBe pla. Zvyrexoipgva, oL
aopeotageviteg-aofeotohovtites ouvioTouv Tovfidites xauniis muxvémrags (low density turbidites) agov
draB€Touv: 1)pey€dn xéxunwv Mog (Inhov) €wg xow péong appov, yevird < 500 pm, 2)mdyn orpwpdrwy 15-25
cm, 3)xavoviré Timo dafdaduions tov pey€Boug twv xéxrwv, 4)ured éwg uétlo Padbud Takvdunons xrat
5)avdmEn mapdAnimv Aapvdyv. O dudgogot xapaxtipes Tovg emavahapfdvovron pe ™y (O oeld xou o€
ovyxexpuéva duaoniparo. (0pltovies) To omoia proovv va crrodoB0ovv ota avTioTOoLK L TG TUTILRIG TOUEPLOITLXNG
axolovbiog Bouma, cuviotavrag eiduxdtepa timovg: Tabe, Tade, Tbe xau Tde. EmutA€ov, 8o mpémet va onpelnBel
611, 0t0 oBvoro ™s Hoxouviniig otrig vmopdong EmxQaTovy Ol IO AETTOXOUKOL QIT6 TOUG TTOQATTEVM THITOVS
(Tbe xou Tde) dmhadn "tovpPrdites xmwpic fdoeis” 1j "areleis tovpPurditeg” (Crevello and Schlager 1980, Mullins
et al. 1984, Mullins and Cook 1986, Eberli 1987). Zuvolxd, ot eEetalopevol Tovpfidites avriotorovv ong
pdoelg C2 éwg now D2 g taEwvéunong tov Pickering et al., (1986), mov avagépoviar o ®ohd 0QYOVWUEVES
GRUOUS RO LAIEG RO OUVAVTOVTOL OTO EEWTEQUXA TUIUOTA TV RMTUWY RO TEOG TNV AERAVT.

‘Ocov agoed Toug povditixolg aofeotapevites eopunvevovial wg TovePLdites vymhg murvémroag (high
density turbidites) yioti StoaBgtovv: 1)xénnoug pe pey€n xovoens Gupov Ewg xat Aemton xahriod, 2)avaotoopo
gwg navovird Timo drafdbuong Tov peyéBovg Twv ovotomrdy, 3)eEapeTird wxed Padud taEvéunong,
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4)emavahapfoavopeva TUipore VPG TURVOTHTAS TV HEYOMITEQMV CUOTOTIRGY, TTdovs €mg 40 cm ouviog,
5)oagelg vow ouyvd SLoPOWOLYEVEIS RUTWTEQES EMPAVELES Row 6)eppaviCovial mdvtote ot BAom Twv youniig
murvomTag TovePdrunny otpmpdtov (Lowe 1982, Stow 1986, 1994). Ewdudtepa, To ROTdTeQo TUMRATO TOVG
UE TNV VYNAY CUYREVIQWON TV ETAVETEEEQYAOUEVOV VNOLTLRAOV BRavopudTwy Sel}vouv Vo avTLoTtoL oy
duadoyund otoug opitovieg S2 nat S3 g axohovBiag Twv vYNAIg TuxrvéTnTag TovEPLdLTGY, 1) ooio amoTeAEL
eméntaon g axorovbicg Bouma yio woht mo yovdporoxro petagepdpevo Cnua (Lowe, 1982, Stow, 1994).
Edw mpémet v avogpeOel dtt, péxoL xow ofjuepa, o 600g "uymhiic murvomrag Tovfdrtird petpata” Osweiton
QOAETA AO0PNGS 1oL TEIVEL VO AVTIROTOOTOOEL TA MG ot ToV 600 "apuddels poég Bpavondtwv" (sandy debris
flows) 0 omoiog mepthaufdver Gho TO PACUA TWV SLEQYATLHV OTTGOEONS TWV QOWY BEOVONUATWY, TG TIG CUVERTINES
ddes poég Boavopdtoy (muddy debris flows) €wg Tig un-cuvextirég Q0EG vGxxwv (grain flows) (Shanmugam
1996,1997,2000). Ou eEetatduevor govditinoi aopeotapevites diabgtovy moAOUs ad TOUg ATALTOVIEVOUS
LOTOAOYLROUG XOQOXTHOES TNS VEOS awThig TaEvéunong 6rwg: 1)otodpata o TAevourd SlordrTtovion amdtopua
(marynot), 2)VymA CUYREVIQMON HETUPEQOUEVMV YOVIRGRORKMY Boauopdtay, 3)xaunid TocooTd ®UpLag wdiog
(wotol ®uplmg rudstone-gtainstone), 4)TEOCUVATOMOUEVO KOL OTOWMUATOTOMUEVAL T TEQLITGTEQN CUOTATIRA
ToUg ®au S)dtaonipato pe avaoteopo timo dtafdduons (opiCovreg S2), pe amotéheoua vo Bewpovpe 6tL 0
600¢ "appuddelg pogg BoauopdTmV" TOVS AVTLITPOCWEVEL tavomomTird. Katatdoooviar 8 oty yevini
xnatyopta A2 (rou mbavotato oty A.2.4) mg tagwvdpnongs twv Pickering et al. (1986) mwov avagépeton o€
SraPabuopéves vat oTEWoryeveis xovdpdroxxes anobéoeig Pabuds Balacoas.

B) Kooxaiomayy

IMeovyoogi: Ta xpoxaromoyn foiorovtol eVOLOOTOWUEVA 0T PEYAQAOoN TV dtafabopévav otpoudtny,
070 ®EVIQO MEQ(TOV ToV Aatopeiov, oxnuatiCovras évav oxeddv ouveyy 0QIovia YEWUETQIOS Paxov, HEYLOTOU
ndyovg 2,1 m row wixovg 10 -15 m xow 08 yovuddn aovpgpovio pe ta vroxeipeve dufadmopévo otpdpota
(Ew. 2). To x0dpotd tovg eivon aotavorevxa €wg yroLordotava. To tepudyio Toug (XQORAAES) TaQOVoLALovToL
PETELL WG TTOAS ROAG OTROYYVAEREVE o pe ovviOn ney€0m xahniov 1 non peyahitepo (omavia €mg 50-60 cm).
IMowtoyeveic amofetinés douég (m.y. otpdon x#.4.) yevird dev mopotnoouvrol pe eEalpeon uia oxetuxy
draPaduion Twv xporaAdv ®uping otg drpeg tov opitovia (Ew. 3b). Ou xpoxdhies amotehovvron yevird amd
oxeheTrolc aoPeotapevites xow Aewtdroxrovg aopeatorovtites. H nvpia pdlo wov dratnoeiton ratéyel wohd
XOUNAS 10000T4 %o amoteheitar and papyaixis vens avipoxiky th. Avélvon pe axtives-X oto adidiuto
vrGheppa ovtic, €0e1Ee Eva ®haotxd VARG ouvolMxol mocootoy megintov 0,66% ouviotduevo amd thhiT,
opnxtit, xaohvit, Beopuxroviitn xow a-yaralio. H avdlvon puxpopdosmy og 600 To SUvoTo avTtQoommevTInd
delypara 2QoXRaADY €3m0E TOVS arGAoVBOUS RVQLOVS THTTOVUS UHQOPAOEWY:

1. Mudstone-wackestone pe mehoyid tonupoaropopa onmg Globigerina, Globigerinatheka, Cerroazulensis-
cerroazulensis, Truncorotaloides, xow Orbulinoides becmani (M.Hox»awo - avdtego tuipo tov Méoou
Hoxaivov), ouviifwg €viova froavapoyrevpéva.

2. Wackestone-packstone pe mehoryixd TONRURATOPSQa ahhd xaw vioLtrd Bpovopata.

3. Packstone-grainstone pe dgBovo ynortrd otouyeia, 6mmg Nummulites, Discocyclina, Alveolina, poldxic,
YOoTEQOTOdM, (UnY %ot EXLVOEWDY OAAG row coxeTd TeMhoeWdY oM won mehayinotc evdorhdotes.
Eounveia: Ta eEgtalopeva aopfeotolbBund xpoxralomoyn eounvetovial og atofEoel; podv Bpoovoudrmy

(debris flows) (Lowe 1976, 1982), ot omtoieg ouviotovv pio amd TG ®UQLSTEQES dLEQYTiES Emavailnuatoroinong

ota mepidairovro Twv xMtiwv (Mullins and Cook 1986, Stow 1986, 1994). Koo xortioLa. yio Tnv epunveio

TOUG amOTEAECY: 1)M avamTuEn Toug He pooyn paxoy, 2)n mrwyri Tagwvounon, 3)n EMenPn YeEVIRE TOWTOYEVAHY

EOWTEQLRWY OOUOIV, 4)TC ATTOTOPO HaL CAPY] L TOUG, UE TNV RATWTEQY EMPAVELR TOUG SLoPomatyevij xaw 5)m

UEYAAN TTOWKIALQL PACEWY TWV OLOTATIXWV TOVS, oo affabeic vnortrés € Pabiég mehayinés. Katatdooovron

de, oty 1aEN A.1.1 TV UN-0QYOVWUEVOV ROL CUTOCUYRQOATOUUEVMY QOVILTLRMOV aoBECEmVY TS TaEWSpUnoNg

tov Pickering et al. (1986) mov cuvavt@vToL 0T O OTOUOKRQUOUEVO THILATA TV XAMTVWYV, ROVTA 0T herdvn

(Enos and Moore, 1983, Mullins et al. 1984, Mullins and Cook 1986).

BéBaua, ov po€g Bpavondrwv 1 cuvertnég po€g Bpavopdtmv, drwg eniong ovyvd amoxarovvrar (Lowe
1982, Stow 1994), meQLé€xouv peydho mooootd ripLag udtag xaw Yevixrd defyvouy un-autootollopuevoug Lotovs,
avtiBeta OMhadr pe To VTS pehétn nEorahoTayY] OV TAPOVOLALOVTOL YEVIXE QUTOOUYXRQOTOUUEVD. QoTé00, 1
UTOVOT0L ONUAVTLROY TTOOOOTOV RIS PALag Oev amoxrhelelL TNV epuNVELD TOVE WS ATOBETELS POWY Bpavondtwy,
ooy €xelL mapatnEndel 6tL oxdun ®au Eva Too00Té ®UQLUG PALag <5% Tou ouvoMxoy Gyxov TS oNg eivar
1ROVO VO TROOOMOEL OUOVTLAY AVOOTLRY dUvVapn 0Tous SLdpOoQOUS KAAOTES KOl VO TOUG UETAPEQEL O€ TOAU
ueyaheg amootdoels. Emmiéov, n dwanjonon tov Aemropepoic vhxot oty telxy pop@rj wiag tétolag povg
eEapTdTon artd ToAMOUE TUQAYOVTES GTTMS, EXTTAVON TOV WHOTOS s T HRAoN TV XUPETWVY TOV TVOUEVA ®oTd,
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U%OG TOV OTTO{0OV PETAPEQETAL, apUdGTWON TV WHjpatog xatd T ABomoinom tov, peTamoBeTiny Cupieon xat
wWaltepa dudivon oamnd wieon (Enos 1977, Enos and Sawatsky 1981, Enos and Moore 1983, Shinn and Robbin
1983, Melim and Scholle 1995).

y) IIrvyousva aopeorolovnitind orpduara

eovyoagn: H toitn peyapdon me vad pehém axolovdiag eppaviteton petald tov diafobpiopévov
QOBEOTAQEVITOV-0OPETTOLOVTITAV KAl TWV XQOXAAOTAYMV KAl 0POQd €vVay WixES aQLBud mTuywpévoyv
TTEWRATWV (RUTOHERAUEVES TTTVXES) TOTODETNUEVY QLOUUPOVOL TTEVE® OT0L VITOXETUEVDL SLBaOUOpEVa OTRWHATA
(Ewx. 2). Avoruxdg 1 mooogyylon tovg yio Aemropeer) perétn dev elvar evroln Adyw tov tyovg oto omoio
Boioxovrat. Qotéoo eivar cagpEs GTL TEOKRELTOL VLo AOBECTOMOVTITIXG OTQMUOTOL TTOV CUVIOTOUV TTEAQYIRES-
Nuutelayinés amoBéoeis, ol omoieg €xouv perem0el extevas o AAAeS eppavioets Twv Horavirdy oxnpuatiopdy
om ZdaxvvOo (Kati, 1999). "Exovv de pia oogr ®0ikn oG Ta tdvm ®atdTeon EMQAVELD KoL Lo OYETLRA ETTITTEDN
xow EhapEds drafewotyevy avdtepn empaveia. To wirog Toug eivan epimov Sm pe pio Sudyrwon sepimov 2,5
m OT0 %oQUYALO TG TTUYNG.

Eopunveia: Ta eEetaohévia otpdpata epunvevovion mg ouvitnuoroyeveis atuyoeldeic pop@és (slumps) xon
ovviotoUv dnhadn pdleg mpoimagysvimv tnudrwv mov €xovv petaxivndel Thevord ndvew oto Boldooo
mbuéva, péow ohMoBnong xar mEQLOTEOPYiE, datnpdvtag Ty cuvoxr tovs. H peydln eowtepurt tovg
TOQANUGOPMOT], AVOYROLIO ROLTHOLO YO TNV EQUNVELD TOUG, EXEL OUVIENUOTOYEVY] XOQOXTHOO KO OEV OTOTEAEL
TOLGV TEXTOVIXYG TAQOUSEPWONG AGYW: o) TG SLaPOPETIXT|G TOUS OUOTAONS 0Tl Tot TEQLBAAAOVTO OTEWUATAL,
B) g maEovsing ATAQOUGEPWTWY CTEWUATOV TAVM %KoL RATW ANd CUTd, ¥) Tov dafoworyevois xapaxrtijoa
™G OVATEENS EMPAVELAS TOUS RO J) TNG OXETRA 0QLLOVTLOG ROTWTEQEYS EMpAveLas TV diafabuopévmy
OTQWUATHV OOV Ol GTOV QUTE OTTOTEALOUV Ta QUEoWE vrepxeipeva otpadpata. Itnporoyeveic amobéosig pe
TETOLOVG YOQUXTIRES TOQAUSEPWONGS UToEel va dnuoveynBotv ot omorodimote BAbog Tng ®Artiog ahhd o
OYNUOTIONOS TOUG EVVOEiTOL LOLaTEQQ OE *MTUES pe amdTopa meELdwoLa, Tayelo andBeon, Aemrénonxo Cnpo
%o amovoio onpavtixtis MBomoinong. Ot dUo mpwteg oUVONKES EMKEATOVV RUEING OTNV AVETEQX TIUATO. EVH
oL o televtaies ota ratdrepa Tijpata Twv xMtimv (Schlager and Chermak 1979, Enos and Moore 1983,
Mullins et al. 1984, Mullins and Cook, 1986). Katotdooovtar de, omv td€n F2.1 g ta&wvéunong twv Pickering
et al. (1986), mov avagépetar ota SLATAQAYREVO RO PHRQOTTUYWREVA oTowpata TV Pabudy Bakdooiwy
weQLROANGVTOV.

4. ZYZXETIZMOX ®PALEQN

Av xou yevindtepa 1) xatavopri v Hoxowvindv gdoewy oto oo magovodier peydin dwuomopd(Kar,
1999), Adyw ®vimg TS SLABEWONGS KoL TOU EVIOVOU TEXTOVIOROU IOV €XOUV EMNQEATEL TNV £VQUTEQN TEQLOXT,
®0oT600 1 ouvABpoLom pdoewv oty Topr Twv Ayinv Idvrav - Tovefidites - Truvywuéva orpduaro ohiobnong -
0€g_Boauoudtwy - Eivor YOQUXTNOLOTIXY YI0L TNV avoryvdeLon tov eguBdiloviog andBeaiis tovg (Ewt. 3c).
Zvyxexouuéva, ovvabpoioeis exavailnuatorompévov pdoemv pe oxjpata C-D+F+A, ong onoieg aitepa
ETUROATOVY OL PECGRONKOL EMG AETTTORORROL XapnMiig TurvETTag TovePLdites, Srwg otig vid pedétn Hoxowvixée,
avanriooovral Yevixd oto eEntepund Tuijpata tov avBporrdv xMtiwv (outer slope) (Schlager and Chermak,
1979, Mullins et al. 1984, Mullins and Cook, 1986). Eldixdtepa, Topég pe peydho aptBud "atehdv tovpfidrrdv"
AOL PUXQT TTOQOVOia TV 0QIdvTwV A 1 xaw B g axolovBicg Bouma Bemovvtol g oL O ATORORQUOEVES
Béoeig Tou petogpepdpevou Wijpatog and ™y mnyn T1eogodooiag, eve EMITAEOV 1) CUVUTOEEN TOUG PE appddELS
p0€g Bpavoudtmv (M vymhiic muxvdmrag tovePidites), yopoxmeiter xatd ®ipLo Adyo v dxpn ™mg rMTdog
7EOog ™ Aendvn (toe-of-slope facies)(Mullins and Cook 1986, Tucker and Wright 1990, Stow 1994).

5. LYZHTHZH - EYMIIEPAZMATA

H avdlvon xow 1 gounveio twv @doewv pe BAon tovg unyaviopois andbeong £€deiEe 6t oo Hoxouwvixoi
oxnuotopoi oty topr Twv Ayiwy IIdviwy ouviotaviot anoxAeloTnd ad eTovailnpuatomomueves avBooriKes
PAOELS OV ATOTEOMRAY ®VEINE HECW TV SLEQYOOLDY TWV OV IENUATOV amtd BoUTnTa. AVILTQOCHTEVOVTOL
dg, and tovePLditeg VmMAric alhd ®xving yopuniic muxvémrag, amoBéoels podyv Bpavoudtov 1or rAamToLo
TTUXOUEVO OTEWOROTO. 06 OAMoBNoY mehaytuic-nuutelayxiic ovotaons. To mepifdrlov amdbeons Tovs frav
10 EWTEQURG TUpaTo piag avBoaxixiis ®AMTUOG *ow ouyrReXQUUEVE TG ®MTiog tg Hoxawvinng mhatgpoopag, 1
VoEn g omoiag av xow dev motomomOnue dueca 1600 OtV VG PEAETY) GO0 %O OTNY EVEUTEQT TEQLOXY]
(Kat, 1999) dnidveton épueca and 10 enovailnuoromompuévo vixé tov vpoaixod neptbwpiov mg. L2otéoo
£dd, o dgBovor vnortxoi PLorhdoteg 0ty 0VoTaoN TWV TOVERLOLTHY *ow TV atoBETENY TV OV BooVoUATOY
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Eux. 3. (A) AiBoorowuaroyoaqixii otjin tuijuatos Tov drafabuiousvev orgoudrov (Yropdosis: la:evailayss
aofeoragevitdv-aofeotolovTitay ue pagyarxovs ogikovreg, 14: govditixoi aofeorageviteg), (B)
AiBoorpwuaroypapiij otijfAn g pdons Tav xgoxalomaywv, (I')Zvvdbgoion gdocwy Tov Hoxavixgy
aofeororiBwv oo laroucio Tov Ayiov Ildvrav: TovgPidites-mruywusva otoduara odiotnons-0oés
Ooavoudrav. (Yaouvnua: 1.a0feorolovrites, 2.00vditixoi aofeoragevites, 3.xgoxalomayrj, 4.01afabuiousvor
aoPeoragevites-aofeotolovtites, 5.eminedn enagrj, 6.0tafoworyevijc enagij, 7.wapdAinin oredon,
8.eAaouaromoinon, 9.proavaudyievon, 10.xavovixy dapdbuion, 11.avdorgoen drafdbuion, 12.xrvyoetdrjc
dourf oriobnons).

Fig. 3. (A) Lithostratigraphic column of part of the graded beds (Subfacies: 1a:alternations of calcarenite-
calcilutite with marly horizons, 1b:ruditic calcarenites), (B) Lithostratigraphic column of the conglomerates
facies, (C) Facies association of the Eocene limestone: turbidites - slumps, debris flows. (Legend: 1.calcilutites,
2.ruditic calcarenites, 3.conglomerates, 4.graded calcarenites-calcilutites, 5.plane contact, 6.erosional contact,
7.parallel bedding, 8.lamination, 9.biturbation, 10.normal grading, 11.reverse grading, 12.slump).

VIOIELUVIOVY G KVELAL TTNYY TEOPODOTTAGS TOUS pic EVEQYT atoxiat EXLVOEDWDV Row BEVOOVIRGV TONUUATOPSRWY
mbavdtara ot eEwtepund fabitepa tujuato tov TepLimpiov g mhatpdpuag (1 ko oy ayri g ®MTiog),
TaQd ToL TOAY ENY A TURATO UTOU, GTTwg dANADVEL KoL 1) OAOXANEWTLXY] ATTOVOT0. ETAVETEEEQYOOUEVWV TEUOYDV
BromBitdv mov magatEtnxray o agbovia o dAhes epgpavioels Twv Hoxavirdy oynuoatiopdv ot Zaxvveo
(Kat, 1999).

O 1p6mog 0QYAV®ONG KOl 1 ROTAVOWY TV dapdpwV QAcE®Y OtV TaQovoa Topr divouv emmAéov
TANQOQOPIES YO TN YEWNETEIQ TOV XWDEOV péca otov omoto amotédnrav ov eEeraldpevor oxnuatiopol.
Ewdwdrepa, mogd 1o 6t M epgpdvion twv anobEoemv v vynhig murvetrog TouePdttdv (appwddy gowmv
Bpavoudrov) dev eivar cuvexg o GAO TO Pjr0g TS Topng, wotéoo oL Hoxouvirol tovpfiditeg ouvolxrd deiyvouy
VO OVOTTO000VTOL 08 ROAG 0QYOVOPEVOUS "AETTOTEQOVS ROl AETTTORORROVGS TPOG Ta. LAV ®UrAOVS", 0 aEOpdg
TOV 0TOlMV EAATTOVETOL TQOG TNV KOQUYT] TNG TOUNG KO TEMKA ETURQATOUV UGVO Ot aTEAELS OELRES TOVEPLILTWY,
vrodewviovrag pio otadiaxt] avEnon g andotaong ad Ty TNy Teopodooias aAhd xoL Eva ONUOVTIRG
BaBog andBeong yia owtovg. “Etot, 0 ydpog péoo otov omoio tehxrd amotédnxay oL vitd pehétn tovpfiditeg
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TOEMEL VO fjTaY €var OYETIRA OTEVS alhd BBl "younhd" tov Boldooiov mubpéva, avamtuypévo topdhnia oto
ravovirnd QRypato To. omoto 0pLoBeTotv Toug Hwxauwvikols ovtots oxnpuottopots ord Tis onxES QAoELs ™S
avoxonudwmnig aofeotoMBuxng axolovbiog. H vrdBeon avni duxaoloyelton dpeco kol aed Ty TEXTOVIRY
dpaotnoidtnTa Tov £xeL MNULOVEYIIOEL OTOV EVEUTEQO XDEO " YnAA" xow "Xounhd" opethGpeve oe CUVIENROTOYEVT]
ravovird priypata (Sorel 1976) 1 OUOTHROTO ROVOVIRGY ONYUATWV EAEYXOUEVA Tl OTLOBOYMEOUON XAMPOXWTY
dudtakn (Accordi and Carbone 1992). I'evindrepa €xet dewyOel GtL avdroyo pnypatoydva ovomipora dnpuovgyovv
avtiotoryes O€oeis andbeoelg xatd pixog twv onyudrwv (Gibbs 1984, Eberli 1987).

Eniong, n magovaia twv otpopdtov tov slump vrodeixviel 6t 0 Bardootog mubuévog mov dexdtav to.
Wripota autd, to mpoavapeSuevo "xoaunhd", dev itav eviehoig oQudvTiog oAhd mapovoiate pic Ehagped xAion
OGS TNV AexAVY, ooty Yia vo AGBeL xwoa 1 OMoBnomn xaw 1 PETOTOTON TV OTROUATHV TV slump, ov
elyov 110n aoteBel o Ynhdrepa Twijnata me xhrvos. TELog, 0 Te6mog avamtuEng Twv adoopedv amobéoewy
TWV QOWV BEVOUAT®V VITOSEUVUEL K THY VITALOEN PIXQUWV ECWTEQLXRMV SLABOMOLYEVAV ROVOAMY OTOV EVQUTEQO
X0 andBeong, evd ta dpbova afadr eravoailnpuoromompéva vird Tovg empepardvouy t Aettovpyio Twv

oUYYEOVOV EVEQYHDV "vYnAdv" Tov Boddoolov ubuéva.
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MEAETH TQN XYT'XPONON IZHMATOT'ENQN AIEPTAXION XTO METQIIO TOY
AEATA KAI XTO ITPOAEATA TOY IIOTAMOY EBPOY, BA AITAIO ITIEAATOX"
©.A. KANEAAOIIOYAOL', B. KAWIMAAHE’, M.O. ATTEAIAHE', E. KAMIIEPH' & A. KAPATEQPTHE'

IZYNOWH

H avdmtEn tov ovyyoovmy arnobéoewy oto dertaind mpiopa tov Iotapot "Efpov mpayparomoreitor xatd
pixog evog aEova pe yeviriy dievBuvon ANA-ABA. To AemtorAaoTikG XEQOOYEVES VMHG RAAITTTEL TO CUVOAO
Tov dehTainoU peTwmov xan peydro pépog tov mpodéita. O QuBNGS nuatoyEVEOoNS TS TEQLOXNS PTROOTA artd
TS XPOAES exTINdTOL TAVD OTTG 2Cm/yT, EVE) UELWVETOL ONUOVTLRG OF oméotaon 8 km and avtég. Ta appnddn
OVOTATIRG TV TROJEATAIRWV PAOEMV PTOQEL VO TQOEQYOVTOL OTTO OLAPOQES TNYES, OTWS 1 AEXAVY) QTTOQEONS
tov "EBpov, ot antés g dutinijs Opdxng 1 o motapoyeipappos Aovtpds. H mapovoio appddovg tlrparog oTig
Babvtepes meELOXES Tov ®OATOU TNg AleEavdpovmolng qaivetal va €xel oxéon pe v tehevtaio Ohoxawvinr
emixhon g Bdlaooag.

ABSTRACT

Gravity cores data from the Evros River delta front and prodelta confirm the aspect that the Evros River
deltaic deposits tend to west-northwest, along the main direction of the local hydrodynamic regime, preventing
the construction of a symmetrical Holocene prism.

In the delta front, the terrigenous sediment consists mostly of fine-grained material. Its vertical succession is
monotonous with slight differences in grain size or colour, and lack of internal structure or current-produced
laminae, indicating almost immutable sedimentary processes as well as long-term discharge fluctuations. The
river-borne sand is limited because of its entrapment in the river mouth but sometimes, during extreme condi-
tions (periods of high river discharge, short-lived catastrophic events etc.), can be transported seawards covering
an extensive area of the Alexandroupolis Gulf. The negligible biogenic content and the absence of bioturbation
effects are attributed to the high rates of deposition. Some bioturbated horizons are produced when sedimenta-
tion rates decrease temporarily.

The prodelta sediment distribution patterns occur a distinctive zonation along an east-southeast to west-
northwest trend. In the central part, mud dominates, while on both sides of this area, the content of sand gradu-
ally increases and becomes the prevalent facies near the coast and in the outer plateau of the gulf. The vertical
facies sequences of the upper sedimentary cover are complicated, with many variations in grain size, colour and
biogenic content reflecting a complicated manner of deposition. The major feeder of this area is the Evros River
providing great amounts of suspended load. Another remarkable source of sand is derived from the coastline,
which during storm conditions provides coarse-grained material in the shoreface area. Finally, a sediment sup-
plier of local importance, Loutros River, affects the eastern area of Alexandroupolis building up a small
subaqueous fan.

In the open sea, the consequences of the modern sedimentation are negligible. The sandy character of the
surface and sub-surface sediments, the analysis of biogenic fragments, the long distance from the present-day
terrigenous sources are some evidences which lead to the view that the upper sediment body of the southwest-
ern part of the study area has a presumable relict origin.

2P profiles are, more of less, consistent showing a sedimentation rate more than 2 cm/yr in the delta front,
which decreases to 0.2 cm/yr at about 8 km seaward.

AEZEEIZ-KAEIAIA: “Efog motaudc, déhta, nuatoyevels pAaoeLs, VITOAELROTXES Gupot, puBuds (tnuatoyéveong
KEY WORDS: Evros River, delta, sedimentary facies, relict sands, accumulation rates

* CONSIDERATION OF MODERN SEDIMENTARY PROCESSES OF THE EVROS RIVER DELTA FRONT AND PRODELTA, NE
AEGEAN SEA
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1. EIZATQIH

Ta d€rta TV ToTopwy eivon teQuBdilovta oy (OgVomg %L amdBEONS TWV XEQOOYEVHY VMRV TOU avaTTio-
covtar ouviBwg o TEQLOdOVG aEYNS EmixAoNG g 0tdbung g Bdhacoag 1 otabepomoinong avtic oe €va
VY6 eninedo (Wright, 1985; Posamentier et al., 1992). H popgoloyio % 1 0Tomparoypapio Tmv deAtaixdy
anoBéoewv eivan 1o amoTEAEOPA TG AANAETIBOOONS TOAMGY TOQAYOVTWY, GTTMG TOU KAUATOS, TNG YEMAOYIOC
™G AEUAVNG ATOPEONG, TOV TEXTOVIOROU, TS Bahdooiag rurhogpoptag, te mahippowag #.¢. (Goodbred Jr. &
Kuehl, 2000). H ®oxxopetoio Tov TOTAU@V QEQTHYV VDV ival £vag Tapdyovtags (ong omovdoudtrog pe Toug
TOQATAVW, TOV EMNEEGTEL onpavTind ™) duvapuxi] eEEMEN, Tig (Unuatoyevels QAoeLs ®ow ™V E0wTEQLHY] doun
TV deATAIROV oVOTNUATWV.

Ta Cnudro wov ovviBwg eLo€pyovion ota AT £X0UV hwoapYLAwdn €mg apupumddn ovotaon %L 1 ardédeon
Toug eAEyYETOL ROTA HUPLO AGYO amtd To vVdPOdUVaMRS RoBEOTHS TG TEQLOXNS. OL Siepyaoies g emavoud-
oNoNG, TAQAUSEPWONG, draryéveong #.d. xaBopitouv v oot} dLevBETon rat ™) Yemuetoio Tov amobgos-
wv oto xdeo (Elliott, 1986).

To avuxeipevo avtig g PeLETNG elval agevos VoL ovaryviRIoEL ®aL VoL TEQLYQAPEL TLG TOGOPOTES LENUATO-
Loyuég diepyaoieg mov emnpedlovy mv avdmtuEn tov vroBaldooiov ohoxawixoy tpiopatog tov “Efgov IMo-
TAPOU %L OPETEQOV VA EVTOTIOEL KO VO EQUNVEVOEL TIG OTQWUATOYQAPLXES PACELS TWV VITO-ETUPOUVELORDV L-
nudrtwv oto dudgopa vromeptBdAhovta Tov kAo g AleEavdpourohng. Eniong, yivetaw mpoondBeio exti-
pnomg tov guOroYy InpatoyEveons mov emxQatel 0To uETMIO Tov d€ATO ko 0To TEOdEATA. Tov “EBpov IMota-
pov.

2. IIEPIOXH MEAETHEZ

ITeproyn uerémg etvar 1o pétmmo Tov déAta xaw 1o mEodéita tov Motapot "Efov. To ouvolxrs wixog tov
motapoy elvon 515 km %1 m hexdvn amwoporg tou eivar mepimov 52.900 km? To oynpomtépevo déhta eivor
AoBoeldés, pBdver o mhdrog o 10 km mepimov xow oe éxtaom ta 188 km? (WihoBinog & Xoxanidov, 1987). H
HOQPOAOYIC TMV aXTWYV EVOL TOAMOKLING %L VTLAQYOUV EMWITRELS AUUOVNOTOES.

H péon emjowe arroeeon Tov motapot “ERgov vrohoyiLetar oe 6,80 km?/yr, 1) peyohireon ueto£l tamv motapdy mov
enfdihovv omv EAGda. “Exer magomonBel 6n xotd mv mepiodo e uéylomg moaoyts tov “Efpov, vddtivn udto
yopmhig oharrdmrog (28%) now murvémtag (1,019 griem’) Suoyéeton pe HOQEY ETUPAVELHOD (S VITOETPOVELOHROV
OTWUOTOG, OF WxEd Y pEco BaBog we 5 m, ue xatevBuvon NA-BA. H vdduvn ot pdla pe ehagod petafoddpeves
TWES aviyveveton o€ omdoraom wg 30 km mepimov o tis exforés Tov motapoy (MexMpdvoyrov ®.d., 1993).

& Aourpég M

2850

Zyrjua 1. BaBvuergia orov Koimo tng AAeEavigovmodns xar Osoeis derypuarodnyidv (and Pehlivanoglou, 1989)
Figure 1. Bathymetry in the Gulf of Alexandroupolis and sampling positions (from Pehlivanoglou, 1989)
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To vroBardoolo avayAvgo eivor Opard pe mohd preég xhioels (Zypa 1). Ta padn axdpn xow oe ardota-
on 10 km ond v axti dev vrepfaivovy ta 35 m, pe arotéreona n ®Aion tov fubot vo mapovoldleTal wres-
teon and 0,1 % ex1ég amd 1o NA naw BA dnpo g mepuoyng 6mov 1o avaylvgo eival eviovitepo. Metd v
woofaf twv 30 m oynuatiCetan enipnreg vtoBardoowo mhatd pe péco Badog 35 m rau devbuvon NA-BA.
EEaipeon amoterotv 1o BA dxo, oty mepuox Mdxgng, ®at 1o NA, voudtepa tov expordv tov "Efgov drov
T0 avdylugo elvar o ardtopo xat 1 ®hion tov fubov maovotdter wxen avEnon (0,1 — 1 %) (Tlexhpdvoyrov
%.d., 1993).

Ta empaveiaxd wiporo tov Tubuéva otov ®OAmo g AreEavdpoUmoing eivol AeTTORORRU KoL HATAVEPO-
vrow ®atd pirog Covav pe xvpia dievbuvon NA-BA oxeddv magdhinia pe myv axtoyoouwi (Exipe 2). Avti n
xoatovoprj emneedleTon ®vEimg amd Ty Tomoyeapia g axtis, ™ fabuuetoia, TOV *UUOTIOUS %o Ta VtoBardo-
Lo QEVPOTOL TNG TEQLOYHGS.

Zmv xevrou] TEQLOYT] TO VARG €xEL agytho-thuddn aiotaon. ITpog ta fSpeta tapatnoeital oradiant| pe-
tafaon oe adeGTEQN WHUATA PE CVOTATELS APPBOOUS LMIOG, aupddovg aEYhotAiog, aEYAOTAVDIOVS Gupov %u
aupov oty mopdrtia Lovn. Nota tng ®evrouxnig meQoxis VtdoyeL wa tdvn oppddovg agyilov rat 0to peya-
Mitepo pépog Tov vtoBardoolov mhatd emwxpatel vohewppativy dppog (Pehlivanoglou, 1989).

3. YAIKA - ME®OAOI

To otvolo Twv epyaocudy mediov mpaypatoroidnxe 10 Pefpovdoro 1998 pe 1o wreovoyEaPIRG ORAPOS
“AITAIO” tov Efvizou Kévipov Baraooimv Epevvav. Zto Zyjpa 1 mapovordlovian o BEoelg derypatohmypi-
ag, YO TOV TEOCALOQLONS TwV omolwy xonowporonidnre dopugpoptrd avomua Global Positioning System (GPS
TRIMBLE NAVIGATIONS 4000AX LOCATOR).

TN g derypatoinypies Twv Inudrov xonowpomounidnxzay dvo £idn derypatonmrdv: o muenvorjmmg pav-
mrag (gravity corer) it 0 devyporoljmmg tetodymvng dwatowric (box corer). Ou mupriveg vémmuay eyrdpou,
TEQLYQAPNRAY POHQOOHOTULRA HO PMOTOYRAPHONKOY. AROAOUONTE 1 EMAOYT] TWV TLO RATEAANAWY KL TTLO AVTL-
npocmrevTRGY BEoewY empépovg derypotonpiog, £Tor dote to delypata va rohimrovy 6heg Tug npatohoyt-
%Eg EVOTNTES OV dLoxiBN®ay 0T0 OTAdLO TG ParEOOXOTIXTG EEETOONG.

Ta defypato avariOnxay wg mEOg TV ®oxxoueTowt] Tovg ovotaon (Folk, 1974), evd magdAAnho €ywve
ROUHOPETOLHY] avdAvom g Aemtéronung pdons (<63 pm) pe ™ ovoxevi] SEDIGRAPH (Micromeritics 5000
ET), petd amd SuoqwoLlopnd pe vypd ®OORIVIOUCL.

T v avdivon tov 2°Pb éywve murvy deyparodypio vro-derypdrwmv otoug mupriveg EV-01 xow EV-02. O
VITOAOYLOPAS TOV QUBNOT WnuatoyEveons otneitetar o puéTonon e axtivoPforiac-o tov *°Po x gppéong Tou
2%Pb mov Boionetan ot wopomia pe 1o Po. H oxtvoBolia tov °Po petpdron, petd amd mhjon Siakvromoinon

0 5 10km
L. A——

Aoutpog M.

40°50 ’

CvEE=R

3 viEEER
ST 3 NN E o [EEER
| T
25°50° 26°00°

Zxtiua 2. Katavourj AtBoloyixav Tomov empaveiaxay iGnudrov Tov xoixov s AAeEavdgovmodns (I)
Agyiioidds, (II) Auuddng 1Avs, (1) Apuddns agyiroidds, (IV) Agyidoilvddng duuog, (V) Aupog, (VI)
ApyiAdong dupog, (VII) Auudons doyiios (axd Pehlivanoglou, 1989).

Figure 2. Distribution of the sedimentary types of the surface sediments in the Gulf of Alexandroupolis (I)
Clayey-Silt, (II) Sandy Silt, (III) Sandy Clayey-Silt, (IV) Clayey-Silty Sand, (V) Sand, (VI) Clayey Sand, (VII)
Sandy Clay (from Pehlivanoglou, 1989).
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tov 1hjuatog #aw weoopdgnon Tov 2Po ae dionovg apyipov, pe putomorhomiaoiaotéc tinovw ORTEC EG&G
(Sanchez-Cabesa ef al., 1998). H ovyxrévipmon vmopdBpov (supported *°Pb) vmohoyiomxe g 0 pécog 6p0g Twvy
ouyxevipwoewv *°Pb oto. Babitepa Tuipara Tov muoivav 6ov TAEOV 1 CUYREVTQMON TOV LOOTETOU Eival
oxeddv orabep).

4. AIIOTEAEXMATA - LYZHTHZIH

H xoxxopetouxy oUotaon Tmv VIo-emQavelaxdV Wnudtwy otov x6ATo g AleEavdpovmoing divetan oto
Zynuo. 3.
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Zyiua 3. KaraxoQupes xaravoues xoxxoueToixay Takewv otovs mugijves Twv iGudtav (ot xovxides ovufoli-
Govv Ta onueia detyparodnyiag)
Figure 3. Vertical distributions of the grain size fractions in the sediment cores (dots represent points of sam-
pling)

O muprvag EV-02 amoteheiton omd Aemwtdnonna WGjuoto., pe Toh) pret] TeQLEXTIRGTNTO OF Gupo. AVTES oL
iEnpatoroynés pdoels oxnpatiCovron and ™y ®abitnon twv gpegrdv vAdv Tov "Efgov ITotapol ®u eivon ovi-
TQOOWMTEVTIRES TOV AVAHTEQOV TUHOTOS TwV atoBETEmV Tov dehtainot petdmov (Zyfpa 4). Ou unpég duago-
QOTOW|OELS 0T OVOTAOT TOUG IITOQOTY VO OQEINOVTOL OTLG ETOYIRES AAMILYES TNG TAQOXNS TOV TOTAROYU 1| OTLG
SLorupavoELs Tov VdEO0dUVaLROY ROBEOTHTOS PTEoatd antd Tig eXPOAES. To 00006 g dupov dev Eemepvdet
10 10 %, yeyovig mov vrodnhdver 6L oxedGV 10 GUvoho Twv XOoVIOKROR®®WY VMXMV EYRA®PBITETAL OTO delTaind
nedio nouw dev popel dropevyel mpog ™ Bdraocoa. H mepiextindmra tmv PLOYEVEY oVOTATIRGDV EIVOL QOAETA
urt| Adyw, mlavas, Tov avEnuévov guBpoy xaBitnong Twv XEQOOYEVHV VALKWYV.

O mvprvag IR-08 Boioxeton ato dutrdrego anueio tov mpodélta tov "Efpov ITotauod. Xapaxtmoileto
a6 OpOLOYEVES aQYMOTAVMIES (Enua Tov omoiov To oppwdes xhdopo xupaivetar omd 10-20 %. O ®igLog To-
@odGTNG g TEQLOYNG OF AeTTToROR%O VARG Tapouével o "Efpog TTotapdg, eved 1 XEQO0YEVIG ApUUOg mBavKg
TQOEQYETOL OTTO TN YELTOVIXY] OXT.

O meijvag EV-01 ouléxbnxre and 1o fabitepo onueio (BdBog 38 m) evig pop@pohoywoy ®OLMDIATOG,
Gmov ota fogetoavatoxd Poloxetal 0 ®OAMTOg TS ALeEOVOQOUIOAC ®aL 0T VOTLOSUTLRG, UTTGQYEL et JrEn)
avipoon and opupmddes vArS (Zxiua 1). Metd to mpdte 40 cm 6mov emxpotovy mold Aemtéronno Wipora,
axohovBei évag opitovrag (41-60 cm) pe amdtopn adENON 0To TOCOOTS TOV opunddovE ®hdopatog, and 0 oe 68
%. Metd amé autdv Tov oitovia aQythoilumdous dupov axohovBovv o AETTORORKO OTOOUATA AUUOIDV
apyhoiMiwv péxot ta 194 cm. Autég oL EVIOoveES SLaRVIAVOELS TV PACEMV UTOQOTY Vo amodoBouv oty vrap-
En non wapdAMNAn Aertougyio Svo SLopoQETIRGY TNYHY TR0Podoctag, £x Twv omoiwy 1 meaT, o "Efpog ITota-
UGG, TEOOPEQEL LETTOROXKO VMKG %t 1 DEVTEQEN, TO TARATAEVQO TYPwua OTa VOTLOdUTIXG, TOOPODOTE! TV TTE-
QLoY1 ME Gppo.
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Zynua 4. Karavouij v dta@pogwy vroneoifalloviov tov xdArov s AAeEavogovmodne (1) usromo tov déita
Tov "Efjpov Ilorauov, (II) Hpodéira tov "Efgov Horauov, (I11) vrobaidooio giwidto Tov motauoysipagoov
Aovrgov, (IV) vmoleiuuatinés duuot
Figure 4. Distribution of various sub-environment of the Alexandroupolis Gulf (I) Evros River delta front, (II)
Evros River prodelta, (III) subaqueous alluvial fun of Loutros River, (IV) relict sediment

H neproxn prpootd otig exforég Tov motapoyeipaeov Aovtoy amotelel éva eldixd vromepLidAiov ato
%n6Ao. To empaveloxd Enpa tov otabpoy EV-03 eivar appuddng thig, tov onoiov 1 andBeon mbavd eA€yyeton
amd €va OUVOAO TTaYGVTMYV, 6TtmG TO £(00G %t 0 QUORGS TG OTEQEOTOQOXIIS TOU TTOTAUOYEIUOQQEOV, 1) TOOPOSO-
ot tov "Efpov Iotapov, ) éviaon tov vdpoduvapunot ®odeotitog »abug »L o avBpwroyevels dpaomeidm-
TEC OV OYETICOVIONL pE TNV WOAN TS ALeEavdovmong.

Ta Eipata tou ueriva IR-09 €xouv xuping aupddn ovotaor. MBavd alta g EmrATNONS TOU Q-
dovug xhdoparog oMy mEQLOX ot elvat: () 1) ATOUAXQUVON TOV Tl AETTGRORKOV VALXOT TV OTOTLOEUEVOV
nudtov omd to vroBahdooto PeUpaTa pe T SadaAoio TG ETAVALMENONS %L 1] HETAPOQA TOUS OF GALES
TEQLOYES TOU xOATTOV, 1i/xan (B)  BEom g mepLoyrig o€ oxEon e Tig EXPOrES Tou d€ATA GTav QTG EmEXTEWVSTAV
o votodutind o€ meELEdoUs ounAhdtepng otdbuns mg Bdhaooag (tayetddng epiodog TetapToyevors).

H ota0un tg 0dhaooog »atd 1 SLGOXELN TWV TOYETMADY 1O LECOTAYETWOMY TEQLGWV 0TS TO AVHTEQO
ITAeLoToROUVO PEYOL ONUEQD. TTOQOVOINOE ALABOYIRES TATELWVMDOELS %L AVUPDOELS, DLOPOQETIRES YOOVIRG, KOl
xweuxrd yuo ®d0e meproyti. H péyiomn nprj mg tehevtaiog andovpong omy meproxy tov BA Avyaiov fitav mepi-
mov 90 — 125 m amd to onpeEwvd emimedo %L Ehafe xdoa mowv and 16.000 €t mwepinov, xotd TV TOYETHON
nepiodo Touv Avditepou Bovppiov. Axoloibnoe n PAdvdoLa exixhvon, aoyixd, pe guus avipwong g otdd-
ung g Bdlaocoag 0,01 m/étog n omoia, apydtepa, emPeadivinxre ota 0,02 m/étog mepimov. IIow amd 7.500 €
N otaBpun g BdAaooags £@Tace xot OTABEQOTON|ONXKE OTO ONUEQLVES TNG, TTEQITTOV, EMITEDO EMTQETOVTOG TNV
améBeon PEYAAOU GyroV IENUAT®WV UTEOOTA 0TS TLG EXPOAES TWV TTOTOUDY, UE OTTOTELETUC TO OYNUATIOUS EXTE-
vy dehtainddv mowopdrov (Kraft ef al., 1982).

H tayeio entzhuon Tov TaQdxtiwy TeQLoxov mg Eneds xatd m @don ¢ avédov g otdBung tg dhao-
00g 08 OUVOVOONO [E TN nE1] Togpodoaia v afabuv mepLoyuv Tov ®Ghmov e AleEavdpoinoing oe Cipa-
T0, E(XE OUV OMOTEAEOUO OL ETUAN00E{0ES TEQLOYES TG TWELVIG Vohoronmidag va pnv €xovv xahvgbel and
TGopata ohoxawvird ipata oAAG Vo amavtoty andpn exel Wjpata Tov vejoxay TEw ad Ty emxixivon
(Perissoratis & Mitropoulos, 1989). Ta ({{fjpato autd wov ®eAVTTOUY TR TOU ONUEQLYOU TuBUEva alhd asto-
TEOMUROV 08 oUVO®ES LIENUATOYEVEONS OLOPORETIRES QTG TS TTLO TEOOPOTES, OVOUATOVTAL VTTOAELupaTLnd 1TH-
nota (relict sediments) (Swift, 1974; McManus, 1975).

Tyv dmoym el UnaENS VoA ppatrdv nudtmy oto véto tpijpe touv Koirou g AleEoavdootmoing
vrooteitouv téoo o Perissoratis ef al. (1987), 6oo #u o MeyMpdvoyrov (1995).

H »ataxdouen xatavop] e ovyrévipmong Tov °Pb pe to BaBog Tmv muprvav amewroviCetal oto Zyrfua 5.
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Zyiua 5. Karaxdguen xaravourf ovyxévrgoons *'’Pb
Figure 5. Profiles of *°Pb activity

‘Onwg gaiveton oto dudypoapua tov muervoe EV-01 and ta 40 cm péyor xow 1o fabog twv 115¢m, 1 ovyxé-
vIpwon mapopével oxedov otabepr). H avopohio oty xatavopr mov mopoatmeeitor and ta 40 £wg o 65 cm
BdBog ogeihetar oty andtopn av&non Tov Too00TOY TG Arpov avtol Tov opitovra, it 1 didpBwon g
ovyxrévrpmong Tov “°Pb pe Baom to <63 um *OXHROUETOIRG YAAOUO EEOUAAUVEL OF PEYAAO BOBRG TNV XOUTTOAY).
Ta avdtepa 40 cm Tov TuEtva avaigrol oty ot medogata wripata (100 tedevtaio €Tn). O ogiloviag 15-40 cm
mopovotdlel exBetxy peiwon me ovyxévipmong Tov Z’Pb pe 1o BdBog, vmoderkvioviag Gt Yo puo. eovixy
meQiodo orabepric TEOOPoEAS VMK 0 EUBNGS Wnpatoyéveons vrohoyitetaw ota 0,2 cm/yr. Zto avatepa 15
cm Tov UERva oL EORELBOELS TS oUYREVTEWONG Tov 'Pb avtixatontoifovy netaforés otn oY ampovue-
vou vMxov oto otafud EV-01, pue tig aovntirés *AOELS Vo avTloToly oty 08 adENOT TOU TEOCPEQGPEVOU VAROT
®no g Oenég oe pelwan.

‘Ocov agpopd otov muerva EV-02 pe ™ uébodo tou *"Pb qaiveton 6t péxor ta 225 cm BAHOG 0L ouyrevTw-
oelg Tov 2Pb cuvexCovv vo EAOTTOVOVTOL HE QTOTELEOHO VO 1) POQOTY var EL0mBOTY pe T OUYrEVIOWON
vofdBpov. Avts onpaivel 6t péxor ®ow auté 1o Babog n nhxio Twv Wnudtov dev Eemepvd Tov tedevtaio
oudvo, HE CUVETELD 0 EQUOBNGS IENROTOYEVEONS 0T OUYXEXQLUEVT TteQLoyt] va Eemepvd ta 2 cm/yr. To amotéhe-
Opa QTGO EIVOL AVOUEVOUEVO OF TTEQLOYXES OV BEio%OVTONL VIS TNV GUEDT ETIBOOON TOTANOU.

Oa. mEEmeL vo onpetmBel ST oL TES TV ARGV IEnpatoyéveong mov vrohoyovran pe ™ pédodo tov *°Pb
eivou oL PEYLoTES ®ow Yo To AGyo autd ot debvii fiphoypagio ovopdtovran pawvopevirnég (apparent). Tapd-
Ao autd, ov UL oV VroAOYIOTNXAY OTNV TEQLOYT] TOV ToTapoy Efpov auyroivdpevol pe Toug pubpots otig
expoléc GAhwv motapdv foloxovron ot mapdpora entineda. Mo Tapddetypa, 0to pérwmo Tov déhta Tov mota-
pov Podavoy (B.A. Meadyelog) o oubuds wnuatoyéveons vrroroyiomxe oe 0,63 cm/yr (Zuo et al., 1991), oto
déMta Tov motapov Iddov (B. Adpiatini}) ou Tipués xvpaivoviow and 1,45 €wg 0,44 cm/yr eEAaTtrovjEVES TOOG TOL
avouyd. (Frignani et al., 1991), evé oto oto déhta tov motopot AEod (B.A. Avyaio) n iinpartoyéveon vohoyi-
omxe mepimov oto 1 cm/yr (Kaberi and Anagnostou, 1998).

5. ZYMIIEPAZMATA

H avdlon twv otoyeinv omd to déhto tov motapot "Efpov €deiEe ta axdhovBa:

1. Zro déAta Ta XEQOUOYEVT] LEHUATO AVTLITQOOWTEVOVTOL HVQIWG OTtG METTORAQOTURG VMXUA YEYOVOS TTOV TUOTO-
TOLEL GTL 1) XOVOROXORX®Y Ao cuykQoTeiTtar oTig eXPOAES Tov motapoy. H tpogodoaoia g Bakdoowag me-
QLoY1iG O€ Gupo eivar YeVIrd TEQLOQLOREVN *at TOOVMS VoL TQOYUATOTOLEITAL (HOVO RATw and ELOLXES UV-
Brixeg m.y. TeElOdOL EVTIOVNG EXQONG TOU TOTANOU, OTLYILALIO ROTAOTEOPIKA YeYOViTa. To avatepo Wnuato-
YeVES RAAPUQ OTTOTELETAL 0T L0 HOVGTOVY) OUOCWEEVOT) LAVaQYIA®Y YXwElg ®apia onpoviiy dowr aso-
dewviovrag Gt ) InuatoyEveon oty TeQLOYY| elvan OxeTRG opoldpopyn ®ar ouvexris. H apxetd puxnor
OUYREVTEWON TWV PLOYEVEY VtoAelppdtwy dev ogeiletal, mbovdg, 0Ty petmpévn rtogovoia toviavay op-
Yoviopay oAd otov WaiTeEQX YOTIY0R0 QUONS TS XeQUOYEVOTS InpuaToyEveons.
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2. H natavou tov itnpdrwv oto mpodélta moovaidiet pa Lovmon pe dteifuvon oyeddv avatoMxd - dutixd.
ZTO HEVTOUHO TUNUOL HUOLAQYOVV TO AETTOXAAOTIRA VMXA, EVED OTIS EXATEQWOEV TEQLOYES TO TOCOOTO TNG
Aupov draris avEdver Momov, Telxrd, YiveTon To emxpaTouv ¥*Adopa ota Wijpoaro mov Beionoviar xovid
oy axtoypapu ol xow oy avoryty Bdhacoa. H AMBoloyixn 0Uotoom Tov VIo-empoveLanol oTodpra-
T0g efva TOAMUTAORY, PE COAETES SLORVPUAVOELS TTOU VITodnhdvouy ahlayég 0tov TE6mO %o To €(80¢ ™G
wnuaroyéveons. O ®ipLog 1eopoddg tg mepoxns eivan o "Efpog ITotapds Tooogéovtag peydles moad-
™mreg Aemtorhaotinoy @oetiov. Mio dAAN onpoviiry iy npdtov elvon n oxt) g dutxiig Opdxng 1
omoia, WLaiteQa 0€ TEQLOOOVS EVIOVIV RULQIXMDV (PULVOUEVWYV TTAQEYEL XOVOQOROURO VAXG O TEQLOYES P
o peyaia Badn. Téhog, o motapoyeipapog Aovtpds, avatolxd tg AleEavdpoUmoAng, paivetal va €xgl
Tomxy enidpaon oxnuatiCoviag éva uxEris éxtaong vrofoldooto pueidio.

3. Zmv avouyj BAACCOQ OL CUVETELES TNG TUYYEOVNG inpatoyEveong gaivovton va eivan auekntées. H MBoho-
ywij ovotaon ®u 1 eE€taon g PLoyevous pdong ouvnyogoty oty droyn xt AWV epeuvnTdv mEQL g
VITOAELUPATINTG TEOEAEVONG autdV TV Inudtwv. Eropévmg, 10 appddes oTodpa Tov »eAGteL vy voTLo-
dutirn] TeQLOYN UEAETNG AVTLTQOOWITEVEL VITOAELUPOTIXG ENpuoTa, dnhadrj malardtepes amoBEoels mov dev
noMEOnray and mpdogata wipata petd v tehevtaia eninhuon g Bdhacoog.

4. O EuBuGs LNUATOYEVEONS TS TTEQLOXNS WTEOOTH ot TS EXPOAES exTiudTon OE TEQLOOGTEQO atd 2 cm/yr,
TUY) AVOREVOREVT), EVH HOAQUTEQX ROl VOTLODUTLRG 06 Tig EXBOAES perdvetan oxeddv 10 pop€s, mapoamion-
on mov cupPaditer pe Ty TapaTionon yia tov dEovo avaTTtuEns Tov dertaindv amobEoswy.
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MEAETH ITAPAKTIQN IZHMATQN IIEPIOXHY KOAIIOY AOYTPAKIOY®
A. KAPAAH-BOYAOYPH', I'. AEIBAAITHS’, A. METTOY

IYNOWH

H pelétn twv moodxtiov itnudtmv Tou Ao Tou Aoutpaxiov peydhov aotduol derypdtwy regtehdpfove
WXQOOROTILHT] TTOQUTI|ONOT], XOXKOUETOLXY OVAAUON, OQUXTOAOYLXY OvAAUON oL TELOG OXTLVOYQOUPLXY] HENET.
O vmoloyiopdg Twv inuatoroyndy mogapuétowy (oo péyebog M, otabepd amdxong o, hoEStnta Se %nUQ-
twon K,) €deiEe 6t n vmobahdooio maahio xoAimretal amd xovoQEnonr®n GUIO, EVE 1 CdVN XURATOYG ROL 1)
vrepBardooio Tapaiio amd xohixia Tov vrodniaver tepBdrhov vmiig evépyewas. H mapdxrtio petaxivnon
Tov Inudtov elvar and Boped mEog véto.To peyahitepo m0c00Té TV AUUmY oty voBahdooio TaQaiio
eivan aoBevaig drafabuopéves, om Cavn xupatoyis uétowa dafoabuopnéves xol oty vrepBaldooio. moQaAic
elvaw oAl zakd Safabuopéves. Exiong mapatneeiton pa tdon yio naditen diafdduion twv iinpdtov m1pog
ta véua. EEetdofnxay xar or axtohMBol g axmig, To %Pog Tovg antd TV empdvelo. g Odhaocoas, ®abwg
€T(ONG KOL 1 OQUATOAOYLXY TOVG GUOTAON).

ABSTRACT

The study of the sedimentological and mineralogical characteristics of the coastal sediments in the Loutraki
gulf, included analyses of a large number of samples, that is granulometry, thin section study and x-ray examina-
tion. From these data the granulometry parametres were assessed such as mean grain size, standard deviation
o, skewness SK, and kurtosis KG of the sediments.

The study of the sedimentological parameters based on the mean grain size the offshoreline is covered by
coarse grain sand, whereas the tidal zone indicates a high energy environment. The longshoredrift is from N to
S. Most of the sand is loosely graded in the nearschore area, medium graded in the foreshore area and well
graded in the backshore area. Their constant declination indicates a trend for a better gradation of sediments
southwards. The latter combined with the mean grain size indicate a reduction of kinetic energy from N to S.

In addition, the beachrocks, were studied together with their, elevation and their mineral composition .

AEEEIZ KAEIAIA: axtéhBot, Wjporo, *OXROUETOWY] avdluon, Aoutpdnt
KEY WORDS: beachrocks, sediments, granulometry, Loutraki

1. EIXAT'QI'H

H pehém tov magdxtiov tnudtov oto Aovtdxt €6e1Ee GO0V apoEd TNV XOXRKROUETEIO TOVG TaL LEHNOTA TG
vroBaldooiag mapahiog eivar xovdpdroxrxn Aupog kot ta Wijpata g Thvng xupatoyris xon g vreeBaldo-

:: (] TORM |
Gulf of Connth ~
W
: e
T Saronic Gutf-
J . 2x.1 : T'ewygaguxrf Ocon tng eoevvnbeioas meproyijs
S J Fig 1 : Lokalities of studied area

* STUDY OF THE COASTAL SEDIMENTS OF THE LOUTRAKI GULF AREA
1. AEITA, Meooyeiwv 357 , 152 31 Xahdvdol

2. Mavemotjuo Adnvav, Mavemomuoinoln Zonypdgov, 157 84, Abva

3. ITME, Mecoyeiwv 70, 115 27 Abrva.
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owog mapahiog xohizia. Ta xvodtepa 0QUATA TTov amavtovy oto hipata eival o xohatiog, o aocfeotimg, o
OEQMEVTIVIG (XOVOOTIANG) RO 08 IrQGTERES AvaLOYiES OTTaVTOUY 0 HOAONITNG, TO TACYLOXAOOTOL KOt TOL CLQYL-
Mrd opuxtd (YAweitng- ®aohvitg).

O mopdxtior Yymeudomayeig avyrahol (beachrocks) €xovv onpavirii avdmruEy. Aloxpivovial TeEwS OeLREg
oaxtohBwv. H plo ogpd foioxetar vroBahdoowa, 1 detvtepn oty yoouwi axtic ®oL 1 ToiTn 010 E0MTEQIXS TG
nmagariag. H Oguxrohoyixt] avdivon €deiEe dtu ta emxparotivia oguxtd eivan ta avBooxixd, o xahaliog, ot
dotouot, ov MupdEevol, ta 0Eeidia Tov oudrjoov, »abws eniong 0 pappaQuyicg, o axtvélbog, To enidoto, o
OEQMEVTIVNG %o O XAmE(TNG.

1. TEQAOI'TA

H meproxn Tov Aovtpaxniov foloxetal 0to dutnd dreo Tou CUYYEOVOU NPALOTELOXOTU TEEOU ROl OVTLITQOOM-
meveL To onpueio 6mov ovvavtdviarl 860 veotexntovirol xéAmor (Avarohxrds KopwvBiands xow NA Zopowvixde).
Tewhoywd 1 weproyri avijrel omy Aexdvn g KopivBou (Collier & Dart, 1991) 1 omoia vtoduaipeiton og o
VEOTEXTOVIXEG AErAVES: TG dutiniig xaw avarohxrrc KopivBov. H mpdtm exteiveran dutind mg méing tg Kopiv-
Bov, evd) n devtepn meQuhapPdver xaw Ty TeQLoy] Aovtgaxiov. O agamdve Aerdves dopovvrar ®vEing oo
RETAATLROUG OXNUOTLOROUS TTAELO-TETAQTOYEVOUS MAxing, evad To Vtéfaboo amotelovv akmrol oxnpoTopol
v Cwvdv Avorolxris EMAGdag, Bowwtirnig Cavneg xouw {dvng Iivoov. Ta Wljpata ™mg Aexdvng g avatolxrg
KopivBou yaparmpiovior xuping amo Mpvaies émg nrelpwtirés pdoels andbeons. e pxedtepo Pabus omra-
vrovv tetaproyevy] (Bakdooia) Wiipara.

O YemhoyLrol oYMUaTIopRol Tov dopovv v evlteEn TeQLOXY arrotehovvtal and aofectéMBovs xow 0pLo-
MBovg Tov Meoolwinot mov xahimrovron ard wipora mhetorouvinis (VpdApvees, Mpuvaieg rou mapdxties o-
mo0€0eLg) nou AELoTORAUWVIRTS (MAQYES, YopuiTtes yepoaio xpoxalomayr) nhriog (Mettos et al., 1988).

2. MOP®OAOT'IA THE AKTHZ

O mopdxTLeg YEMPOQEES elval OmoTELEONa TG EidEAONS SLapdomy ToRaySvVImY Griwg elvar 1) Yewroyia,
0 TEXTOVLOUGG, TO ¥AlpaL, TO TapdxTLo VdEOdUVaKS RaBETTHS ®ow oL avBommoyeveis enepfdoels. Ooov agopd
OTOUG PUOLROUG TAPGYOVTES SLOUGOPMONG, TO YELTOVIXS VOQOYQUPIXE HIXTVO 08 OUVOVUONS PE TO RALUOL RO TIG
ouvBrxeg amoodBpmong #on SLEPEMWONG TWV TETEMUATWY OTOTEAEL TOV KUQLO PETOPOQED XEQOOYEVOTS VMKROU
QOGS TIG AXTES KO TTEOG TN BAhaooa yevixdtepa. Eniong ol Oahdooior xuporiopol ot omtoiol eEaprdveor amd ta
ETAQOTOUVTO OVEPOAOYIXE ROBECTHTO DLAPOQPHVOUY ROl AUTOL TOV TTOQEXTLO XHEO.

Kipuo xapantmoeiotind otoryeio tg axtic Aovtpaxiov eival 1 oxeddév evBiyoaupn axtoyoouwi pirovg 3.5
Km(Zy.2). H diev0uvon g eivon B35A o zord Shepard (1976) propel vo yopaxtoiotel wg devtepoyeviic
7ov £xeL dapopmOel amd tig Bardooies diepyaoies. Mmogel emiong vo yapaxmoLotei o mg axty didfomong
agov €vrovn elval n taovaoia g TEoéhaong g Bdlacoag ot oteptd. Eniong magatmoovvron peydha turua-
To ToEAxTLV beach rocks xotatepayiopéva and myv daPowtri] dodon Twv xupdtwy.

EE’ autiog Tov mpooavatohopot e n oxt elvor extefelpévn oty ®GOET TEGOTTWON TWV KUUOTLORDY
OV TTEOEQEYOVTOL oo LoYVEOUs Popetodutinots avépovs. O woxvpoi Bépetor 1ot Bopeloavarolrol Gvepor
mpoofdrhovy pe oEela yovio Ty ot xon oxnpotiCovy xatd uirog g axTic Wxved gevpato. Ta wahQooto-
%d pevporo Oev €xouv onpoavarr enidoaom o SudPfowon oot To eP0g ToVg Eivar uxEd. Ze TeQLEdovg vive-
plog Gpmg amoteLovv Toug Pévoug vdpoduvapmxoig mapdyovies g Bdlacoag mov dpovv otig axtéc. Etou o
QGAOG TOUG EIVOL CUMTANQWUOTIKRGS 0TV SLABEWOTN TOV CLOROTV OL KUMOTLOPOL KO TOL KATE PHXOG TNG AXTIG
evpaTa.

Ta QUOLOYQOPIXG YOQOXTELOTIXG TG Taahiag dev eivar TAjRWE AVETTUYREVD, Aol 1 avBQWITOYEVIC
enidpaom eivon eppavis ®ard wirog g oxtic. To mhdtog g Taahiog eival TEQLOPLOREVO Aoy 1 OLXOTESO-
OO %O OL AVOQMTLVES RATOOXREVES TEQLORILOVY TO TAATOS avarTuENS Tou auylahov. TIOAG pépata €xouv
uralwOel now ol TAéov dev dLevROMUVETOL ) TAQOYY XEQOOYEVOUS VAXOU mog v axt. To e¥pog g
naoAiag oe ouvOres Vvepiog xupaivetar omté 10pu omy epoxy g IMooewdwviog miow and to Zrpatdnedo,
ot ovvéyelo awEdvel ota 25p éwg 30p yuo mtepimov 1Km xou otaBepomoteiton wepimov ota 15p péoa oty Thag
tov Aovtpaxiov. Ze mepiod0 EVIOVIV XUUOTLOUWDY TO TAGTOS TG TOQAAMOG UIXQAIVEL.

3. AKTOAI®OI (BEACH ROCKS)

O wapdxtoL Yngrdomayeis owyLahol ™ meQLoyiis €xovy onpavuxy avdrtn. Eivolr ovpmayeis oxnpoti-
opol wov To AK0g Tovg omdvia vreEPaivet To 0,50p. Amotehovvion and ®ahd ouyronuuéves aofeotoMBunéc,
EQUTOMOIKES KO OEQIEVTIVIRES RQOXAAES o Appovs. To uéyeBog Twv xeorahwv dev eivor EVVIOLO %ow TTo-
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povolder axavévior xatavopq. H dievibuvon toug elval ToQdAAnAn pe exeivn g ONUEQWHG OHTOYQOUUNG -
dnhadrp B35A xaw n whion toug 5° BA. Awxpivovron telg oelpég beachrocks. H pia oepd. Poionetol vrobo-
Adoowa, 1 devteon otV Yoo axTig xou 1 TolTy 0T0 £0mTEQLRS TG TaRoiog. Mo TéTota epgdvion vITodnAd-
veL TV PeTaBoly g orabuns g 0GAaooag, agot 1 ot VToXWEET £lte AGYm evoTaTIonoy, £ite Adym TERTOVL-
AV ®VHOEWY, eite opeileTon o8 oUVEVOOUS %ot TV U0 autdv magaydviwv. Zmv Mooswwvia eppaviCovron
beachrocks og Mpépetpo 0,50p Tdvw oms ™) otdBuy g Bdlacoag o rahimTouy Toug ®uBSMBouS Tov AtdAxou
ot dutinr tov €E0do. Te 61 apoed TV nhric Tovg auTd TEETEL Vo Elval VESTEQX TOV TEAOUG TOV 7% aEyES 6
adva Y. (xeovoroyio xataoxevis tov Awdixrov atov IoBps KopivBov). ’

TMopomeidnxay dio oynuatiopot beachrocks: o mp@rog exnteiveton and v Hooewwvia £mg To Téhog Tov
otpoTomEdov o wirog meirov 800m xow o devteQog aEyiteL mepimov 80m PSeLa TOV RALIVOU Ko EXTEIVETOL
ot andotaon 450m. Avtdg mwov avartiooetol artd Ty [oogdwvio Tog To 0TEATEmEdO EXEL CUVOMAG TAGTOS
mepi To. 15m. A6 outd Sm avamTiooovToL 0TO ECWTEQIRG TNG AXTOYQORUNS %ot To vtdAowta 7m eivar vitoBa-
Moo, Ze mepuddoug xaunhic otdBung 8dlaccag owtd epgaviCovtol oty oTeQud.

5. MEOOAOAOTIA EPTAZTHPIAKHE MEAETHE TQN IZHMATQN

T va pelemioovpe 1o duvopund Tov Itnudtov rteoypatomonidnxre cvhhoyr derypdrov Tov tnudtmv mg
nopdrtiac Ldvne oe ouvOireg vvepiag. H Mjym tov detypdtov éywve and mv wepwoxy ™g Mooewwviag €mg
10 Aovtpdnt. Ta delypato eMjgnoav nepimov avd 100m. Eyxapoing g diadoours xard pixrog mg oxtrig
eMjgOnoav delypoto and Toeils duagopetinés Liveg: ) and tov mubpgva g vrobardooieg nopaiiog oty
1wooBadn Twv 80 puétpwy, B) omé T pecomahppowt Ldvy am Lidvn xupatoyng xan y) omd ™y vrepbahdoowo
nopahic. Suvolrd eMjpinoay 40 deiyparta and 14 Bgoeis, 6mov xdbe Béon mepihopfdver 3 delypara. H B€on
TV SeLypdrov gaivetal oto 0y.2. H oulhoyY Tav SELYHAT®V EYLVE LE OROTG TNV KOXKOUETOLXI] KL OQUXTOAOYL-
%1 TOUg AVEAVON HCLL TOV TTROTBLOQLOUG TWV OTATIOTLRHY TAQAUETOWV YLt VO EQuUNVEVOEL T0 TEQLBAAAOV TN
toyéveong. [poodiopiotxray oL oTaToTRES TadpeTEoL TV ICnpdtmv pue faom toug padnuatikois Timoug Tov

FOLK (1974): To péoo péyeBog (mean size) np, = M 1 otabepd andxhong (standard deviation),

3
984 -916 995 - @5 . S _916+984-2¢50 @5+@95-2¢p50 ’
g = " 668 W hoESmta (Skewness) 9K 2g84-916) 2(995-95) %ot 1 xpTwon
99595
244@75-¢25)
crae!

7

3 NN
88, ' > sl

Zx.3 : Aidyoapua ra&vounong o yalixia, dupo,

L J 1AV xard FOLK (1974)

Zx'%" r coyeapext O¢on ov 68‘?’”“"‘"’ Fig 3: Classification diagram after folk(1974)of
Fig 2: Localities of hand specimens gravel, sand and silt
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5.1 KOKKOMETPIA

2’6o Ta delypata €yive TAYONG ROXROUETOLNY] AVAAVON OTO OMKG XAAOUC PE U0 OELQE OIT6 ROOULVOL PE
HeYEDN amd -8 €wg 4¢. Ymohoylomue 1 €TL TOLS EXATS TEQLEXTXGTNTO TWV XAQOUATOV %Ol AVAAOYO. UE TNV
TEQLEXTIHOTNTOL OF YOAIXLEL, GUUO %ot WO roTeTdynoav Og ®aTyopieg ovpgpova pe to didypouua tov FOLK
(1974),( Zy.3) .Ta delypato mg dupov TomoBeTOnxay yio 24 dpeg oe govpvo pe Bepporpaocia 50 °C yua va
oteyvdoouy. Ta TV XOr*OPETEIO TOU KAGOPATOS TG GUPOU Yenotpomouidnxe didtaln xoorivav glivovoog
duap€roov omayv : -1g, -0,5¢, O, 0,59, 1, 1,5¢, 2¢, 2,5¢, 3¢, 3,5¢, 4, Ta onmota doviiOnrav exi 20° yia ®dbe
delypa.

Metd CuyiCovrog TV ToooTTa TOV dELYRATOS TOU RUTUXQOTNON®E O RAOE XOOULVO VTOAOYIOOUE TO TOTO-
076 €7{ TOLG EXATS TOV JEYRATOG TTOV OvTLOTOLKEL OF nABE £UQOG PeYEBOVG oUPPVA e TNV SLAUETOO TWV OTTADV
TV ®ooxivwv. Ta aroreAéopato TomofetOnxay og Tivoxeg xot fAON QUTHOV ROTAOREVAOTNROV OL A0QOLOTIKES
ROPTUAES aTTG TLS OTOLES OTY) CUVEYELX UTOAOYIOTXOY OL HOXROUETOLRES TAOAUETQOL.

5.2 AZIOAOTHZIH TQN AIIOTEAEZMATQN

Ztov mivoxra 1 mapovotdlovion OL XOXKOPETOIRES TUQARETOOL TV WENUATOYV TOV TEOEXPAY Tt TOVG VTTO-
AoYLopoUg HeTd v drodiracio Tng unyxovirnig avdivong. To péoo péyebog tmv ®éxxwv evog wtipatog eEaptd-
o a6 TEE(G BAOLROUS TOQAYOVTES & ) At Ta PEYEDN TWV VARMY TO 0TTO{0. PETOPEQOVTOL OTO TEQLRAAAOV TG
Wnpartoyéveons B) amd to Toos g eVEQYELAS OV ETESPAOE OTA VAMXA QuTd %ot ¥) omtd ™) Xeovixy deidoxeLo
eneEepyaoiog Tov nudtwv oto mapdxto megudiiov. To péoo péyeBog tv derypdrav Tov TBpEvo ToQov-
oudger €60og v oo -1,1¢ €wg 0,05¢ xou yagoxtneiCovrar amd YaAixia Emg XOvOQOKHKOK Guuog. AE€mTTo-
ROXXN Appog dev dramotdbnre oe xappmd BEom.

To péoo uéyeBog twv Wnudrwv g LOVNg ®upaToyris TaEovoldlel eUpog Tndv and -1,58¢ €wg 0,5¢. To
UEYAAITEQO TOC0OTS TV Wnudtwv (57,14%) eivaw xahinwa xow 42,85% moli xovdoro%®N GpPpos.

To péoo péyebog TV Inudtwv and mv vrepbordooia mapaio TaQovoLdlel Vog TV amd -1,34p émg
1,16¢. To pueyaliteo moo00To TV Wnudtwv (62,5%) eivar yohixie. AS T peA€T) g ®aTOvOug TOU PECOV
uey€Bovg mpoxvmtel Gt ta AoV xovopGroxxra Wjpota eppaviCovian mtpog Boped. H mopdxtio petaxivnon
TV Inpdtov eivar oand Boped mpog véto. H petafoli tov tudv tov péoov péyeBouvg ®ord pixog tg axtig
eivon prpdteen ota Wijpato Tov mudpévo vow g Lhvng ®upatoyrig omtd dn ota Wijpota g vrepbaldooiag
TOQUALLS GITTOV TTOQATNQOVVTOL OL PLEYUATUTEQES OLUHUNAVOELS.

To peyahitepo mooooTtd Twv dunwy (41,66%) omv vrrobahdooia mapohia eivar 0oBevag drofadbuopéves.
2t Lavn xupatoyris to 42% twv dupunv eivar pétgia drofabutopéves. Zmy vregbordoowa magario 1o 37,5%
TV Auuov eivan Tohd ®kohd duafobuopéves. A6 1oL TOQATAVE CUUTEQOIVOUNE GTL OL ppor ot Tavn
RUPOTOYT|S ®O OTNY LIteEBaANGOooL TTapahiat livan pétoa Emg oAU ®ahd drafadpiopéves, eva ota Whijuata Tov
mbuéva eivon aoBevig Emg ol aoBevig drafabutopéves. Zipgpovao pe tov FOLK (1974) nald taEvopnuéva
Wiipota amovtdvion o Wnpatoyeviy megupdhhovio vnhic evépyelag, dtav dev vtdoyer neYan TEoopod
WEnpdrwyv, eved 0obevag 1 mohd aobevas taEvopnpéva Whijpota epgaviCoviar oe TeQLOXES XouNis evEQyeLog
%o /1 évrovng inpuoroyéveonc. An6 T otafeQd omdxhon ToQoTnEElTaL pio Taom yuow xohiteen dtafdBuon
TV IINUETOVY TTROG TO VETLAL, TTOU O OUVOUAOUGS HE Tig TES Tov péoov pueyéBoug delyvel pelwom g duvopnng
evépyelag and foped mEog viTo. Autd ogelhetat 0To GTL EXOUNE PEYAAN TOOGPOEE VAMXOY HEOW TOV TOTAROY
oV eXPAMAEL 0TV ORTI] HETOPEQOVTAS TEOLOVTA 0T00dBEWOoNG TS YeLtovirnrg Enpdg.

Ooov agopd ™V AoEdmTa maparneeiton 6t ta hjnata tagovotdtovy ®uping Betikéc Tipés hoEdmrag. Ot
Oemnéc Tuég hoEGmTag vrodAdvouy 6T awEOTVUEVO AETTORONO VARG YL mpootebel oo mepupdihov g
itnpatoyéveons . To vMxo autd PeTapEQETaL E(TE PE TOVS TTQOOTTTOVTES KUUATLOHOUS ot T Bahdoolo 0evpo-
T, 1j pE Toug xewpdoeovs (SPENCER 1963, FRIEDMAN 1967 ).

Apvmuxég Tpég MoEdmrag mopovotdLovy to 25% twv derypdtov tov mubpéva, emiong 25% Ttov devypd-
Twv g vreeBaldooiag mapakiog xow 7,14% tov derypdrav amd ™ Tavn xupatoyiic. Ou apvnuinés Tneg dei-
XVOUV OTL AETTGHOR KO VMHE 0mtS oL hrjpuarta €xel amoonaoBel xow amopoxQUVOEL amd Ty eQuoxti e Ty dodon
TOV RUPATOV RO TOV QEVRATOV. ATt v vrtoBahdooia moahio to wiparo epgaviCoviar ®ahd hoEepéva
(41,66%). An6 T Tadvn vvparoync 57,14% eivon ol xahd AoEepéva nan and v vepBaidooia mapaiio To
37,5% eivon hoEeuéva.

Topdt dev divetan P oG ELLGVOL YLOL TV ROTOVORT] TWV KOVIQORORRMV Rall AETTTORORRWY VMKV ROTA
UNXOG TG TORAALOG, paiveTan pa Tdom amdBeong ToV o AETTOUEQOUS VMHOU OTO VOTLO TRIJUC THS OXTYG.

Ooov apoEd TV ®UETMOM TO PEYAATTEQO TTOCOOTO TWV LENUATWY Eivol TAATURVETO OF TOC00TA 42,85% amnd
™ Lavn xuparoyiic, 37,5% amé v vrepboldooia tagahio xon 33,33% amd v vrrobaldoowe rapahic.
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A.8elyp Gravel$ Sand$ Mud% Text M; o Sk Kg

1A 60,86 39,13 0 SG -0,88nxa 0,44kd 1,05xA 0,12nn
2R 30 70 0 SG 0,05 1,04nad 0,11X% 1,23N
4A 85, 05 14,94 0 GS -0,36nxa 1,34nad 0,10A 1,106A
6A 75,84 24,16 0 GS =1,1% 0,82ad 0,30 -0,490n
TA 34,14 65,85 0 SG -1 53X 0,87ud 0,88xA 2,5mA
8A 34,09 65,90 0 sG -0,28nxa 1,66nmad 0,89xA 2,4mA
9A 42,62 57,37 0 sG 0,02xx 1,69mad 0,63kA 0,58nm
10A 56,09 43,90 0 sG -lnyo 0,2nkd 0,42xAx 1,06n
11A 85,05 14,94 0 gS -0,41lnxa 0,85ud -0,26x 0,78m
12A 26,66 73,33 0 SG -1,23x 0,591 -0,11x 0,70m
13A 60 40 0 sG -0,73nxa 0,8lad -0,79nx 0,68n
14Aa 54,82 45,18 0 sG -0,78nxa 0,82ad 0,08A 0,85m
1B 46,44 53,56 0 sG =1,51x% 0,41xd 0,24N -1,52nn
2B 44,32 55,68 0 sG -1,13x 0,58ud 0,37xkx 0,750
3B 42,10 57,89 0 sG =1 1% 0,58ud 0,47xkN 1,6pn
4B 36,66 63,33 0 sG -0, Soxa 0,61ud 0,14A 1,07n
5B 65,38 34,61 0 sG -0,66mnxa 0,96ad 0,30kA 3,8mmA
6B 58,33 41,67 0 sG -0,83noxa 0,69ud 0,65k 0,78m
B 55,80 44,2 0 sG -1,48% 0,73ad 0,74xx 0,70m
8B 49,35 50,65 0 sG -0,71lnoxa 0,8lud 0,41xx 0,91p
9B 54,97 45,03 0 sG -1,36x% 0,28nxkd 0,21\ 0,73n
10B 56,66 43,33 0 sG -1,.58% 0,56ud 0, 4xXN 2,450
11B 50,13 49,87 0 sG -0,46nuxa 0,850d 0,69 0,99
12B 47,65 52,35 0 sG -1,46% 0,2m1kd -1, 2y 0,11nm
13B 43,92 56,08 0 sG -1,25% 0,51pd -0,03c00 0,9
14B 40,63 59,37 0 sG 0, 5% 1,16nad 0,0800 0,691
ir 36,8 63,2 0 sG -0,08nxa 0,48xd -0,0500 1,04n
2T 34 66 0 sG -1,34x 0,57ud 0,53xA 1,2A
3r 48,90 51,1 0 sG -1,01x 0,24nxd 0,22\ 1,47
4T 60,45 39,55 0 sG 1,1l6nx 0,8lad -0,12x 0,81n
5T 63,92 36,08 0 sG -1,25% 0,72ad 0,26AN 1,43N
ol 65,55 34,45 0 sG 1 1o 1,27nad 0,0lcc0 0,87n
AN 100 - 0 G - = & =

8T 100 - 0 G - - - -

or 100 - 0 G - - - -

10T 100 - 0 G - - - -

i i%a 51,28 — 0 sG -1,03x 0,24nkd 0,82rx 1,47A
127 53,48 = 0 sG =1,01x 0,17nkd 0,23A 0,81
13T 100 - 0 G - - - -

14T 100 — 0 G — — - -

Hiv. 1 : Hegientizotnra o€ yoAinia, dupo xai tNAo, Li0oloyixoi YaQoxTHEES XL XOXXOUETQIRES TOQAUETOOL TV
mogdxtiov inudrwy Tov Kolmrov Aovrgaxiov
Table 1:Percentage content of gravel, sand and clay, lithological types and granulometry parameters in coastal
sediments in Loutraki bay
A, B, T': Asiyua tGrjuaros amo tyv vmobaldaaia magalia, T {ovy xvuatoyrjs xar tyy vregaldoota wagalia
avriotoiya.A, B, I': Sample of sediments from ,nearschore area, foreshore area, and backschore area
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Méoco YnoBaAdoo Lo Z@vn YnepOaidooia

péyebog

M, HopoaAia Kupatoyrg NopoAia
% % %

X 25 57,14 62,5

X o 58,33 42,85 12,5

xXo 16,66 - -

o - - 25

Ao = - =

Ztabepr

andrALon

ol

Ko 8,3 14,28 37:5

KO 8,3 7,14 12,5

nd 8,3 42,85 12,5

od 41,66 28,57 25

nad 33;33 7,14 =

fasuiet = = =

Aofdtnta Sk

IKA - - -

KA 41,66 57,14 25

A 33,33 21,42 3745

oo = 14,28 25

X 16,66 - 12,5

oy 8,3 7,14 -

Kuptwon K¢

budss 25 14,28 -

s 33,3 42,85 3745

8! 8,3 28,57 12,5

A 16,66 - 50

139N 16,66 7,14 =

oA ~ 7,14 =

ITv.2 : Exatootiaia avaloyia Tov X0xxOUETQIXGY TAQAUETOWV
Table 2:Percentage of granulometry parameters

YIIOMNHMA ITIINAKQN 1,2

G:yohinwoy S:appog, sGioppovya xohixwa, gS: xahtnovyol Guuot
M, : péoo uéyeBog, x: yohina, myo : TOM xOvOEGROMAN GUIOG, XO. : XOVOQEOKOKAN GUUOG, KoL : LETOXROXMN
Appog, Ao : AETTTOROXKT) GULLOG,.
0, : otafeQn aménhon, wxd: wohd xnohd Swofabuopgva, 18 : vard dwaPabuopéva,
1d : pérowa dafabuiopéva, ad : aobevas diaPabuopéva, mad : woht aobevas daPabuiopéva.
S, : hoEdmra, %) : vohd AemrohoEeuéva, A : AemrohoEepéva, 00 : oXeOGY OUMPETOLXG,
¥ : XovdpohoEeuéva, my, : TOAI xovdporoEeuéva.
K, : ®iotwon, i : mohd mharirugra, T :mAaTirvQTa, | HEcORVQTA,
A @ Aemrénvota, A : TOM) Aemtdrugra, ik @ mdeo oAU AemTGRuQTO.

KEY OF TABLES 1,2

G:gravels, S:sand, sG:sandy gravels, gS: gravely sands, M,: meane size, y;: gravels, mya: very coarse grain size
sand, xo.: coarse grain size sand, po: medium grain size sand, ho: thin grain size sand, o,: standard deviation, wxd:
very well graded, »8: well graded, pd: medium graded, od: loosely graded, mad: very loosely graded, S_: skewness,
#h: well positiv skewed, A: positiv skewed, 00 : quasi symmetrical, %: negativ skeness, my : very negativ skeness, K ;:
kurtosis, 7re: very strongly curtic, 7t: curtic, p: mesocurtic, A: leptocurtic, h: strongly curtic, swh: very strongly curtic.
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6. OPYKTOAOTIA TQN IZHMATQN

6.1 OPYKTOAOI'IA TQN IZHMAT2N

O 0QUXTOLOYHES OVOAIOELS TWV LENUATOV EYLVOV LE OXTLVOOROTNOT TV derypdtwy pe T péodo mg meQt-
Brdoemg Tov axtivwy X (uéBodog XRD) yenopomordvrog mepubhaoinetoo timov Phillips eEomhouévo pe
Ayvia Cu, pe yovia 20 and 3° énc 60°. Tia 10 01076 0Td TOQATKEVATTNHRAY SElYIATO ROVEWS TOV EYIVOY OTO
rhdopa tov 2¢. Emiong €yive jungooromirt] mapoTijonon Tmv XOXROVY TG GUUIOV ROL 1) Aoy VLo Tav dlagpd-
QWV CUCTOTIRWV TNG.

Avayvopiotray Xt s To. XEQOOYEVT] *AAOTIRA VMK RO CUOTOTIRG, BLoyevoUs TOOEAEVONS T OToio
dev Eemepvouoay 1o 2% »at’ yxo. H uxer ovyxévipmon froyevois vxoy ot ilijporo vtodnidver my peyd-
AN TEOO@OEE VAMRMV YEQOOYEVOUS TROEAEVONG.

H opuxtoloyixn avdlvon tov iEnudrwv €de1Ee Gt oe yevirég yoappnés dev mapornoeitol onpoviiky duogo-
pormoinon otig TeeLs Liveg ov eEetdomray. Oha ta delyparo yagaxmeillovrol and peydha tocootd. yahaklio,
aopeotitn, row WrEGTEQES AvahoYieg O€ OEQTEVTIVY (XQUOOTIAY), aoTpimv (TharyioxAhaota), dohopitn xow aQyL-
Mxd. opurtd (yhowoit-raolvitn). To ToQOmEVe 0QUATE AVTAVOXAOTY TNV TRMTOYEVY] OQUATOAOYIN TWV TETEW-
udrwv me yiow mepoxns (aofeotohBor- dohopites, padiohapites, oeQmeEVTLVITES R.A.TT.).

Ta TOEUITAVM 0QUXTH. TEOEQYOVTIOL OIT6 TNV at00ABQMON TV TETEPWUATOV TNG YELTOVIXNGS ENds na
avtavarhoUv TV TEWTOYEVY opurtoloYio Tovs. O xahaliog TEOEEXETAL OO TOUG VEOYEVEIS OYXNUOTLOUOVS,
TOUG OYLOTOAIBOUS o Toug padoragites. O aoPeatitg and Tovs aofeatoliBougs g yettovirrg Enpds xat €va
WxEG6 uévo mocootd eivar ynuxic 1j opyaviris meoéhevons. O oepmevtivig amtd to oplolMBrs xdivupa, o
dohopits ad Toug doroprtiwpévovs aoPeoTorliBoug, oL AOTELOL %VEIMG TG TOL VEOYEVY ROW TOL OOYLAXA
00UXTA TS TOL VEOYEVY ROt TIG EEAANOLDOELS TV OPLOMBLRIV TETOWUATWY.

6.2 OPYKTOAOI'IA TQN AKTOAIONQN

TIpoxeLEVOU VO LELETIIOOVUE TNV OQUATOAOYLXY OUOTAON TwV axtOMBwv §yive detypatodmpio emmheypue-
VOV SELYUETOV ROTd Pirog TadxTIwVY Tdyrmv avtdv. H egyaotmoioxy épgvva teguehdupave eE€taon Aemtdv
TOUMY TE TOAWTIRG ULRQOOHGTLO.
Onwg damotdBnre and v oQurtoroyLxy eEETaON OTIS AETTEG TOUES, TO ETXQUTOVVIQ OQUXTE  EivaL:
AvBoonnd , Xahaliog, Aotouot, [TupdEevor, OEeidia touv otdrjpov xaBig nau undTtepes avaloyies o poouo-
ouyia, axtivéhBo, enidoto, oepmeviivny xow YAwEiT.

7.LYMIIEPAZMATA

e HumoBaldoowa taahio pe fAom to péco uéyeBog ralimretal and xovdpsroxnn duuo, eve 1 Lovn xupato-
¢ ®ou vteEBaAdoola Taaiio amtd xohinio TOV VITOdNAGVOUY TTEQUBAAOV VYMAIG EVEQYELOG.

® AnG ) dLeevvnon g petoolg Tov pécov peyE€Boug ovpmepaivetal 6t xupomxt) dpdon eivan eViovo-
TEQN OTO BOQELO TUHIA TNG AXTHG AL AOBEVETTEEN OTO VETLO.

®  An6 m otabeQd andrhong Topateeital pa tdon yuo xohvteen dtafdduion twv inudtwy Teog Ta vOTLoL.
AUT6 08 ouvOVAOUG PE TLG TLEG TOV HECOU UeYEBoUg delyver petmon g duvanng evépyelag amd Poped
npog véto. Eniong gaiveton 6tL mpog foped avEdvetal 1 dQAoN TV RUUATMV ROL TWV QEVUATWV.

e Ooov agod T AESTNTA, EMXEATOUV OL OETIXES TIHES Ko POVO KPS TOCOOTS dELYUdTWV EPPavICEL VY-
Tnéc.

®  ALOUTLOTWVETOL Lt TEOY ATOOEONS TWV AETTOUEQWV VMKV OTO VOTLO TUUa TOV ROATOU OF avtiBeom pe to
BSeLo Tupa ov oTd ATToPaREUVOVTOL HE TN PO TWV RURATWV UL TWV QEVUATOV.

e H opuxtohoywij avdivon twv iInudtov oo T Tl Loveg €8elEe ot Gha ta delyparta yapaxtneitovron
omé peydha tooootd xehalic, aoBeotitn, 0eQmEVTIVN (XQUOOTIANG) ROL OF JUKQOTEQES OVAAOYIES QTavTOUY
0 dohopitg, T TAAYLORAOOTA RO TO AQYLAMKA 0QUXTA (YAwEiTng-*aolvitng).

e Emniong n opurtoroywrt] eEtaon oe Aemtés Topég amd antéMBoug €deiEe Gt emnpaTovvio 0QUATA eivou:
avOpoxuxd, xahaliog, dotlot, TuEGEEvoL, 0Eeidia Tov oudrjpov, xabws xar wxEGTEQES avahoyies o pog-
nopuyia, axtvéibo, exidoto, oeQmevTivn nan XAwit.
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H AHMIOYPI'TA KAI ANAIITYZH TPAIIEZQN METAIIAHPO®OPIQN:
TO IPOI'PAMMA EUMARSIN
I'TA TA AEITMATA GAAAXXZION IZHMATQN®
K. IIEPIZOPATHE, A. ANAPINOIIOYAOZ', E. ZHMIANITHE' KAI II. ZAXAPAKH'

ZYNOWH

To mpdyeaupo EUMARSIN (1998-2000) eiye 0tdy0 Vv dNuoveyio pog todnelog HETOTANQOQPOQLAOV TOU
Ba mepLéyer TAnpoopies yia ta deiypata Bahaooiny itnudtov mov €xovy cvliexBel amd T EVPOTAINES
0dhaooeg. H todmela petamhnoogopudv €xer xataxmenfel wg otooehida oto duadintvo kol ofjpueQa TeQLEXEL
TAneogoQies yia wdve ard 180.000 onueia devypatoinyiog Wnudtwv. To €gyo avtd mpaypotomomdnre oxd
T Ynneeoieg YroBardooiwag Temhoyiag tov I'ewhoywdv Ivotitovtwy mg Evpwnainis "Evmong pe
xonuatodstmon g Evpwrnaixrts Emtpomic oto mhaioo tov mpoypdppotos MAST III. Ta otovyeia g todnetog
oMoy ané meproodtepa atd 110 Evpwnaixd Egpevvnuxd 1dpipata ov aoyohotvral pe v Bakdooio
£ogvvaL.

SUMMARY

The project EUMARSIN (European MARine Sediment Information Network), is an international scien-
tific project financed by the European Community and its aim has been the development of an internet retriev-
able metadatabase containing the marine sediment samples collected from the European Seas. The project,
with duration of two years, started on November 1998 and ended on October 2000.

This paper elucidates the concerted activities of the partners participating in the project and represent the
Marine Geology Departments of the Eurogeosurveys (ERG) now called Geological Survey Organizations (GSOs)
of the European Union maritime countries, with the additional participation of a private company specialized
on marine data management.

The metadata can be accessed on the EU-SEASED Website through both an alphanumeric search and
retrieval interface and by a geographical interface which allows the user to define an area of interest on a
scrollable map showing the distribution of the seafloor sample/core locations.

The EUMARSIN metadatabase now contains approximately 180.000 seabed samples collected by the Geo-
logical Surveys and other research organizations, universities, hydrographic offices and commercial companies
in Europe. The metadatabase will be regularly updated by the partners on an on-line data entry system which
will allow other organizations to contribute their metadata either retrospectively or as new data.

The outcome of the EUMARSIN project, will be the successful establishment of the http://www.eu-seased.net
marine sediment metadatabase and the development of analogous databases in each Geological Institute with
the same specifications. This constitutes the first pan-European metadatabase in the marine geoscience field.

AEEEIZL KAEIAIA: Metankngogopia, Todnela petaminoogpooiav, Oardooia lipata, Asiypa vrodahdo-
oLy 1Inudtwy.
KEY WORDS: Metadata, Metadatabase, Marine sediments, Marine sediment sample.

EIZAT'QIH-IETOPIKO

Eivaw yvooté 6t dpaotnoidtnro. twv Eggvvnundy Ivoutottwv otov Bahdooo yweo mepropuidtay péxoet
QLY PEQWHA €T1) OTNV OVILUETAOTLON TwV OVIRAV TROTEQUUOTHTMV €0EVvag rAOe yWpas. ‘Opwg awd ™mv po
mAeVEA 1 ETERTOON THS Owrovours Cdvng ota 200 pikhia, YEYOVOS IOV EXAVE TOV EVQMTAIXG BAAAOOL0 YWHEO
oY €GV TOUTAGOL0 autoy TS ENEAG, ot amtd TNV GAAN M avday®1) OVTLUETWOTONG 08 danQOTIRG ENimedo TEOPAN-
UATWYV, OTTWS O TEOTOC PETAPOQAS Row artdBeong Twv iItnudtwy oty Odlacoa xow 1 didyvon Twv inwy, AAaEav

* THE ESTABLISHMENT AND DEVELOPMENT OF METADATABASE: THE PROGRAM EUMARSIN FOR THE MARINE SEDI-
MENT SAMPLES.
1. ITME, A/von TI'ev.I'smhoyiag xor Xapt/oewyv, Meooyeiwv 70, ABiva
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TOV TEOTAVATOMOPS TWV EQEVVNTIRGY TOOTAOELWV. ETot €Y1ve amapait)To vo oXeSLaaTouY RO VoL TTQoy Lotto-
oM O0UV EQEVVNTLXA TQOYQAUNUAT SLOKQATIROU XAUQUKTIOCL.

I tov oxomé awtd ta Fewhoywrd Ivontovta tav xpatdv-pehdv g Evpnmaixs "Evoong (EE) dnuwove-
ynoav v "Evwon Evponairav Tewhoyirav Ivoutovtwv (Eurogeosurveys: Association of European Geologi-
cal Surveys), HE OTGYO TNV AVTLHETHTLON TWV YEWAOYLREY TEOPANpGTWY O ®AOE TEIO TV YEMETOTNIADY Pt
®row T YEwAoYd Ivotirotto elval »dToxoL ™ peyaiteong o€ Gyxro yewmAnopopiog xade xwoag (Annells,
1996). Mdhota oe wdBe yewemompovird medio dnpuoveyrnxre xou wa opdda egyaciog érmov cuppeteiyay
OAEG OL (WOEGS, PE CUVTOVLOTY] EVOL YEWETLOTIHUOVOL ULOG XDQAS-UEAOUE.

210 avuxeipevo g Baldooiog yewhoyiag, Tov ouvtoviops g aviiotoyns opddag avéhafe to ITME pe
™mv Yrnpeoio YroBardoowag I'ewhoyiag. H opdda epyaoiog diomiotwoe 6t fitav amapaim 1 dnuoveyio
£VOg «gvpemEiov» Twv Bahaooiov tnpdtov mov €xovv ovhhexBei and Tig evpwmairés Bdlacoes. Anhadi n
0QYAvmON pLag TEATeCag peTamAnoopoLidv dedopévav derypdtmv Bahaooiny nudtmy (marine sediment sam-
ple metadatabase), (Perissoratis et.al. 2000).

TO MPOT'PAMMA EUMARSIN

Zv ovyyeovn oporoyio twv Yyneroxdv toaneldv dedopévav, pe Tov 6po metadata (ahhot ovopdleton
metafiles), evvoeiton 1 xoTaxdENom Twv ototxeiwy (data) pe fAON TO ATOQOITNTO. XOQUXTNOLOTIXA YVWEIOHOTOL
7oV EoodLoEILOoVY naw TEQLYEGpOUY T Baotrd dedougvo. H poper elvan idra yua Gha ta ototyeia 1ol dote va
ovyxpomBei 1 avriotouyn Todneto petamhnoogopuiv (metadatabase). O opouds Twv metadata, oUpupwva pe
tov AieBvi Opyaviopé Tumomoinong (International Standardization Organization, 150 TC 211) mpoimo8étet
™MV dNovEYio HOLVKG atodEXTS 0QOAOYIOG RO TEQLYQAPTS VLA TOV TROGILOQLOUG %ot X0B0QLOUG CUALEYDE-
viwv otoyeiwv. O xavoviopds dev opilel mwg Ba opyavwbel n whngogopia oto ovotpua H/Y, alhd Spwg
xaBopilel 6t Ta metadata Ba divouv v Pooirr] TANEOPOEIK YL TO TEQLEXGIEVO, THV TOLGTNTA, TG OUVOTIXES
%O TO OUVOQY XOQOAUTNOLOTLNG TOU OTOLXEIOV, ETOL (DOTE O YONOTNG Vo UOEE( va yvmpitel edv 1o dedopévo
auTo eival T0 ®aTdAANAO YA va xenowomomBel yio Tov oxoms mov To B€AeL.

H npdtaon howmdv omv Evownouwxy Emtpomi (EER) rtav va yonpoatodomBei éva mpdypauua mov o
dnuovpyovoe o metadatabase yio Gha Ta delypata Bodaooinv itnpdrov mov vmjoyay ot TR Pdom oto
T'ewhoywd Ivotitovta xau peténerta o 6ha ta dAha Evpomaind [dpipota mov dpaomoetomototvial otig Bo-
Adooieg €pevves. TeMnog oxomds Oa ftav 1 dnuoveyio pog wtooehida g Tednelog HETATANQOPOQLHY OTO
dradintvo mov Ba fitav daBEoun ot xdBe yorom yia magoxr Twv tnrovpévmy ototyeimv. I v opydvaon
RO OVYXRQEOTNON TOV AoYLopLRoU g TedmeCog petelye oto €oyo xan n OAavdLxy etaupeia Aoyioprod MARIS.
H oyennij mpétaon pe o Svopa EUMARSIN (EUropean MARine Sediment Information Network) vrteAon-
%e and 1o ITME, wg ovvtoviot, omv EEx v dvotEn tou 1998 xau eyxpifnxe 1 xonuatoddmon touv pe Evaotn
tov Noépforo tov idrov €toug. H didoxrera tov fitay diemig.

Koard gvvoinn ovyrvpio v iduo mepiodo eiye eynoLBel mpog yonuaroddmon xow dhho €va TeéyQapuua, To
EUROCORE, nogdpoto pe to EUMARSIN pe avuxeipévo mv dnpoveyio todnetog petaminoopoodv oAld
Yo TOUG TTVENVES Wnpdtwy mov eiyov ovhhexOei and Bakdooeg meproxés non extog EE (Rothwell, 2000). Ta
80 mEoyQAupaTO OV Ko EXOV DLAPOQETIRG AVTIXEINEVO KO TTEQLOXY EQPAQOROYIS, CUPNPWVIBNX®E Va dnpiovp-
yfioovv €va nowvé onueio £106dov oto dadixto, To http://www.eu-seased.net, xou o xowrj ovopaoia g
todneCag oto duaduntio, Ty eu-seased.

EZEAIZEH KAI IIPA'MATOIIOIHZH TOY ITPOT'PAMMATOX

Evag and 1o ®0pLovg otdyous tov npoypdupatos EUMARSIN 1jtav guowd 1 xabiépwon xowvdg amode-
ATEV XOQOATNOLOTLRAV L0 TO SEfYpoTa LENRATOV. AUTA TOL XAQOARTNOLOTLRG SLoRIoTNXAY O «UTOYQEWTIRG»
(mandatory) xow “pn vroypewtird” (optional, mivaxag I). H évvola tov $1j0 RotnyoQudv XoQoxToLotirdy
elval 6tL 0 X0ENYOS-RATOXOG TV OTOLKEIV ElXE VITOXEEMON va ToRABETEL T TEWTA, EVA Yol TO. dEUTEQM QLO-
®rovoe M dlevxpivnon edv autd vrtdoyouv 1 Oxt. Zto VIToXEEWTKG TEQIAauPdvovTal 0 aEmY  0ELBuds Tov
delyporog, 0 apBuds epyaoTnEiov Tov delypatog, oL YEWYQOQIXES OUVIETAYPEVES TOV, TO £(00C TOU devypato-
M7y 2o 0 ®EToY0G TV delypatogs. X Ot apoEd Ta 1) VITOXEEWTLRA VLAY EL £va TAO0G TANEOPOQLHYV (TTdvm
o 20) mwov avopEéEovtal 0To. MOOAOYLRA, ROXKOUETOLXA, YEWXNUAE, YEOTEXVIXG Kot GAAOL XOQAXTNQLOTIRA
tov delyporog. Axoun meguhaufdvetar 1 yewAhoywij nhxia Tov, xabdg xaw N NUEQOUNVIOL RO TO EQEVVITIXG
TEGYQOUNUC RATA TO OTTOLO CUVEALEYY).

Téhog Eva el TAEOV YOQAATNOLOTLRS TOV TTROYQGURATOS ELva GTL TAQEYEL KO TANQOPOQLES Y10 GAOUG TOUG
xdoteg Balaooiwv Inpudrav mov €xovv exdobel ong evpwnairés Bdhaooes and ta F'ewhoywmd Ivatitovra.
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HINAKAY I:KAOOPIZMOY XAPAKTHPQN TQN AEITMATQN XTHN TPAIIEZA METAIIAHPO®OPIQN
TABLE I: DEFINITION OF SEDIMENT METADATA CHARACTERISTICS

YIIOXPEQTIKA MH YINOXPEQTIKA

Ap1BudCc xaTOYPOUPHC Kat&otaon delypatocg

A/A delypatog RUVOAKEC QMOBAKEUONC

E{doc xatoypa@ng ApLOndc delypatog OTO €pyacTHPLO

Suvietaypéveg AvtLixkelpevikdTnta péipnong (*)

Suokevun SetypatoAnyiog Enefepyacieg o1o d¢elyua

K&toxog delypatog Tewypa® LK) MeQLOXN
Metpioelc (kKUplwg veEwTEXVLIKEG—
YEWXNHLKEG)

B&Bocg detypatodnyiog (emiedveLla 1
undoTpwud

MepLypapn O6€ong (*)

dUC LOYEWYPAP LK) TEPLOXH

SUOTNUO IPOCAVATOALOPOU

MnRkoc nupnva, delypatocg

B&Bog Baddoong

B&bog dleloduong nuphva/deiypatog
B&bog dieioduong nmupnvoAnntn/
O& LYRXTOANTITY

Atduetpog muphve/delyuatog
Hpepounvia ocuAAloyAic

TiTAOC nmpoyPdPPXTOC

Ovoua ox&eoug

T{tAog €éxOeong

HAix{a tng Bd&ong tou
delypatog/nuphva

KUpLog ALBoAoyLlkbO6C 1UNOC LI{APATOC
XapoaKINELoT LK& oUAAoyNG delypotog
(*)

Kat&Aoyog Xaptdv

BLBALoypapia

TXOAL (%)

(*): XopantnoLomnd Tou avopEQOVTUL TTEQLYQUPLRA.

H todmneta petaminpogpooiiiv EUMARSIN €yel ovvroviotel kot ouvdgeton pe v avaroyn todnelo peta-
wAneogoov GEIXS (Geological Information Exchange System) mov mepuhaufdver ta yemhoywrd otouyeio
™mG gvpmmairng Enodg, xabdg ®oL pe TV TEAmELo PETATANEOPOQLAIY TS A/VOng Qreavdv kot ATHGOQOLQOC
tov HITA (NOAA).

IMopdMnia eog v Tedneta oty wrooehida EU-SEASED urdoyel 1dixn xoroydonon pe g moéoqo.-
1eg dpaotnprdmteg Twv F'ewhoyrdv Ivotrtottov oty Bdhacoa 6rtwg row ta ouvagy ouvEdQLa raL OEMVAEQLE.

To v gvEUTEEY TANQOPSENON TOV ETUCTNUOVINOY KOO TVTAONHAY ®o diavepuiBnxay, ota evOLapeQs-
peva Ivourolta o ouvédQLa now cuvavtioeLs, eyyelRidua, uALAdLa, CD xow GAAO ANEOopoRLaXG VAXG.

AIIOTEAEZMATA

Ze eyt Ao €YLVE A0 TOUG PETEYOVTES PLaL ATTOTIUN O TV dedopévav mov vjoyav ot xdbe Tewhoyind
Ivoutovto xai oxohoUBnoe 1 YneLoxy Opoyevomoinom toug pe Ao To et HEQOUS KOQARTNOLOTLXA TTOV ELY OV
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ovppwVN Ol TG00 TO VTOYQEWTIXG GO0 KO T PN VITOXQEWTLRA. ZT1 OUVEXELX O RAOE YD VIeEe emagr xou
ouvvepyaoia petakl Tmv popémv mov €xouy ouALEEEL (Djpara vow muErives otov Baldooio ywo. Ztv EAAdda
1o ITME ouvepydormxe pe ta oyenxd Ivonitovta xouw Idpuparo and to onoia, 1o EKOE, 1o IOABIK, to Iove-
motuo IMotedv, to Movemorjuo Adnvdy, to EMIT, n Ydpoypaguxj Yaneeoio tov FTEN xabdg o to yeQ-
novixd Idgupa GEOMAR, Ot€0eoay tar dedopéva mov el yio Tov EUTAOVTLONG TG Todmelag.

ITINAKAZ II: APIOMOZ AEITMATQN TPAITEZAY METAIIAHPO®OPIQN
TABLE II: NUMBER OF EUMARSIN SAMPLES

Xopa Agiypata |Kataxepn®évra|¥Ynéloino Aeiypata Kataxepn8évta | Ynéloino
TewA.IvoTt. AAAVISpUP&TWV
NopBnyla 2320 2320 0 9419 5550 3869
dLAavd o 739 739 0 275 33 242
Soundla 4179 4179 0 395 0 395
Aav o 8066 8066 0 0 0 0
Hv.BaoclAe Lo 31.200 31.200 0 53.000 28.362 24638
Teppavia 16.567 16.567 0 16.713 16.713 0
OAAoVO Lo 16.778 16.778 0 6.095 6.095 0
BéAy Lo 1697 1,583 114 1450 1450 0
IpAavd la 610 610 0 0 0 0
ToAA (o 16.851 16.851 0 28.155 0 28155
Ionov (o 9720 9720 0 22000 3992 18008
HoptoyoAia 2195 665 1530 3000 0 3000
EAN&DQ 2.875 2,879 0 4.421 2.609 1812
ItoAla 2365 2365 0 2600 2055 545
[ zovoro | 116162] 114518] 1644] [ 147523] 66.859]  80664]
ZuvoALx6¢ Ap1Opé¢ |Katayxwpn@évia | YnéAloinmo
263685 181377 82308

Zuvolxrd, oe 6ha ta nedt s Evpwmaixnig Evmong €ywve emnowvmvio pe diha 373 Idpvpata mov dpaot-

oLomoLovvTaL 0Ttov BaAdoolo xweo, ard to. omoio. 113 ovvepydomxay yio Ty gloaymyn Twv dedopévov Tovg.

Metd mv ohoxdjpwon tov mpoypdppatog EUMARSIN, mwov tumnd. €ywve tov Oxtdforo tov 2000, n tod-
meCa petaminpopoguidv guotkd eEonohovBel vo. epmhovtiCetan, xow €10t oto Téhog Tov 2000 vmjpyav ratoyw-
onuéva 181.377 onpeia deryporohmypios amd Gheg Tig evpwmairég OAAaooeg, ard ta onoia 114.518 eivan dely-
porto oo T yewroywd Ivonrtotta waw to véhowta 66.859 amd o dAha Idguparta. Zto dueco uéAhov avauéve-
tou va TooteBovv diha 80.664 pe Tov ouvolxs aBps va Eemepvd ta 260.000 deiyparo (tivaxag II).

TN v EU-SEASED vnidgyer medfheym va dwoarnonBei, to endueva toia €t yua ovveysj pehtioon pe
xonuaroddmon twv Evrogeosurveys. Me tnv tehur] Tou onpeowv pop@rj to mpdyooupa otnv totooerido diver
mv duvatdmro oTov Ye1oT Vo eTAEYEL TNV TANQOQOQIX £lTe PECM YEMYQOPLXOU XAoT (emAoyT] onueiov) eite
ue mepryoa@ri Tov tnrovpévou delyporog pe epwtnpatordyLo. Io ovprdnompuatinés eni mhéov TAnpogopies o
evOlapedpevog xoMots 8o uopel vo emnowvavel xat evBeioy pe Tov #AToX0 TV OTOLYEIWY.

IMPOONTIKEZ

H nagovoia xow 1 dnpoveyia tg tedmelog petamhn@opogudy detypdtmv ko meivev tov Bakaooinv
Inudrov éxer TEOEEVIOEL TO LOLOTEQO How EVIOVO EVILOPEQOV (YL HOVO TNG EMOTNUOVLXYG ROWGTNTAS OANG.
%o GAAOV XONOT@V. AAMDOTE 0%0MTGS TOU TEOYQAUIATOS TV 1 XO10N TV TANQOQOQLHY QuTiV va. YIvVETOL amd
omoovdjmote Ba 1{0ele vor pdBeL Yo TOV EVEOTAIRG BOAGCOL0 TUBPEVEL OIS TNV OXOBNROIRY ROW TV ETLOTNRO-
ViRt ®owvGTIToL HEXOL TLG SLAPOQES ETAURELES OV RAVOUY €0y OTOV TUBUEVA 1 TS TEQLBOAMOVTIRES OQYOVIOELS
RO TO EXTOLIEVTIXG. LOQUpaTAL.
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TABLE HI
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“Emioxéypes” ornv worooerida EU-SEASED avd mijva to €ros 2000
EU-SEASED Web-site ‘Hits’ per month during the year 2000

Ta amotehéopata ™ xeiong elivau mpdyuat evivmmotaxrd (ivaxrag IIT). Taw to étog 2000, katd to peyolu-
100 PEQOG TOV omolov 1 tedmela dev eixe ohoxdnpwlel, €ywvav ouvolnd 265.905 emonépels amd 62 xDEEC,
evad mepimov 12.000 vitav ou xejoteg mov avalimooy otowyeio yio evnuépmon naw/r xoron. Mdlota ou eton-
QE(EC TOV ALOXOLOUVTOL PE EYRATAOTAOELG OTOV BAAATOLO TUBREVO EXOUV OUOTIOEL OTAL OTEAEYN TOVG, YLt KG.OE
mpoperét €oyou va ouppovietvoviar Ty Tedneta EU-SEASED.

Metd v avapgrofrimnm emtuyia tov Egyov EUMARSIN, n Evpwnaixt Emtpomny €)gu eyxpivel oto mhai-
010 TOV 50V TEOYQARUTOS — TACLOTOV YLaL TNV EQEVVA HOL

GMho éva mpdyeaupa 1o EUROSEISMICS (ue towety dudoxrera 2001-2004), wou €xgt otéyo v dnpoveyio
TOAnELaC PETATANQOPOQLHV UE TO OToLKElR OEOMXWDV xataypapav. H todrela avt) 8o evowpatwdel omv
101 vdoyovoa EU-SEASED ondte o xo1jotmg Oa €xeL mhjpn emdva Tov evporairot Oarhdooiov tubpévo amnd
ye@AOyLRY dmoym.
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0 POAOX TON IMAAIPPOIKQN PEYMATON LTH YI'XPONH
IZHMATOT'ENNEZH T0Y ATAYAOY AYAIAAYX (NOTIOXZ EYBOIKOX KOAIIOY)
L.E. IOYAOL', ILT. APAKOIIOYAOY’, £.N. AEONTAPHL, E. TEAIIAKHE KAI E. XATZHI'TANNH’

IZYNOWH

Ztov dlavho (Awévag) s Avhidag PoEBnre OTL Tar TOMQEQEOIXRA QEUPATA RATA TV QAON TG OUTDTIOOG
elxav TouTnTeg xoved otov mubpévo 11-35 cm/s, oL 0moleg TOV AOROVV SLoTuNTRES TAOELS RAVES QPEVAS VoL
ETAVOLWQTOOVY TOL EMLPOVELOAHA LENPHATO RO APETEQOV Vo TaREUTOdIoOVY TV Tehrn Tovg xabitnon. “Etol 1o
AUWEOUUEVO VMO (1 AemTGRO%KT PAON) PETOQEQETOL atd TNV TTakippota xan Gtav TeMxd ®aBWljoEL, oV @d-
on eEaoBévnong twv TahEoirdv pevpdtmy (aAhayr] Poeds Toug) 1 HECK TnG dNuLovEYIiog CUCCHUATWUAETOV,
oxnuotitovy Aemtdroxrnes amofEoels wov rahirrovy 10 peyolitepo pépog Tov mubuéva Tov daihov, evd ot
oxeTRd aVENUEVES ovyrevIRWoEeLs hemtérxoxng dupov (10-40%) oto véto turjpa amodidovian omv vaeEn
TOV TOTAppoYELUdowy Afhavta xou peydhov Pépatog.

SUMMARY

The investigated area of Avlida (northern part of the South Evoikos Gulf), which obtained its present shape
within Holocene, is characterised by shallow water depths (<12 m) and the presence of muddy sediments. The
hydrological regime of the area is governed mainly by the tide (sea level fluctuation 0.25-0.4 m). The water
column (in April 1998) found to be almost homogeneous with temperature and salinity to increase progressively
with depth from 13.7 °C and 34.1 psu (surface) to 14.1 °C and 35.7 psu (near bed). Suspended sediment concen-
trations varied between 1 and 4 mg/l with the highest values observed above the seabed (4-8 mg/l). These values
of suspended sediment are relatively high when compared with other coastal areas, as that of Thermaikos Gulf
(<1 mg/l). Furthermore, their presence is attributed primarily to the action of tidal currents assisted periodi-
cally by the wave activity and human interference i.e. navigation. Especially the high near bed values are associ-
ated with the near-bed activity of the tidal currents, which having usually velocities >11 cm/s apply to the seafloor
bottom shear velocities capable of causing resuspension of the surficial muddy sediments and inhibiting final
deposition of the suspensates. Therefore, the fine-grained sediments are resuspended and subsequently advected
by the tidal currents and eventually distributed all over the study area. Finally, the relatively coarse-grained
sediments found to be more abundant at the southern part are related to the deltaic progradation within histori-
cal times of the torrential rivers Megalo Rema and Lilantas which form the south-end part of the strait of Avlida.

AEEZEIZ KAEIAIA: “Ttnpa, malppoird pevpata, Evpoirdg KSAmog
KEY WORDS: Sediment, tidal currents, Evoikos Gulf

1. EIZAI'QT'H

O vonog Evpoirdg KGhrog yapantneitetor wg €vo oxetnd oo VEOTEXTOVIXG fUbiopa pe o aQyiré otd-
do dnpoveyiag Tov va torobeteital 0to xatwtepo Metdrawvo (Agovidong, 1987, ITomavirordov x.a., 1988) H
gVEUTEQEN TTEQLOYT %o EdrGTEQX 1) Baddooia teELoxT] Tov droihov (Apéva) g Avhidog (Zxipe 1) €xel Adfer
™MV ONpeQWV ™G nopgn néoa oto OAdrowvo, ta tehevtaia mepimov 6000 xpdvia, petd dnhady axd tnv ohoxhr-
owan g avédov g Bordoowag otdbung (Agovrdong, 1987, Magouvxidy x.a., 1987).

O gpevvovpevog Bordoolog xweog emrowvmvel fépeta pe tov Noto Awpéva mpog de Nt von uéow tov
otevoy g Avhidas-Mmovptliov pe Tov ®éhmo v [etahiny tov Nétiov Evpoixot. To avdylugo tov mubuéva
yoporTneiletal and wxed Pddn (<12 m) o eivor oxeTrd opoAd €xoviag mopdrTeg VITOBANAOOLES KAIOELS
™mg T6ENS v 2°-4° (Magovridy #.o., 1987). Itnpatoloywd o mubuévag rolintetal amd ovyxeova ipota to
OO0 XOUHOUETOLRG, YaparTnEILovVTaL WG AemTdnnoxa amoteAovpeva and i xow doywho (Zyx. 2) evd ta T000-

* THE CONTRIBUTION OF TIDAL CURRENTS IN THE SEDIMENTATION OF THE STRAIT OF AVLIDA, SOUTHERN EVOIKOS
GULF (GREECE).

1. Twijpa F'ewroyiag Mavemompiov ABnvav, Mavemomuotmoln, Zoyedgov, 157 84, Abriva.

2. Ivourovto Oardooag Biohoyiag Kome, Hodxhewo T.0.2214, Hodxhero, 71003
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0td ™G YIS Gupov xupaivovrol Peta&l 5% wow 45%. O xUpLeg TNYES XEQOAIMY VARGV EIVOL OL TOTAUOYE(-
paoot To Meydho Pépa xaw o Ajhavtag ov exfdlovy 0to véto Gro tng mepoyiis nehétng pog (PAéme Zy. 1).
Tig tehevtales Spmg dexaeties, Adym ™mc avhodmvng TaRéuBaons 0To XEQONO XMEO TWV TOTOUUOXEWUAQQMY,
€XEL TEQLOQLOTE ROTA TTOMY M TTOQOXY] PEQTAV VMRMV OV 0TV TTEQimTwon Tov Meydhov Pépartog propsl vo.
BemonBel onpepa wg apeintéa.

To vdoroyrd xabeoTws ®abBoiteTon ®XVEIwS A TO TOAEEOTXG PULVGIEVO TTOV 0TV TEQLOXT TS AVAIOOS

38°27'

.
PL TN

- 38°2s’

2. 1. : Amdovotevugvos xdoTns Tng meQLoxis ueAétns xat Ooels orabuav usronons.
Fig. 1.: Simplified map of the study area and position of sampling stations.

yopoaxmoeitetan amd pa avEopeiwon g Baldoowag otdbung petaEd 0,25 m xow 0,40 m, ovvodevduevny and
pevparto mov xatd Tg ovluyieg €xovv tayvtres 36-50 cm/s, Eemepvavtag xow ta 60 cm/s pe evvoird dvepo
(Agovtdpng, 1985, Tolpmhng, 1997). To pevpata g meproxns xabopiCovron and mm diagopd pdong twv dvo
OLopOEETLRAV XAASWV TOV TAMQEOLAKOU RVIOTOG TOV TOOEQYOUEVO OITO TO Atyaio ELOEQYETAL OTOV POQELO KO
voto Evpoiré Koiro pe yooviry duapoed mov oty mahoud Yépuea g Xoixidag ®upaivetar ard 1h 15 min
€wg 1h 45 min (Agovtdong, 1985, Bhaydxng row Totuming, 1995), drwg eniong xaw omd v diagoed otddung
ueta&y Tov PépeLtov xow voTov Awpéva exatépmbey g mahowds YéQueag g Xolxidas.

Zmv taovoo. epyaoia eEETACovpe TNV CUUPOAY TV TAAMQQEOTXMY QEVUATWY OTNY mavaidonon (dudfow-
an), HETaPOEd, xow atdBean TV cwEOUREVOV Wnudrwv oty Boldooia tepuoyri Tov dtoihov (Awpévag) Avii-
dac.
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2x. 2.: Empaveiaxtj xatavoutj 1ov didpogwv xoxxoueToIindy @docwy tov inudrov (sM: auuovyos mniog; sZ:
appovyos 1A0g; sC: apuovyos doyiliog; M: anlog; Z: 1Avg (ovugpwva ue tov Folk, 1980)).
Fig. 2.: Spatial distribution of the different textural sedimentary classes (sM: sandy mud; sZ: sandy silt; sC:
sandy clay; M: mud; Z: silt (after Folk, 1980)).

2. MEOGOAOAOITA

To TEGYQOUNM TV PETENOEWY EEEAIYTNHE TO TOWTO dexamevOueQo Tov Amrhiov 1998 xau cupmephdpfa-
VE TNV CUALOYY ROTOXROQUPMV ROTOVOUWY TS Beppoxpaciag, ahatdmrag, Bolepdmrtag (turbidity) xow twv pgv-
ndtov (tayvmro ol dtevBuvon) pe Ty xonon evog Aquamatic Environmental Profiler. To Bolepouetpo givon
Babpovopnuévo oe povadeg FTU (Formazin Turbidity Units) tov omolwv 1 ox€on pe v ovyrEévipwon o mg/
1 Bo€bnne va eivaw 1 FTU » 2mg/l. TTapdrinha, pe ™ yxoron apmdyng tomov Ekman €yive deryporohmpio twv
empaveloxwv Inudtov tov Tubpéva. Kord m xeovir mepiodo twv petprioewv (10-11/4/98) n Bahdooio otdb-
UM TEOOOLOQIOTNXE PE TN XONON VPLOTAREVOU TOAMQEQEOIXOU aElBuNTInoy opoldpatog vpning daxorrdmrog
(150 m prirog #onw 180 m mAdtog xaw frua xeovou (oo pe 6 s) (Towming, 1997) O mEOGdLOELOUGS TOU HEGOV
ueyéBovg (Mz) twv emeaveianmyv iinudrwv tov mbpéva €yve ovpgmva pe tov Folk (1980).
H wavotta tov pevpdrov vo erovoinproovy (duafowoovy) ta lijnota tov Baldooiov mubpéva peke-
TiOnxe pe PAoN TOV TEOGILOPLOPS TNG SLOTUNTLRIIG TAYVTNTOS U, TTOV ROVTIG OTOV TUBPEVQ (oL LECH OTO 0QLOXG
otpopa) divetan amd v oxéon twv Miller et al.(1978):

U, = \/To/p (1)

drav T, eivar 1 SroTpunmx 1o ToU EENOXEL TO QEVOTS OTOV TUOUEVQ.

Ty =Cp ~ Py @)
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6mov C, eivou 1 otabed oUQONG OV YuoL CUYREXQUUEVN arrdoTaon (z) amd Tov mubuéve divetar amd v
oyxéom (3) naw @ eivar N mrvéTTO TOV EEVOTOY (Bahacovd vepd 1025 kg/m?)

Cp =k /In(z/2,)} 3)

Grav, % eivai n otaBed Tov von Karman’s (@0.41) xou z, ex@edaler v avwporio (vdooviui) Tou mudué-
va, g omolag o péyedog diveran amd vy oxgom z,=k /30 (Wright, 1989) 6rav k_eivarn ovoraotinr (roontinn)
avopoiio Tov Tugvo. Tov oty BewenTixy TEQITTWOoN eVA emtinedov Tubpuéva expEAteTol amd T0 HEGO KOX-
ROUETOWO u€yeBog tov Wipatog (Mz). =10 guowkd Suwg Baidooto tepupdilov o Boldoolog Tubuévag Adyw
™mg PevOuniis (Broroywrric) dpaotnoidmras adhd xow TG HPAONG TWV RKVPATOV (.. OXNHATLONGS AUPOQUTIdWY)
maEovoudter avmpohieg mov xapaxmeitovrar and Tués k, mov eivor ol peyalitegeg (g T6ENG XMooty
OnOUN ROL EXATOOTWV) OT6 TO HECO xoxXOUETOWS péyebog (Nowell et al., 1981, Paola, 1985, Wright, 1989).

Téhog, 1 TeMxr| TorguTnTo. 200iCnong Twv Aemtéroxrxmv Wnpudrwv (dudpetpog xéxxwv <0,1 mm) diveton omd

mv eEiowon Rign (1991):
W, - %8.((0 - p%). g.(d%) -

Smov: (o) eivar n murvéTTo. Tov Wipatog (2,500 gr/cm?), (d) eivon  péon dLaueTEog TV KEHRWV %a (V)
eivar 1o xovnpatikd 1Eddeg (=1,1 10° m%s).

3. AIOTEAEEMATA - LYZHTHZIH

Ta pevpota ov peteidnxay otov dicwro (Awpéva) Aviidog oy dudoxewa ™g aumdtdas (To e¥Pog ™G
mahippoiag ftav mepimov 10 cm) Poédnxray va xvpaivovrar petagd 10 xat 40 m/s pe TG peyolitepes TRES va
€xouv neTEnBel otV EMPAVELD RO TLS XOUNAGTEQES XOVTE OTOV TUBUEVA, GTOU TOL QEVROTO IVOUVTOL UE TOUYU-
mreg petaEV 10 xan 20 cm/s. EEaipeomn amotelel o otabuds 9, 6mov M toUTnTo TOU QEVPOTOS ROVTG OTOV
mubpéva minoiale ta 35cm/s. H @opd twv pevpdtmv Beétnxre vo axohovBel v yeviry goed g takipootog,
€VM dLOPOPOTOLE(TAL ROVTA OTOV TUOPEVO ETNEEACOUEVT QTS TNV POEPOLOYiC TOV.

Tevixd 1 otiAn Tov veQOU epgaviCeror va eivol oxeTird OpoYeVOTomuévn (e Ty Bepuoxpaoio va avEdveL
%O TV AAOTOTNTOL VO LELOVETOL TTROOJEVTIRG. pE TO BABOG) YEYOVAS OV atodideTOL OTO QPALVOREVO TNG TTAhiQ-
Q0LOG 0€ OUVOVOOUGS pe To urEd BABog (< 12 m) tov drahov. O emipavelaxrés TES TS Beppoxpaociog elvor
15+0,7 °C »ou g alozémrog 34,7+0,6 psu, Ve OL AVTIOTOLYES TYWES ®OVTE oTov TubBpéva (Bdbn >7 m) eivar
13,9+0,2 °C nan 35,5%0,2 psu, ovTiotoiywg.

H Bohepdmra eivor XopunAGTEQN ROVIA OTNV EMPAVELOL IE TYES TTOV Xupaivovtol petalv 2 xou 4,0 mg/l evd
mapovotdtetar ovEnuévn (3,5-8,0 mg/l) xovid otov mubpéva. Ot Tpég TS auTeg eivon Yevird avEnuéveg, Grov
ouyrElBovv pe avtég tov Oegppaixoy Koirov (<1 mg/l) (Chronis et al., 1987), dv Adfovpe 6t dev vrdoyet
OUOLOOTIXY) OTEQEOTAQOYY OIS TNV TOQAXELREVT) EVOOYDQ.

OL ROXKOPETOIRES AVOAIOELS TTOV EYLVAY OTOUS OTAOROUS TWV QEVUATOUETONOEWV CUUPOVAOVTOG KATAQYNY
ne ta aroteAéopora TS peEAEe Tov Agovtdon (1997) deiyvouv 6t mubpévag xolimtetan s AETTORORKO.
Wipata (Zxiua 2), pe 1o Pogeto twijpo Tov dtaihov va xooxmEiteton omd mo AeTTORoR%RO VMXG (Gpupog
<15%) o€ avtiBeon pe To VOTLO TIIROL GOV OL TLUES TG dppov xupaivoviol peta&l 20% xow 40% (Iivaxag 1).
H maovoio tov oyetnd xovOpGxoxrov vAXoU 0to vETio Tufua tov dtaiiov tg Avhidag (Awpévog AvAidag)
TOETEL VO OPEIAETOL OTNY TTOQOVOTC TWV HVO RVPLGTEQWV TNYHV XEQOAIWV (ENUdTwV, Tov ToTapoy Athavto xo
Tov Meydhov Pépatog mov exfdrlovv exatépmbev tov Zrevol Avhidag-Mmovgtliov (Zypjua 1).

Ta peduata Tov petEidnxay ®ovrd otov mubuéva eEaoxotv SLotunTrnés ToUTTeS u, oV OtV TEQITTT!WOoN
evig Bewpnund enimedov mubuéva eivan g TdEng twv 0,4-0,9 cm/s. H xormxij tuun mg drortuntirng tayitnrag
Gvm o6 TV omolo. To Eevpa ov v eEaoxel uwoel va O€oer o auddnon ta Whijpara Tov Tubuéva oty
neQimTmon Tov Aemtdroxnov vhrot (Mz <0,04 mm) mpéner va eivon peyariteon and 0,4 cm/s (Miller et al.,
1977). BA€moupe Aoutdv Gt Tt TAMQQEOIXE QEVPATA OQLOKA £XOUV TNV tRavOTHTO Vo BETOUY OF auddonom to
Aemronxoxa WHpaTo. oty TEQIMTWON OV 1) AvOpReAio TOU TUOUEVO OPEILETOL UGVO OTNV ROXRXOUETOLXY] TOUS
ovoroon. H wavémrd tovg Spwg avEdvel ovowootxd dtav o mubpévas magovotdiel avopolies me tdEng
orGun ®ou OAly@v XMootV ov opeihovial eite omv PevOuri (Broloyirr) dpaomoidmar eite oty dpdon Twv
®opdrov. Ta madyerypo ou taxitntes TOPNS yio avwpohies T TaEng pols twv 5 mm eivon peyolitepeg and
1 cm/s (ITivorog 1) Eemepvaviag ovoraotind v xovuxi} wpr tov 0,4 cm/s.

Axéun 1o copotidua Tov Tihevian og audEnon, AGYm ®aL Tov pxot uey€Bovg Toug, xapaxmmeitovrol and
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Hivaxag 1. Amoredéouara Tov vOQOLOYIRGY xal IEHUATOLOYIXGDY UETOOEWY ®aL avalUoewy (o1 Béoels TwY
detyudrow divovrar oto Zy. 1).
Table 1. Results of the hydrological and sedimentological measurements and analyses (locations of the sampling
stations are shown on Fig. 1).

®éon | Babog Pevpata Appog Mz U Ws
(us) (u;) ks=Mz |ks=5 mm
(m) (cm/s) | (cm/s) (%) (im) (cm/s) | (cm/s) | (cm/s)

il 5+9 28,2 11.6 36,0 1,9 0,5 1,0 0,132
2 6 38,2 17.6 279 145 07 1;6 0.009
3 7,8 352 16.5 12,4 1,4 0,6 15 0.007
4 8,5 22,5 15.1 13,8 1,4 0,6 1l 0.005
5 8,2 18,1 11.6 6,5 1,3 0,4 1,0 0.004
6 4,2 18,8 16.3 7,2 1,3 0,6 1,5 0.003
7 6,6 30,5 17.7 3,0 1,2 0,6 1,6 0.001
8 7,9 32,5 17.5 14,9 1,4 0,6 1,6 0.005
9 2,5 46,9 34.5 5,4 1,3 12 341 0.002
10 dnl 12,6 1,3 0.003
11 8,1 18,0 12:5 D D 1;3 0,5 1,1 0.004
12 8,2 16,3 14.7 4,0 1;3 0,5 1.3 0.003
13 35 29,2 18,0 3,9 1,3 0,7 1,6 0.003
14 8,6 48,5 15.9 11,1 1,3 0,6 1,4 0.003
15 6,4 38,8 14.2 41,2 1,7 0,6 1,3 0.058
16 4,2 18,3 1,4 0.006
17 6,7 31,8 20.3 36,6 240 0,9 1,8

18 847 47,0 11.6 0,0 0,0 0.000
19 4,7 30,5 0.066
20 7,4 3645 15.8 26,2 1,6 0,6 1,4 0.022
21 7.2 32,1 13.1 20,3 1,5 0,5 1,2 0.011
22 6,7 15,2 16.4 217 1,4 0,6 175 0.006
23 6,7 14,2 18.1 27 ;2 1;5 0,7 1,6 0.013
24 12,5 29,5 8.9 49,7 1,9 0,0 0,0 0.152

Enekrfynan: Mz: uéoo xoxxouctouxd pgyefos, u : rayvmra gevuarog 0,5 m xdrw and my empdveia g
OdAaooag, u: rayvrnra gevuarog 0,5 m mdve axd rov wvbugva, u,: datunrixi Tayvrnra, Ws: tayvrnra
xabitnong.

Key: Mz: mean grain size; u;: current speed 0.5 m below sea surface; u : current speed 0.5 m above sea bed; u.:
shear velocity, Ws: settling velocity.

TOAY € toitntes xabitnong mov elvar 1-2 tdEes pey€0ous punpltees amd T TWES TS EEAOROVUEVNS
duatpnTurg tavtntag. “Etol mapapévouy og oaudenom Yo pard Xovird dudoTnpo oLy Ty TEAKY Toug xabi-
Tnon divovrag €10t xaw Ty duvatdmra oTo QEVUATA VOL TOL TAQO.0UQOVY 0t GAAN epoxn. “Etot dnpuovoyotvion
QUENUEVES OUYREVTOWDOELS aLwEOTpEVOU VAr0U xovTd oto mubuéva (4-8 g/l), oty avdmtuEn twv orolwv ouppe-
TEYOUV axOUN 1 ®upaTir} HAOoM, LOLOITEQO OTLS TAQGERTLES TEQLOYES, Ko 1) avBRdmIVN o puPaon néow xuping
™g #ivnong goptnyidwv pe fubiopata 4-5 m.

H telui xaBiCnon tov auweotipevou vArot avapévetol va. emruyydvetol xord v Eaobévnon tov ma-
MEQEOTHWV %atd ™V peTdfaon omd v mAuppveida oty apmdtido 1o TavATalyY 08 oUVOUOOUG HOL PE TNV
avdntEn cvoowpotopdtov (flocs) mov diapoppdvoviag peyalitega neyedn emttuyydvouy xou peyoriteQeg
Toyvmreg ®aBitnong. INa tapdderypa ovoompatduata dwepétoov 100 pm, 200 pm xow 500 um éxovv ovtiotol-
XEG TayuTnTeg ®abitnong 0,05 cm/s, 0,08 cm/s zow 0,2 cm/s (Gibbs, 1985).

TEhog oL oxeTLnd pe GANES TEQLOYES CENUEVES TIUES O QUWEOUUEVO VMRS OTAL ETLQPOVELOKRA VEQA QAN
%O CUVOMXA 0TV OTAHAN TOU VEQOU pe deSONEVO GTL OEV VTAQYXOUV CUOTNUATLRES KO CUAVTLRES EXPOQTHOELS
XEQOOYEVOUGS VAROU, LOLaiTEQX OTO PORELO TUNEL, TRETEL VO atodwBOvY otV ouveyT dpdomn Tmwv TaMEQOIRMY
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QEVUATWY OV 08 OUVOLAOUG pe v omoadnt} dpdom Twv rupudtov (Yo avépovg éviaons >4 Beaufort) alhd
2O TNV OUYVI] SLEUAEVON ORAPAY TTOV CUVTEAGUY TOGO OTNY ETAVOLHENON TOV LNRATWY GO0 RO TNV OPOYEVO-
onom ™G vOATLVIG OTHANG, OIS QUTI] TROEXVYE KAl OO TLS HETONOELS TV TV Bgppoxrgaaiag xat ahatdtn-
TAG 0T OTHAY TOV VEQOU.

4. LYMIIEPAZMATA

O p6hog ™ Tahipeorag oto diavho (Awéva) g Aviidoag Adym xat Tov pxeol BaBovs eivan Toh anpavti-
%0g otV ovyYeovN LEnpatoyEveon rabds T mahEoixd evpata. (pe Taytreg 10-40 cm/s) Exouvy v iwavaT-
TOL VO ETTOVOLOQEOVY Tat Ljparta Tov mubpéva, va maepmodiCovy v telrr] xafilnon tov auweolpevov vhirot
(AemTonONAN PAON) TO OOLO HOL OCVUTOQAOVQOVY OF GAAES TEQLOYES OVAAOYQ UE TNV TOYUTNTO KO TV POQA
TOVG. 2NV Toamdve daduwacion alld xar otV opoyYEVOToinoy s vdduvng otiing ouppetéyouv BERaio.
1600 N ®upaTnt} dpdon (Yo avépovs >4 B) 600 %o 1 vawoumAoia.

Q¢ AOTEAEOPA TS ETAVALDENONG OAAG %O TS TAREUTGALONGS TS RaBITNONG TOU CEOUKEVOL VALKOV Eivon
%xow oL aENPEVES ovyreVIPWOELS (2-4 mg/l) o cumEovpevo vAMrs ®aB6An T otiAn Tov veQoy xon WiaiteQa
%xovtd otov mulpéva (4-8 mg/l). “Etot, T Aemwréronxo wpota proel va petagpépovial oe 6An tnv gvpiteen
meQLoyt] oynuatitovrag thuo-aQylhmdels olyypoves amoBETELS, OL OOIES EMXEATOVY 0TO BOQELO TWIHA TOV
Avovhov (Aipéva) g AvAidag, ®oBdg 0to VOTLO T TO. OXETOTEQX MO XovOROxoxxa Wipnata (Taovoio
péong now Yuhig dupov o mooootd 10-40%) oyetiCetar pe tig dehtainég amobéoeig Tov Meydhov Pépatog nat
Tov Athavta Totapot Twv omolwyv 1 §pdon €xEi TEXUNOLWOE! TOVAAXLOTOV Y10, TOUS LOTOELXOUS Xedvoue. Téhog,
1 TOEOVOIa dupov oty vroBardooia tapdho. Covn T60o 0to BOEELO 600 XaL 0TO VOTLO TUHO. 0modideTon otV
TOQAXTICL DLAPEWOY OTNY OTTOICL TEOPOVHS CUUUETEXOVY KL TAL TAAMQQEOIXA QEVUATOL

BIBAIOT'PA®IA

BAAXAKHZ I'.N. xou TEIMITAHZ M.N., 1993. To modfAnua tov Evoimov: Ioroguxij avaoxonnon xat meotd-
oeis. Tlpommnd 4ov Zvpmooiov Queovoypopiog rou Aheiog, P6dog 26-29/4/1993, oel. 156-159.

CHRONIS, G., NYFFELER F,, BALOPOULOS, E., LYKOUSIS, V., GODET C.H., & PAPAGEORGIOU, E.,
1987. Structures nepheloides benthiqoues et influence de la marge continentale dans le Golfe de Thermaikos
et le Bassin des Sporades. In: Collog. Int. Oceangr., Comm. Int. Explor. Sci. Medit., pp.25.

. FOLK N.L., 1980. Petrology of Sedimentary Rocks. 183 pp. (Hemphill Publishing Company, Austin, Texas).

GIBBS R.J., 1985. Estuarine flocs: their size, settling, velocity and density. Journal of Geophysical Research 90,
3249-3251.

LEONTARIS S.N., 1987. Paleogeographic development and gradual evolution of the Deltaic formation of Avlida
and Vassiliko-Bourtzi region in the island of Euboa. A TIaveljvio T'ewyypoagind Zuvédpro, tépog B, oel. 153-
167, Abrva.

AEONTAPHZ Z.N., 1985. Zvufolrj oty épevva tov malipooixov gpawouévov tov Evgimov XaAxidas ot oxéon ue
v axroygagixt xardoraoy rov B. xaw N. EvPoixov Kddmov. Agyeio EvBoindv Mehetdv, KET/1985, Abva.

MAROUKIAN €., PAVLOPOULOS K. & LEONTARIS S., 1994. Palaeogeographic evolution of the northern
part of South Euvoikos Gulf in the Holocene in relation to ancient coastal settlements. “Cities on the Sea”, 2™
International Conference, CAARI, Nicosia, Cyprus.

MILLER M.C., MCCAVE LN. & KOMAR P.D., 1978. Threshold of sediment motion under unidirectional cur-
rents. Sedimentology 24, 507-527.

NOWELL A.R.M., JUMARS P.A., AND ECKMAN J.E., 1981. Effects of biological activity on the entrainment
of marine sediments. Marine Geology 42: 133-153.

PAOLA C., 1985. A method for spatially averaging small-scale bottom roughness. Marine Geology 66, 291-301.

PAPANIKOLAOU D., LYKOUSIS V., CHRONIS G. & PAVLAKIS P., 1988. A comparative study of neotectonic
basins across the Hellenic arc: the Messiniakos, Argolikos, saronikos and Southern Evoikos Gulfs. Basin
Research 1, 167-176.

TSIMPLIS M.N., 1994. Tidal Oscillations in the Aegean and Ionian Seas. - Estuarine, Coastal and Shelf Science
39, 201-208.

TSIMPLIS, M.N., 1997. Tides and sea-level variability at the Strait of Euripus, Estuarine, Coastal and Shelf
Science 44, 91-101.

VAN RIIN L.C., 1990. Principles of sediment transport in rivers, estuaries and coastal seas. Aqua Publications,
The Netherlands.

WRIGHT L.D., 1989. Benthic boundary layers of estuarine and coastal environments. Reviews in Aquatic Sci-
ences 1, 75-95.

-736 -



Aehtio Mg EAAnvikng Mewhoyikng Etapiag, Top. XXXIV/2, 737-743, 2001 Bulletin of the Geological Society of Greece, Vol. XXXIV/2, 737-743, 2001
Mpaktika@ ou AleBvoug Zuvedpiou, Abrva, Zemtéppplog 2001 Proceedings of the 9th International Congress, Athens, September 2001

ANQ TETAPTOT'ENHX IZHMATOI'ENEXZH XTH AEKANH TQN BAAEAPIAQN®
0. TEAAKITZH' KAI I. ANALTAXAKHE'

IYNOWH

210 Wnuatoyevég xdhvppa tov mubuéva e Aexdvng tov Bakeapidwv, ot Avtiry Meodyelo, 1o Avew
TetapToYeVES OVTLITQOOMITEVETAL OTTO EVOLAOTOMNTELS TOVEPLILTLRGY axohouBUdY, Uy VA WIS doun roL preov
TAOVUS NUITELAYLRES TOQEVOTOWOELS TAOY. Ot gvototinés petaforés g otdbung e BdAacoag, xatd v
tehevtaio yewhoywr| mepiodo, vieEay 0 ®VELog Tapdyovtag eAEYOL TS Wnuatoyéveong ot Aexdvn.

H tayvmra inpatoyéveong firav onpovardg peyoiiteen xatd ta tehevtaio 50.000 €m (42,4-54,6cm/Kyr)
antd mv avtiotoyn xatd to didomua axd 50.000-120.000 €t mow and ofjpepa (=9,7-13,4cm/Kyr).

ABSTRACT

A detailed sedimentological study has been performed on five long piston cores recovered from the Balearic
Abyssal Plain, the largest plain in the Mediterranean Sea. All the cores were dominated by multiple turbidite
sequences, most of them displaying pronounced upward fining. The presence of a megaturbidite bed represent-
ing a single depositional event is observed in all the cores.

Biostratigraphic correlation of the interlayered pelagic beds, using a high resolution nannofossil zonal scheme,
suggests that the sediments in the cores date back to 50-100kyrs BP and that the age of the megabed is less than
50kyrs BP. The sedimentation rates for the last 50kyrs (over 50cm/Kyr) are greater in the northern and central
Balearic Plain as compared to the lower sedimentation rates of 40cm/Kyr in the southern margin of the plain.
Sedimentation rates (9,7-13,4cm/Kyr) are significantly reduced in the time interval between 50-120kyrs. The
emplacement of the megaturbidite and the minor turbidites coincide with the sea level low stands. During these
periods, great part of the continental shelf was revealed and processes sush as erosion, transportation and posi-
tion became more intense.

AEZEIZ KAEIAIA: Avo Tetaptoyeveg, Afvoow Iediddo Bareapidwv, nuatoyéveon, tovpfLditng.
KEY WORDS: Late Quaternary, Balearic Abyssal Plain, sedimentation, turbidite.

1. EIZATQI'H

H Agzdvn twv Bakeopidwv eivon 1 peyaritegn Aexdvn oty Meodyero, xatahopfdvoviog to ueyaiitepo
TUipa TG Avtiviic Meooyeiov. duoioypagund amoterel o afvoowr] medudda, BdBovg mepimov 3000m, n omoio
neQuBdMhetar antd To Evpomaind xon 1o ApLravins NrelQmTiks nepLmoLo.

2o mhaiowo tov Evpomairot Kowotiwov Igoypdupatog MAST II PALAEOFLUX, mpaypotomouionxe
ong apyég tov 1995 gpevvnuny wueovoypaguxt arootoky ot Meodyewo (and Maooorio I'arhiag péyor
Agpeoo6 Kumpov), pe to Fodrd wxreavoypoagund oxdpos MARION DUFRESNE. Katd ™ dudoxeia tov
WREAVOYQOUPLHOU TTAG L, CUALEYXON ROV OUVOALRA 32 TTUETVES, PEYLOTOV UIjxoUg 36m, £X TWV OTTO{MV 5 TEOEEYOVTOL
o ™ Agrdvn tov Boleapidwv (oy.1).

2. YIIOOAAAZZIA MOP®OAOITA KAI TEQAOI'TA

H vroBaldoota poggoroyia g Avtirig Aexdvng tg Meooyeiov ®uplaQyeital 0To XEVIQKG TNG TUWINA
artd ) peydin Apvoouxn Iedidda twv Bakeapidwv, tov oguodeteital xupiwg and T Zapdnvia xa mv Kogovxn
ot ovatoMxd ko ané ta viowd Bokeapideg ota dvtnd (oy.1). Mepupepeiand mepurheieton eite amd gvpeieg
VPOAORONTIOES o EXTETOUPEVE NTELRMTIRG, TTEQLOWELE, GTtwg 0 KGAmog tov A€ovtog, 0 KGArog g Bakéviowa
raw 1) Odhaooo Alumdpay, eite TEQLOOGTEQO 1] MyGTEQO amtdroNpuva TeQLBmELa, drtwg Ta [Teptfdoia Avyvpiog
xaw IpoPnyyiog (Biju-Dival et al, 1974, Stanley et al, 1974). Xagoxtmototxy givor 1 Tapovoia yipm o
Aendvn TE00GEWY peydlmv viroBardooimy putidinv —tov Podavod, tov "Efov, g Baiévrowa xaw tg Mevdpxro

* LATE QUATERNARY SEDIMENTATION IN THE BALEARIC BASIN
1. Havemonjuo Abnvayv, Twijpa Fewhoyiag, Topéag Iotopuriig F'ewhoyiog & TTalatovrohoyiag, 15784 Zaypdgov.
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(Maldonado & Stanley, 1979, Maldonado et al, 1985)- ta omoia pe ™) ouveyrj toogpodooia oe iEnpa petafdrrovv
™V voBahdooL ToToyapia ™G AERAVNG.

H ABvoouri Iedudda twv Bakeapidwv dopeitar ad amorentvopnévo phold mtdyovg Skm xow puo ovateen
Wtnuatoyevii axohovbic, g omoiag To mayog avépyeton ota 5-6km (Hsd, 1977). H i{npatoyevrig axorovBio
omoteleltan amd Tig ardhovdeg ToELs xUpLeg oeLp€s (Mauffret et al, 1973, Kidd et al, 1978, Taccarino & Bossio,
1999, Pierre et al, 1999 noun Linares et al, 1999) o ta avidTeQQ TEOS TA RATWTEQC TUIUOTOL:

Zyrjua 1: BaBvuerounds ydorns s Asxdvns tov Baleagidwv, drov onueidvovrar ot Boeis v mvorvov. Ta

Pdbn eivar oe m.
Figure 1: Bathymetric map of the Balearic Basin, depicting the location of the piston cores. Depths in m.

e Mo ITheroxorvin-TetaQToyevii 0eLpd TEQNTELRMTLXOU 1| NULTEAAYLROU TINAOY, pE EVOLAOTOWOELS
aAGxBovav, BloxAaoTr@dy axohovBidy.

e M efomogitiry oglpd niwiag Meosonviov, mov ywEiletor 08 po avoTEEY ERATOQLTLXI] VITOEVETNTO
evolaydv pdgyag, dohopitn, avudeity, YUOPou xow ahiTn RoL Hio KOTHTEQY VITOEVOTNTA GAUTOS KO

e  Mua mpo-efamoprtirr oepd, nhxiog mBovév Metoxauwvixiig (Tahoudtegng tov Meoonviov) xouw xatd B€oeig
mBavév Ohyoxrawvixiic, pe aEtoonueiwrn opldviia otpwpdrwon. Ipdxertol yio mehayind Emg NUITEAXyLRA
iCiuata, pdeyes xow TNAOUS, TOV QMOTEANXAV OF CUVBTXES TUOOUOLES PE OVTEG TTOU ETLXQATOUV OTJUEQQ
otV TEQLOYN-

3. MEOOAOAOITA

H mvonvolmypia moaypatomonibnxe pe ) xorjon mvonvodinmy pe €éufodo, tov timov Kullenberg, uinovg
40-60m xau fdovg 7 tévvav, Tov Falxov Ivotitotvtov ywo. vy “Epgvva xoaw myv Texvohoyio twv ITGhwv (IFRTP).
Anfednxay muerives pjrovg omd 27m €wg 36m.

2o (Tnua petenBnxe n TopUmTa 1ixov xow 1 poyvnrxy emdexrtrdtnto. Kotémy €ywve potoypagion xou
0GQWON-dLoyQaYNOT GE QUTOUATO UNYEVIQL.

H (Enuoarohoyx perétn meQueAAuPave poxQooxomuxi] TEQLYQOPY] TwV OTOWUATOV, EAexTirt] devyporohmpio
®aBdg xou xeovohdynon tov tnudtwv pe fdom to TENuaToPéQe kot Ta vavvoaroMBmpdta (Shipboard scien-
tific party of Marion Dufresne cruise 81, 1995). Ta delyporo Towv muorivav petagépdnxav oto Epyaotiolo
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Ithparoroyiag tov Mavemotuiov ABnvay, 6mou €ywve avalvtny Wnuatohoyuryj pelétn, mov teQLeAdppave
Erjoavom (otovg 50°C), pétpnon murvémrag (pe 1o 6pyavo Accupyc 1300 g Micromeritics), xoxxouetoiog (1e
t0 6pyavo Sedigraph 5100 tg Micromeritics) xauw avOooaxwmv (ue ) pébodo twv Muller & Gastner, 1971),
(o%.2) »ou €Eraon g opurrohoyiag (Diffractometer D 5000 tng Siemens) xow Tov ®*AAOUOTOS TG GUUOV OF
SL0@BdAMuO rEooxAmLO.

4. IIEPII'PA®H ITYPHNQN

A. Brootpwporoypagio: Ztov mupiva 1 (LC 1) mpoodiopiotray vuplng eidn E.huxleyi (o mooootd >70%)
xau €0 G.muellerae, evd) amovoudlovy avuumpdonmor tov G.aperta/ericsonii. Baogl avtdv o mupenvag
TOTOBETEITOL OTO RATWTEQO TUUE TS RORROMOWIG Tadvng 1, oty ProCwvn E.huxleyi (Weaver, 1983). H nlwic
Tov dev eivan peyahiteen amd 50.000 ).

Ztov wupnva 2 (LC 2) 1o eidog mov emxpatel uéyor padovg 27,3m eivon 1o E.huxleyi, norxohBixij Tovn 1,
eV oe peyolutepo Bdbog emnpatei to €idog G.muellerae pe avEavopeva Tocootd Tov eidovg G.aperta, yeyovog
mov dnhaver voxroMBury Civn 2. Emopévg oto peyolitepo népog tov mupnva n nhxic tov otpopdtov eivor
uxedteen Tv 50.000 eTtdv, £VH Ta ROTATEQX 5,5m TOV TUEN VA €X0UV NAkio peyaittepn twv 50.000 etdv.

2o mpdta 23,5m tov muptjvag 4 (LC 4) emxpatel to eidog E.huxleyi won to G.muellerae, Goo Poroxopaote
oy xouxoABuri Cavn 1. H xoxxohBux1 xAweida arrdler onuaviird ota 23,5m nepimov. H G.oceanica oy et
vo. ETRQOTEL EVA avEdvetan vaw ) G.caribbeanica. To 610 peta&y 1ng xon 2ng xoxxohBurrig Tavng TomobeTeitan
oto. 25m (0y.3). H avEnon g G.aperta xou  peiwon tov E.huxleyi oto fobitepa orpduato dnAdver xoovixi
Toto0€TON ROVTA 0T0 GPLo 21 *a 3ng ®oxxroMBuwis Cdvng (0x.3). Méyol fdbog 25m ovvavtdue oTodpata
nhxiag pxedtens twv 50.000 etdiv, eved xdtw amé to 25m o oxnpoTtiopol eivor torawdtepot Twv 50.000 etdv
%o pdhoto. Tog T Bdon tov mueva tinotdtovy ta 120.000 ém.

To avdtepo pépog Tov muefva 5 (LC 5) puéyor 1o 21,2m avixrer oty xoxxohBuxy tovn 1, émmg dnrover n
emxpdtnon tov E.huxleyi. Kdtm and to 21,2m 1 emnpdmon tov G.muellerae évavu wov E.huxleyi dnhdiver
xoxroMOu1 Tadvn 2, evdd ) emnpdmon tov G.aperta xou 1) peiwon tov E.huxleyi o Babn peyaritepa tav 30m
dnhaver xoxxohBux1] Cavn 3. Ta mpdto 21m Tov TUENVe. ATOTEAOUVTOL OTTG OTOWUOTO NAKING PLRQGTEQYS TV
50.000 etdiv, Ta evdrdpeco 9m and orpdpora nhxriog peyolitepns twv 50.000 etdv xow puxodtepns twv 120.000
£TAOV *O T TEAEVTOC. 6mM oS oTpwpaTo nhriag peyoriteong twv 120.000 etav.

Ta mpdta 22m tov muprjva 6 (LC 6) avuotouyotv oty xoxxohOwxrj Ldvn 1, Adyw g emxodtnong Tov
E.huxleyi. Zto faBitepa orpdpata 1 peydin agdovio tov G.muellerae 0pLoBeTel GAo TO RGTM HEQOGS TOV TV VAL
mbovag oty xoxxoBui Tavn 2. Ta tehevtaio 0,4m Spwg (Owg va avTLoToL 0TV 0TO RATWTEQO AACTNUA TG
noxuxoMBuniic Edvng 3, 6mov emiong xvpiogyo eidog xhweidag eivar G.muellerae. Avti 1) mBoavémTa EVIoYUETOL
%o and 1o YEYovos tng avEnong tg G.caribbeanica. Ta otpddpata v mpdtmv 21,4m tov muprive. €xouv nhxio
mxpdteen Twv 50.000 eTddv, Ta fabitepa 9,4m petaky 50.000 xow 120.000 etddv xow o tedevtaio 0,4m peyoliteon
tav 120.000 erav.

B. Awootpmpatoypagia (oy.3): O muerivag 1 (LC 1) eMjpnxe and 1o Béoero tuipa g ABvooirig
Meduddas. To peyaritepo Tprpa Tov mupnva cuviotatal ond dvo TouePditirég axolovBieg, Tov ™ Bdom Toug
aOTEAOTY AETTTORORKOL AUUOL RO TEQOG TO. TTAVK TTOROVOLALOVY €viovn xoxxopeTuxt] dtofdBuon. H axolovbia
oV POIOXETOL OTO ROTWTIEQO TUNPA TOV TwENva, ot PdBog and 14,7-23,2m, amotelel €va peyoarovefidit
(tovpPuLditng mov €xer mdyog peyaritego and 2m). To VTGAOWTO TUUA TOV TUENVA CUVIOTOTOL OTt6 AETTORORKOL
otpdpata BoUTTog Be EVOLLOTRWMOELS TEAXY LKWV aQYIAwY, Tomxd Thovolwy ot froyevn xeldign. Ou MBopdosig
TAEOVOLATOUV Paud Ko ELOUSPOLO XODUOLTOL.

O mvenvog 2 (LC 2) eMjpbnre amd 1o xevipurd tpipa thg Apvoowig Ieduddag. To avarego Tujpa Tov
amoteAeitar and dvo TovpPiditinég axolovbiés, mayovs 4,5-8m, T0 PEYAAITEQO TUHUA TWV OTOIWV ROAVTTETO
omd Tovpfudrtind wnhd. H wotditepn arxolovbio amotehei peyatovppudity, mov Poloretar oe Pdbog and 8,8-
15,9m. To zardrtego tuipe neguhapfdver Todhég eviiaotpwoels Tovpfdimntic dupov pe mapepforés amd
AemrdteQeg axolovdieg MGog-mhot. Ot mo ToAES axohovBies TOQOVOLALOUV ROXKOPETOIHES dlafobpioeLs.

O mvpnvag 4 (LC 4) eMjgpBnxze and 10 votio-xevipixd tuiua mg Apvoowns Iediddag. To dve twipa Tov
omoTeAE(TOL ®VEIWG antd €va. peydhov mdyovg tovpPditn, ot Bdbog omd 6,1-16,5m, pe koA ROURONETOLRY
TaEvopnon ad Aemtéroxxn dupo oe IAG.To xdtw tuijpo amoteleitan and apretd pétpa (wepinov 40m)
OUVEXWV EVOANOLYDV AETTGRORRMV TOVEROITIRWDY EVOLOOTOWOEWY.

O muprjvag 5 (LC 5) eMjgbnxe amd 1o vorodutind tuipa g APvoorrc ITediddogs. To avdtoto Tuipa Tov
KUQLOQYETTOL Ot TNV avdmTuEn evdg peyatovpfdit, oe Pdbog and 6,2-11,4m, mov apyilel pe €va otpwua
TOM) AETTORORKNG GUUOV %Ol TEOS TO. TAVW pETOTITTEL O LWdN Tnhé. To ®ordteQo Tprpa tov Tuenva
ovviotatow oté TOMATAES EVOLAOTOWOELS AETTORORAWY TOVEROLTRDV OTOWUATWY PE EAGXLOTO NULTEAOY LG
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Zyripa 3: A1BoorowuatoyQapixés x0Adves Twv vorfvav. Me diaxexouusvy yoouuj onusidverar To dve xai
#dT@ 0pLo TOV ueyarovefiditn. Znucidvovrar emions ra dgia Ing/2ng xar 2ng/3ng xoxxodiOuxijs Sovng
(Toalxart, 1997).

Figure 3: Lithostratigraphic columns of the Long Cores. The upper and lower boundaries of the megaturbidite
are depicted as dashed lines. The boundaries 1st/2nd and 2nd/3rd coccolithic zones are also indicated
(ToalxurCrj, 1997).

npineday Lx6¢ nniég

OTEMROTO.

O mvorjvag 6 (LC 6) eMjgpbnxre and to votoavoroud tujua s Apvoowxnic Iediddag xow amoteleiton amd
Mo OELRE TOVEROLTIRAV CTOWRATOY PaLdY £0G EAOPALOY XOWRATWY, KEOT £1G NECAIOV TdY0VS. ZTO pECAiO
Tuijpe Tov muenva, oe Pfdbog and 14,4-20,1m, epgpovieton vag peyarovePditns. Zto xaTdTeQo TUHE. TOU
TUENVO TUEEUPGAOVTOL CORETA AETTA NUTEAOYIRE. OTQAUOTOL.

5. LZYZHTHEIH-EYMIIEPAZIMATA

e Zt0 1Lnpatoyevég rdhvppa tov mubuéva g Aendvns twv Baleapidwv, ta lipata tov Avdtepou
Teragroyevoig avimpoowmeioviar ®veing and amoBéoels powv fagitroc.
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e AnG g amoBioelg avtég, Eexwoilel €va peydhng whipoxog TovpPudinxd eneloédio (0y.3). H pdon tou
peyoroveBuditn Poloxetar ot peyalitepo BAB0S 0TO avaTOMAAITEQO TR TG AErdvNS (OTovg TtuEnves 1 &
6), 6mov ouvvavtdtar og Badn 23,2m xon 20,1m (avriotowxa) and 6t oto ®eviurs (Tuprjveg 2 & 4), Grov
Boloxeron ota 15,9m xow 16,5m (avriotouya) xon oto dvtnd tuipo (uprjvag 5), émov Poloxeton o PdaBog
11,4m. To mdiyog Tov peyatovpPidit eivar peyaliteQo 0to PEEELO 1oL REVTOLXG TUMUO TG Aexdvng (Tup1iveg
1 & 2), 6nov wupaivetar oxd 8,6-7,1m, and Gt eivon oto véto (upiiveg 5 & 6), Gmov peudvetol ota 5,2-
5,7m, evdd T0 PEYLOTO TAYOG EUPOVITETOL OTO VOTIOXEVTOXG TUpRC (TVETivag 4), avepyduevo ota 10,4m.

e H tepdotia moodtnta vArov Tov peyatovpfiditn €xer petagepdel and Popetodutind, pEom Twv
vrofardooiwv xavuovg Tov ITepBwpiov Tov Podavoi 1/xaw tov “"Efpov (péow g Kohddag e Bakéviowa
O TOV QOEOLYYLHV TOV opddvupov putdiov), (Alonso & Maldonado, 1990, Alonso et al, 1991, Gensous et al,
1993, Hs6 et al, 1978, Maldonado et al, 1985, Monaco & Mear, 1981, Nelson & Maldonado, 1988, Stanley,
1977, Tesson et al, 1993).

o O x0pL0L TOEAYOVTES TOV TVEOGTHOOV TV EVAEEN TOV TOUERLOLTLXOU QEVIOTOG, TTQOS TO XOUNAGTEQX ONUElL:
™G AenAVNG, TOEMEL VOL Elva OL EVOTATRES TAAOVTAOELS TG 0TdBung Ts Bdhaooag (Rothwell et al, 1998).
Ou gvoromxég owtég petaforéc vmijoEav o #ipLog mapdyoviog eAEYXoU g nuatoyéveons oty Avtx
Agxdvn, omv televtaio yewhoyiry tepiodo, Moyw x€pogvomng peyding meptoxis e veahoronmidag xou
QUENUEVNG TaXUTNTOG ATOXGILONG, XOTA TLS OOTOPES HETAPOAES TS otdBung T Bdhacoog (Alonso et al,
1990, Alonso & Maldonado, 1990, Nelson & Maldonado, 1988, Torres et al, 1995). Avt6 o€ cvvdvaoud pe
OTQOUATOYQOPLXY] TOTOBETNON TG peYding tovePiditiriig axohovBiag mdvew and to 6o Ing/2ng
roxxroMBuiic Tdvng (0y.3), mov xeovird mepLopitel 1o ovuPdy o nhwmio puxedtepn Twv 50.000 eTdv and
orjueoa, minotov dMnradn e tedevtaiog xiprag petafolc e ordbung e Bdhaaoag, eviayiet Ty droyr
HoG.

e O apBudg axorovBidv otpmpdtav pe doun tovePfdrtxii uerdveton amd to fépera (muprjves 1 & 2) mpog ta
voto (muptives 4, 5 & 6) xaBug % and to dutind (wuerives 2 & 5) mpog ta avatohxd (muprjves 1, 4 & 6)
Tujpato g Aexdvng. T'evixd 1 eloodog g porig TovePditindy QEVRATWY Elvor CUYVOTEQRT %L EVIOVGTEQN
ot onpeia g Aexdvng (m.x. wuprveg 1 & 2) mov yertveldtovy pe to foeelodutird nrelpwmnd. neplddpLo.
a7 to. omoia xon Teoodoteiton M AErdvN.

e H tayimra Wnpoaroyéveong xard ta tedevtaio 50.000 €t eivar peyahiteen oto BEQELO KO REVIQIXG TUOL
™G Aexdvng, pe Tpég @53,8cm/Ky o 54,6cm/Ky aviiotouyo xat pewdveton fabpaic mpog 1o voto tuijua,
émov mapovodter Tues 42,4-42,8cm/Ky. ‘Ocov agopd de to voto tuijpa mg Aexdvng (6mov €xoune xou
oxnuatopovs nhriag peyaritepns twv 120.000 etwv xow propovpe vo vmoloyioovpe taxvTnTo
WEnuaroyéveong yia o ddompa axdé 50.000-120.000 € mowv o orjpepa), N ToxVINTO WNROTOYEVEONS
®atd to. tehevtaia 50.000 £t elvow onpovards peyolitepn amd v aviiotouyn toxvTnra tnuatoyéveong
2rotd to dudotnua ozt 50.000-120.000 €t wowv and ovjuepa, 0To omoio xvpaiveton ord @9,8-13,4cm/Ky.

EYXAPIZTIEZ: H epyaoia avnj mpaypoaroronjdnxe ota mhaiowe tov mpoypdpuporos s Evpmmainrg
"Evoong MAST 11 PALAEOFLUX.
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MEAETH MIKPOAOMEON API'TAIKQN IZHMATQN:
E®APMOT'H *E MAPI'AIKA IZHMATA THE B. IEAOIIONNHZOY"
T.A. XPIZTOAOYAOIIOYAOY', II. TEQAH - KATATA', I'.X. KOYKHE', N. KONTOIIOYAOX'

ZYNOWH

Zv epyaoio aun avaAUeETOL O TEOTOS CUOTHUOTIXYG LEAETNS TV [XQODOWXMV YUQUXTNOLOTIXMDY 0LOYIAL-
xOV IEnudtov, pe PAon to omoio Wtoel vo eounvevbel 0 puotrdg ot unxavirds yopoxtioog Tovs. H pehém
TOV XOQOXTNOLOTLRAMV QUTOV YIVETOL XUOIWG e TN XOYON NAeXTEOVIXOU wrpooroniov capwoews (SEM) xou
TOMDTLROU UHQOOROTHOV OF OUVIVAOUO pe peBSd0US 0QUATOMOYIXYS CVAAIONGS TOY CUOTUTHGY TV IENUATWV
RO UE TEYVIRES TEOTOLOQLOUOU SLOPGOMY (PUOLRMV-PNYAVIXDY YAQOXTHOWY TOVS. ME TV EQaORoYI} TnS TEO-
Tewvopevng peBodolroylog oe delypata poQycorndy Wnudrtov arnd ™ B. [Mehondvvnoo, tpoadiogiotray ot &-
ENg TimoL uxeodopav: o)ouvOETnt-oreAETINY, UXTOU THITOV, AOQOUEQMS dLEOTAQUEVN e XOUNAS Babud meo-
COVATOMOPOU, B)ouvOeTirt], TUITOV OUUTNENG, UETOIWG SLEOTOEUEVN KE UETOLO BABUG TEOTAVOTOMOUOU, ) ®QU-
OTOAMAUI-OUYROAANPUEVY, AETTOREQWG 1 UETOLWS OLEOTOQUEVN UE XoUNAS BaBUS TEOCOVATOMGROU.

This paper deals with the systematic study of the microstructural characteristics of clay sediments. These
characteristics which are closely connected to the physical and mechanical character of the sediments, are con-
cerned with: a)the structural constituents, b)the microporosity and c)the structural bonds of the sediments.
For the determination of the structural characteristics of clay sediments the Scanning Electron Microscope
(SEM) and the Optical Microscope are widely used with a supplementary mineralogical analysis of sediment
components and the determination of several physical and mechanical characteristics. The observations under
the microscope must be focused on the distribution of mineralogical facies and micropores, on the size and
shape of clay (micro-)aggregates, as well as on the kind of authigenic facies (e.g. micrite, sparry calcite) which
play the role of cementing material.

The proposed methodology was applied to the study of the microstructures of marly sediments from North-
ern Peloponnese and the following types of microstructures were determined: a)matrix-skeletal, mixed type,
coarse dispersed of low orientation, b)matrix, coagulative, medium dispersed of medium orientation and
c)crystallized-cementated, fine or medium dispersed of low orientation.

AEZEIZ KAETAIA: Mupodowyj, Tomwor puxpodopav, Apythxd (Wijpotae, Magyaixd Wipota, Aoprd ovotatxd,

Muxpomopmdes, Aoproi deopol, Hhextpovins mxoordmo capaoews, B.ITehomévvnoog.

KEY WORDS: Microstructure, Types of Microstructure, Clay sediments, Marly sediments, Structural constitu-
ents, Microporosity, Structural bonds, SEM , Northern Peloponnese.

1. EIZAT'QI'H

H wrpodopn amotehel €vav amd ToUg TOOTAQYIHOUS YEVETIXOUS YEMAOYLROUGS TG YOVIES OV EMNEEGLOUV
TO PUOLKG ®oL uNyavixd xapoxtjoa uog anofeons. H pelétn g pnpodowrig xabiotatal wiaitepa xonowun
Ol POVOV RUTA. TNV TETEOYQAPLRY CvAAvom TV IENRATOY 0AAG ®OL YLt TV EQUNVEID TOL TEOTOV TTOQANGQPM-
01iG TOUG #ATW At GO%NON TAONG. ZTNV £QYOOL0 QUTI] TTEOTEIVETAL UIOL CLOTNHATLRY LEAETN TG PEOdOWS TwV
AQYMROV INUdT!Y, pe oxond va amote éoet pia peBodohoyio TaQaTHENONS TWV YUEARTNOLOTLRAY He Pdom Ta
omolo. urtoEoUv va extun B0ty oL uNXaviopol Taaudpe®ONS TV INUATWY 08 UHQOOKOTLXY RAIUOXAL.

H avdhlvon mg wxgodowic tmv iInudtmv pe mv €vvola Tov 6eov «microstructure» meQUAOUPAVEL TOV
2000QLOUGS TWV (OOAKTNOLOTIXWY TOVG OTT0 TTETEOYQUPLXT] koL TEXVIKOYEWAOYLRY dtoym (Holtz & Kovacs, 1981),
oe avtifeon pe Tov 6po «microfabric» wov avapépetal pdvo ota meTEoyPaprd xapaxrmoetouxd (Collins &
McGown, 1974). Zwnv mpdt TEQIMTWON TEQLYOAPETAL 1] YEWUETOLXY TOTOOETNON TV dopnddv oToLxeiwv oTo
XWEO, CLUTEQLACUPaVOUEVOY TOU PeYEBOVG TOVUS %ot TV OUVANEWY TTOV WITOQEL VL ETEVEQYOUV UETUEY TOUG
(etdog deopov), xabog exiong xaw N xoravowi Tov Topwdovg (Baynes & Dearman, 1978¢ Osipov,1978,1990¢

* THE STUDY OF THE MICROSTRUCTURES OF CLAY SEDIMENTS: A CASE STUDY OF MARLY SEDIMENTS FROM N.
PELOPONNESE.
1. Twipa Fewhoyiag, Mavemonjpo Matpdy, 265 00 Pio, IMdtoa
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Sokolov, 1990). Ztn devteEn TEQIMTWON TEQLYQAPETAL HOVOV 1) YEWUETOWXT TOTtoB€TOM, TO Péyeog Twv doput-
ROV OTOLYEIWY %o N xatovopi Tov mopddovg (Gillott, 1969¢ Mitchell, 1976€ Tovey, 1971¢ Sokolov & O’Brien,
1990). H texvinn} TG ToooTxtg ovaAuoNG autdy Tmv xoeoxtototxdv diveton and tovg Sergeyev et al. (1985).

Ta xooxmELoTRd TOV TEQLYRApOUV T pxgodour avagépovial: 1) oto ovotatind Tov amoQTitovv To
OYMUOTIONS %o ®UEIWG 0To €i806 , péyeBog xaw oyripe autv (LOQPOUETOIRG XOQOXTNOLOTIXA) %ot 0T0 Badud
TQOCAVATOMOWOU TOUG TTov ®BoEITeL TV avicotgomia, A, Tov VMKOU (YEWUETOWA XoQaxrTNOLOTRE), 2) OTO
UXQOTOQWOES KO CUYREXQLUEVQ 0TO PEYEDOG , OXNMUA KO OTNV RATOVOUT] TV TEOWV (LOQPOUETOLRA XOQOKTY)-
pLomxd) %o 3) 01o £id0g Twv deopdv peTakv TV doprdy ovotaTinay (evepysiand yooxtolotxd). To péye-
00¢ TV doKRDY CLOTOTIRMY KoL TV IXEOTOEMV X000QICEL TN draomopd, D, g dowrig (Sokolov, 1990).

H pehétn tov mo mave KoQoxTNOLOTIRWY IE T XOY0N NAEXTEOVIXOU mrgooxromiov oapwotng (SEM), mo-
ATLROU IKHQOCKOTIOV Ko PeBGdMV 0pURTOAOYYS avaAvong Twv ovoTaTrdY TV Wtnpdtwv émwg XRD, DTA,
TG oe delypata pogycordv itnudtwy g B. TIehomovviigov dideTan wg mopdderyua Epoouoyns g TEOTELVS-
uevngs peBodohoyiog.

2. AOMIKA ZYITATIKA

Zav dopnd ovorannd Twv agyhxrdy itnudtmy Bempovval Ta aytMxd Tepayidia, To CUCoWPATHUAT, OL
UGUROL, TO purQoaToMOmpaTo ko o avbryeveis pdoews (Huppert, 1988).

Ta ogyhnd tepoyidio (*Aaotnis TEOEAEVONG) TOAM OLAVLY OTTAVTOTUY OOV PEPOVOREVQ dOPLK OTOLYE .
AnpLoveyotv HxQoCVooMUATORAT, Tov ovviBug eivor Timov FF (face to face). Ta ovoowpotdporo, yevi-
%4, TUEOVOLATOUV por peYdaAn mouhice 0oV aoEd oto oYU ®ot 0to péyefog. Zuvijdmg €xouvy wa avouyt)
gowteQw SLevBETOoN Smmov T aPyMRA pxpoocvooopotopata feioxovral ®ping o emagr Timov EF (edge
to face).

O xSxuxor pey€Bovug thvog naw dppov eivan xhaotxrig tpoéhevaong (ouviiBwg xohaliog, AoToLoL, poQuaQuyi-
oG %.0..) ®ow ovyvd teuBdAhovrar omd po AemTr otpwon agyihov.

Ta pxpoaroMBdpata eivar ouviidmg aoPeoTiTivig OUOTAONGS XKoL OTtG HETOPOQX, EVH ATTOVTMOVTOL YEVIRA
pe ™ uooey Bpavoudrwy.

Ou cwBryeveig PAoeLs, TOu €X0VV ®VEIWS CUYROAMNTILG YapaxTia, eival oUVHBWG oL XNUKES HoTaxENUVi-
OELS TOU avBoortxoU aoBEOTiOU HE TN POQPT] IKOLTAV (RO OavidTEQ OmoQITXoy aofeotitn) aofeotit 1
aopeonnndv ovyroljoewv, peprd oEeidia, ®abag xon avbiyeveils prporpiotariol yoratio, odnoomvitm,
yAowroviTn ®ow oQyovixy VAN,

Katd m pirgooxomny} mopotionon pe 1o SEM, o pxp€g peyebivoeis progoty va moatnenBoty yevird
XOQAXTNOLOTLRA OTwG: TUmOG uxeodopric (BAEmE TOQARATM), HHQOOOUVEYELES, IRQOTTOMON X.0L., EVW) OF PE-
yaheg peyeBivoeLs ToQaTNEOUVTAL OL JUKQOSOUIKES AETTTOUEQELES EVILOPEQOVTOS, BTMS : TO £(00S KaiL TO OYUC
(OVIOOUETOWS, LOORETOIXG) TV TUOOMUATOUATLY, TO PEYEBOg vow 1 doprj Tovg, To eidog, To péyeBog o oL
ouvaBEOLOELS TV CEYLMXMY IXQOCVOCWUATOUGTOV (av dnh. TeQuBdMlovy ue To6mo ouveyy 1 acuvexy GAha
dound ororyeia, oy dMuioveyoty Aemtotc 1 mayeic ouvdEouovs petakl Twv k6xxmyv, ay amotehovy Bepelddn
pdta), n péon axtivo (uéyeBog) xat TO OXNUA TOV RGARWV, O TEOCAVATOMOUGS TV SOPUKRGDV TUOTATIAWDY HOL
€vag aptBpuds ooV PeTaED auTdV.

O\ mapduetpot purgodopr|c 6rmg 1 duaomopd, D xaw 1 avicotgortio, A, Hroovv va VItOAOYLOTOUY amtd gd-
opato avohboewv Fourier euxdvav SEM (Sergeyev et al., 1985). Eniong n Staomod, D, exupdrton ané 1o Adyo
£v6g 0pBUoT mépwy non Tepaydiny mov To péyeBog Toug fval tdvm amd 10 pm mEog Tov aELBS TV TEEWY Ko
TEPO(LOTWV UIRQGTEQWY TV 5 pm, OE Lot CUYREXQLUEVT emmupdveLa. TTowomxd, o fabuds mtpooavatoMopnoy umoel
VO, OQOKTNQUOTEL OaV «UYNAGS, UETOLOG, XOUNAGS», KO 1] SLOTTORd OV «adQOUEQNS, UETOLO, AETTOUEQNC».

e aQyMxd Wijpota, 6Twg oL «pdQYEs», 6rtov emxEaToUV oL avbiyeveis aoPeottirol xgiotailol, Wiaite-
on meoooyy mEEmeL va divetaw, emiong, oty mEQLyea@r avtdv. O urprunds aofeotitng (micrite) amotehel
BepeMaddN pdta xow 0To PREOOKRGTLO, O XEVOTAAOL TOU paivovtal oYedOV toopeyEBELs row avdpala oTEoYYv-
Aepgvor (Welton, 1984). O onapiunds aofeotitng (sparry calcite) eivar adgorpuotalhxdg pe rohd oxnpoTt-
Ouéva 6pLa KORKRWYV Ko (xvn oxlopoy (Adams et al., 1984).

3. MIKPOIIOPQAEXL

To wreomoe@des amagtileror and wéQovs mov oxnpatiovral ReTaEl TV RORROV 1] XKQUOTAAL®OV
(intergranular-interparticle, intercrystal), oto ecwteQL®S TV ®GX®V (intragranular-intraparticle), 1 eyxdoowa
oto. 6pLo TV ®Gxxwv (transgranular) (Baynes & Dearman, 1978). Anogtiletan eniong omd puxomspovs mov
oxnuotiCovror peTa&l 1j/xor 0T0 E0OTEQIXG oUVABEOICEWY 0EYIMARMY TEROYLOLOY 1) CVOCWUATOPATWY
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(«interdomain», «intradomain», «interaggregate», «intraaggregate» (Collins & McGown, 1974)). Muxoopwy-
UES ROL URQOTYLOUES WTOQEL ETIONG VO CUPUETEXOVY OTO UHQOTOQMIES.

To 1000016 TOV TOEWAOUG, 1] EMLPAVELX KAl 1] TEQIUETOOS TV TOQWV EIVOL TOQAUETQOL TTOV WITOQOVV VO
exTun 00UV 1 vo umoroytototv and emdoves SEM. And Tig dUo Teheutaies TaQopeéToous, eivat Suvatoy va Teoo-
dropLotel To oyrjua Twv mopav (Sergeyev et al., 1985).

Idwaitepn onuaoio yLoe TNV EXTINON TOV EVEQYELOXMV XUQURTHOLOTIXRWY TOU TXNUATIOUOU EXEL 1| ROTUVOUN
TOV TOEWV RETAEY TV dounmv cvotatwav ot dow. H UtapEn cuoompatopdtov oviCOUETOIROU OXHUATOS
UE PROG TS TAENS Tov 1 pm %o tdyog ™S TdENS Twv 0,3 pm, Tov aroTeLOVVTOL Itd VITOULLOOOROTILAG CVOOM-
LOTOUOTO — WUXQOCVCOMUOTOROTA ETIONS AVICOUETOWOU oyrjlatos non ne emapéc FF, €xel oav anotéheopa 1o
OYNUATIOUG TTEVTE RATNYOQLMV IMXQOTOQMY: VIOURQOOHOTULXOL TOPOL UETAED TWV 0QYIMRMY TEUAYIOIWY (Lo0-
duvoung drapéroov d » 0,06 pm), Aemtol xal WrEOL TGEOL UETAED TV VITOWLQOTAROTUAMDV CUCCOHUATOUATWY —
puxpocvocwpatopdtov (d » 0,2 - 0,4 pm zow d » 2,5 pm), wrEol xot peydhor TGOt PETAES TMV CUOCMUATOUA-
toov (d » 3,9 pm »ow d » 10 — 30 pm).

H petdpoon and ) Aemtopepnic Steomauévy) wxodoprj oty adQouemg dLeamaQUEVY, VTOdELRVIEL tpe-
vOg pev v avEnon mg néong tooduvaung SLUUETEOU TmV TEEMV PETAED TOV VITOURQOCHOTIRWDY OUCOMUATO-
RETWV %Ol CLCCWUATOUATOV, APETEQOV € TN dtafecLUGTNTA OE TTGEOVE HETAEY TV RORRWV RO LETAEY RORRWV
RO CVOCOUOTOUATOV. TO pHeEYaAiTEQO TOCOOTE TOU CUVOAXOU TOPMOOUS OTLS AOQOUEQEDTEQN DLUOTUQUEVES
rQOdOUES, roTahapPdvouy ot Téeot peTaEl Twv cuvoswpatoudtwy (Sokolov, 1990).

4. EIAOX AEEMQN

Ta dowxd otouelon cuvd€ovrar petal Toug pe duvdapers drapopeTirig guong mov oplloviat oay dopuxol
deopot (structural bonds) (Osipov, 1990).

Ou dopwot deouol avarTioooviar Povo ota onueic exagic Tmv doumav cvototirdy. O emopes elval
aobevels Coveg dud uéoov Tv omoloy Aapfdver xmEo 1 TEQOUGQQMOOTN %KoL 1] QOTOXI0 TOV OYNUATLOROU, YU
QUTG 1) TEEUTHOENON TOV E(00VE %Al TOU CELOUOT TOVUS OTO WXQOOXGIO Elval HEICOVOS ONUACTOGS OTT0 TEYVIXY
drroym.

Ot doprol deopol oynuatiCovrat amd dudmoes YEWAOYIXES dLEQYQOiES (OTEQEOTOMOM, YHOUVOT, CUVAlQE-
o1, CUYROAANON) %O AVOEEQOVTOL OTO EVEQYELURA XAQUUTNOWOTIHG TG mrpodouris. Ot TimoL TV doprwy
deopmv, avaloya Ue TOV TEOTO OYNUATIONOU, T @UoN TV duvauewy oAANAemidQaOoNg ®at TNV EVEQYELD TOV
RATEYOVV, UTOQOVY v opadomomBovy ovpgpwva pe tov Osipov (1988), wg axoroibuwg (Zyfiua 1) : (a) dsouot
aAinroeumhong (interlocking), b) deopol «ovpmmang» pe paxrew (b)) zaw xovuvi (b,) amdotaom petags twv
tepayiov (distant coagulation, close coagulation), ¢) petafatirol deopot onpelaxoy tinov (transition — point
contact), d,) zpvotariuxol deopoi (crystallization), d,) ovyrornmxol deopoi (cementation).

To peohoyind TEATUTTA Y10l LOEATE, «EdGEN» e AVOTNOC RABOQLOUEVO TUTO dourMY deoUMV, ®aBwg row ot
OVT{OTOLYES ROUTUAES TAONS — TTOQAUGQPMONG, PaivOvVTOL 0TO OxHpa 1. Xt @ion, «eddgn» pe €va pévo Timo
emapaV elva o) omdvia. Zuvilwg eivol «uxtol THmou», dNhadi] «eddgn» 1e GAOVS TOVS TUTTOVS TmV dOpLRMV
deopdV.

T Ty TOooTIHY] EXTIUNOY THG EVEQYELOXNG ETEQOYEVELOS TWV doprdy deOPWY PTOQEL Vo xonouporowm el
M XOUTOAN TAONS — TOQAUCOPMONS TOV TEORVITTEL OTTO DORLUES AVIOYNS OF CUNITIED.

ARG ™V ®apwiAn vt PIroQouv VoL TQoodLoQLaTOVY T0a0TIRol Og®TES, OL 0moioL, oVppmva pe Tov Sokolov
(1990), vrodexviovy TV EMXOATNON EVOS CUYREXOIUEVOV TUITOV EVEQYELARMY EMOPMDY UETAED TV dopxmdv
orovyeiwv. Teroto deinteg elivar: a) o Adyog Mg OxeTng EAAOTIRIG THQOUGQPWONG €, TTEOG TNV OMXY TOQOL-
uéppwon £, B) 0 AGyog g HEYLOTNG SLATUNTINIS AVTOXNS T * TOOS TV TOQAUEVOLOO. dtarTumtixt) avtoxq T, -
(to oUppolo - onuaiver pépTIon xdabeTa 0T OTEMON) %a ¥) N avToX 0t aveumodiom Ohiym, R -, wov hapfdve-
Tou #atd Sievfuvon ndBem ot otpdon. I agythnd (Ginorta pe dopég Timov ovpmmEng o Adyog € /e, dev
vrepPaiver my wpn 0,15 xow o héyog T/t v Ty 1,70. Kabig o agifpdg tov petofatizdy xo nouotohit-
rV — ovyrolMnTrayv deopudv avEdvetat (rtol TUov, QUOTAAMMUES — CUYROAMMNUEVES rEodONES), 0 AGYOg
€ /e, @Baver mv T 1,00 naw 0 Adyog T /x v T 65,0 (Sokolov, 1990).

H mototxn extiunon Tmv eVEQYELARMV XOQUXTNOLOTIXWY YIVETOL UE TNV ToQaTioNon ewmdvav SEM. A-
outeltor Spmg vor mponynoel 1 ToooTLRY] 0QURTOLOYLKTY] AVAAVON TV QQYIAMRMOV 0QUXTOY, TS AOPECTITIRG
OUYROMNTRNI S TANG %ot TV ARV cUBLYEVAY pAoEmV, RaB0S ROl TV RAUOTIREY RORROV X OAACI0L, HOQUOQU-
yia, aotiov ®.o. Ty avayvaeLon g HOE@ig ®aL TS YUONS TOU XTIOU TV JOULRMV OECUMY OTLS ELXOVES
SEM, oL TootnooeLg TETEL VO E0TLALOVTOL 0TV RATAVOUT] TV LAPOQMY OQUATOAOYLRMY PACEWY KO TMV
UWXQOTGQWYV, OTOV TEOTO EUPAVIONG TOV ovBoantxoU aofeotiov (JrEITES, OTUQQITES, AOPECTITINES OUYROAAY-
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Zxtiua 1. Tvmor douixasv deoudv, avrioroLya 0e0loyixd TQOTVIA KoL XOUTTUAES TAONS — TAQAUCQPOONS.

Zvuporiouoi : T - Tdom, T* - doLo diageoris Twv deoudv, T* -0gio dLaggorfs «omaouEvns» dourfs, T, Teduxrf

avroxr g dourjs, y — magaudepwon, G — ugrgo dudTunons, n — 156G, u — ovvredeorijs Toupris, 1 : reuayioia, 2
: QoTgoPNUEVO VEQD, 3 : xarvoUpyLa qdon (cement) (Osipov, 1990)
Figure 1. Type of structural bonds, corresponding rheologic models and deformation curves.

Symbols : T - stress, T* - yield limit of contacts, r*p-yield limit of broken structure, T~ ultimate strength of

structure, y — deformation, G — shear modulus of elasticity, n — viscosity, u - friction coefficient, 1 : particles, 2 :
adsorbed water, 3 : new phase (cement) (Osipov, 1990)

0€1g) 1 MA@V CLYROAMNTXMDY VAGY %O OTY) GUOCWUGETOON 1] SL0OTOEA TV ARYIMKDY OQUATHV.

Ewdxdtepa, eqv ta agytxd pxpoovooopatdpato poioxovior oe agbovio xow mepuBdAovy pe toémo
GUVEXN GAOVG TOUS ROXKOVG 0T dopr] TOTE avomTiooeTon Evo OUVeEYES dinTvo aoBevdvy dopunradv deoudv Timov
«OUUTNENG», UE TOAY TTEQLOQLOUEVT TNV avdmTuEY GAAov THov douroy deopoy. Sty TeQimTwon avny, To pi-
%EOTOQWMIES AVOTTUCOETOL KUQIWG UETAEY TV QQYIMKRGDV [UKQOCUTOWUATOPUATWV-CUoompaTOpdtwy. Edv 6-
HWG O aQyLMxd ogurtd oxnuatiCouy xuping woueyEdn cvoowpatduata pe ovvdeon EF xow Mydtego vmopt-
%pooxromxd ovoowpatdpate FF, téte ou xéxxol dev mepidihovrar o€ Gha tar onpeio. omd aQyLMxd oQurtd pue
amoTéAeopa TV avamTuEn deopdv «alnlogpmhoxrric» 1j GAov timov (petafatirol, cuyxolnTiroi) dtav me-
QLEYOVTOL QUOLYEVEIS PAOELS. ZTNV TEQLTTMWOT IOV ToeatnEEeiton agpbovia. uxrortrng aofeontiris ving, n do-
Wi xoeaxtnEileTor amd £va. SiTVo LOXVEWY KQUOTOAMKMY — CUYXOMNTIRGY SeOpdV pe LOGTEOTY avATTUEY,
eva M duvardTnra RoTAVAA®mONG oUYXOAMTIXTIG TANG Yo T SNPLOVQYie CVOCOUATWUATMV ELVOL TEQLOQLOUEVN.
Ta aQYtM%E PXQOCUOCHUOTHOUATE OTTAVTHVTOL AETTOPEQWS dLeomappéva xon TeQUBdAlovy, ouviiBws pe Teo-
7o aovveyy, 1o vtéhowta. dopxd otovyeia. "Etol oe pepirés B€oeig pmoel vo oxnuatiCovrar onpetaxoi deopol
petafatinol Timov (mxEos aBudg deopdv ob€vous ot Lovn emagrg (Osipov, 1990)). Otav, eEdiov, 1
aofeotivnt UAN epgoviCeton pe T pop@ aofeotiundv ouynolioemv 1j pe ™ poeet omapitxoy aopeotit,
oVaTTTIOoOVTOL ETIONG LOYUEOL ®EVoTtahMxoi — ouyxorntxol deopol, 1| xow PETOfaTiROl, HE AVOROLGHOQpN
Opwg raTavou.

5. TAEINOMHZXEIZ MIKPOAOMON
5.1 IETPOI'PA®IKH TAZINOMHZH

[Tévte paowxol Tomol pirpodourg (microfabric) €xovv avayvmlotel ota ayhrd tiuora xow amodidovron
pe tovg 6povg: rupehddng (honeycomb), oxehetntj (skeletal), cuvdetiny) (matrix), TvpPwdng (turbulent v
turbostratic) xow uAA®ING (laminar) (Sergeyev et al., 1980) (yia g oxemnég ewvdves Bréne Gillott, 1987).

H xvypehddng pxgodopr xapaxtneiteton amd pepovwpevVous kOrrovg LAMIOg 1 CUTOMPUAT®REVNS apyilou
dievBeTnuévoug oe toEoedri oxripato pe amotéleopo ™ dnuoveyia evég oxneheTov mov meQLAANPAVEL PEYAAQ
%evd.

H oxeletxn 1 xoxunddng urpodopr xaportmiletar amé acuveyr ovvdetny pdto 6mov 1 deylhog Proel
VoL E(VOL 0QYOVOUEVY O OUCOWUTHOROTO Ko OUVOETIKES ouvaBpoioels ouvdEovtag domnd ototyeia peyEBoug
thbog. Ta xevd oe pua tétola dopr| ooTELOUY 0ROVGVIOTOUS TTOROVS HETAED TV ®OxxwV (intergranular poros-
ity).

H ouvdetnrj urpodopn yapaxtoileton amd ovveyrj apyihxy Bepehaddn pdlo péoo omy omoia eivon «fubi-
opévar peyalitepa doprd otoryeio. O ymvies wov oxnuoriCovron ong emapés EF tav agytMxdy urpocvosmpo-
TOUGTWY OT0 CUCCOUATOROTA, EVOL LEYAAES, EVE TO XEVE. AVTUTROCMITEVOVTOL OIS LOOHEYEDELS PUKQOTOQOUS.
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H tppaddng wxpodowsj yapoxtnoitetar emions amé ouvexy apythntj Oepehddn pdta n omolo eyrheiet
dMha douxd otouyeia, ahhd ot yovieg mov oynuatiCoviar ong ena@és EF tmv muxpoovoonpotopdtov néoo,
ot Bepehddn pdto eivor pxEEs. e meQLoYES GOV CUUTTAYELS ®OR®OL TANOLALOVY 7o ®ovTd petagy Tovg
(ASyw oupmirvwong), to. cuoompotdpato ™ Oepeddous pdlog avarricoovv opuytés emapés Timov FF o
«yriCovraw» yipw amd Tovg kor%ovs. Ta ®eVA aVTLITQOOMTEVOVTOL OO ETULELS PLLQOTTOQOVG.

H @uAh@ddNg prpodopn xoaxmiCeTol omd ToV TQOCUVOTOMOUS TWV AOYMAOV (XQOOVCTOMUATOUATMY
TGN TEOG TIC peyorUTeQES EDES TOUG, e amOTEAETHO VO epgpoviCovrol otn BepeMaddn ndo pe ™ poo-
@i ehaopdrov. O uxomdot, eEdAOY, EX0VV ETPNKES O

5.2 TEXNIKOTEQAOI'TKH TAZINOMHZH

O Sokolov (1990) mpdtelve pa TEXVIXOYEMAOYLRY TOEVOUNOT TWV WXQOdOUMY apyhrdy WCnudtwy ®on
avayvoELOE oTa WiHoTa Tov PEAETNOE TRELS ROTNYOQIES Purpodonwy : Aemtoues dieorapuévn (finedispersed),
pérpro dreomoppévn (medium dispersed) xow adpopepids dieomappévn (coarsedispersed), Toeils vwoxatyoQi-
€G: PE YOUNAG, néoo xar VYMAS Babud teooavatoMopol Twv dounav oTotyelmy yuot *A0e puia amd Tig o Tavm
AOTNYOQIES HOUL TOELS OUAOES e PAOY EVEQYELOXA XOQOURTNOLOTIRG: «OUUINENG» (coagulative), «puxtol Timou»
(mixed) o «xQuoTtaAxy — cuyxkolMnuévn» (crystallized - cementated). Ou etnéveg SEM autdv tmv THmwy Tov
pxodopdv divovran and tov Sokolov (1990). Kdbe timog yopaxtnoiletol amnd Vo OUYHERQUUEVO TARETO HOQ-
POUETOLRMV, YEWUETOLRWDV KO EVEQYELAXRMDV DEWTMDV OV diver T duvatdrnra TEOPAEYNS TG AVTOXNS KO TOU
TOGITOV TAQOUGQPMOTG TWV AQYLMHAV ENudTwy.

6. IAPAAEITMATA MIKPOAOMOQN MAPTAIKQN IZHMATQN THE B. IEAOIIONNHEOY

Me Bdon v motewvdpevy pebodoroyia, divovion otov mivaxa 3 mapadelypota uelémg g pngodopric
TEGOGQMV SELYUATOV OV EMPONOOV QUT6 TEAVT] AETTOUEQWV HOQYiRWV Wnudtwy, Neoyevotg — IThelotoxat-
virric nhxiog, mg B. Iehomovviioov (Xptotodovromovlov, 2000).

Ta. x0eorTNELOTLXA TG WREOOWNS (LOQPOUETOLRA, YEMUETOLRA, EVEQYELONG) EXTLUONROAY TOLOTLXG KoL
€V LEQEL TOCOTLXA A6 TS EROVES TWV IMKQOOROTWY, Aaufdvoviag emiong VTGP To PUOLKA XOLOAKTQLOTIHG,
O TNV 0QURTOAOYLRY] avdivon Tav derypdrav (ITiv. 1 xou Iiv. 2, avtiotoyya (Xewotodovromotiiov, 2000)). Ta
EVEQYELOMA XOQAXTNOLOTIHG. TWV dELYpdTwv amtd Tig teQLoyEg Popoavés, Movii Ay. Nuroddov, Erabofouvve exti-
piOnxav o CUVOVOGUS PE TO CUVOMXAG YXOQOXTHQO-TNG ROUTUANG TAONS—TOQANGQPWONS, TTOU TQOEXVYPE AT
00TtEdyyLoteg ToLaEovinés donpés péptiong (Xowotodovhomoviov, 2000).

Hivaxag 1. Pvowxd yagaxtyoiotixd xar Aiboloyuerf rakviunon tov deyudrov
(*) : Torwvouo
(**):Bdfos amo tnv xoQuei Tov TPavoUs
Hivaxas 2.ITogooriaies avaloyies Tov agyLAixdv 0QuxTav 1o oAixd deiyua, onws mpoadiogiotnxav ue XRD,
DTA, TG. Zvvodixd mooooro yalaia, aoreinv xar paguaguyia aro deiyua
Table 2.Clay mineral percentages in the total sample, determined by XRD, DTA, TG. Total percentage of quartz,
feldspars and mica in the sample

No- Aegiypa KoxxopetpLxfj ovotaon | Aeixtng | Adyog [EuvoAixd Enpd %

née nAaot xS xevév,|Mopddeg, | paivépevg L00divapo ALBoAoy LKf
Appocg | IAUG | Apytdog|tntag PI e n (%) B&pog | CaCO;0t0| Taf Lvépnon
(%) (%) (%) (%) vd (gwled) oAxé
Seiypa
OEPIANO (*), 22un(**) 1 58 41 17 0,508 33,7 1,77 27 ApYLALKA
2 népya
§ PQMANOE €62, 4.8 m 1 61 38 16 0,383 2747 1,93 8 Mapya iK1
apyLAog
i MONH AT'. NIKOAAOY, 0 68 32 11 0,431 30,1 1,86 77 AcBeotb-
(] 2.8 m Hopyo
=
55 INAGOBOYNI, 45 m 1 57 42 14 0,309 23,6 2,07 40 M&py o
M

Enebnyrjoeis:Kaol=Kaolwvitnys (meoodiogiouévos and TG), ILL=I1)Aitng, Ch=XAwgitns, Sm=Zuexritng,
(14c-14s) =XAwoitng-Zuexritns (uixty @don),(14c-14v) =XAwgirns-Beguirovditng (uixtij gdorn).
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Hivaxag 3. Ilagadeiypara pixgodoudv pagyairav iinudrov s B. Ilelomovvijoov.
Table 3. Microstructures of marly sediments from N. Peloponnese.

EUVOALKO XoAaliag +

Kaol ILL Ch Sm (l4clds) | (l4c-14w) nogooto dotpiot +

Aeiypa (%) (%) (%) (%) (%) (%) apy LA LROV Bappapuy.
opurT@v (%) (%)
@EPIANO, 22 m 3 18 5 == 10 == 33 40
PQMANOZ €2, 4.8 m 6 1.7 6 - 8 e 37 55
MONH AT .NIKOAAQY,2.8 m 3 6 B+ig 14 B+icg =t 23 0
LMAGOBOYNI, 45 m 8 14 g & et ] 7 36 24

7. EZYMIIEPAZMATA

H perém tov uxgodoudv aoythixdv itnudrov faociomxe og pua pebodoroyio mov wepihaupdver: o) v
TTOLOTLXY] RO NYUUTOCOTLXY) OQUXTOAOYLXY] AVAAVON TV CUOTATIRMY TOV IKnudtmy, f) ToV 1eoodloptopns puotwdy
YOQOXTNOLOTLRMY TTOV OYETICOVTON 1e Tor punodoprd yopaxrmoeronxd (6mmg m.y. Ened pawvopevo faoog, mo-
QWOES, KORAOPETOLRY OVOTAON %K.0.), Y) TNV EEETOON TV IENUATOV OTO NAEXTOOVIXG IUHQOORATLO CUQMOEWG
(SEM) %ot 0T0 TOAWTIRG [UXQOORATLO, &) TOV TQOOILOQLONS TNG RAUUTUANG TAONS-TAQUUOQPOONG TOV VARGV
e ovvOrireg ToLaEOVIXRI|G oupTTiEON G, 1) OTTOoiat dlvEL TANQOPOEIES YITL TOV ETUKQATOUVTC TUTTO doproy dECHOU.
A6 T OUVOELOAGYNON TWV ATOTEAEOUATOY TQORUTTOUY TC LOQPOUETOLXA, YEMUETOLRA KOl EVEQYELOXA OO0

Agiypa Muxgogutoygapies X“Q“““]Q“’ﬂmi mxgodoprig
- Tvmog pxgodourig

l']okumuo wrpooxdmo (+ Nicels):
Zuvdenuni| — onehennr} ratd Béoerg doprj. I'o-
vidderg xoxxor yoratio péoa o agyrhopagya-
ix1] Oepelddn pata.
Zvyrohnuan aoPeotin] UAN pue puxrormns poo-
@1 noun pe poePY aoPecTITRGY CUYROAMOEWY.
Opuiopata amohbopdtmv (papdoeldn tepd-

xLa).

H}»ErﬂTQO\‘tKO JAHQOOHOTILO OOQWOEMS:
Avouyri dopni pe oxennd peydho mopwdes.
Murpoovooopoatedpate ®ueiwg AT %o
yhwoim-opextim pe otvvdeon FF, avioopetowmd,
oymuaticowv peyahitepa ovocwpardpare EF,
emiong avioopeTownd, T omoia dnpioveyotv
Aemtovc ouvvdEopovg UETAED TV XRORAWV.
[Enuewdveran 6m To delypa autd €detEe younho
pétpo ehaonxdmrag oe doxyni povoagoviuig
OUUTEEEONS, AOYM TNG YOI Y0NS RATAQQEVONS TWV
aytxdv ovvdéopmv (Xororodovromoviou,
2000)].
ZympatiCovtar  pxgomdpor  petafl  Twv
ouoowparmpdrToy (interaggregate micropores, mg
tdEng twv 5-10 pm), petakl tov roxxwmv
(intergranular, g tdEng twv 15-30 um) xou
MYOTEQO PETOAEY TV WXQOCVOOMUOTWUGTIY.
Aomxol deopol Ghov tov Timmv (ExTig

®EPIANO, 22 M

HQUOTOAMKAV).
3 Muwgodopj «uxtot timov» adgopegds dieomagpév,
X 500 pe xapnio pabpd mposavarolopov.
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Hivaxag 3. (Zvvéyeia)
Table 3. (Continued)

Asiypa Muxgogutoyougpie Xagoxtnewonxd puxgodopric
- Témog pxgodoptis

l'lo)wmxo wrpoondmo (- Nicols):
Zuvdetinn] doprj. Aemtd yohafiaxnd vird pe
VRoYOVIHdES €05 VIOOTEOYYUAEREVO TP
#OXROV, RUOBG %L PAQUAQVYLAXG VARG pe
emipnxres oyfpe xoxrev, «poditera» péoa oe
pa agyhxt] — agythopagyaixy Oepeliddn
paga.

ermgovmo ULHQOOROTIO COQWOEMG :
ITuxvi dop pe pétola Ty Toewdovg
M®QOOVOOWUATOUATO — OCVOCWUATOUATO
thhitn, yhwpltn xaw yhwoitn — ouexrtitn, pe
ouvdeon FF xau EF, avioopetournd xou ur,
ROTAVEPOVTOUL TTURVE YW omtd To VITGAOLTOL
ovoTtaTnd pPe TEOTO TUVEX.
TymuotiCovear wromopoL ®¥uplwg PeTaEy Tmv
WXQOGVOOWRATWRATWV — GVCOWRATWUATWY
704 PETAEU TV #OxXRWV. Ot UrEOTGEOL autol
elvar peyébovg g tdEng tov 5-15
pm(intermicroaggregate-interaggregate
micropores) naL 0,5-2 pwm
(interultramicroaggregate micropores).
Aoprol deopol THmov «oUPINENG» Pe ROvVTLvY
améotaon petaEl Twv tepaydiov
Mixgodoprj témov «olipnanEng», perpiog
dreomagpévny, pne pérgorLo pabpo
TQOTUVATOAMO IOV,

PQMANOZX 02, 4.8 m

TTohomxd wrpoordémo (¢ Nicols):
«Bohddng» doprj. [Tov yogaxtnoiops avté
xenowomoinoay o1 Terzaghi & Peck (1969) yia
™ doprj TeV pogyev].
To xrortrd aofeottind VARG ®vpLopyel o
dopn xauw oynuatiCer «fdrovg» omd toopeyEderg
avORaAa OTEOYYVAEREVOVS QOBEOTLTLZOVS
rpvotdrhovg. Mali pe 1o aQythiné vhurd,
amotehel Oepeluddn pala.

Opotspopen dowi. Eviote mapatnpovvrar,
rhoaotxol xéxxor yohalio.

MONH AT'IOY NIKOAAOY, 2.8 m
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Hivaxag 3. (Zvvéyeia)
Table 3. (Continued)

Agilypa Muuxgogpotoygapies

MONH AI'TOY NIKOAAOY, 2.8 m

EZITA®OBOYNI, 45 m

Xagaxtnoiotind puxgodopuric
- Tomog pxgodopiig

ermgovmo MAQOOKRGTILO (Iugo)oem;
Aop,n 1e WOAY mpnko TOO0O0TO avbuyevolg
cpao‘q; (CaCO,) n omoie: cwavTaTon OE IKELTIRY
popen (Loousyseug avipaha oTROYYUAEREVOL
pupoxpvotaliol aofeotity), pe opoLdpoeen
ROTOVOU].
Ta reuaxib\a TOVY AQYIMAEOY 0QURTHV, TOU ElvaL
#0p(g 0 OpERTING %ot SEVTEQEVGVTXG 0 MG,
ATAVTOVIOL 1 u@oxmbmusva (EF) al\a oe
diaomopd 1  OF  UTORLXQOOAOTXA
(avicopetpind) ovoowpatdpara (FF) 1 oe
oopeyén  pnpoovoompardpara (EF).
IepiBdrlhovv woopnepdds, ardd pe tedmo
aovveyyj, Ghha 60umd OVOTOTUHA.
O prpomépon eivar ;wguug peyé€Boug < l()um
%o oxnuantovml word mheroymeio petakl tov
pxouwv aopeotim (intercrystal) xaw AyStego
HETOED TV IAQOCTVOOWUATOUGTOV,
Yneprepotv oL #QUOTaAMKROL — OUYROAMNTIROL
deopol.
Kovotahhixy — ovyroAAnpuévy pixgodopsi,
AemTopepug deomagpévi), pe yapunio Pabpo
NQOCUVATOMOROY.

TMohwtrd rngooxdmo (+ Nicols):
Zuvdenni| dopaj.
Avaxpivoviar xoxxor yahalia, xabobg xau
aofeotinnés ovyrohhjoels pey€Bovg thvog,
péoa o€ ua apythopapyaixy Bepeiddn pata.
IMopoamEotvTal emioNg IxQOEMYUES pe 0Ee(dLa
01O E0MTEQLRG TOVG.

H)\Emguvlf.() WHRQOOROTO OOQHOEMG *
TTurvy dowr, WrEG TOEWOES.
Ta agythnd 0QURTE OYNUATICOUY AVIGOPETOWXA,
ovooopardpate (EF, FF-ulAimg, raolvitg)
aAMG %OL VITOPLHQOOROTINE CUOCMUATHOUATOL
(FF-opextimg). Ze apxetd onpeia dnuovpyoiv
ouvvexeis apyihnotg ovvOEopovg Hetal Twv
GAA®Y SOPRMY CLOTATIRMDV.
O aofeotimg amavedan Pe oLt popgn om
Bepeddn pdlo.
Ou pgomdol eivar xvpimg g TdEng tov
5-8 pm, xow oynuariCovrar t6oo petatl tov
MARQOOVOOMUATOUETWV GO0 %ot PETUED TwV
prouTdv aopeotimg 1j Aoy xéxnwv.
Moparmeotvral 6hot oL TimoL TwV deoudy,
VREQTEQOVY Opwg ot xEvotahlxol -
ouyxolnuxoi deopof.
Kovotalhinij-ovyxolAnpuévy  pixgodoprj,
petgiog dieomappévy pe yapnié Pabpd
MEOCAVATOMOPROV
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ATNELOTXA TG IuxQodoWg ue BAom ta ool avaryvwitetar o THmog TS,

Me Bdon mv motewvouevn peBodoroyio danpiBnray Tels TimoL pnpodouwyv oe pogyaind (Wijpoata g
B. ITehomovvijoou: 1) Mixpodopég tomou «oiumnEne»: Emurpatoiv aobeveic dopnoi deopot petati agyhndv
WXQOOVOCMUATMUATOV TOV OL LOLGTNTES TOUS EAEYYOVTOL ATt TN HEUPEAVY TOV TEOOEOPNUEVOY VEQOD (TTha-
ouxtj Bpavon vhxov). Ta agythrd opurtd Boioxovior xatd xavovo, oe agBovia. 2) Mirgodopés «urtot To-
ov»: Amavtdvron didgpogot TimoL dopundv deopdv ko ®uEimg petafatirol onpelaxroy yapoxtoa (Hetaota-
Beig deopor). Ou WdmTeS EAEyYOVTOL %Ol QTS TS ETTOPES HETAEY TV Tepaydinv (agyhrig, aofeotitinig,
xohatiomng, ®.a. ovotaong), ahhd zow omd 10 TEOoEOPNREVO VEES (Pabupr] Boaion vixrov). Aoués vymAdte-
NG AVTOYNS aTtd TNV TEONYOUREVN TEQITTWON. 3) «Kouotahnés-ouyroMnuéves» wrpodopés: Xapaxmoeito-
viow amd ™mv agBovia aoBeotitivol vAoU (uxpites) oty Bepelddn pdlo row TNV EMAQATNON LOYVQWY OV-
YROMNTROV-RQUOTAAMXADY deopudv (Pabuen Boavon vhkov). Ta aQyihxd ogurtd oynuatiCovy ratd ravévo
UTTOPRQOOROTIXA GUOCMUOTOUAT TTOU KATAVEOVIOL QOVVEXNDS OTN dopr.
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DEPOSITIONAL ENVIRONMENTS OF TERTIARY TURBIDITIC
SEDIMENTS IN METSOVO BASIN, NW GREECE
G. ANANIADIS' & A. ZELILIDIS'

ABSTRACT

Tertiary sediments in Metsovo area consist of submarine fan turbidite deposits accumulated in the proximal
part of the basin and represent mostly inner fan. The most proximal part of the inner fan could be related to a
shelf environment. Palaeocurrent data indicate mainly two directions. The main direction is SW and results
mainly from groove marks. The second direction represents an WNW trend which results mainly from flute
marks. The Metsovo area seems to have multiple feeders from North and East. The total thickness of the turbiditic
deposits in Metsovo area is approximately 6800 m due to tectonic stacking and folding.

KEY WORDS: Metsovo basin; submarine fan; turbidites; sole marks.

1LINTRODUCTION AND GEOLOGICAL SETTING

Submarine fans are constructional features on the see floor that develop seaward of a major sediment point
source (Stow et al. 1996). According to Ricci Lucchi (1975) the development of a submarine fan is characterized
by four major elements:(a)inner fan, (b) middle fan, (c)outer fan and (d)basin plain. The inner fan represents
the proximal part of the submarine fan and consists of channel-fill, interchannel, levee and mouth bar deposits.
The middle fan is characterized by both inner and outer fan features. The outer fan consists of lobes and lobe-
fridge deposits. The basin plain represents the most distal parts of the fan and consists of mudstone and siltstone
sediments. The transport of the sediment is made by turbidity currents. The sediment is sustained by fluid
turbulence and deposited when velocity and gradient are reduced.

The sequence of sedimentary structure in turbidity beds are known as the Bouma sequence (Bouma, 1962). The ideal
deposits of a turbidity current contains the complete (T, ) Bouma sequence which it consists from base to top of massive
sand (T ), laminated sand (T,), rippled or convoluted sand (T ), laminated silt-sand (T,) and laminated mud (T ).

The hydraulic conditions during the development of the turbidity currents are estimated from the grain size,
structures and direction of flow. The palacocurrent direction in a ancient submarine fan can be derived from
erosional structures such as sole marks, ripple lamination and channels.

The Metsovo area is located in Northwestern Greece and belongs to the Pindos zone (Fig. 1). The area
aligns parallel to the external Hellenides, that consist, from east to west, of the Pindos, Gavrovo, Ionian and the
Pre-Apulian geotectonic zones (Aubouin, 1965). The external Hellinides represent parts of the Apulian plate
which were separated from the Pelagonian microplate by the Pindos ocean (Robertson et al. 1991; Jones et al.,
1992). The Pindos zone corresponds to the western marginal domain of the Pindos ocean. The terminal flysch
deposition commenced in the Palacocene and lasted until Oligocene times (Koch and Nicolaus, 1969; Fleury,
1980; Richter, 1993; Richter et al., 1993).

The Metsovo area is bounded from the Pindos Thust to the west and from the Pindos ophiolite to the east
(Fig. 1). The Pindos flysch in Metsovo area according to Aubouin (1959, 1964) was deposited between
Maestrichtian — Priabonian time. Lorsong (1977) referred to the area as Politses formation dividing the Pindos
flysch (Metsovo area in this work) into members, based on outcrops in different places and not in detailed
mapping. The four members from base to top are: the Chrisovitsa Member (red shales and limestones), the Ilias
Member (turbidite conglomerates and sandstones), the Karakoli Member (thin bedded turbidites) and the
Keramari Member (thick bedded turbidites).The succesion of sediments exist in at least 18 tectonic units bounded
by high-angle thrust surfaces (Lorsong, 1977). Moreover Lorsong (1977), believes that the stratified part of the
Pindos flysch in Metsovo is approximately 530 m, although Aubouin (1959) suggested thickness between 1000 m
and 2000 m or more. According to Katsiavrias (1983), the base of the formation is not the red shales of Chrisovitsa
Member but gray bluish massive non-bedded marls.

1. Department of Geology, University of Patras, 26500 Patras
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Fig.1 Geological map of the study area. Includes roses, palaeoflow trends and columns for each cross-section.

The aim of this paper is to study the sedimentary successions of the Tertiary turbiditic deposits in the Metsovo
basin in order to understand and recognize the depositional conditions and depositional environments that
formed in the Metsovo basin which is part of the Pindos zone. Moreover, palacocurrent analysis will give infor-
mations about the feeding sources of the sediments.

2. DEPOSITIONAL ENVIRONMENTS

In order to better understand the depositional setting and stratigraphic architecture, the sediments in Metsovo
area have been studied in three main cross-sections (fig.1). The first cross-section (A-A") is situated in the
central part of the area along the main road Votonosi-Metsovo (Fig. 2). The second cross- section (B-B") is
situated in the western part of the area (Fig. 3) and the third cross-section (C-C’) in the eastern part of the area

(Fig.4).
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1490 m

Unit
(H)

Unit
(D)

Unit
©)

500m

Unit
(B)

Unit
A)

Cross-section A-A’(Votonosi-Metsovo)

H) Coarse brown sandstones with total thickness of 520 m
and maximum bed thickness 5 m. The sandstones are
characterized mostly by T, intervals. A sub-unit of cy-
clic alternations up to 2 m thick consists of medium
brown sandstone and greyish mudstone with s:m ratio
1:1 (H1).

G) Cyclic alternations with total thickness up to 20 m of
brown greenish sandstones and grayish mudstones with
s:m ratio 1:1. The maximum thickness of the sandstone
bed is 20 cm. The sandstone is characterized mostly by
Tc Bouma ripple lamination.

F) Medium brown sandstones with total thickness of 25 m
and maximum bed thickness 2,5 m. Bouma interval Ta is
mostly present. A sub-unit of cyclic alternations up to 5
m thick consist of medium brown sandstones and grey-
ish mudstone with s:m ratio 2:1 (F1).

E) Cyclic alternations up to 150 m, of medium to fine brown
greenish sandstones and grayish mudstones with s:m ra-
tio 1:1. The maximum thickness of the sandstone bed is
20 cm. The sandstone is characterized mostly by T,
Bouma interval which represent ripple lamination.

D) Coarse to medium grey sandstone with total thickness
of 390 m and maximum bed thickness 1 m. Little black
rounded clasts exist in the lower part of the sandstone
beds. Bouma interval T is present. A sub-unit of cyclic
alternations up to 10 m thick consists of medium to fine
brown sandstones and mudstones with s:m ratio 1:1 (D1).

C) Cyclic alternations with total thickness up to 245 m of
fine brown greenish sandstones and grayish mudstones
with s:m ratio 1:1 . The maximum thickness of the sand-
stone bed is 60 cm. The sandstone is characterized by
T,. Bouma intervals. Tc represents ripple lamination.
Two sub-units consist of coarse gray sandstones with
maximum bed thickness 3 m and total thickness 20 m
(C1) and 35 m each. They are characterized mostly by
T, Bouma interval.

B) Coarse to medium brown sandstones with total thick-
ness 100 m and maximum bed thickness up to Sm. T,
Bouma interval is present.

A) Cyclic alternations, of thin-bedded fine gray sandstones
and greyish mudstones with s:m ratio 1:1. Total thick-
ness up to 40 m. The sandstones are characterized by
T,. Bouma intervals. Tc represents ripple lamination.

Continue..
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O) Medium gray sandstones with thickness of 20 m and
maximum bed thickness 1,5 m. They are characterized
mostly T, by Bouma intervals, groove casts and rills.
The Tc Bouma interval represents ripple and convo-
lute lamination.

N) Cyclic alternations with total thickness up to 210 m of
medium greenish gray sandstones and grayish mudstones
with s:m ratio 1:1. The sandstones are characterized by
T,. Bouma intervals. Tc Bouma interval is represented
by ripple and convolute lamination.

M) Coarse gray mica sandstone beds with total thickness of
1085 m and maximum bed thickness 2,5 m. The
sandstones are characterized by normal grading and
mostly T, Bouma interval. Small reddish rounded clasts
are present in the lower part of the sandstone beds. In
the upper part a sub-unit is intercalated up to 10 m thick,
consisting of alternated medium gray sandstones and
grayish mudstones with s:m ratio 1:1 with thickness of
10 m (M1). Bouma intervals T, are present. Ripple and
convolute lamination represent the T Bouma interval.
In the middle part a sub-unit is formed of cyclic alter-
nated medium gray sandstones and grayish mudstones
with s:m ratio 2:1 (M2) and thickness up to 10 m . The
sandstones are characterized by T, Bouma intervals with
Tc to represent ripple and convolute lamination. Car-
bonate clasts within the laminated sandstone beds are
present. In the lower part a sub-unit of cyclic alterna-
tions up to 2,5 m consists of medium gray sandstones
and grayish mudstones with s:m ratio 1:1 and maximum
bed thickness 5 cm (M3) are.

L) Grayish mudstone with total thickness of 10 m.

K) Medium gray sandstones, with total thickness of 10 m,
are characterized by T, Bouma intervals. T corresponds
to ripple lamination.

J) Cyclic alternations up to 65 m of medium to fine brown
sandstones and grayish mudstones with s:m ratio 1:1.
The maximum thickness of the sandstone bed is 40 cm.
The sandstone is characterized by T, Bouma intervals.
Carbonate clasts are aligned to the lamination. The Tc

interval is represented by ripple lamination. A sub-unit
. consists of coarse grey sandstones with total thickness

5 of 20 m (J1) and maximum bed thickness of 2,5 m.
s ég I) Coarse gray sandstones with total thickness of 150 m and
53 maximum bed thickness 2,5 m. Bouma intervals T, are
present.Tc refered to ripple and convolute lamination.
A sub-unit of cyclic alternations up to 20 m which con-
=a sists of thin-bedded fine to medium gray sandstones and

s

grayish mudstone with s:m ratio 1:1 (I1) is also present.

N

Figure 2. Geological cross-section A-A’, with a total stratigraphic thickness up to 3040 m, exposed in the central
part of the area. This section could be divided in 15 units. For location and explanation of symbols see figure 1.
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Cross-section B-B '

I) Medium gray sandstone with maximum bed thickness 40
cm and total thickness 65 m. The sandstone is highly de-
formed and characterized by T, Bouma interval.

H) Medium to fine brown grayish sandstones with total thick-
ness of 370 m and maximum bed thickness of 75 cm. The
sandstone is characterized by T, Bouma intervals, wa-
ter-escape structures and groove marks. T, Bouma inter-
val represents ripple and convolute lamination. Coal ho-
rizons are abundant. Several sub-units of total thickness
up to 150 m consist of cyclic alternations of fine brown
grayish sandstones and mudstones with s:m ratio 1:1 (H1).
The maximum thickness of the sandstone bed is 10 cm.
The sandstone is characterized by TM Bouma intervals,
slump horizons and groove marks. T, Bouma interval rep-
resent ripple lamination.

G) Red and green mudstone with thickness of 60 m. In places
a sub-unit with thin-bedded fine brown sandstones is
present.

F) Coarse gray sandstones with total thickness up to 620 m
and maximum bed thickness of 2 m. Bouma intervals T _
. are present. T represents ripple lamination. In some
places the sandstone is deformed. In the upper part a sub-
unit of red and green mudstone with thickness of 190 m
(F1) is present. In the lower part another sub-unit of highly
tectonized bluish gray mudstone with thickness of approxi-
mately 80 m (F2) is present.

E) Cyclic alternations with total thickness 50m of highly de-
formed medium brown sandstones and brown mudstones
with s:m ratio 1:1. The maximum thickness of the sand-
stone bed is 30 cm. The sandstone is characterized by T,
Bouma intervals. T_represents convolute lamination.

D) Cyclic alternations up to 60 m of medium to fine brown
sandstones and greyish mudstones with s:m ratio 1:9. The
sandstone bed maximum thickness is up to 90 cm. Bouma
intervals T__and flute casts are present in the sandstone
beds. T, Bouma interval represent ripple lamination. In
the upper part a sub-unit which consists of gray mudstone
with thickness of 5 m (D1) is present.

C) Brown greenish mudstone with thickness of approximately
20 m.

g
3

Unit
(U]

Unit
(H)

Unit
©)

Unit
(F)

Sub-unit
(F2)

500m

=2 o
s5¢ B) Cyclic alternations up to 70 m of medium brown
£5 sandstones and grayish mudstones with s:m ratio 9:1. The
,::’A“ maximum thickness of the sandstone bed is 1 m. The sand-
50— stone is characterized by T, Bouma intervals. Ripple and
§ & convolute lamination characterize T
ol A) Cyclic alternations with total thickness up to 30 m of me-
v 05"5'5‘, dium brown sandstones and brown mudstones with s:m

ratio 1:1. The maximum thickness of the sandstone bed is
30 cm. The sandstone is characterized by T, Bouma in-
tervals. T represents convolute lamination.

Figure 3. Geological cross-section B-B’, with a total stratigraphic thickness up to 1345 m thick, exposed in the western
part of the area. This section could be divided in 9 units. For location and explanation of symbols see figure 1.
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SUnit

(A)

85m

b= - -

. Sub-unit
Sub-unit (D2)
(DY)

(81)

(B2)

Sub-unit  Sub-unit

Cross-section C-C

D) Alternated up to 600 m thick fine gray sandstones and
bluish mudstones with s:m ratio between 1:9 and 1:1.
The sandstone is characterized by many coal clasts. In
the upper part of the unit a sub-unit up to 155 m thick
with alternated coarse brown sandstones and mudstones
with s:m ratio 2:1 (D1) was formed. The maximum thick-
ness of the sandstone bed is 40 cm. The sandstone is
deformed and characterized by T, Bouma interval and
abundant coal clasts. Small rounded clasts appear in the
lower part of the sandstone bed. In the middle part of
the unit a sub-unit consisting of alternated fine gray
sandstones and grayish mudstones with s:m ratio 1:1
(D2) up to 20 m thick is present. The maximum thick-
ness of the sandstone bed is 20 cm. The sandstone beds
are characterized by many coal clasts, sole marks and
Tbc Bouma intervals. The T, Bouma interval is repre-
sented by ripple lamination.

C) Bluish mudstone with thickness of 260 m. In the upper
and lower part of the unit intercalates a sub-unit which
consists of conglomerate (B1) with total thickness of 100
m.

B) Greenish brown mudstone with total thickness of about
420 m. In some places a sub-unit consisting of thin-bed-
ded brown sandstone with maximum bed thickness 4 cm
was formed. The sandstone is characterized by T, Bouma
interval and coal clasts. In the top of this unit a sub-unit
which consists of conglomerate with thickness of about
50 m (B1) is present. The conglomerate is coarse-
grained, poorly sorted, clast-supported gravel lacking
internal organization with sand matrix. Clasts are sand-
stone and limestone with Lmax 30 cm. In some places
the conglomerate alternates with coarse to medium
brown sandstones and brown mudstones with s:m ratio
between 9:1 and 2:1 with total thickness up to 10 m (B2).
The maximum thickness of the sandstone bed is 80 cm.
In the bottom of the unit intercalates a sub-unit which
consists of bluish pebbly mudstone with thickness of
about 10 m (B3), is poorly sorted with no internal or-
ganization. The pebbles are sandstone with Lmax 20 cm.

A) Alternated thin-bedded fine reddish to brown sandstones
and reddish mudstones with s:m ratio between 1:1 and
1:9 and total thickness up to approximately 15 m. The
sandstone beds are characterized by T, Bouma inter-
vals. T_represents ripple lamination.

Continue..

- 760 -



Unit
(H)

Unit
(G)

Unit
(F)

Unit
(E)

\

Figure 4. Geological cross-section C-
C, with total stratigraphic thickness
up to 2420 m thick, exposed in the
Northwest part of the area. This
section could be divided in 8 units.ll
For location and explanation of
symbols see figure 1.

H) Grayish mudstone with thickness of 310 m. In some places a sub-unit
which consists of thin-bedded sandstones is present.

G) Cyclic alternations up to 175 m of thin-bedded coarse brown sandstones
and grayish mudstones with s:m ratio between 2:1 and 1:1. The sand-
stone is characterized by T Bouma intervals and groove marks. Coal
horizons are abundant, aligned to the lamination of the sandstone beds.

F) Bluish mudstone, 260 m thick.

E) Cyclic alternations up to 380 m which consist of medium brown reddish
sandstones and brown mudstones with s:m ratio between 1:6 and 1:9.
The sandstones are characterized by T, Bouma intervals and sole marks.
The T, Bouma interval is represented by ripple lamination.

3. INTERPRETATION

Bouma sequence presence, within the studied sedimentary successions,
indicates that submarine fans filled up the basin. The channelized geom-
etry of the sandstones, the presence of conglomerates and slump horizons
indicate that the whole studied deposits accumulated in the proximal part
and mostly represent the inner fan sub-environment. The units of alter-
nated thin bedded sandstones and mudstones with s:m ratio 1:1 (Figure 2,
units: A, C, E, G, J, N, sub-units: D1, H1, I1, M1, M3 ; Figure 3, units: A, E,
sub-units H1; Figure 4, unit: G, sub-unit: D2) are interpreted as levees and
interchannel deposits. The units of mudstones (Figure 2, unit: L; Figure 3,
units: C, G, sub-units: D1, F1, F2; Figure 4, unit: H), and alternated cylces
with sandstones and mudstones and s:m ratio 1:9 (Figure 3, unit: D; Figure
4, unit: E) are interpreted as levee mudstones. The thick mudstone units
(Figure 4, units: B, C, F) may represent shelf deposits. Medium, coarse
sandstone (Figure 2, units: B, D, F, H, I, K, M, O, sub-units: C1, J1; Figure
3, units: B, F, H, I; Figure 4, sub-units: B2) and conglomerate units (Figure
4, unit C, sub-unit: B1) are interpreted as channel deposits. The pebbly
mudstone horizon (figure 4, sub-unit: B3) represents sediments that de-
posited in the slope area and formed due to slump and slide.4.

4. PALAEOCURRENT ANALYSIS

The palaeoflow trends have been estimated from the sole marks at the
base of the sandstone beds. For sole marks which are hosted in beds with
gradient greater than 25° the rose diagrams have been rotated. The projec-
tion of the mean palaeocurrent directions in the rose diagrams show two
palaeoflow directions for cross- section A-A” (NE-SW and NW) and three
direction for cross-sections B-B" (SWS, WNW-ESE and WSW-ENE) and
C-C’ (WNW, SW and E-W) (Fig. 1).

5. DISCUSSION AND CONCLUSIONS

The Metsovo area according to the interpretation of the three studied
cross-sections indicates the proximal part of the submarine fan and repre-
sents the inner fan. The central and western parts of the Metsovo area
represent the inner fan. The eastern part of the area represents the most
proximal part of the inner fan and maybe a part of a shelf. The results from
the palaeocurrent data indicate mainly two directions. The main direction
is SW and the minor is WNW. The Metsovo basin seems to have multiple
feeders from North and East, maybe the basement of Pindos. This hypoth-
esis agrees in general with the palaeocurrent directions proposed by Rich-
ter (1993) and Bonorino (1996).

The total thickness of the flysch deposits in Metsovo area is approxi-
mately 6805 m. This thickness represents the total exposed thickness which
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includes possible increasement of the thickness due to tectonic stacking and folding of the submarine fan depos-
its. Although there are not many sedimentary horizons for correlation either in the same section or between
adjacent sections researchers proposed different thickness of the flysch deposits in this area. Lorsong (1977)
suggest 530 m, while Aubouin (1959) and Richter et al. (1993) proposed thickness of 1000 m to 2000 m or more.
In order to estimate the exact stratigraphic thickness more detailed work is needed, dating and describing the
exposed sediments. Our estimation is that the real thickness is more than 1000m but less than 6805m.
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DISTRIBUTED MODELLING OF SOIL EROSION AND SEDIMENT TRANSPORT
V. HRISSANTHOU' AND A. PSILOVIKOS”

ABSTRACT

A mathematical model is used for the estimation of the annual sediment yield resulting from rainfall and
runoff at the outlet of Nestos River basin (Toxotes, Thrace, Greece), where the ecologically interesting Nestos
delta exists. The model is applied to that part of Nestos River basin (838 km?) which lies downstream of three
dams. Two dams (Thissavros and Platanovryssi) have been already constructed, while the third one (Temenos)
is under construction. The model consists of three sub-models: a rainfall-runoff sub-model, a surface erosion
sub-model and a sediment transport sub-model for streams. This model is also capable of computing the annual
erosion amount and sediment yield in the individual sub-basins.

KEY WORDS: River basin, soil erosion, sediment transport, mathematical model.

1. INTRODUCTION

Nestos River flows through two European countries, Bulgaria and Greece, and discharges its water into
Aegean Sea. In the Greek part of Nestos River, two dams (Thissavros and Platanovryssi) have been already
constructed while a third dam (Temenos) is under construction. The construction of the dams and, therefore,
the creation of the corresponding reservoirs implies the decrease of sediment yield at the basin outlet, in rela-
tion to the time before the construction of the dams, because of the reservoir sedimentation. It is worth of
mention that an ecologically interesting delta at the basin outlet exists. Consequently, the sediment deposition
regime of the delta is quantitavely influenced by the reservoir sedimentation.

This paper aims at the estimation of the annual sediment yield, due to rainfall and runoff, at the outlet of
Nestos River basin. The main physical processes quantified in the present study are: runoff resulting from rain-
fall, soil surface erosion due to rainfall and runoff, inflow of soil erosion products into streams and sediment
transport in streams. The quantification of the above chain of physical processes leads to the computation of
sediment yield at the basin outlet. The sub-models which enable the quantification of the above mentioned
physical processes are: a rainfall-runoff sub-model, a soil surface erosion sub-model and a sediment transport
sub-model for streams. The individual sub-models are described in the following sections.

2. RAINFALL-RUNOFF SUB-MODEL

A simplified water balance model is used for the computation of the runoff A,[mm] in a sub-basin
(Giakoumakis and Tsakiris, 1992). As is well known, a part of the rainfall water can be stored in the root zone of

the soil. If S, [mm] is the maximum available soil moisture and S, [mm] the available soil moisture for the
time increment n, the difference S,,,; — S, represents the soil moisture deficit for the time increment consid-
ered. It is obvious that the available soil moisture S, [mm] increases through the rainfall N, [mm] and de-

creases through the potential evapotranspiration E pn [mm], the deep percolation IN,[mm] and the runoff

h

,n [mm], where the index n designates the time increment. The balancing equation is written below:

F 4

Sy =Sn—l+Nn_Epn 1)

The runoff 4,, [mm] and the deep percolation IN, [mm] for the time step n can be evaluated as follows:

1. Democritus University of Thrace, Department of Civil Engineering, 67100 Xanthi, Greece.
2. University of Thessaloniki, Department of Geology, 54006 Thessaloniki, Greece.
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If 5, <Othen S, =0, h,, =0and IN, =0
If0<S, <Smax then S, =S, . hy, =0and IN, =0
IS, > S then S, = Smax» fon =K(S, —Smax)and

an =k'(Sn _Smax), where k"= -k,
k and k’ are proportionality coefficients.

The maximum available soil moisture S,,, [mm] is estimated by the following relationship of Soil Con-
servation Service (SCS, 1972):

S max = 25.4{(1000/CN)-10] (2)

where CN is the curve number depending on the soil cover, the hydrologic soil group and the antecedent soil
moisture conditions (0 < CN < 100).

The potential evapotranspiration E pn [mm] is estimated by the radiation method improved by Doorenbos

and Pruitt (1977). For this purpose, the following meteorological data are required: mean daily temperature,
sunlight hours per day, mean daily relative humidity and mean daily wind velocity.

3. SOIL EROSION SUB-MODEL

The following relationships of Poesen (1985) are used for estimating soil surface erosion:

4y = C(KE)r, " cosa 3)
4y = q,5[0301sina +0.019Dsy 022 (1 — ¢ 7242514 y) )
where

q,: mass of detached particles per unit area [kg/m’]

q,: downslope splash transport per unit width [kg/m]
C: soil cover factor
KE : rainfall kinetic energy [J/m?]

1, : soil resistance to drop detachment [J/kg]
a : slope gradient [°]

Ds(y: median particle diameter [m]

The variables rg,aand C are the “passive” factors of the detachment process because they refer to the soil

surface, while KE is the “active” factor because it refers to the rainfall which induces detachment. At this point,
it must be noted that the original relationship of Poesen for splash detachment is valid for bare soils. Therefore,
an additional factor is necessary to express the decrease of splash detachment because of the vegetation. It is
believed that the dimensionless vegetation factor of the Universal Soil Loss Equation (USLE; Wischmeier and
Smith, 1978) is appropriate to express the vegetation influence.

The rainfall kinetic energy KE [J/m?] is given by the equation (Poesen, 1985):

KE = BN =)
where

N : rainfall amount [mm]

: factor proportional to the square of the mean fall velocity of thec raindrops [J/(m* mm
prop q ty P

The resistance of the soil material r [J/kg] can be given as a function of the median particle diameter Dg(
[m] by the equation (Poesen, 1985):
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re =1836.5+175.7In Dy, for 0.0001m < D5 < 0.0007m 6)
The sediment transport by runoff ¢ ¢ [m*(s m)] is expressed as follows (Nielsen et al., 1986):

qf =14, (7
where
g;: sediment transport capacity by overland flow [m?/(s m)]

r: entrainment ratio; it equals 1 for noncohesive soils, while for
cohesive soils it is less than 1.

The well known formula of Engelund and Hansen (1967) for sediment transport capacity by streamflow was
modified especially for overland flow:

g =004— 81D 513503 ®
(ps/p—1)"g " "Dsy

where

q : runoff rate [m*/(s m)]

i : energy slope

g : gravity acceleration [m/s?]

f : friction factor

P sediment density [kg/m’]

P : water density [kg/m’]

Dsp:[m] g : [m%(s m)]

The friction factor f is given by the equation (Engelund and Hansen, 1967):

f=2gh,ilu* 9)

where

h,,: flow depth [m]

u : mean flow velocity [m/s]

4. SEDIMENT INFLOW INTO STREAMS

The available sediment on the soil surface equals the sum “downslope splash transport + sediment transport
by runoff”. The sediment quantity reaching a stream from the respective basin area results by means of the
following controls: If the available sediment in the stream basin exceeds overland flow sediment transport ca-
pacity, deposition occurs on the basin soil, and the sediment transported to the stream equals sediment trans-
port capacity. If the available sediment in the basin is less than overland flow sediment transport capacity and if
the flow’s erosive forces exceed the resistance of the soil to detachment by flow, detachment occurs; in this case,
sediment transported to the stream equals the available sediment.

5. SEDIMENT TRANSPORT SUB-MODEL FOR STREAMS

The sediment yield at the outlet of the stream considered is computed by the concept of sediment transport

capacity by streamflow. The following relationships are used to compute sediment transport capacity by streamflow
(Yang and Stall, 1976):

loge, =5.435-0.286log '”350 ~0457log"" +

_ WDSO L Usx ui _ u(:ri
+(1.799-0.40910g ™" ® —03141og ") log(* - “er") (10)
Mer _ 25 +066
w  logusDsg /v)—0.06 T 00, if 1.2<uxDso /v <70 (11)
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“or 205, it “P0 >70 12)
w v

where

c¢;: total sediment concentration by weight [ppm]

u : mean flow velocity [m/s]

U, : critical mean flow velocity [m/s]

U« shear velocity [m/s]

w: terminal fall velocity of sediment particles [m/s]
v : kinematic viscosity of the water [m?%s]
i : energy slope

D5y : median particle diameter of the bed material [m]

The sediment yield at the outlet of the stream considered is estimated by a similar concept as the sediment
supply to the stream from soil surface erosion: If the available sediment in the stream exceeds sediment trans-
port capacity by streamflow, deposition occurs, and the sediment outflow equals sediment transport capacity. If
the available sediment is less than streamflow sediment transport capacity, bed detachment may occur, and the
sediment outflow equals the available sediment.

Figure 1 shows the flow chart of the whole computational process.

INPUT DATA: rainfall amount and other meteorological data,
place-dependent parameters

{nt =1, 12 F]over the months of a year

1i =1, 20 over the sub-basins

|

[Computation of runoff in the sub-basin

Computation of available sediment due to soil erosion in the sub-
basin

Comparison of the available sediment with
the sediment transport capacity by overland flow

lComputation of sediment inflow to the main stream of the sub-basin

Comparison of the available sediment in the m&in str am with
the sediment transport capacity by streamflow

|

Computation of the sediment yield at the outlet of the sub-basin

END

Figure 1: Flow chart of the computational process
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6. APPLICATION TO NESTOS RIVER BASIN

The mathematical model described above was applied to that part of Nestos River basin which lies down-
stream of the dams. The area of this part of Nestos basin is about 838 km? consisting of forest (48%), bush
(20%), cultivated land (24%), urban area (2%) and an area with no significant vegetation (6%). The highest
altitude of the considered basin part is about 1600 m. The length of Nestos River in this part is about 55 km. The
rocks were divided into permeable (38%), impermeable (41%) and semi-permeable (21%). The permeable
rocks include marble, the impermeable rocks include schist, granite, granite-diorite, gneiss and gneiss-granite,
while the semi-permeable rhyolite and lignite.

The basin was divided into 20 natural sub-basins (Figure 2) for more precise calculations. The area of the
sub-basins varies between 13 and 67 km”.

Toxotes

Figure 2: Stream system map of Nestos River basin (20 sub-basins)

Only the main stream of each sub-basin was considered for the sediment transport process. A sediment
routing plan is necessary in order to specify the sediment motion from sub-basin to sub-basin.

Monthly rainfall data for 11 years (1980 - 1990) from eight rainfall stations were available. The mean annual
value of the rainfall amount from the eight stations is 814 mm. For every month of the 11 years, mean daily
values of air temperature, relative air humidity and sunlight hours from a meteorological station located near
the basin outlet were also available. Mean daily values of wind velocity only for two years were obtained from the
same meteorological station.

The sub-models described in the previous sections were applied to each sub-basin separately and for every
month of a certain year. This way of working renders necessary the following assumptions: uniform conditions
exist over a sub-basin and steady-state conditions exist throughout each month for the runoff, erosion and sedi-
ment transport processes.
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7. ARITHMETIC RESULTS

The monthly values of sediment yield at the basin outlet resulting from the mathematical model for a certain
year were added to produce the annual value of sediment yield YA due to surface and stream erosion. The
annual surface erosion amount for the whole basin is symbolized with ¥D. The ratio of YA to YD is called the

sediment delivery ratio ( DR ). The arithmetic results for YA, YDand DR for the years 1980 - 1990 are contained
in Table 1.

Table 1: Arithmetic results foray, YD, and DR for different years
Year YA [(t1 YD [t] DR[s] Year YA [(t1 YD [(t]1 DR [%]

1980 298 000 896 000 33 1986 196 000 500 000 39
1981 528 000 1737000 30 1987 638 000 1109000 58
1982 446 000 1513000 29 1988 396 000 442 000 90
1983 80 000 132 000 61 1989 201 000 249 000 81
1984 492 000 1280000 38 1990 75 000 96 000 78
1985 119 000 119 000 100

The mean values of the variables YA,YDand DR contained in Table 1 are 315 500 t, 734 000 t and 58%,
respectively. Because of lack of sediment yield data at the basin outlet, the above mean values are compared
with the mean values resulting from another mathematical model described in Hrissanthou et al. (2000). The
latter model differs from the model described in the previous sections only in the soil surface erosion sub-model.

The mean values of the variables YA,YDand DR , and, according to the mathematical model described in
Hrissanthou et al. (2000), are 319 500 t, 672 500 t and 65%, respectively.

The model presented in this paper is also able to deliver erosion and sediment yield values for the individual
sub-basins. For instance, sub-basins 2 and 10 (Figure 2) are selected for presentation of arithmetic results. Sub-
basin 2 has an area of about 31 km” consisting of forest (45%) and no significant vegetation (55%). The mean
soil slope gradient amounts to 23%. Sub-basin 10 has an area of about 62 km? consisting of forest (72%), bush
(10%), cultivated land (12%), no significant vegetation (5%) and urban area (1%). The mean soil slope gradient

.amounts to 40%.

Table 2 contains the annual values of soil surface erosion ( yd ) in sub-basins 2 and 10, and the annual values

of sediment yield ( ya ) at the outlets of sub-basins 2 and 10 for the years 1980 - 1990. It is obvious from Table 2

that the values of the variables yd and ya in sub-basin 2 are identical for the years considered. It means that the
sediment delivery ratio for sub-basin 2 is 100%.

Table 2: Arithmetic results for yd and ya for different years

Year Sub-basin 2 Sub-basin 2 Sub-basin 10 Sub-basin 10
yd [t] ya [t] yd [t] ya [t]
1980 28 000 28 000 132 000 124 000
1981 15 000 15 000 158 000 141 000
1982 24 000 24 000 192 000 143 000
1983 15 000 15 000 6 000 6 000
1984 14 000 14 000 144 000 144 000
1985 2 000 2 000 15 000 15 000
1986 14 000 14 000 95 000 95 000
1987 25 000 25 000 110 000 110 000
1988 9 500 9 500 49 000 49 000
1989 6 000 6 000 24 000 24 000
1990 3 000 3 000 5 000 5 000

- 768 -



8. REMARKS

The most important drawbacks of the modelling chain are quoted below:

e The temporal development of the physical processes over the considered time period is not followed. The
model computes only total values of runoff, soil erosion and sediment transport.

e The equations used for soil erosion and sediment transport were not adapted to local conditions; especially,
the equations for soil erosion were developed for small experimental fields.

e Snowmelt runoff, gully and bank erosion were neglected.

9. CONCLUSIONS

e The small deviation between the corresponding mean annual values of soil erosion on the one hand and
sediment yield on the other hand, according to two different mathematical models, is an encouraging indica-
tion for the size order of these quantities.

e The proportionality factor k of the hydrologic sub-model and the entrainment ratio » of the soil erosion
sub-model were determined by calibration. All remaining parameters were estimated by means of tables,
topographic or geologic maps and the available meteorologic data.

e It has to be stressed that a “middle behaviour” of the basin with reference to soil erosion and sediment
transport is quantified by the model described above.
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TURBIDITE DEPOSITION IN THE EARLY LATE CRETACEOUS
PINDOS BASIN (EXTERNAL HELLENIDES)
P. NEUMANN'

ABSTRACT

The lower Upper Cretaceous clastic lithologies of the Pindos Zone in western Greece document a phase of
enhanced tectonism. They are preserved as mixed carbonate/siliciclastic turbidite associations alternating with
deep-marine siliceous sediments. New faunal and sedimentological data recovered from these deposits hint at
two major pulses of turbidite shedding commencing at the change from the Early to the Middle Cenomanian
and in the Late Turonian. The deposits are organized in generally thin clastic packages that can be attributed to
lower fan facies. Different sources are likely for the occurrences in the central Pindos Mountains, the western
and the easternmost Peloponnese.

KEY WORDS: Cretaceous; turbidite facies; submarine fans; Pindos Basin; biostratigraphy; orbitolines; Greece.

1. INTRODUCTION

In the Mediterranean Tethys, the Mid-Cretaceous interval records a complex evolution characterized by
breccias, flysch-like deposits, facies changes, slumps and black shales (e.g. Galli 1993; Gusic & Jelaska, 1993).
Mid-Cretaceous strata in different zones of the Greek Hellenides closely mirror this complex history of tectonic
and sea-level controlled processes.

The Pindos Zone is a major nappe unit in western Greece exposing thrust-imbricated sedimentary rocks.
These originate from a deep, probably oceanic, basin (e.g. Degnan & Robertson 1998) that formed along the
northeastern passive continental margin of Apulia in Mesozoic to Tertiary times (e.g. Dercourt et al., 1993). The
Mid-Cretaceous basin fill comprises thin siliceous sediments (Marnes rouges; Fleury, 1980; Thiebault et al.,
1981), siliciclastic facies (Premier flysch du Pinde; Aubouin, 1957; Fleury, 1975), orbitoline-rich calciturbidites
(Orbitolinenhorizont sensu Renz, 1955) and black shales (Antoniou, 1993; Neumann & Zacher, 1998). These
rocks have previously undergone extensive study in different areas (e.g. Maillot, 1979; Katsikatsos, 1980;
Katsiavrias, 1991; Wagreich et al., 1996), but only few basinwide studies exist (e.g. Richter & Miiller, 1993; Piper
& Pe-Piper, 1980). Up to now, the chronostratigraphic framework is also poorly constrained.

This paper gives a preliminary summary of new data that contribute to the knowledge about age, composi-
tion and environment of the Mid-Cretaceous turbidite facies. Within the Pindos Zone of mainland Greece and
the Peloponnese, 12 sections were recorded and sampled in detail (Fig.1). Numerous further outcrops were
included in this study. Original logs and biostratigraphic data can be obtained from Neumann (1998).

2. CHARACTERIZATION OF MID-CRETACEOUS LITHOLOGIES

Throughout the working area, the Mid-Cretaceous is represented by a thin siliceous formation (few tens of
m) sandwiched between thick successions of pelagic and turbiditic limestones of Upper Jurassic to lowermost
Cretaceous and Upper Santonian to Paleocene ages (see inset in fig.1). The siliceous facies is comprised of thin-
bedded cherts, red clays and clayey marls with an apparent red/green cyclicity. Mud turbidites, radiolarian-sand
layers and, locally, black shales are superimposed.

Regionally, in the upper part of the siliceous formation intercalations of gravity-displaced deposits appear.
These sharply contrasting greenish turbidite sequences range in thickness from few m to 90 m at maximum. This
clastic facies is characterized by the co-occurrence of carbonate and terrigeneous sediment within a vertical
succession as well as within individual beds. Fig. 2 shows two simplified examples of tectonically backstripped
sections in the Peloponnese with typical turbidite associations.

Biostratigraphic data of this study prove that shedding of these turbidite sequences took place in Middle
Cenomanian to Early Santonian times (fig.3). Locally, siliciclastics occur in the earliest Cretaceous, e.g. in the
area of Karpenission.

1. Dept. of Geology, Technical University of Munich, Arcisstr. 21, 80333 Munich, Germany
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Fig. 1: Tectonic sketch of the western Greek fold and thrust belt showing the location of the studied sections. The
rough lithofacies distribution of the Mid-Cretaceous in the tectonically compressed Pindos nappe is indicated.
(Additional data obtained from literature and the sheets of the Geological Map of Greece 1:50.000).

3. TURBIDITE FACIES AND ASSOCIATIONS
3.1. SUMMARY OF DEPOSITIONAL TYPES

The investigated sections contain a wide range of mass-flow deposits. Generally, the turbidite facies is made
up by comparatively thin and finegrained beds. Coarse clastic facies, e.g. megabreccias, are missing. Bed thick-
ness never exceeds 10 m.

Debris-flow deposits (DF) are predominantly of calcareous origin and mainly form lenticular bodies with
thicknesses up to 4 m. Grain sizes reach 30 cm. Clast- and matrix-supported breccias occur. Rarely, siliciclastic
debris-flow deposits up to 1,5 m thick can be observed, which are characterized by a quartz-rich matrix and
fragments of cherts, pelites and lutitic limestones.

Coarse grained turbidites (CTSgr) reach 7 m thickness at maximum. In most cases the coarse detritus is
calcareous with the exception of cherts, silicified fragments and claystones. The upper Bouma divisions can be of
siliciclastic origin. Gradational transitions between calcareous litho-/bioclasts and quartz are common. In few
cases siliciclastics predominate (TSgr).

Sandy turbidites (terrigeneous: TS or calcareous: CTS) show thicknesses of some centimeters to 1,5 m,
commonly 20-60 cm. They consist of calcareous and/or terrigeneous sediment. Internal turbidite features, like
grading, ripple-cross and planar lamination are common. Erosive bases with coarse basal lags can be observed in
coarser beds, sole marks and complete Bouma sequences are rare. Amalgamation of beds occurs. The siliciclastic
turbidites show typical green or yellow weathering-colours.

Mud turbidites (TM) contain more than 50% mud-sized material. Usually, they show minor thicknesses of
some cm, rarely up to 50 cm. Their composition can be calcareous or terrigeneous. In the Pindos Mountains
highly bituminous mudturbidites occur (Neumann & Zacher, 1998).
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Fig.2: Examples of simplified logs of the Lower and Mid-Cretaceous facies of the Pindos Zone in the western
Peloponnese (P 11 and P 8). The main turbidite facies are indicated. P11 shows a proximal setting with coarse
and thick beds (orbitoline horizon) at the base of thinning upward sequences (channel fills).

3.2. SUMMARY OF TURBIDITE ASSOCIATIONS

The different types of mass-flow deposits are organized in specific packages. Vertical sequences can be
simply composed of one bed type, e.g. sandy turbidites, but also display a variety of mass-flow types, partly mixed
with other lithologies like cherts, pelites and pelagic limestones. Small-scale slumping occurs. The principle
turbidite associations of the Cenomanian to Lower Santonian in the studied outcrops can be summarized as
follows.

Siliciclastic:

Successions of sandy turbidites (TS) and shales 4->40 m
Calcareous:

Successions of calcareous turbidites (CTS, CTM) few m to 80 m
Successions of calcareous debris-flow deposits (DF) and coarse to medium-grained

calciturbidites (CTSgr, CTS) > 20 m

Mixed calci- and siliciclastic:
Major thinning upward turbidite successions (TS, TM) with coarse

calcareous bases (CTSgr or DF) up to 60 m
Chaotic successions of calcareous and siliciclastic debris-flow deposits (DF)
and turbidites (CTSgr, CTS, TS, TM) up to 15 m
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Coarser clastic facies and associations are described by Katsiavrias (1991) who mentions chaotic debris-flow
deposits with up to 20 m thickness in the western Peloponnese, showing volcaniclastic matrix. Scandone (1971)
even recognizes the occurrence of a large olistolithe of Triassic rocks in the Mid-Cretaceous of the Pindos
Mountains in mainland Greece.

3.3. FACIES AND AGE SIGNIFICANCE OF ORBITOLINE HORIZONS

Orbitoline horizons display the coarse calcareous facies (DF and CTSgr). The new data make a restriction to
two stratigraphic intervals within the lower Upper Cretaceous section likely. The orbitoline horizons are made
up of either a single debris-flow/turbidite bed or of a clustering of several beds. Thicknesses of single beds range
from less than 1 m to 7 m. In the Pindos Mountains and the SW-Peloponnese a lower orbitoline horizon can be
defined which, locally, forms the base of siliciclastic thinning-upward turbidite associations. Radiolaria in sec-
tion P 2 prove a late Early to early Middle Cenomanian age (Neumann & Zacher, 1998), which is supported by
planktonic foraminifera (e.g. Favusella washitensis, Planomalina buxtorfi and Praeglobotruncana gibba). An up-
per, less pronounced orbitoline horizon occurs in the Late Turonian to Lower Coniacian interval, based on
Marginotruncana- and Helvetoglobotruncana-faunas and radiolaria. Nannoplankton investigations in section P 4
support this age (CC13, Marthasterites furcatus zone), which is also reported by Wagreich et al. (1996). The beds
contain orbitolines as free tests and/or as components of clasts. The orbitolines belong to the subfamilies
Dictyoconinae and Orbitolininae. Identification down to species level was possible with Conicorbitolina conica
(d’Archiac) (uppermost Albian to Middle Cenomanian).

It is tempting to speculate on a correlation of the orbitoline horizons with major event beds in adjacent
zones, e.g. conglomeratic units in the Mid-Cretaceous Mesoautochthonous of the Pelagonian Zone as described
by Richter et al. (1997).

4. ON THE COMPOSITION OF THE TURBIDITE BEDS

Siliciclastic and carbonate sediment occur in a variety of mixtures. Generally, carbonate debris ranges from
mud-sized grains to pebbles of few tens of cm, whereas the bulk of non-carbonate sediment is restricted to mud-
, silt- and sand-sized grains.

Carbonate detritus: The carbonate sediment is mainly composed of rudist debris (20-80%; hippuritids and
radiolitids, e.g. Durania sp.) and varying amounts (10-90%) of highly diverse lithoclasts of neritic and basinal
facies. Further bioclasts include single benthic foraminifera (textulariids, orbitolinids, rotaliids and miliolids),
planktonic foraminifera, echinoderms, poriferans, algae and others. Stratigraphic downcutting (shelf-edge and
intrabasinal erosion) in the source area can be estimated to at least the Upper Albian and locally lowermost
Cretaceous (Calpionella-bearing biomicrites).

Terrigeneous detritus: Regarding the proportion of principle grain types, the siliciclastic turbidites range
from quartzarenites to moderately sorted carbonate-rich litharenites. The main non-calcareous grain type is
subangular to sub-rounded quartz. Further contributors are cherts, sheet silicates like chlorite, muscovite and
biotite, feldspar, and rock fragments of phyllites, quartzites, sandstones, pelites and few volcanics. Accessory
minerals are chromite, glauconite, garnet and phosphates. Coarser fragments are rip-up clasts of silicified rocks,
cherts, radiolarites and claystones. Plant debris occurs locally.

Ophibolitic debris: In the easternmost Peloponnese huge amounts (up to 20%) of ophiolitic debris like chromite
and fragments of serpentinites, radiolarites and diverse igneous rocks can be observed. Rounded and angular,
finegrained volcanic rock fragments reach up to few cm in size in breccia deposits. Thin-section analysis shows a
basic composition of microphenocrysts of plagioclase set in a groundmass of feldspars, altered pyroxenes and
opaques. Calcite, sericite, chlorite and serpentine are common.

Investigations on the heavy mineral assemblages and their regional variation are currently in progress. Fur-
ther data are given by Faupl et al. (1998).
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5. SUMMARY OF BIO- AND EVENTSTRATIGRAPHY
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Fig. 3: Dating and comparison of Lower Cretaceous to Santonian clastics of the western Greek Pindos Zone.
Length of bars shows the maximum stratigraphic ranges of the clastic depositional types, not the actual thickness.
Biostratigraphic ages are based on planktonic foraminifera, radiolaria, redeposited fossils and nannoplankton.
(?: lack of observation; Evr.: Evritania; M.: Messenia)

6. REMARKS ON PALEOCURRENTS AND ENVIRONMENT

The available paleocurrent, facies and petrographic data point to the existence of three distinct areas with
significant siliciclastic intercalations in the western Greek Pindos Zone (see fig.1). Except for single beds and
dispersed detritus in calciturbidites, siliciclastics are nearly missing in the Aetolian Pindos (sections P 4, 5, 6). In
the area of Karpenission (P 3) few sandstone beds occur as intercalations in Calpionella-bearing limestones of
the earliest Cretaceous. Paleocurrent indicators comprise flute casts, dendritic ridge casts and groove casts, as
well as ripple cross lamination. Rare findings make systematic interpretations difficult. However, a NNW-origin
of turbidites in the central Pindos Mountains sections and a W to WSW-origin for the western Peloponnesian
sections is likely. The orbitoline horizons match this pattern. The severely tectonized turbidites of the eastern
Peloponnese offer no reliable paleocurrent indicators. The high proportions of ophiolitic debris, however, hint
at sources to the east where abundant ophiolites occur (e.g. Huss et al., 1988). This overall pattern is consistent
with the observed facies and thickness trends. Paleocurrent and heavy mineral data given by Piper & Pe-Piper
(1980), Degnan & Robertson (1998), Richter et al. (1993) and Faupl et al. (1998) support this view.

Thus axial as well as lateral terrigeneous input can be assumed for the western Greek Pindos Basin. The
sediment was probably funnelled into the elongate basin via point sources providing an irregular distribution.
The turbidite beds are organized into depositional units typical of distal submarine fans (lower fan facies after
Normark, 1978). Major thinning-upward sequences resemble more proximal settings (channel fills), whereas
fine-grained, thin turbidite successions are characteristic of the outer fan and basin plain.
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7. CONCLUSIONS

e Calci- and silicilastic deposits in the working area occur abruptly at the change of the Lower to the Middle
Cenomanian and are restricted to the lower Upper Cretaceous in general.

e Mass wasting is most prominent in discrete phases (major redepositional events): The Cenomanian (upper
Lower to lower Middle Cen.) and the Middle Turonian to Early Coniacian radiolarite facies can be punctu-
ated by mass-flow deposits of the lower and upper orbitoline horizon.

e Different turbidites and turbidite associations with 90 m thickness at maximum can be distinguished and
ascribed to different settings within distal submarine fan environments.

e Palaeocurrent and facies patterns point to a northern source for the outcrops in the Pindos Mountains of
mainland Greece, but suggest questionable western sources for the Peloponnese except for the easternmost
part. Shedding from the adjacent eastern (Sub-)Pelagonian Zone is assumed.

e Active faulting which is indicated by a complex paleotectonic evolution in adjacent zones (platform drown-
ing, emergence episodes and flysch deposition) created an environment particularly favorable for gravity
mass movements along the shelf breaks of the Pindos basin. Major collapses led to calcareous mass flows.
Relative falls of sea-level could even trigger bypassing of terrigeneous sediment into the basin.
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THE PALAEOGEOGRAPHIC DISTRIBUTION OF STROMATOLITES
IN THE PARNASSUS ZONE, CENTRAL GREECE,
DURING THE EARLY TO MIDDLE PALEOCENE

N. SOLAKIUS' AND M. KATI’

ABSTRACT

The stromatolites recorded in the Parnassus Zone, central Greece, were developed in shallow waters (tidal
flat conditions) that prevailed in the central areas of the zone during the early to middle Paleocene. In the
margins, deeper water prevailed during this interval which enabled the deposition of pelagic limestones. The
wide geographic distribution of the stromatolites in the zone probably depended on the lack of organisms feed-
ing on them, climatic factors, salinity of coastal waters and sediment supply. They further acted as post mass-
extinction disaster forms inhabiting the shallow water areas after the extinction of the rudists at the end of the
Cretaceous.

KEY WORDS: Parnassus zone, Paleocene, stromatolites

1. INTRODUCTION

It has previously been shown that the stromatolites in the Parnassus Zone, Central Greece (Fig. 1), devel-
oped during the early to middle Paleocene above phosphatic hardground beds formed on the top of the Creta-
ceous carbonate substrate (Kalpakis, 1979; Solakius et al., 1989; Solakius, 1994; Pomomi-Papaioannou, 1994).
These hardgrounds have resulted from breaks in deposition during the late Maastrichtian to earliest Paleocene
in a seafloor temporarily emerged (Pomoni-Papaioannou, 1994; Solakius, 1994). Both the stromatolites and the
underlying hardground bed have been mineralized by iron-oxides and phosphates and are often treated together
as a unit termed the hardground-stromatolitic unit (Gregou & Solakius, 1997).

The first more detailed study on the classification of the stromatolites and their habitat was carried out by
Kalpakis (1979) who showed that they were of type SH (stacked hemispheroids) and type LLH (lateral linked
hemispheroids) as well as knolls and they had developed in a shallow-water environment during the Paleocene.
Pomoni-Papaioannou (1994) pointed out that they inhabited the ridges of an uneven seafloor covered by shal-
low waters on which condensed sedimentation took place and which periodically emerged. Chalks rich in phos-
phate lags accumulated in depressions. Gregou & Solakius (1997) showed that the stromatolites were developed
during the early to middle Paleocene (probably until early late Paleocene, Distomon area) both on ridges and in
broad valleys while in the small depressions calcarenitic sediments were deposited.

Thus the stromatolites were shallow-water forms inhabited intertidal areas during the early to middle
Paleocene. The questions arise: (a) Did the stromatolites inhabited a few restricted areas only or did they extend
over large parts of the zone. (b) Were the environmental conditions in these areas unattractive for benthic
invertebrates or did the stromatolites colonize shallow-water areas as post-mass-extinction disaster forms after
the Cretaceous-Paleocene boundary crisis. In this paper we will present results on the paleogeographic distribu-
tion of the stromatolites in the Parnassus Zone together with a brief discussion on the environments that pre-
vailed during the Paleocene and which enabled the stromatolites, as opportunistic organisms, to develop.

1. Department of Physical Geography, Lund University, Splvegatan 13, SE-22362 Lund, Sweden
2. University of Athens, Department of Geology, Panepistimiopolis, 157 84 Athens, Greece
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Fig. 1. A. Simplified map of Parnassus showing the position of the areas discussed. B. Localities treated in the text.

2. THE PALAEOGEOGRAPHIC DISTRIBUTION OF THE STROMATOLITES IN THE PARNASSUS ZONE

These stromatolites, type SH, type LLH and knolls, inhabited tidal flats. They overlie discontinuity sur-
faces, indicating the end of a regressive phase. The retreat of the sea brought about a change in morphology, the
SH forms (intertidal zone) being replaced by LLH forms (supratidal) and finally by knolls.

The localities from which these stromatolites have been recorded, as well as the marginal areas in which
carbonate deposition prevailed during the Paleocene, are presented below.

Western part of the zone (Fig. 2)

We found stromatolites close to the villages of Sernikaki and Prossilion, above pelagic limestones of late
Maastrichtian age (Solakius ef al., 1989; Pomoni-Papaioannou & Solakius, 1991). Kalpakis (1979) reported the
presence of stromatolites in the village of Dakia situated close to the city of Amfissa, not far from the village of
Prossilion. Close to Malandrino and at Chrisso (close to the village of Delphi), well-developed stromatolitic
crusts occur above the limestone substratum. Richter et al., (1995) described the stromatolites at Chrisso as
“phosphoritishe-knollen”. Stromatolites occur in the vicinity of the village of Amfissa (Sfagia) as well as east and
north of the village of Prossilion while in the area close to Gravia Paleocene carbonates overlie the Cretaceous
carbonate substrate. The above evidence indicates that the western part of the zone was inhabited by stromatolites
except in its northeastern part where pelagic limestones were deposited. The wide distribution of stromatolites

' in the area, thus, proves that a very shallow marine environment (tidal flat conditions) prevailed. The foraminiferal
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assemblages trapped in the stromatolites indicate early to middle Paleocene age (Solakius et al., 1992). In the
northeastern part of the area, however, the sea was deeper and here the Cretaceous deposition of carbonates
continued throughout the early and middle Paleocene with a short interruption during the K-T boundary.

Central part of the zone (Fig. 2)

In the central part of the zone stromatolites recorded in the Distomon — Davlia area above rudist limestone
beds, while at Zemeno they overlie Maastrichtian limestones. In a locality south of the village of Arachova first
Keupp (1976) and subsequently Tselepidis (IGME, personal communication) reported the presence of calcarenite
in a small depression. In the area southwest of Distomon (Stena Pigadhia) well-developed stromatolites appear
above Maastrichtian limestone, while at Stirion, southeast of Distomon, stromatolites are found above rudist
limestones.

Northeast of the village of Arachova, close to the old bridge, Paleocene carbonate formations overlie the
Cretaceous substrate. According to Combes (1983) they form part of a klippe situated between the villages of
Arachova and Davlia. This thrust sheet originated from the north-eastern margin of the Parnassus Zone (Gregou
et al., 1994; Solakius ez al., 1998). In the Amfiklia area, north of Arachova, however, the Cretaceous limestone
beds are overlain by argillaceous limestones deposited during the Paleocene.

The occurrence of stromatolites indicates a tidal-flat environment in the central parts while the carbonate
deposits recorded in the Amfiklia-Arachova-Agios Nikolaos points to deep- water deposition. As in the western
part of the zone the foraminiferal assemblages recorded from both stromatolites and limestone beds, provide
evidence that the stromatolites developed during the early and middle Paleocene, the deposition of the carbon-

Stromatolites
) Cretaccous substrate
>
< 4 Paleocene carbonate

2 deposits of the NE margin

O,% Calcarenite
deposited in depressions

Ossios Loukas
8 I 5 km
Graben
Sw NE
Central area NE margin
sea level
Tidal flat Stromatolites

carbonate deposition

Cretaceous substrate

Hiatus

Stromatolites
Paleocene carbonate
Cretaceous substrate deposits of the NE margin

Fig. 2. A. Palaeogeographic distribution of stromatolites in the Parnassus Zone during early to middle Paleocene.
B. SW-NE cross-section showing the shallow- and deep-water areas.
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ates in the Amfiklia-Arachova — Agios Nikolaos areas having taken place on the north-eastern margin at the
same time.

Eastern part of the zone

In the Ossios Loukas - Kyriakion and the Sourpi areas stromatolites occur above the Cretaceous pavement
except in the depression of the Ossios Loukas Graben where calcarenitic sediments were deposited (Gregou &
Solakius, 1997). The foraminiferal assemblages from the stromatolitic layers indicate that tidal flat environ-
ments prevailed in these areas during the early and middle Paleocene. The stromatolites in the Ossios Loukas
Graben developed in an intertidal zone (Kalpakis, 1979) while the deposition of the calcarenite took place in
deeper water (subtidal zone). Here it must be noted that in Ano Sourpi, Maastrichtian limestones are overlain
by Paleocene carbonates indicating deeper water by contrast with the conditions in the eastern part of the zone
during early to middle Paleocene times.

3. CONCLUDING REMARKS

Our results thus show that during the early to middle Paleocene, stromatolites developed in a shallow ma-
rine environment in central areas of the zone, while along the margins carbonates were deposited in deeper
water. (Here it should be noted that the transitional formations of the western part of the Parnassus Zone into
the Pindos Zone (Vardousia sub-zone) would be treated in a forthcoming paper). The results yield further
evidence that the palaeotopographic highs and the shallow-water areas (horsts), as well as the deep-water areas
(grabens), i.e. horst and grabens topography, which prevailed in the zone during the Late Cretaceous were
replaced at the beginning of the Paleocene by a relatively flat seafloor in the central part and deeper marginal
areas. This was resulted of the exposure and subsequent extensive karstification of the Cretaceous substrate
after the fall in sea level in combination with uplift of the zone during late Maastrichtian to earliest Paleocene
times (K-T boundary). Only the small depressions in the central part and along the margms remained under
water during this interval.

The stromatolites first began to develop during the early Paleocene in the very shallow water of areas situ-
ated close to the depressions or flat coastal areas which were affected by tides. These flat areas constituted the
bottoms of the Cretaceous grabens. Dry land representing former horsts provided protection where stromatolites
could develop, as in the Ossios Loukas Graben. Broad valleys (composed by pelagic limestone beds) on both
sides of the depression with the palaeotopographic highs of Distomon and Kyriakion (composed by rudist lime-
stone beds)(Fig. 2) provided the most ideal setting for the stromatolites to develop. In his study of the Ossios
Loukas stromatolites Kalpakis (1979) showed that intertidal conditions prevailed in these valleys. In the depres-
sions in which calcarenite was deposited pointing out to subtidal conditions and in the area close to Stirion
supratidal conditions prevailed.

Other protected habitats during the early Paleocene were the Sernikaki-Prossilion area in the western part
of the zone, the Zemeno area in the central part and the Sourpi area to the east. As in the Ossios Loukas area
the stromatolites developed above the Maastrichtian pelagic limestone beds that is the floors of the former
Cretaceous grabens which during the Paleocene became shallow-water areas. During the middle Paleocene the
sea level rose in central Parnassus causing even the higher parts to be inundated. The stromatolites invaded
these areas conditions being favourable for their development whereas in the deeper areas they ceased to grow.

The abundance of stromatolites in central Parnassus was, apart from the shallow-water conditions, probably
also determiined by the lack of organisms feeding on them, climatic factors, the salinity of coastal waters and
sediment supply. These organisms are further known to opportunistically take over in shallow-water habitats
(Shcubert & Bottjer, 1992) where other organisms have died out. During the Late Cretaceous the shallow-water
areas of the Parnassus Zone were occupied by the rudists which became extinct at the end of this period. At the
beginning of the Paleocene such a biotic void arose in these areas since they were probably unattractive to
benthic invertebrates because of phosphatization, high salinity and iron-oxide deposition. These conditions per-
sisted throughout the early and middle Paleocene. The subsidence of the zone during the late Paleocene (Solakius,
1994) led to the disappearance of the stromatolites from Parnassus and gave rise to the deposition of the pre-
flysch sediments (Gregou & Solakius, 1997).
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PALAEOCURRENT DIRECTIONS AS AN INDICATOR OF PINDOS FORELAND
EVOLUTION (CENTRAL AND SOUTHERN PART), WESTERN GREECE

J. VAKALAS', G. ANANIADIS', J. MPOUlRLOKASl, D. POULIMENOS, K. GETSOS,
G. PANTOPOULOS', P. AVRAMIDIS', A. ZELILIDIS' & N. KONTOPOULOS

ABSTRACT

In order to estimate the palaeoflow direction of the submarine fans, deposited in the Internal Ionian sub-
basin of the Pindos Foreland, fifty-one positions along the sub-basin were selected and measurements of
palaeocurrents indicators such as flute and groove marks were taken. In the studied area the main palaeoflow
direction of turbidites was axial, from south to north in the southern part, and from north to south in the north-
ern part. A minor westward palaeoflow direction is also present. These palacoflow directions were influenced
mainly by the regional tectonic activity, such as internal thrusting (Gavrovo Thrust) and differential activity of
the Pindos Thrust which subdivided Pindos foreland into narrow linear sub-basins.

KEY WORDS: Pindos foreland, Pindos Thrust, Gavrovo Thrust, palaeoflow direction

1. INTRODUCTION AND GEOLOGICAL SETTING

Tertiary sediments of Pindos foreland have been interpreted as submarine fan deposits (Piper at al, 1978;
Fleury, 1980; Pavlopoulos, 1983; Clews, 1989; Leigh, 1991; Leigh and Hartley, 1992; Wilpshaar, 1995; Avramidis,
1999).

Turbiditic currents are the major way of sediment transportation in a submarine fan. Sediments of a turbid-
ity current (turbidites) are characterized by the “Bouma Sequence” (Bouma, 1962). A complete Bouma se-
quence is composed of five divisions (Ta, Tb, Tc, Td, Te) which show an upward decrease in grain size. This
decrease reflects the gradual reduce of flow velocity in a turbidity current. Another characteristic of turbiditic
deposits is the presence of “sole marks” at the base of sandstone beds. These structures give very important
information about the distance from source point (Walker, 1967) and a good view of palaecocurrent directions
pattern.

The studied area is part of the Internal Ionian zone (sub-basin in this work) which formed within the Pindos
foreland (Brooks et al 1988; Underhill 1989; Clews 1989; Alexander et al., 1990; Avramidis, 1999) and comprises
Epirus and Akarnania regions. Pindos foreland is a Tertiary turbiditic foreland basin fill, trending parallel to the
external Hellenides and occupies Gavrovo and Ionian geotectonic zones (Aubouin, 1965). The foreland basin is
bounded to the east by the Pindos Thrust and to the west by the Ionian Thrust (Fig.1B). The Gavrovo Thrust
sub-divided the Pindos foreland into the Gavrovo and Internal Ionian sub-basins. Except these major Thrusts,
two minor Thrusts subdivide the Ionian zone into the internal, middle and external Ionian sub-basins (from east
to the west)(IGSR&IFP, 1966)(Fig.1B). Strike-slip faults acting synchronous with the main thrusts influenced
the evolution of the basin and the development of depositional environments (King et al, 1993; Avramidis et al,
2000a). The turbiditic deposits of Gavrovo and Internal Ionian zones are considered as a uniform genetic system
(Jenkins 1972, Alexander et al 1990, Avramidis et al 2000b). The age of Pindos foreland sediments is still a
matter of discussion. B.P. (1971) proposed an early Miocene to middle Miocene age, explaining the presence of
Oligocene fauna as a product of large scale erosion and reworking of older sediments during Miocene. IGSR &
IFP(1966) suggested a late Eocene to early Miocene age for the basin fill while Fleury (1980), Leigh (1991),
Wilpshaar (1995), Bellas (1997) assigned an Oligocene age. Avramidis et al. (2000a,b) using calcareous nannofosil
biozones, propose a middle Eocene to early Miocene age for the basin fill.

Interpretation of palaeocurrent data and facies distributions (B.P. 1971, Piper et al 1978, Alexander et al
1990) indicated that the provenance of Pindos foreland turbiditic deposits is the Pindos front to the east.
According to Leigh at al (1992) a major source of sediment was located in the area which today represents the
gulf of Patras. Flow within the basin was axial (Leygh 1991). Also, according to Richter et al (1976) in continen-
tal Greece the transport of psammitic material was mainly towards the south, but on the Peloponnesus it was
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towards the north.

The aim of this paper is to use the palacocurrent
directions in the Internal Ionian sub-basin deposits as
an indicator for proposing a model for the Pindos fore-
land basin sediment fill processes by currents.

2. SEDIMENTOLOGICAL DATA

Thick coarse-grained deposits were accumulated
at the northern (Metsovo-Pramada area) and south-
ern (Mesologgi-Agrinio area) parts of the studied area
[mega-debris flow deposits according to Leigh and
Hartley, (1992)]. Coarse-grained deposits are absent
from both middle and external Ionian sub-basins
(Avramidis et al. 2000b). Central part of the studied
area is characterized mostly by fine-grained deposits
(sandstones - mudstones). All these deposits, which
were formed adjacent to the Pindos and Gavrovo
Thrusts, mostly represent inner fan deposits. Outer fan
deposits were recognized only in the central part of
the studied area (Amphilochia-Petas area) where the
thickest sediments were accumulated as well.

3. PALAEOCURRENT ANALYSIS

Palaeocurrent data (flute and groove marks, Fig.

oLt 2) were collected from fifty one positions across the
b e | S study area. The number of measurements that were
Eigieidoonss, et By RS collected at each position ranges from 4 to 76, while
;:‘::"":; ) the total number of data that are 870. These data have

L Lee been plotted in rose diagrams, where the vector mean

is also shown. Rose diagrams that comprised a con-
sistency ratio less than 0.7 were not used at the inter-
pretation of the results. Also, data that were collected
in beds dipping more than 25° (less than 10% of se-
lected measurements) were corrected before their in-
terpretation with rose diagrams. The main part of the measurements concerns positions across three cross-
sections, trending in an E-W direction (Fig. 3).

The first cross-section (A-A") is located at Epirus region near Pramanta village (Fig. 1). Sixteen positions
were studied at this sector, showing two flow directions. The main direction in the western part shows an axial S
to SSW flow trend. The second minor direction, refers to the eastern part of the section, and indicates a west-
ward trend in a radial pattern (Fig. 3).

The second cross section (B-B") is located at Akarnania region near Petas village (Fig. 1). Eight locations
were studied that show mainly an axial northward trend (Fig. 3). At two locations, at the upper stratigraphic
deposits, a minor eastward direction occurs (Fig. 4).

The third cross section (C-C’) is also at Akarnania region near Koboti village (Fig. 1). Seventeen locations
were selected at this section showing an axial N to NW flow trend (Fig. 3). Two locations at the western part of
the section, referring to the lower stratigraphic deposits (Fig. 4), show a WSW and SSE trend.

Ten locations (Fig. 5) were randomly picked across the Akarnania region. The main palaeocurrent direc-
tions at these positions are also axial with north or northwest trend (Fig. 3), while a westward direction occurs
near the Gavrovo thrust, close to a strike slip fault (Figs 1,3,6).

Fig.1: A.Sketch map of Greece showing the northern
part of Pindos Fore-land. B.Simpli-fied geological
map of the western part of Greece. The inserted box

(C) represents the study area shown in figure 3.
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Fig.2 Well preserved groove marks at the base of a thick sandstone bed.

b3 Pindos Foreland A—a Thrust
/ basin Probable or
[ Post Miocene 4 —A Covered thrust
§ * deposits —— Faull
BB Turbiditic deposits Probable or
Pramanta P = = covered fault
[ Basement —» Vector mean
¢ Syncline =={> Palaeoflow direction

N

Fig.3 Geological map of the study area. The black arrows represent the vector mean of the rose diagrams at each
position. The white arrows are the main paleoflow directions. The numbers from 1-10 refer to the rose diagrams

of figure 5, and represent the ten randomly picked positions across the study area. The position of the strike slip
fault, in the Valtou mountains, adjacent to Gavrovo Thrust, is also shown.
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Fig.4: Stratigraphic columns of the cross-sections at A-A’(Pramanta), B-B’(Petas) and C-C’(Koboti) (for
location see figure 1). At the right side of the columns, rose diagrams of palaeocurrent data are plotted.
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Fig. 5: Rose diagrams of the randomly picked positions. The first 9 positions are from the central part of the
basin and the 10" position is southwards of Pramanta. For location see figure 3.
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4. DISCUSSION AND CONCLUSIONS

The palaeocurrent indicators that have been studied in the Internal Ionian sub-basin of Pindos foreland,
show two directions, a main one axial and a minor one perpendicular to the Gavrovo and Pindos Thrusts.

4.1. Axial Direction Interpretation

The axial direction has two opposite trends :a)a northward trend in the south part of the studied area and
b)a southwards trend in the north part of the studied area (Fig. 3). This can be explained by either:

Assuming that there were two major entry points, one in the north end and the other in the southern end of
the studied area. This is supported by the presence of coarse-grained sediments in the above margins and by the
existence of fine grained material in the central part. The major feeding of the basin were from the southern and
northern entry points, influencing the basin fill conditions and the basin configuration (basin depth increasing
towards the central part of the basin).

Considering a differential evolution of Pindos and Internal Thrusts (Gavrovo and Internal Ionian
Thrust)(Fytrolakis and Antoniou, 1988; Avramidis et al. 2000b).According to this hypothesis when the central
part of the Pindos and Gavrovo Thrusts were active during early Oligocene (Avramidis et al, 2000b), forming a
foreland basin, their northern and southern parts were inactive or less active than the central part. The northern
part was active during middle to late Eocene (Avramidis et al. 2000a) while the southern part was active since
late Oligocene (Clews 1989)or early Miocene (Piper et al, 1978).

Taking under consideration the second hypothesis it is easier to interpret the first one.

4.2. Perpendicular Direction Interpretation

Perpendicular to the Thrusts trends two palaeocurrent directions were observed, one to the west and the
other to the east (Fig. 3).

a) The westwards direction occurs at three locations of the studied area.

@ The first location is near Pramanta village, proximal to Pindos Thrust. This indicates a probable source
directly from the Thrust front (Figs 1,3).

® The second location is adjacent to Gavrovo Thrust, close to a strike slip fault (Figs 6,7). The presence of the
westward direction, probably shows a source point related to a deformed-broken zone due to a strike slip
fault activity. The fault affects the relief , forming steep canyons, which lead the sediment to the deeper parts
of the foreland basin (Figs 6,7). This interpretation focuses on strike-slip fault activity during the sedimenta-
tion as this is also proposed for Agia Kyriaki strike slip fault by King et al. (1993) and Avramidis et al.
(2000a).

@ The third location is near Koboti village and the palaeocurrent directions were observed in the lower
stratigraphic units (Fig. 4). The fact that axial palaeoflow directions were also found at this location (Fig. 3),
leads to the hypothesis that while some turbiditic currents flow parallel to basin axis, some others passed to
the middle Ionian zone. The presence of an intrabasinal high could also cause this flow behavior. This indi-
cates that probably the influence of internal thrusting to the basin configuration apparently commenced at
the early stages of sedimentation (Jordan, 1995).

b) An eastwards direction was recorded in the central part of the basin (Fig. 3), mostly in the upper stratigraphic
deposits (Fig. 4), showing a source located to the west. These eastwards directions can be related to intrabasinal
highs, which were controlled mainly by the internal thrusting (Gavrovo and Internal Ionian zone Thrusts). Both
eastwards and westwards directions can be used as indication of the existence of sub-basins with linear geometry
(Jordan, 1995).
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Fig 6: Hypothetical contour map showing the effect of regional tectonic to flow direction. The position of strike-
slip fault is shown.
1300m
Valtou mountains

<= Flow direction

Fig 7: Three dimension view of the previous contour map which gives a better view of how the presence of faults
affects the landscape. The location of Valtou mountains is shown in figure 3. Different colour vertical column
represents the altitude scale.
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T'EQAOTI'TKO ITAAIZIO I'TA THN EIIIAOTH I'EQTOIIQN EYMPQNA ME TIZ
IIPOAIATPA®EY THE AIEONOYX ENQXHE 'EQEIIIETHMOQN (IUGS) KAI THE
EYPQIIAIKHE ETAIPEIAX I'IA TH AIATHPHEZH THE I'EQAOTTKHE-TEQMOP®O-
AOTTIKHE KAHPONOMIAX (PROGEO)

Ilgétn ®don: erolpaoia evig TEHTOV TAULOiOV 08 eninedo yHoag”

E. @EOAOZIOY - APANAAKH'

IZYNOWH

H napotoa epyacio avagépetal 0To LoToLrs g Ttpwtofoviiog mov avérafe n Awedviis Evwon T'ewhoyt-
x@dv Emompav (IUGS) pe mv vroonijolén tng UNESCO, yiat T OUCTHUOTIXY ROTOYQOPY TWV TTLO CNUAVTLRWY
YEOTOTOV YLOL TLS OVAYRES RVQIMGS TNG EQEVVOG HaL EXTALdEVONS TV YEWAOYLr@V emotnuav. [legrypdpetan 1
peBodoroyio xaw ov pdoels wov axohovBovvra, 1 dnutovEyio: VO TEWTOV TACLGIOU YLOL TNV XOTNYOQLOTOMON
™mg ratoyeagrs, ta medio. avtoy Thouoiov mov OToYEVOUV 0TV TUIOmOoinoY ¢ ®ataypagis. H tumomroinon
oVt €ivalL AITOQOETNTY YLoL VO EIVOL EQUXTY] 1) OUYXQLON TOV XOTNYOQLEV TOV YEWTOTWY TOV SLopEQmV XwEwv
MOTE VO TEORVPEL, LETC. TN CUOTNUATLXRY] OUTY EQYOOIC ®OL O ALAdOYIHES PAOELS, O RATAAOYOS TV YEWTOTWV
waitegov evdagpépovtog oe mayrooua ®¥hipoxa. H epyaoio auvni teleldvel pe v magovoioon g medTng
PAaong duLoveyiag Tov YewAoywwol TAaioiov, 600V agpoed T XWEO. HOgC.

ABSTRACT

This contribution refers to the history of the International Union of Geological Sciences (IUGS) initiative
for the inventory and compilation of the global geosites list, “The geosite project”. This project that started in
1996 came as a consequence of the recent years discussion in international level, geological sites to be included
in global site-based conservation and protection projects and in the world heritage list of UNESCO.

The Global Geosites Working Group set up by International Union of Geological Sciences (IUGS) with the
support of UNESCO in 1995, undertook the initiative for the systematic inventory of the most important sites,
above all for the needs of the geological sciences research and education. The project aims also, to involve the
whole geological community in geoconservation, as well as to support any national or international initiative to
protect geodiversity, a recourse completely unrenewable.

In Europe the whole pilot work for the geosites project is carried out by ProGEQO, the European Association
for the geological-geomorphological heritage conservation. ProGEO to which most of Europe’s nations are
represented by members, through regular international congresses, meetings, workshops, has led the way for the
project, supported by its regional working groups and its national representatives (Greece belongs to the ProGEO
WGT1 of south-eastern Europe).

Some milestones with reference to the geosites project, are the following:

1995, SE Europe regional workshop of ProGEOQ in Sofia discusses strategy

1996, TUGS President writes to all National Committees announcing Geosites project

1996, First workshop on Geosites at Second International ProGEO Symposium on Conservation of the
Geological Heritage, Roma, June. Criteria established for site selection

1996, Geoconservation workshop of UNESCO at IGC in Beijing

1997, Tallinn, Estonia ProGEO meeting: Geosites database workshop

1997, First African Geosite/World Heritage workshop GSSA Johannesburg, September

1998, Belograchik ProGEO conference, Bulgaria: Geosite IUGS-UNESCO World Heritage workshop

1999, Geosites workshop at Third International ProGEO Symposium in Madrid, November

2000, Geotopes meeting of UNESCO at IGC in Rio, Brazil

* FRAMEWORK FOR THE GEOSITES SELECTION ACCORDING TO THE INTERNATIONAL UNION OF GEOLOGICAL SCI-
ENCES (IUGS), AND THE EUROPEAN ASSOCIATION FOR THE CONSERVATION OF GEOLOGICAL-GEOMORHOLOGICAL
HERITAGE (ProGEO). First phase: an attempt for a country framework.

1. I'TME, MEZOTI'EIQN 70, AGHNA 11527, EAAAAA, ren@igme.gr - IGME, MESSOGHION 70, ATHENS 11527, GREECE
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2000, ProGEO workshop at IESCA-2000, Izmir, Turkey.

The methodology for this inventory is described in this paper, as well as the geosites framework and its
fields-items, aimed to the standardization of this inventory, as well as a first attempt at a geosites framework for
Europe. This standardization is a ‘sine qua non’ in order for the comparison of the geosites inventories of
different countries to be feasible in a consequent phase.

The phases for the project progress is the following:

1) first devise a country framework

2) open a discussion in the country, publish the first attempt of the framework.

3) more or less finalize your country framework

4) start to select sites to represent your matured framework

5) discuss frameworks with neighbour countries, correlate frameworks between countries

6) finalize geosite list for all countries (in your regional working group) to represent the final regional frame-
work, that is - final representation of geodiversity of the region

7) place final documentation (standard format) in central database of TUGS.
-During all these phases publish and consult with all, at as many stages as possible-.

The contribution ends with a presentation of the first attempt for the geological framework of Greece.

AEZEEIZ KAEIAIA: mayréopa ®*AQovopd, YEmAOY Y -YEMUOQPOLOYIXY ®ANQOVOULE, TOOYQOUUC YEWTOTWY,
TAAL{OLO ROTAYQAPNS YEWTOTMYV, YEMTOWIAGTTA, TUTTOTOMOT, ovyxoLowpudTTa, ProGEO,
UGS
KEY WORDS: geosites project, geosites framework, geoconservation, geological-geomorphological heritage,
geodiversity

1. EIZAI'QI'H

Ta tehevtaia 10 Tovddyiotov xeovia el ayioeL po oulriton oe deBveég emimedo yia va. ovpmeQuingBovy
YEWAOYIREC-YEMUOQPOLOYIRES BEOELS OF TTOYROOULOL OYUOTO. DLATIHENONG KO OTOV RATAAOYO TOYROOMOG *AN-
povopdg ™g UNESCO. Zmv Evpdnn 1 ovliitnon avni €xel wdel okt peydhes dwootdoes. Me mv mpwto-
Bouvkria g ProGEO, alrd ko g TUGS »ow g UNESCO, dropyoavaOnxov mohhés ouvavinoeLs, EQYaoTioL,
OUVEDQLAL %ATT. YL TO GUVTOVIOPS TV EQEVVAV Yo T peyaiteen duvomi Tumomoimon xow T dnulovpyia xoTo-
AGYWV aVTITQOCOIEVTIRMY YEWAOYRMY OEoEmV, 08 OVIXRG non dieBvée eminedo.

2. IZTOPIKO

To 1995 n TUGS, Eexivnoe pe mv vroonjolEn mg UNESCO, wa mpwtopfoviio yio T pedédevon wog
TOYRGOMAS EQEVVAS ROTOYQOPIS TWV TAEOV CVILTQOOWTEVTRMV YewAoYIRdV B€oev xow T dnuoveyia ™mg
Bdong dedousvov tovg. To mpdypapua ovopdomzre Geosites xow ovoninue o edwn opdda egyaoiog ™mg
TUGS, “n oudda gpyaoiag yio v €pevvo. Twv Yewtonmv ot mayrdomo eninedo” (IUGS’s Global Geosites
Working Group-GGWG), mov avéhafie v voonijotEn xot 1o cuvtovioud avtig g tpwtofovhiog oe dieBveg
enimedo, M. g emAoYNg KoL ROTAYQUPY|C TV TLO AVILTOOCMIEVTIXMV YLOL T1) YEMAOYIX1] ETLOTHUY, OETEWV.

O oromol g opddog epyaoiog owTig eivar 6L axdhovBol:

1. va eTopdoet Tov 2aTdAoyo TV BECEMV TOYRGOULOU EVOLOPEQOVTOG
2. va dnuoveynoet ™ Pdon dedopévav Tmv BECEWV KoL TEQLOYWV LILAITEQOV YEMAOYLROU EVOLAPEQOVTOG
3. va XONOLHOTOLOEL THV EQEVVOL YLOL TOUG YEWTOTOUS £TOL dOTE var daddoeL TV €vvola ™ Yewdiamionong

%o £T0L VO VTTOOTNIEEL TS YEWAOYIRES ETLOTHIES
4. vo vroomEiEeL TEQLYPEQELORES RO EBVIRES TOWTORBOVALES TTOV OTOYXEVOUV 0TI dNPLOVEYIOL CUYRQLTIRMV KOL-

TahGyV
5. va Mdper p€Qog row vo, vooTnEIEEL ouvovTioELs Tov eEETATOVY Ta ®OLTHELOL ETUAOYYS YEWTOTWYV, neBSdoug

emhoyn M dromijonom onpovirav Béoewv
6. VO ROTOYQOPEL TIC EMOTNUOVIXES AE(EC TOV YEDMTOMOU O CUVEQYAOTO. HE ELOROVS, EQEVVNTIRES OUAdEG,

ETLOTNUOVIRES ETOUQEIEG, ETUTQOMES KAT.

7. vo givow o ovppovrog g TUGS »aw g UNESCO yio tig mpotepandTnTes yiow dtoTijenon o€ moyroouo
eninedo, oupmeQIAapPOVOREVNG RO THG TOYROOULOS XANQOVOULAS.

H dnpoveyia to 1995 avtig g mpwtofoviiog ol g opddag gpyaoiag amd v IUGS 1jpbe oo ovvéyeia
%O CUVETEL TEONYOUHEVOL TROPBANUaTIOROU TOU GTtms ovapépbnxe iye 0N ayioel amd Tig apyEs ™me dexna-
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etiag Tov 90, hote va ovpumeQuAn oy xat BEOELS YEWAOYIROU ®URIWE EVOLOPEQOVTOC, OTOV XATHAOYO TOYHO-
opog Quotkis ®at tohtotrtis #Aneovopds e UNESCO. Ou 0é0e1g autég 6mmg givat yvmoTo mpooTtotevo-
VIOl otd ™) «ZUpfaom yuo ™y TayrGope. QUOLKY ®au ToAtiotx xingovoud» tov 1972 g UNESCO, v
omofa. vy ENAGda vtéyoanpe to 1981(1. Theodossiou-Drandaki & Chr. Foundou, 1997). Anuoveyinre Aowmdv v
mowyty opdda GILGES ( Global Indicative List of Geological Sites) yiowmniv tnv mow xoataypag (Cowie,
1993) . AmotéLeopa avtig TG TEWTNG TEOOTADELS Ay 1) ®orTahoyoroinon evag aBpot Boemv xwolg Spumg
Aneogopio wov Ba enéTpene ouyRQLOWMOTT OTN OVVEYXELR. To 1994 nrav TAéov aved Gt o xauvouioLo
ueBodoroyia %ot ETAVOROOOQLOUGS TWV OTGYWY YLOL (L0t CUOTNUOTIXY] RO CUYRQOTNUEVT] ROTOYQOUPT] 1{TAV OVOL-
yratog (W. Wimbledon et al, 1998). Etol grdoape, 1o 1995 oto mpdypaupa yewtdnmy (geosites project). Okn
ot n porold drodioxacion xow 0 TEOPANUATIONGS avdyeL TO BEpa TS RATAYQOUPNS TMV YEWTOTWV XL OTY
OUVEYELD TG SLATHENONG, TEOOTACIOS %Al OLUYEIQLONG TOVUS O £VOV RALYOUQLO EQEVVNTIXG KO ETLOTNUOVIXG
YAAOO TWV YEWETLOTNUOIV.

H npwtofoviia avti xabog xow 1 dnpoveyio eveg mpdtov mhatoiov agywv ouintOnxe oto I1° diebveg
ovvédplo g ProGEO, mg Evowmainiis Etauwpeiog yio ) dromijonon g yewloyiuig xAnpovopuds, ot Poun to
Maio Tov 1996. Mia Tt OyeTix eQyooia Ue T YEWAOYIXA TAaioa ®AmolwV (23) xmwedv, peta&l twv omoiwv
xaw ) EMdda, tagovoidomxre oto ouvédpLo s ProGEO ot Bovkyapia, tov Iotvvio Tov 1998, ot 1dixé epyo-
omjoto. To mEWTo aUTd TAAICLO, TUTTOTTOMUEVO OUUQ®VA PE TG 0dNYieg Tov poyedupatog Geosites, TeQuioap-
Baveton oty gpyaoia tov ouvedpiov ™mg ProGEO ot Bovkyapia tov Iotvio tov 1998 (W. Wimbledon et al,
1998). 21t oLVE ELX POl TEATY) TEOOTADELL CUYRQLONG TOV YEMAOYLXMDV AUTHOV TAALOIWV €YLVE OE EQYAOTN TTOU
mapovotdomxre oto II° AeBvég Zvumdoro mg ProGEO om Madpit o Noéufoto tov 1999 (Wimbledon et al,
2000), »aBmg row oto 31° Mayxdouo Tewhoyrd Zuvédpro oto Plo g Boalikiag tov Avyovorto tov 2000, og
goyaotjoto g UNESCO, xau oto Aebvég Zuveédpio IESCA oty Zpipvn 1o Zemtépforo tov 2000, o edind
vy T yewhoywrn ®hngovoud gpyaotjoto ™ms ProGEO (Wimbledon et al, 2000). Onwg eivar goved 6in m
mAoTxy eQyaoio oe evEWTAInG entimedo Yo 1o mEdypoupa Geosites, €xel avalngdei and v ProGEO, mov
eQydateron peBodird pe m Aettovgyic TEQLPEQELOXRMY OpddwY egyaciag (1 XMEO Hag avijrel oty ouddo €o-
yaotog Notoavatohxng Evpdnng 1 ProGEO WGI- 1. Theodossiou-Drandaki (2000)).

MeQpI®EC XOQORTNOLOTIXES NUEQOUNVIES YL TO TRAYRaupuo. Geosites, elvan ov axchovBec:

1995, To epyaotioro NA Evpwang g ProGEO ot Zégua oulntd ) oTootnyLxy yuot Ty ®OToyeogt Twv
YEWTOTWV

1996, O mpdedpog e TUGS avayyéhhel otg eBvirég emrponés tg Evoong oxetxd pe ) dnuoveyia Tov
mpoyodupatos Geosites

1996, To mpwto epyaonjolo yia to Geosites yivetar ratd ™ didpxreto Tov 2 AeBvovg Zvpmooiov g
ProGEO yia m dtatrjonon mg yewhoyixig ®xAnoovouds, om Pdun. Zvlimon xormoeiov yia g emhoyn tmv
YEQOTOTOV

1996, Epyaotoio g UNESCO yia ) yewdwatrjonon oto 30° Awebvég T'ewhoyind Zuvédplo (ATE) oto
Ilexivo

1997, Tallinn, EcBovia: egyaonijolo yua ) Bdon dedopévav tav YEWTOTmY ®atd ™) SLdQxeLn OUVAVTNONS
g ProGEO

1997, TTpwro agpeurwovins epyaotjoto Geosites/mayrdopag ®Anpovopds oto Johannesburg

1998, Belograchik, Bovhyapia: conference, Bulgaria: Geosite [IUGS-UNESCO World Heritage egyaotjoLo
®rord ™ dudpxrelo Tov etijotov cuvedpiov g ProGEO

1999, Epyaonijgto tov Geosites ato 3° diebvég Zupmdoro g ProGEO ot Madpitn

2000, Zvvavmnon g UNESCO yia ta Geoparks, T yewhoywii xAngovoutd xou m fudowun avdmtuEn, oto
31° AT'Z oto Pio, Bpalihia

2000, Egyaomjpto mg ProGEO ot Zutpvn oto mhaiowo tov IESCA-2000

Zromog UTHG TS TOOOTAOELS TOV KO TTOQAUEVEL L0 OVILXELUEVLKT] TTQOOEYYLON O€ €BVIRG emimedo yia
™ duoveyia YEwAoyLnoU TALOTOU, CLYREIOWOU pE Ta TAC{OL. TOV GAWY XWEMV ROl OTY CUVEXELDL VIO THV
€AOYY TV TAEOV AVTITROCWIEVTXMOV YEWTOTWV. To mhaioto autd xaw ov Béoelg mov Bo. emheyovv pe Pdom
atd, Ba yonowpomomOovy o o ovyrQLTLRY EQEVVO BACLOUEVY OF ETLOTNUOVIXA XOLTNOLO, YL TV ETLAOYY
Béoewv Yo TNV emoTipn zon €pgvva wov aEiCovy dteBvois avayvdeLong xoL TEOCTACTOS.

H peBodoroyia wov axorovbeital xat n dradoyii twv pdoemv oto £égyo Geosites eivon 1 axdhovdn:

1. etowaoio evig mpwtov mAharoiov oe emimedo xS
2. Gvouypa pog ovgitmong ot xoea, dnpooievon Tou Thanaiov xat eVOEXOUEVIS EVOS TEWTOL HKOTAAGYOU
(mhotirov) BEcewv ooV améEEOLL TOV TAULOTOV.
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Bertimon-cupmApwon Tov TAowoiov

emhoyr O€oewv mov Ba avramoxgivovion oto feAtiwpévo mhaiolo

ovlitom Tov TAOLOIOU PE TIG YELTOVIXES XWEES, OUYXOLON TV TACUOIWV HETAED TWV YELTOVIXWY XMWV
CUUTAQWON TOU XOTOAGYOU TV YEWTOTWV Yiat GAES TIG YWQEES (TWOU aVijROUV OTNV TEQLPEQELOXY opdda
goyaoiog ms  ProGEO) pe 10070 0V v avTiXaTonTeitovy 10 TeEMXO TEQLPEQELORS TAAIOLO YEWTOTWY,
dhadn ™ yewmouuhdmTa g Tteguoxric, oy mepimtwon pog s Notoavoarohirris Evpdnng

7. tomoBEmon g teMnrig poeris oty xevroury faom dedopévav mg TUGS.

H gdon 1 mg avotéom pebBodoroyiogs, agopd T dnpovgyia evig mpwtov yemhoyov mhoiotov o xdde
xooa.

To mhaiowo autd, €vag 0dnyds ue dAka AGyua, TEQLEXEL (e OELQd TEdIV OV avapEQOVTaL O UEYAAES
YEMAOYLRES KATIYOQLES, OL TAEOV ROWES OE OAES TLS YWQES, OV AVTATORQIVOVTOL 0TV TEABeon wag and
%OWOoU TEATNG TaryrSopmag xhipoxrags xatoyoagis. H tumomoinon mov €yive, ) mpoondBeia dnhadij vo vrdo-
xovv to. (duo Tedia Yo GAeS TIg YDEES BaL EMTEEYEL OTN OUVEXELD TN OUYROLOWGTNTA PETAED TV Aol RoL
OT1) OUVEXELD TV YEOTOTY dLagopetixdy ywedv. H avdluon tovg, ov xatmyopieg dnradi mov €xovv tehnd
emheyel, avromoxpivovron eniong oty ®Alpaxa eQyaosiog avtol Tov €Qyov, Tov oToyevEL TEMUA OF pio. Taryro-
owa xatoyeorj. Ta media avtd paivovior oto mhaiolo ov axohovbei:

o th B

3. IIAAIZIO KATAI'PA®HX 'EQTOIIQN ME THN TYIIOIIOIHEZH THX IUGS

TIEAIA:
Zroopatoygogixés B€oerg (Stratigraphic)

Tetaproyevég (Quaternary)

®Pavegolwixdg (Phanerozoic)

Ipotepotwirdg (Proterozoic)

Apyaindg (Archaean)

Oéoers avumgooonevtxés ya Iahoonegifpdiiov (Palaeo-environmental)

Oéoers avumgooanevtixés ya Iolaoravide, IMadaoylweida (Palaeobiological)

Oéoerg avuunpooomevtinés ya Ilerpoloyia-dopés-qparvopeva-draduinaoies exgnEryevav, peTapoppops-
vav xa iinpatoyevev terpopdrtov. (Igneous, metamorphic and sedimentary petrology, textures, events and
processes)

Meralrevrinég, owvovomnijs yeohoyiag 0éoerg (Mineralogical, economic)

Oéoerg avrumgooomevTixés yia Aoprj (Structural)

Oéoerg avumgooonevtinés Y10 I'eopog@oroyixd YaporTnELoTInd, NoQPES, Tomio xor diadivaoies dud-
Bowong xar amwdéBeons. (Geomorphological features, erosional and depositional processes, landforms and
landscapes).

Meremgites (Astroblemes)

Hrewponxg 1 oxedvelas ®Aipaxas Ye0Aoyind YoQoxTQLOTIRG, OYECELS TERTOVIRGDY TAAROV XKoL TTedi-
ov. (Continental or oceanic-scale geological features, relationships of tectonic plates and terrains)

YroOardooreg 0€oers (Submarine)
Iotoguxég Béoers yia Tnv avdartvEn Tev yeoemotnuev (Historic, for development of geological science)

BOéoeig 'ew-agyaroroyiag, I'em-1otogiag (Geo-archeology, Geo-history)
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Ocov agpoed ™ xdea pog £yive €va “ehMnvird” mhaioo mou omotehel B AEYOUE puoL TEATY RATOYQOPY
(W. Wimbledon et al, 1998). H zatoypagt avt n omola cupmAnodbnre oth ouveyeLa, axorovbel:

4. ITAAIZIO KATATPA®HE I'EQTOIIQN ME THN TYIIOIIOIHEIH THE IUGS, TTA THN EAAAAA

Paon 1

Zrooparoygogixés (Stratigraphic)

Quaternary-Neogene

Phanerozoic

Proterozoic
Archaean

Palaeo-environmental

Palaeobiological

Igneous, metamorphic
and sedimentary
petrology,textures,
events,processes

Mineralogical,
economic

(Quaternary and Neogene tectonically controlled sequence: mixed marine, lacustrine
and fluvial)

Neoyeveic xal Tetaproyevels textovind eleyyoueves axolovbics: Oaidooies, Ai-
Uvaleg, TOTAULES.

Eocene-M.Miocene molasse of Rhodope,
Mesohellenic and Axios troughs
Moldooa Hwxaivov-M. Meiwox. Poddrng, MeooeAnvinijc Avlaxag, AEiov

Small molasse basins of West Greece and Cyclades
Mixoéc podaooixéc Aexdves A. EAAddag »ar Kvxddowy

Triassic to Paleogene sequences of geotectonic zones
Totadixés Ews malatoyeveis axolovbies Twv yewTexTovIndy {wvdv

Plattenkalk sequences of Crete
Axolovbia Plattenkalk Kottng

Pre-Alpine basement rocks
Herpduara IMooalmixov vofdfoov

Messinian salt crisis, evaporites
Koion aluvodtyrag tov Meaonviov, efamooites

Lignitiferous basinsof Miocene,
Pliocene, Pleistocene age

Avyvitopopeg Aexdveg Metoxaivov, IThetoxaivov, ITAeioroxaivov

Late Miocene mammal faunas
Havidec Oniaotixdgy Av. Metoxaivov

Volcanic arc S. Aegean Sea
Hypauworetaxo to§o N Aryaiov

Volcanics of earlier arcs
Hyauoretand moonyovuevay toEwv

Ophiolite complexes
OpiolBixd ovumiéyuara

Bauxite and aluminium ores
Bwéites xou xoirdopara aiovuviov
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Igneous associations with Au, Ag, Fe, Pb and Zn
Hagayevéoeis expn&iyevov ue Au, Ag, Fe, Pb and Zn

Structural Neotectonic and seismotectonic fault and joint sets
Neotexrovind xar ogiopuotexTovixd oyuara.

Geomorphological Marine terraces, sea level changes controls, climatic changes controls (fluvial ter-
and depositional races, glacial forms and formations, aeolian deposits), planation surfaces,paleosoils,
processes and landforms karstic formations

and landscapes Oaldooies avaPabuides, uoopés mov opeiloviar oe allayr tov emmédov g

Odlacoag, amobéaeic-uoppés mov opeiloviar oe xApuatinés aldayéc (morduieg
avafabuides, mayetdoeis noepés xar amobéoeis, aveuoyeveicamobéoels), emipd-
VELES ETUTEOWONGS, TAAQUOEDA PN, XAQOTIXOI CYNUATIOUOL

Astroblemes
Continental or Isopic zones reflecting geotectonic regime and paleogeography
oceanic-scale Toomuixég Edves mov avravaxAovv yewtextovins »abeotds xal maialoyewyoapi-

a
geological features,
relationships of tectonic
plates and terrains

Submarine

Historic, for development
of geological science.

5. ZYMIIEPAXMATA

Onwg 1O avagpgpdnxe mo mdvw 1 EAdda, 600 agopd T ovyrexouuévn epyaocio ) cvotnuatiry] dnhadi
RATOYQOUPY] TV YEWTOTWV ®ow TS PAOELS TG (OEA 4 o TAvV®), €xeL TEAELDOEL TNV TEWMTN QAo %o €xeL 11dn
. MEOYWQNOEL OTN QAo 2, T0 dvorypa evig dMpéoov dlahdyou yio T oupmAjomon xau fetioon Tov mhawoiov
(pdonm 3). Mapdhinho Eenivoe 1 rataypagn xdrowwy BEGEMVY TOV Vo AVTOTOXQIVOVTOL OTLS LdpOoQES HOTNYO-
oteg Tov mhouotov (pdom 4) evd pia TEWTN CLTHTNON YLoL TN CUYXROLON PE TIG YELTOVIXES XWDOES TS VOTLOOVATOAL-
%1 Evodang Ba yiver oe e1d1n6 eQyaoiolo xatd m dudoxera Tov mapdvrog ovvedpiov mg F'ewhoywnric Evou-
oeiag EMAdag. Eival yeyovdg 6t o dAAeg xDOES 1 eQyaoio autt €)EL TEOYWEOEL AXROUN RO REYEL TN pdom
6, dnA 0T CUUTAEWOT TOU RATOAGYOU TV YEWTOTWY Yidt GAES TS YWEES (TOU OVIOUY OTNV TEQLPEQELAXT]
opdda egyaoiag s ProGEO) pe 10670 mov va avitratortiCouy 1o TeMrs TeQLPEQELAKRO TACIOLO YEWTOTWY,
dmhadn ™ yeomouhdmra TG TEQLOXNS.

H zabutéonon avt] ot ydoa pag ogeileton ®vpiwg ato YeYovas 0Tt 1) 1WOEa TS datenong avilmEocwey-
TXAOV YEOAOYWDV O€oewv, eivar oxetnd mpdopat oty EAAGda. Axdum xow ) oxeTiry opohoyio polg €xel
ayloeL va dnprovpyeitor xow oryd oryd vo rotoyvewvetal (Axadnuioc ABnvav, 2000).

Ag ovpaiver to dro oe dAheg Evpmmaixés xweeg, iaitepa tig poperes Evpnmairés. Zng xweeg autés, 1
130 TS Yewhoyric-yewPopOLoYIRTiC ®ANEOVOMLAS Elveu aoAETE TEOmBNIEYY %at Exel ™) BEON ™S g oVoLD-
g meguparhoviiny modueteog. Auté BEPara, xaBGhov dev onpaiver Gt n ouveldntomoinon yio ) dramionon
€yEeL prdoeL oto emimedo TG ovveldnromoinong yia ) Prodiarionon N my agyororoyry dratienon. Exouv,
Sumg, 1jdm yiver ToAG now To ®UELETEQO Elvar GTL €)EL YIVEL 1) ROTOYQOPY] CVTAV TV BECEWY TTOV ElVOL ONpavTL-
1EC RO AVTUTQOUWMEVTIXES YL TN YEWAOYIQ TG nGDe Yooug M Exovv mayrdoua onpaocia. O BEoelg Aowtov
QTEG, oL YedTOmoL, ®olUmtovTol and oxetxy vouobeoia, £xouv t B€om Tovg 0T0 XWEOTAEIXG OYEOAOUS KoL
ot duaeipon xorjong yne. Exet emttevyBel dniadn o apuovirtj xatd to duvatdy, ouvirmaEn SAwv twv megt-
Barhovirwy magapétpov (Ewp. Ocodooiov-Apavddxy, 1998).

Méoa ané avnj ) Stohextny dradiraoio xow to Yovipo dudhoyo mwov 110n €xel ayloeL ®ow 0T XWEA pag Oo
TOYXMEOOUUE OTNV RATAYQOPY TV YEWTOmmV. Omwg elvar gpoavepd amd doa péxol twoa avagpéednzay, n
mowrtofovhia. g TUGS, eivon pua avowrt, dnpoxpatnii dwadmacio, pe yoooxtioo duvouwd. H ovppetoxy
pag oavtiv T pwtofoviio diver to epediopara yior puo cuoTnpomry] evaoydinon pe évo O€pa toh cofood
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alAd Wwaitepa mapaueApévo dmmg eivar 1 avadelEn tov yewroyrot mepidrrovtog. O Béoelg mov Bo rata-
YOUQOUV %ol TOU B0l OMOTEAECOUY TO GVTLXEINEVO ETOTHUOVIXT|G CUETNONG Haw drampary udTevong Lo TV €v-
QMK ®OL TNV TTAYROOWL ®AnoovouLd, Ba aoteAéoovv €va TANEES ®OTd TO HUVATGV OIXTUO YEWTOTWV NE
®UQLO XOQOXTNOLOTLRO TNV avTrpoownevTivdtta. Ou B€0elg avtég elvan oL adapgnofrjtnrol PaeTvEES TS
YEWAOYLRNG HOG LOTOQIOG, TGS TAAULOYEWYQOPIOS UOGC, TWV TUANLOYEWYQAPLOV pas. Elvor ®oAd vo Tig gpoovti-
ooupe yio Ty idra ) drorjonon g @uong, GAAG row YL TO OYUEQC KL TO GOLO UG,

Eivai cuot6d0Eo0 Gtu ta tehevtaio xoGvia VITAQYEL Lot EVEQYNTIROTITO RO PLat CUVEXHS oVTijTnon yiow arnd
oTd to B€pata. Ad To TopeQo g vov to 1996 (mpoxtind tomuéeou Xigov, ABrva 1999), drov o B€ua
™S AaTHENONS TS YEMAOYLRS-YEMUOQPOAOYIXYG ®AQOVOULAS UE CUOTNUATIXG TOOTO, IWITHXE OVOLOOTHG. OF
ovlifmon péyot orjpepa moAhEg naw aEidhoyeg mpoomdbeieg £xovv yiver. Ou QORELS TS XWEUE TOV AT ohovVTL
UE TA YEMAOYLKRG TTOAYUOTO, OL YEWAOYIRES OXOLES TV PEYAAMY TTOVEmOTHIWY, To. Movoeia (uowrig LoTopiag
ROL YEWAOYLROY PVNLEIDV TNG XS £XO0VV 0TO GUVOLO TOUGS O)edOV, mEOOBHEoEL pe TOV €va 1) e TOV GALO TEOTO
oAU BeTnd ovavTHv TV ®Rivnom kow €xel amortnOel pa apreT) epmelpia xow weinavon Bdieyo g WEag yia
YEWILOTHONON o XAOAEN OYETURIG TOMTIRTG.

Eivar mavBoporoyotpevo 6t ) xdoakn wag ovyyeovng moMtxng yio ) frodowun, dixoun xat 1o6peormn
avATTtuEn 08 PUTOQEL VL TOTELEL OTTORAELOTIRG TTOOIGY TEYXVORQUTIXWV CLTNUATMOV oL DLEQYOOLHV, OAAL EVEU-
TEQMYV HOLVWVIRMY OUVOLVECEMV KOL OUYXQOVWV ETLOTHUOVIXMDV YVAOEWV ®al avorahipewv. Méoo oovté 1o
xAipo avEnong mg ovveldnromoinong yia ta owohoyxd mpofijuata, 1 SlaTnENom ™S YEOTOWMAGTNTOS HoiL
TOV YEWTOmWY TEETEL Vo wdeL 1 B€om mov g a&ilel mg ovouddng mepifarhoviiny ToQAUETQOG.
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I'EQAOI'IKO ITAAIZIO I'TA THN EIIIAOTH 'EQTOIIQN ZYM®QNA ME TIX
ITPOAIATPA®EX THE AIEONOYX ENQXHX I'EQEINIETHMON (IUGS) KAI THE
EYPQIIAIKHE ETAIPEIAX I'ITA TH AIATHPHEZH THX 'EQAOT'IKHE-
TF'EQCMOPP®OAOTIKHE KAHPONOMIAXZ (PROGEOQO)

Agvtepn Pdon: dvorypo plag ovSiiTNoNg 0T (BE, dNHOCiEVeT TV TAoLoiov,
Bertioon-ovpmijgwon Tov Thaoiov
EIP. @EOAOLIOY-APANAAKH', K. IIAHAAOHOYAE‘OY-BPYNIQTHZ,

A. MAPKOIIOYAOY-AIAKANTQNH

ZYNOWH

H epyaoia ovt amotehel T devten gpdon tov npoypdupotos Geosites tng IUGS. H g@don ovt Egxnivnoe
ne €vay mEAdTo avoLrTo SLGAOYO OTNV EAANVLXY] YEWETLOTNUOVLXY] ROLVOTNTA Yol T CUpTTAjomam, Beltiwon Tov
TAooiov YEOTOmwY Tov duLoveyidnxe xotd ™V RO PAon Tov mpoyedupatos. H modtn avti @don
TEQLYQAETAL avaluTind o MM gpyaaio Tov TaEdvTog ouvedpiov.

H emhoyn tov yewemomuovmy mwov ratapyiv 8o cvuppeteixav oto ditdhoyo ®ot 1 amooToM] 0aUTOUg
EVNUEQMTIXOU VMKOU, EYLVE IE HOITIOLO TN UEXOL ONPEQQ EVOOXOANOY TOoug pe B€pata oxenlopeva pe ™
yewdiorTrienom, ™ StaTenom g YEMAOYWXIiS ¥AnEovouds xat TV avddelEn tov yemmeplBdlovtog, xafag xo
Ue TV mEOOoTAoT X dLaxeipLon YEWTOTWY.

To mEOIGY NG CUVEQYAOIAS QUTHS TS TEWTNG OUAdaS YEWETOTHUOVOY, TO BeAtiopévo dnhadn xou
CUUTANQWUEVO TAQIOLO YEMTOTMV TEQLEXETOL COVTIHV TNV €QYOOIO ®0OMS ETIONG KoL WQLOUEVOS aELORSS
YEWTOTMV OV TOQADEIYUOTO PHEQLRWDV ROTNYOQLDV. To arrotéheopo autd Oev ivol XAELOTO KoL OTOTIRG GAAG
avoLxto, Suvauro row eEEMOOGUEVO.

Zradlond ®oL CUOTNUATIXA, UE TY) CUVEQYOOIC GAO KOl TTEQLOOGTEQMV ELDIXWY YEMETOTYUGVOY TO TAQIOLO
TOV YEWTOTWV YL TNV TAYROORLO YEWAOYL®] ®AnQovould, Ba amoxtnoel pia mAnedtnta xou pio
AVTLITQOCMIEVTIRGTNTA AVEAOYY) TNG YEMTOWRIAGTNTAS TNG XWQAS UAG, OTE QUTY VO EXTEOOWTNOET LXAVOTOUTLXG,
OTOV EVQMTOIXGS 1] KO OTOV TOYROOULO KATAAOYO YEWTOTWY.

ABSTRACT

This contribution constitutes the second phase of the Geosites project of IUGS. This phase started with an
open discussion in the greek geoscientific community for the improvement of the geosites framework created
during the first phase of the project. The first phase is described in another paper of the present Congress.

The criterion for the selection of the geoscientists to send them an information package for this first open discussion
was their previous involvement with geological heritage conservation, geotopes protection and management issues.

The fruit of the cooperation of the first group, that is, the improved and completed geosites framework
together with some geosites as examples of the framework categories, is included in this paper. The format of
the framework has changed in this paper (compared with the one of the paper for first phase, of the present
congress) in order to make it shorter. The whole framework, categories, geosites-examples, are written in Eng-
lish language as well, because English is the common language of the Geosites programme.

The categories refer to both continental and submarine geosites.

This product is not closed and static but on the contrary it is open, dynamic and under development. It will
obtain gradually and systematically, with the involvement and cooperation of all the more specialists, complete-
ness and a representativity equivalent to the geodiversity of Greece. In this way it will be represented adequately
in the European and the world geosites list.

* FRAMEWORK FOR THE GEOSITES SELECTION ACCORDING TO THE INTERNATIONAL UNION OF GEOLOGICAL SCI-
ENCES (IUGS), AND THE EUROPEAN ASSOCIATION FOR THE CONSERVATION OF GEOLOGICAL-GEOMORHOLOGICAL
HERITAGE (PROGEO), 2nd phase: opening of a discussion in the country, publishing and more or less finalizing the country framework
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KEY WORDS: Geosites framework, IUGS, ProGEO, geological heritage conservation, geotopes, geodiversity,
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1. EIZAI'QT'H

v ggyaocia avt) weprypdgetor 1 dettepn @don tov mpoyedupatogs yewtomor (Geosites) g IUGS. H
TEWTN PAom Tov €pyou €xel 1jdn dieEodird meprypaget oty gpyooia «FEQAOTTKO TMAAIZIO T'TA THN
EIIIAOTH TEQTOINIQN ZYMPQNA ME TIXZ ITPOAIATPA®EX THX AIEONOYXZ ENQXIHZ
TEQENIZTHMQN (IUGS) KAI THE EYPQIIAIKHE ETAIPEIAZ I'lA TH AIATHPHZH THX
TEQAOTTKHE-TEQMOP®OAOTTKHE KAHPONOMIAZ (PROGEO), ITowytn ®don: etolpacio evog mpwtov
mhouoiov o€ emimedo xwEus», TOV TOESVTog Zuvedpiov (Evp. Bcodooiov-Apgavddxn, 2001). Exiong omv epyaocia
exelvn meprypdpetan avohvtind, 1o mpdypaupo Geosites g TUGS xaw o 10T0Q1%6 TOU.

Oa eravardpovpe 0 GTL OROTGS AVTHG TNG TTEOOTAOELOS TV KO TAUQOUEVEL 0L AVTIXELUEVIXT] TTQOOEYYLON
oge eBvixd enimedo yro ™ dMpovpyia YewAoywoy Thatoiov, ouyxQIoWov pe To TAaiow Twv GAAMY XWEMV ®ot
0T CUVEYELL YLOL TNV ETUAOYT] TWV TAEOV OVTTQOOWTEVTIXWY YEWTOTWY. To mhaioto awtd xou ou O€oerg wov Oo
emAeyotv pe fdon avtd, Ba yonotporomBovy o€ puo ouyrLTLkY EQEUVO PACLOUEVY) OF ETTLOTNUOVIXG ROLUTHOLA,
yioe v gmuhoyr] B€oemv yia v emonipn xow £ggvva ov aEiCouv dieBvoig avayvdeLomg xoL TEOTTACTOS.

H peBodolroyio wov arorovBeitar xow n dradoyn Twv pdoswv oto £pyo Geosites elval 1 axdrovn:

1. etowpooio evég mpdtov mhaioiov o enimedo ydooag

2. Gvovypa wog ovbitong ot X, dNUocievon Tov TAOIoV xow eVOEXOUEVIS EVES TOHTOU ROTOAGYOU
(mhonnov) BEoewv ooy amGEEOLA TOV TAALCIOV.

Beltiwon-ovumAriowon Tov Thowoiov

emhoyn B€oewv mov Ba avramoxpivoval oto Beltiwpévo mhaioo

ovliom Tov TACLOTOU PE TIG YELTOVIXES XWEES, OVYXOLON TWV TALOIWV PETAEY TOV YELTOVIXGDV YWEWV
CUPTTA QMO TOU ROTAAGYOU TV YEWTOTWV Yo, GAES TG YMEES (TTOV OVIXOUV OTNV TTEQLPEQELOXY Opdda
gpyaoiag g ProGEO) pe t1o6mo mov va aviikatorwtoilovy 10 TeM®S TEQUPEQELOKS TAAIOLO YEWTOTWY,
dnhadn T yeomornthdmra TS TEQLOXNS, OtV TeQiTTwon pag s Notooavatohxiic Evpdmng

7. tomoB€mon g teMng pop@ris oty xevroury Bdon dedopévav g TUGS.

H gdon 1mg avotépw pebodoroyiag, apopd drwg 1idn avagépnxe, ™ dnpuoveyia evos Te@Tov YemAoyxoy
mhouoiov o ®dOe YWEA, TOV TEQUAAUBAVEL TIG TTLO AVTUTQOCWITEVTIXES KOTNYOQIES YEMAOYLXMDV OVIOTHTOV-
roTNyoQudV Yewténwyv. To mpdypaupa Geosites 0TOYEVEL OTNV TUTOTOIMOY TOU TACLOTOU AUTOU TV YEWTOTWY.
H tumonoinom 0o emteéPet T CUYRQLOWUGTNTO ROTOEYNV RETOED TV TAALOTWV RO 0T OUVEXELD. PETOED TV
YEOTOTWV SLOPOQETIRWDV YWOWV.

H pdon dvo Eexivnoe pe v omootol] o€ €vay aLBps YEWETLOTNUGVAY, EVIHEQMTIROU VMXOU OYETWRA UE
TO TOWTO YEWAOYIXG TAQLOLO TTOU dnpovEyBnxe yio ) xwea pag, pe o mpoyeaupa Geosites (W. Wimbledon
et al, 1998). H emhoy1j twv ouvadélpmv 0Toug 0oiovg omteoTdhn autd To VMRS, EYLVE e ®OLTIOLO TNV EVOoYSANom
TOVG e TOV €va 1] GAAO TGO pe T dratijonon yewloywmav B€oemv xon T diddoon ™ W€ag g daTionong mg
yewhoywrig xAnpovouuds. Etol doxioe €vag mputog ovoirtds S1dAoyog Tov oToxo €XEL 0T CUVEXELD VO ETTEXTAOED
OTOV €VQUTEQO YEWETOTNUOVIXG Xd0. Tl 1 yewdiationon xau n Aoy Twv TAEOV AVILITQOOMITEVTIXWDV
YEWTOMOV Yoo ovadelEn, mpootaoia xou evdeyopeva dwayeipion eivar veéBeon Ghwv pag. H emhoyri twv
YEWTOTWY QUTAV TTOV Bt oUPTANEMOoVY T TTEdia-RaTNYORIES EVAS TEMXOU TTAOLTTOV, YEELdteTan T dnuoveyia
onddwv and edixovg mov Bo emeEepyaotovv To mAaiowo xal Oa emAEEOVY OUYRERQIUEVES BEOELS pE
YOQOXTNOLOTLRA TTOV EIVOL ONUOVTLRG YL TN YEWAOYID TNG XWEAS RO TG EVEUTEQNG TEQLOXNS (VOTLOOVATOMNKY|G
Evpdmng) o avtavaxhovv m yeomowhdmra g meptoxris. No onpelindel 6n oe GAAeg YHOES Ko TEQLOXES
£XOUV TEOYWEIOEL OF ENGUEVA OTASLO AUTOY TOV OYUATOGS.

H epyaoio mov mtapovotdietol edd eival TRV TG OVTATTOROLONS REQIXMDY CUVAIEAPWY GOVTE TO XAAECUAL.
Mze ™) ovvepyaoia oty agpeveg ovpmAneddnray ta medio, dnpoveyiitnray rdmwowa vonedio, mTEOOTEBM1E
apxeti TAngogoia Waitea YewRopEoroywrij, apetépov mTEOoTEMMKaY pepwrol yedtomor-roadeliyporo
HATOLWV HOTYOQUDV.

Na emavahdfovpe GtL 1 oulitnom TOQUUEVEL AVOLXTY TO TTOOIGV AUTE aVaU@LOTNTOL ETLOEYETOL CUUTA OO
%o Bertimon Tov oe eOPEVES PATELS.

To mhatioo Gmwg EPTAOVTIOTXE PE TN CUVEQYTia TV OUVadEAPWV axolovBel ue Tig eErg emonudvoeig: H
poe@1 Tov mhawoiov €xel TpomomomBel oavtiv v gpyacio (o8 oxEon pe TV eQyaoia yia T @don €va, Tov
TAQGVTOG OUVEDQEIOV) YL VoL pnv TLAOEL TOAD Y (HEO. Ot XoTNYOQIES, RO OL YEDTOTOL EYOVV YOAPTEL OTNV oryyAun
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YA®Oooa, Tov givor 1 ®own yhwooa tov mpoypdupatog Geosites, row oty eAnviry yAdooo.
O naTnyoQieg ®at oL YEWMTOTOL apoQovy (epoaies 1 vtobakdoies BEaeLs.

2. IIAAIZIO KATATPA®HX I'EQTOIIQN ME THN TYIIOIIOIHXH THX IUGS, I'TA THN EAAAAA
®aom 2

Stratigraphic (Zrpwpatoypagés BEoeis)
A) Quaternary-Neogene(Tetaptoyevéc-Neoyeveg)

Tectonically controlled sequence: mixed marine, lacustrine and fluvial
Neoyeveic xat TeTaQToyeveic textovind eAeyyoueves axoiovbics: aldooies, Auvaies, morauies

B)Phanerozoic (®avepolmixdg)

Eocene-M.Miocene molasse of Rhodope, Mesohellenic and Axios troughs
Moldooa Hoxaivov-M. Meoxaivov Podoans, Meooelgvixijc Avlaxag, AE1ov
Small molasse basins of West Greece and Cyclades

Mixpéc polaooixés Aexdves A. EAAddag »ar Kvxdddwv

Triassic to Paleogene sequences of geotectonic zones
Totadixés éwg malatoyeveis axolovbics Twy yewTexTOVIXGY {WVHY

Plattenkalk sequences of Crete
Axolovbia Plattenkalk Kowjtne

Pre-Alpine basement rocks
Herpduara Iooadmixov vrofdboov

C)Proterozoic(Tlpotegolwindg)

D)Archaean (Apyaizdg)

Palaeco-environmental (©€oeig avrumpoowmevtizég yio Iolaomeoifdilov)
A)Paleo-biogeography (ITalarofroyemyoapio)

Lignitiferous basins of Miocene, Pliocene, Pleistocene age
Awyviropopeg Aendves Metoxaivov, Iieioxaivov, ITAgiotoxaivov

B)Paleo-oceanography (ITahawomxeavoypapio)

Messinian salt crisis, evaporites
Koion aluvodtnrag tov Meoonviov, efamopites

Palaeobiological (©€oeig avuurgoommevtinég yio Hakoomavida, Makaoyhweida)

A)Mixed Palacoecosystems (Mewrtd IMakawootroovotipore)

Fossilized palm-trees trunks, of Plio-Pleistocene age mixed with fossil marine organisms-Sponges, more than 2,5 m.
in dimensions. In the coast of SW Peloponnese

Amolibwuévor xoouoi powixoddoovs, niixiag IAero-TlAetoroxnavixnis ue anolbwuévovs Baidooiovg

0QyavIoUOUG-Zrdyyovs mov Eemepvoly o€ dtaotdoels ta 2,5 u., otny magalia Ay. Mapivag Nedmodng Bowdy oty
NA Iedomovvyoo
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B)Palacoecosystems of marine organisms (ITaAatoowootipore BOAGOCLDY 0QYOVLOU®DY)

1. Banks of Cirripedia (Balanus, Megabalanus,Archaeobalanus, Scalpellum, 12 different species)of M. Pliocene age,
in Rafina area, 27 Km NW of Athens. The site is considered as unique for Greece and together with analogous
occurrences in Italy and Spain permits the tracing of the coastline during Pliocene age and contributes in the compre-
hension of Paleogeography

1. ayxow ue Gvoavémoda nhixiag M. ITewoxaivov, meoroxrjc Pagivag, 27 yu. BA Abnvav. H 6éon Oewoeitar
uovaduxrj yia v EAAdda xaw pali pe avdaloyes gupavioes otny Irakia xau lowavia emitoémovy tyv aviyvevon
THG YOUMIS axtdv xatd Ty meiodo tov ITAeoxaivov xar ovupdAlovy otny xaravonon tys IaAaioyewyoapios
(Magxomovdov- Ataxavravy, A. Ntovpovnny & I. Kéora 1998)

2. Rudists, Skleractinia, Foraminifera etc, of Santonian age, in Ptoon mountain, Beotia. Significant fauna, abudance
of material, in a perfect preservation status

2. Povéiorés, Zxinpaxtivia, ITogopdpa, Tonuatopdpa x. d., Zavroviov nlixiag, oty meptoyr tov ITtdov dovg,
oto Maguéixo (Bowwrtia). A&idhoyn mavida, apbovia tov viuxov, Bavuaotij xardotaon darionons (A. Meouvyxn,
A. Mapxomovlov- Araxavravy & A.Zaunerdxn-Aéxxa 2001)

C)Palaeoecosystems of continental organisms (ITohaootxooTipato XeQoa{wv 0QYOVIORWOV)

Mammal faunas of Quaternary-Neogene age (Ilavides Onlaoctindv Tetaproyevois-Neoyevors)

1. Indigenous dwarf elephants of Tilos island (Charkadio cave) of 3.500-4.000 y. age. This site is considered as the
richest in the world.

1. Evdnuuxoi vavor edépavres s vijoov Tijdov (omrjlaio Xapxadid) 3.500- 4.000 erdv. H ovyxexoiuévn Oéon
etvar 1 whovaioreen atov xoouo (N. Zvuewvion &. I. Ocoddov 1997)

2. Pikermian fauna, unique and rich in Kerassia, N. Euboea. (G. Theodorou, A. Athanassiou, S. Roussiakis & G.
Iliopoulos 1998)

2. Iixeouuxrj mavida, uovadixij xar wovoa oty Kepaoid B. Evpoiag. (Ilegiocoddxtvia: Pwoxegor, Inmoeidrj
xat Aprioddxtvia: Booeidrj xauw Kaunlomapddlews, Zaoropdya : Mayawpddovres xar Yauves, ITpofooxidwrd
x.d.) ( G. Theodorou, A. Athanassiou, S. Roussiakis & G. Iliopoulos 1998)

3. Samos. The fossiliferous sites of Miocene age considered as significant and very rich. (Koufos, G.D. , Syrides, G.
E., Kostopoulos, D. S., Koliadimou, K. K., Silvestrou, J.A., Seitanidis, G. C., & Vlachou, T., 1997)

3. Zduos. O Metoxawixijc nhixiag amobwuarogpdopes Oéoeis g eivat amo Tic onuavtinOTEQES XAl TAOVOLOTEQES
(Koufos, G.D., Syrides, G. E., Kostopoulos, D. S., Koliadimou, K. K., Silvestrou, J.A., Seitanidis, G. C., & Vlachou,
T, 1997)

4. Axios basin. Specifically the sites where the anthropoid Ouranopithecus macedoniensis of Upper Miocene age,
has been found are quite important.( Koufos, G. D., 1995, Bonis, De L., Koufos, G.D., 1999)

4. Koikdda A&wov. Idiaitega ot Oéoeis mov Poébnxe to avlpwmoeidés Ouranopithecus macedoniensis, uid
mooyovixij wooer twv mwheto — IMAgioroxawindv avlpwmidayv. Oles tov Av. Metoxaivov. (Koufos, G. D., 1995,
Bonis, De L., Koufos, G.D., 1999)

5. Chios, Thymiana; of Middle Miocene age, it is the oldest site with large mammals in Greece in Greece (Koufos,
G.D., Bonis De L. & Sen, S.,1995)

5. Xiog, Ovuava. Hluxiag M. Meioxaivov, mooxeitar yia tyv malaidteon Oéon ue ueydia 6niaoctixd oty EAAGoa
(Koufos, G.D., Bonis De L. & Sen, S.,1995)

Igneous, metamorphic and sedimentary petrology, textures, events and processes (Q£0€Lg AVILTQOCOTEVTIKES
yia [Tetgoroyio-dopuéc-patvopevo-dLadiraoies eXONELYEVEV, LETOAUOQPOUEVWY XOL LENUATOYEVHDV TETOOUATWYV)

Volcanic arc S. Aegean Sea
Hoauoretaxd téEo N Awyaiov

Volcanics and volcanic activity of earlier arcs (e.g. volcanics of Kakourou, Northen Greece)
Hyauotetaxd moonyovuevay toEwv (m.y. npaioteiaxd Kaxovoovs atny megioxj Hooudywv)

Ophiolite complexes
O@roliBind ovumAéyuara
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Mineralogical, economic (MetaAlevuxég, ornovoprtg yemhoyiag BEoeLg)

Bauxite and aluminium ores
Bwéites xat xorrdouara atovuwviov

Igneous associations with Au, Ag, Fe, Pb and Zn ( e.g. mines of Chalkidiki area, Macedonia)
Hapayevéoeis exontiyevdv ue Au, Ag, Fe, Pb and Zn

Structural (@€oeig avVTITEOCWTEVTIRES Yiow AOpr))

Significant tectonic contacts, upthrusts, overthrusts, neotectonic and seismotectonic fault and joint sets
ZHUAVTIREG TEXTOVIRES ETAPES, EMWONOELS, EQITTEVOELS, VEOTEXTOVIXG X0l OELOUOTEXTOVIXG QIfypaTa

Geomorphological features, erosional and depositional processes, landforms and landscapes (@€oeig
aVTITEOOMTEVTIRES Yot TEMPOEPOLOYLXE XAEaKTNOLOTIRG, HORYES, Tomia xat dadkaoies didfomwong xat
oamofeong).

Marine terraces, sea level changes controls, climatic changes controls (fluvial terraces, glacial landforms and forma-
tions e.g. in Olympos, Parnassos and Menoikio mountains, aeolian deposits), fluvial formations
as erosional basins and gorges (e.g. Tempi, Aliakmon river, Vouraikos, Erkyni, Rentina, Asprovalta, Vikos, Samaria),
river deltas, planation surfaces, paleosoils, waterfalls (e.g. of Edessa). Volcanic landforms (e.g. Santorini caldera,
submarine crater of Columbo). Weathering landforms (e.g. sphaerical weathering-tafoni of Tinos granites)

Oaldooies avafabuides, uopés mov opeilovrar o€ aliayr tov emmédov tns Odracoag, Hop@és mov opeilovral
oe xlnatinés allayéc (morduies avafabuides, mayerdoets nooés xar amobéoeis m.y. OQlvumog,
Hagvaoods, Mevoirio, aveuoyeveis amobéoeis), TOTGUIES YEWUOQPES OTWS XAQaXTNOLOTIXRES Otafowatyeveis
xoAddeg xar paodyyia (n.y. Téumy, roiddda Ahidxuova, Bovpaixds, Eoxvvy, Peviiva, Aonpofdira, Bixos,
Sauaoid), Aédra, empdveies emimédwong, malaloeddapn, xarappdxres (n.y. Edeooag). Hepaioreioyeveic
YEWUOQYES (T.Y. xaddéga Zavropivg, yewuoppés ato Zovodxt, Aiyva, Mébava, I1doog, MijAog, Zavrooivy,
Niovoogs, Kwg, I'vali, vrtoBaldooios xoarioas KoAovumo). Atafowaryeveic noopés (m.y. opaiouxrj amoodbowon-
tafoni yoavirdv Tijvov (Zovxns, K., Kovgoowtijon, E., Zrovovdeas I, 1998)).

Geotopes resulting from catastrophic phenomena (Marinos P., in proceedings of the meeting for the geological-
geomorphological heritage conservation. In the framework of Hermoupolis, Syros island. Athens 1999 ed. I. Drandaki)
TI'edromor and xaraorpogind pawvdueva (Marinos P., 1999 oto Toujueoo yra t datijonon s yewAoyixrs-
YeEWUOQYoAoyixijs xAnoovoutds, oto mAaioto twv Seuvagiov s Eouovmodns, 1996: moaxtixd, Abjva 1999,
exd. Eio. Apavddxn)

Springs, thermal springs (e.g. of Loutra-Loutraki Aridhea, Of Aghios Nikolaos Naoussa, of Aghios Ioannis, and of
monastery of Prodromos Serres, of Aggitis river, of Aggistron-Sidirokastron Lagadas)

IInyés, Oeoués mnyés (m.y. Aovrpdv Aovroaxiov Apidaias, Ay. Nixndiaos Ndovooag, Ay. Iwavvov xar puovijs
TR0V Zepodv, Ayyity, 0. Ayyiotoov-Zidnooxdatoov, Aayxadd )

Lakes(e.g. of Agra, Kerkini, Volvi etc)
Aiuveg (n.y. Ayoa, Keoxivys, M. BoABn xAx)

Karstic landforms and formations — Kapotixég noo@pés xai oynuatiouor:

1. Up. Cretaceous-Paleotertiary paleorelief (relics of the oldest topography): “Karstic landforms” dome-shaped with
asteroid dolines that means cone karst (kegelkarst). Fossilized in beauxites ores of Mandra Attiki, in Parnassos
mountain, Ithaki, Sparti, Menoikion mountain, etc.

1. Iadawoavdylvgo Av. Kontidixou-IIadaiotoutoyevors (To malaioteQo): «xaQoTinéc YEWUOQPECH UE HOQQT
TEOUAOV xat aoTeQoELdels «O0Aives» OnAadt xwvind xapot, amolbwuévo oe uetalleia Pwkitny orn Mavdpa
Elevoivag, arov Ilapvaoad, tov Elxdva xAn. (Riedl, H. 1984, Ilaradomoviov K. 1990, 1996).

2. Up. Miocene-l. Pliocene paleorelief: karstic landforms of the previous type observed in the surface at Lykokastro
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area 1300-1550 m height in Helikonas mountain, Parnassos mountain, Ithaki, Sparti, Mani, Menoikion mountain
2. Halatoavaylvpo Av. Meionauvov-Kat. ITheidrawvov: Kagotixés yewuoopés idiov timov mov mapaxodovbeiral
em@avetaxd orov Elixwava, 0éon Avkdxaorgo 1300-1500m (laradomoviov K. 1990), Magvacoo, 10dxn,
Zndotn, Mdvy, ato Mevoixio épog (Baflidxng, E. 1981) x.A.x.

3. Eocene paleorelief: landforms of Kegelkarst, in Mainalon mountain, between Vytina and Kamentsa, Peloponnese
3. Halawoavdaylvgpo Hoxaivov: yemuop@és emions xwvizod xaot, 0to 6pos Maivaio uera&v Butivag xat
Kauévroag

4. Bauxites of Vytina area in karstic “Cockpit doline” landforms (Riedl, H. 1977, Papadopoulou, K. 1996)

4. Bwé&iteg mepioyijc Butivag o€ xagotixés yewuoo@és timov «Cockpit doline» (Riedl, H.
1977, Papadopoulou, K. 1996)

5. Oligocene-L. Miocene paleorelief: a paleosurface buried with marls, in the area northern of Meteora, between
Thessaly and Macedonia. The landforms are due to processes combination of karstic phenomena and fluvial erosion
(Riedl, H. 1993)

5. Halawoavayrlvpo Olyoxaivov-Katwt. Meioxaivov: moooywuévy ue udoyes «malaioempdaveiay ueta
Ocooaliag xar Maxedoviag, fooeia twv Metedowv. Ot Yewuopés amoteAotv ovvdvaois xaQoTixdv QoIvousvoy
xau worauias didPowaons (Zaudvn, A. 1979, Riedl, H. 1993)

6. Mio-pliocene paleorelief in the form of “paleosurfaces” (e.g. Cyclades, Arcadia) as well as in the form of “karstic
peripheral surfaces” and “pediments” in other areas

6. Iladaroavdylvpo Metomdeioxaivov vad poogr «walaioempaveidvs (m.y.Kvxdddes, Aoxadia) alid xai
«XAQOTIXDV TEQUPEQELARDY ETUTEOWV» X «pediments» e TOAAEG TeQLOYES

7. Recent karst in “paleosurfaces” of the previous category, where “doline terrains” dominate like in Parnassos
mountain, Helikonas and Mainalo mountains

7. 2Z0yx00vo xaQ0T 08 TAAQLOETIPAVELES THG TQONYOUUEVNS XATNYOQIAS, OOV EMHQATOVY «TTENLA TWV OOAVHV»
onwg otov Iagvacod, tov Elixdva xat to Maivaio

8. Polygenetic landforms: the big “polje” (e.g. Kopaida, Ioannina. N. Akarnania, Crete, Samos, Skopelos etc.), the
numerous “caves” (e.g. of Petralona, Alistrati etc)

8. IoAvyeveTixéc yewuoopés: ot ueyales «nodyes» (m.y.Komaidas, lwavvivwy, B. Axagvaviag, Korjtns, Zduov,
Zxorérov x.A.7.), Ta modvdoiBua «omflaiar (w.y. Herpaldvwy, Ahorodtng)

Astroblemes (Metewoiteg)

Continental or oceanic-scale geological features, relationships of tectonic plates and terrains (Hrewpwmang 1
WHEAVELOG KAPORAG YEWAOYIRG XOQOATNOLOTIXG, OYEOELS TEXTOVIKGV TAOKADY KoL TED{WV).

Isopic zones reflecting geotectonic regime and paleogeography
Ioominéc Lawveg mov avravaxovy yewtextovins »abeotds xat maialoyswyoapia

Historic, for development of geological science (Iotopirég B€0eLg yior TNV AVARTUEYN TOV YEWETLOTNUWV)

Fossiliferous site of Pikermi, Attiki
AmoMbwuaropdpos Oéon oro IMixéout, Attixis

Geo- history (@€oeig I'ew-10t00(0C)

Thermopyles, Marathon

Ocouomiles, Magpalaivag

Geo-Mythology, Geo-Archaeology (T'ew-opyonoroyinéc-T'ew-puBoroyinég B€oELS)

Lerni, Kopaida
Aéovy, Komaida (MagtoAdxogs, H., 1999, Ilaradomoblov-Bovvidty, K., 2000)

3. LYMIIEPAZMATA
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Onog 1O avagépdnre 1 eoyasic vt eivar amoTéAeopo CUVEQYROTHGS MG OUADNS YEWETLOTHUOVOV PE
evila@égov ya ) dationon Tou yewioyrou mepLpdlhovrog wot v avddelEn tov wg ovolddovg
TEQLRAMOVTLRNIG TAQAUETQOV.

To evOLUPEQOV YL TN SLaTENON CUTHV %Ot TNV TEOOTOOI TV YEWTOTWY dev eE0VTAE(TAL QUG CaUTHV
™V oudda, adhd eivar vt6Beom GAwV TV Yewemotudvay. Etouévng ®ot 10 amotéheopua ouThig TS £0Yaoiag
dev elvan otatnd orhd duvopund xou eEsMooduevo.

Me ) ouveQyaoia GAO Kot TEQLOOGTEQMV ELOLRWYV YEWETLOTNUGVOY B0l ATTORTOEL OTALOKA KO CUOTNUOTUHA,
pior TANEOTNTO RO PO UVTUTQOCMITEVTIAGTNTA GVAAOYY) TNG YEOTOWIASTNTOG TG YMOUS ROS, BIOTE aUTi Vo
EXTEOOWTNOET LRAVOTOMTIXA OTOV EVQMITOIXRG 1 KL OTOV TOYROOULO ROTAAOYO YEWTOTMYV.

EYXAPIZTIEX

Evyapiotieg amevBivoupe otovs »dtmBL ouvadEAPoUs YL TIG EVOTOYES ROl QT OLUES TAQUTNONOELS,
TEOTACELS YEWTOTMYV, RAOWDS %o YLoL TV TRy ot Prphoyoapiog: #. I'. Kovgd, nabny. Iakaoviohoyiag
Iavemotuiov Oecoarovinng, Apa A. Mérto, topedoyn ITME, Apo K. Ileguoogdr, TooioTdpevo Tou TIijuatog
vroBardootog F'ewhoyiog tov ITME, Apa. I'. ®égueln, spevvitola tov Hawdaywywwov Ivottovtov ABnvay, .
I'. Zrovgvaga »adny. [Tegiporrovirnric T'ewioyiog [av/ov ABnvaév. Evyoagiototpe emiong otovg ouvadéhpoug
™g mepLpepetaxng povddag tov ITME Oeocoarovivng x.x. I. Zdvva, Epp. Avaxdxrn, M. Zregavidn, T.
Zraixomovio, xawic xat 1o Aga N. Apfavitidon npoiotduevo tov ITME Geooarovinng.
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KARST AND GEOTOPS OF KARST ORIGIN IN ALBANIA
A. SERJANT', H. HALLACT', A. NEZIRAJ' & A. HALLACI’

ABSTRACT

Albania is one of the most karst-developed countries in Europe. Karst phenomena are related to soluted
carbonate formations which cover of about 7300 km? of Albanian territory and with sulfate evaporates rocks,
which outcrop of about 500 km? Typically alpine relief of average altitude 708 m above the sea level and high
horizontal splitting are favorable for karst development. Karst and geological sites of karst origin are wide-
spread mainly in Albanian Alps and in Ionian zone. In Albanides there are determined surfaces and under-
ground karst forms which belong to the Neo-Pliocene-Quaternary age and deep karst forms belonging to the
paleokarst in old formations. The most widespread karst forms in carbonate rocks there are valleys, caves, cones
etc., while into salt rocks there are formed many karstic lakes and depressions. Up to now there are determined
about 80 karstic caves, nice karst fields, valleys, plains, which represent geological sites of karst origin.

KEY WORDS: Albania, carbonate formations, evaporate rocks, karst phenomena, geological sites.

INTRODUCTION

Due to widespreading of carbonate and evaporate rocks in Albania a lot of karst landscapes there formed as
well. In many cases these landscapes are of nice aesthetic view. They are of geoscientific importance represent-
ing geological sites of karst origin. Karst phenomena in Albania are treated during geological mapping of differ-
ent regions and in Physical Geography of Albania (1991,1992). For the first time, Kristo (1973) and Dhame
presented karst in his thesis (1988). Separate presentations are done last years on international symposiums and
meetings (Serjani, et al., 2000), Hallani, et al., 2000). Geological sites of karst origin are described and classified
in framework of studies and papers on Geological Heritage (Serjani et al., 1997, 1998, Serjani and Neziraj,
2000).

There are of about 25 known surfaces of intensively karst development in Albania. In most cases these
surfaces represent interesting and beautiful natural geological-geomorphologic phenomena of scientific, didac-
tic-educational and geotourist values. Amongst the above mentioned karst regions we can name: Kurveleshi
Highland, which is considered as “natural museum of karst phenomena”, Hajupi mountain, Pilur-Vali Vunoit,
Tomorr-Kulmaka regions in Ionian zone, Sazan-Karaborun carbonate platform, Mali me Gropa (“Mountain
with Holes”), Mali i Thate (“Dry Mountain”), Prespa, Klenja, Studa, Qarrishta, Biza, Munella, Arni karstic
fields in Mirdita zone and Ivanai, Villa, Paruni, Velenik, Rragami karstic fields in Albanian Alps zone. Karst
forms represent nice and important geological sites of the same origin. That is why they must be known, evi-
denced, studied, managed and protected by Albanian State for coming generations. Some of karst fields situated
at mountainous highlands are of complex erosional-karst geotourist values and need exploration fieldwork and
detailed researches. The same we can say for many deep karst caves, which are not explored yet.

KARST ROCKS IN ALBANIA

Karst phenomena are widespread mainly in carbonate and evaporate rocks. Total surface covered by car-
bonate formations in Albania is of about 7300 km®. Carbonate rocks are widespread in Northern Albania, where
they construct Albanian Alps or Northern Mountainous Geographical Unit, in Southern Albania or Southern
Mountainous Unit belonging to the Ionian tectonic zone and in Sazan-Karaborun Cretaceous carbonate plat-
form (Fig.1). Karst is developed mainly in limestone rocks, and in few cases in dolomites. Jurassic and Creta-
ceous thick sections of limestone are evident in Malesia e Madhe subzone of Albanian Alps. They form a large
karst region prolonged from Kopliku southwest up to the most northern mountain picks to the confine. In
northern part from Boga up to the border (Seferme), there is spread karst in more than 2000 m above the sea

1. Institute of Geological Research, Blloku “Vasil Shanto”, P.O.Box 1427, Tirana, Albania
2. ITNPM, Blloku “Vasil Shanto™., Tirana, Albania
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levels into the limestone of Upper Cretaceous, while to the southwestern part from Kopliku up to the Cemi river
valley, karst it is widespread intensively in lower levels into the carbonate rocks of Jurassic age.

In eastern Albanian Alps (Valbona subzone) karst is linked with sections of Triassic limestone, some times
dolomitized. Here, is placed one of the most interesting and important karstic region between Jezerca mountain
(2693 m), Iron Pick (1560 m), “Black Pick” (2359 m), Big Pick (2011 m), and Radohima Pick (2559). Karst is
developed at levels 1800-2500 m, while all over slopes of Valbona, Curraj, Shala and Perroi Thate rivers there
are formed a lot of karst and erosion forms as well.

Another one interesting geological-structural unit in Northern Albania constructed mainly by Cretaceous-
Paleocene marl limestone of Triassic-Lower Jurassic age in its core, it is Cukali anticline. Here, around the
Cukali mountain pick (1723 m) and all over the slopes of Kiri and Shala rivers there are formed a lot of karstic
fields, valleys, ridges, caves.

Separate large carbonate structures with a lot of surface and underground karst forms are on both eastern
and western flanks of Albanian Ophiolites, belonging to Mirdita tectonic zone. Amongst the largest Cretaceous
carbonate formations there are Pashtrik-Manze anticline in Kukesi region, Munella Cretaceous carbonate Moun-
tain (1991 m) placed on the volcanic rocks of Mirdita Ophiolites and long Cretaceous carbonate ridge from
Zebe Pick (1987m) north to Red Stone Pick (1511 m) up to Deja Mountain (2246 m) south. This wide carbonate
ridge is placed between volcanic rocks of Mirdita in the west and Lura ultrabasic massif in the east. Further to
the south, there are placed some other carbonate massifs such as: Mali me Gropa (“Montain of holes”) to the
east of Tirana, which represents one of the best intensively karst phenomena in regional scale, Berzeshte-Polis
anticline of Cretaceous-Paleocene limestone, Voskopoja, Vithkuqi and Radanji (Leskovik) anticlines constructed
by Cretaceous and Paleogen limestone as well. Some carbonate fields belonging mainly to Upper Triassic-Lower
Jurassic age are placed in Korabi tectonic zone such as: Koritnik-Gjallica mountain in Kukesi region, Ostren-
Stebleva-Qarrishta karst region, Dry Mountain (east of Ohrid lake), Prespa karst region etc.

As two thin long bands from north (Shkodra-Lezha region) towards the southeast direction are placed Cre-
taceous carbonate rocks of Kruja-Dajti ridge (Kruja tectonic zone) and Krasta subzone. Limestones of Kruja
zone are platformic, neritic ones with a lot of macrofossils often dolomitized, while limestones of Cukali zone
are pelagic ones.

In Ionian zone, there are widespread carbonate formations outcropped mainly in anticline belts, but karst
phenomena is widespread mainly in Cretaceous and Paleocene limestones and in massive limestones of Lower—
Middle Liassic. The largest karst surfaces in Ionian zone there are: Kurveleshi Plateau, Mali i Gjere (“Wide
Mountain”), Bureto—Lunxheri-Shendelli, Nemernke-Dhembel, Trebeshina-Fterra-Vermik and Hika carbonate
mountain chains. Separate karst regions are those formed on the surface of Dhrovjani, Grazhdani, Janicat and
Shtutgara carbonate anticlines and Saranda-Butrinti-Bogazi-Konispoli carbonate structures.

Sazan-Karaburun zone is constructed by Cretaceous neritic limestones.

Evaporate rocks outcrop in Pre-Adriatic Depression, in Ionian and Korabi zones. Dumrea salt diaper, the
largest diaper in Albania it has surface of about 300 Km® On it’s surface there are formed many karst lakes and
depressions. In Ionian tectonic zone evaporates outcrop in form of diapers in Kardhiq, Delvina, Vermik, and
Hiflik. Two large white salt domes are formed in Peshkopi region (Korabi zone): “White Mountain” and Banjat-
Peshkopi salt domes. Small outcrops of evaporates there are in Dibra region (Macedonia) as well.

LOCATION AND FORMS OF KARST

The karst phenomena in Albania it is new karst of Post-Pliocene-Quaternary age and deep karst. This last
type belongs to paleokarst of old formations. Karst in Albania represents typically Mediterranean karst. Amongst
the most intensive orogenic stages of paleokarst in Albania there are noted the following:

e Paleocene-Eocene stage, expressed in Ionian, Sazani, Kruja, Mirdita, Korabi, Gashi zones.

e Oligocene stage, expressed more clearly in Kruja, Krasta-Cukali, Mirdita, Albanian Alps zones.

e Jurassic-Cretaceous boundary orogenic stage expressed in Mirdita, Korabi, and Gashi zones.

In most cases paleokarst traces are intercalated gradually with Pliocene-Quaternary neo-karst phenomena.
In Fig.2 it is presented the scheme of karst location in Albania.

Two genetic types of neokarst there are determined in the carbonate formations:

e Karst forms on slopes of river valleys according to the drainage movement of underground waters and de-
pending on vertically changes of the level (basis) of underground waters.

e Karst forms on slopes of mountains, where drainage of the underground waters depends by relations be-
tween karst soluble formations and solid, nonpermeable formations, above the level of existing base of weath-
ering.
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Karst is developed mainly in the following three levels:

Lower level, (300-1000 m), characterized by the plane relief and spreading of caves and karstic valleys.

Middle level, (1200-1600 m), characterized by the accidental relief with spreading of karstic fields, plateaus,

funnels, karstic caves etc.

e High level, (1600-2500 m), developed mainly in Albanian Alps and in Korabi highland with intensively acci-
dental relief. In middle and high levels karst phenomena there are intercalated with the glacial traces, while
in all levels karst processes there are intercalated with erosion ones.

Tectonical-Structural construction in External zones (Sazan-Karaburuni, Ionian, Kruja, Krasta-Cukali and
Albanian Alps) has been convenient and influenced for development of karst forms mainly in mountain plains
and highlands and next to the ridges, while on mountain slopes, karst is less widespread. In inner Albanides
(Mirdita and Korabi tectonic zones) karst phenomena are widespread all over the surface of carbonate forma-
tions. The most widespread karst forms on carbonate rocks there are valleys, blind valleys, caves, karst cones,
deeps, holes, lapies, poljes etc. On the surface of Dumrea evaporate diaper there are formed tenths nice aes-
thetic karst lakes, especially in Belshi region, while in Kardhiqi salt diaper (Gjirokastra region) there is Kalcoi
deep lake and many karst depressions, holes, cones. On the surface of white salt domes in Peshkopi, it is devel-
oped mainly surface karst combined with erosion forms.

Underground karst springs from evaporate rocks and many cold water-springs from carbonate formations
testify about widespreading of covered and buried karst. These last kinds of karst phenomena are dangerous
especially in Dumrea salt diaper where are many villages.

GEOLOGICAL SITES OF KARST ORIGIN

Intensively, developed karst in Albania has influenced to the formation of beautiful aesthetic landscapes
and rare natural phenomena, which represent geological sites. In Belogradchik Meeting of ProGEO (Serjani et
al., 1998), were presented 93 geomophological sites of karst origin. Later, in the First Inventory of Geological
Sites of Albania (Serjani et al., 1999) were selected 86 karst geotops of local, district, national and international
importance.

Karst geotops are of different kinds depending of their form and manner of development of karst processes.
There are evidenced the following karst geotops:

Karst caves, formed as result of solution by surface water, especially snow-waters. There are evidenced and
presented in Map of Geological Sites of Albania 45 karst caves (Serjani et al., 2000). They are placed mainly in
carbonate formations. Many caves are formed in Ionian and Albanian Alps zones, especially in Cukali anticline.
The largest and must interesting karst caves are:

e Jubani cave in Shkodra district, of about 350 m long with a lot of underground rooms, stalagmites, stalac-
tites, and colloidal forms representing a natural underground museum.

Black cave in Erzeni River, near Tirana,

Boga cave up to 5 km long, near Boga National Forest Park and tourist spot.

Duk Gjoni cave in Karaborun peninsola, 40-45 m deep, 10-20 m wide and 3-4 up to 7-8 m high. Amongst

stalactites, stalagmites and wide columns (stalogusts) here are formed boxes in both sides and three small

underground lakes.

In Gajtan, Black, Trenit, Benja, Xara, and Konispol caves there are discovered traces of prehistoric stage of
life. From Kolonja, “Black Eyes”, Shpaniku and some other caves there are flowing underground springs. Up to
now there isn’t done full evidence of caves all over Albania, while their exploration and documentation is in the
first steps.

Karst valleys, fields, slopes, ridges, holes, depressions. There are evidenced 35 such geotops formed mainly
on the surface of carbonate rocks. The largest and the most interesting karst fields are the following: Mali me
Gropa (“Mountain of Holes”) and Biza (to the east of Tirana), Veleniku, Kopliku, Vrini, Graca, “Black Field”
(1.2 km?), Studa, Qarrishta, Prespa, Tomor-Kulmaka, Vanova, Vumlo, Rovena karst fields. The most interest-
ing karst holes there are: Markzeza (2.3 km?), Krekeza, Vrini (4.7 km?), while amongst the beautiful karst valleys
there is noted Hajupi one. On the surface of Mali me Gropa (“Mountain of Holes”) there are formed very nice
aesthetic landscapes, similar to the bee’s net. Holes are of about 50-60 m in diameter and of about 40-50 m up to
100 m in depth. The most intensively karst is developed at level 1330-1400 m. Another one region as “Natural
Karst Museum” is Kurveleshi Highland in Ionian zone with a lot of karstic caves, fields, canyons and waterfalls.

Karst lakes and depressions are widespread on the surface of evaporate rocks. On Dumrea Salt Diaper
there are formed many karst lakes. Belshi lakes represent beautiful tourist spot. The deep picturesque lake and
many depressions are formed in Kardhiqi Diaper.
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Karst springs, usually are formed along deep faults in contacts between carbonate rocks and terrigenous
flysch and mollase formations. In some cases they are of beautiful view such as: “Blue Eyes” aesthetic spring
getting up 45 m. through deep vertical karst cave, Kelcyra, Tepelena, Tragjasi, Bogova and many others cold
water springs.

Karst caves formed as result of seawater activity. Seawater karst caves are formed in Ionian rocky seaside.
Such caves are formed in Himara and Dhermi (Pirate caves) and in Karaborun peninsula, south of Vlora etc.

In most cases, karst phenomena are combined with erosion and glacial ones. In that manner there are formed
complex erosion-karstic and glacio-karstic geological sites. Such complex geotops are formed in Albanian Alps,
in Korabi and Lura highlands, in Kurveleshi Plateau, in Tomorr-Kulmaka chain, where are formed beautiful
glacio-karst valleys, lakes, many high severe canyons etc.

Below there is presented the list of karst geotops ~ 37. Skotini cave

in Albania. 38. Hajupi cave

I.Karst caves. 39. Xoxa cave

a. Of local importance 40. Qafa e Priftit cave

1. “Black cave” (in Albanian Alps) 41. Jubani cave

2. Drela cave 42. Black cave” (Erzeni-Tirana river)
3. Kllogjen cave 43. Xara cave

4. Debora (“Snow”) cave 44. Dove’s cave (Saranda-Berdenesh) cave
5. Gurra cave 45. Haxhi Alia (Karaborun) cave

6. Boga cave 46. Gjon Gjileka (Karaborun) cave
7. Kakveri cave 47. Pirate’s cave Himara

8. Brovnik cave 48. Pirates cave Dhermi

9. Shpanik cave

10. Zhyla cave

11. Mbilgethi cave

12. Merkurthi cave (well)

13. Terova cave (Ujanik)

14. Trenit cave (Small Prespa lake)
15. Piro Goshi cave

16. Daci cave

17. Radhima cave

18. Dragani-Progonat cave

19. Gusmari (large deep well) cave
20. Maja Molles (wells) caves

21. Mazhar cave

22. Mezhgoran cave

23. Dragoti cave

24. Duk Gjoni cave

25. Vrima e Ariut (“Bear’s Hole”) cave
26. Osmani cave Shkoder-Tarabosh
27. Cukali cave

28. Kolika cave

29 Kaurri cave

I11. Karst valleys, fields, holes, slopes, ridges
a. Of local importance

49 Rovena karst slope

50 Ragami karst field

51. Graca and Sopa karst fields

52. “Black Field” karst slope

53. Krekeza karst field

54. Kopliku karst field

55. Paruni karst field

56. Arni karst field

57. Merkurthi karst field

58. Miraka karst field

59. Qarrishta karst field

60. Mali Thate (Dry Mountain) karst field
61. Lekdush-Golem Mountain karst field
62. Zagora karst field

63. Kusha karst field

64. Velenik-Bridash karst slope

65. Vrini karst field

66. Mekzeza-Liqethi karst field

67. Vila karst field

b. Of national importance 68. Bjeshket e Oroshit karst field
30. Gajtani cave 69. Krej-Lura karst field

31. Valiu cave 70. Munella karst field

32. Zall-Dajti caves 71. Klenja karst field

33. Velna cave 72. Prespa karst field

34. Ponemi cave 73. Maja e Pusit karst field

35. Benja (“Dove’s cave) 74. Polinan-Zagori karst field
36. Kolonja cave 75. Vumlo karst field

II. Seawater karst caves (local importance) 76. Shushicx barst fiokd

c. Of international importance
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77. Vali Vunoit karst field 83. Mali me Gropa (Mountain of Holes) karstic field

78. Rovena karst field Karstic lakes

b. Of national importance a. Of national importance
79. Biza karst field : 84. Kalcoi lake
80.Tomorr-Kulmaka karst field 85.Poroska-Seferan lakes

, , . 86. Hana-Merhoja lakes.
c. Of international importance

81. Studa karst field

82. Vanova karst field

b. Of international importance)
87. Belshi karstic lakes

CONCLUSIONS

Albania is one of the most karst-developed countries in Europe.

Karst is developed mainly in carbonate and evaporates rocks.

There are formed surface, underground and deep karst phenomena.

The most widespread karst forms in carbonate rocks there are valleys, caves, cones, deeps, plains, holes,

while in salt rocks there are formed many karstic lakes and depressions.

e Some of karst forms represent geological sites. They are nice aesthetic landscapes of geoscientific, educa-
tion-didactical and geotourist values.

e In The First Inventory of Geological Sites of Albania there are selected 83 geotops of karst origin catego-

rized in local, district, national and international importance.

The karst activity in Albanian territory is most favorable for the assessment of karst industrial works.

We recommend to undertake new projects on evidencing and exploration of karst caves, on geological-

geomorphologic mapping and exploration of glacio-karst phenomena in Albanian Alps, in Korabi Highland,

in Kurveleshi Plateau etc., and studies on underground karstic water basins and their dynamics etc.
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H I'EQAOTI'TA ETHN A'BAOMIA EKITAIAEYXH.
AYNATOTHTEX KAI ITPOOITIKEX"

A. XP. POKKA'

IZYNOWH

O mopdyovieg mov xaBopiCouv mowa otouxeio Fewhoylog xow mwg diddoxrovron ota eEAANVIRG dMUOTIRA
oyoheio dev meQLOEICOVTOL HOVO 0T OVAAUTIXG TTQOYQAUUOTO XA OTAL EYXELQIdLO. OL TEQLOQLOPEVES DRES TWV
pofnudtov, oto ool EPTEQLEXOVTOL, O TTEVLYOOS EEOTMONOS TV Oxoheimv ot BLBALOO1ES RaL ETOTTIHG UE-
ad, 1 AVETAOXELN EEELOREVUEVIC EXTAIOEVONG TV EXTAUIEVTLRAV TOV dNUOTLROU OYOAEIOV, TOLOUY ONuavTL-
%6 p6ho. Aimha o autd Eexmolot B€on €xer n EMheryn eneEepyaopévou mEofAnuaTiopoy yio ol taiteQa
meoPMjpata tov BETEL | CUVAVTNON TOU CUYRERQLUEVOU YVWOTLXOU CVILXELUEVOU UE TLG AVAYRES TNG EXTOULIEV-
g Staduaoiag.

Zmv €QY00I0 QUTH, ETULYELQELTOL QATOTIUNON ®ow Tapovoiaon g Fewhoywriig UAng tov ddoxrtindv BiAinv
OV dNUOTLROV OYOAELOV, GTWGS QT avorTiooeToL oto uddnua g Feoypagiag E” xaw Z1” tdEne.

Eni mhéov, mapovordlovrar duvardmnreg ®ow moomtikés epmhovtiopot s Femhoywiic TAng péoo omd ta
dudaxtnd eyyelptdua Tov pabripatog «Mekét tov Iepfdrhoviog», mov ddAorETOL OTIG TECOEQLS TOWTES Td-
Eelg g A’Badutag exmaidevong row mEotelvovtal, evOELXTIXA, ToRadelypato avamtuEng xou petafifaong ye-
WAOYRTS YVOONS, ota mhaioto twv aywv ™ ITegifarroviniis Exnaidevong, eEvmmoeetdvrag, €Tot, ®o Toug
paBnoLarovg oTéYoVS TOV pafquatog auTtov.

ABSTRACT

The factors which defined what Geological elements and how are being taught in Greek Elementary Schools
are not only included in the National Curriculum Programs and in the Textbooks. The very few teaching hours
of the subjects in which are included, the poor school-libraries and the absence of specialized training of the
Primary schools teaching staff have an important role also. An additional role has the absence of modern thought
for the specific problems of the Geological subject matter and the needs of educational process.

This study deals with the evaluation and presentation of the Geological subject matter of the textbooks in
Primary Education, as it is referred in Geography of the last two years in school.

Also, the potentials and perspectives of enriching the Geological matter through the Textbooks “Study of
the Environment”, which are taught during the first four years of Primary schools are presented. Indicative
examples on development and implementation of geological knowledge in practice are suggested, according the
principles of Environmental Education, splendidly covering as well, the teaching and learning targets of this
subject.

AEEEIZ KAEIAIA: «yemhoywrn exmaidevony», mepiparroviiny exmaidevon, yedronot, F'ewdiationon, Mvn-
ueto T guong, ArolBwpéva ddom, YemerTatdevon oTo RAQOT.
KEY WORDS: geological education, environmental education, geotopes, Geoconservation, natural monuments,
Petrified forests, karst, education’,

1. EIXAI'QI'H

O 6p0g «yewhoywtj exmaidevon» Ba proEoUoaue Vo TOURE, OTL CUYREVIQWVEL TO OUVOLO TWV QYWY KoL
EVVOLMV TTOV TTRETEL VAL OROAOUOT OEL RATOLOG YLaL VXL HETADDOEL YEWAOYLRES YVADOELS, TOV 0POQOTVY O YEWAOYL-
%A OTOLYEIDL ROl POLVOUEVA, TOL OTTOL0. TTarpovaLdtovron otov mhavitn I'nm xoL Tpogpyovial amd QuaoLkd roL av-
Bpowmoyevy altio.

H vewhoywn exmaidevon Ba mp€nel va €xeL wg otdyo TV avdrTuEn tne yewhoyiric oxéyme péoo amd ™
0oty 0ELOTOOoN TV YEWAOYIRMY YYWOOEMY, 0L 0ntoieg ofjpepa oty A’Bdbuia exmaidevon mopéyovron:

* GEOLOGY IN PRIMARY EDUCATION; POTENTIAL AND PERSPECTIVES.
1. Primary Education Department Democritus University of Thrace.
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o. A6 plo oeld pobnudtov-Bepoanirdy evotitwy Atyootdv medy ddaoraliag, ota mhaiow Tov pobipatog

g Fewypapiog.

B. amé avedirevro, oe Oépata T'ewhoyiag, OOARTIRG TEOOWITIXO.

To mhéov dYoroho Quotrd xon xEovoPGEO, WG TEOS TNV VAOTOMOY Tov, elvar 1 eEgLdirevon Tav daoxdiwy,
1N onoio. fePaing Oa fonBovoe ot PerTinon TWV TOQEXOUEVOV YEMAOYIRMDY YVHAOEWY KOl OTNV TEQOUTEQW KA~
MEQYELa TG YEWAOYIRNG OREYNC TV POONTAV/TOLEV.

AMworte, dev elvan Suvatdv va mpoonadel o exmadevtindg Tov Anpotnol Zxoletov vo puijoet pobntég/-
TOLEG OTOVUG TEOTOUS TROOTOOIOS ®OL OERATUOV TOV TEQUREALOVTOS, GTOV QUTO AVTLUETOIICETAL YWOLOTA TS TO
yewmepidAhovia xdo. Aev eivor duvatdy vo B€ler vo. pdBel oto toudid va oéfovral Evo «aroMBopévo dd-
00G», GTAV AUTG AVTIHETOTLETOL AAME WG CUYREVIQWOELS ATOMBWUEVOV QUTHMOV AenPdvay rat OxL wg €va
duvaprd Tewhoyrd ovoho, 1o 0moio pag TaEEYEL OUYRQLTLXE OToLXEn Yo Ta tohawomeQLpdilovTa o -
ROATNOOV OTO ParELVE 1o eYYUS TaeBAY o T onuepwvy emdva ™ I'ng xdtw and tig avlpwmveg dpaotn-
QLOTNTEG.

Erou, dnpovgyeitar n wooomtxy avdmtuEng g Fewhoywrric yvdong, oyt pévo péoa and m dadaorohio
Tov pobiparos g Fewypapiag, odhd xipia péoa and v Iepforhovinr exmaidevon.

2. HTEQAOTI'TA ITA EXOAIKA EI'XEIPIAIA TOY AHMOTIKOY ZXOAEIOY.

Elvar yvootd, 6n 1 yewhoywry yvaon map€xetor ®igLa péoa amd T dtdaoxalio tov padiparog ms Fem-
yoagioag. OAEG OL OVOROOIES TWV EVOTHTWV TS ZYoAxtc TemyQupiag TEQLEXOUY RO TOV TQOTDLOPLONS UE «OTOL-
yela yewhoylog». Opwg, To Turjpa tov Avolvtxot TIQoypdupatos Tov apLEQMVETL 0T YEWAOYLRY VAN elvan
ehdyroto (PéviCog, 1984).

ZUVENHG, TO EMITEDO ™S YEWAOYLXNG TadELOG OXETICETOL GUECH PE TO OUVOLO TWV TOQOYGVIWY IOV QgO-
0UV, SLaHORPWOVOUY %o ETNEEGLOVY TO udbnpo ™ Fewypagiog, 6w To TeQLEXGUEVO TG dtdaxrTEng VNG, 1
uéBodog didaorahiag, 1 AELOAGYNON TV ATOTEAEOUATWY TG K.A.TT.

Zuyrexouuéva, oto eyxewidro F'ewyoagiag mg E’ 1dEng tov dnupotirot oxoheiov, «H TH MAZ, l'ewypagpia
ITépmme TaEng», avamriooovror oplopéva otoryeio I'ewhoyiag dmwg:

O¢ponxr) Evomra Bl: AAAATEZ XTHN EIIIPANEIA THX T'HX

Ymogvomra 1: Ov oewopoi

Ynoevémnta 2: Ta Hpaioteio

H avdmtuEn tov do outdv voevonijtov yivetol péoo oe 6 0eAOES, OTIS 0mtoies TEQIAAUPAVOVTOL COXETES
PWTOYQAPIES HOL OYNUATO UE OROTO TNV ROUAUTEQN KATOVONON TWV dVO TOQATAVM YEWAOYIHGY VTOEVOTHTWY.
To medéPrnua, Spws, eivar 6t ov €EL (6) awtég oehideg, dMnradij to 6,30% g VANG, dev eivor 0EXRETES Yo va
TAEOVOLGOOVV dU0 TG00 oNuavTird, Wiaitepa yio Tov eAMad*G DEO, YEMAOYIRA QoUVOREVD (ZELOURGTNTO —
Hopowoteidmra).

210 avtiotouo Pifiio s 21 tdEng «H T'H MAZ T'ewypagio "Extng tdEng» dev vrdoyet Timota oy etind Gyt
UOvo pe autd ta 8o yewhoyixd BEpata, arlhd xow pe owodijrote GAAO onpovTns YEWAOYS Qouvopevo. Anko-
01, M yewhoyur] VAN elvon ovte g ovimaoxT).

3. ZXOAIKA EI'XEIPIAIA <MEAETH TOY IIEPIBAAAONTOZX» XTHN A’BAOMIA EKITAIAEYEH-T'EQ-
AOTITA.

To pdbnua «Meré tov epifdrhovrog» dddornetal ong TE00EQLS TEWTES TAEELS TOV ANuoTiroy Zyohei-
ov. Avuixeipevo tov eival, 6mmg avagépetar oto Avahutind Ipdypapua Zmovdav (1982), «n omouvdii naw m
RATOVEN 0N TOV avORAITOU, TOU ROWWVIXOY %ol BLoQuotrol Tov TEQUBAAOVTOS Xaw TOU TOMTLIOROU OTLS HETAED
ToUg alnreEaQTioeis».

Amotehel ouvioTtapévn evog evEUTEQOL TOUED PAONoMG now TEQMAUBAEVEL OTOLYED. 0TS OLAPOQES YVWOTIRES
TEQLOYXES, 6mwg Twv Puowrdv Emomudv, Kowwviohoyiag, Iotopiag x.A.w. Ta aroeio avtd, Spwg, dev eviano-
morouvtan ovppmva pe v Eviaia Zuyxevipotn Adaoxahic, oAAd evoopotdvovior oto pddnpa, €tol wote
teMxd n MIL va mapovordlel Bepotiry xon peBodoroyurtj autotéreia.

Zopgmva, Aowdv, pe ™y Toomdve grhocogia Tou padijuatog avtoy xat dedopsvou 6t F'ewhoyio, wgm
»nov” eEoyriv Emoniun tg I'mg, noheitan orjuepo va eEgtdoel xou va avorioet ovvBeta meouparioviind mpoPhi-
pora, eoteivovtag Sixég g Adoels, dtvarar va oupfdirer ot dtopdogman pag véag ovyyoovns madeiag,
g [MepBarrovanrc Maudeiog, 6mmg oty drapoppaveton oty A’ faOua Exnaidevon. Zuvends, n Fewhoyio
ouvvdgetan dueoa pe v Iepparroviry Exnaidevon, n omoia amotehel o Tov pévo teomo yiua v Yiver yvw-
o 0Tovg poBNTES Tov dMpotkoy oxoieiov.
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To mhaiowo apywv g meptparioviiric dudotaons g Fewioyiog ot B’ pabua Exnaidevon, dnwg ovtd
meQLypdpetan amd tovs Baodia xat Magromovhov-Ataxavidvny (1991), otugova pe tig apxés mg Ieotfarro-
vy Exmtaidevong, nrad Exmaidevon yuo 1o megupdhiov, péoa oto mepiBdrhov nou yia xaen tov meotfdh-
hovtog mpoteivetan xan yio Ty A’Badpa Exnaidevon (TIINAKAX I).

ZUppuva, Aoutdy, pe To TaQatdve mhaioo, tporvmtel ot 1 [Tepiparrovuxn Exmaidevon mopéyel ™ dv-
votdmTo. 0Tovg HaBNTES va emLoREPOOTVY TN QUOT %ol VO TAQATNEY OOV, VO TEQLYQAYOUV KOl VO. UEAETHOOUY
ota TAa{oLL TmV SUVOTOTHTMY TOUG, EVOL GUYRERQLUEVO YEDTOTO, VAOTTOLOVTAGS ETOL, TNV tepLBaihoviixy didoto-
on ™ Fewroyiog.

Evdewtnd ovvendc, avagpépovior amd to PiPiio tov Aaorndrov «epeig ®auw o ®éopos — MEAETH TOY
TTEPIBAAAONTOZ» s A’ xaw B’ tdEemv tov dnuounot oxoreiov yopartmolonxd mapadelypata dudaona-
Mog , ta omolo agiivouy otoug exmondevtirovs s A’Babuog Extaidevong meptfupia Yo mowtofoviies ot
«UTEQRaOMN» TOV AVTIOTOLXOU OYOMROU EYXELQLOIOV. ZUYRERQUUEVQL:

1.Ztm @EMATIKH ENOTHTA «@EMA: Ti{ pag x0€tdletat 10 omity» atig OtdaRTnES EVEQYELES OVAPEQE-
oL
- Toug delyver OLdpopeg ewrGVeS yia vo Aoy e WEa yuo v eEEMEN g ratowiag (amwd ) omnlud oto

OUYXQ0VO OTiTL).

- To ponBdet vo xavouv Sudgoeeg CUOYETIOELS ®aw OUYRQEIOELS (OTITL-PWAG, TUALG-0UYYQOVO OTITL, LOVOXRTL-
towio-ohurarouric, ornhd-xalifo-oveavoEvoTng).

Alveton, Ouverig, 1 dSuvatdTnTa, oTov EXTUOEVTIRG, OVATTUENS %o petofifaons oxetrdy pue ta Zmjioio
YEWAOYLRMV YVHOOEWV 1] AROUOL TEQLOTGTEQO YO YEMAOYWKES EVVOLES, OIS O oPETTEMBOS g TETEMMA Haw M
XOQOTIROTOIMON TOV. To ToEdderypa Tov XGEOT €)EL XONOLHOTOMBEL 1S TOAOELYIOL EQPOOUOYHS OYL HEVO 0T
ool cAhd o oty mpoayohy exmaidevon (Hlad, 1999).

ITINAKAZX 1.: aioto Agyav tng Hegifariovrinijc Aidoraons tng Newloyiag oty A’Quia Exmaidevor.

TIEPIBAAAONTIKH EKITAIAEYZH IMEPIBAAAONTIKH AIAXTAXH
THZ F'EQAOTIAZ
Exroidevon yio to Ilegupdrrov I'eohoyio ywa to Ilegipdirov
- T'vihon Twv oToL elmv oV OUVIOTOUV TO O1XO0VOTH- - AVATTUEN TEQUBAAOVTIRGV EVVOLWY Pa-OLOREVOY
104703 oto mepLeyopuevo mg lewhroyiog
- Katavonon g duvapniic wooppomiag tov owwoov- - EvawoBnromoinon ota tomnd mpofhijpna-to péoa
OTHRATOG and ™ pdadnon Tov mepLexopévov g I'ewroyiog
- EvauoBntomoinon yi'avta mov ovpfai-vouv oto me-
oparhov
Zroyor: EvawoOntomoinon, I'vaoeig
Exmaidevon péoa oro Megipdriov I'ewhoyio péoa oto Ilegifairov
- AvamtuEn ovvaronuatinayv travotijtwv xot deElo- - TIpoogyywom g mepiparroviniic meofAnuatinng
THTWV YUXORLVNTLRGV UE T XONOLLOTOMON TOV Tte-  PEOC OTO PuOLRO TTeQLPdAlov: ddom, axtég, ox0eg wo-
odALoVTOC g Tediov €pguvag rat pabnong TPV, MUVOV %A

- AvoyvoeLon TV YEWAOYIXWOY TAQOYOVIWV,TOV &-
prAérovion ot tomxrd meQLBaihoviind mpopfhjua-
O ROL AVOYOYT) Tov TRoPfAnudtwv o enlmedo meoL-
PEQELORO-EBVIRG-OLEBVES (duVATOTNTA CUOYETIONGV)

Exnaidevon yia ydon tov Hegifpdiiovrog I'ewhoyio yua xdon tov Iegifdiiovrog
- Behtiwomn mg mowdmrag tov meQudihoviog, Told- - ZUPPETOYH OF TEOXTRES How MIoELS EvalhanTivol
mra Conjg pe e@aouoyr] ratdhining mepiparlovi-  xoapoxrTioa.
G TQARTIRYG - Altjonom g ooAoY g LO0EEOTOS Aaupdvo-
ZréyouEvawotntonoinon,I'viboeis, Ztdoels, VIO VITOYN OAES TIG TAQUUETQOVS (TOMTIRES, ROL-
AgEidtteg, Zvppetoyn VOVIRES, YEMAOYLRES, OLROVOULREG, OUROMOYLRES
A-A.T.)
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2. BEMATIKH ENOTHTA ”O ANGPQIIOZ XTO I'EQ®YZIKO ITEPIBAAAON»

MEPIKOTEPH ENOTHTA: B1. O TOIIOZ ITOY ZOYME

OEMA: O 16mog mov Lovpe (mov eivon XTLopévo to xweLd pog. Egya mg giong xow tov avBpdmov. ITov
RaTOWXOUV dAAOL AvBpwITOoL).

Me v evémTa QUTY TEOOPEQETAL ETTLONG 1) TTEOCEYYLON TOV BEpaTog Twv AToMBUEVWV Aaowv, 1g £QywV
™ms @uong, damentéwy pvnueimv g Pvong pe eEanpeTind peyain tegBalhoviint, YEWAOYLRY] KoL TAACLOVTO-
Aoy a&io.

3.0EMATIKH ENOTHTA: ZT 3. «<AIIO I[IOY ITAIPNOYME OTI MAX XPEIAZETAI»

OEMA: Ané mov maipvoupe avtd mov xpetatopaote (nyEg ayabdv)

Zug dudantrés evépyeies avapépetal: « I'iol TOV EWTAOVTIONG TV YVAOEWY X0 T1) CUOTIILOTOTOM O TOUS
XONOLUOTOLEL O BAOHANOG CUUTANQMUATLRA Kot GALO ETOTTIRG VARG, GG OELRES ATt ELHOVES, PWTOYQOPIES,
oxitoa, mpoPolréa, ohdivig mov delyvouv: y) eEaywyr] mEOIGVIWY Ot VIOUAQLO, OAVKES, OQUYElD, TETOEAALOMN-
YEG %.0L. RO APVEL TOUG POONTES VO T TEQLYQAWOUV KO VO, CUENTHOOUV».

Zug deaomELOTTES TV pobNTdv avagépetal: «Extés and ts mapamdve o pabntés wropoiv axdun vo.
RAPOUY %ou TG €ENG:

-No gridEovv CUAMOYEG YL TO OYOMKO HOVOELD E DEIYLOTO TQOIGVTWY OF ROUTAKLO. 1] PTOVROAdHRLOL (0TG-
QOUG, RAQTOVG, ROUPATLO UAQRAQO, OAGTL, TTETOEAMLO %.N.TT.)

Zmv TeQimTwon ot TEOOPERETAL 1) duvaTdTTa VL OVaTTUEEL TOL YEWAOYIXRG BEpaTa Tov agoovv ata
Aatopeia, Opuyeia, Kortdopata — Avyvitixd xortdopota, 6rnmg o xaaxtoronxds I'edromog g ITtolepoi-
dag (Kdmng %.a., 1999).

4. ZYMIIEPAZMATA - ITPOTAZEIZ

ZouneQaopatind, Aowtéy, xatoijyovpe 6t n F'ewhoyio propel va eloayOei oto dnpotnd oyoheio péoa and
v [Mepoarrovuni Exnaidevon. H tiyn mov emgpuidooet to eAAnvirs oxoheio ot «Zxohxy Iemhoyio» odn-
YE{ 0TOV LOYVELOUG GTL OL SUVOTGTNTES TWV EXTAULIEVTIXWDV VO EEQPUYOVV QTS TO AOPURTIXG TAALLOLO TOV OVaAUTL-
%®0U TEOYQEAUROTOS eV eivor xat 1600 eEarpeTind meQLoQLopéves. ITpdyport, oL TeQLoELOpOL Tov emBaAlovy oL
odnyieg Tov exmaldevTir@Y aQXWV, TO OYOMARA EYXELQIOLX ROL TO OVOAVTIXG TTEOYQORNM, O8 CUVOVAONS PE TG
EXTOUOEVTIXES OVVONRES TTOV ETUXQEATOUY %O TNV EALELYN EEOLXEIWONG TWV EXTOLOEVTINGV PE TOUG OUVYYQOVOUG
mEopAnpoanopots otevetiouy TOAD TG duvaTdmTES VEWTEQLOUWY %o TELQAROTIONOY ot dtdaorahio g F'ew-
hoyiag.

Q01600, 600 TEQLOQLOTIXG KA OV EIVAL TO EXTTOLOEVTIRG OVOTNUCL, OL EXTAUOEVTIXOL €OV TTAVTOTE TTEQLOW-
o toépfaons. Agxrel mEWToL autol va xatavorjoovy ot 1 Fewloyio eivan TeQLEQyeta yia GAeS Tig GYeLg Tou
neQUBAALOVTOG TV avBpdmwY amtd Tar agynd otddua g Canig toug uéxor ofjuepa. Ot Femhoyny €pevva yio
Toug avBpdmovg #on To meQUBAMOV Toug péoa 0to XEGvo mEoimoBEtel Gt eneEegyaldpaote o wowiha fxvn
TOVG IOV ALaoHONKaY G «YEMAOYLRE amoMBdpoTay». Ot YVdon Tov TodyeToL pe TV £0gvva avty dev eivor
TOTE 0QLOTLRY, YLOLTE T EQWTNNATA TTOV BETOVPE OTO TaREABGV adhdLovv o ®dBe emoy, 6w RO To pEoa e ToL
OTO{0. PILOQOVPE VA TO. ATOVTHOOVRE R GTL 600 TEQLOOGTEQX YVWEILOVRE Yot TG TOAMATAES now oUVOETES
YeMAOYIRES GYELS TOV TTEQUBAAAOVTOG TOV TaEeABGVTOS TG00 UTOQOUIE VOL ROTOVOTICOVUE TV TOATAOXGTNTOL
ToU TEQURAMAOVTOE TOV TTOEGVTOG *aL Vo TaREpuPoupe oe avtd, yuo va To ahMdEovpe 1j va to SrogpuldEovpe.

ARS Ta ToQomTdvem Aowdv, oupeQaiveTan 1o 1 peYAAn avayxoudmra ewoaywnyns oty A’BdOuio Exmai-
devam, yewhoymdv yvdoemv ovvogpdv ot Bépata Tov megLfdihovtog xwoov (Fedromot), aAhd xow Ue YVHOOELS
oe Bparo Tov agoEoly oty TEoataoia kot o) dLatjonor Tov.

IV awtd, mpoteivetal N wapoymyr Stdaxtivoy vhxoy, eromtinol aAAd xon cuyyQapLeoy, To oroio Ba TeQL-
Aapfdver:

a. Eyyewpidio-0dnys tov pabnmi ota mhaiowe tov poabijpotos «Merét tov Ilegifdrioviog» Twv Te00dpwv
TEWTWV TAEEWV TOV dNuoTLroy oxoAeiov, To omoio Ba dopeitan pe YemAoyrég TAnEoopies dabepomxrg
TEOOEYYLONG, UALL EQYQOTOG, QTAG TELQARATO ROL YEWAOYIREG COXNOELS VILABROV %o dpooTNOWGTNTES
EVIOC KOl EXTAS TOV OYOMHOU YBEOV.

B. Eyxewoidio — 0dnys yua tov exmotdevund, 1o omolo Oa amotehel forinua yia tovg exmaudevnnovg oto
oo eLoaymyng row avartuEng g «oxoMxng yewloyiag» oty A’fdbuia exmaidevom.
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