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MNpoAoyocg

H nmapoloa épsuva adopd otn XpPovoAoynon Twv MApAKTLWY TIEPLOXWV Tou Bopelou EuPoikol
KOATIOU XPNOLUOTIOLWVTAG TLG TEXVIKEG TNG Dwtavyelag (Omtikd Aeyepuévn Dwtalyela-0OSL,
YriépuBpn Omrtikd Aleyeppévn Qwtavyela-IRSL). O anwtepog oTdX0G TG EPELVAG NTAV SLTTOG
Kol TEPAGUBOVE TN XpOVOAOYNON TWV YEWAOYLKWY OXNHUATIOUWY TIOU amaviolV ota neplbwpla
Tou EuPoikol kOATou Kal epdavilouv yapaktipa uGAAHUENG WNUATOYEVESNC KAl TIPAAANAQ
™ Olepelvnon twv SuVOTOTATWY TWV TeEXVIKWY e Dwtavyslag kot wdlaitepa tou
npoadloplopol ¢ nAkiog o Babocg ypovou. MNa 1o okomd auto, xaptoypadndnkav otnv
TLEPLOXN MEAETNC OL YEwAOYLKOL oxnuatiopol mou pavepwvouv tTnv yla mpwtn ¢opd enidpaacn
™m¢ Bdlaccag otov Bopelo EuBoikd KOATO, amd toug omoioug eAnddnoav to KAtaAAnAo
Oelypata kot €ywve n enefepyaocia toug oto Epyaotnpo Dwtavyslog tou lvotitoutou
Navoemiotriung kot Navotexvoloyiag (INN) tou EBvikoUu Kévtpou Epeuvag kal Duolkwv
Emotnuwy «Anuokpltog», oe cuvepyacla Le TO omolo mpaypatomolnonke n AlSaktoplkn

AwoTpiBn.

Me tnv oAokAnpwaon tng mapovoag ASAKTOpKNG Alatplfrg, Bewpw UTOXPEWGCH HOU va
ekppaocw TIC OepUEC HOU EUXAPLOTIEC O OAOUG OCOUC CUVEROAOV oTnv UAomoinon twv
EPEUVNTIKWY EPYACLWV Kal otnv TeAKn Slapopdwon tng mopouocag epyoociog. Ewdikotepa

guyopLOTW Bepua:

Tnv KaBnyntpia E.M.M. k. Povtoylavvn Ogodwpa, yLo TV mapOTPUVOK] TNG ApXLKA va EEKLVAOW
TNV eKmovnon tng datplpng, tn Slapkn cuupmapdctacrn tng w¢ EmPAémouvoag, Kotd Th
SLAPKELO TNG EKMOVNONG TNE KAL TNV EUXAPLOTW Beppd yla tnv aoyn TTOAUETH CUVEPYAOLO HOG
KaBwg Kot yla TIG UToSELEELG KaL TTOPATNPOELG TNG, E TIG OTOlEG CUVEBOAE OUGCLOOTIKA OTNV
mapoucsiacn Twv QMOTEAECUATWY TWV EPEUVNTIKWY €gpyaclwy, KabBwg kal otn doun tng
Statplpng. EmumAéov, Ba nBeha va tnv €uXApLOTHOW YL TNV ELOAYNON TNG Yld TNV £yKPLON

mapoxng 3etol¢ unotpodiog amnod tov EAKE.

Tnv Emik. KaBnyntpta E.M.M k. Aviwviou Mapia, n omoio w¢ pEAOC TNG ZUUBOUAEUTIKAG

Emitponi¢ pou cupmapaotabnke og OAN tn SLAPKELO EKTOVNONC TN SLaTPLBNG.



Tov enkedaAng Epeuvnti A’ Mniaotdko lwavvn, Tng Opadag Melétng Apxaiwv MeTdAwv Kot
MaAatomeptBaArlovtog otnv KateuBuvaon “Apxatopetpia” tou INN/EKEDE «Anpokpltogy, yla ta
000 ONUAVTLIKA OTMOKOMLo0 OTO TAQLoLA TNG MEXPL TWPO CUVEPYAOLOG LG KOL TNV EUPAKTN
BonBeld Tou OTNV EKTEAEON EPEUVNTIKWY EPYACLWV KATA TO XPOVO €KMOVNONG TG SLatplfig
KaBwg Kat yla TLG UTIOSELEELG KL TTOpATNPAOELG TOU, HE TLG OTIOLEG CUVERBAAE OUOLACTIKA OTNV

TIANpEoTEPN enefepyacia KAl TAPOUCLAOHN TWV ATOTEAECUATWY TWV EPEUVNTLKWV EPYOOLWV.

Ta péAn tng E€etaotikng Emttponng pou, k. Kitn Mewpylo, Kabnynt ANO, k. Aékka EuBUuLo,
KaBnyntr) EKMA, k. Neppakn Mapla, Emk. KaBnyntpla E.M.M., kot K. ZokeA\apiov Anuntplo,
Epeuvnt A’ EA.KE.O.E., yla TNV TN TOU HOU KAVOUV VOl CUUUETAOXOUV OTnV €€€TACN TNG

SLatpLpng, KabBwe Kal yLo TLG OTIOLEG TTAPATNPHOELC KAl UTTOSEEELG TOUG.

Tnv Ap. Aukoudn Euvdofia, EAIM E.M.M., yta thv moAutiun Bonbewd tng otnv enefepyaocia
S6ebopévwy Pe T Xpron GIS yla tnv xaptoypadlkr amelkovion ThS TEPLOXNG MEAETNC KAL TNV K.
Meppakn Mapia, Em. KaBnyntpla E.M.M., yia tTnv moAUTLUN BonBeld tnG otn HEAETN SELlypATWY

TOOO OTO OMTIKO 000 KAl OTO NAEKTPOVIKO ULKPOOKOTILO (SEM).

Tov Ap. ABavaocda Kwvotavtivo, ywa tnv moAuTtipn PBonbela mou pou mpoodepe WOTE va
KaTavornow Tig Baotkég évvoleg TG DwTtauyelag, TNV ekmaibeuor HoU OTLG TEXVLKEG TNG KABWG

Kol Tn BonBeLd Tou oTNV EPUNVELD TWV ATTOTEAECUATWV.

Tov k. Tewpylou Xapdalapmo, yewAoyo Ttou Ivotitoutou lewAoylkwv Kot METOAAEUTIKWY
epeuvwy (I.T.M.E.) yia tn BonBela Tou Katd Thv Mepiodo TMPAYyUATONOINGNE TWV EPEUVNTIKWVY

£py0OLWV UTIaLBpOU.

Tnv Ap. Onakn EAEvn, yia tn BonBeta tng katd tn Stdpketla tng SL6AKTOPLIKAG SLaTPLBAG pLou

OTLG YEWXNUIKEG avaAVOELG KOBwG KO TNV UTIOCTHPLEN TN o Béuata yewAoyiag.

Toug ouvadérdoug Toakoho Euayyeho kat Xplotodouldakn lwavvn, tou Epyaotnpiou
QwTtavyelag yla tn ouvepyaoia katl tn fornbeld toug oe Bpata mou adopouV OTLG TEXVIKEG TNG

OwTtavyelag KaBwWE KoL 0TV AVAAUGCT TWV ATIOTEAECUATWV.

H mapouoa datpPfr) otnpixbnke owkovoulkad amnod to EBvikd MetooBlo Moluteyveio, pe TNV
napoxn 3etol¢ umotpodiag amd tov EAKE, petd amd oxetikn €lonynon tng EmBAémouvcag
KaBnyntplac kat €ykplong amod tn 2. tou Topéa MewAoylkwy Emotnuwy, to A.Z. TG IXOANG



Mnxavikwv MetoAeiwv-MetaAoupywv kat to A.Z. tng Emurpomig Epeuvwv tou E.M.IM..

Euxaplotw to idpupa kot OAoug 6ooUG CUMMETEIXOV OTLG OXETLKEG SLadikaoieg eykplogwv.



NEPIAHWH

O EuPoikog kOATog amoteAet pia empnkn Aekavn petafl tng Ztepeds EANGSag kat tng EVPoLag
Kall TtapouoLdlel olaitepo yewduvapLko Kot popdoAoyko evdladépov, SLOTL €xeL amoTeAEDEL
Tieploxn Omou €xeL AAPEL xwpo €VTOVN VEOTEKTOVIKN Kol ndalotelakn dpaotnploétnta Kabwg
eniong kot peyaAeg petafolég tng Baldootag otdbung and to Katwtepo TETOPTOYEVEG £WG
onuepa. Q¢ £k TolTOU, 0 AKPLBAC, KOTA TO duvatov, KABOoPLOUOC TOU XPOVOAOYLKOU TTAOLOLOU
HEoa OTO omoio €Aafav Xwpa oL avwTEpw TaAaloneplParlovtikeg peTafoAég otov EuBoiko
KOATIO, Ba €6lve TN SuVATOTNTA KATOVONONG TNC YEWSUVAULKAG EEEALENG TNG TTEPLOXNG KAl TNV
EKTIUNON LEAOVTIKWY TIEPLBAANOVTIKWY OAAAYWV OTLG EUAAWTEC OKTOYPOUUES. Ta uAApUpa
Nuato ouxva amoteAouv TaAaoTePLBAANOVTIKOUC SELKTEG £(TE EVOTATIKWY ELTE TEKTOVIKWV
petaBolwv. Kuplog oKomog tng MapolooG £PEUvVAC €lval N HEAETN TWV YEYOVOTWV TOU
eENnpéacav tnv mapaktia {wvn tou EuBoikol KOAMou Katd tn SldpKela ToU TETAPTOYEVOUG LIE
TN XPron TwV XPOVOAOYLKWY TEXVLKWV TNG GwTOUYELOG, oL omoieg Bewpouvtal, SlebBvwg, KTOG
ano eEeAlOOOUEVEG, Kal LOLAlTEPA EVOELKVUOUEVEG YLO TN HEAETN KAQOTIKWY TETOPTOYEVWV

UNUAaTwWv.

Jtnv mapovoa Sidaktoplkr Slatplfr), mapouctalovtol oL EPEUVNTIKEG £POPUOYEC Kal Ta
OMOTEAECUATA TWV XPOVOAOYNOEWV HE TIC EMIUEPOUC TEXVIKEG TNG dwrtalyelag, OmTika
Aleyeppuévn Owtavyela (OSL), YrépuBpn Omntika Aleyeppevn Qwrtavyeta (IRSL) kot looBeppikn
Qwtavyela (ITL), oe yewAoyikd Selypata amno tnv napdktia {wvn tou EuBoikol kOAmou. Népav
¢ adBoviag Twv meploocdtepwv Selypatwy o xaAalla, ta puolkd onuata pwrtavyeslag OSL
Kat ITL g pndpeoav va aglomolnBouv emeldn o xalaliog Stamotwnke OTL ftav “kopeouévoc”’
oo XPOVOAOYLKAC TAEUPAC. EmumA€ov, ol loodUvapeg 6G0elg (Des) TOU TTPOEKUP OV ATOV APKETA
SleoTapUEVEG LE amoTEAECTUA TN SUCKOALD OTNV EKTIUNON TWV NAKLWV. AVTIOETWC, N XPHoN TS
IRSL, w¢ eVOANOKTIKAG Twv SU0 TPONYOUUEVWY TEXVIKWY, amodelixBnke KatdAAnAn Kabwg
eudavioe uPnAotepa enineda kopeopouU, Sivovtag nAtkieg Méoou MAsloTtokaivou. XTo onueio
QUTO, elval aflo Adyou va TovIoTEL OTL EMUTPOCHBETWG TNG CUCCWPEUCNG EPEUVNTLKIG EUTTELPLOG
EML TWV AVATITUCCOUEVWY XPOVOAOYLKWY TEXVLKWY TNG pwtalyelag, elval n mpwtn ¢opa mou o€

anoBéoelg KAQOTIKWY WNUATwY Tou EAANVikoU ywpou, AapBdavovtol aflOmioteq amoOAUTEC



nAwieg Méoou MAelotokaivou pe tn pEB0do NG dwtavyelag, KaBOooV oL PEXPL TwPa NALKIEG

Tou elyav umtoAoyloBei bev exteivovtav og eMoOXEG apxalotepeg Tou Avw MAglotokaivou.

ErumA£ov, oto mAaiolo tng mapovoac StatplBrc £ylve mpoomabela xpovoAdynong pnyUOaTwyY UE
™ HEB0dO TNG Oeppodwravyelac (TL), mpokelpévou va anocadnvioBel and tn XpovoAoyLkn
amoyn, N YEVIKOTEPN EKOVA TNC YEWSUVAULKNG EEAENC TNG TTEPLOXNG A Kal va SlepeuvnBetl
n epappoyn tng HeBoOdou otn xpovoAoynon pnyratwy, e€EAEN mou Ba NTav onuovtiky os o,TL
adopd TNV afloAdynon Tng VEOTEKTOVIKAG CUUTEPLPOPAG TWV TETAPTOYEVWY PNYUATWY TNG
KEVIPIKNG EUPolag Kol KOTA OUVETELQ, TNV OVTLOELOMLK TPOOTACLO TNG TMepLoxng. Ta
OMOTEAECUATA OTOV TOUEN AUTO €lval APKETA eVBOPPUVTIKA, WOTOCO ATALTEITAL TIEPALTEPW N
TIPAYLATOTIOLNGN EVOG CUVOAOU £pYaoTnPLaKWY SOKLUWY, 0E cUVOUACUO LIE TTOPOTNPIOELG KOl
petpnoelg mediou, £ToL WoTe va SlepeuvNOel EMAPKWE O TTELPAUATIKO 0TASLI0 N Bewplia OTL, TO
onua tne OepuodwTaUYELNG O UALKA PNYUATWY UMOPElL va €MNPEAOTEL N oKOUO Kal va
pundeviotel, 6tav To XPOVOAOYNOLLO OPUKTOAOYLKO GUOTOTLKO TOUC BeppavOel AOyw TEKTOVLKIG

Katanovnong.



ABSTRACT

Evoikos Gulf is an elongated basin between Central Greece and Evia, having particular
geodynamic and morphological interest as it has experienced substantial neotectonic and
volcanic activity as well as sea level changes since at least the Early Quaternary. Therefore, the
establishment of a reliable chronological framework in which these environmental changes
took place is necessary, not only for understanding the geodynamic evolution of the area but
also forecasting impacts on vulnerable shorelines. Brackish deposits frequently encode coastal
palaeoenvironmental changes, be it tectonic or eustatic. The ultimate purpose of this research
is the investigation of the palaeoenvironmental events that affected the coasts of Evoikos gulf
during the Quaternary by taking advantage of luminescence dating techniques which during the
last few decades have been advancing and are now internationally considered among the most

appropriate for dating clastic quaternary deposits.

This thesis, presents the application of the luminescence dating and gives results of its different
techniques, namely Optically Stimulated Luminescence (OSL), Isothermal Thermoluminescence
(ITL) and Infrared Stimulated Luminescence (IRSL) on geological samples collected from the
coastal zone of Evoikos Gulf. Despite the abundance of quartz found in many samples, natural
luminescence signals, using both OSL and ITL, were found to be close to saturation, yielding
broadly scattered equivalent doses (Des) and thus perplexing the accurate calculation of
luminescence ages. Conversely, the use of IRSL as an alternative to the previous techniques was
proven more suitable, demonstrating much higher saturation levels and producing ages that go
back to the Middle Pleistocene. It is to be noted here, that it is the first time that Middle
Pleistocene ages have been reported for Greek clastic sediments using luminescence dating

techniques.

Furthemore, an attempt was made to investigate the potential of establishing a reliable
technique for dating previous activations of faults by employing Thermoluminescence (TL)
dating. This will add to the efforts a better understanding of the geodynamic evolution and
seismicity of the area, something which is very important as this will contribute to seismic

protection plans and initiatives in a seismic active area. The results are encouraging, however

\



additional laboratory tests, observations and microtectonic measurements in the field are
required, so that allowing experimentally proving whether the required zeroing of the

luminescence signal due to heat is confirmed.

Vi
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1. EIZATQrH

To Tetaptoyeveg, n 1o mpoodatn yewAoykn mepiodog tng yng, ekteivetal and 1o Katwrtepo
MAelotokawvo pEXPL To Avwtepo OAOKalvo Kal yopoktnpiletat omd po alAnAouxia
EVOAQOOOUEVWY TIOYETWOWY Kal pecomayetwdwv meplodwv (Bintanja et al., 2005). Eivat
ipodaveg, OTL oL AAAAYEG TOU KALLOTOG Kal TNG BaAdoolag otdBung mou EAafav xwpa Kotd T
Slapkela aAAA Kol METAEL TwV TIAYETWOWY TEPLOSWY, NTAV LKOVEG VO TIPOKAAECOUV UEYAAEC
TEPLBOANOVTIKEG HETABOAEG O TOyKOOULA KALpaKka. Y€ ouUTO TO TAAIOLO, Ol TIOPAKTLEG
anoBéoelg Bewpeital OtL oxnuatifovtat ouvnBwC O OUVONAKEC EUCTATIKNG OVOOOU TNC
BoAdaoolag otabung (katd tn SLAPKELA TWV ECOTIAYETWOWY TEPLOSWYV) KoL HmopolV va
OUCYETLOTOUV ME oavtiotolya BoAdoola tootomikd otadio — MIS (Bintanja et al., 2005). Ot
peTaBorég tng Baddoolag otddung, Unopolv va xpnolpomnolnfouv wg deikteg maAalotepwV
KALLOTLKWY OAAQYWV, OL OTOLEG MEOW TWV YEWAOYIKWY OXNUATIOUWY QIOTUTIWVOVTAL OTLG
aktoypappég (Woodroffe and Murray-Wallace, 2012). & QpKeTEG TEPLOXEG, WOTOOO, T
mapaktia Wnpata £xouv dnuoupynBel eite AOyw euotatiopol ite AOyw TeKTOoVIoHOU (Barreto
et al., 2002). H katavonon TOU OXNUATIOMOU TWV OKTOYPOUMWV Kal n BOfomion tou
XpovoloykoU mAailciou tng e€€AEnC Toug, Ba umopolos va armoTteAECEL Eval XPHOLUO EpyaAEio
yla tnv amotunwon tou malatoneptBalioviikol Kabsotwtog piag meploxng (Jacobs, 2008). H
YEWXPOVOAOYNON TWV TETOPTOYEVWV amobBEcswv tng meploxnc tou EuPoikol kOAmou, mou
npayuatonolnke oto mAaiolo tn¢ mapovoag Siatplpng, adopolos otic UGAAUUPEG
anoBéoelg, ekeiveg dSnAadn mou pavepwvouv BaAdaooia emtidpach, €0tw Kot Tapodikr). OAeG oL
TOAQLOTEPEG VEOYEVEILG KOl TETAPTOYEVEIC QMOOECELC OTNV TEPLOXN HUEAETNG, elval kobBapa
NMelpwTkng (Atpvaiag 1n  xepoaiag mpoéAeuong) ¢acewg, oOmMOTe oL  nAlkieg Tou
npoadlopilotnkav poag deiyvouv tnv apxkn elcodo Balacoiwy vdatwv otov B. EUBOIKO KOATIO

KOlL TO METETELTA POAO TOUG OTNV L{NUOTOYEVEDH.

‘Exouv avamtuxBei moAMEG TEXVIKEG yLa TN XPOVOAOYNON TwV AMOBECEWY TNG TTAPAKTLAG {WVNg,
WOTO00 0€ TOAMEG ar’ OUTEG evtomilovtal apPKETOL TEPLOPLOMOL KOl UELOVEKTAMOTO, TIOU
ouxvotepa cuvbEovtal Le TN $UON Tou UALKOU Ttou TpokeLtaL va xpovoAoynOet (Walker, 2005).

Kata tnv teleutaia Sekaetia, n Pwrtalyela €xel eupesia epapuoyn kot Ba pmopouce va



BewpnOel pia am’ g o afomioteg peBodoug xpovoAoynong SladopeTikwy WNUATOYEVWY
nieplBarroviwy (Aitken et al., 1964; Zimmerman, 1967; Liritzis et al., 2013). AvamtuxBnke tn
Sekaetia tou 1980 (Aitken, 1985) akoAouBwvtag Tn OgpuodwTAVYELD KAl XPNOLLOTOLNONKE,
TOOO yla Jla OELPA PUOLKWY UALKWV 0w o xaAaliag (quartz) kat o aotplog (feldspar), 600 kat
yla oUVOETIKA UALKA Omwg n mopoeAdvn. H apxr Aettoupyiag tng Paciletol otnv €KMOUNN
dwTOC amod opuktd OnMwe eival o xaAaliag kal o aotplog (Aitken, 1985), ta omola €xouv tnv
dLotnta va amobnkevouv evépyela (Ue tn Hopdn NAEKTPOVIWV) OTNV KPUOSTAAALKA TOug Soun
KATA TO XPOVLIKO Sldotnua anobeong Toug Kal va tnv aneleuBepwvouv we “dwtavyela’’ Emetta
and texvntn SlEéyepon toug pe Béppavon i dwtopd. H nAwkio poKUTITEL Ao to AOYO NG

looduvaung 66on¢ (De) kat tou PuBuou &6ong (DR) (Duller, 2004).

YT UALKQ TIOU XpnoLpomololvtal otn XpovoAoynon pe Oeppodwrtalyela meplhappdavovral
Pnuévog mNAOC  (MUPOTEXVOAOYLKA  KATAAOUTO, KEPOMLKO  QVTLKE(HEVA), TIETPWHATO
noaLoTeloyevoUG TIPOEAEUONG KOl KAUEVEG TIETPEG. Xtnv Omuka Aleyelpopevn Qwtalyela
(Optically Stimulated Luminescence — OSL) avtl tng O€puavong Tou UALKOU TIpOYLOTOTIOLELTOL
OTITLKI OLEYEPQH) TOU, XPNOLUOTIOLWVTAS pia TEXVNTH TNy $wtog, n omola pixvel pwg oto UALKO

Slvovtac evépyela ota nAekTpovia, Ue armotéAeopa TV emavadiéyepar) toug (Duller, 1996).

To €UpoC TWV NAKLWY, efapTtdtal og peyaho Babuo amod to pubud doong. Emopévwe, Selypota
TO. omola TPOoEPXOoVTaL Ao TIEPLOXEG UE XOUNAR TIEPLEKTIKOTNTA ot padloicotomna (Y. ta
avBpakika metpwpata), eudavilouv xaunlouc pubpolg S60nC HE ATMOTEAECUO TOV aApyo
KOPEOUO TWV TayldwV TNG KPUOTAAALKAG SOUNG TOUC, yeYovog Tou uTtoSnAWVEL TN duvatotnta
UTIOAOYLOUOU peydAwv nAlKlwy. BéBata ot Huntley et al. (1993) €xouv katadeépel va
XxpovoAoynoouv pe aflomiotia Seiypata xahalia péxpt kat 800 ka. Baollopevol o mpoodateg
EPEUVEG KOl HEAETEG €ylvav TPOOTIAOELEG EMEKTAONG TOU €UPOUG XPOVOAOYNOEWV KATA TNV

TeAevTala SekaeTia, KATL TO omolo emépepe eMBOUUNTA AMOTEAECUATA.

To epeuvnTikO evdladépov Tng Tapoloag SLSaKkToplkng SlatplBhg €oTLAlETAL OTNV ATTOAUTN
XPOVOAOYNON TWV TOPAKTIWY Tieploxwv Ttou EuPoikol kOATOU Kkatd tnv mepiodo tou
Tetaptoyevoug, Pe Tn xprnon VEwv Texvikwyv Qutavyelag. Méoa o€ auTo TO XPOVIKO SLaoTnua, n
VEOTEKTOVLKA Kal ndatotelakn Spaoctnplotnta kabwg kat petafolég tng Baddooiag otabung

TIOU CUVERNOCAV OTNV TIEPLOXN TOU KOATIOU UTIPEAV EVTOVEG, 0ONYWVTAG O€ UEYAAEG EUOTATLKES

2



Kol TEKTOVLKEG LETaBOAEG (Sakellariou et al., 2006). Qotoco, dev UTIAPXOUV APKETEG SLABECLUEG
nAnpodopieg yla Tig petaforég auteg, kabwg n €peuva ou €xeL Ste€axBel otnv mepLoxn eivat
OPKETA TEPLOPLOUEVN KAl KUPLwG PAOLOUEVN OE OXETIKEG KoL OXL QMOAUTEG XPOVOAOYNOELG
(Katsikatsos et al., 1981; Rondoyanni, 1984; Voutsinou-Taliadouri and Varnavas, 1992;
Katsikatsos, 1999; Mavrides, 2006; Rondoyanni et al., 2007;).

TNV mapouoa €psuva, cUAMEXBNoOV LNUATA Ao TNV MOPAKTIA {wvn Tou KOATIOU Ta omola
XpovoAoynonkav XpnoLUomolwvTag OSLHhOpPETIKEG TEXVIKEG dwTaUyeLaG: OMTKA AleyepUevn
dwtavyela (OSL) (Murray and Wintle, 2000; 2003; Duller, 2003), looBgppuikr) Oeppodwtavyela
(ITL) (Huot et al., 2006) kat YrepuBpn Omtika Aeyepuévn pwrtavyeta (IRSL) (Thiel et al., 2011),
TIPOKELUEVOU va AndBouv aflomiota amoteAéopaTa, TO Omoiot KoL vo ouykplBouv pe

TtPONYOU LEVEG OXETLKEC XPOVOAOYNOELG.

‘ETol, apyk@ Tpaypatomolnonkav epyacieg umaiBpou TMpoKelPEVOU va eAEyoUV OL TPOG
XPOVOAOYNON YEWAOYLKOL oxnuatiopol Kot va yivel n katdAAnAn dstypatoAnia. Itn cuvéxela
TPAYUATOTOLNONKAV EPYOOTNPLOKEG €PEUVEC, TIOU TePAAUBavav XNUIKEC avoaAUOELG Kol
EPYOOTNPLAKEG LETPHOELG YL TOV TPOCSLOPLOUO TNG armoAuTnG nAkiag twy detypdtwy. H kupla
0éa Baoiletal oto yeyovog OTL n xpovoAoynon He tn pEBodo tng Quwtalyelag Sivel T
Sduvatotnta Slepevvnong WNUOTOYEVWY TIEPLRAAAOVTWY HECW TWV OPUKTOAOYLKWY CUCTATIKWY
TWV OXNMOTIOHWY Toug, Ta omola §pouv we “xpovopetpa’” yla Tov KoBopLOUO CUYKEKPLUEVWY
YEYOVOTWV Tou mapeABovtoc. Ol Ypovoloyleg mou MPOoEKUYP AV CUCXETIOTNKOV UE EUOCTATIKEG
KOUTUAEG TIPOKELUEVOU va eTTEVXOEL N avadelEn tng malaloyswypadLlkAG KOl VEOTEKTOVLKIG

€€EALENC TWV TTAPAKTIWV TIEPLOXWV ToU EuBoikoU KOATOU.

ErumA£ov, katd tn Sldpkela tng MapoUoag EPEUVOG, KATACKEUAOTNKAY BEUATIKOL XAPTEG UE TN
BonBela twv lewypadikwv Tuotnuatwyv MAnpodoplwv-EN (GIS) péow TOU MPOYPAUUOTOC
Arcmap 10.1. ZuvoAika O&nuoupynbnkav Téooepl (4) Bepatikol xapteg:  €vag
TPOOAVATOALOMOU, €vag HopdOAOYLKOC, €vag UE TIG Bf€oelg SewypatoAnPiag kat £vag
YEWAOYLKOG xaptng. To YndLako povtédo edadoug pe Bripa kavvapou 25 m nponABe amod tnv
Pnolonoinon twv xaptwv tng Newypadikng Ynnpeoiag Ztpatou (I.Y.Z.) og kAlpoka 1:50000 pe

Loocdlaotaon .oouPwv KopmuAwy 25 m.
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Bopeloc EuBoikoOc KOATOC

O Bopelog EuBoikoc amoteAel pia emipnkn Askavn Hetafl tng Ztepedg EAAASaG Kal tng EVBoLoag
Kol ouvbéetol pe to NoOtlo EuPoikd KOAMO péow Tou otevou tou Eupimou (swkova 1.1).
AkolouBel yevikr) dtevBuvon ABA-ANA, €xeL prikog nepimou 100 km (Papanastasiou et al., 2001)
Kol popdoAoyikd Babog 400-440m (Hughes et al., 1999; Sakellariou et al., 2007).

O kOAmo¢ Slakpivetal og Tpla TUAUATA: TO AUTIKO TUHMO TO OMolo ektelvetal amo ti¢ Nnooug
Aadeg péxpL To Akpwtnpt tng Apkitoac, to omolo xopaktnpiletal opaAd pe péco Badog 80-
100 m mepinou, to Kevtplkd To Omoio eKTeiveTal amo 1o AkpwTrpL TG Apkitoog HEXPL TN
XEPOOVNOO tTNG MaAeoivag Kat amoteAel To TUAMA LE TO peyalutepo BaBog, 450 m (Sakellariou
et al, 2007) kat to NotloovatoAlkd to omoio ekteivetal peéxpt tn XaAkida, to omoio
Xopoktnpiletal opadd kat pnxo pe péco PBaBog 80-100 m mepimou (Hughes et al., 1999,
Sakellariou et al., 2007).

Notioc EuBoikog KOATIOC

O Notlog EuBoikog amotelel efioou emuyunkn Aekavn UKpOTEPOU €UpoUG N omnoia Pploketatl
HeTalU TNG Xtepedg EAANGdac kot tng EUBolag, akolouBwvtog yevikn ditevBuvon ABA-ANA
(elkova 1.1.). To MAKOC TOU KOATou elval mepimou 60 km, to mMAATOG Tou Tepimou 15 km
(meploxny AABepiou) (Goldsworthy et al.,, 2002) kat to péyloto BaBog tou eivat 73 m kot
eudavitovtag opaln kAlon amd tnv meploxn tng XoaAkidag mpog To VOTIO TUAMA TOU, HE
e€alpeon tn peiwon tou Paboug ota 55 m TOU evtomileTal OTO VOTLOTEPO TUNUA TOU
(Perisoratis et al., 1989, Goldsworthy et al., 2002). To vOTlO TUAMO TOU AKOAOUBEL TN YEVLKA
S1evBuvon tou KOAToU Kat epdavilel EAAXLOTEC EYKOAIWOELG AVILOETWG HE TO BOPELO TUNHA
TOU TO omolo epdavilel apketd mepimAokn popdoloyia pe To PBOPELOTEPO TUAUA TOU Vo
akoAouBel tn StevBuvon A-A evw To VOTLOTEPO TURHA TN dlebBuvon B-N, otnv omola odeiletatl

Kal n dnuioupyia Twv KOATWV tou AALBepiou kot tou AApUpOMOTALOU.

Onwg avadépbnke mopandvw, otnv nopovoa SLatpiPr], EMSLWKETAL N artdAuTn Xpovoldynon
XOPAKTNPLOTIKWY BEcEWV amo tnv napaktia {wvn Tou EVBOTKoU KOATIOU HE TLG VEEG TEXVLKEG TNG
Qwtavyelag, twv omolwv ta amotedéopata Ba xpnowtomoltnBouv yla tnv ektipnon tng
moAaloyewypadlkig €EEALENC TOU KOATTOU Kol KUplwg ylot Tov TPOooSLopLoUO TNG OPXLKAG
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€L0060uV NG BAAacoag o€ aUTOV. Na To KOO AUTO, N AOAUTN XPOVOAOYNON TWV UGAALUPWY
anoBécswv ouykpiBnke pe Oebopéva aAMO ONUOCLEUUEVEC HEAETEC OXETIKEG HE TNV
oTpwpatoypadia KAl TO TEKTOVIKO KOBECTWG TNG MEPLOXNG KAOWG KOl UE EUOCTATIKEG KAUTTUAEG
TIou adopouV 0To TETOPTOYEVEG. ZUVOALKA oUAMEXBNoav gikool Tévte (25) delypata and oktw
(8) B€oelg Tou NOTIOU Kal AuTikoU TUNRUATOG Tou Bopelou EuBoikol kOAmou (swkova 1.2) kot

amno Suo (2) B€oelg amnod to Bopelo TUAUA Tou voTtlou EuPoikou kOAmou (glkova 1.3).

Ewkova 1. 2: Ofoelg dsypatoAnydiog katd pRkog tng rtapaktiag {wvng tou B. EuBoikol KOAmou
(rtnyn xaptn: Google maps).
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Ewkova 1. 3: Oéoclg dsypatoAndiog katd pikog thg napadktiag {wvng tov N. EuBoikol KOAmou
(rtnyn xaptn: Google maps).

1.2 MeBoboAoyia

Apxika Tmpaypatornow|Onke  BipAoypadikn emiokomnon, ouAdoyn Kot afloAdoynon Twv
SloBéolpwv  otoxeiwv (dnuooleloelg, OSUTAWMOATIKEG - METOMTUXLAKEG KoL OLOAKTOPLKEC
SlatplBeg, Sladiktuakol Lototomol, avtiotowya PBiBAia kot nAektpovikég PBLPALoBrkeg) mou
adopolv otnv mapaktia {wvn NG Teploxng UeAETng. ISwaitepn €udaon &66nke otn
oTpwpatoypadia Kal TO TEKTOVIKO KABeoTWE TNG MEPLOXNG KABWE Kal aTov TPOMmo SnLoupylag
TWV TETAPTOYEVWY UGAAUUPWY OXNMOTIOHWY TNG. EmumAéov, n BiBAloypadikr €miokomnon
EMEKTAONKE KoL 0 BEPATA TTOU GITOVTOL TNG XPOVoAOynong Ue tn HEBodo tng Qwtalyelag,
oupnep\apPavopevng TNG apxng Asltoupylag tng, TG £PAPUOYEC TNG OTN YEWAOYLA, TOUG

TiBavoU G EPLOPLOPOUC TNG KABWE KAl TLG EMEKTACELG TOU €VPOUC NALKLWY Ttou SiveL.

To enodpevo otddlo Atav n epyacio mediov yla T HEALETN TNG TEPLOXAC, TNV €AoYy Twv
KaTAANAwv Bécswv SsypatoAniog Kat Tt OUAAOYr TwV TIPOC XPOVOAOYNnon OSelyuaTtwv.
MapdAAnAa, Eekivnoe N cUAAOYN TWV YEWAOYLIKWVY XOPTWV KoL N xoptoypadnon tng mepLoXng
HEAETNC HEOW TwV Mewypadilkwy TuoTnuatwy NAnpodoplwy (GIS) yla TNV amoKTNON EMOMTIKAG

£1KOVOC TNG KATOVOUNC TWV TETOPTOYEVWV OTOBECEWY. 3TN CUVEXELD aKOAOUONGCE N XNKLKN



enefepyaoia Twv SeyHATWY OTO MAPOACKEUAOTAPLO Tou gpyaotnpiou Pwtalyetag (E.K.E.D.E.
«AHMOKPITOZ») katL n HETPNON TOUCG HE TIC aVWTEPW TeXVIKECG (OSL, ITL, IRSL) wote v TéAeL va
yivel n extipnon tg nAwkiog toug. OL oxetkeg pEBodoL yewxpovoldynong (amoAlBwpata Kot
pkportaviba) ot omoieg eival kat ot cuvnBeotepa epapuolopeveg, divouv mAnpodopieg povo
yla eupUTEPOA XPOVO-OTpWHATOYPADLIKA Ao KaL OxL évav akpLBr mpoodloplopnd Tng nAKLoG
TWV YEYOVOTWYV Tou €Aafav xwpa péoa oto TETAPTOYEVEG. JUVENWG, Dewpeltal amapaitntn n
xpnon amoAutwv peBodwv yewxpovoAroynonc. H dwrtalysla amotedel tTnv 1o KatdAAnAn
pEBoSO ypovoAoynong otnv mapoloo €peuva OLOTL elval pia amoAutn péBodog r omola
Xpovoloyel akplpwg tn oTyur amobeong tTou oxnuUatiopol Kol Umopel va edappooTtel o€

WNuaTa TNG MEPLOXNG LEAETNG.

TENog, €ywve n ouvBeaon kot afloAoynon twv SedouEvwy, N EPUNVEIA TWV ATIOTEAECUATWY ATIO
TNV OIMOAUTN YEWXPOVOAOYNON Twv Selypdtwyv KabBwg kol pio mpoomdBela ektTipnong tng
e€€ALENC TG TapakTLog {wvng Tou EuPoikol KOATIOU, Tat omoia cuvéBaAav otn cuyypadn TG

napovaag SI6AKTOPLKAG SlatpLBnc.
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2. TEQAOTIA-NEOTEKTONIKH TQN NMAPAKTIQN NEPIOXQN TOY
EYBOIKOY KOAMOY

2.1 NMaAatoyewypadik €§EAEn tou EAAASIKOU Xwpou Katd to Neoyevég-
Tetaptoyeveg

Mptv amnod 30 ekatoppvpla xpovia -My-, (OAlyokalvo) n meployr tou Alyaiou amoteAouoe XEpoo
(Awyaiida), otnv omoia avAke n onUepwn NMEPWTIKA EAAGSA cupmep\apBOVOUEVWY TWV
loviwv vAiowv, TwV vnolwv Tou Alyaiou, KoBwg Kal Tou VOTLOU TUAUATOC TOU ALyaiiou HEXPL Kal
v Kpntn. 2to Bopelo tuAua, n 6dlacoa tng Mapatnduog dtaxwplle tnv EAAGSA amod tnv
umodoutn Eupwrn. Mpwv amd 17 skoatoppupla xpovie -My-, (BoupStyaAio), Stakomnke n
ouvbeaon t™nc Meooyelou e Tov IVOLKO WwKeavd Kal otn OUVEXeEla, Tpwv amd 14,5-12 My
(2eppaBaiio), n xépoog apxlwoe va dwoomatal. Tnv meplodo auth UTAPXE oOUVEECN TNG
NMEPWTLKACS EANGSaC pe TNV umolounn Eupwrn kat dnuloupyia HeYGAWVY ALUVWV PE YAUKA Kot
vdaApupa vepa (Dermitzakis, 1990). 3tn cuveéxela, mpwv and 10,5-7,5 My (Toptovio) apxLoe n
dnuloupyia tou Alyaiou MeAdyoug AOyw TNG SpACNG EKTETAUEVWY EPEAKUOCTIKWY KIVACEWV KoL
™G emakolouvOng ewopong Baidocolwyv udatwv (Dermitzakis, 1990). H Kprtn amokontetal and
N X€POo, ol KUKAASEC adevog pev dtaxwpilovtol amo ta vnold Tou AvatoAltkoU Atyaiou Kal tnv
MeAomovvnoo, adetépou de mapapevouv cuvdedepéva pe TV ATTLKNA Kal Th votio EVBola. Mpty
amno 6,5-5,5 My (Meoonvio) mavel n cuvdeon thg Meooyeiou pe Tov ATAOVTIKO WKEAVO («Kpion
OApUpOTNTOG» 0TN MEGOYELO) He amoTtéAeapa Th Snuoupyla LEYGAWY KoL AAUUPWY ALUVWV Kot
KAeloTwv OaAaocowv, oL omoileg OUwG Ba TPEMEL va ATAV «VEKPES» efattiag tng uWNnAng
oAatotntag (Meulenkamp, 1979a). H ¢don autr otopdtnos katd to Katwtepo MAsLokovo
npwv ano 5,5-4,5 My (ZaykAlo) onote €ywve emavaclvdeon tng Meooyeiou e tov ATAQVTIKO
(L€ow Twv otevwv tou MPpaAtap) kat avodog tng BaAdoolog otadung. Mpaypatomnoleital
€vwaon tn¢ avatoAlkng Kpntng pe t dutikn (Dermitzakis and Papanikoloaou, 1981; Hinsbergen
and Meulenkamp, 2006; Poulakakis and Sfenthourakis, 2008; Kamilari and Sfenthourakis, 2009),
QTOUOVWON TWV VOTLWY KoL KEVTPLKWY KUKAASWVY Kol LETOTPOTN) TOUC O€ eviaia XEpoo, KABwWC
Kol évwon twv Bopeltwv KukAAdwv pe tnv nrepwtikn EAAGSa Stapéoou tng EUPolac. Xtn

OUVEXELQ, KOTA TO avwTepo MAsLoKatvo, mptv amnod 4,5-3,5 My (MAakévtio) mapatnpeital avénon

12



Tou puBpol avuPwong OAng TNG TEPLOXNG ME amMOTEAECHA TNV avadlapopdwon 1000 TwV
VNOlWV 000 KOl TWV NMEPWTIKWY Tteploxwv. Katd tnv apxn tou Tetaptoyevoug, mpwv 2 My
(M\eLotokalvo) €pxetal pa emoxr HeyaAwv allaywv n omoio Stokpivetal amd evoAAayEg
TayeTwOWV Kol peconayeTwdwv meplodwv. Katd tig mayetwdelg meplddoug, HELWVETAL N
BaAdaocola otabun amd 100 £wg 120 pétpa KATw ar’ tn onuepwn. Ito Méoo MAslotokalvo,
yivetal o Staxwplopog tg EvBolag amd tig KukAadeg oL omoieg kol TUnpatomolouvial Ta
UTIOAOUTTO VNOLA TOU avatoALlkoU Atyaiou 6g Staxwpilovtal akoun am’ tn Muwkpd Acla péxpl Kot
to OAOKawo (Zdevdoupakng, 1994; Welter-Schultes, 2000; Poulakakis et al., 2005; Parmakelis
et al.,, 2006). Ta KuBnpa mapapévouv evwpéva pe tn votla Melomdvvnoo (Poulakakis and

Sfenthourakis, 2008) evw tautoxpova dnpoupyeitat B. EuBoikog KOATOC.

2.1.1 NaAawoyswypadikn e§EAEN tou Boperouv EuBoikol kOAou

Katd to aAmikd otadlo, oAOKANPN N MePLOXN AVOTOALKA TG Kwmaidac péxpt tTnv AuAida Kot
Bopela tng OnPaikng mediadag péxpL tov B. EuPoikd kOATo, cuudwva pe tov Koupavtakn
(1969), amoteAel Balacaolo xwpo HUikpoL Baboug, uéoa otnv omola, amno to Avwtepo TpLadlko
HEXPL TO Kippepidlo amotednkav apxikd doAouttikol aoBeotoABol kal otn cuveéxela kabapol
oaoBeotohBol. Katd to Kippepidio, mdvw otoug aoBectoAlBouc amoteébnkav oxlotoAlBol,
KEpATOALBOL kot Pappitec. Metald tou Kippepidiou kat tou Kevopoviou, €vtog Twv
oxnuatiopwy, dteiobuoav unepPactkd ekpnELlyEV METPWHATA. TN CUVEXELQ, N BaAdoaola auTh
TLEPLOXN UTLEDTN TNV EMidpacn TNG NEOKLUUEPLKNE TTUXWONG, avaduBnKe Kal £YLVE XEPOOG HEXPL
TG OPXEC TOU AvwTtepou KpnTidilkou, omote n meploxn €ywve €k véou afabng Balaocoa péoa
otnv omola amotébnkav katd B£oelg, WnUatoyevy olONPOUETAAAEUUOTO KOl OTN CUVEXELA
aofeotoABol kat dpAvoxng. H Bahdoola ¢daon Slakdmnke kotd To HwKawo kot amnd Tote
0AOKANpPN oxedov n meploxn amoteAel xépoo. Kata tnv nepiodo and 1o Hwkalvo Ewg onuepa,
€6paoav EVTOVEC TEKTOVIKEG SUVALIELG, OL OTIOLEG lxav W amoTtEAeopa TN Snuoupyla LeyaAwv
TMITUXWOEWV, ENWONCEWVY, AEMWOEWV Kal pnYUATWV. AUTEC oL SLadlkaoieg o€ CUVOUOOUO LIE TIG

SlaBpwrtikec dtadlkaoieg £Swaav atnv MEPLOXA TN GNUEPLVN TNS LopdoAoyial.

Je 0O,TL adopd TIC MPOoDATEG TAAALOYEWYPAPLKEG UETABOAEG, BOOLKOC MOpAyovIag ylo TNV

Tetaptoyevr) €f€éAEn tou B. EuPBoikoU KOATIOU OMOTEAECOAV OL TOYKOOULEG BaAAooleg
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peTaBoAEg, oL omoieg cuvodeuotay amod TG MAYETWOELG KAl LECOTIAYETWOELG MEPLOSOUG KATA TN

Slapketa Ttou MAelotokaivou (Shackleton, 1987; Perissoratis and Conispoliatis, 2003).

Katd to Katwtepo MAeloTOKOLVO, 0 KOATIOG amoteAovoe AlpvoBailacoa mou otadlakd apxLoe
Va OTTOMOVWVETOL 1] KATA TEPLOdouUg var KatakAUIeTal Kal Al ano th 8ahacoa (Koskeridou
and loakim, 2009). Autr] n aMOUOVWGON TOU KOATIOU VA SLOLOTAMATA, YIVETAL VTIANTITH KAl oo
v Umapén poAokiwv yAukoU kot updaApupou vepou. H mavida poAakiwv elval mopopola pUe
autn tou Apscheronian tng Mavpng kal tng Kaomiag 6alaccag katl mapouasia Limnocardiides
(Didacna), mou xapaktnpilouv to Tchaudian (r} Bakinian) tng Koomiag 8dalacoag (Lemeille,
1977), to omoio umodNAWVEL GUCXETLONO cuvBnKwv Tou KOATou He tnv Kaomia 6dlacoa, dapa

Tilavn emkowvwvia Twv U0 KOATWY e TN Meoodyelo péow tnG BaAacoag tou Mappopd.
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Ewova 2. 1: H g§€Ai§n tng aktoypapurg tou B. EuBoikol kOAmou mpiv 18 xAiadeg xpovia —ka-
otav n otabun tng 6dAhaccag nrav 125 m xaunAotepa ar’ tn onuepvn Kat npwv 12.5 ka otav n
otadun tng 6dAacoag Atav 70 m xapnAotepa an’tn onuepivn (Mariolakos et al., 2008).

ZUpdwva LE TIG EVCTATIKEG KOUTTUAEG, KaTd Tn Stdpkela tng teAeutaiag Mayetwdoug meplddou
(Wirm), to eminedo tng BoAdoolag otdbung eviormotav 120 m mepimouv kAtw amd TN
onuepvr] otabun. To otevd twv Awadwv dpolose wG GUCIKO e€umoOdlo TG €Ll0080U TNG
BaAlacaoag otov KOATO, KaBw¢ to péyloto Baboc tou Sev Eemepvoloe ta 60-67 M, TN OTLYH TTOU

n Baldoola otdBun nTtav 120m KAatw oo tn onuepvi. Ekelvn thv mepiodo, o Bopelog EuPoikog
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KOATIOG AclToupyoloe w¢ anopovwiuevn Atpvn (Sakellariou et al., 2006) (swkova 2.1, aplotepa),
OTNV OTIOLO. CUGOWPEUOTAV TO YAUKA VEPA TWV XELLAPPWYV KAl TWV TIOTOUWYV TNEG XEPOOU TOU TNV
nepiBale (Mariolakos et al., 2008). Kata tnv teAeutala enikhuon tng BadAaooag, ot apXEG TOU
Avwtepou MAelotokaivou (Philip, 1973; Rondoyanni, 1984), ta vepd tou Alyaiou elonABav otov

KOATO (elkova 2.1, 6e€1d) kat akoAouBnoe n oAokatvikn WNUATOYEVEDT).

Mpwv 9.5 x1ALadeg xpovia -ka- otav n otabun tng 6dlacoag Bplokotav repimou 30m KATw art’'tn
onuepLvr otadun (ewkéva 2.2, aplotepd), o KOATIOG SLleupUVONKe KL AAAO LEXPLG OTOU QTEKTNOE
TNV teAKA Tou popdn mpwv 5.5 ka (elkdva 2.2, e€Ld) tnv onola €xeL Ewg onpepa (Mariolakos et

al., 2008).
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Ewova 2. 2: H g§€Mgn tng aktoypappung tou B. EuBoikol kGAmov npiv 9.5 ka dtav n otdbun tng
0dAacoac Atav 30 m xapunAdtepa art’tn onuepvh kot mptv 5.5 ka étav n otddun tng OdAacooag
Atav ntepinov oto idLo eninedo pe tn onuepwvr (Mariolakos et al., 2008).

2.2 Bopelog EuBoikog KOAoG (yEwAOYIKA EMLOKOTNON)

2.2.1 Frswypadikn Oéon

O Bopelog EuBoikog kOATOg onwg nén avadepbnke, sivol o évag amd toug dU0 PeEYAAOUC
KOATIOUG Ttou oxnuatiovtal petafy tng Ztepedg EAAadag katl tng EUBolag, o omoiog oto votlo
TUAMA Tou otnv meploxn TNG XaAkidag, emkowwvel pe to Noto EuBoikd KOATo. Agv TepLEXEL

TIOAAQ VNOLA OTO ECWTEPLKO TOU Kal 0To BOpeELo TURA Tou Pplokovtal Ta NaLloTELAKA VNOoLA
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Twv Aadwv, evw otn SUTIKO TOU TUNUA, Kovtd otnv Ataldvtn, Bpilokovial oL vnoldeg
rawdapog kat Atalavrovrol. O KOAmog emikowwvel Bopela pe to Ayaio NéEAayog PEow Tou
AtaUAou Twv Qpewv Kal Tou Ztevol Twv Alyadwv, Ta omoia oto mapeABov, Omou n otabun Tng
Balacoag Atav xapunAotepn o ox€on UE Tn onuepwn (kAtw amd to uéyloto Babog toug),
O6poloe w¢g PuoLko xepoaio epmodlo otnv €icodo Twv vepwy tou Alyaiou péca o’ autov (Philip,

1974; Gaitani et al., 2009).
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Ewkéva 2. 3: MopdoAoyLKOG XApTnG MEPLOXAG LEAETNC.

O Bopelog EuPoikog KOATog, £xel pnxn Babupetpia mubuéva n omoia ptavel péxpl ta 50 m Kot

au€AVETOL OTO KEVTPLKO TOu TUAMA ota 400 m (Hughes et al., 1999; Sakellariou et al., 2007). To
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avayAudo tng mopdktiag Lwvng Tou KOATOU Tapoucldlel PeyaAn Tmolklihopopdia, pe To
UPOUETPO TWV OPEWVWY OYKwv art’ tnv mAeupd tng EVPolag va Eemepva ta 1240 m, evw oL
OKTOYPOMMEG am’ TNV TAEUPA TNG Ztepedq EAAASOG xapakTtnpilovtol opKETA OMOAOTEPEG UE
péyLota VPOUETPa TNG TAewg Twv 130-150 m, épav amnd Alyeg e§apeoelg o onpueia Omou ol

kAloelg ylvovtal o andtopeg (elkova 2.3).

2.2.2 FlewAoyla Twv MapAaKTLWV TTEPLOXWV Tou Bopelou EuBoikou KGATOU

BiBAoypaeikn Erttokdénnon

To BOpelo-POPELOSUTIKO TUAMA TOU KOATTOU OmoteAel TuApA Tou vopou PBwTtidoc kot ot
KUPLOTEPEG OLKLOTIKEG TIEPLOXEG TTOU TepAapPBavel eival n Atadavtn, ot AlBavatec, n MaAeaiva,
n Tpaydava kat n Apkitoa. H guputepn meplox €xel ektevwg HeAeTnOel amd mAnbBwpa

EPELVNTWV KATA TN SLdpKeLa Tou tapeABovToG:

Me tnv aArkn otpwpatoypadia acxoAndnkav ot TpwkkaAwvog (1955; 1963), Mapivog kot
Reichel (1958), Mapivog (1961), Nanactapatiov et al. (1962), Mapatog (1962; 1963), Tatapng
kat Kouvng (1968) kat Albantakis (1968), ot Degardin (1972), Termier and Verriez (1975),
XplotodoUAou kal Toaila — MovornwAn (1975). Me tn otpwuatoypadlo—malalovioloyia twv
VEOYEVWV KAl KATW—TIAELOTOKALVIKWY amoBéoewv ol Mapivog (1951), Celet and Decourt (1960),
BetoUAng (1961), Celet (1962), Simeonidis (1974), Bousquet et al. (1976), Gillet et Sauvage
(1978) «koau Keraudren (1979). Me 1n peTOATUKA oTtpwpatoypadio aocxoAndnkav oTLg
S16aktoplkeg SlatplBEg Toug ot Philip (1974), Povtoytavvn (1984), Kpavng (1999) kat MNaAuBocg
(2001) mpokelpévou va €EAyYouV ONUOVTIKEG TIANPodopiec mou adopolcav OTn VEOTEKTOVIKH.
Me Tn VEOTEKTOVLIKH TNG €UPUTEPNG MEPLOXNG TNG AoKpidag kot Tou Bopelou EuBoikol kOATIOU
ooxoAndnkav ot SL6aKTopLlkEG SlatplBEC toug oL Pegoraro (1972), Philip (1974), Lemeille
(1977), Rondogianni (1984), Ganas (1997) kat Kpavng (1999) oAAG koL Of PEAETEC TOUG OL
Pechoux et al. (1973) Philip (1976), Mercier (1975) k.a. NMoAU meploplopEVOG Elval 0 aplOuog
TWV SNUOCLEVUEVWY EPYACLWY Yla TNV UTIOBOAAOOLO VEOTEKTOVLKI] SOUN TNG TEPLOXAG TOU
Bopelou EuBoikou (Sakellariou et al., 2007), 6nwg n oxetiki dnuooisuon twv Avayvwaotou et
al., (1988), omou yivetal AGyog yla tn OXECN VEOTEKTOVIKNG Kol WNUOTOYEVECNG OTOV KOATIO,

KQAUTITOVTOG OUWG LOVO €va TUAKA Tou. EmutAgoy, ol Neplocopdtng et. al. (1991) oto ekboBEv
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¢UAAO tou ITME “Nayaontikog” (“Xaptng emidpavelakwy npdtwy tou mubuéva tou Alyaiou
MeAdyoug’”’) Omou EUMEPLEXETAL £Vl ULKPO TUAMA Tou KOATtou, o Lemeille (1977) mou napaBetel
Topn Tou KOATou pe ta umoBoAdoola prypata, kabwg kot ot Makris et al. (2001) mou

napabEtouv otolxeia yLa To dxog tou GpAoLol Tou KOATTOU.

lewAoyla TTOPAKTLWY TIEPLOYWV OVOTOALKG TOU KOATIOU

To Bopelo TUAMA TOU KOATIOU OUMOTEAEITOL KUPLWG Omd LWNUOTOYEVH), HOAYUOTIKA Ko
petapopPpwpéva metpwpato. To BOpelo-BopeloavaToAKO TUAKA TOU OTIG AKTEG TNG EUPolag,
amoteAeltal amd mepldotiteg Kot KPNTIOIKOUG-TIAAALOKALVIKOUG ooBecTOAMBOUC, TO SUTIKO
TUAMA ortO aoBeOTOALBOUC KOL TO VOTLO-VOTLOSUTLKO T UO TOU KOATIOU, OTLC OKTEC TNG 2TEPEAQG
EMadag, amoteAeital amd  TpladikoUg-loupaokol¢ aoPBeotOAMBOUC Kol  OXLOTOALBOUG

(MmopvoBag kat Povtoylavvn, 1983) (swova 2.4).

» AAnkol oxnuatiopot

H eupUtepn meploxry Tou KOATMOU OOMElTAL ATMO TOUG YEWAOYLKOUC OXNUOATLOUOUG TNG
TLEAQYOVLKAG -UTIOTIEAQYOVLKNG LwVNg, HE EMwONUEVEG MAVW 0 aUTOUG ODLOALOIKEG HATeG. TN
Baon tng otpwuatoypadiog, OTIC avaTOAKEC TOAPUPEC TNG OPOCELPAG Tou XAwpou,
eudaviletal ula noatotelo-llnuatoyevng akohouBia opatol mayoug mepimou 600-1000 m
nAtkiag Katwtepou-TpladikoU, n omolo Katd Bacn epneplEXel NGALOTITEG (MUPOKAAOTIKA UALKA,
AaBec, toddouc) aAld Kol KATIOLEG UIKPOTEPEC epdavioell apylA\lkwy Kal ooBeCTOABLIKWY
Unuatwv (Verriez, 1976; 216€pnc, 1986). H ouykekptpévn akolouBia Katd To mapeABov, Enetta
and xpovoloynon (Pacel PlootpwpatoypadlKwy KPLTNPiwy) OXNUOTIOUWY TTOPOUOLOC
ABoloyiag, eixe tomoBetnBel oto AlBavBpako-Mépuo (Mapivog kat Reichel, 1958; Mapdartog,
1963), Bewpwvtag OtL amotelel To MoAalolwikng nAkiag umdBabpo tng “Avw-TPLadLKAG
enikAuong”. Apyotepa, Emerta amd veldtepeC €peuveg (Zidepng, 1980; 1986; 1988),
SlamiotwOnKe eEMwONGON TOu KEVIPLKOU KL OVATOALKOU TUNHUATOG TNG N aLoTELO-I{NUATOYEVOUC
akoAouBiag tng AtaAdving emavw otoug Avw-Tpladikoug dolopiteg Tou Opoug XAwpoU evw
0TO SUTLKO TUAMO KOL TILO CUYKEKPLUEVA OTLG TTEPLOXEG Ay. O@eo0dwpol, KopakoAlBog kat Tkapdn,
Slamotwonke emwONoN Twv SOAOTWY TTAVW 0TA NP ALOTELO-L{NUATOYEVH, CUMMEPOivovTag OTL

otV TePLoXN EPdavioTnNKeE AUTH N XAPAKTNELOTIKN eMikAucn tou Tpladikol oto Malatolwiko.
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1983).

-Tolaumndou,
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Bdoel mMaAQLOVTOAOYLKWY TIPOCOLOPLOPWY TWV TIEPIKAELOUEVWY OOBECTOALBIKWY OTPWHATWY,

auTtol TonoBetouvtal xpovoloyika oto Aadivio-Katwtepo Kapvio (Zibepng, 1986).

Ev ouveyela, emdvw amod tnv ndatotelo-lnuatoyevr akoAouBia, evromiletal 0 GXNUATIONOG
Twv Sohoptwv nAkiog Méoou-Avwtepou Tpladlkol o omolo¢ amoteAsital amd AgukoUg-
Aeukotedpouc Solopitec pe Aemrtég evdlootpwoel acPeotoAibwv (Ayyedidng, 1991). O
OXNUATIOUOG QUTOC €XEL 0pATO TtAXOC mepimou 500 m (AAumavtakng, 1974), kot petafaivel
KOVOVLKQ TPOCG Loupaalkol g SoAopiteg kal aoBeotoABouc. Enetta, akoAouBel n Avw-loupaaotkn
oXLoTo-POaUUITO-KEPATOALBIKY  SlamAacn OmMou  MopPATNPEOUVTOL  evaAAAYEC  TNALTWY,
KepaTtoAiBwv-padlohapltwy, oxloTOALBwY KaBw¢ Kal AsUKWY aoBECTOABIKWY EVOLOOTPWOEWV.
To peyaAUtepo pEpog TNG Stamhaong (muplyevn, KepatoAlbot, kKAaotika Whpota), epdaviletal

otV eupuTEPN TIEPLOXA TNG ATAAGVTNG.

Tnv mepiodo tng maato-ANTKAC opoyéveans (Avwtepo loupaoikd — Katwtepo Kpntdiko), ot
opLoALBoL enwbABnKav eMAvVw O0TOUG OXNMATLOMOUG TG YromeAayovikng {wvng Kol mAvw o€
QUTOUC EVIOTLOTNKE KATA BETELG €vag oXNUATIONOG acBeoToALlBIkN G enikAuong. O oxXNUATLOUOC
ouTo¢ tomoBeteital xpovoAoykd dAAlote oto Avwtepo loupaciko (Kippepidio-TiBwvio) kat
AaMote oto Katwtepo Kpntidikd (Mapdatog et al., 1965; 1967), evw o€ moAAEG B€oeLg n emikAuon
QUTN KaAUTITEL Kowtaopata Bwéitn n owdnpovikeAlouxwv Aatepltwy. MeTd thv Tepiodo auth,
akoAouBel n emikAuon tou Avw-Kpntidikol Tou cuvioTatal amo KPpOoKOAOTayr oTa KOTWIEPA
OTPWHATA Kol amd poudlotodpopous aoBeotoAiBouc mpog ta eMavw. H otpwuatoypadia autn
QAAOTE UTIEPKELTOL TWV OVOPAKLIKWY TNG YTTOMEAAYOVLKAG KAl GAAOTE UTIEPKELTAL ACUUDWVA TWV
odloAlBwvY Kal tng SlamAaong, evw O OPKETEG BDECELC EMUKAAUTITEL GNUAVIIKG KOLTAOHATO

VIKEALOUXWV AQTEPLTWV.

Kata to Malotpixtio-Advio, oAOKANPWVETAL N aAmikn Wnuotoyéveon He Tto GAUCKn va
ETUKPATEL, 0 omolog mapatnpeital og Alyeg Kol TEPLOPLOPEVNG EKTaoNG BEoeL. H mpwTtoyevig
KOQVOVIKI UETABaoN amod ta avBpaKikd MeETpwHata oto $AUoxn sival epdavig o oAU Alyeg
Boelg, eattiag TNG €viovng TEKTOVIKNG SpOoTnNpLOTNTAG TIOU ETUKPATEL OTNV MEPLOXN. 2TIG
B€oelg autég, mapatnpouvtol popyaikol acBeotoAlbol mou akoAouBouvrtol amd PApPYEG va

HETarmnintouv o€ papyaikolc Pappiteg kat Papuiteg (AApnavrakng, 1974).
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» MetaAmnikol oxnuatiopol

H veotektovik SpaotnpldtnTa otov AyLako xwpo odriynoe otn Snuoupyia veoyevwv Aekavwy
(otnv TAElOVOTNTA TOUC TEKTOVIKA PuBilopata), oL omole¢ oploBetolvral amd HEYAAEG
pnéyeveic lwveg (swova 2.5) dievBuvong BA-NA kat A-A (Rondogianni, 1984; Mettos et al.,
1992). Ztn Bopeta EVPola aAAd kat otnv TtepLoxr tng Aokpidag ta Bubiopata autd anotéAecav
XEpoaieg AekAveG, TOTAUOXELLAPPLAG Kol Alpvaiag ¢daong evw n dnuoupyia toug ekivnoe

KaTd To Avwtepo (reploxr] g Aokpldag) kal Katwtepo Mewokatvo (Bopeta EUBola).
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Ewkova 2. 5: Pnéyeveic {wveg BA Itepedg - B. EuBoikou kOAnou (Roberts and Jackson, 1991;
Mettos et al., 1992; Ganas and White, 1996; Ganas, 1997; Kpavng, 1999). PZA= pnéiyevig
{wvn AtaAavtng, PZAKB=p.7. KavénAiou-Awsnyou.
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» Neoyeveig — TETAPTOYEVEIG oXnUaTIopOL

OL TTOPAKTLEC TIEPLOYEC SUTLKG TOU KOATTOU

Ol veoyeveig anmoBEoelg OV amavtwyvTol ota SUTLKA TEpLBwpLa TOU KOATIOU, Elval NMELPWTLKAG
npogAeuonG (ALUvoieg Kal TOTAUOXELUAPPLEG) Kol evtomilovtol KuplwG OTLC EMLUEPOUG
Wnuatoyeveic Aekaveg tou Maptivou (Rondogianni, 1984) tng avatoAikng Aokpidag (Kpavng,
1999), tng AtaAaving - ZeAiou (Rondogianni, 1984), tou Peykwiou (Philip, 1974) kaL Ttou
KaAAdpopou-Kvnuidoc (Mettos et al., 1992), n meplypadn Twv omoiwv akoAoubO«l.

YNOMNHMA
tektovika ([hpata - ogetoAibol
- oxnpatiopol g meAayovikig Zwvng - NPaoTEIaKa meTpepara
- mpoaAmKoi oxnpatiopoi — piiypara

Ewkova 2. 6: AMEIKOVLON TWV VEOYEVWV-TETOPTOYEVWV AEKAVWV oTNV £UpUTEPN TMEPLOXH TOU
EuBoikol kOAmou (tpomomnownpévo anod Karastathis et al., 2011).
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» l{nuatoyevng Aekavn Aokpidog

Baoel yewAoylog kot otpwpatoypadioc, cuuneptAapBavouévwy Kol GuoLko-yewypopLlKwy
XOPAKTNPLOTIKWY, N Aekavn (ewkova 2.6), Slalpeital otnv avatoAlkny Kot th SUTKA
uroAekavn (Kpavng, 1999). H avatoAlky UTOAEKAvVN, amoteAsital amd Alpvaisg Kot
TLOTOLOXELUAPPLEG ATIOBETEL OpaTOU TIAXOUG HeyaAUTepou amd 700 m Kol YeVIKAG KAlong
N-NA, o omnoieg Bacel twv Celet and Delcourt (1960), Simeonidis (1974), Philip (1974) kat
Rondogianni (1984) tomoBetolvtal XpovoAoylkd and to Avw Meldkatvo £wc kal to MAeLo-
MAelotokatvo (Mettos et al., 1992). AUo Awyvitikol 0pl{ovteg €X0UV EVTOTILOTEL 0T AEKAvn, O
€VOG €K TWV Omolwv TomoBeteital XpovoAoylkd oto Avwtepo Meldkatvo Kot teAel &N umo
EKMETAMEUON, evw O Oeltepog TtomoBeteital oto [MAelo-MAswotokatvo (loakim and
Rondogianni, 1988). H avatoAikry urmoAekavn umodiatpeitol katd Kpdavn (1999), ot tpeig

TopElc:

» Xtov avupwpévo topéa Zeliou, nAkiag MAglo-MAeloToKAVOU OMOU TO 0PATO TIAXOC TWV

anoBEcewy eival OPKETA UIKPO.

> JTov Tamelvwuévo topéa MoAudevbpiou (APLOVeC), OMOU Ta KOTWTEPA OTPWHOTO Eival
ayvwotne nAlkiog evw Tto avwtepa hAwkiag MAslo-mAslotokaivou, apdotepa

anoteAoUeva amnod oAU PeEYAAOU AXOUG amoBETeLs TNG TN Twv 750 m meplimou.

> Jtov Toufa lOAgpiou, QAVIWVTIOL OYVWOTOU TIAXOUC amoB£oelg, Omou oto Bopelo

TUAUa tou eival nAtkiag Melokaivou evw mpog Noto yivovtal StadoyLkd veoTepEC.

Jtnv meploxn Apkitoag — ABavatwy, oL TOTOHOXELUAPPLEG aTMOBEDELG lval TTAELOKOLVLKAG
NAlkiog omoteAOUUEVEG QMO  AMUPOUC LE  E€VOLOOTPWOEL TIAOKWOWY  UOpYaikwy
0oBeotoAiBwy Kal KpokaAomaywv Kabwg Kal omo ALUvaleg HAPYEC KITPLVOU XpWUATOC.
ErumAéov, mopatnpeital €va OoUMMAYEG OTPWUO wOALBIKOU aoPfeotOAlBou  Kitplvou
XpWHATOC, UE TNV Umapén eudavoug upaiuupng navidag (Philip, 1974; Lemeille, 1977;
Rondogianni, 1984). Amo tnv efaAloiwon TOU OXNUATIOMOU OUTOU, TIPOEPXETOL WG
UTTOAELUaTIKY paon ula “terra rosa’” mou kaAUmrtel Tnv eploxn AlBavatwy, Tng onolag o
oXNUATIONOG xpovoloyeital otn deltepn pecomaystwdn mepiodo (Pechoux et al., 1973;

Celet et Delcourt, 1990).
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OL Avw TIAELOTOKOLVIKEG — OAOKQLVIKEG aToB€oelg amoteAouvial and TOTAUOXELLAPPLA
wApata uno tn popdrn aAlloufLakwyv Kwvwyv Kot puttdiwv Kabwg Kat armd mMapaKTLEG AUUOUG

KoL KpOKAAeG (Papanastassiou et al., 2000).

» NAekavn Maptivou

To peyaAUTEPO TUNUA TNG Aekavng Tou MapTivou (glkova 2.6) amoteleital anod Wnpata Onwg
Alpvaieg papyeg, papyaikoug aoPfeotoABoug, aoPfeotoABoug k.a., Taxoug mepimou 400 m.
Xpovoloywka tomoBetouvtal oto MMAelOKawo -XwpIlG va amokAEleTal Kal To TEAOG TOU
Melokaivou- (Rondogianni, 1984). Itnv meploxn G AQPUUVOG, E£MELTA OMO ULKPOPOAGCIKES
avaAUOEL TUNUATOC Twv mMpoavadepBéviwy amobeoswv, mpoodlopiotnke WUikpoU Paboug
Alpvaio kot npepo, MAELOKALVIKO TteptBaliov Wnuatoyéveong (Avayvwotou et al.,, 1988). O
OXNUATIONOG BAoNG TNG AEKAVNC ammoTeAsiTal KUPLWE oo Aatumornoayr UE apyLALKO-YaUULTIKO-
0.0BEOTITIKO GUVOETIKO UALKO Kal 0paTo TAaxog mepimou 150 m. Ot Aatumec eival -avaAoywe tng
Bfonc- eite QMOKAELOTIKWG SOAOULITIKEG, €ite mOLKIANG ABoAoyiag (odloABol, mupttoABol

tedppoOypool aoBectOABoL).

Ol papyaikeg amoBEoELG 0 TUNUA TNG AEKAVNG KAAUTITOVTIAL OO CXNUATIONO KPOKOAOTIAyWV
oe evoA\ayEG He LAUEC Kal apyiAoug ouvoAlkoU Taxoug Tept ta 150 m. Ta kpokaAomayn
eudavilovtal CUVEKTLIKA, OTIOU oL KPOKAAEG TOUG lval GANOTE ALYOTEPO Kl AANOTE IEPLOCOTEPO
OTOOTPOYYUAWUEVEG HE ETLKPATNON ToUu 0pLoABLKOU otolyeiou. ITtnv meploxn TG ATaAdving,
KOTA pNKog tNG pnélyevolg Iwvng, Ol LETAYEVECTEPEC TWV KPOoKaAomaywv Alpvaiec Gpaoelg
gvtonilovtal o 1o XaunA£g BEoelg, e€attiag Tng BUBLONG Mo £XeL TTPOKANBEL amd Ta KAVOVLIKA

pryUaTa oTnV IepLo).

> Nekavn Zehilou
H Aekavn Zeliou (swova 2.6) sival mMANpwWHEVN OO CXNUATIOMO KpoKaAomaywyv (ovOpaKIKES
KPOKAAEG Kol OPLOALOLKO UALKO) HE eVOLOOTPWOELS EpuBpwv apyilwy, AUUWY KoL UTIOAEUKWY

Hopywv, ouvoAlkoU Taxou¢ 500 m. Ou amoB£oelg auTEG elval MOTAUO-ALUVALEG OL OTOLEG
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amavTWVIaL AANOTE O€ KOVOVLKA KoL GAANOTE O€ TEKTOVIKN emadn (KAVOVLKA priypota) HE TO

unoBabpo tou.

MNopdktle, UOAAUUPEC KoL XEpoaiec amoBEoeLc

Yta SuTika meplBwpla Tou Bopelou EuBoikol kOAou (ALBavateg-Apkitoa) amavtolv Alpvaieg
Kol udpaApupeg tetaptoyeveic amobéoelg, nAwkiag Avwtepou [MAeglokaivou(;) €wg Méoou
MAewotokaivou, (Philip, 1974), otig omoleg Slakpivetal pia Katwtepn oelpd pe avida paiakiwv
napopola pe autr tou Apscheronian tng Maupng kat tng Kaomiag Bdlacoag kot aclpudwva
TAVW O€ aUTH, Hio OEPA UIKPOU TIAXOUG, XapaKkTtnpllopevn anod tnv napouvcia Limnocardiides
(Didacna), ta omola eival yapaktnplotika tou Tchaudian (f; Bakinian) tng Kaomioag 8dAacoag

(Lemeille, 1977).

Autl n avwtepn oeslpd (‘Tchaudian’), eival WSlaitepa onuavtiki KoaBwE TPOEPYETOL ATO
VdAAHUPa VEPA TIPLY OTTO TNV TEALKH Ll0BOAR ThE BAA0COAC 0TOV KOATIO, UETA TO PloGLO -apXEG
Avwtepou MAelotokaivou- (Rondogianni, 1984). Ztig meploxég tng AvOndwvag, ota Aoukiola,
otn vnoo Mpappovoa, otn XEPOOVNOoO TNG Apootdg KabBwg Kal otnv MepLox Tou @goAdyou,
TapATNPOUVTAL ULKPOTEPEG epdavioelg Tapopolwy oxnUatlopwy (Koupavtakng 1969; 1973,
Lemeille, 1977; Rondogianni, 1984). OL mio nMpoodateg amoBEoeELS lvol TTOTAHOXELUAPPLEG,
nAtkiag MéEco- Avw TetoptoyevoUg KaBwg Kol TAPAKTIEG omoBéoelg MEoou-AvwTepou

MAewotokaivou kot OAokoivou.

OL TTOPAKTLEC TIEPLOYEC OLVOTOALKG TOU KOATTOU

H Bopela EUBola amoteAeital and Alpvaiog Kol MOTOUOXEPOOLIEG VEOYEVELG KoL TETAPTOYEVELG
anoBéoelg (Cordella, 1878; Mettos et al.,, 1992). Ta moAaildtepa uata elval nAkiog
Katwtepou Melokaivou, mavw ota omoia Bpiokovtal oe acupdwvia anobeéoelg tou Avwtepou
Melokaivou - Avwtepou MAglokaivou, TTOU OMAVTWVTIAL OTO UEYAAUTEPO TUAUO TNG AEKAVNG

Alpvne-lotiaiag (swova 2.7).
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AroBoeLc Askavne Alpvne-lotiaiog

> Kpokalomayn, mnAlteg kat apylot, nAkiog Katwtepou Melokaivou, mayoug 150-200 m.
Ta kpokahormayn eival opLoAlBikd, pe pHeyebBog KpoKOAWVY TIou TIOLKIMEL oo B£on os
B£on. AkoAouBel N amoBeon KATW-UELOKALVIKWY TINALTWY, oL omtoiol epdavilouv évtovn
TEKTOVLKN] KATATIOVNON Kol EVOAAACCOVIOL HE EVOTPWOEL ULKPOU TIAXOUG apyiAwvy,
Ppapurtwy,  POUUITOKPOKOAOTIOYWY, AEMTOKOKKWY  AUUWY KOl  KpOKaAomaywv
(Katsikatsos et al., 1981; Doukas, 1986; Klein Hofmeijer et al., 1987). EmutAéov,
evtomilovtal KOOTOVOXPWHEG TOTaUoXepoaiec amoBeoelg (meployxn Mpokomiou Kot
AxAabiou) oL omolieg tomoBeToUvTaLl XPOVOAOYIKA 0To AvWTEPOo MEeLOKaWo AOYwW TNG
EVIOTIOMEVNG OF OWUTEG TILKEPULIKNG TOVIOOC Kal amoteAolvial amd eVOANQYEG

KPOKOAOTIOY WV, POAUULTWY, TNAWY Kol apyilwv.

» TpaPeprtiveg, apylhol, papyeg, poapyaikol aoBeotoAlBol nAkiag Avwtepou Melokaivou.
MAEUPLKA KOL TTAVW QO TIG TIOTOPOXEPCOLEG ATIODECEL AMAVIWVTAL ULKPAG EKTAONG
apythopapyouxa UALKA Taxoug 200-250 m, mou cuvioTavtal and UTTOAEUKESG LAPYEC UE
EVOTPWOEL OO XOUUWON UALKA EVTOC TwV OTMolwv E£XEL EVIOMIOTEL €vaG HEYAAOG
oplOpog yootepomodwy. OL papyeg, epdavifovtal oc evalAayeEC UE OUPOUXOUC N
nnAouxoug oapyihoug kal apyidoug. Emetta, akoAouBouv tpaPeptiveg kal papyaikol
00oBeotoAB0l, EAadpWC MTUXWHEVOL KATAAQUBAVOVTOC QPKETA LEYAAN €KTOon. Xta
OVWTEPO TUAUATA TOuG evtorilovtal AEMTOMAQAKWOELG UMOAEUKEG LLAPYEG OL OTOLEC
eudavitovral oe evaOANAYEG He MAAKWOELG HapyaikoUG aoBEoTOALBOUG. InUELWVETAL OTL,
KATW armnod Toug TpaBepTiveg anaviwvtal TEGPOUAUPEC aoALBwHATOPOPEG ApyLAOL, EVW
ota PaButepa pEAN evtomiotnkav amoAlBwuéva SEvipa TNG TEPLOXNAG OUVOALKOU

nayoug 120-150 m (Guernet, 1971).

> Mapyeg, kpokaAormayn Kal papyaikol acBeotoAiBot (Alpvn), nAwkiag Katwtepou

MAelokaivou (De Bruijn, 1979).

> Kpokalomayn (dutikd tou =npol ‘Opoug) mou petaBaivouv MAEUPLKA TIPOC TIC MAPYES

Kol Ta kpokahomayn tng lotaiag, nAwkiog Avwtepou MAslokaivou.
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JUVOMTIKA, OTLC TTAPAKTLEG TIEPLOXEG TOU Bopelou EuPoikol kOATOU, emikpatouv ol Tpladiko-
loupaotkol aoPfeotoAlBol oL  omoiot umépkewvtal Meppo-Tpladlkwv  NPOALOTELOYEVWV
OXNMOTIOMWY. AUTOlL ME TN OELPA TOUG UTIOKELWVTAL €VOG ODLOALOIKOU OTPWHATOG TO OTolo
EVTOTI{ETOL O QPKETEC MEPLOXEG ME TEPLSOTITEG 1 AMoUG umepBaoiKoUg oxnuatiopous. To
uUNoBaBpo aUTO KOAUTITETAL KATA BECELG ATO VEOTEPOUG OXNUATIONOUC nAlkiag Melokaivou-
MAelokaivou kal Tetaptoyevolg, Tou amoteAolvTal KUuplwg amo YApYeG, KpokaAomayr, TnNAoUG
KOl GUUOUC KOl KAAUTITOVTOL oo OAOKOLVLKEG aAAoUBLaKEC amoBéoelg. TENOG, mapatnpouvtal
MLKPEG EUPOVIOEL] OVOECITIKOU UALKOU OTO TIAELOTOKOLVIKA NOALOTELOKA KEVTPO TWV VACOWV

Aadwv kat Twv Kappévwy BoupAwv.

TRRARrOCENEE_T Apyoappddn ukixd kat Kpoxaheg

NEOTENEZ Mapyec, WappiTEC Kai Kpokahomayn Le
kotraopara Ayvitm

MAAAIOKAING : [Ny Ty

e it AcBeotohiBot

=] Koirdopara mnpovikeAiolyou

petahhedparog ka1 BwElm

HOEAAHMIKD

YnepBaoikeg paleq

TEKT, KAAYMMA

Hpaiorewifnuaroyevic ceipd
Enwénaon

Mnhiteg

AoBeorohibol

BuwEitikd korrdopara Tou Tou Bulimikol
opifovTa

ANOTEPO
IOYPAZIKD

ANCOT. TRIAAIKD -
MEZO IOYPAZIKO

AoBearohiBol kal SohoplTeg

AcBeotohBot, khaaTikd ipata ka Baoikd
JaypaTIKG METpWHATA

KATOT -MEZ0
TPIAAIKD

MetakhaoTikd neTpwpaTa Ue avlpaxikég
EVOTPWOEIQ

300 NEONAAAIOZOIKO o

Om Mvedaol, yveuoooyiotohifol, oxlotdhiBol kal

aupLBoAlTeq

KPYETAAMKD e e
¥MOBABPO F

Ewkova 2. 7: Itpwpatoypadikni otiAn tng Bopeiag kat Kevrpikng EVBolag-
NeAlayovikng Twvng Hn MeTOpopdWHEVWY oxnpatiopwyv (Katolkdtoog,
1992)
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2.2.3 FewAoyia Twv Mapaktiwy nteploxwv tou Notou EuBoikol KOATou

JTLG TIOPAKTLEG TTEPLOXEC Tou NOTIou EuBoikol KOATIOU OMOVTWVTOL VEOYEVEIC KOl TETOPTOYEVELG
amMoBECELC KABWCE KOl TIPOVEOYEVH OATIKA OTPWHOTA TIOU QMOTEAOUV Kol To umoBabpo twv
npwTtwv. O TuBuévag Tou UTTOBAAACCLOU XWPOU TOU KOATIOU, KOAUTITETAL OTO HEYAAUTEPO
HMEPOC TNG EKTACMNC TOU amo AemtoKokka ipata (mnAog, apythog) (Aukouong kot Zoupn-

KoupouurmaAn, 1984).

Stpwuatoypadio

O unmoBaAAcGCLOC XWPOC TOU KOATIOU SLOKPIVETAL OE TPELC KUPLEG OTPWHOTOYPOPLKES EVOTNTEC OL

omoieg Staxwpifovrtal petafy touc and Suo SlaBpwalyeveic emipaveleg acupuPwviag:

> Evotnta A:

H evotnta auth unmépkelvtal OAWV Twv UTtoAoimwy Kal evtomiletal o€ OA0 Tov KOATO. To Ttdx0G
TNG €LvVOlL OXETIKA ULKPO TNG TAENG TwV 8m, UE e€alpECN KATIOLEG TIEPLOXEG KOVTA OTLG EKPOAEG
TWV MOTAUWV OTou mapatnpeital avénon tou maxouc. Ol amoBECEL TOU ATAVIWVTOL TNV
gvotnta auth, elvat alouPlaka wnuata (avriotoa g Enpag) nAwiag OAokaivou, Twv onolwv
n anoBeon €ywve PETA TNV €MikAuon Tou Avwtepou MAsloTtokaivou kat enikabovtal acuupwva

TAVW OTLG aMoBECELG TN EvoTnTO B.

> Evotnta B:

H evotnta autr amoTeAeitol amd UETA-UELOKALVIKEG omoBEcelg, oL omolec emikabovral
aoUpdwva mavw otnv evotnta I epdavitovtag opolopopdn EAMAwon Kal TAXo¢ TO Onolo

Eemepva ta 150 m.

» Evotntar:

H gvotnta autr) anoteAsi to unoBabpo tne¢ WnUatoyevoug AeKAVNG TOU KOATIOU, N omola Adyw
PNYUATWOEWS KOl TITUXWOEWC gpdavilel €vtovn popdoloyia avayAldou. To mAxog TG

Eemepva Ta 150 m evw Sev €XEL EVTOTILOTEL TO KATWTEPO OPLO TNG.

‘Emetta ano peAéteg twv Perissoratis and Van Andel (1991) kat Toodoulog (2009), n nAwia tng

Tadpou ekTIpaTal ota teAeutaia 1 My.
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Ewova 2. 8: FrewAoykag xaptne tne rapadktiag {wvng tou Notov EuBoikol kOAmou

Xaptn EAAaSag, kAipakag 1:500.000 (Mnopvofag kat Povtoylavvn



H mepoxy votla Ttou KOATIOU amoTeAeital amd veoyevelg amoBEcelg tou Ixnuotapiou,
MoAakaoag — KaAdpou, Qpwrmol kat XaAkoutoiou — ARAeot (glkova 2.8). ZTnv mepLoXn Tou
Ixnuoatapiov epdavitovral SeAtaikég amobEoeLg Ko Aol OL oToleg petafaivouv MAEUpLKA o€
HAPYEG KAl UKPA ALyVLTIKA Koltdopata. Emdvw o autég evtomifovtal kpokaAomayr (xaAapd n
OUVEKTLKA) Kal Pappiteg mayoug peyalutepou Twv 350 m Kot HeTaBaivouv oTn CUVEXELA OTOUG
oXNUATIOpoUC Tou XaAKoutoiou — AnAeol. AvatoAlKOTEpPA AVAMTUOOOVIAL OL OXNUATLOMOL
MaAakdoag — QpwrmoU oL omoiol cuviotovtol and PAPYEG Kal popyaikouc aoBectoABouc evw
KaTd tomoug evtonilovtal apylhol tedpol XPWUOTOC Kal otnv enadn Toug Ue to umoBabpo
evtonilovtal kottaopoata Awyvitn. Ot oxnuoatiopol Malakaocag — Qpwrmnou €Xouv TAXOG TIOU
Eemepva ta 300 m kal petafaivouv MAEUPIKA OTOUCG OXNUOTIOHOUG QPWIOU Kol OTOUG
oxnuatiopoug AnAeot — Xahkoutaiou. Ol oxnuatiopol Qpwmol KataAapuBAavouv PLKPr OXETIKA
€ktaon, €xouv maxo¢ mepi ta 300 m kol amoteAouvtol Amd eVAAAAYEC KPOKOAOTIAyWV,
KPOKOAWV HE QUUOUC Kal OppoUXwV TNAWV 1 opylAwv Kaotavou XpwpatoG. TEAoG ot
oxnuatiopol XaAkoutoiou — AnAect elval Motapoxepoaieg amoBEoell MPOEPXOUEVEG OO
TAEUPLKA HETABOON TWV OXNUOTIOHWY QPWIOU Kol amoTEAOUV T avwTepa PMEAN TNG AEKAVNG
Ixnuatapiov - MoAakdacag — KaAdpou. Amotelouvtol omd eVOAAYEC KOOTAVOKOKKLVWV
OUVEKTLIKWY TINAWVY, AUUWY KOl KQOKAAOTIAYWY, XAAQPWVY 1] CUVEKTIKWY KOTA BE0ELC UTIO Hopdn)

TLAYKWV, L€ To Ttaxog va Eenepva ta 200 m.

Y10 Bopelo TR tou NOtou EuPoikol KOATIou ol amoBéoelg gudavilovial va KaAUTTTouV
HLKPN €KTacn Kol UIKpO maxoc. Elval motapoxepoaiol KooTAVOXPWHOL OXNMOTIOMOL Ko
OMOTEAOUVTAL OO OUVEKTIKA KPOKOAOTOyH EVOANACCOUEVO HE EVOTPWOELS apylAwv Kot
Papptwy. And Toug OXNMOTIOMOUG amouolalouv TTAAALOVIOAOYLKEG eVOELEELG Kal £€ToL lval
6UoKOAO va cuoxetloBoUV LE TOUC QAVILOTOLXOUG OXNUATLOMOUC TOU VOTIOU TUAHOTOG TOU

KOATIoU. MBavoTata avTloToLXoUV OTOUG OXNUATIOMOUG XaAkoutaoiou — AnAeot.

Mépa oMo TOUC VEOYEVEIG OXNUATIOMOUC OTNV TEPLOXN, OTMOVIWVTOL KOl TETOPTOYEVEILG
omoBEcel  TOU  Amotelouvtol  amd  TOTAMOXEPOOIO  KpokaAomayn Kal  xepooia
KpokaAoAatumormayr. Ta mPwTo omoTeAOUVTAL ANTO CUVEKTIKA KAOTAVOXPWHA 1] aVOLKTOTEDpA
KPOKOAOTIOY) TIOU €VOAAGOOOVTOL HE OUVEKTIKOUG apylAoug Kkal apylthouxoug TmnAoug,
KOAUTITOUV HEYAAn £Ktaon, €xouv Heydlo maxo¢ (avw twv 300 m) kot tomoBetouvtal
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Xpovoloylka oto MAeLoToKalvo. Itnv meploxn Pltowvag (kovtd oto Babu) amaviolv anobEoelg

TIOU QTOTEAOUVTAL OO KPOKOAOTAYH HKPOU TIAXOUG HE OQVATTUEN HLag apyLAOWOUHLTIKAG

daong.

Ta xepoaio kpokaAoAaTumoNAY OMOTEAOUVTAL OO GUVEKTLKA TTAEUPLKA KOPHLOTA KOLL KWVOUG
Kopnuatwyv, eupBbpoyaiec pe Oleomapuéveg Aatumeg kat avoPabuideg yelpdappwv. Exouv
anotebel oTIC TTAEUPEG TOU KOATIOU KOl €lval veOTEpA Ao Ta MPWTA (TTAELOTOKOLVLKNG NALKiaG)

(Perisoratis et al., 1989; Mettos et al., 1991).

2.3 Neotektovikn Apactnplotnta

2.3.1 Neotektovikr Spaoctnpidtnta oto Bopelo EuBoikd kOAmo

O Bopelog EuPoikog KOATIOC XapaKkTnpileTaLl amd €Viovh VEOTEKTOVIKN dpaotnplotnta (slkdva
2.9) koBwg Kuplapyeital amo peydAo pnyuata dtevbuvong amd A-A £wg BA-NA (Schneider,
1968; 1972; Mercier et al., 1972; Philip, 1976; Ganas, 1997; Lemeille, 1977, Rondoyanni-
Tsiambaou, 1984; Mamnafaxog kot MNamoalaxou, 1989; Alexander et al.,, 2015), ta omoia
kaBopilouv oe onuaviikd Babuo tn yewpopdoroyia tou (Roberts and Jackson, 1991). O
KOATIOG, eMNPEeAleTal TEKTOVIKA oo SU0 KUPLA TEKTOVIKA otolxeia pe StevBuvan BA-NA kot
ABA-ANA, € TO TPWTO VO ATIOTEAEL TPOEKTACN TOU PrYUATOC TNS AvatoAiag kat to dgUtepo va
elval mapdaAAnAo pe tnv KopwBiakn tadpo (Papoulia et al., 2006). H dtebBuvon edeAkucpol
Tou KOAToU eival B-N kat o puBuog dtavoléng tou ~1cm/yr (Ganas and Papoulia, 2000; Makris
et al., 2001), otov omoio OpwWG €xeL mapatnpnBel pia eAattwon ota 1-2 mm/yr kotd Ta
teleutaia 300 £tn (Goldsworthy and Jackson, 2001), yeyovoc mou obnyet o€ yaunAoucg puBpoug
oAioBnong kot peiwon tou puBuol mapapdpdpworng tou. Ol YEWAOYLKEG — VEOTEKTOVLKEC
Slepyaoieg mou eléyxouv tnv €EEAEn tng Aekavng (Sakellariou et al.,, 2007), oényouv otn

popdoAoyikn SLAKPLoN TOU KOATIOU o€ Tpla TUApaTa (elkova 2.9).

31



13 i ._._.rﬂ..,u..r_._.._v...r.-

h.m..m_m,.

Ewkova 2. 9: Tektovikog Xaptng Bopelou EuBoikol kOAmou (mnyr: mpoypaupa AMOITPITH,

EA.KE.O.E.).
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» Autikn Agkavn

H Autikr] AekAvn €ivol apketd pnxn Kot evrtomiletal PeTafl Twv NNRowv Aadwv Kot tng
VYPOUUAS Apkitoag — Adnyol. H Aekavn ekteivetal BOpela w¢ th XEPOOVNGO Twv MNAATpWY
Omou avadUeTal To aATKO uToBabpo kat votia w¢ tn pnélyevr) {wvn tng Apkitoag (PZ3).
EmutAéov, mapatnpeital pia kAlon twv wnudtwv tng npog Noto, n omoia tng mpoodidel to

OTOLXELO TNE TEKTOVLKAC OOV UUETPLAC.

To SUTIKO Oplo TNG AeKAVNG cupTtimTel pe tn pnélyevn {wvn PZ11, dtevBuvong BBA-NNA. H PZ11
TEUVEL EYKAPOLA TO QATILKO UTIOBaBpo tou 0poug Kvnuida kal oploBetel SuTikA TtTn XEPOOVNGO
Twv MNaAtpwy, evw maparAnla amoteAel diodo g avodou tou ndatotelakol UALKOU Twv

viiowv Ayadwv kata to Tetaptoyeveg (mpoypappua AMOITPITH, EA.KE.O.E.).

Metaf0 tng AuTikng kot tng Kevtplkng Askavng, avamtuooetol n {wvn Apkitoag-Albnyou
SievBuvong B-N, n omola mapouctdlel HOPPOAOYIKI) OOUVEXELD, TAATOUC 2-3 XA, Kol
0pLOBETEL BUYXPOVWGS SUO AEKAVEC HE OVTIOETN TEKTOVLKA QCUMMETPia: TNV Kevtpikn Askavn He
ooUppETPla TTpog BBA kat tn Autik Aekavn Le acuppeTpia mpog Noto. MNpog Boppd cupmimntel
pe to SUTIKO Oplo tou Opoug TeA£Bplou evw Tpog NOTO e TN SUTIKI TTAEUPA TOU KOATIOU TNG
Ataldavtng. EmutAéov, mapatnpeital avénon tou Baboug tou muBuéva amd dutikd (100 m)
npoGg ovatoAika (440 m) kat oL Wnuatoyevelc amoBéoelg epdavidovrtal dlaitepa
PO LOPPWHEVEG Ao TMOAATAAQ priypata Kal KAUWELS, To onolo mBavotata Ba pnopovaoe va
anodoBel oto yeyovog OTL amotelouv emidpavelaky ekdnAwon plag Babutepng pnélyevoucg

wvng (mpoypappa AMOITPITH, EA.KE.O.E.).

»  Kevtpikn Agkavn
H Kevtpikn Aekavn avamntiooetol avapeoa otn {wvn Apkitoag — Atdnol (dutikad) kal o€ autn
™¢ Alpvng (avatoAwkad) kat anotelel to BabUtepo TR Tou KOATIOU, He pEyLloTto Babog ta 440
m mepinou. Mopdoloylka xapaktnplletal, otn votla TMAEUPA GAV OCUUUETPN, UE EKTETAUEVN
vbalokpnmida Kal OpaAd TpaveC evw otn Bopela MAeupd Tapatnpeital  amnoucia
vparokpnmidag kal anotouo npaveg (mpoypappa AMOITPITH, EA.KE.O.E.). H (8la acuppetpia

napotnpeital kot ota WApata tng Aekavng, Ta omola kKAivouv mpog B — BBA. To péyLoTo opatd
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TAxoG Twv Wnudtwy gemepva ta 400 m, evw o€ kapia Oéon dev mapatnpeital to unmoBabpo
TouG. To Bopelo meplBwplo tnG AekAvng ekteivetal PEXPL TIG pnétyeveis Lwveg PZ10 kat kuplwg
PZ2, oL omoieg opLoBeTouv Ta WAKATA TNG TIPOG TO OATILKO UTIORaBpOo Tou TeAEBpPLOU OPOUG KoL
TOUG LETAATILKOUG OXNUATIONOUG TG Bopelag EuPolag, evw to voTLo teplBwplo ekTeiveTal LEXPL
n pnéyevn twvn tng AtaAdavtng (PZ1), n onoia opLoBetel To aAmikd untoBabpo mou ekTelveTaL
VOTLOL QUTAG L€ TOUG UETOATILKOUG OXNUATIOMOUE TNG MaAeoivag Kal TOuG TETAPTOYEVELG Kal
OAOKQLVIKOUG OXNUATIOMOUC TNG Ttedladag tng Ataddvtng. To votlo meplbwplo xopaktnpiletat
ano UKPEC HopPOAOYIKEG KALOELG TTOU akoAouBolv tnv eAadpd pnyuATwon Kat Kaupn twv
Unuatwyv amo tn pnéyevr) {wvn PZ24. EmutAéov, oTov KOATO TnG ATaAAvInG TO MAXOG TwV
nuatwy eivat touAaylotov 200 m, evw TOTLKA gvtomi{ovtal Pikpad vnold aAmikou unoBadpou,

OMw¢ oupBaivel kat otnv nepLoyn tou OgoAdyou.

» NotloavatoAlkn Askavn
To PBopelo TektoviKO TieplBwplo tnN¢ NoTloavatoAlkng Aekdavng Tou KOAmou (swkova 2.9)
ektelvetal NA amo tnv Alpvn Kol avamtyooeTal VOTLa oo Tov 0pelvo oyko tou KavénAiou. To
VOTLO TEKTOVIKO TieplBwplo ekteivetal w¢ tn pnéyevh {wvn tng AtaAdvtng (PZ1) mpog ANA
(mpoypappa AMODITPITH, EAKE.O.E.). MopdoAoyikd, amoteAel pia opoAn Kal OXETKA pnxn
Aekavn pE€oou PaBoug 80-90 m. ITO KEVIPIKO TUAMA TNG, €pdoaviletat avoywon Tou
YEwAOyLkoU umoBdaBpou tTNC amoteAoUpEVO amd MUETOATKEG amobéoslc (avtioTtoweg NG
Xepoovroou th¢ Maleaoivac), n omola ¢aivetal va ehéyxetal ano t pnélyevr {wvn PZ23 mou
KAlvel mpog NA. 3to KoTteEpXOUEVO TEMAXOG TNG pnélyevoug l{wvng PZ23, avamtuoostal pia
uTtoAekavn WNUATOYEVECNG TOL OTPWHATA TNG omolag €xouv kAion mpog BA, dnAadn mpoc tn
pnéyevn) Twvn PZ23. Metal tou avuPpwpévou umoBabpou oto HECO TNG AEKAVNG KOl TOU
opou¢ KavdnAiou, avamrtiooetol pia SeUTEPN UMOAEKAVN, TO OTPWHOATA TNG omolag kAlvouv
npog BA, Snhadn mpog ™ pnéyevn {wvn PZ2. Juvenwg n NoTLoOvVaTOALK: AEKAVN TOU KOATTOU
anoteAeital ano U0 ACUUETPEG UTIOAEKAVEG, UE GOpA OOV UUETPLaG (Sla peTagl Toug kal (Sla

He tn dopd acuppeTplag (meplotpodnc) Tng Kevpikng Aekavng Tou KOATOU.

JUUMEPACUATLKA, N YEWTEKTOVLKA AgKAvn Tou Bopelou EuBoikol KOATOU amoteAel pio cUvOeTn,

EVEPYN, VEOTEKTOVIKN Sopr) omou n Autiki Aekavn epudavilel TEKTOVIKA acUpUETpia mpog N,

34



evw n Kevtpikni kat n NotioavatoAkn epdavitouv acuppetpia pog B-BA. To Bdpelo Kat votlo
OpLo KOBEWULAG amo TIG TPELG AekdAveg elval cadEg Kal katd to TAeioTov onpatodeoteital and
peyaAeg pnélyeveic Lwveg. AvtiBETWE, Ta Opla ou dlaxwpllouv TIG TPELG AEKAVEG UETAEU TOUG
Sev eival cadn kat mbavotata oxetilovral pe mio Babieg Sopég xwpig eudLakpLtn empaveLakn

ekbnAwon (Van Andel and Perissoratis, 2006).

2.3.2 Neotektovikn dpaoctnpidtnta oto Notwo EuBoiko kOAno

To voOTLo TUAMA TOU KOATIOU, XOopaKTnpileTal amd €vtovn VEOTEKTOVIKN dpaotnplotnta Kobwg
Kuplapxeital amod €va TAPAKTIO CUOTNUO KOVOVIKWVY pnyHatwv (etkova 2.10) pe évtovn
katdtunon. H dtevBuvon toug eival and oxedov A-A (Bopelo Tunpa) oe BBA-NNA (KeVTpLko Kot
votlo tuAua) kat koBopilouv oe €va peydlo Babud tn yewpopdoAoyia TOU KOATIOU

(Goldsworthy et al., 2002).
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Notiotepa kat SUTKOTEPQ, avanmTtUooeTaL Eva SeUTEPO CLUOTNUA PNYUATWY —pryHata Qpwrol
kat AvuAwvag- StevBuvong oxebov mapAdAAnAng mpog auThH TOU TOPAKTIOU CUOCTAMOTOG. To
pAyHa tou Qpwmol Bewpeital evepyd (Ambraseys and Jackson, 1990) adol cuvdéetal pe
npoodatoug oelopolg (1938) kat avamtlooeTol KAt MAKOG TNG PBOpelag KALTUOG HLOG
Aodwdoug meploxng votia tou Qpwrou (ewkova 2.10). To prypa tng AUAWVAG AVOTTUCOETAL
Katd uAKog tng Popelag kAttvog tou Opoug MdapvnBa kat petatomilel ekatepwBev tou
erunédou tou, peoolwikolg aoBectoABouc (mou amoteholv to UTMOBABPO TOUu), Ao TOUC
VEOYEVELG KOL TETOPTOYEVELG OXNHATLOMOUG Ttou Bpiokovtal otn opodn tou (Papanikolaou et al.,
1988; Goldsworthy et al., 2002). To @Apa tou emepva ta 1500 m (Ganas et al., 2004), evw
ouvOEeTal PE OeloUoUC (1705) mou POKAAECOV OPKETEG {NULEG otnv ABrva kot tn XaAkida

(Ambraseys and Jackson, 1997).

‘Emelta and HeALTN TOU VOTIOU TUNUOTOC Tou KOATou (Mettos et al., 1988), diamiotwOnke otL

€XEL UTIOOTEL TIG MOPAKATW TEKTOVLKEG GACELG:
> Mia ¢paon cuunieong, dtevBuvong mepimou BA-NA
» Mia ¢aon eméKTaong, LELO-TIAELOKALVIKAG NALKiaG pe SlevBuvon BA-NA
» Mia ebelkuotikn daon, nAkiag tetaptoyevoug pe StevBuvong B-N

Y10 BA dkpo (XaAkida), mapatnpeital pia cOykAlon pnypatwy and tnv onoia dnuoupyrndnkav
TO BOPELO KAl TO VOTLO TUAMA TOu KOATou, evw oto NA dkpo, mapatnpsital pia amokAlon
pNyUAatwyv otnv onoia odeiletal n dnuoupyla Tou PEYLOTOU GNEPLVOU EVPOUC TOU KOATOU. H
amokAlon autrh mou odeiletal oe priypa StevBuvong B-N, oe cuvbuaoud He tn otadlakn
LETATOTLON TWV KEVTPpWVY amoBeong Twv WnUATwV Pog B, amodelkvUouv OTL n onuepwvn popdn
TOU KOATOU, elval amotédeopa otadlakng StavolEng umo tnv enidpacn TnG TEKTOVIKNG daong

edeAkuopoL dtevBuvong B-N, ou EAafe xwpa KaTd To TETOPTOYEVEG.

H Aekavn mMAnpwOnKe amd veoyeveic amoBECELS, EVW OTO TUNUA TTOU EVTOMIIETOL O CNUEPLVOG
UTIOBAAGOOLOG XWPOC ATTOTEBNKAV KoL TTAELOTOKALVIKA — OAOKALVLKG LWApaTo. ETTAEoV, KOTA TO
XPOVLKO dlaotnua tng WnUAToyEVEDNG, OL VEOYEVELG anobéoelg avupwBnkav kot dtafpwbnkav

AOYW OVOSLKWVY KLVAGEWV TOU VOTLOU TUAUOTOG KOL €V OUVEXELA €ylve N HETAdOPA TOUG OTN
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Aekdvn umo popdn Kpokalomaywv, UE AMOTEAECH TN Snuloupyla Twv amobécewv Tou
Qpwrol. Anotédeopa OAwv TwV avwTépw, ATAV n avopolopopdn €EEALEN TOUu XwpPou TOU

eUmepLEXeTaL otn Aekavn (Perisorartis et al., 1989).
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3. H OQaAdaooia otdOpn Kot ot LETAPOAEG TNG

Me tov O0po BoAdoola otabun voeltal n péon TR TOu UYPOUETPOU TNG EMLPAVELOG TNG
BaAlacoag n omoia oW sivot SUokoAo va kaboplotel pe akpiBela e€attiag Tou OtTL N emdpavela
™¢ Bdalaoococg, AAAOTeE HETABAAAETOL O OUVTOUO XPOVIKO Sldotnpa Kl GAAOTE O TOAU
MEYQAUTEPO. JUVETIWC YiveTal AOyog yla tn oXeTikr Baldoola otddun, SnAadn to eminedo tng
Baldoolag emipdvelag oe oxeon MeE TNV Enpd, omou Aappdvovtol undyn ol PeTaBoAEG TNG
Baldoolag otdbung mou KpatoUuV yLa LEYAAO Xpoviko Stdotnua. Ot HeETOBOAEG QUTEG UIOpPEL va
onNMeEwBoLV gite pe TNV dvodo tng otddung tng BdAaoccag i tn BuUOLoN TUAMATOG TNG ENPAg,
dawouevo to omolo Aéyetal emikhuon (transgression), elte avtiBeta pe tnv MTWON TOU
eTunESou NG BAAacoag 1 TNV TEKTOVIKN N loootatikh avopwon TUAHatoc tng &npag,

dawvodpevo to omnoio ovopdletal amocupon (regression) (Bird, 1984).

H petaBoAn tng BaAdoolag otabung yivetal TO00 0€ MOYKOOULO 000 KOl O TOMLKO eminedo.
Autie¢ petafoAng (Pethic, 1984) tng o maykOoUla KALHOKO QTOTEAOUV OL TTOPAKATW

TLOPAYOVTEC :

> KAuatikég aAdayég, Aoyw twv omoiwv cupPaivel, emiong, TNEn Kat mAEnN Twv maywv Kat
TWV TIOYETWVWY Kol Bepuikn S100TOAN TwV WKeavwy (To vepd SLaoTEAETAL KABWC
Beppuaivetal).

» TEKTOVIKEC WUETAKIVAOEL, AOYW TNG METABOANG TNG XWPNTIKOTNTAG TWV WKEAVLWV
Aekavwyv ou cuurintel () oxetiletal) pe tnv Bewpla Twv AlBoodalplkwv MAAKWV.

»  IInuaTOAOYLIKEG, OTIOU OL WKEAVLEG AEKAVEG YEUILOUV PE UALKO UE TIOAU apyo pubuod, tng
Tagng twv 3mm/ 100 €tn.

» MetaBoAég otnv mukvotnta tou JaAdacoou vepoU, oL omole¢ odellovtal otn
Bepuokpacia kot tnv alatotnta. Ot HeTaBOAEG TNG TMUKVOTNTAG TOU, TPOKAAOUV
HETAKIVAOELS Baldoolwv polwy Kol CUVETTWG N TTUKVOTNTA Tou BaAacaolvol vepol oav
TOPALETPOC CUVOEETAL AUECA UE PNXAVIopoUG KukAodopiag Balaooiwv palwv (.
avodog tng Bepuokpaciag katd 1°C cuvenayetal aviPpwon ¢ Baldcolag otabung

KOTA 2 PETPA).
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OL aMayeg tng BoAdoolag otdBung oe tomikd eminedo odeilovial oToug TOPAKATW

TIAPAYOVTEG:

> 1000TATIKEG KIVAOELG, KATA TI OMOLEC TPAYUATOMOLE(TAL EAATTIWON TOU OYKOU TWV
TOYETWVWY 1 Tou BaAdcolou vepoU OTIC WKEAVIEG AEKAVEC, UE QATMOTEAECUA TNV
enavadopa ToU NMELPWTIKOU TUAUATOG OTA ITPONYoUHEVa emtimeda.

> TOmIKOG TEKTOVIOUOG, OMOU TpayuoTomoleital avodikp i kabodikn kivnon twv

TEKTOVLKWV TEUAXWV AOYW TNG 5pAcNng LEYAAWVY pNYUOATWV.

3.1 Aepyaoieg nov ennpealouv TV napaktia {wvn

3.1.1 Kupatiopdg

Ta KUpATA AMOTEAOUV £VaV ATO TOUC ONUOVTLKOTEPOUG TIAPAYOVTEG UETABOANC TNG TTAPAKTLOG
{wvng (Bird, 1984; KapuumnaAng, 2004) SL0tL SLOpECOU AUTWY UETOPEPETAL APKETH EVEPYELL OFE
OAO TO UNAKOG TNG akTtoypapung. Altia dnuoupyiag Toug eival Kupiwg o dvepog (taxvtnta Kalt
XPOVLIKH SLApKeLa), N amooTacn amno Tnv aktr kabwg Kal n nén undpyouvca popdoioyia Tng, Ta
omola pmopouv va TpokaAéoouv SLaPpwon, upetadopd N Kol amoBeon KAtd WNAKOC TNG
oKTtoypapung. Kata tn dtadoon tou KUUATOG anod ta Babutepa vepd ota pnxoTEPQ, LELWVETL
oTadLloKA TO UNKOG KUMOTOC KOl n TaxuTtnTA Tou, eVw TapaAAnAa auvfavetal To UPog Tou e

QMOTEAECHA TNV AUENON TNG KALONG TOU HETWITOU TOUG.

3.1.2 NaAippola

OL naAippoleg otnv oudia elval kKUpata ta omnola £gouv MOAU peydla pnkn (KOHATOC) Kot N
endavion toug yivetal avtldnmen (ewova 3.1) eite pe tnv avopwon (mMAnpupupida) eite pe tnv
ntwon (aunwtn) tng BaAdcaolag otadung kat odpeiletat otn Baputikn €AEN TNG OEANVNG KaL TOU
NALOU Kol avaloya PE Tn OXETIKN BEon yng, ogAnvng kat nAlou, kabopiletal to uEyebog Kal n

€vtaon toug (Haslett and Simon, 2000; ZadelponouAog, 2001 ):
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Ewova 3. 1: To ¢pawvopevo tng nalippolag He BAoN T OXETIKNA
0£on AAwov, yng kaw oeAfvng. (mnyr: http://coolweb.gr/giati-
simbainei-palirroia-ampoti-thalassa-aitia/).

Avaloya e To €0poG TOUG, oL TaAlppoleg pmopoUlv va petaBarlouv eite o peyalo eite ot
HLKpOTEPO BaBuod tnv mapaktia {wvn. Oco auvfavetal To eVPOG TNG, LEYAAWVEL KL TO TUNUA TNG
evbomaAlppolakig {wvng mou amokaAumrtetal i Pubiletal, pe amoTEAEoU Vo €UVOELTAL N

Spaon Stadopwv dlepyaociwv 6mwe eival n anocabpwaon kat StaBpwon.

3.1.3 Toouvau
Ta toouvdul (swkova 3.2) eival oAU peyaAa kot wdlaitepa kUpATA TA omolo prmopel va

unepPouv o UPog ta 30 m kabwg poaeyyilouv Tnv mapaktia {wvn (Bird E., 1984).
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Ewkova 3. 2: Tponog Snpoupyiog Twv TOoOUVAuL.

Tpotrog yéveons Tsunami

KUOpleg attieg Snuioupylag Toug eival oL oelopol, oL omoiot TpokaAoUv andToun LETATOMLON TOU
BoAdoolou TUOpEVA Kol ol UToBaAGooleG nNdaALOTELOKEG EKPAEL N ol UToBaAdooLeg
KOTOALOONOELG e amOTEAEOUA TNV IPOKANCN TOAU peydAou peyéBoug kataotpodwv (Fine et
al., 2004; Maramai et al., 2005; Fujii and Satake, 2007). Ta prikn KUMOTOG TOUG £lval TNG TAENG
Twv 10 km kot ot tayvutnteg toug dtavouv ta 500-800 km/h oToug avolXTOUG WKEAVOUC

(Davidson-Arnott, 2010).

3.1.4 OQaAdaoola pevpota

H nopaxtia {wvn ennpealetal oe €va peyalo Pabud am’ ta BoAdoola pevparta, Ta omola
dnuloupyoulvtal anod tnv naAippola, Tov avepo, tig SltadopEg TNG USPOOTATIKAG TieonG KaBwg
Kal tnv meplotpodn TG yng. Ymapyxouv 4 kUPLO cuotAUaTa peUpATwy (KapuumaAng, 2004;
Alumavakng, 1999):
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Ewova 3. 3: o) IXNHATIKA ANEIKOVION TOU KAELOTOU cuoThpatog KukAodopiag n omoia anoteAsitan and enpnkn
napaktia pevpata (longshore currents), anéd pedpata enavadopdg (rip currents) (Shepard and Inman, 1950), B)
Mpdontwon TwWv KUPATWV otnV akth und ywvia (Komar P.D. and Inman D.L., 1970) kot y) EXNHATIKA OTELKOVLON
Tou péuparog avépouv Ekman (rtnyn: http://mvuescience.weebly.com/ekmans-transport-lab.html).

» To kAeloto ovotnua kukAogopiag (swova 3.3a), to omoio Snuloupyeital amd 1
ouvunapén peuUATWY enavadopag Kol EMUAKWY TTOPAKTLWY PEULATWVY.

> Ta mapaktioa pevuata (stkovea 3.36), Twv omolwv n y£veon TMPOEPXETAL OMO TNV
MPOOTITWON TWV KUMATWY 0TV oKTA UTIO ywvia.

> Ta pevuata amokAiong, to omola Snuoupyouvtal Otav oL eTMLPOVELOKOL GVEHOL
otpEdouv Kata 45° mpog ta Sefld (oto Bopelo nuodaiplo) to entpavelakd pevpa mou
avarntiooetal. H Kivnon auth mapoucLaleTol OXNUATIKA TOpakATw (etkova 3.3y) Ue To
OTelpoeldéC Tou Ekman. KaBe Stadoxiko otpwpa SExeTal tn petadopd TG Kivnong
katd tn &tevBuvon NG otAANG vepoU Kal AOyw TG EOWTEPLKNG TPLBAG (HOPLAKES KOl
TupPwdelg dlepyaoieg) mpokaleital avénon tng ywviag amokAlong ouvaptrioeL TOU

BaBoug tng BdAacoag kat peiwaon tng TaxUTNTA.
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» Ta pevpota kAiong, Tto omola sivol amotéAeopo Twv peupdTwy amdkAtons. Kabwe ta
VEPA CUCCWPEUOVTAL TIPOG TNV AKTH AOYW TWV PEVUATWY OMOKALoNG, Snuloupyeital pia

kAlon n omola Ta avaykdlel va kivnBouv avtibeta.

3.1.5 AldBpwon

H duaBpwon (Ewkoéva 3.4) amoteAel pia akopn attia petafoAng tng mapaktiag {wvng aAAd os
OPKETA UIKPOTEPO BaBUo am’ OTL 0 KUMATIONOG, oL MOALpPoLEG Kal Ta toouvaul (Emery and
Milliman, 1978). H popdoAoyia tou peyalutepou UEpOUG (Tepimou tou 70%) Twv Appwdwv
OKTWV TayKoouiwg odeiletat oto dawvopevo tng Stafpwong. Mapdyovieg mou ennpealouv T

S1aBpwon TwV MAPAKTLWY TIEPLOXWV:

»  IXetkn petofoln tng Baldoaotag otadung AOyw TEKTOVLKAG
To LopPOAOYLKA XOPAKTNPLOTIKA TWV KUUATWY

H olUotaon tng mapaktiag {wvng amo BloAoylkng amodng

H yewpopdoloyia Kol n KAlon tng mapaktiag {wvng

To peyaho elpog aAippotag

vV V V VYV V

Ta BaAdooia pelpata Kal oL EVTOVEG KALUOTLIKEC LETOBOAEG

Ewkova 3. 4: AlELKOVLON TOU GaLVOUEVOU TG SLABPwonG otV Mapdktia {wvn.
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3.2 Acikteg petafoAng tng Oakdooiag otabung

‘OAeg oL mapandvw UETAPBOAEG AMOTUTTWVOVTAL OTNV MAPAKTIA {wVhn OMOTEAWVTAG XPNOLUOUG
Oelkteg (yewpopdég amobeong kat SlaBpwaong, amoAlBwpata, apXaloAOYLKA EUPHMOTO KoL
LOTOPLKA OTOLXELO - OMwG Ba avaAuBolv mapakdTw) Tou ULYPoug g Baidcaolag otabung oto
napeABOvV, Omou n XpovoAoynon Ttoug umopel va Sdwoel aflomioteg mAnpodopieg ywa tnv

naAatoneptBarroviikn €EALEN ULag eploxng (KapupmaAng, 2010).

Ol KupLOTEPEG TTAPAKTLEG YEWHOPDEG SLaBpwong epdavilovtal MAVW 1 KATW oo Th CNUEPLVN
otalun tng Baikacoag Kal eival: ot atytohol (beaches), ta BaAdoowa omiAata (sea caves)
(ewkova 3.5a), ol aideg (arches) (stkdva 3.5B), ta berms, ta maAippoika nedia (tidal flats), ot
PYnodonayeig atyltalol (beachrocks) (swkova 3.6a), ot yaAlkwdelg atylalol (gravel beaches)
(ewkova 3.6PB), ta tompolo (elkdva 3.7a) kot ol KopaAAdloyeveic oxnuoatiopol (elkova 3.78) kabwg
Kol oL eyKoTEC (notches) og mopakTloug Kpnuvouc, n dnuloupyia Twyv onmolwv odpeiletal otov
KUHATLONO, TNV MaAlppola, TNV anocdBpwon kabwg Kol thv avBpwrivn apépupacn. MepLkég

o’ QUTEG TIG YEWUOPDEG aMMELKOVI{OVTaL TIOPAKATW.

Ewova 3. 5: a) Oaddooia onnhaia (sea caves) ko B) Oaldooieg aideg (sea arches).
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Ewkova 3. 7: Anpoupyia a) tompolo B) KapaAALOYEVWV OXNUATIOUWV.

YNapxouv OHwG Kal ol SeATaikéG amoBEoelg (elkova 3.80) oL omoleg MPOEPYOVTAL QMO TOTALA
KaOwG Kal oL aLOALKEG OMOBETELG OTIGC OTOIEC AVAKOUV Ol TIOPAKTLEG appwdeLg Biveg (coastal

sand dunes) (ewova 3.8pB).
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Ewkéva 3. 8: a) Sehtaikég anoO£oeLg Kal B) mapdktieg appwdeg Oiveg (coastal sand dunes).

INUAVTIKO SelKTN TwV OXETIKA Mpochatwy PeTaBoAwv Tng Baldoolag otabung amoteAolv Ta

apyatodoyikd evpnuata (napabaAdoolol OlKLoOUOl, TIUPAKTLEG KATAOKEUEG, AlpevoPpayioveg

K.0.), adou eival Suvatov autd eite va elval BuBlopéva eite va Bplokovtol Kal mavw amnod To

onNUeEPLVO eTtinedo tng Balaocoac, urtodelkviovTtog TNV alayr Tou €XEL UTTOOTEL AUTO Og oX£on

LE TO ONUEPLVO (elkOva 3.9). EMUTALOV KATIOLEG LOTOPIKEC KATAYPAPEC aATIO TIOALPPOLOYPAPOUG
Ba pmopovoav va Bonbrjoouv otnv ekTipnon TN LETaBoANC TNG Baldoolag otdbung, oL omoiot
gival Suvatdv va kataypdPouv mMAnpodopiec yiao €va Xpoviko daotnua peyaAutepo twv 100

£TWV AAAA YLO TIEPLOPLOUEVO APLOUO TIEPLOYXWV.

Ewova 3. 9: a), B) n BuBiopévn toAn NMavAonétpl otnv EAadovnoo, pia am'tig apyatdtepeg BuBLopéveg
TLOAELG TOU KOGHOU.
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Oplopéva XapaKTnpLoTka amoAtfwuata anoteAouv aflomioto Seiktn HeTaBoAng Tou enuédou
¢ Bdlaccag péow Tou mMpoodloplopol tng nAtkiag toug, adol n Bon mou Bplokovrol
ouvdéetal aueco He tn Bfon tou emumédou NG Bdlaccag otav NTav okopn {wvtavol

opyaviouol (swova 3.10).

Ewkéva 3. 10: AntoABwpata (keEAUdn 8100pwv) wg BroAoyikoi Ssikteg Tou enéSou tng OaddooLag oTadodun .

Mpokelpévou va SlepeuvnBel n  petaBoAl tng OaAdoolwag otABUNG, TPOYLHOTOMOLELTAL
XPOVOAOYNon Twv avwteépwv Selktwv pe Sladopeg peBoOdouc. ITo onuelo autod, MPEMEL va
TOVLOTEL TO YEYOVOC OTL OTOV TIPOKELTOL YLO. OLPXALOAOYLKO EUPHUOTO ] LOTOPLKEG KaTaypodEc,
Slepeuvdaral n mMePlodog oTnV oMol AVAKOUV XPOVLKA KoL N XPovoAdynor] Toug TauTiletal pe
v nepiodo auth. Otov OUWG MPOKELTAL VIO YEWAOYLIKA SE60UEVO TIPOYLOTOTIOLELTAL KOTA BAon
£PYQOTNPLAKOC TIPOGSLOPLOUOE TNG OXETLKAC 1N Kal amoOAuTnG nAwiag toug (Haslett and Curr,
1998). AmO TIC KUpPLOTEPEG MEBOSOUC TOU XpnoLUOTIoOLVTAL Ylot XPOvoAdynon elval n
padloxpovoloynon pe *C edpdoov ta suprjpata mepLEXOUV eEAVOPAKWHUEVA CUOTOTIKA KoL yLot

NALKieg uéxpt ~50.000 ka.
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3.3 MetaBoAég tng OaAdoolag oTaOuNG Katd To TETOPTOYEVEG

Onwg eivat Nén yvwaoto, n popdoloyia tng yng AAAOEE OPKETA OTO MEPOCHO TOU XPOVOU UEXPL
Tou €Aafe TN onuepwn TNG Hopdn, n omoia Kal auth ocuveXxwg e¢ehiooetal. MpoKewEvVou va
peAetnBel n mopaktia  yewpopdoloyia Sladopwv Tmeploxwy, elval amapaitnto va
SlepeuvnBolv apxkd, Ta 1o MPocdaATa YEWAOYLKA YEYOVOTA TA OTnola cuvéRnoav Katd tnv

neplodo tou TetapToyEVoU.

Quaternary Period
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Ewkéva 3. 11: FewAoyikn Siaipeon tng Tetaptoysvoug neptdédou (Mnyn: 2012
International Stratigraphic Chart produced by the ICS,
http://www.stratigraphy.org/index.php/ics-chart-timescale).
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To Tetoptoyeveg (swova 3.11) eivalr n meplodog egudaviong tou avBpwmou ot yn Kol
xapaktnpilletal amo nayetwdelg (Puxpeg) kal pecomayetwoelg (Bepuec) meplodoug Twv omolwyv
n evaAlayn dnpolpynoe €vtoveg eVOTATIKEG LETABOAEG (MauAomouAog, 2011). H Stapkeld tou
glvat 2.5 ekatoppupla xpovia kat anoteAeitat amno to MAslotokatvo (Katwtepo-MEoo-AvwTtepo)
kat To OAOKaLVO TwV omoiwv n xpovikn diapketa ivat 2.400.000-11.700 xpovia riptv kot 11.700

€wg onuepa (Cohen et al., 2013).
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Ewkova 3. 12: MNMaykOoula £UCTATIKA KAUMUANR Tou avamaplotd tn OaAdcoia otddun katd ta
teAevtaia 450.000 xpovia (Waelbroeck et al., 2002).

JUuudwva pe toug Bowen and Inman (1969) kat Rohling et al., (2010) katd tn SlApKELX TNG
peconaysetwdoug meplodou twv 400 ka (Bahdaccolo lootomiko Ztadio-MIS 11) kabwg Kat Twv
320 ka (MIS 9c), 237 ka (MIS 7e) kat 197 ka (MIS 7a) oUudwva pe toug Siddall et al. (2003) ko
Rabineau et al. (2006), n maykoouila otadun tne Bakacoag umtoAoylotav Tepimou ota enineda
™G onuePNg (ewkova 3.12). Katd to tootomiko otadlo 5 (MIS 5, 120-125 ka), mapatnpndnke
avodog (4-9 m) tn¢ BaAdooiag otabung (Ewkova 3.12) oe oxéon pe tn onuepivn (Stirling et al.,
1998; McCulloch and Esat, 2000; Kopp et al., 2009), 6nw¢g €niong KATA TO LOOTOMLKO oTadlo 3

(MIS 3, 60-25 ka) (Rohling et al., 2010) kat 11 (MIS 11) (Siddall et al., 2008) kaBw¢ Kal KATA TN

60



Slapkela tng onueplvng meplodou (mpv amd ta 6.000 xpovia). Katd tnv dvodo autr tng
Balaoolag otadung, mapatnpeitat avénon pe pubuo 1.0-1.6 m/100y (16 mm/year) (Rohling et
al., 2008).

Yuudwva pe touc Shackleton (2000); Waelbroeck et al. (2002); Siddall et al. (2003); Peltier and
Fairbanks (2006), mapatnpeitat avodoc (120 m) tng Baldoolag otaBuUng KOTA TN XPOVLKA
niepiodo 21 ka (teAevtaia maystwdng mepiodog) €wg tn xpovikn mepiodo 2-3 ka (péylotn
otdBun tng oAokawvikng Bepung neptodou). Ano ta 14 ka €wg ta 7 ka, katd tov Bard et al.
(1996), mapatnpndnke pubUOG avénong tng Baldootag otadung 11 mm/y, Evw KOTA TO XPOVLKO
diaotnua 6 ka éwg 2-3 ka, mapatnpeital mtwon tng Baddcolog otddung katda 1 mm/y
(Lambeck, 1995). Téhog, amod TN XpoVikn mepiodo auth €wg onuepa n BaAdoola otadun

eudavioe ULKPEG LETABOAEG.
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4. TEQXPONOAOIHzH IZHMATQN ME TH MEOGOAO THz
OQTAYIEIAZ

4.1 Elcaywyn

Qwtavyela KoAelTal T0 GALVOUEVO TIOU aVADEPETAL OTNV EKTOUTY PWTOG amd KPUOTAAALKA
UALKQ, €meLta amo tnv €kBeon Toug otn Puolkn Lovifouoa aktvoBoAia Kot arnoteAel To puOLKO
aitlo to omoilo alomoleitatl ywa tnv avamtuén kat edpappoyn oG eUpEws Stadedougvng
pneBOdou xpovoAdynong, tooo otov KAASO TNG apxoaloAoyiag 600 KAl OTNV EMLOTAMN TNG
vewAoyiag (Duller, 2008). H apxn Asttoupyiag, TnG Paciletal otnV EKMOUNN GWTOC OO OPUKTA
OnMw¢ eivat o aotplog kot o yaAaliog. H péBodog Ppiokel edapuoyn adevog pev o€
OPXOALOAOYLKA EUPAUATO, OTIWG TA KEPOLLLKA, OL KOLHLEVOL TTUPLTOALOOL, OL LETOAAOUPYLKEG KAULVOL
K.d., OTou Ypovoloyeital To Stdotnua mou akoAouBnoe amd tn OTWUN TNG TeAguToiag
B£pHavong Toug Kal apeTEPOU O KAOOTLKA L{UATA, TIOU TIEPLEXOUV TO AVWTEPW OPUKTA, OTOU
XPOvoAoyeital To dlaotnua mou akoAoUBnoe amo tn oTyur tng TeAeutalog €kBeong Toug oto
nAlokd ¢we. Eival pia eupéwg Stadedopévn olyxpovn Kol €EEALOOOUEVN TEXVLKA QTOAUTNG
XPOvoAoynong, KoAUTTovtag €va eUpOC NALKLWVY TIOU KUpaivetal petaty 100 etwv (A Kot
Alyotepo) €wg 1 ekatoppvplo €tn. Ano to 1960, onote fekivnoav ol MPWTeC ePOPUOYES TNG
peBOdou €wg Kal onuepa, UTNPEE UeEYAAn TPOodoG OTNV KOTOVONGCN TWV TEXVIKWVY TNG
dwtavyelag, kabwg emiong Kal otig pebodoug PETPNoNE TNG TOooo otnv EAAada 6co kal oto

eEWTEPLKO.

H puoikn padlevépyela Bpioketal omoudnmote oto puon. KAmola 0puUKTA OMWC 0 ACTPLOC KOL O
xoAolioc Spouv wc Sooipetpa, kataypddovtac otnv KPUOTOAALK Toug Sour HEPOG TNG
padlevépyelag otnv omnola ektiBevrtal (Duller, 2004). H gvépyela autr) CUCCWPEVETAL KATA TO
XPOVIKO SLAcTnuo amoBeon TOUG Kal KATIOLX OTLYUN aneAeuBepwveTal UTIO TN Hopdn dWTOG
(dwtavyela). H péBodog tng Pwrtalvyelag eKUeTAAAEVETAL TNV Topoudia padlevepywy
LOOTOMWV OTOLXElWV OMw¢ ival To oupavio (U), to Boplo (Th) kat to kKGAwo (K) mou cuvnBwg

TLEPLEXOVTAL OE KOLWVA TIETPWHATA YL T XpovoAoynaon toug (Aitken, 1998).
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H amoBnkeupévn auth EVEPYELD TWV OPUKTWYV ELVOL QVIUTPOCWIIEUTLKN TNG NALKIAG TOug Kot
propel va pundeviotel pe SUo tpomouc: eite ue Bépuavon tou Selypatog o€ PeYAAn, OXETIKA,
Bepuokpaoia (>300 °C ), site pe £kBeon oto nAakd pwg, To onoio Ba propovos va cupPEl
Katd TG Stadikaoieg tng StaBpwong kat petadopdg Twy Wnuatwy (Duller, 1996). OuclaoTtika
kat ot 6vo autég Sladkaoieg ameykAwpBilouv omoladnmote mpolmdpxouca amoBnKeupEvN
gvépyela BEtovtag “to poAol” tng nAkiag Twv WNUATWY OTo MNOEV. JUVEMWCE, KATA TN
XpovoAoynon He dwTtaUyeld TO YeEYovOC TIOU OTNV oudia XpovoAoyeital eivat autdc o

“undeviopnog”.

Mpokelpévou va uTtoAoyLoTel N nALkia evog LAKATOGC, Elvat amapaitnTto va umtoAoyLotel adevog
N OUVOALKI] CUCOWPEVUEVN padlevépyela otnv omola To ({Nua EKTEONKE KOTA TO XPOVLKO
Sdldotnua mou ntav anotebeluévo oto £6adog, ad’ ETEPOU n eTAOL PASLEVEPYELD 0TV OTola

ektiBetal to i{nua (Aitken, 1998).

4.2 Opuktd KataAAnAa yia xpovoAoynon

Opuktd KaTtaAAnAa yia xpovoloynon (swova 4.1) pe pwtavyela sival o xahaliag, (6lo€sidlo
Tou mwpttiov, SiO2) o omolog amoteAel kat to deltepo o Sadedopévo opuktd atn duon,

KOOWCE KoL KATIOLEG TIOLKIALEC AOTPLWV (TNKTOTIUPLTIKA OPUKTA).

Ewova 4. 1: a) dotplog, b) xahaliog
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Ta OPUKTA QUTA AMAVIWVTAL OTOUG TEPLOCOTEPOUG L{NUATOYEVELG YEWAOYLKOUG OXNUOTLOLOUG
Kall TEEPLEXOUV OTOOEPA OTO YEWAOYLKO XPOVO KEVTIPA, T omoia €lval Lkava va mayldelouv
NAEKTPOVLO, Ttapdyoviag onpota Pwtavyelag Enelta ano OEyepor Toug. O AOTPLOG Kal O
xoAagiog ouxvd amokalouvtal wg “doocipetpa’”’ KaBwg kKataypadouv, otnv KPUOTAAALKA Sdoun

TOUG, HEPOG TG PuOLknG Lovilovoag aktvoPBoAiag otnv omoia ektiBevrtad.

4.3 H Quowkn padievépyela

H ¢uoikn tovilouoa aktivoBolia mpogpxetal anod tn SLaomachn TwV PAaSLEVEPYWV LOOTOMWY TOU
Oupaviou (235U kat 238U), tou Oopiou (232Th), kot tou KoAlou (40K) to omolo pmopel
Bploketal T000 O0TOV KPUOTAAAO TOU KOKKOU 000 Kol oto TeptBaliov lnua kabwg Kat tnv
KOOULKN aktwvoPoAia, n omola mpémnel e€lcou va Aappdvetatl umoyPn oTtov UTOAOYLOUO TOU
oUVOALKOU puBpol 8dong (Aitken, 1998). Ta padlevepyd auTA LOOTOMA CUVIOTAVTIAL OO
00ToBelg MUPAVEG KAl HECW HLOG OELPAG “Buyatplkwy’’ oToXElwY, LETATPENOVTAL O oTtaBepa
otolxeia. ESw onpewwvetal ott, ta padlevepyd tootomna tou U kat Tou Th udiotavral pia ospd

padlevepywv SLaoTACEWY UTIO TN Hopdr aAucidwv (glkova 4.2).
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Uranium - 238 series
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Ewkova 4. 2: Zelpég padievepyou Siaomnaong 232Th (a), 235U (B), 238U (y). Ze kdBe otoyeio SiSovral ol xpovol nuilwng. Ta
UeYAAn BEAN AvTLOTOLXOUV OE EKTIOUMH CWHATLSLWV A EVW TA ULKPA O€ EKTOUNA B. (tporontotnuévo ano Aitken, 1998).

Radioactive Decay Schemes of Potassium and Rubidium*

(half-life: 1.25 x 10° years)

Polassium-40 Rubidium-§7
{natural abundance 0.0117%) (natural abundance 27.8%)
potassium-40 rubidium-87

(half-life: 48 x 10" years)

10.5% 89.5%

y(1.46 MeV) BU1.36 MeV) B10.274 MeV)
argon-40 calcium-40 strontium-87 (©)

(stable) (stable) (stable)

Ewkova 4. 3: Katd tn Sidonaon tou *°K ekmépmneton aktivofolio B kat
Y Kot topdyovton to otadepd wootona *°Ca kot °Ar. To 8’Rb anotelel
10 27.8% Ttou GuUVOAlkOoU Poufidlou ota metpwpata. Katd t™
Sidonoon Tou eKmEumel owpotibia B ko aktwofolAia vy
(tpomomnoinpuévo and Aitken, 1998).
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e Y

cosmic rays

Ewkéva 4. 4: H cuvelodopd twv a,B,y oKTVOBOALWV 0TO GUVOALKO
pubud &dong (Gy/ka), o omoiog amoteAei to AOpolopa TG
efwteptkAg 8oong ard aktwvofolia dAda (U, Th), BAta (U, Th, K)
Kot yappa (U, Th, K), kaBwg Kal TNG E0WTEPLKAG, WG TPOG TOV
Kpuotallo aktwvofoliag idiag mpoéAevong. Emiong, ocuvelohopd
UTTAPXEL KL OTTO TNV KooK aktvoBoAia (Huntley and Lian, 2003).
3to pubud 6d6on¢ to ‘a’ avuotowxel oe £tn (y) (R. Luminescence,
ninyn: http://www.r-luminescence.de/en/lumi_en.html).

Ooov adopd to padievepyd odtomno tou %K, autd udiotatal amhi Sdidomacn KL OxL LTO TN
popdn alvoidac, oxnuoatifovtag ta otabepd ototxeia *°Ca ) *°Ar (ewoéva 4.3). Ta U, Th kat K
EKTEUTTOUV TPELG TUTIOUC AKTWVOBOALQG, KATA TN UETATPOTI TOUC ard TO apXLlkO 0TO BuyaTpLKO
otolxelo. Ou aktwoPolieg autég elval ot a, B kat y (swkova 4.4), oL omoieg avaAvovral

TOPOKATW.

4.3.1. OL aktvoBolieg a, B, y Kot n KOOWULKN) aKTwvoBoAia

» AxtwvoBolia a

H aktwvofolia a cuvdéetal pe Ta cwuatidia aAda, Ta onoia armoteAouvtal amo Suo MPWTOVLAL
ouvbuaopéva LE SUO VETPOVLA KOl EKTIEUTIOVTOL KATA TN padlevepyo dldomacn Twv aAuoidwv
tou U kat Th (Aitken, 1998). Ot aktivec a eival Loxupd ovilovoeg pe Babocg dieloduang povo ta
npwta 0.03 mm tou WNUATOG Ao TNV NNy TOU Ta €KMEUMEL. EMUTAEov, n evEpyELd TOUG

XAVETAL QMOTOUA KATA TNV TPOCTITWOT) TOUG OE OTEPEA UALKA.
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» AktwvoBoAia B

H aktwoBolia B amoteAeital amd nAsktpovio Ta omoia ekAUovTal amo aotabeig MUPHAVESG Kat
TUPOKUTITOUV OO TN UETATPOT TWV VETpoViwy og mpwtovia (Aitken, 1998). Ot aktiveg B £xouv
BaBoc Sieioduong £wg kot 3 mm ota WNUATOYEVT TIETPWUATA Kol £8Adn KoL EKTTEUTIOVTOL ATTO

TI¢ aAuaoideg Staomaong tou U, Th kat K.

» AxtwvoBoAiay

Ou aktvoPoAia y €XeL NAEKTPOUAYVNTIKEG LOLOTNTEG KAl EKTMEUTIETAL Ao Tn Sldomacn Twv
aotabwv muprvwv tou U, Th kat K (Prescott and Hutton, 1988; Aitken, 1998), éxovtag Babog

Sleiobuong ~30cm, apketd LeEYOAUTEPO Ao TV akTtvoBolia a kat B.

> Koouwkn aktwvoBoAia

H koopwkr aktivoBolAia mou mpooTtintel otnv emupavela tng Mng, amoteAeital KUplwg amo
NAEKTPOVLO, OKTIVEG yaua Kal Petdvia Kat eival oAl Stetodutikn (Prescott and Hutton, 1988).
To BaBocg Sieioduong tng dtavel PEXPL ~25 M O£ KOWVA TIETPWHOTO OTWG avOpPaKIKA, opyLAo-
TIUPLTIKA K.O. KOl 1 €VTOON TNG TIOLKIAEL avaAOywe TWV YEWYPAPLKWY CUVIETAYUEVWY, TOU

v oUETPOU, KaL TOU XPOVOU.

4.4 Apxn tou patvopEvou tng pwtalyeLag

Mo TNV KaTtavonaon Tou GovouEVou The GWTOUYELNG AANA KoL TIWE OUTH TIPOKUTITEL ETIELTA IO
Vv £kBeon Twv KPUOTOAAKWY UALKwV otn ¢uotki tovilovoa aktwvoBolia, mpwrtiotwg Ba
TpEnel vo katovonBel mou Baciletal n apxn Aettoupyia TG ZEKWVWVTAC o’ TNV KPUOTOAALKNA
Soun Twv opuKTWY, aUTr amoteleital ano dUo evepyelakég Lwveg, T 'lwvn oBévouc”’(valence
band) kat ™ “Twvn aywywpuotntog’(conduction band) (slikova 4.5), oL omoiec evdidpeca
Xwpilovtal amnod pia meploxn n omola eival yvwotr wg “evepyeloko xaoua’’ (forbitten band gap)

(Duller, 1994).
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Ewkova 4. 5: Evepyelako Staypappa anetkoviong the {wvng o0évoug (conduction band), tng {wvng aywylpotntog
(valence band) kaBw¢ kat Tou evepyelakou xaoparog (forbitten band gap). (University of Gaziantep, Optically
and Thermally stimulated luminescence Laboratory, ntnyf: http://www1l.gantep.edu.tr/~yazici/tl1.html).

YTo KaVOVIKEG CUVONKEG, Ta atopa Bpiokovtal otnv YapunAotepn nmibavr) evepyelakn dlatagn pe
OAa Touc ta NAskTpovLa va Bpiokovtal otn {wvn cB€voug (valence band). Ta nAektpdvia auta,
UTIO TNV enidpacn eEWTEPLKNG EVEPYELAC 0TO cloTnua (akTtvoBoAia a,B,y), Onwg thv enibpoaaon
padlevepyol mnyng, petapaivouv otn {wvn aywylpotntag (conduction band), dnuloupywvtog
pia “omn”(hole) otn {wvn oBévoug. Avapeoa otn {wvn aBévoug kat T {wvn aAywylpotnTag,
onw¢ avadEpbnke, mapepParAetal to evepysloko xaopo (forbitten band gap) to omolo
anoteAeital ano kanoteg mayideg (T). OL maylbeg QUTEC OUCLAOTIKA E(VaL KATIOLEG QLOUVEXELEC
oTNV KPUOTAAALKN Soun Twv opuktwy (aotabeic meploxeg) kabwg kavéva Guolko opuKTO Sev
EXEL TEAELA KPUOTAAALKN Sopn. ZUVETIWG, TA NAEKTPOVIA KATA TN PetaBach toug amo tn {wvn
00évoug otn {wvn aywyluotntag n kal avrtiotpoda eival duvatov va mayldeutouv (elkova

4.50).

H aneAeuBépwon Twv nAeKTpoviwv amod Tig mayideg emtuyxavetal site e Bépuavon eite pe
dwtiopd (heat or light). Emeldn opwg kaBe Atopo Teivel va emIOTPEDEL OTNV OPXLKN TOU
evepyelakn Siatagn (xapnAn svepyelakn Stataln), ta nAektpovia mou mayldsvovial Kot thv
€kBeon Twv VAKWV ot B€ppavon N To NALOKO dwC, TIAPAUEVOUV VLA OTELPOEAAXLOTO XPOVO
OTIG Toyideg Kal otn ouvexela emiotpédouv otn {wvn oBévoug (swkova 4.5B). Ekel,
naytdevovtal ek véou og kamota “omn’”’, amelevBepwvovtag, umo popdn ¢wtoviwv (L), Tnv
EVEPYELA TIOU 8£XONKav yLa TN HetdBacn toug otn {wvn aywylpnotntag (McKeever, 1985).
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To nAlako dwg elogpxetal pexpt ta 1-3 mm oto €86ad0og, CUVENWE KOTA TO XPOVLKO Sldotnua
NG anodBeong, oL kpuoTalAlkol KOKKoL Ttalouv va ektiBevtal oe auto. EmumAgéov, Aoyw twv
XOUNAWY TIHWV OEPUOKPACLWY TIOU ETLKPATOUV OTA KOWwA Wnuatoyev mepLBaiiovta, n
ouvEXNG €kBeon TwV KPUOTOAAKWY KOKKwV otn ¢uotki Lovilouoa aktvoPfolia €xeL wg
anotéAeopa TN SLopK cUCOWPEUON NAEKTPOVIWY OTLG Tayideg TNG KPUOTAAALKAG SO TOU,
Twv omolwv n amodéopeuon emtuyxavetal pe Oépupavon n €kBeon oe teEXVNTO dwG OTO
gpyootrplo akoAouBwvtag tn Stadikaoio ou meplypadnke mapoanavw (ewkova 4.5a, 4.5B).
OTNV 0UGLA, AUTH N CUCCWPEUHEVN EVEPYELA TTOU ameAeuBepwveTal pe tn popdn wtog eivat n

arnokaAoU pevn ¢wtavyeLa.

4.5 E§¢lowon nAwkiag

H nAwkia evog Seiypatog umoAoyiletal amno tnv akoAoudn efiocwon (Aitken, 1985):

Igooivauy ooan (Gy)
Hiwia (kv) =

PvBuog ocang (Gvky)

H woodUvaun 66on (equivalent dose), anoteAel T GUVOALK CUCCWPEUUEVN PASLEVEPYELD OTNV
omola To nNua EKTEBNKE KOTA TO XPOVLKO SLACTNIO TIOU ATOV QTTOTEOELUEVO KL EPYOOTNPLOKA
ovopdletat MNoaAotodoon (De) (Aitken, 1985). H povado pétpnonc tng amoppodoUUEVNC
padlevépyelag oto AleBvég Z0otnua Movadwy (S.1) eival to Gray (Gy) => 1 Gy= 1 Joule/kg.

O puBuog 6oong (Dose Rate), elval o puBpog pe tov omolo n ¢uokn padlevépyela
amnoppodATal Ao Toug KpUoTaAALKOUC KOKKOUG ava £tog (Aitken, 1985). Yriohoyiletal cuvnBwg
oe Gy/ky oto AleBvég JUotnpa Movadwv (S.1.) 1 otnv mepimtwon mou avodpEpeTal wg eTroLa

bo6on ekdppaletal os uGy/y.

JTNV MAPOKATW ELKOVA ATIEIKOVI{OVTAL OXNUATLKA Ta oTadLa enMefepyaoiag yla ToV UTTOAOYLOUO

NG NAKiag evog Selypatog.
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EMITOTLEG PETPIHOEL
Tow pubpol ddong

Aswypotohnbica — Mo

Epyaoicsg mebiou

h 4 Yes
Knuuer enefepyaoia KAGoud Tou mpog
EzwypdTwv yua v xpovohdynon vAkoo yua
niipn anopévwon EQYQLOTNPLOKI HETPRON
EpyaoTnpLaKse KOKKWV xu.?tuiiu KoL tou puBuol bdoncg
Awabikaoieg agtploy

,

Ynohoyiopoe loobivaung
Adong

Y

YnohoyLopdg pubuod ddang

Ynohoyiopd HuKiog

A

HAwia (xpdwvia) = _igoSivaun Adan (Ds)

PuBuocg Adong

Ewkova 4. 6: ZXNHATLKA ANEIKOVION TG Stadikaoiag pétpnong tng looduvaung Adong (De) kat tou Pubuou Adong
(Dose Rate) yia tov untoAoyLopo tng nAKiag evog deiypatog pe tn pEBodo tng pwravyslag (tpononotnuévo ano
Duller, 2008).

4.6 NepBarovta kataAAnAa yia xpovoAoynon Ke t HEBodo tng Pwrtavyselag

MepBdAAovta mAoloLo o€ TOPAKTLOL Kal aloAtkd wipata (Murray and Clemmensen, 2001),
loess kal Biveg (Roberts et al., 2001) €xouv anodeiyBel katdAAnAa UALKA yla XpOVOAOyNon UE TN
HEBOSO TNG omTIKA SleyepUEvng dWTAUYELOG, KOBWG €Xouv eKTEDEL EMapPKWE 0TO NALAKO PwG
Tpwv TNV anobeon toug. Opwe, o dMou eidoug Wnuatoyevr epLBAAAovVIa OOV UTIAPXOUV
oudLBoAieg yla tnv emapkn €kBeorn toug oto nAlakd ¢wg, amalteital Slepegvvnon Tou

«UN&eviouou» Tou apyLlkoU onpatog pwtalyeLag.

Yotepa OmO OXETIKA TPOOHATEC £DAPUOYEC TWV TEXVIKWV TNG Pwrtalyelag o€ TOWKIAa
wnuatoyevn neptBariovta (.. Kitis et al., 2010) énwg aAAouPLakd kot koAAouBLakd WHuata,
TayeTwoELG Kal TepLtayeTwdelg anobeoelg (Duller et al., 1995), motapoxelpudpeta Wnpata (Jain
et al., 2004), WApata TOU OXeTilovTaL pE prAypaTa Kal oslopikotnta (Porat et al., 1996;
Bowman et al., 2004) kaBw¢ kat VAka avaBaduidwv (Choi et al., 2003), amodelxBnkav auTEg
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OpKeTA aflomioteg, kabwg eAndOBnoav nAikieg oL omoleg NTav o xpovoAoylkn cupdwvia Pe nén

UTIAPXOUOEG avadopEG.

4.7 M£0060¢ AstypatoAnyiog ko EEomAlopog

H katdAAnAn cuAAoyn twv Selypdatwv mou mpoopilovtal yla XPovoAoynon MpoyUOTOomoLETal
0To UnatBpo avaioya e T ocUOTACH TWV UALKWVY. AV TIPOKELTAL YLO CUUTIAYEC UALKO amooTtaTal

MIAOK (elkOva 4.7) amo To UNTPLKO METpwHA (Bapoug ~ 2 Kg) 1e Tn xprion yewAoywou oduplou.

Ewova 4. 7: AstypatoAndia and cupnayég UAKO WG UIMAOK TETPWLATOG LE TN XPNON YEWAOYLKOU
oduplov (AstypatoAnyia vnaibpouv, Mdiog 2011).

Evw, av mpoKeLtaL yLo xaAapd Wnuata yivetol eEaywyr] ULKpWY TIUPHVWY, ELOXWPWVTAC KABeTa
oTn yewAoylkn tour, dwrtooteyelc owAnveg and vioupaloupivio 1 kat xaAuBdvoug (elkova

4.8) ocuvnBeotepa unkoug 40 cm kalt Stapétpou7-10 cm.
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Ewkéva 4. 8: AstypatoAnyia pe tuprva (Alexanderson, 2008).

4.8 MeBodoloyia YroAoyLlopou tn¢ nAtkiag twv Wnuatwyv

MpoKeléEVOU vo UTIOAOYLOTEL N NAKIa Twv Wnuatwy, slval amapaitnto¢ o UTTOAOYLOUOG TNG
loodUvaung Adonc (Equivalent Dose) kaBwg kat o PuBuog Adong (Dose Rate) omwc nén €xet

avadepOel.

4.8.1 Npoctopaocia Seiypatog yia tov urtoAoylopo tng looduvaung 86ong (Equivalent Dose)

Emetta anmd  kataAAnAn  SewypoatoAndio (swkova 4.7, 4.8), Ta UAIKA €ELOEpYOvVIOL OF
TIOPOOKEVAOTAPLO, TIANPWG ONMOUOVWHEVO and TO NALOKO PwG, TIPOKELUEVOU va UTIOOTOUV
KOTAAANAN Xnukn emeéepyaoia yla TNV MARPN amopOvVWwaon KOKKWY ootpiou Kot xoaAadia, ot
omolot Ba ypnotpomoinBolv yla tov umoloylwopd tng looduvaung Adong (De). H xnuwkn
enefepyaocio.  TPAYUOTOMOLETAL UG ouvlrnkeg aoBevolg KitpwvépuBpou  WTLOHOU,
TLPOEPYOUEVOU amo Aauntipeg vatplou (Spooner et al., 2000), yiwa tnv amoduyn pndeviopou

Tou $UOLKOU ONUATOC TIOU Eival amoBnKeUEVO OTO OPUKTA.

4.8.2 Aléyepon nAektplkoU ¢poptiou
H 6léyepon Twv OUCOWPEUPEVWY NAEKTPOVIWVY Ta omoio ameAeuBepwvovtal pe tn popdn

dwtoviwv yivetal eite omrtika eite Beppikd, AOyw Twv SUO SLOPOPETIKWY TUMWV €KAuONG
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nAektpoviwv. H évtaon autol Tou ofpatog Umopst va kataypadei pe tn didtaén TL/OSL RIS@
(ewova 4.9) n omoia kataokeudotnke am’ to EBvikd Kévipo RIS@P oto Roskilde tng Aaviog
(Duller, 1996). H ouokeuny autn xpnoluomolel kal toug OU0 mpoavadepBEVTEG TUMOUG

Sl€yepong: Tnv Oepuodwrtavyela (TL) kal tnv Omtika Sieyeppévn dwtavyeta (OSL).

Ewkova 4. 9: Awdtagn tou poviélou Risg TL/OSL-DA-15 Luminescence Reader (E.K.E.O®.E.
«Anpokprogy», Epyaoctiiplo ApxaopeTpiag).

Ma tn péEtpnon twv KOokKwv YaAalia n actpiou n ocuokeurn SlaBetel evav delypatoAnmen 48
B¢oewv (carousel) otov omoio tomoBetolvtal avilotoixwg 48 atodAva r aloupvevia dlokia
(ewdva 4.10), ta omola mpookoAAwvtal pe €6LKO €Aalo OLAkovnG. H mnyn oktivwv mou

XPnolpomnoteitat yla tnv aktvoBoAnon twv Setypdtwy ivat 20Sr/%0y,
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Ewkova 4. 10: O dswyparoAnning (carousel) pe ta alovpvévia Sokia mavw ota onoia pokoAAdTaL
T0 mpog pétpnon UAwO (Alexanderson et al., 2008, Desert Research Institute, StaBécipo ano:
http://www.dri.edu/luminescence-capabilities).

4.9 TexvIKEG LETPNONG TNG GWTAUYELOG

4.9.1 H Oeppodpwrtavyeta (Thermoluminescence-TL)

H Oeppodwtavyela eivatl pia amolutn peBodog xpovoAoynong (Aupttlng, 1994) SotL Sev
amattel UAKKG yvwotAC nAkiog yia Babuovounon (calibration) kat avrikel ot €UUECEC
padlevepyéc pebodoug xpovoAoynong, OMOU HETPATOL TO QTTOTEAECHO TNC akTIVOBOAlaG, TO
pEyebog TNG omolag aufAVeTOL CUVOPTHOEL TOU XPOVOU, OE avtiBeon HeE GANEG TIEPUTTWOELG
(.. xpovoAoynon pe C-14) OmMou PETPATOL N CUVEXWGE LELOUUEVN PASLEVEPYELA E TNV TTAPOSO
TOU XPOVOU. JUVETIWG, yLo TN Oepuodwtalyela SV UTIAPXEL KATIOLO XPOVOAOYLKO OpLlo av Kol
UTIAPXOUV AAAOL TOPAYOVTEC (OTIWG TLY. 0 XPOVOG NUIWNE TwV Ttayidwv) mou cupuBaiAouv otov
TLEPLOPLOO TNG XPOVLKNG KAlHaKag Twv Stadopwv UAKWY. ITa UALKA TTOU XPNOLUOTIOLoUVTAL OTN
XpovoAoynon He Oeppodwtavyela meplhapPavovial KOUEVEC TETPEG, YnUEvog TNAOG
(KEpOULKA  OVTIKELYEVA), TOXWHOTO KALBAVWY (KEPOMIKNAG KOl METAAAWY), TETPWHATA

noaLoTteloyevoU g MPOEAELONG K. 4.

H apxn Asttoupyloag tng Baoiletal otnv aneAeuBEépwaon NG EVEPYELAG TTOU CUCCWPEUTE (UTIO TN
popdn GwTOG) TO UALKO Ao TN OTLYMN TG TeAeuTalog Béppavong Tou oe unAn Bepuokpaacia.
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H Oeppodwrtavyela mpokaAeital éneta ano Oépupavon tou UAWKOU o uPnAn Bepupokpacia
(rm.x. 500 °C) kot to ofpa tng ovopdletal Oeppodwrtavyela (Thermoluminescence-TL) (Duller,

1996).

H mpwtn xprion tnc pebodou éywve ot apxég tng Sekaetiag tou 1960 (Aitken, 1985)
TUPOKELUEVOU Va XpovoAoynBoUv apxatoAoyLKA UALKA Ta omolav ixav UmooTel B€ppavon Onwg
KOUEVO XWHO, KEPOMLKA Kol AOUTA €upnuato/ovTiKeipeva mou elxav ektebel oe uPnAég
Bepuokpaocieg yia Sladdopoug Adyoug Omwg ndatotelakn SpAacn, TMUPKOYLEG K.a. N glxav
UTIOOTEL OmTNnon. AMOTEAECHA QUTAC TNG B€ppavong ATav o UNSEVIOUOG oto “poAdl’ tng
dwtavyelag. Enetta, n Oepuodpwrtavyela Bpnke epapuoyn kot o Wnuatoyevn nepltBaiiovia
oAAG Kal ndaloTelokd meTtpwpata. Méxpt to 1985, n HETPNON TWV ONUATWY GWTOUYELOG
YWOtTav HE TN XPAon g TEXVIKAG TN Oeppodwrtavyetag (TL) Opwg, HE TNV TAPOSO TwV
Tedeutalwy Xpovwy avamtuxdnkov VEEC TEXVIKEG PwTalyelag OTIC omoleg n Sléyepon tou
OUCOWPEUPEVOU NAEKTPLKOU HOoPTLOU TO omolo eKAVETAL UE TN Hopdh GWToVIWV yivETOL OTTIKA
(Wintle and Huntley, 1980) pe tn Aeyopevn Omuikd Aleyepuévn Quwtalyela (Optically

Stimulated Luminescence-OSL).

MéEtpnon onuatoc OsppodwtavyeLac

ApXLKQA YiveETAL N TOMOBETNON TWV AU ULVEVLWV SLOKIWV, TTou TiepIAAUBAVOUV TO TTPOG HETPNON
UALKO, oto Setypatolfren (carousel) (stkdva 4.10) tng Stdtaéng RISG-DA-15 (TL/OSL) kat otn
ouvexela to Selypa tomobeteital os Bepuavopevn eotia (heater strip) (eikéva 4.11), émou o
puBuOC Bépuavong mapapével otabepodc. Onweg daivetal otnv ekova 4.11, mavw omod To
Oelypa Bplokovtal 6iodol pumAe ¢wtdg (BLUE LED’s) kat umépuBpou (IR LED’s) oL omoieg
XPNOLUOTOLOUVTOL MOVO Yla UETPNOEL ME OMTIKA Oleyepuévn GWTAUYELD KL OXL YL
Oeppodwtavyela. Mavw am’ g Stodoug Bpiloketal eva ¢idtpo (Detection filter) o pdAog Tou
omolou eival va gumobdilel To onua ou MPoEPXETaL anod tn Bépuavon Tou Beppoatolyeiou Kat
Tou delypartog og uPnAég Bepuokpacieg (aktivoBolia). AkplBwe mavw amo to ¢idtpo BplokeTal
o pwrtonoAamAactaotic (photomultiplier-PMT) o omoiog¢ Aettoupyel UTIO CUVBNRKEG KEvoU Kol

amotehel to Paocikotepo efaptnua piag ouokeung TL-OSL. O ¢pwTomoANAMAQCLAOTAC
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nieplhapBavet évav aplOud nAektpovomoAamAaolaotikwy NAekTpodiwy, amoTeEAOUUEVWY ATO

pa pwto-guaicOntn kdbodo kat pLa avodo.

> Aswtoupyio pwtonoMarniaolaotn

Katd tnv mpoontwon tTwv ¢witoviwv otnv kabodo (sikova 4.11) sxkAUovtol nAekTpoévia ava
KpoUon KOl OTN CUVEXELDL €AKOVTAL OO TNV EMOMEVN KAB060, KOTOANyovTag £T0L 0 TOAAG
EKOTOMMUPLA NAEKTPOVIAL OVA NAEKTPOVIO TIOU Kpouel tnv dvodo (ABavacag, 2010). H
Sladikaoia avth emavolapBavetal, TPOKELUEVOU va eVIoXUOEel KATAAAAAWG TO aPXLKO CHUA Kl
va petatpanel o€ NAEKTPKO TAAUO otnv Avodo. ITn OCUVEXELD, TO TEAKO QUTO ORUA
enefepydletol HEOW €vOG  AOYLOMLKOU Kal avomapiotatal ypadlkd OuvaptAoEL NG

BeppoKpaoiag Kol TwV KpoUoEWV TwV NAekTpoviwy ava deutepoiemto (Bgtter-Jensen, 2000).
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Ewkova 4. 11: IXxnuatiki avanapactacn evog cuctipatog Osppodpwravysiag (TL) (Duller, 2008).

Metd tnv mpayuatomnoinon tng avwtepw OSladlkaciag, Omou apylkd €ywve B€épuoavon tou
Selypatog péxpL toug 400-450 °C pe otabepd pubuo (°C/sec) ki émelta amelevBépwon Twv
NAEKTPOVIWV amod TI( Tayideg Toug UTO TN Hopdn Pwrtoviwv, MAPAYETAL TO OAHUA TNG
Oepuodwtavyelag (Aitken, 1985; Duller 1996). Ao TNV Avamapaotacn TnG EVTOONG AUTOU TOU
ONUOTOG CUVAPTAOEL TNG avtiotolyng BepUoKpaciog, MPOKUTTEL TO SLAYPAUUA TG Elkovag 4.12

To onoio xapaktnpiletal we “pwrtokaunuAn” (glow curve).
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Ewkova 4. 12: Eviaon onuato¢ Oegppodpwralyslag wg ouvaptnon Ttng
avtiotoxng Oeppokpaciag-pwrtokaunuAn (glow curve). Ov avefaptnteg
KopudEg avtiotoyouv os StadopeTikég ayideg eviog tou kpuotaAlov (Duller,
2008).

Mapatnpwvtag TNV apanavw GwToKAUTUAN yivovtol euSLAKPLTEG KATIOLEG KOPUPEG, OL OTIOLEG
avtiotolyolv oe SladopeTikeg Tayideg péoa otov Kpuotalho. Onwe £xel &N avadepbel, yla
NV aneAeuBEpwaon Twv MayLOeUEVWY NAEKTPOVIWY amalteital evépyela. Oco mio Bablég sival
ol mayidec (VPnAEC KopudEG 0To SLAYPOLUA), TOOO TIEPLOCOTEPN EVEPYEL QTTALTELTAL YLt TNV
aneAeuBépwon Twv nAektpoviwy Kal TOo0 1o o0TaBePEG 0TO YEWAOYLKO XPOVO £lval og oxéon
HE TIC To “pnxEC” apa Kol KATAAANAOTEPEG yla XpovoAoynon. H HETPNON TwWV ONUATWY TNG
Oepuodwtavyelag oe dlapopetikég Bepuokpacieg Sivel tn duvatotnta Slepelivnong mayidwv

pe Sladopetikoug yewAoykoUg xpovoug nplwng (Duller, 2008).
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4.9.2 Ontk@ Ateyelpopevn Owrtavyeta (OSL)

Ztnv Omtika Aleyelpopevn Qwrtavyela (Optically Stimulated Luminescence — OSL) avtl tng
B£puavong Tou UALKOU TIPOYHOTOTOLELTOL OTTTLKA SLEYEPOT TOU, XPNOLUOTOWWVTAS Uia oxupn
TEXVNTAG TINYAC dwTOC, N omoia pixvovtag pwg oto UALKO SLVEL TNV ATMALTOUUEVH EVEPYELD OTA

NAEKTPOVLA TIPOKELUEVOU Va eTtavadleyepBouv kal va mapayouv ¢wrtavyela (Duller, 1996).

H péBodog autn avamtuxBnke tn dekaetia tou 1980 (Aitken, 1985) akoAouBwvtag tn
OepuodWTAVYELD KAl XPNOLUOTIOONKE TOGO yla GUGLKA UALKA OTtwg o xahaliag (quartz) kot ot

aotplol (feldspars) 600 kal yLo GUVOETIKA UALKA OTIwG N TtopoeAdvn.

Métpnon onuotoc Ontika Ateyspuévnc QwtavyeLag

Ztnv Omukd Ateyeppévn Qwtavyela (OSL) mpaypatomnoleitat otk Sléyepon Tou UALKOU e
TEXVNTO GWC OUYKEKPLUEVOU HAKOUG KUpatog (Duller,1996) m.x. Auxvieg sdikwv ¢idtpwy,
lasers, 6iodol ekmoumnng ¢pwtog, eMAEyovTag amod va HeEyaAo eUPOG HAKOUG KUMATWY 400 nm
(umtepLwdeg)-1000 nm (uTtépuBpo), pe amotéAsopa tn SLEYEPON TOU OAMATOC TNG OMTIKNAG
dwtavyelag anod nayideg evaicbntec oto dwg Kot TNV EkKAuon dwTtog uTo T popdn PwToviwv
(Huntley and Lian, 2003) (ewkova 4.13). Ytnv Omntika Aleyeppévn Owtavyela, otnv ouacia auto
TIOU UETPATOL €lval TO XPOVIKO SlacTnpo Tou €xeL GLEABeL amod tnv teAeutaila £kBeon tou
UALKOU oto nAtako pwg, o avtiBeon pe tn Ogpuodwtalysla Omou uTtoAoyileTal To XpOVIKO

Slaotnua mou £xel SL1EABEL amod T oTyun TnG TeAeuTalag B€puavong tou UALkoU.
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Ewkova 4. 13: Mnyaviopog &iéyepong tng OSL. Amewkoviletan
CXNHATIKA pLa 6€opun texvnTol GWTOG N Oomoia MPOCTINTEL TAVW
oe éva Seiypa mpokaAwvrag thv £kAuon Ssutepoyevols dwTog
anod to deiypa ot Stadopetikd pAKog kKupatog (ABavacag, 2010
avadopd otov Huntley and Lian, 2003).

Onwg kat otn Ogppodwrtalyela, yivetal n tomoBETnon twv aAOUULVEVIWY Slokiwv, Tou
nieptAapBAavouv To Tpog HETPNON UALKO oto Sstypatolnmen (carousel) tng Siatagng RISP-DA-15
(TL/OSL) kat ev ouvexeia tomoBETnaon tou os Bepualvopevn eotia -heater strip-(Bgtter-Jensen,
2000). H tomoBétnon tou delypatog otnv €oTia eival anapaitntn yla tv aneAeuBépwaon Twv
NAEKTPOVIWV OO TIG evepyelakd ootabei¢ mayideg (pnxéc mayideg) Beppaivovidg to o€
OUYKEKPLUEVN Beppokpaoia 1 yla va mapopével otabepr) n BepUoOKpACLO TTOU XPNOLUOTOLELTOL
yla tn B€pupavon tou mpog pétpnon delypartoc. Emetta, yivetal diéyepon tou delypatog amnd
efwtepkn texvntn mnyn S10dwv pmAe $wtoc (BLUE LED’s) i umépuBpou (IR LED’s). Mo
OUYKEKPLUEVA, N OMTIKA Oleyeppévn Ppwrtavysla pe umépuBpo (800-1000nm) ovoupdletal
unépuBpn OSL 1 Infrared Stimulated Luminescence Kal XpnolUOMOLELTAL yla TN METPNON
onuatwyv pwtalyelag amo Aotplo evw N OSL 8L0dwv prie ¢wtdg, XPNOLUOTOLEITAL yla TN

HETPpNON onuatwyv pwtavyelag amo xoAalla (eikova 4.14). Meta tn Siéyepon, akoAouBeital n
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0o SLadikaoiao pe tn OegppodwTAUYELD yla TNV TIAPAYWYH TOU TEALKOU OMNUATOG, TO Omolo

£NMEeLTa ano enefepyacio avanapiotatal ypadikd cuvaptrosL TOU XpOVou amnodLEyepong.
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(GLOW CURVE)

METPMTHIT
PYaLOY
SEPMANINT

. |
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Detection
filtar

SOTOE VDT
EAROLOT

Healer sirip

-—L., PYSREITHE GEPMCHPATILE

x-Y
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Ewkova 4. 14: IXNUOTIKA aQVomopaotacn VoG cuotrpatog OSL. Onttikn Siéyepon pe 8108oug unAe pwtog Ko

uniépuBpou (Bgtter-Jensen, 2000).

AmO TNV ovamapdotacn TNG Eviacn¢ autol TOU OHNMOTOC OUVAPTACEL TOU XPOVOU

amodLEyepong, TPOKUTTEL TO Sldypappa TG £lkovag 4.15 to omoio yapaktnpiletal wg

“kapunUAn anodlEyepong” (decay curve).
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Ewova 4. 15: KaunvAn anodiéyepong (decay curve) évtaong ofpatog OMTKA
Aeyeppévng pwrtavyetag-OSL (Duller, 2008).

Mapatnewvtag TNV KAUmOANR amodléyepong, YIVETAL QVTIANTITO OTL N UEYLOTN QMOSLEYEPGN TNG
€vtaonc tou OSL onuartoc cupBaivel cuvABwg ota MpwTa 5 sec TnG PETpnong Kat to OSL onpa

MELWVETOL ACUUMTWTLKA PE TO Xpovo (Duller 1996).

Ztnv OSL, oL o katdAAnAeg mayideg ylo peétpnon eival ot Bepuikd otabepotepeg (n mayida
Twv 325°C) evw oOuyxpovwg MmopoUv va  umootouv  “Aevkavon”  (unbeviopd Ttou
anoBnkeupévou onuatog) pe eukoAia (Murray and Wintle, 2000). H TL rayida twv 325°C €xel
TN HEYaAUTEPN OUVELODOPA O0TO CUVOALKO onpa tng OSL, wotdoo UTIAPXEL Ukpry cuvelodopd
Kol amd AAAec yewlAoylkd otaBepég mayideg. To onua OSL pag KOUmUANG amoSLlEyepong
amoteAeltal amd 3 ouviotwoeg (components) (ewova 4.16): tn “paydaiwg ¢Bivouoa’
ouviotwoa (fast component), tn “petpiwg $pBivovoa” cuvictwoa (medium component) kat tn
“Bpadéwg ¢pBivovoca” ocuviotwoa (slow component) (Bailey et al., 1997; Jain et al., 2003). H
paydaiwg ¢pBivouca” cuviotwoa TPoKUTITEL amd tn YewAoykd otabepn TL mayida twv 325 °C,
EVW OL AAAeG U0 amd Ayotepo yewloyikd otabepeg mayideg. Qotdoo, eival anapaitnto va
TovLoTel OTL n Bepuikn otabepotnta Twy nayidwv eaptdral KL anod dAAa ¢alvopeva, Onwg tn
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“pwto-petacdopd” (photo-transfer) kat tn “Oepukn petagpopd’” (thermal transfer) (Wang et

al., 2006 a,b).
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Ewova 4. 16: KapruAn arodiéyepong (decay curve) évtaong ofjpatog OSL (kpoUoslg
ava SEUTEPOAENTO) CUVAPTNOEL TOU XPOVOU. ZUVELOHOPA TWV TPLWV CUVLOTWOWV: N
“paydaiwg ¢Oivouoca” ouvictwoa (fast component), n “uperpiwg ¢Oivouoa”
ocuviotwoa (medium component) kat n “Bpadéwg ¢$Bivouoca”’ ocuvictwoa (slow
component) (Wang et al., 2006).

4.9.3 Qwropetadepopevn pwrtavyeta (Photo-Transfer)

To dawvopevo auto mapatnpeitol KATd TNV ontiky B€puavon evog Selypatog Omou th oTyUn
¢ Sléyepong mapatnpeital petadopd Twv EKAUOUEVWY NAEKTPOVIWV O TayiSeC oL ormoleg
Atav adeleg mpv tn SlEyepon, KATL TOo omoio odnyel otn dnuoupyia deutepoyevwv GNUATWY
dwtavyelag (Smith and Rhodes, 1994). s0udwva pe dtadopec peréteg, n TL mayida twv 110°C
ouvnBwe eival ekeivn mou mayldelel to TEPLOGOTEPA NAEKTPOVLIO, YU QUTO TO AOYOo n
Beppokpaocia datnpeital otabepn otoug 125 °C mpokeluévou n maylda va mopapével adetla

(Smith and Rhodes, 1994; Murray and Wintle, 2000).
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4.9.4 Oeppukn pertadopa (Thermal Transfer)
Kata tn B£puavon evog Seiypatog o Bepuokpaocieg €éwg 260°C, sival mBavn n mayidsuaon
NAekTpoviwv oamo Pabutepeg Kal Bepulkd otabepotepeg Tayideg (BAEme OgpUKWE

Metadepopevn Ontikr) Qwtavyela/TT-OSL).

4.9.5 Aladopég Oepprodwrtavyetag (TL) ko Ontka Ateyeppévng @wtoavyelag (OSL)
Mapd To yeyovog OtL to onua tng OSL kat tng TL petpatal Ye mapopoLo Tpomno, evtouTolg ol SUo

pEBoSOL MapoucLlalouv OPLOPEVEG ONUAVTLKEG SladopEG.

» Ortav yivetal n pétpnon tg TL, n Sléyepon Twv NAEKTPOVIWV TPOAYUATOTOLEITOL HE TN
Bépuavon tou Oelypotog o€ GUYKPLTIKA TOAU uPnAotepeg Bepuokpacieg, To omolo
odnyel otnv aueon kot pallky aneAeuBépwaon Twv TMAYIOEUUEVWY NAEKTPOVIWV HE
OTMOTEAECHUA TNV €KAUGH OAOU TOU OMOBNKEUMEVOU CAUATOG OE HOVO Hial UETPNON,
anokAegiovtag tn duvatotnta emavalnPng Twv HETPROEWY. AVTIBETWG, KOTA TN LETPNON
¢ OSL Sivetal n Suvatotnta emavaAapUBavOUEVWY UETPOEWY KABWE YIVETAL HEPLKN

SLEyEpan TOU apXLKOoU OrUATOC XWPLG va EXEL TNV apapkpn enidpacn oto delyua.

» Xtnv OSL, yivetal n HETpnon KOVOo TwV oNUATWY Ta omola eival evaiodBnta oto dws evw
otnv TL petpdtal éva peydlo €Upog onuatwy GwtalyeLlag KAmola anod Ta onola sival
gvaloBnta oto Ppwe Kal kamola ta onoia dev eival (Duller, 1996). Itnv MpayUATIKOTNTA,
To onfua tng TL &g undeviletal MOTE, AkOUN KL v UEIVEL ylo TIOPOATETAUEVO XPOVIKO
Slaotnua ekteBeluévo 0To NALOKO dwg, AOyw Tou OTL bev eival pwrtosuaicbnto. To
YEYOVOC autod Snuoupyel aBeBalotnta otnv ektipnon tng looduvaung 66ong kabwg
analte(tal 0 EpyacTnPLOKOG UTIOAOYLOUOG TOU «UTTIOAELUMOTIKOU» CNUATOG, OMWE AUTO
amokoAeital, wote va amnodevxBel omowadnmote avakpifela otnv eKTiPnon NG
looduvaung doong. AvtlBeétwg, otnv OSL €va TOAU HeyoAUTEPO MEPOC TOU GHATOG
pundevitetal (oxedov €€ olokAnpou), onweg Paivetal Kol 0To SLAYPAUHUA TNG TTAPOKATW

€lKOVAC, UoTEPO O €KBeaN TOU UALKOU 0TO NALaKO dwe.
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Ewova 4. 17: KaprnOAeg puBpol peiwong twv onudtwv TL kot OSL énetta and
£€kBeon Toug 6To NALaKO PwG yLa StadopeTikd Xpovikd Stactrpata (Duller, 2008).

Ao To Mapanavw Staypappa (swova 4.17) yivetol avtiAnmto ot to ofpa tng OSL eAattwveTol

LE MEYOAUTEPN TOXUTNTA OE OXEON LE TO onpa Tng TL.

4.10 YrtoAoylopog tng looduvapung Adong (De)

Mpokeluévou va yivel o umoloylopog tng looduvaung AGCNC AmMOLTOUVTOL EPYOOTNPLOKEG
LETPNOELG 0 TouAdyLotov 24 Siokia ava deiypa (Duller, 1996). H lcoSUvaun 66on PeTPLETAL OF
“Gray” oto S.I. omou 1Gy =1 joule/kg Kol 0 Epy0oTNPLAKOG UTIOAOYLOUOC TNG YIVETAL EiTE HE TNV
npooBetikr) 66on (additive dose) ite pe tnv avayevvwuevn (regenerative), n omoia givat Kat n

TILO CGUXVA XPNOLUOTIOLOUEVN.
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4.10.1 Avayevvwpevn 80on (regenerative dose)

TNV avayewwuevn 660n To apXlkd onpa tng pwtalyelag MPoEPXETAL amd T UETPNON TOU
duUoLKOU ornUATOC, eVW OAA TO UTTOAOLTIA TIPOKUTITOUV art’ TO UNOEVIOUO TOU apXLKOU GRHOTOG
™M¢ dwtavyelog, Enetta and £€kOson evog aplBpol Stokiwv tou (Slou Seilypatog oto nAlako
dwg N oe texvnTd dwg oto epyaotnplo (Duller, 2008). Emetta, divovtal oto deiypa yvwoTEG
Epyootnplakeg 600G Twy omolwv To onpa dwtalyelag PeTpatal. ETol kataokeualetol pia
KaumuAn (elkdva 4.18a) n omola avamaplotd TNV alénon Tou GRUAToS TG GWTAUYELNG WG
ouUVAPTNON TNG EPYAOTNPLAKAG 00N, YWWOTH Kol Ww¢ auénTikn KapumuAn (growth curve). Me
TOV TPOMO 0UTO, mpoomabel va emiteuxBel o UTOAOYLOUOC TNC €pyactnplokng 66ong mou

dnuloupyel éva onpa GpwTAUYELOC, TO OTOLO CUUTITITEL YE TNV €vtaon Tou duatkol orpatoc.

To onua tng pwrtavyelag aufAVeTOL YPAUULIKA CUVOPTHOEL TNG EpyaoTtnpLokng 66ong, otav n
TLUA TOuG €lval pikpn. Ouwg, OTav TPOKELTAL Yol LEYAAUTEPEC EPYOOTNPLOKEG SOTELG TO oA
NG PWTAUYELAG TEIVEL LOUUTITWTLKA TIPOC €Va UEYLOTO CUVAPTIOEL TNG EpyacTtnpLlakng doong. H
avénon tng £vtaong Tou onpatog tng dwrtauvyelog (1) ocuvaptnoel tn epyactnplakng 6oong (D)

Sidetal amo tnv akdAoubn etlowon:
| = |o+ ImaxX (1‘e —D/DO)

ATo Tnv e€lowon autr TMPoKUNTeL OtL KaBw¢ avédavetal n 66on (D) otnv omola ektiBetal éva
XoAo{laKO xpovoAoynaotpo Selypa, PELWVETOL 0 pUBUOG alEnong Tou onpatog TNG GWTOUYELAG
AOYW TNG EAATTWONG TOU puBuOoU pe Tov omolo ta NAektpovia maytdevovtal. Auto amodidetal
OTOV KOPEOMO TWV evepyelokwyv mayidwv, 6nAadny oto yeyovog OtL 6& umopouv va
OUCOWPEVOOUV AANO NAEKTPOVLIA €€aLTiOC TNG XWPNTIKOTNTAC Toug, N omola Sladopomoleital
HETAU YoAallOKWY KOKKWVY OXNUOTIOUEVWVY KATW aro tnv enidpacon SLopopeTIKWY YEWAOYIKWY
ouvOnkwv. To Do cuPBOALZEL TNV TOXUTNTA HE TNV OToLa 0 KPUGTAAAOG TTANCLALEL TOV KOPECUO
yla CUYKEKPLUEVO pUBUO 600Nnc Kot TtolkiAel amnod delyua oe delypa. O mapayovtog l, Seixvel tnv
OpXLKN amOKALON Tou onpatog pwrtavyelag amno to undév. H looduvaun 66on mpokUmtel ano

™V npoBoAn Tou puctkol onpatog otov dtova twv X (Roberts and Duller, 2004).
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Ewkova 4. 18: n avéntiki kaunuAn (growth curve) a) tng npooBetikng 66ong kau b) Tng avaysvvwpevng 66ong
avtictowa (Duller, 1996).

4.10.2 NpooBetikn 66on (additive dose)

Jtnv mpooBetiky 660N, TPV TN HETPNON Tou Gualkol onpatog, to delypa umoBalietal os
texvnt) aktvoPfoAnon (Duller, 1995). Ztn cuvexela, aktvoBoAeital €K VEOU XpNOLULOTIOLWVTOG
TEXVNTEG OOOELG KOOepia amd TG OMOlEG €XEL HEYAAUTEPN TR amd TNV TPONYOUMEVN KoL
kataypddovial ta mapayopeva onupoata dwtavyelag. Emelta, kabs oniua avamapiototal
VPAdIKA CUVOPTAOEL TNG AvVTioTolXNG 600NC Kataokeualovtag £tol pia auvéntiki KapmoAn
(elkova 4.18b). H toodUvaun §60n MPOKUMTEL Ao TV MPoBoAn TNG AUENTIKAG KOUTTUANG OTOV

afova Twv X.

4.10.3 MpwtokoAAa-"povol Siokiov”’(single aliquot) kat moAAamAwv Swokiwv (multiple
aliquots)

Y10 mapeABOV, o utoAoylopog TG looduvapng 86ong yvotav He ) HEBodo Twv “ToAAATAWY
Slokiwv”’, pe Vv omoia ATav amapaitntn n HETpnon moAwv umo-dsypdtwy (aliquots) tou
i6lou Selypatog, Twv omolwv apxika Kataypodotav n &vtacn Tou GpuoLKoU CrHOTOC KoL OTh
ouvexela KaBe eva umofaliotav oe SladopeTikn epyooctnplakr aktivoBoAnon (Aitken, 1998).
H auv§ntiki kapmUAn katackevolotav and to ouvleon OAwv Twv onudtwv. Opwg mAgov, o
UTIOAOYLOMOG TNG looduvaung 60ong yivetal pe tn pEBodo tou “povou diokiou” (single aliquot)

TOO0O yla KOKkoug aotpiou (Duller, 1991; 1995) 6co kat yia xahalliakoug kokkouc (Murray and
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Roberts, 1998; Murray and Wintle, 2000), pe tnv omoia to Selypa Siaipeital og “umo-
Sdelypata’” ta omolo tomoBetouvtal o€ pepovwHEva aloupvévia Slokia Kol KABe Eva
UTtOBAAAETOL O TEXVNTEG OKTWVOPBOAAOELS, HE OIMOTEAEOHUA TNV KATAOKEUN TNG QUENTLKAG
KQUTTUANG OUTOKAELOTIKA oo €va SLokio KL OxL amd 1o cuvduaouo moAAwv onwg otn peBodo
Twv “moAarAwyv Slokiwv’’. EvEelkTikd, avadpépetal OtL kaBe Slokio oTo omoilo mpookoAAwvTaL
XxoAagiokol kokkol 200 pum meplExel mepimou 500-1000 kOKKOUG OUVOALKOU PBdpoug 8mg

(ABavaoag, 2010).

MNAsovektrpota IpwtokOAMwyY “povou Swokiou” (single aliquot)

Ta TPWTOKOAAQ QUTA TIAEOVEKTOUV TWV TPWTOKOAA WV Ttwv “moAarmAwv Sokiwv” (multiple
aliquots) oto OtL mapExouv TN dSuvaTOTNTA TIPAYUATONOLNONG TAVOUOLOTUTIWY UETPHOEWV OF
TIOANG SloKia HE QTMOTEAECUA TNV TOPAYWYN TTOAWY AUENTIKWY KOUMUAWY KoL TV EKTLUNON
oA wv Looduvapwy S6cswv yla kaBe delypa (ABavacag, 2010). Me auTto Tov TPOTO UMOoPEL va
vivel n ektipnon tnec looduvapng 66oncg (De) xpnotpomowwvtag 10 pe 20 Stokia, aplOpOg KOVOG
TUPOKELUEVOU N EKTLUNCN Va glval avTUTPOoowWIeVTIKN. ETol, divetal n Suvatdtnta eKTLUNONC TNG
Slakvpavong mou spdavilel n looduvaun 66on n omoia odeiletal ot SLAPOPETIKEG TLUEC
looSUuvapwv §60ewv Twv KPUOTAAAKWY KOKKwWV. Etol Aoumov, ta mpwtdkoAa tou “'povoul
Slokiov” Bewpouvtal TOAU XpAoLUA OTOV TIPOKELTAL YLo. Tn XPovoAdynon WNHATOYEVWY
TePLBOANOVTWY OTIoU UTIAPXEL apdLBOALR OXETIKA PE TOV TIANPN UNOEVIOUO TOU OMUATOC TNG
dwtavyelag and to NALAKO GwE KATA TO XPOVLKO dlaotnua anobeonc toug. Mépav autou, dev
anattolvtal SlopBwoelg OnMwe ot ueBodoug twv “moMariwv Slokiwv”’, oL omoleg elvat
anapoitnteg kabwg to Slokio meplhapBavouv évov SladopeTikd aplBUO OPUKTWY KOKKWV
METAEU TOUC KOl CUVEMWC SLoPOPETIKEG TIHEG looSuvapng 86ong (De), €lodyovtog emUTAEOV

odaAparta otnv ektipnon tng looduvapung 86ong (Huntley and Burger, 1995).

NpwtokoAo “Avaysvvwpevne Aoonc Movou Awokiou’”’(Single Aliquot Regenerative protocol-

SAR)

To nmpwtokoAAo auto Baciletal otn pEBodo tng avaysvwwpevng 66ong, edapuoletal povo oe

XOAO{LOKOUG KOKKOUG Kol TIAEOVEKTEL Evavil OAWV TwV GAAWV TIPWTOKOA WYV 0TO OTL AapuPavel
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unoPn TG petaPolrég “evatodnoiac” tou xadalia, SnAadn To TOCO TNG EVEPYELAG TTIOU UMOPEL
VO CUCOWPEVOEL 0 KPUOTAAAOG KOTA TNV amoBeor] Tou KaBwg KoL TNV Lkavotnta LE TNV omola n
anoBOnKeupEVN EVEPYELA TOU UMOPEL va petatpanel oe onua pwrtavyelag kot TG dtopBwvel
(Murray and Wintle, 2000). H evaioBnoia tou yaAalla emnpealetal ano: tnv npobEpuavaon, Tnv

ormtikA SLEyepon kal tnv aktvoBoAnon.

TNV ewkova 4.19 mapouaotaletal oxnUatika n Stadikacio mou akolouBeital yio thv epappoyn

TOU MPWTOKOAAoU SAR (Duller, 2008):
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Ewkova 4. 19: Awadikaoia epappoyng tou mpwtokoAAou “Movol Awokiou
Avayyevwpevng Aoong”’- “Single Aliquot Regeneration Dose’’(SAR) o€ KOKKOUG
XxaAagia (Duller, 2008).

JToV TPWTO KUKAO, yivetal mpoBépuavaon (Preheat) tou delypartoc (ouvnbwe petafl 160°C Kot
300°C) KpATWVTAC TO YLO ULKPO XPOVLKO SLACTNUA OE aUTH TN Bepuokpacia Kot EMEeLTo LETPATOL
o duaolkd onpa OSL (Ln) To omolo mpoépxetal amd tn §6on padlevépyelag otnv omoia eixe
ekTeOEL TO UALKO KaTd TN SLAPKELO TNE TOPAOVHG Tou oTo Umatbpo (elkova 4.19, cycle 1). Ito

6eUTepPO KUKAO, TO Selypa umtoBAAAeTal og TEXVNTA TNy AKTWWOBOANONG OTO £PyaCTAPLO Kol
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HeTpATal To ofpa OSL To omoio €lval KoL TO MPWTO EPYOOTNPLAKO AVOYEVVWUEVO onpa (L1)
(ewdva 4.19, cycle 2). Ot kUKAoL TToU akoAouBouv HeTpoUV avayevwwpeva onpata OSL (L,
Ls,...,Lx) avdaloya pe tig Stadopetikég avayevwwpeveg §6oelg mou divovtal oto Selypa (m.x. 10
Gy, 20 Gy, 30 Gy kAm.). Me autr tn dtadikacia amopakpuvovtal ta aotadn nAektpovia amnod Tig
pNxES mayibeg €toL wote to ofpa tng OSL va mpoépxetal Lovo amo nAektpovia Bablwv rmayidwv

(otaBepwv mayidwv).

H Stadikaocia mou akolouBeital oto SeVUTEPO ULOO TWV AVWTEPW KUKAWV XPNOLUOTIOLELTAL YLa
n 610pBwon tng evatoBnoiag tou xaAalia. H evatcBnoia Tou xalalia petpatatl divovrag pia
OUYKEKPLUEVN 00N o OAoug Ttoug KUKAOUG yvwotr wg Sokipaotik §6on-Test Dose (To)
(elkova 4.19) KL £€melta METPATOL N QVTAMOKPLOn Tou onpotog OSL (Tn, T1,Ta.., Tx).
MpofdAlovtag 0Aoug toug Adyoug Ln/ Tn, La/ T1, Lo/ T2 ,... Lx / Tx (sensitivity corrected OSL)
OUVOPTNOEL TN avtioTtoyng avaysvwwuevng 86ong (Laboratory Dose), mpokUnTtel pia auéntikn
KoumuAn (growth curve) dlopBwpévn wg mpog TG petaBolég svatcbnoiag. H mpofoArn tou

Aoyou Ln/ Ty otov afova Twv X, kaBopilel tnv Looduvapn doon (De).

Mo tnv ektipnon piag agiomotng tung looduvapng déong, anatteital EAeyxog tng agLlomiotiog
Kol TNG €hOpUOCLUOTNTAC TOU TPWTIOKOAAoU SAR o omolog mepllapBavel €vav aplBuo
eMAVOANPEWY TWV EPYACTNPLAKWY HETPAOEWY, EAEYXO TOU KOTO TTOCO TAPAMEVEL OTAOEPN N
looduvaun 66on cuvaptnoel Tthg Beppokpaciog mpoBEépuavong, EAeyXo Tou av HETaBAAAETAL
OxL n evalcBbnoia tou xaAalia, Kol av Vol KOTA TTO0O0 OUTH HUETABAAAETAL KATA TN SLAPKELD TWV
KOKAWV HETPNONC KOBwWG Kol EAEYXO TNG OPUKTOAOYLKNAG KaBapotntag tou xahalia mou petpdtat
(Duller, 2003). To mpwtokoAAo SAR edappdletol o€ £va PEYAAO TTOCOOTO XOAOILOKWY UALKWY,
WOTO00 amo UEAETEG €xeL amodelyBOel OTL 0 KATOLEG MEPLMTWOELG 0 xaAallag v mAnpol Tig
anapoaitnteg mpolinmobEcel ToU MPWTOKOAAOU SAR, TO OTIOLO OUWE QVTLUETWITIOTNKE ETUTUXWG
ETIELTA OO KATIOLEG AAAQYEG OTLC XPNOLUOTIOLOUEVEG TTAPAUETPOUC (T.X. XPron mo vPnAwv

Bepuokpaclwv cut-heat) (Choi et al., 2003).
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4.11 Teot eAéyyou aflomiotiog Kat EpappocLLoTnTOS TPWTOKOAAOU SAR

Ta Te0T MOV XpnolpomoLlouvTal yla Tov €Aeyxo tou SAR eival To teot mpoBEéppavong, To TeoT
avaktnong 60ong, ot AdyolL avakUKAwaonG, ot AdyoL avaktnong kat ot Adyotl E§acBévnong “IR-

OosL”.

4.11.1 Teot NpoOéppaonc (Preheat Test)

Entd (7) opddeg twv tecodpwv (4) Swokiwv mpoBeppaivovial yia 60sec oe €va €UpoOg
Beppokpaciwv 240-360°C (Murray and Olley, 1999; Roberts et al., 1999; Murray and Wintle,
2000). ‘Enelta, umoloyilovtal ol Looduvapec 800elc (Des) kot avamopiotavroal ypadlkd
ouvaptnoel Twv BOeppokpactwyv (elkoéva 4.20) wote va eheyxBel av mapouoialetal
OUYKEKPLUEVO SLaotnua (mAato) Beppokpactwy petafl Tou omoiou oL Des Sev petaBaiiovrad.
Me TOov TPOTO QUTO, €eKTLMATOL N KAtdAAnAn Oepuokpacio mpoBépuavong, n omoia Oa
TIPOEPXETOL ATIO TO TAATO Kal Ba xpnoLpomolnBet yla TIg LETPAOELG. ZUVEMWG TO TIPWTOKOAAO
mou edpapuoletar Ba pmopel va SopBwvel emapkwg TG aAlayeg evalobnoiag Tou

nipokaAovvTal amo TG VPnAEG Bepuokpaoieg.
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Ewkova 4. 20: Ou ooduvaueg 600elg (Des) ouvaptioeL Twv
Oeppokpaocwwv npobéppavong (24 Swokia xalalia ocvvolo-3 Siokia
ava Oepuokpacia) (Roberts and Plater 2005; 2007; Duller 2008).
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210 TopATAvVW SLAypapa TTAPOUCLALETAL TO AMOTEAECUA TOU TeOT Mpobeppavong (Preheat
test) evog delypatog, pe tn HETpnon tng tooduvaung 6oong (Equivalent Dose) yia 24 Siokia:
ava 3 Siokia mpoBepuavOnkav otoug 160°C, 180°C, 200°C, 220°C, 240°C, 260°C kat 300°C
avtiotoya. Ano tn dadikaoia auth mpokUTteL Ot Aappdvetal n dia tun De yia Bepuokpaoieg
Tou kupaivovtat petagu 160 °C kat 260°C evw yla peyahltepeg Beppokpacieg, n De auvdvetay,
kATl To omoio mBavotata odpeiletal oe Bepuikn petadopd (thermal transfer). Aappdvovtag
uTmoYPIn TLG TOPATNPOELG OUTEC, TIPOBEPUAVOELS YUPW oTtouc 220°C kpivovtal acPaAelg yia TN
pétpnon Ing ooduvaung &dong. Zuvenwg eival amapaitnto voa mponyesital €va TEOT
ipoBEpavong TPOKELUEVOU va KoBoploTel To KATAAANAO €Upog BepUoKpaoLWY HECA QMO TO

onoio Oa emleyel n Beppokpacia mou Ba xpnotponownBel otnv teAk pétpnon tng De.

4.11.2 Teot Avaktnong Adong (Dose Recovery Test)

210 TE0T Avaktnong Aoong (ewkova 4.21) amattouvtal £€L (6) €wg &éka (10) Stokia amd kabe
Selypa, Twv omoilwv apxika pundevitetal to onua (Aevkavon) mou emituyxavetat pe dvo OSL
Sieyépoelg (umAe LED’s) yia 40sec otouc 125°C otn ouokeuh RIS@ ki énetta aktivofololvtal Pe
yvwotn TR texvntic 66ong (Murray and Wintle, 2003). H Ty aut Bswpeital dyvwotn
TLPOKELUEVOU va SlepeuvnBel To Katd moco Aappavetal n dla TR (Ue Kilo Ykpn amokAlon

€Vtog Tou 10% TnG apxkng) epapuolovrag to mPwtokoAAo SAR.
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Dose Recovery Test

1.2
@
@ 1.15
a
§ . 1, S S
& 105 ¢
-
@
E 1 0o ———=—————=——=—= _'E ______ _} ______________
w
 0.95 + .
=
= <
o
®0.85
13

08

1 2 3 4 5 6
Aliquot

Ewkova 4. 21: Teot avaktnong 66ong £§L (6) Stokiwv. To anodekto evpog Bpioketal petau 0.9 kot
1.1 (rakekoppéveg ypapupéc) (E.K.E.Q.E. «AnuoKpLtogy, epyactrplo ApXaLopeTpiag).

O Aoyog avaktnong (Measured dose/Given dose) Bewpeital kavomolntikog av Pploketal
petafl twv Tpwv 0.9 kat 1.1 (Murray and Wintle, 2003). Zto mapandvw Stdypappo gival
gudlakplto OtL oL AdyoL avdktnong Ppiokovtar evtog tou 2 o-level (0.9-1.1) to omoio

arnobelkvUEeL OTL TO TPWTOKOANO SAR eival aglomioto.

4.11.3 AvakUkAwon 86oswv-Adyog AvakUkAwong (Recycling Ratio)

H avakUkAwaon §00ewV XPNOLUOTIOLELTAL YLa TOV EAEYXO TNG EMAVUANPLUOTNTAC TWV UETPOEWY
KaTd TNV edapuoyn tou MpwtokoAou SAR (Murray and Wintle, 2000). Mo cuykekplUéva, TO
Kavovikorotnuévo onua OSL (Lx / Tx) uplog 660nC UETPATAL KAl OTOV MPWTO KUKAO OTou
HETPATAL TO PUGCLKO onpa dwTaUYELNG Kol oTov TEAeuTaio KUKAO Tou SAR, o Adyog Twv omoiwv
elval o Adyoc avakUOkAwaong (Recycling Ratio-RR). Mg tov TPOMO auTO, EAEYXETAL TO KATA TOOO
€XeL MeTaPANBel n evaloBnoia tou xohalio katd Tnv edappoyn tou mMpwtokoAlou SAR. Qg
anodektol Adyol Bewpoulvtal autol mou Kupaivovtal petaty 0.9 kat 1.1 (Murray and Wintle,

2000), evw avTIOETWCE oL UTIOAOLTTOL aToPPLITTOVTAL.
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Ewkova 4. 22: Adyol avakUkAwong ywa 12 dwokia yaAalia. OAa ta Siokia
€6waoav anodektolg Adyoug avakukAwong (AGavaaodg, 2010).

Ou Aoyot avakUkAwong (Recycling Ratios) tou mapandavw dsiypatog (etkova 4.22) eival oAol
anodektol S10TL Bplokovtat evtog tou daotrnpatoc Tipwy 0.9-1.1, To omnoio urmtodSnAwvel OTL TO

TIPWTOKOAAO SAR SlopBwvel emapkwg TIg alhayEc evalodnoiag tou yaAalia.

4.11.4 Ndyou Avaktnong (Recuperation Ratio)

OLAdyoL avaktnong (ekova 4.23) divouv tn duvatotnta eAéyxou mbavig Bepuikng petadopdg
NAEKTpOViWV amod oxetka Bepuikd aotabeic mayideg oe autég tng OSL, kKatd tnv mpobéppavon
Tou delypatog kabwg kat pwrto-petadopadg katd tn Sidpkela tng Aeukavong (bleaching) (Wang
et al., 2006). Q¢ Aoyog avakUkAwong kaAeitat o Adyog (Lo / Ln) *100, 6mou Lo elvat to orfua mou
AapBavetal otn undevikn do6on kat Ly to ofpa mou AapBavetal Katd tn LETPNon TG GUOLKAG
60on¢. Q¢ amodektol Adyol Bewpouvtal autol mou dev enepvouv to 3% (Murray and Wintle,

2000), evw 6AoL oL uTtOAoLTToL armoppiTovTal.
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Histogram of Recuperation Ratios
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Ewkova 4. 23: lotoypappa Aoywv avaktnong yia 14 diokia tov deiypartog RK2. Ta évteka (11)
Slokia €6woav anodektoug Adyoug avakUKAwong o€ avtiBeon pe ta undlowma tpia (3)
(E.K.E.®.E. «Anpuokprrog», EpyactipLo ApXoopetpioag).

ZUpdwva PE TO TOPAAVW LOTOYPOppA (Elkova 4.23) To HeYaAUTEPO TTOCOOTO TOU Selyuatog
Sivel amodektolg Aoyoug avaktnong (Recuperation Ratios) <3%, to omoio amodelkvUeL TNV

aflomiotio oTtnV edpapuoyr) ToU MPWTOKOAAOU SAR.

4.11.5EAeyxog poAuvong tou onpatog anod actpioug-Aoyol “IR-OSL” (IR-Depletion Ratios)

O €Aeyxog auToOg mpaypatomnoleital oe delypata yoAolia mpokelpévou va eheyxBel mibavn)
«MOAuUVON» TOU OAMOTOC OO QOTPioug, oL omolol eKmMEUmouv  onuata OSL  otav
oaktwvoBololvtal pe UMAE pwtodlodoug, avtlOETwe pe To yaAalla Otav aktvoBoAsital pe
umépuBpo (IR), yeyovog Tou €xeL COvV QMOTEAECUA Tn OuvVelodopa kot Twv SUo oTov
umtoAoyLouo tng De kal ouvenwg otnv AavBacuévn ektipnon tng (Spooner, 1994 a,b). O €Aeyxog
QUTOC ETUTUYXAVETOL HE TNV €l0AYWYN €VOG aKOUN KUKAOU OTnV TUTUKN akoAouBia tou
TIPWTOKOAOU SAR, Omou mpayuatonoleital aktivoBoAnon pe umépuBpo ¢wg (IR) mpwv t™n

HETPNON TOU onuatog dwtalyelag tng mponyouuevng doong (Duller, 2003 a).
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O umoAoylopog tou Aoyou IR-OSL (IR-Depletion Ratio) yivetat diatpwvtag to Adyo Lx/Tx tou
KUKAOU TtOU Xpnoltomolndnke n aktwofoAnon pe umépuBbpo dwg mpog To Aoyo Lx/Tx evog
TiponyoUeVoU KUKAOU oTov omoio n aktvoBoAnon sixe mpayuatomnolnBei pe tnv idla texvntn
d6on kal xwpig Opwg tnv aktwvoBoAnon pe umepuBpo dwe. Amodektol Bewpolvtal oL Adyol

TIOU KU palivovtal LeTal tou eVpoug Tipwy 0.9 kat 1.1 (Duller, 2003 a).
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Ewéva 4. 24: Noyou IR-OSL yia 20 Swokia evog deiyparog xalalia. OAa ta Siwokia
Bpiokovtau evtdg tou anodektol evpoug Tipwv 0.9 kot 1.1 umodnAwvovtag apeAntéa

HoAuvon tou OSeiyparo¢ amd dotpio  (E.K.E.D.E. «Anudkpitog», Epyaotrplo
Apxalopetpiag).

Y10 mapamavw Staypappa (stkova 4.24) sival eudlakpito otL OAa ta dokia dgv €xouv poAuvOel

oo TOV AOTPLO, EMOUEVWC N CUVELGPOPA TOU lval apeAnTEal.

4.12 EUpOG XpPOVOAOYNOEWV

H uébodoc tnc dwtalyelag KAAUTTEL Eval LEYGAO EUPOC NALKLWV TIOU €€0PTATOL ONUAVTLKA Tt

TOo pUBNO 660n¢, o omoliog mailel KBopPLOTIKO POAO OTO PUBUO HE TOV OTOLO TA NAEKTPOVLA
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ouoowpevovTtal oTLg ayibeg ald kat mote auteg Ba kopeotouv. O puBbuog 6oong dadepet
and TEPLOXN OE TEPLOXN KoL o€ peyYdAo PBabuo efoptdtal amo tn yewxnpwkn ocvotoon
(meplektikotnTa oe padloicotona - U, Th, K) twv oxnupatiopwyv mou eviomilovtol otnv Kabe
nieploxn. Emopévwg, Selypata ta omnola mpogpxovial amno MEPLOXEG ME XAUNAR TIEPLEKTIKOTNTA
o€ padlevepyd Lootoma (.. Ta avOpaKkikd netpwpata), epdavitovv xapunAolug pubuoug doong
0 KOPEOMOG Twv Tayidwv Toug va yivel pe apyod puBuod, yeyovog mou UmoSNAWVEL Tn
duvatotnTa UTIOAOYLOMOU UEYAAWV NALKLWY. AVTIOETWG, Selypata TOU TPOoEPXOVTaL oo
TEPLOXEC e UPNAO puBbuod doong, (m.x. ypavitikd metpwpata), Ba enéABel KOPECUOC TOAU

YPNYOPOTEPQ UE AMOTEAETUA TN SUVATOTNTO UTTOAOYLOUOU HOVO PLKPWV NALKLWV.

Fevika, n pEBodocg TG dwtavyelag pmopel va koAU el aflomiota nAkieg péxpl ta 150 ka
(Stokes, 1999; Olley and Murray, 2000), kaBw¢ mpwv amd autr TNV nAkia Ta onpata Twv
SelyudTwy TANOLAlOUV OTOV KOPEOHO, HUE OTMOTEAECHA VO UELWVETAL N aflomotia twv
amoTteAEoHATWY TwWV looduvapwv §60ewv (Des). Ol Huntley et al. (1993) €xouv katadEpel va
Xxpovoloyrjoouv pe aflomiotio Seiypota yohalia péxpt kat 800ka. Baollopevol og mpoodaATEG
€PEUVEG KOl UEAETEC €yLVOV TIPOOTIABELEG EMEKTOONG TOU €UPOUC XPOVOAOYNOEWV KATA TNV
teleutalo SeKAETiO, KATL TO Omoio emédepe emMOUUNTA ATMOTEAECUATA OTO TAAIOLO TNG

napouoag LEAETNG.

4.13 EvaAAaKTIKEG LEBOSOL PwTAUYELOG- EMEKTAON EVPOUG XPOVOAOYNOEWV

4.13.1 Bpadswg ¢pOivovoa cuvictwoa (Slow Component)

Onwg €xeL 16 avadepbel, n Bpadéwg ¢Bivouoa cuviotwoa (Slow Component) pokUTITEL ATt
vewAoylkwg Alyotepo otabepég nayibeg (Singarayer et al., 2000). H cuviotwoa auth Bswpeital
Bepuika otabepn kot os uPnAéc Sdoelg mAnolalel otov Kopeouo, Sivovtag tn Suvatotnta
ETIEKTOONG TOU €UPOUC NALKLWY MEXPL KoL apkeTEG xhadeg xpovia (ka). Opwe, to Boaoiko
LELOVEKTNUA TNC €lval OTL amapaitntn mpolndbeon ywa To UNOEVIOUO TOU ONUATOC TNG
dwtavyelag amoteAel n €kBeon Tou Selypatog oto NALAKO GwWE YLa OPKETEC WPEG, KABwWC €XEL

opyn amokpLon ¢’ auto. AuTo AOLOV TTAPATTEUTIEL KUPLWE OE atoALlKd Wnuata, to ornola eival
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OPKETA AETITOKOKKA. KOl EXOUV EKTEDEL EMOPKWE 0TO NALAKO GWE KATA TO XPOVLKO SLACTNHA TNG

peTadopdg Toug Kal LEXPL TNV amdBeon Toug.

4.13.2 Oepukw¢ Metadepopevn Ontkl QDwrtavyeia (Thermal Transferred Optical
luminescence dating /TT- OSL)

H Oegpuikwg Metadepopevn Omtka Ateyeppévn Qwtavyela mpokUTteL art’ tn ouvelopopd Vo
TOnwv Bepulkig petadopdg, tnv avaktnon (recuperation) kat tn Paoiki petadopd (basic

transfer).

Avaktnon (Recuperation)

Katd t Swdpkela tng Béppavong ki emeta and “Aevkavon” (bleaching) evog belypatog
napatnpeital To pavopevo tng “avakinong” (elkova 4.25), érnou mpaypatonoleital Bepuikn
petadopd Twv nAektpoviwv and oxetikd Bepuikd aotabeic mayideg oe auteg tng OSL (Huntley
et al., 1985; Smith et al., 1986). Zuxvd mapatnpeital to pawvopevo tng “dwro-petadopdg”’
(photo-transfer) oe yoAallakoUg KOKKOUG, Otav Ta nAektpovia amo tig OSL mayideg €xouv
MPWTA avakataveunBel oe AAAeg mayideg, €melta and omtikn Sléyepon. Etol, n avaktnon
oXeTileTal Queco PE TA NAEKTPOVIO TwV Tayldwv OSL katd tnv €vapén tng £pyacTnPLOKNC
“Aevkavong” (Aitken and Smith, 1988; Rhodes, 1988). Kamoiwa am’ autd mayldevovtal o€
OXETIKA PN pwTo-gvalobnteg nayideg pExpL To TEPAC TNG “AelKkavong”’ KL Emelta ano SeUTepN
npoBépuavon petadepovtal niow otig nayideg OSL. Zuvenwg, n “avaktnon’ elval anotéAeoua
SumAng petadopag (Aitken, 1998; Aitken and Smith, 1988), 1600 dwto-petadopdg Katd TN

SLapKeLa TNG Aeukavong 000 Kal Bepuikng Hetadopag katd tn Slapkela tng mpobépuavong.
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Ewkova 4. 25: IXNHATIKA OMEKOVION TG Oepukw¢ Metadepopevng ONTika Aleyepuévng
dwrtavyetag (TT-OSL) (Wang et al., 2006).

TNV elkova 4.25 ¢aivetal omtikn SLEéyepon, omou to onfua OSL udlotatal paydaia pelwon
Katd ta 5 mpwta sec (Wang et al., 2006). Enetta and ontikn Stéyepon otoug 125°C yia 270 sec,
to Selypa Beppaivetatl otoug 260 °C yia 10sec (stimulation 1). Itn cuvéxelwo PUxeTaL OTOUG
125°C Kka EeKvael ek vEou otk SLéyepon. Amotédeopa autrg tng dtadikaoiag sival pia véa
QmOTOUN HElWON Tou orjpatog OSL Omou To VEO GO TTOU KataypadeTal £XEL viaon UIKPOTEPN
TOU ap)xLkou (stimulation 2).

Ztnv ewkova 4.26 epdavitetar to MPpwidkoAAo SAR, TO omoio XPNOLMOTOLETAL Yyl TNV
avoktwpevn OSL (Re-OSL) kot mepthappadvel dUo okeéAn petpnocwv (Wang et al., 2006): to
TIPWTO OKEAOG 0lpOpPA TOV UTIOAOYLOUO TNG £vtoong Tou onpatog TT-OSL evw to eltepo adopa
TOV UTIOAOYLOMO TNG €vtaong Tou onpoatog BT-OSL. Kat ota SU0 yivetal Kavovikomoinon wg
npo¢ pia otaBepry Sokipaotik d6on. H Sladopd twv Sopbwpévwy evtdoswv twv SVo

onMATwWV aroteAel TNV Kavovikomolnevn Re-OSL, n évtaon tng omoiag xpnoLomnoLeital yLo Tov

UTIOAOYLO WO TNG Looduvaung déonc.
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Recuperated OSL dating protocol for each disc

Step Experimental treatment Result Note

Part 1. Detection of thermal-transferred OS5 L signal

I-1 Dose, D, - For natural samples, D, = 0Gy

I-2 Preheating at 260 °C tor 10s - Removing electrons in unstable TL traps

I3 Blue stimulation at 125"C for 270 - Bleaching OSL signals

14 Preheating at 260 °C tor 10s — Thermally inducing thermal-transferred OSL signals
I-5 Blue stimulation at 125°C for 90s Lrrost Detecting thermal-transterred OSL signals

16 Give test dose, D, — Monitoring the OSL production in quartz

-7 Preheating at 220 °C for 20s — Removing electrons in unstable TL traps

1-8 Blue stimulation at 125 "C for 90s Trrost Measuring the test dose OSL response

Part 2. Detection of basic-transferred OSL signal

2-1 Annealing to 300 "C for 10s - Thermally inducing remnant recuperated OSL signals
22 Blue stimulation at 125°C for 90s - Removing remnant recuperated OSL signals

23 Preheating at 260 °C tor 10s - Thermally inducing basic-transferred OSL signals
24 Blue stimulation at 125°C for 90s Lgrost Measuring basic-transferred OSL intensity

2-5 Give test dose, D, = Monitoring the OSL production in quartz

26 Preheating at 220 °C for 20s = Removing electrons in unstable TL traps

2-7 Blue stimulation at 125 °C for 90s Terost Measurning the test dose OSL response

Ewkova 4. 26: SAR npwTtoKoAAo yla thv avaktwpevn OSL (Re-OSL) (Wang et al., 2006).

Baown petadopd (Basic Transfer)

H Baowkn petadopd Stadépel and TNV avAaKTNOnN OTO YEYOVOG OTL TIPOEPXETOL OO NAEKTPOVLA
Ta onola mayldevtnkav o pn dwrtosualodnteg mayideg mpwv tn “Aslkavon” tng amoBeong Kal
o€ HKpOTEPO BaBuo Kata tnv anoBeon (Rhodes, 1988; Aitken and Smith, 1988). Ta nAektpovia
QUTA TIOPEPELVAV €WG OTOU KAmola o’ autd petadepBoulv otig mayideg OSL, £mewta amo
npoBéppavon. OL un dwrtosvalodnteg mayideg, mou gival umevBuveg yla tn Baoikn petadopd,
xapaktnpilovral and UPeyaAUutepn Bepuikn otaBepotnto Kot HEYAAUTEPOUC XPOVouG NUILWAG
amo auteg Tig OSL. E€attiog Twv peydAwyv Xpovwv nUILWAGS Twy Ttayidwv auTtwy, CUYKEVTPWVETOL
HEYAAOC aplBUOC nAekTplkol doptiou mpLv TV amoBeon kot GUVEXL(EL VO CUGCWPEVETAL HETA
ano autr. Av Kal oL mayideg auTég eival BabLeg, kamola arm’ to NAEKTPOVLO ameAsuBepwvovtatl
UTO ouvBnkeg uPnAng Beppokpaaciac mpoBEpuavong (260°C yia 10sec) kal maylSevovtal OTLg

nayideg OSL, 6mou £nelta anod omntikn SiEyepan mpokalouv to Bactkd orjpa TT-OSL.

ATo nelpapota twv Wang et al. (2006) mapoatnpndnke ot £nelta and cUyKpLon TwWV CNUATWY
™G oupBoatikic OSL pe tnv TT-0OSL, ta onupata tng teAsvutaiag €xouv upnAdtepa onueia
KopeopoU o€ 8O0eLG apkeTd peyaAUtepeg art’ OTL n oupPatiky OSL. Autd amotéAece Kal TO
gvauopa yla tn xprion tg TT-OSL yia tn XpovoAoynon Selypatwy Ue NALKIEG TTOAU peyaAUTEPES

(Ewg kat 800ka). Zuvenwg, yLa yewAoylkd cuppdvta tou Méoou kal Katwtepou MAgloTokaivou
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n mAgéov kataAAnAotepn peBodog Bewpeital n Oepulkwg Metadepopevn OMTIKA AlEyEPUEVN
Qwtavyela (TT-OSL).

4.13.3 looBepuikn Pwrtavyela (Isothermal luminescence-ITL)

ATo mepapata twy Jain et al (2005) Bpgbnke otL n xprion tng looBepuikne Qwrtavyetag (ITL)
Silvel tn Suvatodtnta enékTacn Tou eUpoug xpovoloynoswy. ITL oripata xoAallakwyv KOKKWY
otoug 320°C (ewkova 4.27) €delav uPnAa emnineda kopeopol (Athanassas, 2011) oe moAU

peyaAutepeg 600¢eLg (tng Taéng Twv 1400Gy) o oxéon e tn cupPBatikr OSL.
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Ewkova 4. 27: Z0ykpion OSL ko ITL onpatwv otoug 320 °C (Jain et
al., 2005).

‘Eval HeLovEKTN A TS LeBOSou eival Ot epdavitovral petaBolég otnv evalobnoia tou xahalia,
oL omolec odelhovtal OTIC OUVEXOUEVEG BEPUAVOELG TOU, HE QTMOTEAECHA TN MEWWON TNC
0LOTILOTIOG TWV QTOTEAECUATWY XPNOLUOTOWWVTAE Heydleg Sooelc (slkova 4.28). Edw

OUMUBAAAEL CUMMANPWHATIKA TO TPWTOKOAAO ITL-SARA t0 omolo amodelkvieTal aflomoTo yla

105



TOV UTIOAOYLOMO peyaAUtepwv looduvapwyv 66oswv (Des) (Buylaert et al.,, 2006; Huot et al.,

2006).
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Ewkova 4. 28: lpadikn amekovion auv§ntikng KoumvOAng (growth
curve) tng OSL (kOkAot) kat ITL (tpiywva). H av§ntikr KapmvAn tng
ITL SivEL APKETA UTIEPEKTLUNUEVEG LOOSUVALEG SOCELG CUYKPLTLKA JUE
auth t¢ OSL (Buylaert et al., 2006).
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Ewkova 4. 29: AREIKOVION LOO08UVAUWY SOCEWV TWV
NPWTOKOAAwV SAR-ITL (kAetotoi kUkAoi) kot SARA-ITL
(avowytoi KUKAOL) CUYKPLTIKA HE QUTEG TOU MPWTOKOAAOU
SAR-OSL (Buylaert et al., 2006).
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ATO TNV TAPATIAVW ELKOVOL CUUTIEPOIVOURE OTL OL TIUEG TWV Des TOU TPWTOKOAAOU SARA-ITL
mapoucLafovral apkeTd xapnAotepeg ano ekeiveg Tou SAR-ITL, aAAd cupmintouv amoAUTwG He
Ta anoteAéopata Twv Des TNG OSL. Zuvenwg yivetal avtiAnmd otL SlopBwvovtal EMITUXWE OL

aAayEg otnv evaoBnoia tou xaAalia (Buylaert et al., 2006).

4.13.4 YnépuBOpn Ontika Ateyeppévn Qwravyeia (Infrared Stimulated Luminescence-IRSL)

H YnépuBpn Omtik dwtavyela pnopet va xpnotpomnotnBel yla Tn xpovoAoynon maAalotepwyv
Sdeypatwy am’ ot n ocupPatikr (OSL) kat kataypddel onpata pwtavyelag and Aotplo. e
avtiBeon pe to xaAalia, o dotplog mapouolalel ubnAdtepa enineda kopeopou (Aitken, 1998)
KOl CUVENWG eVOElKvUTAL yLa TN XpOvOAOynon SelyUaTtwy Kopeouevwy o€ xaAallo. Opwg, Kata
v edappoyn tng Ynépubpng dwrtavyetac (IRSL) mapatnpeital to ¢powvopevo tng “avwpuaing

e€aoBéviong”’ (anomalous fading) (Spooner, 1994).

Q¢ “avwpain e€ocbévion” (anomalous fading) kaAeitol n peiwon tou onpatog IRSL pe oAU
TIO YPHyopo PuBUO o’ OTL AVOUEVETAL ATO TIG HUETPNOEL Oepuikng otabepotntag, e
QMOTEAECHA OL NALKLEG va TtapouaLlalovial UTIOEKTIUNUEVEG. O puBuog “eEaaBeéviong”’ (Wintle,
1973) ekdppaletal wG anMwAELA CAUATOG O TTOCOO0TO %/Sekaetia Kal glval yvwotog wg “g-
value” (Aitken, 1985). Ot Huntley and Lamothe (2001) kat Lamothe et al (2003) péow
EPYOOTNPLOKWY UETPNOEWY EKOVAV TIPOOTIABDELEC yLa TN S10pBwaor NG, oL omoieg KatéAnéav ot
peiwon tou datvopévou. Apyotepa ol Thomsen et al., (2008b) kat ot Buylaert et al. (2009)
edapupooav £va TPWTOKOAO SAR vyia IRSL petpnioelg. To 2011 n Thiel, £mewta amo
EPYOOTNPLOKEG UETPHOELC TIOU OITOOKOTIOUCOV OF TIEPOLTEPW HEWON TG “avwpaing
e€aoBevnong”’, edbappooe Eva VEO MPWTOKOAND, ywwaoto wg p-IR IRSL protocol, Baoiopévo oto

TiponyoU evo aAAd tpomomnotnuévo (ewkova 4.30).

Onwg cupPaivel otig petpnoelg pPe tn cupPartikr) OSL €Tt kKL €6w MPOYUOTOMOLOUVTAL T TECT
aflomiotiog mpv Tov UmoAoylopo tng looduvaung doong (Murray and Wintle, 2000; 2003;
Klasen et al., 2006). AnAadn to Teot MpoBeépuavong (Preheat Test) ywa tnv emloyn tng
KatdAAnAng Bepuokpaciog mpoBepuavong, To Teot Avaktnong Aoong (Dose Recovery Test) yia

Tov €Aeyy0o NG PpUoNG Tou UALKOU (av elval katdAAnAo yla xpovoAoynaon), To TE0T UnSEVIOUOU
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Tou onuatog ar’ to nAlakd ¢wg (Bleaching test) yia va eheyxBel av to onua eixe opnoel
EVIEAWG KOTA tnv teAeutaia €kBeon tou UALOU oto nAlakd ¢wg, oL Adyol Avakinong
(Recuperation Ratios) yia tov €éAeyxo Bepuikng petadopdg katd tnv npobepuavon i dwto-
petapopdg katd tnv Aevkavon kabwg kat ot Adyol AvakUkAwong (Recycling Ratios) yia tov

ENeyx0 TNG eMavaANPLUOTNTOG TWV HETPACEWYV KATA TNV edappoyn Tou TpwTokoAAou SAR.

Step  Treatment Observed
1 Give dose. D,

2 Preheat. 320°C. 60 s

3 IR stimulation, 200 s at 30°C 1.

o IF. stimulation. 200 s.at 290°C L

Ln

Grve test dose, D+

o Preheat. 320°C. 60 s

7 IR stimulation, 200 s at 50°C Ta
8 IR stimulation. 200 s at 290°C T,
9 IR stimulation, 40 s at 325°C

14 Return to 1

Ewkova 4. 30: MpwtokoAAo p-IR IRSL (Thiel, 2011).

Qotooo, anatteital va cupneplAndBel kat éva teot “e€aoBévnong”’ actpiou (fading test), yla
va eheyxBel av e€aoBevel kal KaTA MOCO TO CAMA TOU OOTPLOU KATA TO XPOVIKO Slactnua
anoBeong Tou UALKOU, TIPOKELPEVOU va amodeuxBel n umoektipnon twv locoduvauwv docewv

(Huntley and Lamothe, 2001).

210 teot “efaoBeviong”’ aotpiou (Fading test), téooepa (4) texvntd “Aeukacpéva’” Siokia (2
IRSL Sieyépoelg yia 40 sec otoug 325 °C) tou idlou Selypartog, aktivoBoAolvtal pe TeXVNTA
800n Kal €melta ektiBevtal yla pkpd xpovikad daotiuarta (3,30,90,300min) oto nAlako dwg
Katd toug Huntley and Lamothe (2001). 2tn ouvéyela yivetat n p€tpnon tng looduvapng d6ong
edapuolovrac to mpwtokoAlo p-IRIR SAR tn¢ Thiel et al. (2011) kat umtoAoyiletal n g-value yia

Toug 290°C. H g-value (Buylaert et al., 2011) k&6 &iokiou umtoAoyiletal amo tnv avanapdotacn
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TOU ONUOTOG CUVOPTHOEL TOU AOYaPLOULKA KOVOVLKOTIOLNLEVOU XPOVOU TIOU €XEL ETTEADEL PETA
TNV OoKTWoPBOAnon. Itnv MePLUTTwon Mou 0 AotpLog eudavilel e§aoBEvion KATd TO XPOVLKO
Sdlaotnua anoBeong Tou, oL TLHEG TwV loodUvapuwy §ocewv Ba mpemnel va SlopBwbolv wote va

anodeuxOel n UTTOEKTLLNGN TWV NALKLWV.

QoTto00 Ta TEAsuTaia XPOVLO, €XOUV YIVEL TIPOOTIABELEG Yol TN XPNON SLadOPETKWV UAKWV
MEPAV TOU OOTplou Kol Ttou YaAalio OmMwc ot {IPKOVIO, avOpaKikO acPEotio, apoayovitn
acBeotitn, Baputn, anatitn (Kitis et al., 2010; Kitis et al., 2013; Polymeris et al.,2006) kaBwg
Kal onudtwv mpoepxopeva ano Babieg evepyelakeg mayideg xohalio (Kitis et al., 2010) ot

OTIOLEG O€ OPKETEG TIEPLITTWOELG EXOUV ETULDEPEL APKETA ETULOUUNTA AMOTEAETUATAL.
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5. MEIPAMATIKO MEPO2

5.1 Elcaywyn

210 TAAiCLo TNG mapoucag SIOAKTOPLKAG SLaTPLBNG, apXLKA Ttpaypatomnol)nke épsuva medilou
TUDOKELUEVOU VO EVTOTILOTOUV YEWAOYLKOL OXNUATLOMOL TIOU QVTILUTPOOWIIEVOUV SLadOPETIKA
neplBailovta Kol oL omolol omoteAolV XPNAOLUO €EPYOAELO yla TNV EPUNVELD TNG
noAatoyewypadikig €€EAENG Tou EuPoikol KOAMou, KaBwg Asltoupyolv w¢ OEIKTEG Twv
TEPLBOANOVTIKWY HETABOAWY TOu TtapeABOvVTOC. BaollOpeVOL OTO YEYOVOCG OUTO, TOOO UECW
ETUTOTILWY MEAETWV KATA HMAKOG TNG Mapaktioc {wvng tou EuPoikol kOAmou, 600 Kol oo
ETILOKOTINGN TNG TIEPLOXNC HECW YEWAOYLKWV XOPTWV, EVIOTILOAE UPAAUUPEC amoBEoelc Kabwg
Kal adaoedadn evdelkvuopeva mpog detypatoAnPio Kal mepattépw MEAETN, OTIC AKOAOUDOEG
TeEPLOXEG: OeoAbyoc, AANUKEG, Apoold, Aylog Mnvag, Atavr) Appoc, Aptakn, Wayxvd, Baotliko,
AgukavTi (ewkova 5.1). ZuvoAka mpaypatonolnonkay técoeplg (4) detypatoAnPieg KaTd HRKOG
NG MOPAKTLOC {wvng Tou EuBoikol KOATIOU Kol oUVOALKA GUAAEXBnoav 25 delypata, Ta onola

TUPOEPYOVTOAL KUPLWG oo Pappitee, uapyec, kpokaAomayr, beachrocks kat aAatoedadn.

Ot Yappiteg elval oupmayr TETpWHATA avolXToU TedpoU XPWHOTOC, KITPLVWITOU I
guBbpokactavou, £xouv TpaxLd Kal Kokkwdn udn kal dnuioupyouvtal amo tn SlayEeveon tng
aupou. Mrnopet va eival xepoala, Awuvaia, motapia i Baiacola Wnuata -mopaktia, apfadbwv
BoAacowv Kal vdalwdn n kot Pabuwwv Badacowv (Mavvomovlou, 2011). Ou Pappiteg
Slakpivovtal oe SLadopeg Katnyopieg avaloya HE TN OUYKOAANTIKN) UAN TIOU €EKACTOTE
ETUKPATEL. XTNV TepLOXN HUEAETNG oL epdavioel Pauultwyv avikouv otoug YoAallakoug

Pappirec.

Ol papyec oxnuatifovrol kupiwg oe afabeic N Babléc Bakaooeg ) kot AlUveg veoyevou g Kuplwg
NAkiag oAA@ Kot tetaptoyevols. OL papyeg twv afabwv Balacowv eivol cuvABwg Kitplvou
XPWHOTOG, EVW OUTEC Twv Pabuwv Badoocowv KaBwC Kot ol Alpvaieg elval KUAVEG €wg
MPACWWIEG — datég. Ta Seiypato mou cUAEXBNKav oTo mMAaiolo tNg TapPoUooS £PEUVOG

OVHKOUV O 0.0PBECTITIKEC LAPYEC.
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Ta kpokaAomayn dnpoupyolvtal and tnv enikAuon A andéoupon tng BdAacoag. AnoteAolv
OUMTIOY TIETPWHATA TA OTOlal TIPOEPXOVTAL aTd TN CUYKOAANON KPOKOAWV KOL €XOUV WG

oUVOETLKO UALKO aoBeatitn n xaAalia.

Ta beachrocks eivat Yapuitikol oxnuatiopol Baldacolag omobecng amoteAoUpevol armod
QUUOUC KOl KPOKAAEG UE CUVOETIKO UALKO avOpaKkikd aoBEoTio Kol avBpaKkLko payvhoto. Eival
oxnuatiopol Balacolag amobeong KaBwG To UALKO TOUC TIPOEPXETAL OO T ATOOECELS TOU
olyloAoU TO Omolo £YlVE OUVEKTIKO Kal TeplAapfdavouv Bpavopota omoAlBwudATwy Kot
OPXOLOAOYIKWY 00TPAKWYV. Amtoteholv Oeikteg TG Baldoolag otabung katd to moapeAbov Kat

XPNOLLLOTIOLOUVTOL YL TOV KOBOPLOMO TWV TOAOLWY OKTOYPOUUWV.

Ta moAoloedadn eivol oxnuatilopol pe éviova €puBpwMd 1 KOOTOVA XPWHATA, OTMOU OTO
OVWTEPO TUAMA TOUG eviomilovtal pUTIKA UTIOAELUUATA KOL TO KATWTEPO TUAMO UITOPEL va elvat
mAololo o dpylho. MmopoUv va BewpnBouv wc anoAlBwuéva edddn, Ta omola avilotoLyouv
0 TAAQLOETILGAVELEG TIOU TIOPEHELVAV KATA TO TAPeEABOV aUETABANTEG yla HEYAAO XPOVLKO

Sdlaotnua, €xovrag unootel ouvnBwg, dlayéveon.
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Ewkova 5. 1: Ofoelg SetyparoAndiog Katd HAKog tTng mapaktiag {wvng tou EuBoikol kOAmou.
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Enewta, ta delypata umtoBARONKav o€ XnULIKA EMe§epyacia KoL LETPHOELG TIPOKELUEVOU va YiveL
n ektipnon tng nAtkiag toug. Mpwv To oTAdL0 Twv UETPRoEWY, LEAETAONKAV €VOEIKTIKA OTO
OTTIKO TIOAWTIKO MLKPOOKOTILO TA MNTPLKA TIETPWHATO OPLOUEVWY SELyHATWY TA omola
miepleiyav kat xaAallakoug KOKKOUG Kal KOKKOUG aoTpiou, TPOoKeLLEVOU va SlepeuvnBeil To katd
noéoov tavtilovtal ot Slabéoipeg moootnTeg XaAalio Kal aoTplou PE T AMOTEAEOUATA TNG
XNUKNG enefepyaoiag. Onwg eival Nnén yvwoto, To OMTIKO MOAWTIKO ULKPOOKOTILO €lval €va
XPNoluo epyaleio, To omoio mapExel ™ SuvVATOTNTA TOPATAPNONG OVTLKELMEVWY UTIO
pey€Buvon pe T xprion ¢wtoc. Xpnoluornolel ite Slepxopevo elte avakAwUeVO wg Kal EXEL
eupela edapuoyn tOOO OTn YewAoyla 000 KoL O AAAEC EMLOTNUEG OMWG OTn Xnuela, TN
Boloyia K.0. ITO OMTIKO TMOAWTLKO MIKPOOKOTILO MEAETWVTAL TA OPUKTA OE AEMTEC KOL OF
OTIATIVEG TOUEG. Me TIG AemTég TopEG e€etalovral Ta Stadavh A NUSLadavr) 0puUKTA Kal AOLTEC
KPUOTAAAIKEG 1 LN GACELG EVW LE TIG OTIATIVEG HEAETWVTAL TA adladavr) 0puKTA. 2TV tapoloa
€pEuvVA XpNOoLUOMoLONKav AEMTEG TOPEG yLa TNV TAPATHPNON XAAA{LOKWY KOKKWV KOl KOKKWV

aotpilov kaBwg auta anoteholv dladavh opuKTaA.

Tautoxpova, mpayuatonotnonke Pndlokn anotimwaon TG YEWAOYLOG TNG TIEPLOXAG UEAETNG

(ewkova 5.3) n omola mpogkuPe amo:

v Yndlonoinon twv yewAoyikwv ¢UAAwvV ATAANANTH (MapvEAAng, FaAéog, Apavdakn, 1986),
AOHNAI-EAEYZIZ (Katowkatoog, Méttog, Bidakng, Aouvag, 1986), EAATEIA (Mapdtog, 1967),
EPETPIA (Katoikdtoog, 1993), IZTIAIA (Katowkdatoocg, MEttog, Bidakng, 1984), AAMIA (Mapivog,
Avaotonoulog, Mapdtog, MeAdwvng, Avdpovomoulog, Mamaoctapatiov, Tatapng, BetoUAng,
MrmopvoBag, Katowkatoog, Mapaykouddakng, Aaiexog, 1967), AAPYMNA (Katoikatoog, Koukng,
Méttog, AApmavtakng, 1978), AIMNH (Katowkatoog, Kouvng, Outikag, Méttog, Bidakng, 1980),
WAXNA-MHAION (Katowatocog, Kouvng, @urtikag, Avaoctomoulog, Kavapng, 1981), OHBAI

(Tatapng, Kouvng, Mapaykoudakng, XptotodoUAou, 1970), kAipakag 1:50000 tou ITME,
TeKTOVIKA oTolXElWwV oo TO veoTeKTOVIKO PUANO XAAKIZ, kAlpakag 1:100000 tou ITME,
YnoBaAdoowa priypata (Van Andel and Perissoratis, 2006; Sakellariou et al., 2007),
JuumAnpwon f 6LopBwon Twv UTIAPXOVTIWY OTOLXEIWV HE BAon TIC MapaTnPAOELS uTtaiBpou

(©goAbyog, Apooiad),
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» Evomoinon twv yEWAOYLKWVY OXNUATIOUWY Kol cUvBeon OAwv Twv PndLakwv dedopévwy (Baoet

ABoloyiag kal otpwpatoypadiag) pe Tn Xpron Tou AOYLoLLKOU Tipoypappatog Arcmap 10.1

FEQAOFIKOX XAPTHE TQN NAPAKTIQN MEPIOXQN TOY EYBOIKOY KOANOY

ané
M. KAZANTZAKH

Ewkova 5. 2: TewAOyLKOG XAPTNG TLEPLOXNG LEAETNG LE TIG O€oELg SeypatoAnyiag.
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H yewavadopd oAwv Twv yewloylkwv ¢UAAwv Tipaypatonolifnke oto mpoBoAlkd cuoTtnua
EMZA 87 (EAANVIKO Tewbdattikd ZUotnua Avadopdg tou 1987). MNa tn ouviagn tou xaptn
XPNoLpomolitnkav eniong TEKTOVIKA OTOLXELD OO TO VEOTEKTOVLKO XApTn «XaAkida» KAipakog
1:100.000, evw o€ oplopeveg Beoelg cupmAnpwOnKav otolxeio cUUPWVA UE TG TAPATNPNOELG

unaiBpou mou mpaypatonotenkayv otnv MEPLOXH.

JTn OUuvéXel OKoAoUBnoe n pEtpnon Twv Oelypdtwv HE tn PEBodo tng Dwrtauvyelag, n

EKTLUNON TNG NALKLOG TOUG KOBWG KOlL N EPUNVELX TWV ATIOTEAEGUATWV.

5.1.1 Nepypadn Ocswv SeypatoAniag

Ta Selypata mou cuAAEXBNnKav, xpovoAloynBnkav pe tn nEBodo tng OwTaUYELOG MPOKELLEVOU
va YLVEL N eKTIUNON TwV NALKLWY Toug, N onoia Ba BonBroeL otn Sltapdpdwon kat amocadrvion
TOoU XpovoloylkoU mAatciou dnuiloupyiag kot e€EALENG Tou KOATou. Exouv avamtuxBel moAAEg
TEXVIKEG XPOVOAOYNONG, WOTO0O0 O TMOAMEG o’ QUTECG evtomi{ovtal apKETOL MEPLOPLOUOL Kat
LLELOVEKTAOTO, TIOU OUXVOTEpPa ouvdéovtal He Tn ¢Uon TOU UALKOU TIOU TIPOKELTAL va
xpovohoynBel. Xtnv mapoloa £psuva Xpnolponolnonke n nEBodog tng dwtalyeLag TG omolag
oL MpwTteC edapuoyeg fekivnoav to 1960, S10TL xpovoAoyel To yeyovog amobeong, eival
pHEBoSOC amoAutng xpovoldynong, €XeL eupeia edapuoyn kal Bewpeital an’ Tig o aflomLoTEg
peBodoug xpovoldynong dtadopetikwy Wnuatoyevwy meptBarioviwy. EmumAéov, kalUntel Eva
HEYAAO €UPOC NALKLWV TIOU KupaiveTal petafl 100 etwv () Kot Alyotepo) Ewg 1 eKOTOUUUPLO
€Tn Kol €XeL umapEel PeyaAn MPoodog oTnV KATOVONON TwV TEXVIKWY TNG Ppwtalyelag kabwg

eniong Kat otig peBOdoug PETPNONG TNG TO00 otnVv EAAASa 600 Kal 0TO EEWTEPLKO.

JUYKeKpLUEVO oUNEXBNKaY, amod to Bopelo EuPBoiko kOAmO: tpia (3) Selypata and tnv nepLoxn
Tou @goAoyou (elkdva 5.3), Tpila (3) art’ TV meploxn Tou Ayiou Mnva (ewkova 5.4), emta (7) amno
NV meploxn tng Apoolag (ewkéva 5.5 kat 5.6), éva (1) o’ tig AAukég EuBolag (swkova 5.7),
técoepa (4) am’ tn Atavr Appo (swova 5.8), éva (1) art’ tnv Aptakn (ewkdva 5.9) kat éva (1) art’
ta Wayva EuPoliag (swova 5.10), kabBwg kat and to Noto EuPoiko: duo (2) amd to Asukavti

(ewkova 5.11) kat tpia (3) amd v Epétpla (swova 5.12) onwc daivovtal Kot oTo YEWAOYLKO
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XAPTN TG €kovag 5.2. Mo avaAutikd ot B€oelg detypatoAndiag kal ol avtiotolyeg AtBoAoyieg

daivovtal otov mivaka 5.1.

Ewkova 5. 3: O¢on SetypatoAndiag otnv neploxn tou OgoAdyouv DOLwTLSAC.

Amt'tnv meploxn tou @eoAoyou, oto Bopelo EuPoikd kOAMo, cuAAExBnkav ta Seiypata THEI,
THE2 kot THE3 ta omolo Bpiokovtal os otpwpatoypadtky aAAnAouxia HeTafl TOUG OMWG

daivovrtal otnv elkodva 5.3.
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Ewkova 5. 4: O¢on SetypatoAndiog ano tnv neploxn tov Ayiou Mnva Bowwrtiag,.

Amt'tnv neployn tou Ayiou Mnva, oto Bopelo EuBoikd kOATIO, CUAAEXBNKav Ta Selypata AGM1,
AGM?2 kat AGM3 ta omola Bpiokovtal os otpwpatoypadtky aAAnAouvyio HETAED TOUG OTTWG

daivovtal otnv elkova 5.4.
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Ewkova 5. 5: O¢on 1 etypatoAnyiag ano tnv neploxr Apooid Bowwtiag.

A’ tnv meploxn tng Apoolag-8éon 1, oto Bopelo EuPoikod kOATO, cUANEXBNKav Ta Selypota
BRN6, BRN2, BRN1 kat BRN5 ta omoia Bpiokovtal oe otpwpatoypadikr) aAAnAovyio petall

Toug onw¢ daivovtal otnv elkéva 5.5.
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Ewkéva 5. 6: Oéon 2 SstypatoAniag and tnv neploxn Apocid Bowwtiag (500 m avatoAikdtepa ar’tn Oon 1).

Amt'tnv meploxn tng Apooldg-8€on 2, oto Bopelo EuBoikd kOAO, cuMEXBNnKkav ta Selypoata
BRN7, BRN3, BRN4 ta omnola Bplokovtal og otpwpatoypadikn aAAnAouxio HeTafl TOUC OMWG

daivovtal otnv glkova 5.6.
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Ewkova 5. 7: O¢on SetypatoAnyiag ano tnv neploxr) AAUkEG BolwTtidg,.

AT tnVv neployn twv AAukwv, oto Bopelo EuBoikd kOAmo, cuAAEXBNnke Tto delypa ALK BR onwg

daivetal otnv elkova 5.7.
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Ewkéva 5. 8: @éon dstypatoAndiag anod tnv neploxn Awavi Appog EvBoiag.

Ao TNV meploxn tng Awovng Aupou, oto Bopelo EuBoikd kKOATO, cUAAEXBNKav ta Selypata
LNA4, LNA3, LNA2 kot LNA1 ta omola Bplokovtal o otpwpotoypadiky aAAnAlouyia peTafl

Toug onwg dpaivovtal otnv elkdva 5.8.
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Ewkova 5. 9: O¢on SetypatoAnyiag anod tnv neploxn Aptakn Eupoiag.

Amo TNV meploxn tng Aptdkng, oto Bopelo EuBoikd kOAo, cuAEXBNnke to Selypa ART Omwg

dalvetal otnv lkéva 5.9.
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Ewova 5. 10: Oéon dsypatoAndiog and thv neploxy Waxva Evpoiag.

ATO Vv mepoxn Twv Waxvwyv, oto Bopelo EuBoikd kKOATIo, cuMEXONKe to Seiypo PSH omwg

daivetat otnv ewkova 5.10.
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Ewkova 5. 11: Oéon detypatoAnyiag anod tnv neploxn BacAko.

AT tnv meploxn tou Asukavti, oto Notio EuPoiko kOATo, cuMEXBNKkav ta deiypata KSP1 kot

KSP2 6nwg daivovtal otnv ewkova 5.11.
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Ewkova 5. 12: O€on dsypatoAnyiag anod tnv neploxn Epétpla.

Amo tnv neployn tng Epgtplag, oto Notlo EuBoikd kOATo, cUuAAEXBNnKav ta delypata ETR3, ETR2
kat ETR1 ta omnoia Bpiokovral o otpwpatoypadiky aAAnlouxia petall Toug omwg ¢aivovral

oTtnv ewkova 5.12.
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NMivakag 5. 1: Asiypata ov cuAAéxOnoav ava meploxy otnv napaktia {wvn

tou EuBoikol kOATou

ONOMAZIA
MNEPIOXH AEITMATOZ AIOOAOTIKH NEPITPADH
Ar0z MHNAZ AGM1 MANAIOEAAQO>
Arl0z MHNAZ AGM2 MAPTA
Arl0z MHNAZ AGM3 MAPTA
APOZIA BRN1 WAMMITH2
APOZIA BRN2 WAMMITH2
WAMMITHZ (ME AIAXTAYPOYMENH
APOZIA BRN3 ITPQZIH)
APOZIA BRN4 WAMMITH:
APOZIA BRN5 KPOKAAOTATEZ
APOZIA BRN6 WAMMITH:
APOZIA BRN7 WAMMITH2
OEOAOIoz THE1 INY2
OEOAOI0z THE2 AZBEZTOAIOIKH MAPTA
OEOAOI0z THE3 AZBEZTOAIOIKH MAPTA
ANYKEZ ALK BR BEACHROCK
AIANH AMMOZ LNA1 MANAIOEAADO>
AIANH AMMOZ LNA2 KPOKAAOMMATEZ
AIANH AMMOZ LNA3 MANAIOEAAQO>
ANIANH AMMOZ LNA4 MAPTA
APTAKH ART BR BEACHROCK
WANXA PSH BEACHROCK
AEYKANTI KSP1 KPOKAAOTMATEZ
AEYKANTI KSP2 WAMMITH2
EPETPIA ETR1 BEACH ROCK
EPETPIA ETR2 MANAIOEAADO>
EPETPIA ETR3 KPOKAAOMATEZ

Ta delypata umtoBAROnkav og xnukn enefepyacia oto gpyaotriplo DwTaUyeLOG TOU TUAUATOG
Apxatopetpiag, Tou Ivotitoutou Navoemiotrpng kot Navotexvoloyiag (INN), oto EBviko Kévtpo
‘Epeuvag kat Quotkwv Emotnuwyv (E.K.E.D.E.) «AnUOKPLTOC» KOl EMELTA OE UETPNOELS UE TN
HEB0SO NG Dwtavyelag MPOKeLEVOU va uTtoAoyloBel n nAikia toug. H péBodog €xeL nén
gupeia epappoyrn o YyewAoylkoug oxnNUOTIONoUG Tooo otnv EANGSO 000 Kal OTO £EWTEPLKO.
Ytnv EANGSa £xouv mpaypatonolnBel HeAETEC XPOVOAOYNONG YEWAOYLKWY OXNUATIOUWY HUE TN
HEBodo TN Dwrtavyelag, otnv Hiewpo (Zhou et al., 2000), otn NA Mehonovnoo (Fuchs and Lang,
2001), otnv 18dakn (Lyritzis et al., 2007), otn Makebovia (Zacharias et al., 2008), otnv Kpntn
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(Theodorakopoulou, 2009), otn NA Nelomévnoo (Athanassas, 2010), otnv MUAo (Polymeris et
al., 2011) kAm. Ztnv meploxn HEAETNG NG mapouvoag SiatplBng, dev €xel mpaypotomnolnOel
XpovoAoynon pe tn pEBodo tng Pwrtalyelag, Yyeyovog To omolo Ba amoteAECEL KalvoTouia yLo

TNV TepLoxn, eLodyovtag véa dedopéva yla tov EuPoikd KoATo.

5.2 Xnuikn enefepyacio Sslypatwv

Onwg N6n avadepbnke oto kepdlalo «lMewxpovoloynon ue tn pEBodo tng Owrtavyelag», n
SdewypatoAnypia umaibpou pmopel va mpaypatomolnBel pe cuAloyr) SElYMATWY oMo TNV
KaTAANAN Oéon, eite pe owAnva eite oav TERAXOG (WTAOK METPWHATOG). TNV Tapolod
SatpBr, n dewypatoAndio mpaypoatomoliOnke kot ME TOug SUO TPOTIOUG KoL ETELTA TA
Selypata petadEpOnkav OTO €pyO0oTNPLO TIPOKELMEVOU VO EMEEEPYOOTOUV XNKLKA Kol OTn

OUVEXELA va UeTpnOouv.

> ITG MEPUTTWOELG OV N SewypatoAnPia €ywe pe cwAnva, adpalpoUUe TUAUA TOU
Selypartog mayouc 1-2 cm amo KaBe TAEUPA TOU CwANVaA. To UALKO TIoU £XEL TTAPALELVEL
oto owAnva adeldletal oe évo Soxeio {E0EWG TIPOKELUEVOU Va EEKLVAOEL N XNULKA TOU

eneéepyaoaia.

> ITIG MEPUTWOELG TIOU TO Seiypa ATav TERaxog yewUAkoU, adalpebnke 1-2 cm amo tnv
ETULPAVELA TOU UE TN XPNON YEWAOYLIKOU oduplol Kal KAAEpLoU KL ETTELTA TEPAXIOTNKE TO
TETPWHA KAl TOMOBEeTNONKe og €va Soxelo (E0EWG TTPOKELUEVOU VAl EEKLVIOEL N XNHLKN

Tou emefepyaoaia.

H xnuwkn emnefepyaocia twv Selypdtwv mpayupotomnouiOnke oe epyaotiplo (ewkova 5.13)
QMOAUTA LOVWUEVO OO TO EEWTEPLKO PwC, UTIO ouVBNKeg acBevolg KITPpLVEPUBpPOU PWTLOOU
TPOEPYOUEVOU amo Aaumtnpeg vatpiou (Spooner et al, 2000). H xprjon Tou CUYKEKPLUEVOU
dwTtlopoL anatteital ya tn dtacdalion tng otabepotntog Tou Ppwrtosvaicbntou onUAToS TNG

Omntika Aleyeppevng Gwtavyelag (OSL). H xnuikn enegepyaoia twv Selypdtwy EEKLVAEL e TNV

134



npoodnkn udpoxAwplkoU of€og (HCL), €meita akoAouBel n mpooBnkn unepofeldiov Tou

udpoyovou (H20;) kat téAog n tpoodnkn ubpodBopikol of€og (HF) (Preusser et al., 2008).

Ewova 5. 13: Xnukr) enegepyacia delypdtwv und ouvOrkeg acBevoulg KitpvépuBpou
dwtiopov.

AvoAuTKOTEPOL:

NpocBrkn 10% udpoxAwpikov of€oc (HCL)

Apxika OAa ta delypata unméotnoav katepyooia pe udpoxAwpko ofu (HCI) 10% k.o. kal Oxt
TukvoTepo OLOTL N avtibpaon eival e€wbBepun, yeyovog mou onpaivel otL pio avénon tng
Bepuokpaociag Ba pmopoloe va emnpedoel T Bepulkr otabepotnta Twv Tayibwv Ttou
KpuotdAlou Ttou xoAalio kot tou aotpiou. H mpooBrkn tou HCl xpnolpomoleital yia tnv
QTMOUAKPUVON TWV aVOPAKIKWY-AOBECTITIKWY AAATWY KOl TOU OUYKOAANTIKOU UALKOU. Me Tn
Stadkaoia aut amoouumoyonoLleiTal To Selypa Kol HETOTPEMETAL O XoAapo (lnua,
Sladikaoia apketa xpovoBopa, kabwg dlapkel 2-3 eBdouadeg mepimou yla to kabe deiypa. MNa

TNV QMOUAKPUVON TWV TIAPATPOIOVTWY TNG aviidpaong, mpaypatonodnkav 7 eKMAUCELG HE
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QTECTAYUEVO VEPO Ot KABe Selypa. Ztn ouveExela, To kABe Selypa tomoBetnOnke oto dpoupvo
yla 24 wpeg o Beppokpacio 50°C MPoKELUEVOU va OTEYVWOEL. l'a T ypnyopotepn §Npavor) Tou
kat tnv anoduyn otepeomnoinong r Snuoupyiag entdavelakng kpovotag mou Ba kabuotepoloe

NV {Apavon, avadeuotav KoTA TOKTA XPOVIKA Slaothpata.

To endpevo BrAua ATV N Kookivion Tou UALKOU avaloywg Pe T $UoN Kol TNV KOKKOUETPLa Tou

(WoBikog, 2010):
> Tol Tl XOVE pOKOKKOL UALKAL

=npo KooKivioua

‘Eywve €npo kookiviopa yior tn AqPn Kokkopetpiag 80-125um pE TN CUOKEUN KOOKIVLONG TOU

TLOPEXETAL OTO EPYQOTAPLO.
» Ta to AEMTOKOKKA KOl XOVEPOKOKKA UALKAL

YypO KOooKiviopa

XpnowonowOnke Yypo kookiviopa yia tn ARYn kAdopatog 80-125um otnv mepinmtwon mou
pEoa oto Oelypa umnpxav KOkkolL peydlou pey€Boug otoug omoloug eixav TpookoAAnBel
MLKpOTEPOL KOKKOL. H &ladilkaoia mou akoAouBnbnke nrav mapouola HE auTr Ttou Enpou
Kookwviopatog, pe tn Sladopd OTL mMpayuatonolndnke katw amo tn Bpuon, HE NPEUn pon
vepoU. Mg TOV TPOMO QUTO CUMMAPACUPBNKaV Ta AEMTOTEPA CWHATIOLA KAl N LKOvVOTNTO
SLoXWPLoOHOU TWV HIKPOTEPWY SLOPETpWY aulnBnke. 3to téhog tng Sladlkaciag Tou uypou
KooKwviopotog adalpebnke amo 1o kabe KOOKIVO To UALKO Kal EnpavOnke oto doupvo PEXPL Va

OTEYVWOEL EVIEAWC.
» Mo ta AEMTOKOKKA UALKAL

MéEBoboc kabilnonc (fine grain)

XpnotuomolnBnke n uEBodog kabilnonc yia tn AqdPn kKAdopotog 4-11um. Itnv MEPLTTWON AUTH
dev xpelaletal Enpavon oto ¢doupvo, omoOTe N OAn Sladlkaoio TPOYUOTOMOLNONKE HECW TNG
KaBi{nong Tou UALKOU XPNOLUOTIOLWVTOC CUYKEKPLUEVOUC XpOvoug kaBilnoncg cuudwva UE Tov

TOPOKATW TTiVOKAL:
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Mivakag 5. 2: Xpovot KaBilnong WNHATWY yLa TLG OVTIOTOLKEG

KOKKOUETPieG (tpomonotnuévo ano WikoPikog, 2010)

ALGpeTPOC KOKKWYV (Um) | Xpovog kaBilnong
63 25sec

11 13min 19sec

4 1h 46min 2sec

2 7h 26min 46sec

NpocBrkn 10% untepofetdiov Tou udpoyovou (H.0,)

Adol emuAéxOnke n KATAAANAN KoOKkopetpia, Ta Selypata emefepydodnkav XnULKA HE
unepoéeidlo tou udpoyovou (H02), To omoio XPNOLMOTOLEITAL yLoL TNV QTOUAKPUVON TNG
TLEPLEXOUEVWV TIPOCUIEEWV opyavIkng UANG (umoAeippata pilwv kAm). Ta delypata mapéuevay
oto Hx02 ywa mepimou 5 nUEPEC Kal OTn OUVEXELA TpaypatomolOnkav 4 eKMAUCELS WE
OTECTAYHUEVO VEPO YLlO TNV QAMOUAKPUVON TWV TOPAMPOlOVIWY TNC avtidpaonc kabwg Kot

Enpavon oto dolpvo yLa mepimou 24 wpsG.

ALY WPLOUOC TTUKVOTNTOC

To enopevo otadlo tng enefepyaociag ATav o Staxwplopog mukvotntag (Mejdahl, 1985) kat yia
N Stadkaoia auth xpnolpomoltndnke «Bapl uypO» TO OMOLO €XEL CUYKEKPLUEVN TIUKVOTNTA.
JUVETIWC, O SLOXWPLOMOG EYLVE HE BAON TNV TIUKVOTNTA TOU Bap£wg uypol Kol TWV KOKKWV
xohadia kat aotpiov. O xaAaliog éxetl ukvotnta anod p= 2,63g/cm? £wg p= 2,7g/cm3 svw ta
UTTOAOUTTO. OPUKTQ TI.X OL AOTPLOL £XOUV AP PA UKPOTEPEC TIUEG, KOL OL HAYVNTITEG, OTWC Kol

OAAOL OKOTELVOXPW O OPUKTQA, LEYAAUTEPEC.

To Bapl vypod elval éva AAag To Omoilo €XEL LEYAAN TTUKVOTNTA OTWG givatl To soldium polytung
state. H 80tntd tou eival va amoppodd popla H,O KL €Tol va au€AveL TNV TUKVOTNTA.

MPOKELUEVOU VA OPOLWOEL TO SLAAU O, TIPOOTIBETAL OTECTAYUEVO VEPO.
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» Ma to Saxwplopd aotpiou amd yohalia kataokevdotnke Sidhuvpa p=2,63g/cm3
T(POKELUEVOU Va KatakaBioel o xahaliog.
» T to Saxwplopd amod ta AMa Bapld opuktd Kataokeudotnke Stdhuvpa p=2,7g/cm3

wote va katakabioouv ta Bapld opuktd Kot va atwpnBet o xahaliag.

NpocBnkn udpodOopLkoL oo (HF)
TéAog, mpaypatonolnonke emipavelakn SLaBpwaon Twv XoAallakwy KOKKWY Kol TwV KOKKWV
aotpiou pe udpodBopikd oy (HF) 40% k.o. kat 10% k.o. avtiotolxa, (Preusser et al., 2008) to

onoio xpnotuonoteital yia (Preusser et al., 2008):

» (a) tnv amopdkpuvon tng e€wteplkng emidpavelag (mayxoug ~ 10 um) Twv YaAallakwv
KOKKWV yla 90min kal KOKKwV aotpiou yla 45min, n omola gixe SexBel tnv enidpaocn twv
owpatdiwy ‘a’, pe anotéAeopa TNV anaAlayr amno tn cuvelodopd ThG akTvoBoAlag a,
n omoiat umoloyiletal SdUokoAa kol ouvnBwe elodyel emumAéov odAAPATA OTOV

UTTOAOYLO WO TNC NALKIOG KOl

> (B) tnv avénon tng kabapotntag tou xaAalia kabBwg StaAlel omoladrimote UMoAsippoTa

ootplwv.

JTn ouvéxela TmpaypatonowBnkayv entd (7) ekmMAUCELC ylO TAV ONMOUGKPUVON TWV
TOPOMPOIOVIWY TNG avTibpaong Kol yla TNV AMOUAKPUVON TwV OEUTEPOYEVWV TIUPLTIKWVY
0PUKTWV, Xpnotpomotnonke udpoxAwptkd ofL (HCL) yia dtaotnpa 15min. AkoAoUBOnoav oKTw

(8) exmAUoELg KaL ERpavan oto polpvo.
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Mivakag 5. 3: AnoteAéopata XnWKNAG enegepyaoiag yia ta 25

Selypara.

ANOTEAEZMA XHMIKHZ ENEZEPTAZzIAZ
g;?&n :T}Z(I)z MOZOZTHTA NMOZOTHTA

XANAZIA AZTPIOY
AGM1 APKETH ANEMNAPKHZ
AGM2 ANEMAPKHZ ANENAPKHZ
AGM3 ANEMAPKHZ ANEMNAPKHZ
BRN1 AOOONH AOOONH
BRN2 ADOOONH AOOONH
BRN3 ADOOONH AOOONH
BRN4 AQOONH AQOONH
BRN5 AQOONH AQOONH
BRN6 AQOONH AQOONH
BRN7 ADOOONH AOOONH
THE1 ANEMAPKHZ ENAPKHX
THE2 AITH ANEMNAPKHZ
THE3 ANEMAPKHZ EMNAPKHZ
ALK BR EMNAPKHZ AITH
LNA1 ANEMAPKHZ ANEMNAPKHZ
LNA2 AITH ANEMNAPKHZ
LNA3 ANEMAPKHZ ANEMNAPKHZ
LNA4 ANEMAPKHZ ANEMNAPKHZ
ART BR ADOOONH ANEMNAPKHZ
PSH ADOOONH ANEMNAPKHZ
KSP1 EMAPKHZ ANEMNAPKHZ
KSP2 EMNAPKHZ ANEMNAPKHZ
ETR1 EMAPKHZ ANEMAPKHZ
ETR2 EMAPKHZ ANEMAPKHZ
ETR3 EMNAPKHZ ANEMNAPKHZ

OuGCLAOTIKA, ATWTEPOG OKOTOG TNG XNMLKAG emefepyaociog NTav va mpokuyouv Svo umo-
Sdelypata and kabe deiypa, anoteAovpeva to €va amd MARPWE AMOUOVWHEVOUG XaAallakoUg
KOKKOUC KoL TO OGAAO OO TARPWC OQTTOMOVWHEVOUG KOKKOUC aOoTplou. AmO TN XNULKA
enefepyaoia, Onwg pavnke, kamola delypata otepolvtal T000 KATAAANANG TTPOC XpovoAdynon
opuktohoyiag (amoucia emapkolg moootntag xoAolia eite aotplou), 600 Kal KATAAANANC
KOKKOMETPLOG. ZUVETIWG OTTOKAELOTNKE N TIEPALTEPW UEAETN TOUG EMELON YXapakTnpilovtal wg un

Xpovoloyrolua Pe TNV Texvikn OSL. JuvomTika avadpEpovtal oTov Ttivaka 5.3 ta anoteAéopato
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NG XNHMLKAG EMEEEPYAOLOG OXETIKA HE TNV moootnta xalallo Kal aotpiou mou BpEBnke ota

oUM\exBévta belypara.

AapBavovtag umoP v ta anmoteAéopata tNG XNULKAG enefepyaciag onwe autd gudavifovral
oToV TivaKka 2, TapaTNPOULE OTL T EVLA oo Ta 25 delypata meplelyov povo xaAalia, ta Suo
TePLEl}OV LOVO AOTPLO, OKTW TEPLEi)aV Kol YaAadia Kol AOTPLO EVW OE TIEVTE OEV AMEUELVE UETA
v enefepyacia UAKO SlaBéolpo ylo peTprocelg. Katd ouvemelo spapuoodnkav Kot ot
avtiotolxeg texvikég tng Quwtavyelag, OMwe avalUovtol TAPAKATW, TIPOKELMEVOU va

ipayuatonolnBel o mpocadLloplopdg TNG NALKLOG TWV SELYUATWV.

5.3 MapatnpPROEL; OTO OMTLKO TTOAWTLKO HLKPOGKOTILO

Mpw 1o OTAdL0 TwWV PETPHOEWV, HEAETONKav evdelktikd ta Selypata: BRN1, BRN2, BRN4,
BRN5, BRN7 kot THE2, mpokelpévou va dlepeuvnBel To katd mooov oL SLaBECLUEG TTOOOTNTEG
xaAadla kol aotpiou Tou TepLEXouv, Tautilovtal Pe TG toootnteg xaAalla Kal actplou mou
npogkuPav amd Ta QAMOTEAECUATA TNG XNUWKNG emefepyaciag. Mapoakdtw mapatiBevratl ot

ELKOVEC ATIO TO OTTLKO ULKPOOKOTILO yLa KaBEva EexwploTa.

Ewkova 5. 14: XaAa{lakog KOKKOG Tou Seiypatog BRN1.
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Ewkdva 5. 15: KOkKog actpiou tou deiyparog BRN1.
To 6elypa BRN1 eival xaAallakog Pappitng pe ouvSetikd UAKO acBeotitn kot mepléxel Bpalvoparta
oeprievtivn, YAwpltn kat Brotitn. Napouotalel pikpr) mooodtnta xaAolla (sikova 5.14) kot aotpiou

(ewkéva 5.15) pe to yahalio va umeptepel.

Ewkova 5. 16: XaAa{lakdg KOKKOG Tou Seiypatog BRN2.
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Ewkdva 5. 17: K6kKog actpiou tou deiypartog BRN2.

To Selypa BRN2 eival yaAallakoc Pappitng o onoiog mepLléXel apKeTr moadtnta acfeotitn, Kat
opKeTr moootnta xaAalia (swkova 5.16) o omoilog MopoucLdlel KUMATOELS KatdoPeon Kot
daivetal va unteptepel Twv uTOAowV. EMUAEoV TEpLEXEL KAALOUXOUC aoTpioug oL omolol eival

gudlakprlrol amnod tnv Siktuopopdn dopr toug (elkova 5.17).

Ewkova 5. 18: KOkkog aotpiou tou Seiypatog BRN4.
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Ewkova 5. 19: XaAalakoG KOKKOG Tou Seiyparog BRN4.
To Selypa BRN4 sival pappitng o onolog nepleéxel OpalopaTo GEPTIEVILVIWHUEVWY TTIETPWHATWY,
opKetn moootnta acBeotitn, xalalia (sikova 5.18) kabBwg Kal KaAloUxwv aotpiwv (elkova

5.19).

Ewkova 5. 20: XaAa{lakdg KOKKOG Tou Seiypatog BRNS.
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Ewkova 5. 21: Kokkog aotpiou tou Seiypatog BRNS.
To Seilypa BRN5 eival kKpokaAomayeg e aoBECTITIKEG KPOKAAEG TO OTIOLO TIEPLEXEL UTIEPBAOIKA
NeTpwpata kabwg kat kKaAlouxo aotplo (gewkova 5.20) kol cucowpotwuata xaAalla (swova

5.21).

EwkOva 5. 22: XaAalakoG KOKKOG Tou Seiyparog BRN7.
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Ewkdva 5. 23: K6kKog actpiou tou deiypatog BRN7.

To Selypa BRN7 eivatl pappitng pe moAl acBeOTITLKO UALKO O OTIOLOC TIEPLEXEL APKETH TOOOTNTA
xoAodia (elkova 5.22) kot aotplou (xwpig va mapouotalel Stdupia) Ue ToV MPWTO va UTEPTEPEL

(ewkova 5.23).

B Tt
. e ':"I 'i_'_ ]

*

A

Ewkova 5. 24: XaAaflakog KOKKoG Tou Seiyparog THE2.

145



Ewkdva 5. 25: Amouoia KOKKWV aotpiov tou Seiypatog THE2.

To belyua THE2 daivetal va sival aoBeotitiky papya n omoia mepléxel Bpalopata GUTIKWY
amoAlbwpatwy (puka) kKol apkety moootnta xoAalia (ewkova 5.24), evw SlamoTwveTaL

amouoio KOKKWV aotpiou (glkova 5.25).

A0 TIGC MOPATNPNAOEL TwV OELYMATWV OTO OMTIKO LKPOOKOTILO CUMMEPAIVOUUE OTL T
anoteAéopata UTOoTNPL{OUV Kal CUUGWVOUV E AUTA TNG XNULKNG EMefepyaoiag oe OTL adopd

Tic Slabgatpeg moootnteg xalalla Kol aotpiou.

5.4 Mposctolpacia SEYHATWVY Lo LETPOELG

OuL amopovwpévol Kokkol yaAallo kal aotplou mpookoAAnOnkav pe €Aalo OLWAKOVNG O€
HEHOVWUEVA alouplvévia Slokia, KaAUMTOvToG KUKALK emipdavela S5mm ava Slokio kot
petpbnkav  pe T Sudtaén RISP TL/OSL, n omoia EPEL  EYKATECTNUEVO  Eval
dwtonoAamAaciaot Kal GIATpa yla TIG HETPOELG XaAallakwy KOKKwY (7.5mm Hoya U-340
filter) ota 470nm kat KOkkwv aotpiou (Schott BG39/Corning 7-59 filter) ota 870nm. lNa tig

OTTTLKEC SLleyEPOELG Xpnotpomolnonkav dwto-6iodot ekmounrg unAe ¢wtog (LEDs - 470nm) pe
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otabepny €vtaon yla tn METpnon xaAallokwv kOkkwv Murray and Wintle (2003) kot dwrto-

Slodol ekmopnng untepuBpou Pwtog yLa Tn LETPNON KOKKWV aotpiou (Thiel et al., 2011).

Mo TOV TIEPLOPLOMO TNG EMIdPAONC TNG MKPOU MAKOUG KUMOTOG €EKMOMMNG amd ta LED
xpnotpomnotionkav ta ¢idtpa Schott GG420. EmumAfov n Siataén Stabétel pia padlevepyo mnyn
owpatdiwv ‘B’ ( 90Sr/90Y ) yvwotng evepydtnTaC Yyl TNV TPAYUOTOMOINON QUTOUOTWY
oktwvoBoAnoswv. MNa TNV ektEAeon Twv evioAwv (Béppavan, aktivoBoAnacn, omtikn SLEyepan),
xpnotwpomnouibnke 1o Aoylopko Sequence Editor software (version 3.21) kat ta ofpata
dwtavyelag peTpriOnkav evtog 250-2000 kavoAwwv Sidpkelag 0.16 sec to kaBe éva. H
enefepyaoia twv SeS0UEVWV TWV UETPACEWY EYLVE PE TO Tpoypappa Analyst, version 3.05b
(Duller, 2001), ané to omoio eAndOnoav ot wodlvapeg §60elg KABWE Kal Ol OVTIOTOLXEG

VPOADLKEG OTTELKOVIOELC.

5.5 Metpioslg detypatwv pe tn péEBodo tng Pwravyslag

o ToV UTIOAOYLOMO TwV NALKLWYV (KepaAatlo «Fewyxpovoloynon e tn nEBodo tne Owtalyelag»)
TWV OUAAeYEVTWY Selypdtwy uttoAoylotnkav adevog pev n looduvaun Doon (De) adetépou ¢
o0 PuBuog Aodong (Dose Rate). Mapakdtw TeEPLyPAdOVTOL QVOAUTIKO Ol TEXVIKEG TIOU

XPNOoLHomolnOnKay yla Tov UTTOAOYLOUO TOUG.

5.5.1 YnoAoyiwopog lcodUvapung Adong

Edappoyn tnc Ontkd Ateyepuévne Qwtavyetac (Optically Stimulated Luminescence - OSL)

H pnébodoc autr spapudcdbnke oe 12 Selypata, to omoiot YETPABNKOV HUE TNV TEXVIKN TNG
Ontka Aleyeppévng Quwtavyelag (OSL)  xpnoldomowwviag TARPWE  OTTOUOVWHIEVOUG
XoAalokoug KOkkoug, ebpappdloviag To mpwtokoAo Single-Aliquot Regenerative-dose (SAR)

protocol (Murray and Wintle 2000; 2003; Duller 2003; Wintle and Murray, 2006).
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Me 1o mpwtokoAo autd (Mivakag 5.4) kaBopiletal n padievepydg 6o6on mou AndOnke amo
TOUG XOAQTLOKOUG KOKKOUG OO TNV TPWTN OTLYMN TIOU €KTEBNKOV 0To NALOKO Pwg, KoTtd TV

evamnoBeon Toug, Ewg orRuepa.

Mivakag 5. 4: MNpwtdkoAAo Single-Aliquot Regenerative-dose (SAR).
(Murray and Wintle 2000; 2003; Duller 2003; Wintle and Murray,
2006).

Step Treatment Observed
1 Give Dose, D; -
Preheat (160-300°C for 10s) -
Stimulate for 100 s at 125 °C L

Heatto 160°C -

Stimulate for 100 s at 125 °C T;

2
3
4 Give testdose, D: -
5
6
7 Returnto 1 -

Mo TG METPROoELG xpnotpomotiOnkav mévte (5) Siokia yoAaliokwv KOKKwv amd ta Seiypata
AGM1, BRN1, BRN2, BRN3, BRN4, BRN5, BRN6, BRN7, ALK BR, LNA2, ART, PSH, THE2, KSP1,
KSP2, ETR1,ETR2 kat ETR3 (80-125um), mpokKeLUEVOU val yiveL pia TPpwTn €KTLUNGN OXETIKA ME

TNV €PaPPOCLUOTNTA TNG CUYKEKPLUEVNG TEXVLKAG oTa Selypata autd.

MapakAatw mapatiBevtal ol auENTIKEG KAMUAEG (elkova 5.26), oL omoieg pag Seixvouv pe tnv
KOKKLVN YPOUUA TNV QVTATIOKPLON ToU GpUGCLKOU GHUOTOG yla Tto delypata, n omola avtiotowyel

otnv looduvapn 66on (De), OMWG aUTH MPOEKUYPE ATIO TIG UETPHOELC:
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EwkOva 5. 26: AMELKOVLON TWV AUENTIKWV KapuAwv (growth curves) OSL, QVTLMPOOWEUTIKWYV yila KOs Seiypa.

MapaTnEWVTACG TIG MOPATIAVW AUENTLKEG KOUTUAEG yiveTal avtlAnmTo ot ota delypata AGM1,
BRN1, BRN2, BRN3, BRN4, BRN5, BRN6, BRN7, KSP1, KSP2, ETR1, ETR2 kat ETR3 o xaAaliag
glvol KOpEOUEVOG, yeyovog To omoio pag odnyel oto cupmépacpa ot ta Seiypata eival
TIAAQLOTEPQ ATIO TOL OPLA TWV NALKLWV TIOU UTTOPOUUE VO GTACOULE LE TN XPION TNG TEXVLIKNAG TNG
Omntika Ateyeppévng Owtavyelag (OSL). Mo CUYKEKPLUEVA, TIAPOTNPOUME OTL N QUENTLKA
KQUTTUAN Telvel va yivetal mapdAAnAn mpog tov dfova Twv TexVNTwv S0CEWV, YEYOVOG TOU
odnyel oto cupunépacpa OtL adevog oon texvnt 66on KL av doBel oto delypa n avtamokplon
TOU onpartoc Ba mapapevel n dLa kat apetépou, n woduvaun 66on mou TPoKUNTEL (De) dev
akoAouBetl tn oxéon De< 2D, (6mou D,, €ival o mapdyovtag mou avIuTpoowreUEL TV TaXUTNTA
HE TNV omoia o kpuoTtaAlog ANoLAleL Tov kopeopd) (Athanassas, 2011), aAd avtiBETw g eival
HEYAAUTEPN, OONYWVTOG OTOV KOPEOUO, HE amotédecpa TN AAYn €0doApEVWY  TLUWV
looSUvapwv A6cewv (Des). Zuvenwg, pia akplBrig ektipnon nAwkwwv &g Ba pmopoloe va
emuteuxOel pe tn oupPatikr) OSL, onote odnyoupaocte otnv mpoondbela edappoyng aAwv
TeExVIkwy Qwtavyelag, pe TG omoieg Ba umopovoave vo emteuxBouv pUn €0PUAUEVEG TLUEG

loodUvapwyv AGCEWV (Des).
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Ewkova 5. 27: Antelkovion KapnuAwv anodiéyepong (decay curves) OSL avTLTpOOWMEUTLKWY yLa KAOE deiyua.

Mo ta delypata ALK BR, LNA2, ART BR, ART kat PSH &gv purnopouv va mapateBolv oL avtioTolxeg
QUENTIKEG KOUTTUAEG SLOTL Ta onuata tou YoAalia sivol moAU acBevr) Kal pn TUTLKA crjpata
dwtavyelag (LPnAog BopuPog onuatog). Auto eival epdaveg amo TG KUUMUAEG amodLEyepang
(decay curves) (elkova 5.27) omou avarmapiotatal To ¢pOivov ornua twv YoAalaKwY KOKKWV
ouUVaPTNOEL TOUu XpOvou KkoBwc autol Sleyeipovral pe texvnto ¢wg. Eva TUTIKO onpa
dwtavyelag Katd Tn SLdpKeLa TNG oMtk Sleyepong e€aoBOevel ACUUMTWTIKA CUVAPTHOEL TOU
XPOVOU, KATL TO omoio dgv mopatnpoUpe va cupPaivel ota mapamndvw Staypappata. AVTIBETWS
mapopével otaBepod, epdavilovrag moAl acBevr) onuata, odnywvtag otn Slamiotwon OtL o

xaAadilag eival xaunAng evawobnolag, site Aoyw tng dUoNG tou, €ite Adyw TOU YEYOVOTOG OTL
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elval apkeTA vEOG pn €xovtag PoAdBeL va cUAAEEEL TV amapaitntn xpovoloyLkn TAnpodopia.
Auto Snuoupyet SuokoAia otn dudkplon Tou onpatog OSL amnod to Bo6puPo, pe amotéAecua To

avtiotolyo belypa va BewpnBel akatdAAnAo tpog xpovoAoynon.

Agv oxLEeL OpWCE To 810 yla To Seiypa THE2, To omolo mMapoucLalel TUTIKN AUENTLKA KAUTTUAN
OSL kal mAnpol OAa ta Kpltipla Tou KopeopoUl. Emopévwg, ta delypata autd Umopouv va

xpnotpomnotnBouv yla xpovoAdynon.

JUudwva PE TA TOPATIAVW KOTOAYOUUE OTO CUMMEPACHA OTL amo ta dwdeka (12) delypata
TIou PETPROnKav pe tn néBodo OSL, povo to THE2 xpovoAoyeitat. Ta ALK BR, LNA2, ART kat PSH
Sev umopouv va xpovoAoynBouv pe xahalio, cuvenwc MpEnel va ebpappooBel n nEBodog tne
YniépuBpng Omtika Aleyeppévng Qwtavyelag (IRSL) n omola aflomolel wg xpovoAoyr oo
OPUKTOAOYLKO OUOTOTLKO, TOV TIEPLEXOUEVO oTa Oelypata autd, aotpo. Ocov adopd Ta
Kopeopéva Seiypoata AGM1, BRN1, BRN2, BRN3, BRN4, BRN5, BRN6 kot BRN7 Ba mpémel va
edbapuoocBel aAAn texvikn tng dwtavyelag, n omoila va mapouctalel vPnAotepa emineda

KOPECGUOU o€ XaAallakoug KOKKOUG.

Edapuoyn tnc looBepuikne Pwrtavyetac (Isothermal Thermoluminescence - ITL)

Meta Tt oupPatikp OSL xpnolpomowBnke pia aAAn texvikn QwTalyelag yvwoth wg
looBepuikny Qwtavyetla (ITL). Zta deiypata AGM1, BRN1, BRN2, BRN3, BRN4, BRN5, BRN6 kot
BRN7 (5 &iokia xahalia/delypa) edoapuocdnke to mpwtokoAAo ITL SAR (Mivakag 5.5) katd Toug
Buylaert et al. (2006). H emloyn TnG ouykekpluevng LeBOdou €yve pe BAon TMELPOAUATIKA
dedopéva epappoyng tng oe xalallakoug KOkkoug (Buylaert et al., 2006; Huot et al., 2006) ta
omola €xouv amodeifel ot n ITL mapoucialel uPnAdtepa enineda KopeoUoU Ao TN CUUPBATIKN

OSL (Athanassas, 2011).
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Nivakag 5. 5: MpwtokoAAo ITL SAR. (Buylaert et al., 2006)

Step Treatment

1 Give Dose, D;
Heat (310 °C for 300 s)
Give testdose, D,

Heat (310 °C for 300 s)
Returnto step 1
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Ewkova 5. 28: ANtelkOvion Twv augnTikwv KapnuAwv (growth curves) ITL avTumpoowneuTIKWY yLa KaOe Seiypa.

ATO TIG QUENTIKEG KAUTMUAEC TNG €KOVOG 5.28 daivetal OTL Ta delypata NTaV OVIWG KOPESUEVQ,
S10TL 6ev ekmAnpwvetal n poinobeon va oxVeL n oxéon De < 2Do, ouvenwg ta delypata eivat
akoun moAaldtepng nAwkiog, pe amotédeopa va kplBei amapaitntn n mpooduyn otnv

ebapuoyn AAANnG texvikng Gwtalyelog pe tn xpAon SeLypHATwy e KOKKOUG aoTpiou.
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Edbapuoyn tnc YmépuBpnc Omtikd Aieyepuévne Qwtavyetac (post - Infrared Stimulated
Luminescence — p-IR IRSL)

JUVOALKA €ylve TpooTidBela pETPNONG OAwvV Twv SeLyPATWY TIOU €ixav €MOPKA TOCOTNTA
aotpiou pe tnv p-IR IRSL, n omoia eivat mo e€eAtypévn amnod tn cupPatikn IRSL kot mapouolalet

apKETA UYPNAGTEPA ONPELD KOPESHOU A0 TG SUO TIPONYOU LEVEG TEXVLKEG.

‘Etol, edpappocdnke to mpwtokoAAo p-IRIR SAR (Mivakag 5.6) ota Seiypata BRN1, BRN2, BRN3,
BRN4, BRN5, BRN6 kat BRN7, THE1, THE3 kot ALK BR xpnotpomowwvtag evOeIKTIKA TévTe (5)

Slokia ava Seiyua.

Nivakag 5. 6: MpwtokoAAo p-IRIR SAR. (Thiel et al., 2011)

Step Treatment Observed
1 Give Dose, D; -

Preheat (320°C for 60 s) -

IR Stimulationfor 200sat 50°C L,

IR Stimulationfor 200sat 290°C L,
Give test dose, Dt -

Preheat (320°C for 60 s)
IR Stimulation for 200 s at 50°C

IR Stimulationfor 200sat 290°C

IR Stimulationfor40sat 325°C -
Returnto 1 -

W e = O LN W s

[
o

To amoteAéopata Twv HETposwy yla ta BRN1, BRN2, BRN3, BRN4, BRN5, BRN6 kat BRN7,
THE1 kat THE3 ¢dvnkav evBoppuvTikd, SLOTL TOpATNPWVTOG TIG QUENTLKEG KAUTUAEG (growth
curves) (ewkoéva 5.29), dev mopouclaletol KOPEOUOG TwV Oelypdtwy. ZUVENMWG, auth Oa
punmopovoe va BewpnBel pila aflomotn TeEXVIKA OXETKA HE Ta Opla TNG NnAkiag. lNa tn
StaoddAion Opwe afLOTLOTWY ATOTEAECUATWY, ATIALTELTAL N TIPAYLOTOTIOINCN OPLOUEVWY TECT

aflomniotiag (validation tests) katd touc Murray and Wintle (2000), ta onoia edpapuolovtal os
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kaBe Selypa onwg exel Ndn avadepBel oto Bewpntikd kePAAaLo TNG MEWXPOVOAOYNONG LE TN

pEBodo TG Owtavyelag.

g Duows orjpa (LN/TN) -
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s i
B m
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Ewkova 5. 29: Anewkovion twv ou§ntikwv kKapmuAwv (growth curves) p-IRIR SAR (Thiel et al.,, 2011)
OVTUTPOOWTIEUTIKWYV Yyl KAOE Seiypa.
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Avtiotolxeg auénTikég KapmUAeG 6ev umopouv va mapatebouv yia to deiypa ALK BR, 6L0TL Ta
onpoTa Tou aotpiou eivat MOAU acBevr, Un TUTLKA Kal Tapouctdlouv apketd Bopufo. Autd
elval gpdaveég amod tnv kapmuAn amnobléyepong (decay curve), onwg ocupPaivel kat otnv
niepintwon tou xahalia, omou avanapiotatat 1o $Oivov oripa Twv KOKKWV aoTpiou cuvapThoEL
Tou Xpovou kaBbwg autol Sieyeipovtal pe texvnTo dwe. Eva Tumikd onpa pwtavyelag Kotd t
Slapkela Tng uMEPLBPNG omTikAg SLEyepong, §000evVel ACUUMTWTLKA CUVOPTACEL TOU XPOVOU,
KATL TOo omolo 6ev mopatnpoUue va cupPaivel oto Tapakdatw Slaypoppa (gikova 5.30) pe

QTOTEAEC O TO CUYKEKPLUEVO Selypa va KpLBel akatdAAnAo yLa xpovoAoynon.

300+
M Matur
2504 , iy M'HTI d‘
2 bl bl 8
= 2004
[}
z
w 150
3
o 1004
a4
D T T 1 T T T 1 T
0 10 20 30 40 50 6O YO 80 S0 100
Tirre (=)
ALK BR

Ewkova 5. 30: AMEIKOVION KAMMUAWVY anodléyepong
(decay curves) p-IRIR SAR (Thiel et al.,, 2011)
OVTLIPOOWTEUTLKWYV yLa KaBe Seiypa.

MeTta omd TIC TOPAMAvVW OLAMIOTWOoEL;, Ta Oelypata Tou  xpovoAoyouvtal Kal Ba
xpnotpomnotnBolv yla tov MPooSloplopd tNC hAKIOG TWV YEWAOYIKWY OXNUATIOUWY TNG
TLEPLOXNG EPEUVOC XPOVOAOYOUVTOL OTNV TTAELOVOTNTA TOUC LE TN HEB0SO TG YriEpuBpng OMTIKA
Aleyeppévng Quwtavyelag Kkal Tpogpxovtal amd To Bopewo EuPoikd KkOAmoO, OmMwg

TapoUaLAlovTaL OTOV TTAPAKATW TIivaKa:
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NMivakag 5. 7: Ta mpog xpovoAdynon Seiypata Kabwe KoL n avtiotolyn TEXVIKN

dwravyelag.

Texvikn
Asiypata

XpovoAdynong pe Qwrtavyela
BRN1 YrniépuBpn Omrtika Sieyepuévn Qwtavyeta (p-IRIRSL)
BRN2 YrniépuBpn Omtikd Steyepuévn Qwtavyeta (p-IRIRSL)
BRN3 YrniépuBpn Omtikd Steyepuévn Qwtavyeta (p-IRIRSL)
BRN4 YrniépuBpn Omrtika Sieyepuévn Qwtavyeta (p-IRIRSL)
BRN5 YniépuBpn Omrtika Sieyepuévn Qwtavyeta (p-IRIRSL)
BRN6 YrniépuBpn Omrtika Sieyepuévn Qwtavyeta (p-IRIRSL)
BRN7 YrniépuBpn Omtikd Steyepuévn Owtavyeta (p-IRIRSL)
THE1 YrniépuBpn Omtikd Steyepuévn Qwtavyeta (p-IRIRSL)
THE2 Omtika Aleyepuévn Qwtavyeta (OSL)
THE3 YrniépuBpn Omrtika Siteyepuévn Qwtavyeta (p-IRIRSL)

5.5.2 Teot afloniotiag (Validation tests)
Mpaypatonotidnkayv ta teot aglomiotiag yla OAa ta Selypata mou xpovoAoyndnkav, TEAKA, e
aotplo (mivakag 5.7) kat mapakdtw mapatiBevral kabeva exwplotd, pe dtaypdppata anod to

Selypa BRN3 to omoio Bewpeltal To o avIUPOCWITEUTIKO amd OAa.
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> Teot npoBépuavonc (Preheat test)

Ertta (7) opddeg twv tecoapwv (4) dtokiwv tou delypatog BRN3 mpoBepuavOnkav yia 60sec o€
€va eVpog Bepuokpaciwyv 240-360°C (Murray and Olley, 1999; Roberts et al., 1999; Murray and
Wintle, 2000).

Ot 1ooduvapeg 600¢lg (Des) avamapaotadnkayv ypadikd cuvaptriosl Twv Beppokpaolwy (Elkova
5.31) wote va eleyxBel av mapouoldletal cuykekpLlpévo Sldotnua (mAatw) Oepupokpaciwy
HETAEU TOU omoiou ol Des &ev petafaliovral. AutO XpnOLUEVEL OTOV TIPOCSLOPLOUO TNG
KataAANAng Bepuokpaciag mpoBepuavong, n omola Ba Mpogpyetal amod To MAATW Kal Ba
xpnotuomnotnBel yla T puetpnoels. Etol to mpwtokoAo p-IR IRSL Ba pmopécel va SlopBwvel

EMAPKWE TLG aAAayEG eualoBbnoiog mou mpokaAouvtat art’ g uPnAEg Beppokpaateg.

Teot MNpoBeppavong (Preheat test)

700
Z 600 u
§ 500 4 n _
2 400 u - L]
—
Z 300
=
3 200
8
= 100

0

240 260 280 300 320 340 360

Oeppokpaoia tpobépuavons (°C)

Ewkova 5. 31: Ot looduvapeg 560l (Des) cuvaptioel Twv Beppokpaciwv npobépuavang yla
1o BRN3. Na kaBe Seiyua, perpriOnkov 7 opddeg Siokiwv aotpiov (4 Siokia/opdda)
XPnolLomoLwvtag éva eUpog Beppokpactwyv 240-360°C.

MapatnEWVTag TO TOPATMAVW OSLAYPOUUN, OSLATILOTWVOUHE OTL Slapopdwvetol €va TAATO
Beppokpaoctwyv petaf 300 °C kal 360°C. Juvenwg, mpoBépuavon otoug 320 °C Ba prmopouaoe va

BewpnBel aodalrng Oepuokpacia yLa TG UETPOELC.
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> Teot undeviopou tou oAuatoc art’ to nAtakd dwc (Bleaching test)

ME TO TEOT QUTO EALYXETOL TO KATA TTOOOV ELVOL EMAPKNG O UNOEVIOUOGC TOU OMUATOC TNG
QwTtalyelag Katd To XPovikd Sldotnua amobeong tou WApatog, SLotL oUWV HE TOUG
Godfrey-Smith et al. (1988) kal Klasen et al. (2006) £xel amodelxBel OTL 0TOV ACTPLO MOPAUEVEL
€Va UEPOG TOU CNUOTOG OE OXECN ME Toug XaAallakoUG KOKKOUG, odnywvtag CE UTIEPEKTIUNGN

TWV MPAYUATIKWY NALKLWV.

Mo to AOyo auTo, ol LoodUVapEG 8OOELC TECoAPwWY (4) opddwy Twv TEvte (5) Slokiwv yla KABe
Sdelypa petpnBnkav, €xovtog mponyoupévwg ekteBel oto nAlakd ¢Pwg oe Sladopetikolg

xpovoucg (30, 90, 180, 360min).

1,6 - Teot undeviopou tou onparog (Bleaching test)

P
X 14
I
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W
3
ﬁ 1
3
a 05
g
2 06
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=
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Ewkova 5. 32: AlopOwpévo onpa pwtavyeLlag cuvaptioel Twv Xpovwv £kBeong (30, 90, 180,
360min) oto nAlako ¢pwg yia to Seiypa BRN3.
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Teot undeviopov tov onparoc (Bleaching test)

L6
14
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loobbvaun Adon (Gy)
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Xpovog ckBeang{mins)

Ewkdva 5. 33: OL 1oo8Uvapeg 660elg (Des) ouvaptioel Twv Xpovwv €kBeong (30, 90, 180,
360min) oto nAlako ¢pwg yra to Seiypa BRN3.

ATO ta Slaypappata mapatnpoU e OtTL €nelta ano 180min ékBeong oto nAlakd ¢wc, To oHua
HELWVETOL OE OPKETA XapnAd enimeda (elkova 5.32) kal cuykpatet mepimou 5,6Gy (ewkova 5.33).
Mpokelpuévou n nAkia ou Ba mpoodloplotel var PNV elval UTIEPEKTLUNUEVN, Ba TPEMEL va
eleyxBel katd MOCOo N TR auth emnpedlel TNV hAkia tou Selypoatog, yeyovog mou Ba yivel

HOALC uTtohoyLoBel n Looduvaun tou o6on (De).

> Teot Avdktnonc Adonc (Dose Recovery Test)

Mo to teot Avaktnong Aoonc (Murray and Wintle, 2003) xpetaotnkayv €€ (6) diokia amo kabe
Selypa, ta omola apyikd unéotnoav Aevkavon (bleaching) (2 IRSL dieyépoelg yla 40sec oToug
325°C) pe tnv omola emttuyxavetol o UndevIopog tng aktwvoBoAiag mou sixav amobnkeloel
Katd tn Slapkela anoBeong Toug KL EMELTA OKTVOBOANBNKAV E YyVWOTH TN €PYOOTNPLAKAG
d6ong (100Gy). H tiun avti BewpnBnke dyvwotn mpokelpeévou va SlepeuvnBel to katd ndéco
AapBavetal n dwa Tiun (pe pia pkpn amodkAon evtog tou 10% tng apxikng) epapuolovrag to
TPWTOKoAO p-IRIR SAR. O Adyog avaktnonc (Measured dose/Given dose) Bewpeitot

LKOVOTIOLNTLKOG av BpilokeTal HeTtafl Twv Tipwy 0.9 kat 1.1 (Murray and Wintle, 2003).
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Dose Recovery Test
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Ewkova 5. 34: Teot avaktnong 66ong (Dose recovery test) £€L (6) Siokiwv touv Seiyparog BRN3.
OL papeg KOUKISEG Seixvouv Tn HeETPOULEVN TIPOG TN S00éVN 600N, UTTOAOYLOMEVN YL KAOE
Swokio. H SlaKeKOHMEVN palpn VPO OTELKOVITEL TO HEGO AOYO METPOUUEVNG SOONG TIPOG
N Soopévn 86on. To anodekto evpog Bpioketal petagy 0.9 kat 1.1 (SlakeKOUUEVEG YPAHMEG).

Ao TO Sldypappa mou TPoEKUPE £MELTa amd To TEOT avaktnong 66ang, mapatnpoU e OTL oL
AoyoL avaktnong Bplokovtol evtog tou 2 o-level (0.9-1.1) (ewkéva 5.34). O pécog Adyog Tng
petpoupevneg 66ong mpog tn “dedopévn”’ don eival 0.99 + 0.059, o omnolog e€aodaAiletl OtL oL
loodUvapeg 600elC (Des) TTOU Aappdvovtal amd tnv edappoyr tou mpwtokoAlou p-IRIR SAR

(Thiel et al., 2011) gival akplBeig Kal afLOTLOTEC.

> Téot e€aoBévionc (Fading test)

ZTnv mepimtwon Tou aotpiou, OTwg £xeL 6N avadepbel, urtdpxel To GALVOUEVO TNG “OVWUAANG
e€aoBéviong” (Anomalous Fading), 6mou o Aotplog XAveL PEPOG TOU ORMATOG TOU KATA TO
XPoViIKO Stdotnua anobeong tou (Wintle, 1973). Emopévwg, eival anapaitnto va StepeuvnOet
TO TTOCOOTO TOU GNUATOG Tou €xeL xabel, wote va SlopBwOel, mpokelpuévou va amodeuyBei n

unoektipnon twv nAwkwwv. Yrdapxouv Suadopeg peBodol (e.g., Huntley and Lamothe, 2001;
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Auclair et al., 2003) oL ontoieg €xouv xpnotpomnonBel yLa tn LETPNON TNG AMWAELAG TOU GAKATOG

™¢ Qwrtavyelag ava Sekaetia (g-value).

Téooepa (4) Sdwokia tou delypatoc BRN3, adol uméotnoav AeUkavon (bleaching) (2 IRSL
Sleyepoelg yia 40sec otoug 325°C), urtoBAnBnkav os texvnti 66on 573Gy Kol EMelta eKTEBNKAV
yla ULKpa xpovika Staotiuarta (3, 30, 90, 300min) oto nAloko ¢wg Katd toug Huntley and
Lamothe (2001). 3tn cuveyela, petpndnkav epapudlovrog to mpwtokoAlo p-IRIR SAR tng Thiel
et al. (2011) kot urtoAoyiotnke n g-value yla toug 290°C (ewkova 5.35). H g-value kaBe Siokiou
UTIOAOYLOTNKE QIO TNV avomapdotacn TOU OAMATOG OUVAPTACEL Tou  AoyoaplOpikd
KOLVOVLKOTIOLNLEVOU XPOVOU TIOU €XeL eMEADEL peTA tnv aktvoPfoAnon (Buylaert et al., 2011)
(elkova 5.36). Inuewwbdnke pia péon tiur g-value tng ta@éng tou 5.6% + 0.1, MOOOOTO TO OMoio
nipgnel va And Ot umoPn oTov TEAIKO UTTOAOYLOUO TWV NALKLWY, WOTE AUTEC Va. UNV TIPoKUouv

UTTOEKTLUNUEVEG.

Tzot eLucOévnone actpiov (Fading test)

0.7 g= 5.6 + 0.1 %/ decade

0.5
05 1 15 2 25 3 35

Kovovikoroimpuévo enfjpa Poravyaios (Lx/Tx)

Xpovoz (hrs)

Ewkova 5. 35: YOAOYLOMOG TG péong TG g-value yia to deiypa BRN3. Ta kavovikononpéva
p-IRIR250 OAMATA QVATOPIOTAVIOL OUVAPTACEL TOU XPOVOU TOU €XEL E€MEAOEL HETA TNV
aktwvoBoAnon. H g-value avtamokpivetal oto moocooto e§acBéviong Tou CHMATOG avA
Sekaetia.

‘Emelta and tnv mpaypotonoinon 0Awv tTwv TeoT aflomotiag, KATaAYOUUE OTO CUMMEPOCLOL

otL N edappoyrn TOoo Tou MPWToKOAAou OSL SAR oto Seiypa THE2, oto omoio akoAouBnOnke n
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dla Sradikaoia pe tov dotplo (pe e§aipeon to teot e§aobéviong to omoio dev epapuoletal yia
10 XoAalia) 6co kot Tou TPpwWTokOAAou p-IRIR SAR ota Seiypata BRN1, BRN2, BRN3, BRN4,
BRN5, BRN6 kot BRN7, THEL kot THE3, divel a§lomioteg kat akplBeis Tpueg looduvapwy 60cewv
(Des), oL omoieg Ba obnynoouv otnv opbn eKTiUNon Twv NAKIWY Twv OEYUATWY TOU

oUA\EXOBNnoav amo tnv rapdktia {wvn tou Bopelou EuPoikou kOATou.

5.5.3 YnoAoylopog HALkLwv
Onwg ndn £xel avadepbel, 0 UMOAOYLOUOG TWV NALKLWY TIPOEPXETAL MO TO AOYO TWV

loodUvapwyv 666wV (Des) mpog To PuBUO 660wV (Drs).

>  Yrnoloylopoc looduvouwyv §60ewV (Des)

Mo Tov uTtoAoyLopo Twv looduvapwv 60cewv (Des), XpnotponotBnke to mpwtokoAlo OSL SAR
(Duller 2003; Murray and Wintle 2000; 2003, Wintle and Murray 2006) (mivakag 5.3) yia 1o
Selypa THE2 kot To mpwtokoAAo p-IRIR SAR (Thiel et al., 2011) (mivakag 5.5) yia ta delypoata
BRN1, BRN2, BRN3, BRN4, BRN5, BRN6, BRN7, THE1 kot THE3.
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Nivakag 5. 8: Ou wooduvaueg 800el TOU
npoékupav amd TNV £dappoy  TwWv
NPWTOKOAAwv OSL SAR (Duller 2003; Murray
and Wintle 2000; 2003, Wintle & Murray 2006)
p-IRIR SAR (Thiel et al., 2011).

Asziypara | loobovaun Soon-De (Gy)
BRN1 445 B4 + 1R 75
BRMZ 360858 +1851
BRN3 459925+ 2345
BRN4 442592+ 1825
BREMNS 52003 +28.41
BRME 3598.65+17.04
BRN7 464.09 + 22 85
THE1 76215+ 3B.57
THE2 514 57 + 6537
THES 3254 +15954

Ano kaBe Selypa petpndnkav dwdeka (12) Siokia cupPwva pe ta MPwWTOKoAAa Twv Duller
(2003), Murray and Wintle (2000; 2003), Wintle and Murray (2006) kat Thiel et al. (2011). Na
kaBe Slokio Eexwplota eAéyxOnkav ol €n¢ napapetpol: Aoyot AvakUukAwong (Recycling Ratios)
oL ormolol mpEmeL va gival eviog tou glpoug Tuwv 0.9-1.1, Adyol Avaktnong (Recuperation
Ratios) oL omolol mpemel va eival <3% (Aitken, 1998; Aitken and Smith, 1988; Rhodes, 1988)

kaBwg kat n taxutnta kopeopoU (Do) (Athanassas, 2011) omou mpénel va LoxXUEL N oxeon De<2Do.
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OL mapapetpol avtol kabopilouv TNV emthoyn Twv KATAANAwY SLokiwv Ta omoia punopouv va
XpnotpomnotnBouv yla tnv ektipnon aohoAwyv Kat ofLOmLoTwY AMOTEAECUATWY Des. ZTOV TVOKQ

5.8 paivovtal ta anoteAéopata Twv Des yla KABe Selyua.

>  Yrnoloyioudc puBuwv Adonc (Dose Rate)v

o Tov UTIOAOYLOMO TwV pUBUWV §6ong amatteital o TPoodLoPLOUOG TOU HEYEBOUG TWV KOKKWY,
TOU TTOOOOTOU UYPACLAG TTOU €XEL CUYKPATNOEL TO Selyua, n ouvelodopd tng aktivoBoliag a, B,
v, (U, Th, K) (Aitken, 1985) kaBwg Kal TG KOOUIKNG akTtlvoBoAlag oto delypa, tng omolag n
évtaon Stadopormoleital avaloyws Le To yewypadLlkd LRKOG Kot TTAATOG, To XPovo, To Bdbog, To
v opeTpo NG TtepLloxng detypatoAnyiag (Prescott and Hutton, 1982; 1988; 1994) kabwg KoL To
TAXOC TNG €TULPAVELOG TWV KOKKWV Tou adalpebnke pe tnv mpoobrkn tou udpodBopiou

(Aitken, 1985).

JTnv nopouaoa dLatpLpr], o UTTOAOYLOUOG TwV EEWTEPLKWY pUBUWY 600NG EYLVE XPNOLLLOTIOLWVTOG
TG XNMKEG avaluoelg twv otoxeiwv U, Th, K kat Rb oL onoieg mpoékuav and tn pebodo
Inductively Coupled Plasma Mass Spectrometry (ICP-MS; ACME laboratories, Canada). Xtnv
TEPUMTWON OUWG TOU 0OTPLOU UTIAPXEL KOl CUVELOPOPA QO TO E0WTEPLKO TWV KOKKWV, O
AEYOUEVOG €0WTEPLKOC pUBUOG S6ong, 0 omoilog KaBoploTnKe XPNOLUOTIOLWVTOG TH XNMLKA
avaiuaon (U, Th, K, Rb) amopovwpévwy KOKKWVY aotpiou pe T HEBodo ICP-MS kal tn péTtpnon
NG TEPLEKTIKOTNTOG TOU £0WTEPLKOU K pe to HAektpovikd Mikpookomio Iapwaong (SEM), to
ormoio eival sfomAlopévo pe duataén Energy Dispersive Spectrometer (EDS) micro-analysis.
ErumAéov, €vag eowteplkog o puBuog doong 0,1Gy/ka mpoepyxouevoc amd U kot Th
nieplhapBavetal eniong oto cUVoALKO puBuo ddong Omwg mpoteivetal and tn Mejdahl, (1987).
H meplektikdTnTa 08 vEPO BACLOTNKE OTLG ONUEPLVEG TIHEG uypaoiag (Le amokAlon +5%) mou
BewpnBnke OTL MOPAUEVOUV OTOOEPEC KATA TO XPOVIKO dlaotnpa anobeorg Tous. H peiwaon tou
puUBUOU 600NnNC AOYyW TNG TEPLEKTLKOTNTOG O VEPO, OlopBwOnKe XPNOLUOTOLWVTOG TOUG

OUVTEAEOTEC IOV TpoTeivovTal amd Tov Zimmerman (1971).

To MPOYPOULO TTOU XPNOLUOTIOLBNKE YLa TOV UTTOAOYLOMO TwV GUVOALKWY puBuwv 66ong (Total
Dose rates) eivat to “The Dose Rate calculator (DRc)” (Tsakalos et al., 2015) oto omoio
elonxbnoav oAa ta anapaitnta dedopéva (mivakag 5.9).
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Nivakag 5. 9: Kwdwkoi Setyp
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JTOV MopaKAtw Tivaka mapatiBevral ot pubuotl 66ong, 6nwg autol umoloyilotnkav omo to
npoypappa DRC. ZNUELWVETAL OTL, 0 ECWTEPLKOG pUBUOG S00NnC tou xahallakou Seiypatog THE2
bev umoloyiotnke S10TL, N cuvelopopd TOU 0TO GUVOALKO pubuo doong, Bewpseital apeAnteéa

(Preusser et al., 2008).

Mivakag 5. 10: PuBpoi 66ong (DR).

AEIFMIA Wg:E:LK;EHE FYEG_EH.::EP:I.(;EHE e
(Gy/ka) (Gy/ka) (Gy/ka)
BRN1 0.23+0.04 0.43+0.03 0.66+0.04
BRMN2 0.15+0.03 0.42+0.03 0.57+0.04
BRMN3 0.29+0.04 0.56+0.04 0.85+0.04
BERMN4 0.24+0.05 0.5+0.023 0.74£0.06
BRMNS 0.23+0.04 0.46+0.03 0.69+0.11
BRMNGE 0.25+0.04 0.42+0.02 0.67+0.04
BRN7 0.3+0.05 0.61+0.04 0.91+0.06
THE1 0.235+0.06 1.1+0.08 1.45+0.1
THEZ2 - 0.49+0.03 0.49+0.03
THE3 0.26+0.06 0.3+0.02 0.66x0.09
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6. MPOzAIOPIZMOz HAIKIAZ KAl EPMHNEIA TQON
ANOTEAEZMATQN - 2YZHTHZH

‘Exovtag umoloyioel Ti¢ looduvapeg 600elg (Des) Kot Toug puBuoug 66ong (DRs) pmopoupe va
umoAoyiooupe tnv nAwkia Tou kdBe Seilypatog, kat mpodavwg tnv NAKia Tou  yewAoyLkou
OXNHOATLOHOU OO TOV OTIOL0 TIPOEPXETAL, XPnolpomolwvtag TNV g§iowaon tng nAtkiag (mivakag
6.1). O akoAouBog mivakag SelyVeL TIC EKTIUAOEL TWV NAKLWY, CUUMEPLAAUBOVOUEVWY TWV
SlopBwoewv yla tnv eoobévion tou aotpiou (anomalous fading, PA. teot efooBéviong

0.0TPLOU), yLat TLG TTEPLOXEG TNG APOGCLAC Kol Tou OgoAdyou.

Nivakag 6. 1: EKTipwHEVEG NAKieg (0 XALadeg Xpovia) yia 10
anod ta Ssiypara mou cuAAEXOnoav amd tnv mapdktia {wvn
Tou Bopelou EBoikol kOATOU (neploxég Apooidg-Mmoupvavia

Kot @0Adyou) kabwg Kot ta avtictoa oHAARATA TOUG.

IZOAYNAMH PYOMOZ AOIHI
AEIrMA

AOIH (Gy) (Gy/ka) HAIKIA (ka)
BRN1 445.84 +18.75 0.66+0.04 675.5128.41
BRN2 360.88 £ 1851 0.57+0.04 633.13132.47
BRN3 499.25 +23.45 0.85+0.04 587.38428
BRN4 44232 +18.25 0.74+0.06 598.55424.67
BRNS 520.03 £28.41 0.69+0.11 753.67+41.18
BRN6 398.65 +17.04 | 0.67+0.04 595+25.44
BRN7 464.09 +22.85 0.91+0.06 509.99425.11
THEL 762.15 3857 1.45$0.1 525.62426.6
THE2 51457 6637 | 0.4540.03 514.57466.37
THE3 3254 £15.94 0.66+0.09 493.03£24.16
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210 onpelo auto, agilel va TovioTtel OTL amo To TeoT €kBeong oto NALako dwg eixe amodelyOet OtL
UTIAPXEL EVOL EVATIOUEVOV ORHA TNG TAENG Twv ~5.6Gy (glkdva 5.32) To omoio avilotowel oto
1,5% nepimou tng looduvaung &déong (De=472.53Gy) tou Oelypatog, yeyovog To oOmoio
anobelkVUEL OTL €lval EMOPKAG O UNSEVIOMOG TOU OAMATOG KATA TNV amobeon tou WApHatog,
adou 10 mMooooto Bewpeital apeAntéo Kot emopevwg e Ba utoAoyloBolV UTEPEKTIUNUEVEG

TLUEG NALKLWV.

Napaktio {wvn APOoLAC

Ano tnv Tmopdktia lwvn NG Apooldg (meploxn Mmoupvwvtag) Tta Selypota  mou
xpovoloynBnkav avikouv coe 600 SladopeTikeg TopEG. 2tnv Ogon 1, ta delypata amd to
KOTWTEPO TIPOG TO AVWTEPO £xouv w¢ €€ng: To OSelypa BRN5 elval KpokaAomayeg, e
Kokkwdec/aoBeotolyo ouvdetikd UALKO, TO omolo umodelkvUel cuvelwodopd  amod
TIOTOHOXELUUAPLO TEPLBAANOV Kol dnuloupyla amd €vo apKETA oUVIOUO Yeyovog LPNAAG
gvépyelac. H nAtkia tou mpoodlopiotnke ota 753.67+41.18 xAwadeg xpovia. Ta delyparta BRN1,
BRN2 kat BRN6 sivol Pappitec umoAeukol, oL omolol Tepléxouv Bpavopata amoAlBwUATwWY
vdaApupou TepBariovtog (Oomwg m.X. Adelina elegans — yivetal oxetikn avodopd otnv
BLBAloypadikr] avVaOKOTNGCN OXETIKA LUE TOUC YEWAOYLKOUG OXNUATLOMOUG TNG MEPLOXNG). Ta
Sdelypata avtd €dwoav avtiotowa nAwkieg 675.51+28.41, 633.13132.47 kou 595+25.44
XALadeg xpovia (ewkova 6.1). Zopudwva pe tn otpwpatoypadikn othAn otn B€éon g Oonc 1
otn Apootd, o Yappitng-BRN6 umépkettal tou Papuitn-BRN2, o omolog UMEPKELTOL TOU

Pappitn-BRN1 Kal autog Ye TN OELPA TOU UTIEPKELTAL TOU KpokaAorayoug (BRN5).

Mapopoitag ABoloyiag eival kat ta deiypota BRN3 kat BRN4 tng Béong 2 otn Apoold.
Mpokettal yla Pappiteg ykpilou avolytol xpwHatog, ou eplkAeiouv moAudplBua Bpavouata
arnoAtbwpdtwy Kot €xouv nAwkio avtiotowa 587.38+28 kot 598.55+24.67 xAddeg xpovia. To
Selypa BRN7 eival emiong Yappitng avolktol ykpilou xpwpatog, xwpel¢ amoAltbwuata Kat n
nAtkia Tou mpoadlopiotnke ota 509.99+25.11 xAadeg xpovia (ewkova 6.2). T0udwva emiong He
™ otpwpatoypadiky otnAn otn Ofon 1 tng Apooldg, o Yappitnc-BRN7 umépkeltal tou
Pappuitn-BRN3, o omoloc umtépkettal tou Pappitn-BRN4S,
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Ewova 6. 1: H otpwuatoypadikn otrjAn thg O€ong 1 tng mapaktiag {wvng tng APooLAg ME TG QVTIOTOLXEG

anoAuteg nAkieg onmwg autég poékudav pe tn pEBodo tng pwrtaldyslag.
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Ewkova 6. 2: H otpwpatoypadtkn otiAn thg O€ong 2 tn¢ mapaktiag {wvng tng APooLig ME TLG QVTIOTOLXES
anoAuteg nAkieg onwg autég mpoékudav pe tn pEBodo tng pwrtaldyslag.
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Napaktia {wvn OgoAdyou

Ta OSelypata mou xpovohoynOnkav mpogpxovial amd T UPAAHUPEG amoBEoel mou
eudavitovral otnv mapaktia {wvn TNS MEPLOXAG, KoL artd To MAAALOTEPO TIPOC TO VEOTEPO, Elval
ta €€ng: To Oeiypa THE1 eival pdpyo n omolo TMEPLEXEL EVOLOOTPWOELC KOKKLVOU OpPYLAO-
UVALWSouUG VALKOU, Kat n nAtkia tng tpoodlopiotnke ota 525.62+26.6 XALddeg xpovia. To deiypa
THE2 eival aofeotitiki papya AEUKOKITPLVOU XPWHATOG, CUVEKTLKH, E AATUTIEG KO TTopouaia
BoAdoolwy amoAlBWUATWY-PUKWY (mou avayvwpilovtol 0To HIKPOOKOTILo) Kol nAlkiol 1ou
dOavel ta 514.57+£66.37 xA\adeg xpovia. To deiypa THE3 eival aoBEOTITIKI) LAPYO, CUVEKTLKN,
pe Aatumec omou umapxel adOovn mapouacio mMoAAwV BpaucudTwy BaAGCoLWVY amoABwUATWY

Kat nAwkia tou mpoaodlopiotnke ota 493.03 +24.16 XALAdeG Xpovia (elkdva 6.3).
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Ewkova 6. 3: H otpwpatoypadikr otiAn tng mapdktiag {wvng OsoAdyou LE TG avtioTolyeg andAuteg nAtkisg
Onw¢ autég tpoékuav pe T pEBodo thg pwtaldyslag.
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Zupdwva pe tn otpwpatoypadikr otAn otn B€on Tou OgoAdyou, n acPfeotitiky papya-THE3
UTLEPKELTAL TNG AOBEOTITIKAG MApyaG-THE2 Kal auth HE TN OELPA TNG UTIEPKELTAL TNG MAPYAS
(THE1) pe tig nAwkieg va Bplokovtal emiong o€ kavoviky aAAnAouxia. Znpelwvetal ot to deiypa
THE1 epdavilel xapoaktipeg udpaipupng WNUATOYEVESNG, €VW TO UTEPKElPEva Selypoata

Xopoktnpeg kaBapd Baldooiou meptBaAiovtog.

Jultnon Kol EpUNVEL TWV ATTOTEAECUATWY

OL evuotatikeg PeTaBoAEG TG BaAdoolag otaBung amnoteAolv évav ar’ TOUG ONUAVTIKOTEPOUG
ouvteheotég Tou kaBopilouv To KaBeoTwg TNG AmoOBeong Twv MOPAKTIWY Kal UGAAMUPWY
oxnHatopwy. Exouv cuvtoaxBel and Stadopoug epeVVNTEG APKETEG EVOTATLKEG KAUTTUAEG, OL
omoieg Seiyvouv TIC UeTOPOAEG TnC Baldoolag otabung Kotd to TETAPTOYEVEG, TO OmMolo
XopakTnpiletal amo tnv evallayn mMaysTwdwy Kol LECOTAYETWOWY MEPLOSWYV, KoL OL omoiec Ba
pUmopouoayv Vo XpnoLHomolnBouv ylo To0 CUCYXETIONO TWV NALKLWVY PE Ta dtadopa Oaldoola
lootormika Ytadia (MIS). 2tnv mapovoa Statplpn Ba xpnotpomnolnBel n eUCTATIKA KOUMTUAN TWV
Bintanja et al. (2005), n omoila KOTOOKEUAOTNKE Pdoel SeSopévwv mupnvwy WNUATWY
OUMEYUEVWY amd SLadopeC MEPLOXEC KAl BEwpPELTAL AVILTPOCWTIEUTIKA KAl YLt TG UETAUBOAEC
™G otabung tng Bakacoag otnv meploxn thg Mecoyeiou, TTPOKELUEVOU VA QVATIAPACTOOU LUE
TIC NAKieg mou eAndBnoav oe oxéon Ue tn otabun tng Bdlaccag oto mapeABov, Katd Tn

Slapkela, BEBata, Tou TeTaptoyevoucd.

Onwg dpaivetal kot anod TNV elkova 6.4, OTIOU OTNV EVCTATLKA KAUTUAN TIPOoTEBNKAV OL NALKLEC
TWV YEWAOYLIKWY OXNUATIOUWY TIou Tipoadloplotnkayv otnv mapoloa Statplpry, oL TIUEG TOUG
OUYKEVTPWVOVTAL ylo PEV TNV MEPLOXN Tou OgoAdyou oto Oaldocclo lootomiko otadio (MIS)
12,13,14,15, ywa tn O¢on 1 tng mepLloxng tng Apootdg oto OaAdootlo lootomikd otddio (MIS)
15,16,17,18,19, kat yla tn ©¢on 2 eniong tng mePLoxng tng Apootdg oto OaAAooLo 00TOTLKO
otadlo (MIS) 13,14,15. Etol, pe Bdon tnv amodAutn XPOvoAoynon Ttwv OelyUdTwv Tou
eAndpOnoav amnod TG MAPAKTLEG amoBOEoelg TN ePLoXnG Ocoldyou Kal Apooldg tou Bopelou
EuBoikoU KOATTOU TIPOKUTITEL OTL AUTEG UmopoUlv va amodobolv oto MEco MAslotokatvo. H
NAlLKia auT TapapEVEL akOpn Kol av AndBel umoyn To HEYLOTO TwV OOOAUATWY TWV

XPOVOAOYHOEWV.
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Sea Level (m)

Zupdwva pe ta dedopéva MAAALOTEPWY EPEUVWY XPOVOAOYNoNG Twv (Slwv OXNUATIOUWY, HE
Baon Oupwg moAalovtoAoylkoU¢ Tpoodloplopous (yaotepomodwy, shaopatofpayyiwv kot
00TPAKWOWYV), OTOUG OUYKEKPLUEVOUG OXNUOTLOMOUG €xeL amodoBel nAwia eite Avwiepo
MAewokawvo — Katwtepo [MAelotokawvo (Maupibng et al., 2006) eite Katwtepo-Méoo
MAslotokatvo (Koupavtakng, 1969; Keraudren, 1970-1972; 1975; Phillip, 1974; Lemeille, 1977;
Rondoyanni-Tsiambaou, 1984; Genre 1999). Me Bdon Ta QmMOTEAECUATO TNG TOPOUCAC
€peuvag, mpoodlopilovtal akpLBEoTtepa oL NAKIEG OXNUATIOUWY TTOU XPOVOAOYOUVTOV HECA OF
eupéa mAaiola Baocel Brootpwpatoypadkwy KpLtnpiwv Kot tomobetolvial pe HeYaAUTEPN

BeBaiotnta oto Méoo MAslotokaLvo.

Middle Pleistocene
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Ewkova 6. 4: 20ykpion p-IRIRSL nAtkiwv tng mepLloxng HeEAETnG pe TG petaBolég tng OaAdooiag oTadpng Katd to
Méoo MAelotokatvo (tpomomnotnpévo anod Bintanja et al., 2005).

AapBavovtog uroPn Ta AmoTEAECUATO TWV YEWXPOVOAOYNCEWV UITOPOU E VO GUTIEPAVOU LUE
OTL N MpwWTN €loodog tng Balacoag otov Bopelo EuBoikd KOATO EeKivnoe OTIC apXEG Tou MéEoou
MAslotokalvou. Edw onuewwvetal, otL n elcodog tng Balaccag Bewpeltal wg n MPwTn £L0060¢
otov EuBoiko, AOyw TOu yeyovoTog OTL Ol UGAAUUPOL TETOPTOYEVEIC YEWAOYLKOL oXnUaTIOMOL
Tou Bopelou EuPoikol kKOATOU, gival ol mpwtol ou epdavilovtal otn peAetnBsioa meploxn e

XOPAKTAPEG UDAAHUPNG Kol pnxNg Oaldacolag WNUOTOYEVESNG, HETA OO EKTETAMEVN
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nrepwtikn (Awvaia Kupiwg kat xepoaia) wWnuatoyéveon. Moapatnpwvtag TNV €UOTATLKA
KQUTTUAN, yivetal avtiAnmto OTL otnv mapdktia {wvn Tou OgoA0you ot NAKIEG Twv SelypdTwy
THE1, THE2 kot THE3 cupmepllapBavopevwy Kat Twv opoApdTwy Toug, UToSNAwvouv OtL Ta
OTPWHATA AUTA oxnuatiotnkav eite oe Bepuég meplddoug avodou tng Baldooiag otddung
(MIS 13,15) o6mou n otaBun tng Balaocoag Bplokdtav oe uPnAd entineda aAAd xapnAdtepa amno
Tn onuepvn (Bintanja et al., 2005) ite oe Yuxpeg meplodoug mrwong tng Baddoolag otabung
(MIS 12, 14) o€ apKetd xapunAotepa eninmeda o’ Tn onUEPLVH]. Oa EMPETE CUVENTWG CHUEPA TA
WNuata autd va Bpiokovtal Bublopéva KATw amo tnv entpavela TG BAAaooag, yeyovog mou
6ev oupfaivel AOyw TNG TEKTOVIKAG Spaoctnplotntag mou mapouctalel n meploxn. Mapopola
ELKOVA SLATILOTWVETAL Kal yla TG Ooelg 1 kat 2 Twv amoBEaewv TnNG ApooLag oL onoieg paivetal
va oxnuatiotnkav kotd to lootomnika otadia MIS 15,16,17,18,19 kot MIS 13,14,15 (swova 6.4).
AvtioTolya Kal ol amoB£oelg auTeG Ba EMpeTe va eVIOMLOTOUV €ite BUBLOUEVEG QpKETA UETPO
(buxpo otadlo mtwong tng BaAdoolag otadbung) katw amod tnv enidavela tng Balacoag, ite
KOVTA OTn onuepLvn otabun tng Bdiacoag (Bepuod otadio avodou tng BaAdooiag otadung).
AVTIBETWG Onwg Kol oto OgoAoyo, Bplokovtal Ewg 3 m MAvw amo T onuepwvr) Baldoola
otabun, yeyovog mou Ba pmopolos Kot TAAL va €€nynBel w¢ oxeTik avuPpwaon TG XEPoou

AOYw VeoTeKTOVLIKAG Spaotnplotntoag (MaAuBog, 2001).

JTnVv meploxn tou OgoAdyou, apxlka SnULoupynOnke TO OTPpWHA TNG UAPYOC HE TLG KOKKLVEG
apytho-tAuwdelg evdlaotpwoelc (THEL) to omoio eival kot to maiatdtepo (525 + 26 ka) otn
OUVEXELO QTTOTEBNKE TO OTPWHA TNG AoBECTLTIKAG papyag -THE2 (514 + 66 ka) oto MIS 13, o¢
otadlo avodou tng Bahaccag oe uPnAotepa emimeda o’ OTL TO TPONYOUUEVO CTPWHA.
Teleutaio, dnpLoupynOnKe To OTPWHO TNG AOBECTLTIKNAG LA pyoc-THE3 (493 + 24) to omoio sivat
To veotepo Kal mbavotata Snuwoupyndnke oe otadlo avodou tng Baldoolag otabung
OVWTEPO ar’ TO TPONYOUHEVO (CUMTMEPIAAUBAVOUEVWY TWV CPAAUATWY). Oa UMOPOUCOLE
onAadn va Bewpriooupe OtL oL UGAAUUPEG aMOBECELG TOU @E0AOYOU OXNUATIOTNKAV TIEPiMOU
~30 m kdtw and tn onuepwn BaAdoola otabun. Aappdvovtag undyn otL autol Bpiokovtatl
navw amnod v ermudpavela tng Bakaocoag kat oxL o Babog nepimou 30 m KATW art’ TN CNUEPLVNA
otabun, eival eVAoyo oL amoKALCELG AUTEG va amoSoBouv O)L LOVO OTOV EUCTOTIOMO OAAG Kot

OE TEKTOVLOWO.
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2tn B€on 1 tng mepLoxng TG Apootdg apxlkd SnuloupynOnke To OTPWHA TOU KPOKOAOTAYOUG
(BRN5) to omoio eivat kat to moAaitdtepo (753 + 41 ka) amd TOTOHOXELMMAPLO UALKA
peTadeEPOEVA O TN XEPOO Kal amotBéueva oe oAU pnxd BaAdoolo meptBaAlov. 2tn
ouvéxela dnuoupyndnke ta otpwpata Twv Yopptwyv BRN1 (675 + 28 ka) kat BRN2 (633+ 32
ka) kat té€Aog, SnuoupyrnBnke to otpwpa tou Yaupitn-BRN6 (595 + 25) 1o omoio eival to

VEOTEPO OTPWHATOYPADLKA.

H dia ABootpwpatoypadio mapatnpeital kat otn 6éon 2 tng Apooldg, OMOU OpPXLKA
SdnpoupynBnke To otpwpa tou Yapuitn-BRN4 (598 + 24 ka), otn cuvexela dnpoupyndnke to
otpwpa tou Pappitn-BRN3 (587 + 35 ka) kat teAeutaio, To otpwpa tou Yappitn-BRN7 (509 +

25) to omolio elval Kal To VedTEpO.

OL nAtkieg ou mpogkuPav amo tnv epoppoyn tg HeBodou tng dwtavyelag otnv mapovaoa
SlatpLpn, urmopouv va Bonbroouv otnv eKTiNCN TOu PUBHOU amoBeong TWV CXNUATIOUWY TTOU
peAeTnOnkav, kaBwg Kal toug pubpolG avuPwong TwvV TOPAKTLWY TIEPLOXWY TOU VOTLOU
TUNUatog Tou Bopelou EuPoikol kOATOU. g OTL adopd toug pubuoug Wnuatoyéveong, autol
eudavilovral oxeTika Hikpol. ZUyKekpLUEva, atn B€on 1 TG ApooLdg, yLa TO XPOVIKO Slaotnua
675-753 ka untohoyiotnke puBuOG TG TAENG Twv 0.051 cm/yr, yia to Xpovikod dtaotnua 633-675
ka 0.047 cm/yr koL yla To Xpoviko diaotnpa 595-633 ka 0.105 cm/yr (slkova 6.5). 3tn B€on 2
™G APOCLAC, yla TO XPOVIKO Stdotnua 587-598 ka o puBuog Wnuatoyéveone ¢Oavel ta 0.447
cm/yr Kot yla To Xpoviko dwaotnua 509-587 ka 0.142 cm/yr (swova 6.5). Itnv mePLOXr TOu
©e0AOyoU yla TO XPOVIKO Stdotnua 514-525 ka o puBuog WnpatoyEveong ival tng Taéng Twv
0.724 cm/yr ko yLa To Xpoviko diaotnua 493-514 ka 0.325 cm/yr (elkéva 6.6).
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Juopudpwva pe tnv PBiPAoypadio (Kaumépn kat ZakeAapiou, 2006) petprioelg oe Stddopa
onpeia tou KOATou €xouv Swoel TIHEG PUBUWV LTNUOTOYEVEDNG, OE VEOTEPOUG OMWG
YEWAOYLIKOUG OXNUATIOMOUG, Tou Kupaivovtat and 0.26 — 0.33 cm/yr. NapatnpoUpe Aoutov
Twg oL puBuol Wnuatoyéveong mou umoAoyloaue €ival oe KOAR CUPPWVIL PE TIG EKTLUNOELG

T(PONYOULEVWV EPEUVWV.

Ye 0O,TL adopd Tou¢ PUBHOUG avuPwong, EKTLUWVTAC TNV NAWKIO Twv amoBécswyv, 0 HECOG
TBavog puBUog avuPwaong mou MPOKUTTEL KU paivetal amo 0.11 £éwg 0.15 mm/yr. Evag mbavog
pUBLOG avUPwong Tou PBpEBnke yla tnv mepLoxn tou OgoAdyou eival Tng ta&ng Twv 0.15 mm/y
TeplImou KalL yLa T epLoyr thg Apootdg, mapopolog pubuog, mepi ta 0.11 mm/y, yia tig B£oeLg
1 kot 2. MopatnpoUe, OTL KoL OTLG TPELG O€0ELg uTIAPXEL €vag puBuog aviuPwaong nepinou dLog,
EMOUEVWE Bol UMOPOUCAE VO TOV XPNOLUOTIOL|COUHE WE €vav TiBavo pubuo aviPpwong tng
mapaktiag {wvng Tou VOTIOU TUAUATOC Tou Bopewou EuBoikol kOAMou amd to MEoo

MAELOTOKOLVO WG CNUEPA.

AvoAU0OVTOC T ATTOTEAECUOTO TNE MOPOUCAC EPEUVAG, TOOO TWV MAPATNPHOEWV UTtaiBpou 6co
KOL TWV €EPYAOTNPLAKWY QTOTEAECUATWY, TIPOKUTTOUV OPLOUEVEG SLOTILOTWOELG aAAd Kol

EPWTAMATA YLa TNV €EEALEN TNG TTEPLOXNG KAl CUYKEKPLUEVAL:

Ol udaApupol TeTaptoyevelg oxnuatiopol mou gpdavilovtol otnv mePLoXH TG ApooLAg KoL TOU
@eoAOyou, OTIG OUTIKEC OKTEC Tou Bopelou EuBoikol kOATOu, amoteAolv Tpodavwg
umoAsippata anoBeoswv mou eiyav anotebel kal oe AAAeg BEOELG KATA UKOC TOU KOATou. H
onuepwr amoucia toug odeidetal oe dawvopeva Safpwong N kol Kuplwg dadopkwv
KOTAKOPUPWV KIVHOEWV KATA UAKOG TOU KOATIOU AOYW TEKTOVIOMOU, O Omolog £6pace UETA TNV

anoBeon Tou..

OL amoB£aoelg TG mMePLOXNG TNG APOoLAG eival TAAXLOTEPEC ATtO AUTEG Tou OgoAoyou. H elcodocg
¢ Bdlaooac £yve amo TNV MEPLOXI) TOU KAVOALOU Twv QPewV 1 amod Tnv mepLoyr thg XaAkidog

kot Tou Notlou EuBoikol kOAou?

OL puBpol Wnuatoyéveong Kal twv SUO TEPLOXWV €Elval OXETIKA MIKPOL KATL TO oOmolo
urtoSnAwWVEL Npepo TeptBaiAov amobeong xwplc Evioveg KALUATIKEG aAAAYEC. TUYKEKPLUEVQ,

napotnpeital avénon tou puUBUOU WNUATOYEVEONG QMO TA KATWTEPA TIPOC TO OVWTEPO
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otpwpata otn B€on 1 tng Apootdg evw to aviibeto mapatnpeitat va cupBaivel otn B€on 2 tng
Apooldg KaBwg kal otnv TepLoxn tou @goAdyou Omou o0 pubuog WnuatoyEveong epdaviletal
KOl PKETA TLo auénpueévog. OL au§opolwaoeLg Tou pubpoU WNUATOYEVESNG TTOU TTOPATNPOUVTAL,
Ba pmopovoav va gppnvevBolv and tn popdoloyio Tou KOATIOU KOl TNV ETEPOYEVELA TWV
KATAKOPUPWVY KLVACEWV VEOTEKTOVLKAG OLTLOAOyiaG, OKOUN Kal peTo§y TEPLOXwV Tou Oev
arnéxouv oAU petagu toug. O EuBoikdg KOAog eival pa Babid acUUUETPN TEKTOVLKN AEKAVN N
omoia oploBeteital mpog NoOto amod éva cuotnua MoAMwy umoBaAdoolwy pnyHATwY (glkova
6.7), ta omoia eival mepimou mapAAAnAa TpPog TG OaKTEG Tou KOAmou kat Siatdooovrtoal
KALLOKWTA Katd unkog autou (Sakellariou et al., 2007). H auénuévn ogloiKOTNTA TNG TIEPLOXNG
TIPOKOAEL cuxvd UTOBOAAOOLEG KOTOALOONOELG KOl TOOUVAUL KATL TO OTolo UMOopel va €XEL
peyaAn enidpaon otn petadopd Kot anobeon mMaAPAKTLWY Kot UPAARLUPpWY WNHATWY oAAA Kal
OTNV ONUEPLVA ELKOVA TNG KOTOWVOUNG TOUG, LE OTMOTEAECUA VO EMNPEATEL APKETA TLG TLUEG TWV

HEeTpOLLEVWVY puBpwV Wnuatoyéveong (AAeBilog et al., 2009).
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Ewova 6. 7: Amelkovion twv unoBaldoolwv pnypdtwv tou Bdpeiou EuBoikol KOAmou
(Sakellariou et al., 2007).
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Ye OTL adopa Ta Whuata nmou peAetnOnkav, n dtadpopd oto pubuo Wnuatoyeveong Bewpol e
mBavotepo va odeidetal kupiwg otnv UTIAPEN PNYUATWY KAl UKPOPNYUATWY Ttou eridpoloayv
Katd tn Sldpkela ¢ WnUatoyEveon (onweg epdavilovtal 0To YEWAOYLKO XAPTN TN TIEPLOXNG

Kal oTIg pwtoypadileg Twv lkOVWY 6.8 Kal 6.9).

e O,TL adopd TN VEOTEKTOVIKA Opaoctnplotnto tou Bopelou EuPoikol KOATOU, aQuTh
ekdNAWveTAL He TN Snuwoupyla i avadpoon TMOAUAPOUWY PNYUATWY KOL aVTioToLYn Loxupen
oelopkotnta (Mercier et al., 1972; Philip, 1976; Lemeille, 1977, Rondoyanni-Tsiambaou, 1984,
Ganas et al., 1997; 2006) (eikdva 6.5, 6.6). MoAAG amod Ta PHYUOTO QUTA €lval TTOPAKTLA, OTIOTE
ouvdéovtal pe KkataBuBlotikég Kivnoelg kal Sev Ba umopoucav va SKOLOAOYrGouv Tnv
avowaon tng xépoou. Anod £€peuvec OUwWG TwV Schneider., 1968, 1972; Ganas, 1997; Sakellariou
et al., 2006; Alexander et al., 2015) StamiotwONKe €vag TOMIKOG puBUOG avUuPwaong Tng Taéng

twv 0.2-0.5 mm/yr otnv neplox,Aoyw mapouoiog urtoBaAdooLwy pNyUATWY.

Ewkéva 6. 8: Neotektoviky Spaotnplétnta otnv mepLoxf tou Otsoldyou (tpomormoinuévo amnod
Palyvos et al., 2006, cupnepihappdavovral piypata twv Philip, 1974; Lemeille, 1977; Katsikatsos
et al., 1978; 1980; 1981; 1984; Rondogianni, 1984; Mettos et al., 1991; Ganas, 1997; Galanakis et
al., 1998 kou Lekkas et al., 1998).
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Elkova 6. 9: NEOTEKTOVIKF) §paoTnploTNTA OTNV MEPLOXN TG APOOLAG (TPOTMOMOLNHEVO Amo
Rondoyanni et al., 2007).

Mtua avtiotowxn eppnveia Ba pmopouoe va amodoBel Kal yla TNV CNUEPLVH KATOVOUR KATA
LNKOC TOU KOATIOU TwV amoBETEwWVY TTOU HEAETHONKAY, HLKPO TUALO TwV Omoilwv BplokeTal mavw
ano To onuePWO emimedo tng Bdhacoag. MikpOTeEpeg eUPAVIOEL] TAPOUOLWY GYXNHUATIOUWY
eudavitovral kat otnv meploxn HeAETNC oUudwva pe toug Koupavtakn (1969, 1973), Lemeille

(1977), Rondoyanni (1984) otnv AvBndwva, ota Aoukiola kot otn vrico MNpappovaoa.

210 onpelo auto, ailel va onpelwOel OtTL Pe BAaon TG LETABOAEG TNG EVOTATIKNG KAUTTUANG KATA
tn Oapkela Tou Méoou MAslotokaivou kot AapBavovtag unmoyn To yeyovog OTL TO HEYLOTO
BaBog tou otevwyv Twv Axadwv dev Eemepva ta 65-70 m, yivetal avtiAnmtd OTL o Bopelog
EuBoikog¢ KOATIOC avad SLooTAUATA QMOpovVWVOTav amo to Alyaio kalt Spoloe wg Alpvn evw
TEPLOSIKA KaTakAL{oTav MAAL oo to BaAlacowod vepd Kal dpoloe w¢ AluvoBalaocoa. Auto
eruPBeBalwVETAL KOl OO TNV TOPOUCia TNG Mavidoag Twv HoAakiwv Tou €xel Bpebel otig
OUYKEKPLUEVEGC aTOOE0EL KOl €XEL TPOOSLOPLOTEL amd  GANOUG  EPEUVNTEG  OTWG

npoavadepOnke, mavidag mapopolag He avtiotolyng nAkkiag t™g Koaomiag kot Malpng
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Bdlaocoag mou anodelkvlouv tn cuvdeon tou KOATIoU pe tov EvEewvo Movto kat tnv Kaomia
pHéow TNG BAaAaocoag tou Mappapd kat Tou otevou Twv Aapdaveliwv ta onoia Bswpeital otL

avtiotolyolv o€ pecomnayetwdn uPnAn otdbun Bakaocoag (Ganas, 1997).

e O,TL adopd TIC SUVOTOTNTEC TNG YEWXPOVOAOynong He tn HEB0dO NG dwTtavyelag,
SLaTLOTWONKE TEPLOPLOUOC OTLG XPOVOAOYNOELG KATIOLWY SELYUATWY TToU CUAAEXBNKaV oo tnv
mapaktia {wvn Tou KOATIou, yeyovog mou odeiletal adevog pev otn ¢uon Tou UALKOU
(avemapkng moooTnTo YETA TN XNULIKA enefepyacia 1 pn tumika onpota Gwtalyelag) o€
Kamola am’ autd Kal apeTEPOU OTOV KOPEOHUO TWV ONUATWY OMTIKAG ¢GWTIAUYELOG TwV
XoAolloKwy KOKKWV og Kamolwa OAAa. BEBaia, otnv mapoloa Sidaktopikny SiatplPfn, to
TPOPBANUO TOU KOPEOUOU EEMEPAOTNKE HE TN XPNON KOKKWV 0OTPLOU, OMOoU auTOg ATav
ETIAPKNG, XPNOLLOTIOLWVTAG TNV TEXVLKA TN YIEpuBpnc Omtika Ateyeppévne OQwtalyetag (IRSL)
EKTOG Ao £va delyua to omolo xpovoloynobnke pe tv Omtika Aleyeppévn Qwtavyeta (OSL).
Elval wotooco, emotnpovika opBd va mpoadlopilovtal OxL povo ot Suvatotnteg aAAd Kot ot
neploplopol KaBepdc akoAouBolpevng HeAeTNTIKAG peBodoloyiog, LOLaTEPWS €AV aUTA
guploketal oto otAdlo TNC avamTUEEwW NG OMwG cupPaivel Pe TIc peBOSouC XpovoAoynong

TtoU oXeTi{ovTal UE TIG TEXVLKEC EPELVAG TNG PWTOUYELOC.
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7. NIPOONTIKEZ EZEAIZHZ TQN TEXNIKQN THZ OQTAYTEIAZ

Y10 mAaiolo tng mapoloag ddaktoptknc dlatplBhg ytve mpoonabeia epapuoync Kat eEEAENC
TWV TEXVIKWV TNG PwTaUyeloG oTto Tedlo TNG ZELOMOTEKTOVIKAG, UTO TNV €vvolo TOU
XpovoloyLkoU mpoadloplopol tne dpaoncg (i emavadpaong) Twv pnypatwy. Eival euvonto otL n
OVTLOELOULKA Tipootacia elval éva Kplolpo BEpa yla TIg avBpwrveg Kovwvieg mou (ouv o€
TIEPLOXEG ME LOXUPOUG KAl CUXVOUG CELOUOUG KAl N yvwon tTNG NALKLOG KAl KOTA CUVETELA TWV
XPOVIKWV SlaoTnudtwy mou pecoAaBouv petafl evdexOpeVwY SLASOXIKWY EVEPYOTIOLCEWV
TWV PNYHATWY CUUBAAEL OTNV EKTIUNON TNG OELOULKAG ETUKLVOUVOTNTAG. ATTWTEPOG OTOXOG TNG
€peuvag Ntav n epyaotnplakn Slepelvnon TG duvatotnTaG XPOVOAOYNoNC HE OTMTIKWE
Sleyelpopevn Qwrtavyela  (Optically Stimulated Luminescence, OSL) TwV TEKTOVLKWG
KOTAMOVNUEVWY HEXPL KaTwdAlou Bpalcewd -Kal TEPAV AUTOU- OPUKTOAOYIKWY CUCTATIKWY
TWV TMETPWHATWY T OTola. UTIOBAAAOVTOL OE TEKTOVIKEG TAOELG UECA OTIG EVEPYEG TEKTOVIKA
{wveg Tou ynwvou ¢Aolol, Kol TEAKWS dlappnyvuovtal HE cuVaKOAouBo GaLlVOUEVO Kal TN

VEVEGN CELOUWV.

H amoAutn xpovoAdynon Twv pnélyevwv Gpalvopévwy EXEL AMAOXOANCEL APKETOUG EPEUVNTEG OF
d1ebvn kAlpaka tig teheutaieg Sekaetieg (Rink et al., 1999; Takeuchi et al.,2006; Toyoda, 2000).
Ol OXETIKEG EPEVVEG £X0UV £0TLAOOEL KUplWC O “evePYELOKEG TIOYIOEG 1 TIAEYOTIKEG ATEAELEC
OPUKTWV, OMwG €ival o acPeotitng N o yaAaliog, oL omoieg Suvavtal va CUGCWPEUCOUV
XPOVOAOYIKEC TIANPOodopPieC OXETI{OUEVEG HE TEKTOVIKEG Topapopdwoelg n/kot Slappnéelg
METPWHATWY, Kol £€Xouv MeAetnBel pe TIC “‘poSLOUETPIKES” XPOVOAOYLKEG TEXVIKEG TOU
Mapapayvntikou Zuvtoviopou tou Spin (EPR i ESR) kat tng Qwtavyelag (TL kat OSL). Qotdoo,
n UEXPL onuepa yvwon eni tou Bépatog, dev elval EMAPKNE WOTE VO ETUTPETIEL TNV OTTOAUTN
XPOVOAOYNON TEXVIKWG EVEPYWV pnyHATwy. Malaldtepa, eixav yivel mpoomnaBbeleg an’ eubelag
XpoOvoAOynong tng kivnong TETOWwv pnydatwv Pe T HEBoSO Tou  “HAektpovikou
Mapapayvntikou Yuvtoviopol” (Electron Spin Resonance-ESR) oAAG umnpxav apudLBoAieg
OXETIKA LE TO EAV O UNXOVIOUOC UNOEVIOUOU TwV oNUATWY ESR ATV amOTEAECUA LNXOVLKAC
dlatunong n amotéleopa Bépuavong e€attioc tPPNg. Ot Mmaowakog kot Mavidtng (1992)

XpovoAoynoav otnv EAAASa He TNV TeXVIKA ESR aoBeOTITIKEG EMIPAOLWOELS PNYUATWY, YEVEDSNG
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avapdiBola petayevéotepng tou LOLou Tou TekTOVIKOU cupPavtog. EmutAéov, ot Kundu et al.
(2005) mpaypatonoinoav napeudepeic LEAETEG yLoL AOPBECTITEG PNYHATWY, TIAAL E TNV TEXVLKA
ESR kat ytot eAAnVikO UALKO. Mpog To mapov Sev UTIAPXOUV EMOPKA TIOPLopATA, OO LEAETES TTOU

€Xouv yivel 0To e§WTEPLKO, AAAA TA TIPOKATAPKTLKA OMOTEAECUATA ELVAL APKETA EVOOPPUVTLKA.

H xpovoAdynan tng Kivnong Twv pnyUATWY LE TV TEXVLKA TNG OgppodwTavyelag, mpoUmobEeTel
TNV EMAVEKKIVNON Tou onpatog Tng Qwtavyelag Aoyw tng TpLRg B€puavong katd tn StapKeLla
ekbnAwong tng dappnéng. Mia mpoomnaBela e€€taong TNG EMAVEKKIVNGNG TOU OHUOTOC TNG
Oepupodwtavyelag npaypatonotdnke and toug Takeuchi et al., (2006) oL omoiol uTERaAAav
XoA{lOKOUG KOKKOUG OE TPLBN OTO €pynoTrnplo, ££OMOLWVOVTAG KOT QUTOV TOV TPOMO TnV
Klvnon Twv pnéLTERAXWVY KOTA HAKOG Hlag pnélyevouc emtdpavelac. AUTO o mapatipnoayV fTav
OTL N évtaon tng Oepuodwrtalvyelag eEAATTWONKE oTNV EMLPAVELD TWV KOKKWV KAl YLa EVAL ULKPO
maxo¢ (~500 nm) KAtw amod autr). To Aento autd oTpwpa Helwong tng OepuodwTAUYELNG
CUMTILTITEL PE TNV ETILPAVELD TOU SLOTOPAYUEVOU OTPWUATOC, TO OO0 UTECSTN £VTOVN HNXOVLKN
TOPOUOPPWON KATA TO OTASLO TNG TPLPNG. JUVEMWG, TO OTOTEAECUATA OXETIKA HUE TNV
eAattwon NG OgpuodwTavyelag HEow TPPNS daivovtal evBappuvtikd. Qotoco, otnv
TEPUMTTWON TNG HEAETNC TNC OULUTEPLPOPAG TNG OeppodWTAUYELDG OF PryMOTA OTOU TO
METpWUA udlotatal évtovn TP mpokaAwvtag tTnv “aAeon’ Tou Kal To OXNUOTIOUO HUAwvITh
(TextovikoU PLKpoAaTumonayouc) n yvwaon elvat eAAUTNG. Ze auTr TNV KateUBuvVon E0TIACTNKE N
mopoloa EPEUVA, OE TPWTAPXIKO oTAdlo, KAvovtag Mia Tmpoomdabela  XpovoAoynong

“LUAWVITWV" OPLOUEVWV PNYUATWV.

H ekdnAwaon evoc oslopol ouvSEeTal e Tn Bpalon KAl LETOTOTILON TWV TMETPWHATWY AOYW TWV
YEWSUVOLLKWY SLEPYAOLWV Kal TNG oTASLaKIG CUCCWPEUONG TACEWY OTO METPWA. H Babuiaia
QLUTI OUYKEVTPWON TACEWV TIPOKAAEL TNV Mapapopdwaor] TOU METPWHATOG KAl CUVETIWE KAl TOU
KPUOTAAALKOU TIAEYLOTOC TWV OPUKTWYV TIOU TIEPLEXOVTAL O aUTO. H evalobnoia tou onuatog
NG omtkd Oleyepuévng Qwtavyelag amd tov xaAalia, auvfavetatr pe tn O€pupavon mou
TipokaAel n TPLBN. Auth n Bepukn evepyomoinon tne Ontikng Qwtavyelag (Optically Stimulated
Luminescence-OSL) oto xahalia, Ba upmopovce va xpnolpomoinBel wg “yewBepuouetpo’

TIPOKELUEVOU va eAEyEel av oL KOKKoL xaAalio METPWUATWY TIOU TEUVOVTOL oo pa pnéyevin
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{wvn, elxav oto napeABov BeppavOet efattiag TnNG kivnong Twv pnéLTEROXWV KATA UAKOG TNG

eMLPAVELOG TOU PriYULOTOG.

H Baowkn 16€a atnpixdnke otnv amoyn otL to onpa the OntikAg PWTAUYELOC TTOU EUTEPLEXETOAL
OTO KPUOTOAALKO ALY UTTOPEL VO EMNPENOTEL Kal akopa va pndeviotel 6tav o KpUoTaANOC
umootel Bépuavon N ¢wtlopo. Qotoco dev €xel SlepeuvnBel £wg onpepa €Av n €vtoon Tou
onpatog tng Ontikig Qwtalyelag pnopel va petaBAnBel étav to kpuoTalAiko mAEypa Bpebet
UTO TNV enibpaon evog nedilou Taoswv i UTO TNV enibpaon tNg TPLBNG e€alTiag TNG OXETIKNG
Klvnong Twv pnéltepaywyv. O TEKTOVIKOG “undeviopoc” tou onuatog Ontikng Gwtavyeslog Ba
anoteAoUoe “YpOVOUETPO” TNG TEAEUTALOC KATATIOVNONG-OELOULKAG Sdpactnplomoinong evog
TEKTOVLKA EVEPYOU XWPOU. ITNV TIPOKELUEVN Tepimtwon, Ba pmopoluos va Tpoodloplobel n
Teleutala SpacTnpLlOMoincn EVOG PrYHOTOG XPOVOAOYWVTAG AUECO TO KOTOTOVNUEVO TIETPWIOL
NG «KATOMTPLKAGY TOU E€TLPAVELNG, TIAPA EUUECWC, XPOVOAOYyWvVTaC dnAadr tnv TEUVOUEVN

otpwuatoypadia, Onwe yivetat onpepa.

Ot Toyoda et al. (2000) unéBaAlav Sokipa xalalla oe uPnAég miEoelg, e¢opolwvovtag kat’
QUTOV ToV TPOmo tn &pdcn evog avaotpodou prnydatog kat diamictwoav mwg n uPnAn
ouuniieon nAtav oe 0Oéon va HnOevicEL OPLOMEVEG OUVIOTWOEG TOU ONUOTOC TNG
Oepuodwtavyelac. Emeldni opweg adevog anouotalouy MEPAUOTO TO onola va Slepeuvolv TNV
ouunepldopa tou onpatog tng Qwtavyelag (téoo OMTKAG 000 Kol OePUIKNG) o KaBeoTwg
edeAkuopol f Slatunonc, Kot adeTEPOU TETOLA EVTATIKA Ttedia €ival auTd ou xopaktnpilouv
TO OELOMOTEKTOVIKO KABEOTWE TOU EAANVIKOU XWPOoU, N mapoloa £PEUVA ECTIACTNKE TIPOG QUTH

™V KotevBuvon.

7.1 Neproxn HEAETNG

Ta priynarta mou peAetndnkav epdavilovral otnv neploxn tou EuBoikol kOAmou, otnv omoia
adopd kal n mapovca £peuva. Onwg Adn elval yvwotd, n OSnuioupyla KoL CNUEPLVN
popdoloyia tng eupUltepng mepLoxng Tou B. EuPoikol kOAMou cuvbEetal Ye Tn dpacn MoAAwV

Kal dlaitepng onuaociog pnypatwy (elikova 7.1). Eival emiong pia tepLoxr Tou €XEL EMNPEAOTEL
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Omo UEYAAOUG LOTOPLKOUC KoL TPOodaTOUC KATACTPOodLKOUCG OELOOUG, oL omoiol cuvdeovtal
KOl pe emdaVeELAKEG EKONAWOELS TWV PNYUATWY, OMOTE KAl N XPOVOAOYNnor Toug Umopel va

oupBaletl otnv afloAdynor] Toug amo tnv anon TNG AVILOELOULKN G TTPOOTACLAG.

Ewkova 7. 1: Neotektoviky Spaotnpiotnta tou B. EuBoikol kOAmou, NAfs: North Anatolian fault
system, NAT: North Aegean Trough, Maupo B€Aog: the relative motion of the Aegean and S. Greece
with respect to a stable Eurasia. KOpLeg VEOTEKTOVIKEG {WVEG: [E Kitpvo Xpwpa ta ABA-ANA cUothpa
pnyundtwv, AKFZ: pnéyevic {wvn Apkitoac-Kappévwv BoUpAwv, AFZ: pnélyevi¢ {wvn AtaAdving,
DFZ: pnéwyevig Lwvn Aipduocg, HFZ: pnéyevig {wvn YaumoAng, KAFZ: pn§iyeving {wvn KaAAiSpopou,
KFZ: pn&yevig {wvn KavénAiou, NDpr: tektoviko BUBwopa NnAéa, 1: Kavoviko pAyua, 2: mbavo
prAyua, 3: avactpodo pryua (Palyvos et al., 2005).

TNV mapouoa UEAETH, MpayHaTomolnOnke apxika dsypatoAnyio otic B€0elg TwV pNyUATWY
mou daivovtal otnv €OV 7.2 KoL OTn CUVEXELX €ylVaV UETPRAOELC ONUATWY PwTaUYELaC,
votepa OmoO TNV eVOELKVUOUEVN XNUIK emefepyaocio, He TtV  edapuoyn OSlebvwg

0KOAOUBOUEVWV EPYOOTNPLOKWY TIPWTOKOAAWY 000V adopd oTig xpovoloyroelg pe OSL.
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Ewkova 7. 2: Ofoelg SetypatoAndiag, ota pypata Apkitoog kat ATaAdvtng.

Ao tnVv meploxn Tou Maptivou cuAEXBNnKe éva Selypa (1) amod Tnv KATOMTPLKA eMLPAVELD TOU
prAyuatog tng AtaAaving (elkoveg 7.3 kat 7.4) kat ano tn pnéyevn Lwvn tng Apkitoag tpla (3)
Selypata (ewkoveg 7.5 kal 7.6) amd TNV KATOMTPLKN €MIPAVELD TOU PrYUATOC, TA Omoia Kot

UTECTNOQV TNV TUTIKH XNULKN ene€epyaacia mou akoAouBeitat yla tn HETPNON SELYUATWY UE TIG

TEXVLKEG TNG PwTavyeLag.
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Ewkova 7. 4: H eruddvela tou pAypatog ths Ataddving otnv meploxr) tou Maptivou pe to
TEKTOVLKO Aatumtonay£g 6To onoio €ywe n SswypatoAnyia.
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Ewkova 7. 5: Pnélyevng {wvn Apkitoog.

ARK1

Texrovixo

Ewkova 7. 6: TUA LA TG KATOMTPLKAG EMLPAVELOG TOU pARYHATOG TNG ApKitoag.
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MeBoboloyia
H peBodoloyia mou akoAouBnOnke, Atav n €EAG:

»  ZuMoyn Twv SELYUATWY oo TNV EMLPAVEL TWV PNYUATWY
» Emutomnou YeTpnoelg GpuoLKNG padLeVEPYELAC YL TOV UTIOAOYLOWO Tou puBuol §6ong

»  Xnuikn enefepyacio Twv SELyUATWY OTO EPYAOTIPLO TIPOKELEVOU VA HETPNBOUV

MeTd to TEPAC TNG XNMLKAC emefepyaciag Sdamotwbnke Opwe OtL n pvon Twv SelypdTwy
eunodioe TN Sdadikacia Twv HETPrioewy SLOTL To UALKO ATtav acBeOTOALOKO, UE ATMOTEAECHA
TNV avenapkn noootnta (f kat mAnpn éAAewpn) xaAalia yio tn oXeTikn petpnon. Aappavoviag
unoyn tn dlamictwon auth, Bswpoupe otL N pEBodog tng Dwtavyelag Sev evdeikvuTal yLa TNV
aneuBelag xpovoAoynon Twv embaAVELWY TWV PNYUATWY OTNV TEPUTTWON TOoU autd
ennpedlouv aoBECTOAOIKA TIETPW AT, OMOTE MPETEL va avalntnBel aAAn néBodocg yia apkeTa
Qo TO EVEPYA PAYHOTA TOU EAANVLKOU XWPOU, EVW N TipooTtaBela xpovoloynong Ba pmopouaoe

va TIPOoaVATOALGOEl og priypata Tou SLATEUVOUV TIETPWUNTO UE EmapKn moodtnta xalalia

(ueTapopdwWHEVA, TTUPLYEVN).

x

.

Mpokom

. b K0
MAarava
Adpupva

OkTwvié

Bayla
‘i

Ewova 7. 7: Oéon SstypatoAnyiag otnv neploxn thg Oktwvidg Evpoiag.
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210 mAaiolo pLag ouvepyaciag pe tov k. X. Newpylou, yewAdyo amo to Ivotitouto MewAoykwy
kat MetaAAeutikwy Epeuvwyv (ITME), peletnBnke €va dAAO TIOAU peyAAO priyUO OTO KEVTPLKO
KOl avatoAlko tunua tng EvBolag otnv meployn g OKtwvidg (ewkéva 7.7), am’ Omou

eAndOnoav 3 delypata (swkova 7.8).

8
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Wit Aareromayeg

Ewkéva 7. 8: KaBpérmtng tov pARypatog tng OKTwVLAG.

ATIO TN XNUKN ene€epyacia Twv SelypuATwy MPoEKUPE SLABECLUO UALKO ylal XpovoAoynaon Lovo
oo TA TAEUPLKA KOPHUOTA TTOU BPLOKOVTOL UITPOCTA 0o TNV eMPAVELA TOU PAYHOTOG KoL Ta
orola €xouv ennpeaotel emiong amo autd. To UALKO PETA TNV enMetepyacia Tou PETPAONKE ot
ovokeur Qwtavyetog TL/OSL RISP pe tn péBodo tng Oeppodwrtavyetag (TL) kal ESwoe apKeTA
OlEOTIOPUEVEG TLUEG NALKLWY, OL omoleg lowg Ba prmopovoav va deifouv miBavr) evepyomoinon
TOU. JUVETIWG TO MPWTa amoteAéopata Ba pmopovoav vo BewpnBolv evBappPUVTIKA yla TV
epappoyn t™¢ peBOSou, aA\d amattelital pla mo cuotnuoatiky SelypoatoAnyia, yla tnv

mapoywyn aflomotwy anoteAecpudatwy. MNeplocotepa delypata Ba mpemnel va culexBoulv kat
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va xpovoAoynBouUv, TIPOKELUEVOU TOL OTOTEAECATA TNG GWTAUYELOG VA ElVAL CUYKPLOLUO LE pia

OELPA a0 MAAALOTEPEG SPACTNPLOTIOLACELG TOU PAYHUATOG.

QoTo00, £MELON N EMdPACN TNG TEKTOVLKAC Ttapapdpdpwong otnv OSL ival adiepelivntn £wg
TWPA, yLo. To AOyo autd XpnolpomollBnke n texVkA tng Beppodwrtaviyetag (TL) ya TV omoia
uTtapxouv aoadeig evOeifeLg yla LEPLKA EMAVEKKIVNON TOU oApaTog. MNa va gival duvatr opwg
plo aflomotn ektipnon tg nAkiag sivol amapaitnto va mpayupatonolnBel éva cuvolo
EPYOOTNPLOKWY SOKLUWVY, TIAPATNPNCEWY KOl ULKPOTEKTOVIKWY PETPROEWV Tedlou, wote va
anodelyBel og MelpaAUATIKO 0TASLO KOTA Tooov emiPBeBatlwvetal n Bewpla OtTL, TOo ONUA TNG
Omntikng Qwtavyelag aAd Kol OepUOPWTAVYELOG TIOU EUTIEPLEXETAL OTO KPUOTAAALKO TIAEYyUQL
uropel va emnpeaotel kot akopa va pndeviotel otav o kpuotalhog umootel Bépuavon n
dwtTlopd. ETol 0 TEKTOVIKOG “pndeviopog”’ tou onpoto¢ tng Omrtikng Quwtalyslag Kat
Beppodwrtavyelag Oa pnopovoe va amoteAECEL “XPOVOUETPO”’ TNG TEAEUTALAC KOTATTOVNONG -

OELOMLKN G SpaoTNPLOTIOLNONC EVOC TEKTOVIKA EVEPYOU XWPOU.

ErumA€ov, n napapévouvoa umoAelppatiky §6on mou evioniotnke ota delypata tng OKTWVLAG
KOTA TN OLAPKELX TWV EPYACTNPLOKWY HETPNoewv Pwtalvyelag, o€ ouvbuaopd HE ToV
e€alpeTikd XaunAo puBud duoikng padlevepyol S00NG OMWG MPOEKUYPE OO UETPOELG
TEPLEKTIKOTNTOG padlolcoTonwy oto 8o to Selypa, epumodilel T SLOKPLTIKA LKAVOTNTA TNG
TEXVIKAC KAtw ort’ ta 10 ka, dnAadr) To Xpovikd SLdoTtnUa TIoU OVTLOTOLXEL oTtnv eplodo Tou

OAokaivou, Kol CUVETIWG OTLG TILO TIPOCPATEG AVOOPATELC TWV PHYUATWV.

H mopolUoa €peuva MPEMEL VA CUVEXLOTEL PE OTOXEUON TNV €MAVOANPLUOTNTA CELOULKWY
dalvouévwy, edapUOOTEN KAl O YEWYPOPLKEG TIEPLOXEG yla TIG omoleg dev udlotavral
TIANPOdOpPLEG OO LOTOPLKEG TINYEC, apXELX 1} OELOUOAOYIKEG TTAPATNPNOELS KABWCG CUVLOTA WL

KOLVOTOUO £PEUVA PE EAAXLOTEG MAYKOOUIWG OXETIKEG AVOPOPEC.
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8. ZYMMNEPAZMATA

Jtnv mapovoo Sldaktoplkr Sotplpn, £ywve plo Siepelvnon twv peBOSdwv amoAutng
XPOVoAOynong He ¢wtalyela Kol epopUOYr TNG O YEWAOYLKA KOl TEKTOVIKA Bfpata, PE Tn
HMEAETN TWV TETOPTOYEVWV QMOBECEWV KAl PNYMATWY TNG Tmapaktiag {wvng tou Bopelou
EuBoikoU kOAmou, o omoloc mapouoidlel WSlaitepo evdladépov, kKabBwe xopaktnpiletal anod
€VTOVO EUCTOTLOMO KoL TEKTOVIOUO KaTA TN SLapKeLla Tou TeTaptoyevoug. Ma tnv eniteuén tou
oKOToU AUTOU, KOL LETA TOV IPOoSLopLopd KATA KOG Tou KOAToU Twv B€oewv eudaviong Twv
Wnuatwyv evdladepoviog, cUAEXBnoav elkoounévie (25) Selypata YEWAOYLKWY OXNUOTIOUWY
ano &éka (10) dadopeTikég BECEL KATA UAKOG TNG mapaktiag {wvng, KabBwg Kal Técoepa (4)
Selypata amo Tektovika Aatumomnayr] Twv SU0 KUPLOTEPWY PNYMATWY TNC TIEPLOXAG, Ta orola
UTIOBARBNKAV OE EPYACTNPLOKEG LUETPHOELC LE TLG TEXVIKEG TNG OMTIKA Aleyeppévng QwtalyeLag
(OSL), tng looBepuikng Ogppodwtavyetag (ITL) kat tng YmépuBpng OMTIKA ALEYEPUEVNG
QOwtavyelag (IRSL).

210 €pyactnpLo To SLabEoo UALKO ATav Lkavo yLa tn xpovoAoynon &éka (10) deypdtwy, Aoyw
TLEPLOPLOUWY TIoU adopoucav Tn GUcn Tou UALKOU, TNV OVEMAPKELN XPOVOAOYNGLUOU UALKOU
HETA TNV enefepyacia Twv SelyUATWY, KABWE KoL TOV KOPEGUO TOU oNpatog Tou xoAalila os
TOAAG a6 ta Selypata. Amo ta Seiypata autd, ta evvea (9) xpovoAoyrnobnkav LE TV TEXVLKA
NG YnépuBpng Omtika Aleyeppévng Qwtavyetag (IRSL) kat to éva (1) pe tnv teXVIKn OMmTIKA
Ateyeppévng Owtavyelag (OSL).

Ta amoteAéopata TNG AMOAUTNG XPOVOAOYNnong tomoBetolv TNV nAKia Twv SElypudTwY OTO
Méoo MAelOTOKALVO EVW €val UOVO ATt QUTA TOTOOETEITAL OTO AVWTATO TUAHA Tou Katwtepou
MAslotokaivou. ZUpdwva pe ta Sedopéva TIHAALOTEPWY EPEUVWV XPOVOAOYNnong Twv (Slwv
oXNUATIOPNWY, PBAcel OUWG TAAOLOVTOAOYLKWY Tpoodloplopwy, €xel amodobel nAkia elte
Avwtepo MNAslokalvo — Katwtepo MAslotokawo, eite Katwtepo-Méoo MAelotokawvo. Qotdoo,
pe Baon ta amoteAéopata tng mapovoag Epeuvag, mpoodlopilovtal akplBEotepa oL NALKIEG
OXNUATIOUWY TIOU XPOovoAoyouvtav UEoa Ot gupea TAaiolo Baocel Blootpwpatoypadkwy

kprtnplwv Kot tomoBetouvtal pe peyaAutepn PBeBalotnta oto MéEco [MAELOTOKALVO EVW
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Tautdxpova anodelkviouv tnv aflomiotia tng peBodou aAld kat tn akpifeld tng wg pebodo

andAutng xpovoAdynong.

Toviletal emumAéov n oupPBoAn TNG TMApoUCAG EPEUVOG OTN XPOVOAOYNon amoBecswv Twv
VEWAOYLKWV OXNUOTIOUWY TNG TEPLOXNG HEAETNG, OLOTL adevog HEV OL TIEPLOCOTEPOL
npoadloplopol oe padLOUETPLKEC NAKieC adpopolv Baldoolec amoBEoelg evw Alyeg povo €xouv
ViVEL 0 uPAaApUPA KOl NIEPWTIKA WAMaTa Kol adetépou, eival n mpwtn ¢$opd mou o€
eMANVIKEG amoBEoelg mpokUmMTouv Me TN MEB0GO tng Quwtavyelag nAwkieg Méoou
MAslotokaivou, kaBooov PEXpL Twpa ol nALkieg mou npocdlopilovtav dev Eenepvoloay To OPLO

Twv 150.000-200.000 sTwv.

Mo cuykekpLpEVa, ol nALkieg ou mpoékuPav amd Tnv mepLlox Tou @coAoyou OBwTISAC Kat
™G Apooldg XaAkidag, odnyolv OTO CUUTTEPACHA OTL Ol HMOPYAIKEC 0moBETELG TOU OgoAOyoU
amoteAoUV UPAAUUPEG UECO-TIAELOTOKALVIKEG OTOBECEL; Ol OmMoieg oxnuatiotnkov apKeTA
KovTd otn otabun mou Bplokotav n Balacca tnv nepiodo ekelvn evw ol PAUULTIKEG amoBETeLg
NG Apooldg amoteAolV UPAAUU PG amoBETELG oL omoieg Snpoupynbnkav otnv mapaktio {wvn
NG epLodou ekeivng. O pUBUOG LINUATOYEVECNG TOU TWV TIEPLOXWY aUTWV Tou KOAmou BpéBnke
OXETLKA XOUNAOG Kol Kupaivetal ano 0.1 éwg 0.7 cm/yr, umodnAwvovtag éva Npeuo neptBailov
anoBeong xwpic €vioveg KALMATIKEG oAAayEC. Ol UIKPEG aufOopOLWOEL Tou pubuol
WNUOTOYEVEDNC TTOU Ttapatnpouvtal Ba pumopolcav va gpunveuBolv amod tn popdoAoyia tou

KOATIOU, TN OELOULKOTNTA KOl TN OXETWOUEVN EVTOVN VEOTEKTOVLKA Sp0oTnpLOTATA TNG TIEPLOXNAG.

Ol amoAuteg NALKIEG TWV OXNUATIOUWY EIVaL OVTUTPOCWITEVTIKEG TWV PeTaBoAwyY NG BaAdooiog
otabung, kabBw¢ cuvbEovTal AUECO HE TI( EVUOTOTIKEG HETaBOAEC ToU MéEoou MAeloTokaivou.
QoTO00, Ol MOPATNPOULEVECG ATIOKALOELG OO TNV EUCTATIKI KAUTIUAN, odellovtal mubavotara,
KOL TTAAL, OTn VEOTEKTOVIKN dpactnplotnta Tng MepLloxng, Adyw Tou udloTtapevou pubuou
avopwong. Evag mbavog pubuog avoPwong BpEbnke otL kupaivetalr amo 0.11 €wg 0.15

mm/yr.

210 onueio auto atilel va onuewwBbel OtL o Bopelog EuPoikog KOAMOG Katd tn SlApKELA TOU
Méoou MAelotokaivou, petamintel ava dlootnuata and Balacoa os Alpvn, otav n xounAn

otadun ¢ Bakacoag MEDTEL KATW Ao To oplako Padog tou atevou twv Aadwy (60 - 67 m),
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HE OMOTEAECUA O KOATIOG VO QTIOUOVWVETAL OO TNV avolkt BdAacoa kal va Aeltoupyel wg
arnopovwuevn AtpvoBdlacoa. Uudwva pe autd, o KOAog Spoloe ava Sloothuota cav
QUTOVOHO OUOTNUA KoL TO KABEOTWG aUTO ocuvexiotnke WEXPL TOoUAdxLotov kat ta 500.000
xpovia mepinou. OL euotatikeég LETABOAEG TNG oTtdBung Tng BdAacoag oto Méoo MAgloTOKALVO
o€ ouvduaouod pe tn Spdon Twv pnypdtwyv tou KoAmou, ixav wg amotédeopa tnv avuwon

kat €kBeon otnv emipavela dtadoxikwv oelpwv UGAApUPWY avaBaduibwv.

ErumA£ov, ota mAaiola g mapoloag EPEUVAC, EYLVE TPOCTIABELA XPOVOAOYNONG PNYUATWY aTo
U0 Bfoelg tng mapaktiag {wvng Tou Bopelou EuBoikoU kOAToOu kal amo pia Béon otnv
AvatoAikr mAgeupad tng EVPolag pe tnv TexViKn TNG OgpuodwTalyeLlac. AMWTEPOC GKOTIOC NTAV N
EKTIUNON €VOC pUBUOU emavoAnPLUOTNTAC TWV PNELYEVWY aUTWV {WVWV YEYOVOG GNUAVTLKOU
evOLadEPOVTOC yla TOV TOUED TNC ZELOHOTEKTOVIKAG. ZNUELWVETOL OTL, OV KOl N TEXVIKN TNC
dwtavyelag 6 daivetal va evieikvuTal yla To priyHATa Tou EAANVIKOU XWPOU TIou eENMnPealouvV
TO -ETUKPATOUVTA aTtd TAEUPAG Yewypadlkng e€amAwonc- acBeotoAlBka metpwpata (Aoyw
OMWAELAG UALKOU KOTA TNV enefepyacioc twv OSElypdTtwy), WOTOCO TA OMOTEALCUATA
eudavitovral evOappuUVTIKA Lol Un aoBECTOALOIKA TteETpwHOTO. Kot autd AOYyWw TOU YEYOVOTOC
OTL umapyouv acadeic evdelfelg yla TNV EMAVEKKIVNGON TOU OAUOTOC TNG OepUOoPWTAVYELOC
(TL), oAAa amotteitat €va  oUVOAO  €pyaoTnPLOKWY  SOKIMWY, TOPOTNPNOEWY Kol
HLKPOTEKTOVIKWV UETProcwv Tediou, wote va anodelyBel oe MepaAUATIKO OTASIO KATA TTOCOV

eruPBeBatwvertal n Bswpia tou pndevicpou.

JUUMEPAOCUATLKA, N Topouca £peuva SnULoUpynoe veéa alomota XPovoloyLlka SdeSopéva yia
Tov Bopelo EuBoikd kOATO, Bactopéva otn puEBodo yewxpovoloynong pe dwtavyela. Mapott
dev Ntav oe B€on va emAUCEL MANPwWE BEUaTO TTOU ATTOVIAL TNG OELOMOTEKTOVIKNG, €dwaE
OMWG eVvOAPPUVTIKA QTOTEAECUOTO OE TELPAMATIKO OTASIO0 Tou avoiyouv 1o  6pouo yla

HMEAAOVTIKEG TIPOEKTAOELC.
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Abstract

Evoikos gulf in central Greece has undergone substantial neotectonic and volcanic activity as well as sea level
changes since at least the Early Quaternary. Hence, the establishment of a chronological framework during
which environmental events took place is essential not only for understanding the geodynamic evolution of the
area but also useful for forecasting impacts on vulnerable shorelines. Littoral sediments frequently encode
coastal palacoenvironmental changes, be it tectonic or eustatic. The ultimate purpose of this research is the
investigation of the palacoenvironmental events that affected the coasts of Evoikos gulf during the Quaternary
by taking advantage of luminescence dating. Here, we present preliminary results from a range of luminescence
dating techniques, namely conventional Optically Stimulated Luminescence (OSL), Isothermal
Thermoluminescence (ITL) from quartz and post-Infrared Infrared Stimulated Luminescence (p-IRIRSL) from
feldspars. Despite the abundance of quartz found in samples collected, natural luminescence signals using both
OSL and ITL were found to be close to saturation while the obtained Equivalent Dose (D.) values be broadly
scattered, thus perplexing the accurate calculation of luminescence ages. Conversely, the use of p-IRIRSL at
200°C (pIRIRzx0) from feldspars, as an alternative to quartz luminescence dating, was proven more suitable as it
demonstrated much higher saturation levels. Strikingly, the pIRIR»00 methodology produced ages that go back
to the Middle Pleistocene. It is to be noted here, that it is the first time that such old luminescence ages have
been reported for Greek coastal sediments. This paper presents preliminary luminescence dating results with
special focus on the performance of the pIRIRa, methodology. Palacoenvironmental implications of the
obtained pIRTR: ages are also discussed.

Keywords: geochronology; luminescence; geodynamic; palacoenvironment,

Introduction
The Quaternary, the most recent period in the earth's
geological time scale, spans from the Early

distinctive  sedimentary formations which are
encoded on current shorelines (Woodroffe and
Murray-Wallace 2012). In many areas, marine

Pleistocene to the Late Holocene. This period is
characterized by a series of glaciations as well as the
appearance and expansion ofthe anatomically
modern humans. It is evident that events of
characteristic climate and sea level changes that took
place during and between glacial periods were able to
cause great environmental alterations in a global
scale. Coastal sediments are thought to be formed at
a high sea level during interglacial stages and can be
correlated to Marine Isotope Stages (MIS). Sea
level fluctuations can be used as an indicator of
former climate changes, producing a number of

terrace sequences have been formed as a result of
both eustatic and tectonic action (Barreto et al 2002).
Understanding the formation and evolution of
coastlines and establishing their geochronological
framework, could be used as a tool for deciphering
the wider palacoenvironmental regime of the
surrounding  area  (Jacobs 2008). Thus, the
geochronology of Quaternary coastal deposits could
provide a precise time-frame of events and rates of
past change. Numerous techniques have been
developed to date coastal sediments (Walker 2005);
however many of them come with a range of
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limitations and drawbacks, more commonly
associated with the nature of the material to be dated.
Luminescence dating methodology can nowadays be
considered as one of the most reliable to be applied
for  dating several different sedimentary
environments (Aitken et al 1964; Zimmerman 1967,
Liritzis et al 2013) and also archaeological artefacts
(Jacobs 2008). Luminescence dating has been widely
applied during the last five decades (Thiel 2011) and
its principals are based on light emission by common
minerals such as quartz and feldspar. These minerals
have the ability to store emergy (in the form of
electrons) in their erystal lattice during burial and
release this energy as “luminescence” by artificially
stimulating the minerals with light or heat. An age is
given by the rato of the equivalent dose (D.)
accumulated to environmental dose rate (Duller
2004).

The main objectives of this paper are; the
presentation of the geological setting of North
Evoikos gulf, the luminescence dating of the coastal
sediments of the area and the evaluation of its
depositional  environment. Since the Early
Quaternary, the Gulf has experienced substantial
neotectonic and volcanic activity as well as sea level
changes, leading to great geological and tectonic
changes (Sakellariou et al 2006). Little is known
however regarding these changes, as research
conducted in the area is limited, mainly based on the
chronology of coastal formations using relative
dating methods (Katsikatsos et al 1981; Katsikatsos
1000;  Mavrides 2006; Rondoyanni  1984;
Rondoyanni et al 2007; Voutsinou-Taliadouri and
WVarnavas 1902).

Preliminary luminescence dating results of three
samples collected from the littoral zone of an area in
N. Evoikos gulf are presented here. In order to get
meaningful and reliable results, a number of different
luminescence dating techniques were employed; the
conventional Optically Stimulated Luminescence
(OSL) of quartz (Murray and Wintle 2000; 2003;
Duller 2003), the Infrared Optically Stimulated
Luminescence (IRSL) of feldspar (Thiel et al 2011)
and the Isothermal Thermoluminescence (ITL) (Huot
et al 2006). Despite the arca’s abundance in quartz,
IRSL of feldspar was finally proven to be the most
suitable method for our samples. The significance of
this study relies on the fact that it is the first time that
luminescence dating was applied in the area,
producing absolute ages which are comparable to the
relative dating results of previous studies. Our
luminescence results revealed that ages are in good
agreement with former dating results in the area and
go back to the Middle Pleistocene.

Study area

North Evoikos gulf is a semi-closed basin which is
located in central Greece with its northern part being
connected with the Aegean Sea and its southern part
the Euripus channel. It is characterized by intense
seismicity in the north part and milder toward the
south (Rondoyanni et al 2007; Van Andel and
Perissoratis 2006). Drossia coastal region, our study
area, is located in the southern part of North Evoikos
gulf in the wider region of the city of Chalkis (Fig.
1). Geologically, the Gulf consists of a variety of
sedimentary, magmatic and metamorphic rocks,
peridotites, schists, ophiolites, Upper Miocene
brown-reddish loams and sands with sandstone and
conglomerate intercalations (Mettos 1002), Triassic
limestones and dolomites, Jurassic and Cretaceous
limestones and andesitic outcropping. Furthermore,
Neogene formations have been found in areas
surrounding the Gulf, including Upper Miocene-
Pliocene marls, marly limestones, travertines
(Katsikatsos 1900) and clastic sediments which are
of Middle-Upper Pleistocene age, as well as Lower
Pleistocene brackish deposits (Mavrides 2006;
Rondoyanni et al 2007; Voutsinou-Taliadouri and
Varnavas 1002).

Drossia area is covered by coastal formations of
Lower Pleistocene (Katsikatsos et al 1981;
Katsikatsos 1999; Rondoyanni 1984) and Middle-
Upper Pleistocene age (Genre 1909). The Pleistocene
age of these formations was also noted by Mavrides
(2006), after dating some ostracedes founded in the
arca. Fluvioterrestrial deposits (mainly sands and
clays) of Holocene age and Late Holocene deltaic
deposits (Genre 1990) are also present in the area
(Maroukian and Gaki-Papanastassiou 2002).

Methodology

Three sandstone samples were collected from the
littoral zone of Drossia area (Fig., 2) and were used
for luminescence measurements in the laboratory of
archacometry at N.C.S.R “Demokritos”. Samples
were handled under red light conditions, ensuring no
bleaching of the natural signal stored in the
constituent minerals. Samples were chemically
treated with hydrochloric acid (10%) to remove
carbonate cements and hydrogen peroxide (10%) to
remove the organic content (Buylaert et al 2011).
Samples were then wet sieved to obtain a particular
size range (80-125 pm) of grains. Pure quartz was
obtained by after chemical treatment with
hydrofluoric acid (40% concentrated). Feldspar
minerals were also isolated from quartz and heavy
minerals by density separation using a heavy liquid
(sodinm polytungstate), Further, feldspar fractions
were treated with 10% hydrofluoric acid to avoid
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contribution of the alpha-irradiated outer part of the
mineral (Preusser et al 2008). Both quartz and
feldspar samples were adhered to stainless steel discs
with silicone oil and measured in a Risg TL-DA 15
reader device which uses a calibrated *°St/*°Y f§
source. Measurements were based on the Single-
Aliquot Regenerative-dose (SAR) protocol (after
Duller 2003; Murray and Wintle 2000; 2003) for
quartz and the p-IRIRSL protocol (after Thiel et al
2011) for feldspar. For quartz, a 7.5 mm Hoya U-340
filter was used for measuring the equivalent doses,
while stimulation was by blue LED's (light emitting
diodes) at 470 nm. Feldspar was stimulated by IR
diodes at 870 nm and the signal produced was subject
to the use of a filter combination (Schott BG30/
Corning 7-59) known as filter pack (Starnberger et al
2013).

Dose rate relevant elements (external as well as
internal for feldspar) of the three samples were
determined by Inductively Coupled Plasma Mass
Spectrometry (ICP-MS) and using the conversion
factors of Guérin (2011). An internal alpha dose rate
of 0.1 Gy/ka was also included in our calculations as
suggested by Mejdahl (1987). Sediments moisture
content was determined using present sediment
moisture with an error of +5% and considered to
remain constant during burial. The contribution from
cosmic rays (Prescott and Hutton 1994; Prescott and
Stephan 1982) to the total dose rate was calculated
using present day depth. The final dose rates were
obtained by correcting for etching of the grains and
the grain size. The dose rates were calculated using
the “The Dose Rate calculator (DRe)” (Tsakalos et al
2015) and are listed in Table 1.

Luminescence measurements

Optically Stimulated Luminescence (OSL)

Due to the abundance of quartz extracts found after
chemical treatment of the samples, the most common
luminescence dating methodology was initially
employed. Many studies have reported ages of up to
several hundred thousand years (Thiel 2011) using
OSL. Five aliquots (sub-samples) of each sample
were measured by applying the p-IROSL protocol of
quartz (after Banerjee et al 2001) however, most of
the luminescence signals derived were found to be
close to saturation, leading to unrealistic equivalent
dose values. Consequently, the accurate evaluation of
the D, values and the calculation of ages were not
possible using OSL, thus different luminescence
dating methods were attempted.

Isothermal Thermoluminescence (ITL)

Further, the ITL dating method (Buylaert et al 2006;
Huot et al 2006) was applied to quartz grains, as it
has been proven to have higher saturation levels than
that of OSL (Athanassas 2011). However, ITL dating
was unable to provide accurate D. values as the
natural signal was again found to be on the non-linear
(saturated) part of the growth curve.

Infrared Stimulated Luminescence (IRSL)

Finally, we attempted to date our samples using a
more recent luminescence dating method, which is an
advancement of the common OSL, known as post
Infrared-Infrared Stimulated Luminescence (p-
IRIRSL) of feldspar. p-IRIRSL which takes
advantage of feldspar, has much higher age limits
than the two previous mentioned luminescence
dating methods of quartz. Prior to standard dating of
the three samples wusing the p-IRIRSL-SAR
procedure, validation of the protocol parameters was
verified by a pre-heat plateau test (Murmray and
Wintle, 2000) using different temperatures and a
dose recovery test (Murray and Wintle, 2003) (Fig.
3). The pre-heat plateau test confirmed an
appropriate pre-heat temperature at 320 *C, while the
dose recovery test showed that the measured to given
dose ratios were within 2 c-level (0.9-1.1), indicating
that the applied protocol is working as it should. A
test to investigate the bleachability (Klasen er al
2006) of the pIRIRx00 signal by natural light was
further performed in one sample (BRN3). After 180
minutes of sun exposure the sample retained ~5.6 Gy
as a residual of the pIRIR:o signal, which is in
general ~1,5 % (a negligible value) of the D, value
(472.53 Gy) of the sample. A fading test was also
performed in one sample (Huntley and Lamothe,
2001). A mean g-value of -5.6% * 0.1% was
obtained indicating that feldspar experiences some
loss of signal. This loss of signal, was taken into
account in the calculation of the final ages.

Conversely, the p-IRIRSL dating method was proven
to be the most suitable for dating the deposits of N.
Evoikos gulf. Feldspar extracts (5 aliquots) of each
of the three samples were measured using the p-
IRIRSL protocol after Thiel et al (2011) (Fig. 4a). D,
values obtained, corrected properly for sensitivity
changes (Murray and Wintle 2000), since 93% of the
recycling ratios were within the accepted limits (0.9-
1.1) and without recuperation observed (0%). Much
higher saturation levels were observed using the p-
IRIRSL signals at 200 °C (Fig. 4b4c4d), with D.
values of all three samples falling in the area of the
growth curve which can be confidently used
(unsaturated part).
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Preliminary results and discussion

Using the age equation (Eq.1) for luminescence
dating, the p-IRIRSL of feldspar was proven the most
suitable method for dating the coastal deposits of
Evoikos gulf giving ages that go back to the Middle
Pleistocene.

Age (ka) = Equivalent Dose —-DE (Gy) / Dose
Rate (Gy/ka) Eq.l

All samples gave similar ages of around 0.6 Ma
(Table 2), something that is expected as they are
found (collected) at about the same elevation and
possibly representing a single depositional event.
Sample BRN4 which is underlying BRN3, gave an
age of 0.59 Ma while the sample BRN3 gave an age
of 0.58 Ma, signifying that our samples are in
stratigraphic order.

The dated coastal sediments of Drossia area were
deposited between 0.59 to 0.63 Ma during the Middle
Pleistocene (Fig. 5). Even when associated errors are
taken into account, sediments remain in the Middle
Pleistocene. Since our samples collected at some
meters higher than the current sea level, it would be
expected that the sea level during the time of their
formation would be similar to the present one (or
some meters higher) or that they were deposited at a
lower sea level and tectonic activity have acted as an
vplifting force which resulted in the tectonically
raised coastal formations seen today.

Conclusions

This study presents preliminary results of OSL, ITL
and IRSL dating methods on raised coastal sediments
from North Evoikos gulf in an attempt to establish a
chronological framework of the palacoenvironmental
events that took place during the Quaternary. OSL
and ITL methods were found to be unsuitable for
dating the coastal sediments collected, as the natural
signals obtained were close to saturation giving
broadly scattered D. values. On the other hand, p-
IRIRSL demonstrated less scattered equivalent doses
with much higher saturation levels, producing ages
ranging from 0.59 to 0.63 Ma. This is of great
importance for the performance of the pIRIRaeo
methodology. Such ages have never been noted on
Greek coastal sediments before using this method.
Given the optimism generated by such
unprecentented old ages obtained by luminescence
dating, some experiments for further investigation are
needed.
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Sample | U @pm) Th (opm) Kt ) %:il} el ool ol il
External | Intemal | External | Internal | External | Intemal | Internal

BRN2 0.3 0.1 1 0.1 0.13 4.0 0.1 0.12 300 | 0.92+0.04 2.3 0.57+0.04

BRN3 0.3 0.3 0.8 1.1 0.32 41 0.1 0.08 600 1.59+0.07 1.9 0.85 =0.04

BRN4 0.9 0.2 0.9 0.1 0.14 6.0 0.1 0.07 650 | 1.04+0.05 14 0.74+0.06

Table 1. Samples’ codes, radioelement contents, cosmic rays radiation, depths, water concentrations, elevation and calculated total

dose rates. The grain size is 80-125 um,

Sample | Formation | Elevation (m) D]iq:;:}?]{eé\t— ) D{cg:eﬁ]te Age (ka)
BEN2 | Sandstone 2.30 360.88+18.5 0.57+0.04 633.13£32.47
BRN3 | Sandstone 19 499.25+23.45 0.85 +0.04 587.38+28
BRN4 | Sandstone 14 442.92+18.25 0.74+0.06 508.55+24.67

Tabie 2. Age estimation of the three littoral sediments with their calculated D, values, dose rates and associated elevations.

'Fj“{)rossi'h.. s
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Fipure 1. Sampling sites of the study area.
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Figure 2. Sampling sites of Drossia littoral zone showing samples collected.
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Figure 3. Dose recovery test of six (6) aliquots of sample BRN3. Black dots indicate the measured/given ratio

calculated for each aliguot. The tareet value is unity (black line ). Dashed line shows mean.

The range of acceptability iz between 0.9 and 1.1 {dotted lines).
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Figure 4. a) p-IRIRSL protocol after Thiel et al 2011. b) p-IRIRSL growth curve of
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Figure 3. Comparison of the p-IRIRSL ages of the study area with Middle Fleistocene relative sea level stands
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Abstract:

We present results of Optically Stimulated Luminescence (OSL) dating of quartz and feldspar derived
from geological samples collected from an archaeological site in Petroto — Trikala, Greece. We showed
that using the single aliquot regenerative protocol (SAR), the derived quartz OSL ages are in fair
agreement with IR-OSL ages however, feldspar ages are slightly overestimated and scattered compared
to quartz ages, something that may be due to incomplete bleaching of feldspar.

Luminescence dating yielded ages ranging from 5.3 £ 0.6 ka to 5.9 % 0.8 ka, indicating a depositional
period during the Late up to Final Neolithic period when extensive pedogenetic processes were taking
places in mainland Greece. While independent chronometric control is missing, the results are within
the expected age range while the agreement of calculated ages using both quartz and feldspar provided
evidence on the applicability of both minerals in establishing accurate ages. However, when feldspar is
the mineral of choice, problems associated with incomplete bleaching may lead to age overestimation.
In such cases statistical treatment may help choose the most representative palacodose and thus

provide reliable ages.
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Abstract:

The aim of this presentation is focused on the application of the luminescence dating techniques in
palaesoseismology. Nowadays, luminescence dating techniques, have undergone extensive
developments both to geology and archaeology. The main idea of luminescence dating techniques is
based on the fact that the luminescence signal enclosed in minerals crystal lattice can be affected and
even zeroed when minerals are exposed to sunlight or intense heat. The same effect could be observed
in the case of an earthquake, as the influence of friction caused by the relative motion of an active fault
could reset the “clock” of the seismic event to zero, giving us the opportunity to use luminescence

dating techniques as a chronometer for the previous seismic activity of a tectonically active area.
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Abstract:

North Evoikos Gulf represents an extended basin characterized by intense seismicity and significant
climate changes that took place during Quaternary period. The coastal zone of the Gulf has not only
been affected by tectonic activity, but also repeated sea-level changes and volcanic activity, the traces
of which have been encoded on the coastal sediments of the area. The ultimate purpose of the research
is the reconstruction of the different palecenvironmental phases of the Quaternary period and their
relation to the geodynamics of the coastal areas of Evoikos Gulf. The main idea, is based on the fact that
luminescence dating techniques, provide a means to examine sedimentary environments. This is
achieved by the minerals found in sediments which act as “dosimeters” and used to determine the time
that particular events of the past took place. Dating results derived for the coastal deposits of North
Evoikos Gulf using a number of Luminescence dating techniques, namely; Optically Stimulated
Luminescence (OSL), Isothermal Thermoluminescence (ITL) from quartz and post-Infrared Infrared
Stimulated Luminescence (p-IR-IRSL) from feldspars. Ages obtained suggest that the main depositional
processes in the area took place during the Early Pleistocene. The proposed research is based on an
interdisciplinary approach which is innovative for the study area, the significance of which lies on the

fact that little literature is available so far.
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Abstract:
North Evoikos, an extended basin, is located in central Greece and is a Gulf of great geomorphological

interest. The evolution of coastal areas of North Evoikos Gulf during the Quaternary period was the
result of continuous changes in paloenvironmental conditions that prevailed in the area. The littoral
zone of the Gulf has been affected not only by great sea level fluctuations but also intense seismicity
and volcanic activity, leaving behind traces which have been encoded on the coastal deposits of the
area. Despite the great number of geomorhological studies conducted in the area, little work has been
done regarding the geochronology of the different sedimentary formations found on the littoral zone of
the Gulf, mainly based on relative dating which bears a humber of limitations. It is the first time that
absolute dating of the Gulf’s coastal sediments, based on luminescence dating techniques is used in this
study, as an attempt to reconstruct the different episodes /phases of environmental change.

Preliminary dating results of Evoikos Gulf coastal deposits using a number of Luminescence dating
techniques namely, Optically Stimulated Luminescence (OSL), Isothermal Thermoluminescence (ITL)
from quartz and post-Infrared Infrared Stimulated Luminescence (p-IR-IRSL) from feldspars are
presented here. Three samples from central Evoikos Gulf (Drossia area) were collected and measured.
Despite the plenty of quartz found in our samples, problems associated with quartz weak signals and
low saturation levels (dating limits of the technique) led to the use of the p-IR-IRSL sighal from feldspar
which was proven a reliable alternative. In general, ages obtained suggest that the depositional
processes in the area took place during the Lower Pleistocene, at around 1,2 Ma. Such old ages have
never been published for coastal sediments in Greece using luminescence, which provide evidence that

the method has the potential to be used in sedimentary environments of very old age.
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Abstract:

Evoikos Gulf is an active tectonic graben in central Greece that presents great geological
and tectonic interest. It has undergone intense neotectonic and volcanic activity and also
has experienced sea level changes since at least the Early Quaternary. However,
investigations regarding the geochronology of the various sedimentary formations
outcropping along the coastal zones are very limited. The establishment of a
geochronological framework of the depositional processes during the Quaternary period
would greatly contribute to a better understanding of the geodynamic and
paleoenvironmental evolution of the area which could be used as a tool for forecasting
impacts on vulnerable shorelines. The sediments that have been deposited into this
graben are influenced by a multiphase tectonic activity and consequently their thickness
varies both temporally and spatially. Three main sedimentary units have been
distinguished, affected by numerous fault-zones as well as subsidence and

synsedimentary slumping phenomena.

During the Last Glacial period, North Evoikos Gulf became a lake as the northwestern end
of the gulf was possibly a subaerial barrier, which prohibited Aegean Sea from entering
into the present day gulf. The shallow area surrounding the paleo-lake was exposed to
subaerial and fluvial processes. During the last rise of the sea level, seawater entered into
the gulf and fine-grained sediments covered older deposits and the pre-neogene

basement. In parallel, the neotectonic activity continued to deform the Late Quaternary
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and Holocene age upper sedimentary sequence controlling the geomorphology of the

gulf.

The ultimate purpose of this research is the reconstruction of the successive
paleoenvironmental phases and their relation to the geodynamic evolution of the coastal
area of Evoikos Gulf during the Early Quaternary period, by taking advantage of
luminescence dating. The main idea is based on the fact that luminescence dating
techniques provide a tool to examine sedimentary environments through their
constituents” minerals, which act as “timers” to determine particular events of the
geological past. Chronologies derived will be correlated with eustatic curves [either
published or primary) so that Marine Isotope Stages (MIS) representing distinctive
palecenvironmental events might be identified. Moreover, the compilation of thematic
maps in a Geographical Information Systems (GIS) environment will lead to the
representation/reconstruction of the paleogeography of the greater area. This work
presents preliminary results of an attempt to date the coastal deposits of the North
Evoikos Gulf using a range of luminescence dating methods. Optically Stimulated
Luminescence (O5L), Isothermal Thermoluminescence (ITL) from quartz and post-Infrared
Infrared Stimulated Luminescence (p-IR-IRSL) from feldspars were employed on a number
of potentially datable geological samples. ITL and conventional OSL methods were proven
unsuitable for dating using quartz extracts of the North Evoikos Gulf, due to high
saturation levels which yielded broadly scattered apparent equivalent doses, thus leading
to inaccurate ages. Conversely, feldspar extracts measured by p-IR-IRSL method at 290°C
(pIRIRzsg) found to be more suitable for dating with much higher saturation levels and

minimal rates of anomalous fading.

The proposed research is based on an interdisciplinary approach which is innovative for
the study area and its significance lies on the fact that no similar scientific data by any
means are available for the area. Ages of 1.2 Ma were produced by the p-IR IRSL
methodology, something unprecedented for luminescence dating methods, since such

old luminescence ages have never been noted on Greek sediments before.
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Abstract:

Itis generally known that Evoikos Gulf has undergone substantial neotectonic and volcanic activity as
well as sea level changes since at least the Early Quaternary. Hence, the establishment of a
chronological framework in which environmental events occurred is crucial for understanding the
geodynamic evolution of the area and useful for forecasting impacts on vulnerable shorelines. Littoral
sediments frequently encode coastal paleocenvironmental changes, be it tectonic or eustatic. The
ultimate purpose of this research is the geochronology of palecenvironmental events that occurred
on the coasts of Evoikos Gulf during the Quaternary by taking advantage of luminescence dating.
Here, we present results from a range of luminescence dating methods namely conventional optically
stimulated luminescence (OSL), thermally- transferred OSL (TT-05L), isothermal thermoluminescence
(ITL) from quartz and post-infrared infrared stimulated luminescence (p-IR-IRSL) from feldspars.
Despite the abundance of quartz, natural OSL signals were found to be close to saturation, yielding
broadly scattered apparent equivalent doses and thus perplexing the evaluation of the paleodose
accurately. Conversely, p-IR- IRSL at 290 o C (pIRIR 290 ) from feldspars was proven more suitable as
it demonstrated much higher saturation levels and, at the same time, minimal rates of anomalous
fading. Strikingly, the pIRIR 290 methodology produced ages as far back as the later part of the Early
Pleistocene, around 1.2 Ma. It is to be noted that this is the oldest chronology ever reported in
luminescence studies on Greek sediments. This paper presents preliminary luminescence results from
all above mentioned approaches, with special focus on the performance of the pIRIR 290

methodology. Palecenvironmental implications of the obtained pIRIR 290 ages are also discussed.
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Abstract Quatemary stratigraphy and sea level changes have
been extensively investigated in many areas of the
Mediterranean. However, numerical dating of coastal deposits
and the associated palecenvironmental in formation are limited
for the coasts of Cyprus, principally based on radiometric and
radiation-exposure geochronological techniques on fossils
which bear a range of limitations and uncertainties. As such,
optically stimulated luminescence (OSL) dating techniques
are deemed to be the most suitable in direct dating of the
coastal sediments of Cyprus. In the southeastern Cyprus,
coastal dunes (aeolianites) now forming elongated ridges ap-
pear as morphological features running parallel to the current
shoreline presenting an indicator of sea level and climate
changes of great palecenvironmental significance. We present
our first chronological results for the exposed aeolianites and
underlying littoral deposits formed along the southeastern
coastal Cyprus ranging from 78.4 + 9.9 to 56.2 = 74 ka.
The post-infrared—infrared stimulated luminescence (pIR-

[ Evangelos Tsakalos
e.tsakalos(@inn.demokritos.gr

Laboratory of Archacometry, Institute of Nanoscience and
Nanotechnology, National Centre for Scientfic Research, N.C.S.R.
“Demokritos™, 15310 Athens, Greece

- Laboratory of Manne Geology and Physical Oceanography,
Department of Geology, University of Patras, 26504 Rio, Greece
Laboratory of Molecular Beam Epitaxy (MBE), Institute for
Manoscience and Nanotechnology, National Centre for Scientific
Research, N.C.S.R. “Demokntos™, 15310 Athens, Greece

Faculty of Geology and Geoenvironment, Department of Historical

Geology-Palaeontology, University of Athens, Panepistimiopolis,
15784 Athens, Greece

Published online: 11 May 2016

IRSL) revealed that dune formation took place during the
marine isotope stages (MISs) 3, 4, and possibly 5a. Late
Holocene reworking is proposed for a distinctively isolated
dune with an age of ~1.3 ka ago. This study also showed that
pIR-IRSL dating of feldspars may be a reliable alternative to
quartz OSL dating when the quartz luminescence characteris-
tics are unsuitable,

Kevwords Cyprus palecenvironment - Sea level change -
Coastal deposits - Luminescence dating - [RSL

Introduction

Cyprus occupies a strategic position in untangling sea level
changes in the Eastern Mediterranean as well as in resolving
the neotectonic and paleoenvironmental evolution of the
northern Levant in the Quaternary.

Following major secular oceanic sea level trends in response
to Quaternary polar ice buildup and decay (e.g., Imbrie et al.
1984; Lea et al. 2002; Shackleton et al. 1984; Shackleton
1987), recurring Pleistocene and Holocene sea level fluctua-
tions in the Eastern Mediterranean (e.g., Lambeck 1996;
Lambeck and Purcell 2005; Pavlopoulos et al. 2006; Pirazzoli
2005; Vouvalidis et al. 2005) have produced a range of coastal
landforms and sedimentary sequences on the uplifting shores of
Cyprus, which are expressed as raised marine terraces and
beachrocks draped by backshore dune calcarenites (Bagnall
1960; Kinnaird 2008; Moseley 1976; Pantazis 1967; Tumer
1971a; Poole 1992; Poole and Robertson 1991, 1998;
Tsiolakis and Zomeni 2008; Zomeni 2012). Over and above,
Cyprus’s position at the doorstep of the arid landscapes of
Anatolia and the Syro-Palestine that is a key in regional
paleoenvironmental reconstructions as sedimentological, pale-
ontological, and occasionally paleoanthropological indicators
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(Ammerman et al. 2006, 2008) could potentially reflect on the
palecenvironmental qualities of the island and the neighbonng
areas during the geologically recent past. For instance, archae-
ological recent studies have revealed human presence on sev-
eral coastal sites of the island, with Akrotini Aetokremmos,
Nissi Beach, and Akamas Aspros being dated to the late
Epipaleolithic (ca. 11,000—10,000 cal BC) (Ammerman 2010;
Knapp 2010) and considered as the oldest evidence for seago-
ing in the Eastern Mediterranean.

Several studies have used dating methods to establish the
time framework of aeolianites and beachrock formation and
assess their connection with sea level changes (e.g., Bateman
et al. 2004; Jacobs et al. 2003, 2006; Mauz et al. 2009, 2012,
2013). These studies have demonstrated that the time of for-
mation of the major aeolian deposits around the world is sim-
ilar at several locations (Brooke 2001). However, there are
cases where deposition during Quaternary has varied between
regions.

Aeolianites are mainly thought to be deposited around the
world at sea level highstands (e.g., Hearty and Kindler 1997;
Murray-Wallace et al. 1998, 2010). However, there is some
evidence indicating that dune formation has also taken place
during the Last Glacial (Engelmann et al. 2001; Frechen et al.
2001; Kendrick etal. 1991; Porat and Wintle 1995; Price et al.
2001) at lowered sea level

Furthermore, there are instances where last interglacial
aeolianites are not matched n thickness and spatal distribu-
tion by comparable Holocene aeolianites (e.g., Woodroffe
et al. 1995). Differences in the timing of deposition and mor-
phology of aeolian dunes during major sea level changes
(highstands, lowstands) among regions appear to be depen-
dent on the interactions caused by minor-secondary sea level
changes, local climatic conditions, sediment availability, and
differences in the inland-near-shore topography (e.g., Vacher
et al. 1995),

Correlation of aeolian deposits among the East
Mediterranean and the establishment of a common time
framework for their development, linking climatic events to
paleosea levels, should be made with great caution. In the
Mediterranean, aeolianites are common features mainly
appearing as topographic heights sitting on middle to late
Quaternary marine terraces. In the coastal Mallorca region in
Spain for instance, carbonate dunes have been dated as marine
isotope stages (MISs) 10 and 8 (Nielsen et al. 2004). Other
chronological studies in the region of Baleares Islands of
Mallorca (Fornds et al. 2009; Hillaire-Marcel et al. 1996) have
also pointed out that aeolian and marine units were deposited
during high sea levels of isotope stage 5.

In the Eastern Mediterranean, sand dunes have been mainly
studied along the coasts of Israel and Lebanon. On northem
Israel. shallow marine and dune units composed of quartz and
bioclastic grains shape a Pleistocene sequence up to 40 m thick
(Sivan and Porat 2004). Sivan and Porat (2004) have assigned
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the Cannel (northern coastal plain of Israel) coastal deposits
within the late Pleistocene, during several episodes in the time
interval of ~100-35 ka, a period of dramatically changing sea
levels. Furthermore, early studies on aeolianites rich in quartz
and feldspars, found in the central coast of Israel, have
assigned the development of the aeolian dunes during an inter-
glacial age, from oxygen isotope stage 5 to 11 (Gavish and
Friedman 1969). Lately however. luminescence dating results
of feldspars in the area (Engelmann et al. 2001; Frechen et al.
2001, 2002; Porat and Wintle 1995; Porat et al. 2004) disagree
with the previous study and suggest that the four aeolian ridges
near Netanya and Tel Aviv were deposited during the last
65 ka, mainly during the oxygen isotope stages 3 and 4 at a
lower sea level than previously suggested. Particularly, Porat
et al. (2004) applied a single-aliquot additive dose (SAAD)
infrared stimulated luminescence (IRSL) protocol and found
that units of the westem kurkar ridge had an age of 65 ka,
which confirmed the previous multiple-aliquot additive dose
(MAAD) IRSL and thermoluminescence (TL) age estimates
(Engelmann et al. 2001 ; Frechen et al. 2002).

On the north coastal Egypt, smdies using a variety of chro-
nological methods (U/Th, '*C, AAR, electron spin resonance
(ESR), and optically stimulated luminescence (OSL)) on
coastal ridges made of'beach, paleosol, and aeolianite deposits
have revealed ages ranging from Holocene for the ridge
nearest to the coast, followed by a last interglacial and an
oxygen isotope stage 7 dune unit as moving toward the inner
ridges (El-Asmar 1994; El-Asmar and Wood 2000).

Moving to the west, on the Tunisian coast, Paskoff and
Sanlaville (1986) assigned two dune formations to the late
Pleistocene, which sit on a last interglacial beach unit.
Additionally, OSL ages of aeolianites obtained in a study in
Cap Bon peninsula (northeastern Tunisia) (Elmejdoub et al.
2011) revealed ages clustering around the last interglacial pe-
riod (125—75 ka), implying that the former stratigraphic allo-
cation of these dunes (Oueslati 1994; Paskoff and Sanlaville
1983) was inaccurate. Further, sand dune systems in
Sardinia have been dated as MIS 5 (Pascucci et al. 2014
Thiel et al. 2010; Andreucci et al. 2010), while Mauz et al.
(1997) reported TL results for the northwest coast of Sicily
with ages suggesting a MIS 5Se deposition. A luminescence
dating study was conducted in the Calabrian coast of
southern [taly; coastal deposits were also dated at the last
interglacial (Balescu et al. 1997).

Our knowledge however on the chronological framework
of coastal deposits in the coasts of the Aegean is limited. Early
studies on sedimentary deposits found on raised marine ter-
races along the coasts of Crete have revealed the existence of
characteristic Pleistocene marine fauna (e.g., Strombus
bubonius., Patella safina, Conus testudinarius) (Boekschoten
1963; Dermitzakis 1973; Dermitzakis and De Vos 1986;
Hogrel 1974; Kelletat 1979; Mercier et al. 1974; Mourtzas
1990; Moutzas and Fytrolakis 1988; Peters 1985; Psarianos

241



Archaeol Anthropol Sci

1961; Symeonides 1967). Furthermore, U/Th dating has also
confirmed the existence of a late Pleistocene age for the sed-
iments found on the lower terraces with ages suggesting a MIS
5 deposition for the south and a MIS 4 for the north coastal
areas of Crete (Angelier 1979).

More recently, in a TL dating study (Polymeris et al. 2012)
of aeolianites in the coasts of Tenedos (Bozcaada) Island., in
North Aegean Sea, ages revealed that deposition and
cementation of these sediments took place between the early
stage of MIS 2 and the very late phase of MIS 3. Furthermore,
Athanassas and Zacharias (2010) provided a chronological
framework for raised marine sequences in the southwest coast
of Greece during the Upper Quaternary, by employing
recuperated-OSL (re-OSL) dating. An aeolianite sample was
dated 68 + 9 ka which corresponds to MIS 4. Lately,
Athanassas et al. (2012) explored the paleogeographic condi-
tions at two Paleolithic sites found on a fossilized dune field in
the coastal plain of Navarino in southwest Greece. The
aeolianites on the site were dated to a MIS 3 period.

The necessity to quantify geodynamic and earth-surface
processes in the coastal sectors of Cyprus had been acknowl-
edged by several authors since long time (e.g., Birot and De
Vaumas 1962). However, it was no earlier than the 1990s
when researchers came to apply numeric dating to
Quaternary coastal deposits of Cyprus (Poole 1992;
Schellmann and Kelletat 2001; Schellmann et al. 2008) and
lately Zomeni (2012) by employing well-established tech-
niques such as uranium-series (Th/U) and ESR dating on mol-
luscan fauna incorporated in the deposits themselves. Despite
the maturity of radiometric and radiation-exposure geochro-
nological techniques in fossil dating, there have been circum-
stances where chronologies based on the fossil content were
questioned (e.g., Goy etal 2003). As such, OSL dating tech-
niques are deemed to be more promising in direct dating of the
coastal sediments of Cyprus.

Despite the plenty of quartz found in the coastal deposits of
Cyprus. data shown later indicate that quartz’s OSL signalsare
insensitive and affected by unstable underlying components,
resulting in highly scattered paleodose estimates. Difficulties
induced in dating by problematic luminescence behavior of
quartz can be overcome by employing IRSL of feldspar
(Steffen et al. 2009).

Recent efforts have facilitated the use of feldspars in the
luminescence dating of Quaternary sediments. Specifically,
the *“post-infrared infrared stimulated luminescence,” known
as pIRIR, retains all benefits of feldspar dating, such as intense
signals under laboratory stimulation and considerably higher
saturation levels, and additionally deals with the problem of
anomalous fading (Spooner 1994; Wintle 1973). The pIRIR
procedure is based on elevated temperature IRSL stimulations
on feldspars carried out immediately after conventional 50 °C
[R readings, giving rise to signals with lower fading rates
(Thomsen et al. 2008). Particularly, fading rates associated

to pIRIR signals at 290 °C (pIRIR.y,) are negligible (Thiel
et al. 2010; Thomsen et al. 2011). On this background, the
single-aliquot regenerated (pIRIR245-SAR) procedure intro-
duced by Thiel et al. (2011a) is now widely applied
(Buylaert et al. 2011, 2012; Lowick et al. 2012; Roskosch
et al. 2012; Schatz et al. 2012; Stevens et al. 2011; Thiel
etal. 2011a, b, 2012; Vasiliniuc et al. 2012).

The purpose of this paper is to reexamine the chronology of
coastal deposits of southeast Cyprus by employing up-to-date
luminescence methods to wit the pIRIR signals at 290 °C from
feldspar. In this work, special focus is given to the deposits of
the southeast coast, between Ayia Napa and Cape Greco
(Fig. 1). New radiometric ages from the same sites have re-
cently been published (Zomeni 201 2). In this regard, available
radiometric ages put additional strain on the effectiveness of
pIRIR,,, dating, as independent age control on the latter re-
mains scarce in literature to date.

Description of sample sites and sampled outcrops

The formations that concern our work comprise the youngest
members of the Cenozoic “circum-Troodos sedimentary
succession” that envelopes the ultramafic basement of
Troodos mountains (Fig. 1 and Table 1).

They consist of coastal deposits arranged in a more or less
monotonous stratigraphy, as seen from the coastal cliffs, that
stretches all along the south coast of Cyprus (Fig. 2), shallow
marine to beach sediments covered by calcite-cemented aeo-
lian sediments, with the latter dominating in both thickness
and spatial extent (Poole 1992).

Numerous sites along the Cypriot coastal sequence have
been the subject of former geochronological studies. In the
earliest of these works (e.g., Birot and De Vaumas 1962;
Ducloz 1964, 1968; Horowitz 1965; Moshkovitz 1963;
Pantazis 1966a, b, ¢, 1967; Tumer 1971a, b), discovery of
characteristic fauna (e.g.. Strombus bubonious) indicated a
late interglacial age for these deposits. Initial assessments
were further backed by subsequent radiometric and relative
dating (Galili et al. 2009, 2011; Noller 2009; Poole 1992;
Schellmann and Kelletat 2001; Schellmann et al. 2008;
Theodorou 2005; Zomeni 2012) in most cases, confirming
the findings of the former studies which were based on pale-
ontological observations (Table I).

Many published absolute ages for the coastal sediment suc-
cession of Cyprus seem to cluster around the following two
distinct Quaternary stages: the last and the penultimate inter-
glacial, meaning the MIS 5 and 7, respectively. MIS 35 littoral
sediments have been ascertained for the entire south coast,
almost uninterruptedly from Cape Greco to the east through
Paphos to Akamas to the west, while MIS 7 sites are fewer,
mainly outcropping at Larnaca, Petounda, Coral Bay, and
Cape Geronisos (Galili et al. 2009, 2011; Poole 1992;
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Fig. 1 Study area and sampling site of the studied aeolianites and littoral deposits

Schellmann and Kelletat 2001; Schellmann et al. 2008;
Theodorou 2005). There are cases however where U/Th re-
sults on Cladocora caespitosa are assigned to MIS 6 (Poole
et al. 1990; Zomeni 2012). Marine deposits of both MISs 5
and 7 occur at elevations ranging from 5 to 15 m asl approx-
imately, and this variability is attributed to differential uplift
owing to faults activating between sites. Of particular signif-
icance to our study are two published aeolianite OSL ages
from Ayia Napa (Noller 2009), which indicated that aeolinites
formation took place during the MISs 3 and 4.

The aeolianites and the underlying marine sediments that
are preserved at Cape Greco and the greater area of Ayia Napa
are investigated in this study (Fig. 1). The aeolianites form a
hummocky relief above erosion surfaces, more commonly
appearing as individual topographic highs or backing up over
paleoclifts. The aeolianites, which run parallel to the coast,
have their crest right at the current coastline (Fig. 3). The
upper top of the dunes contain pillar-like structures, namely,
thizoliths (McLaren 1995; Mount and Cohen 1984) with ev-
ident morphological micrite tube features (calcified root sys-
tems) formed through the interaction of root-induced organic
and inorganic processes (Klappa 1980).

The depositional character of the coastal sandstones en-
countered in the study area presupposed sufficient exposure
to daylight prior to deposition, and for this reason, both the
aeolianites and the shallow marine sediments are most suitable
for luminescence analysis. Due to the cemented nature of the
deposits, sampling involved extraction of rectangular blocks
from spots of interest (seen in Fig. 1). Altogether, nine sam-
ples were taken for luminescence dating (seven aeolianites
and two littoral deposits).

@ Springer

Luminescence dating
Sample preparation and measurement facilities

Following conventional laboratory practices (e.g., Preusser
et al. 2008), quartz and feldspar coarse grains were prepared
using the procedure of chemical treatment with 10 % hydro-
chloric acid to remove carbonate cements and 10 % hydrogen
peroxide to remove organic content, drying, and sieving.
Fractions were treated with hydrofluoric acid (40 and 10 %
for quartz and feldspar, respectively) to avoid contribution of
the alpha-irradiated outer part of the mineral, followed by a
rinse with 10 % HCI (to remove fluorosilicate by-products),
and a final sieving to separate traces of any remnant by-prod-
ucts. Purified quartz (treated with 40 % hydrofluoric acid for
90 min to remove all other minerals) and feldspar (heavy
liquid separation) fractions mainly fell in the range of 80—
125 pm. Single-aliquot measurements consisted of a mono-
layer of quartz or feldspar grains mounted on stainless steel
disks of 10 mm diameter using silicone oil as an adhesive.
Grains covered the central 5-mm-diameter portion of each
disk, corresponding to several hundred grains per aliquot.
Measurements were carried out on a Rise TL-DA 15 lumi-
nescence reader fitted with a Thorn EMI photomultiplier tube.
Irradiation was from a calibrated *'Sr/”"y 3 source. For feld-
spar, stimulation was by infrared light diodes emitting at
870 nm at 90 % power and detecting the luminescence signal
in the blue-violet region (320460 nm) with a Schott BG3%
Corning 7-59 filter combination (known as filter pack).
Infrared light stimulation was at 290 °C, right after a 50 °C
stimulation for 100 s, which has shown insignificant
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Unit Sample ID |Lat /Long Coords
; CG-01 34.960488/34.065146
£ 22 lcatcite- €G-02 | 34.960440/34.065259
s ah CG-03 34.960624/34.064669
" .|cemented AGTS 34.980309/33.954328
g aeclianite  |CG-OPS | 34.974727/34.030114
e K . SD-1 34.984405/33.993687
2% s wisediments  sp-2 34.984480/33.993987
a ey - 34.974727/34.030114
Cent o ilBeach Co:Ps
. s fsediments
et [Shallow CG-Up 34.974727/34.030114
pe 5 Imarine
=== lsediments
5T T _
|, T, T [Transgression
a.F c: < |conglomerate
==
e = = |Marly
%2 b, o g""" limestone
2 = ——|(Miocene)
Fmmt—
0 | e———

Fig. 2 A typical schematic composite stratigraphic column exposed in
cliffs along SE Cyprus. Samples collected for luminescence dating are
shown next to the column (CG-01, CG-02, etc)

anomalous fading (Thiel et al. 2011b). For two aeolian sam-
ples which gave young ages (~1.3 ka), infrared light stimula-
tion was at 225 °C right after 50 °C, ensuring non-fading and
minimum residual signal (Thiel et al. 201 1b).

For quartz OSL, blue LEDs (470 nm) were used for stim-
ulating the aliquots and a 7.5-mm Hoya U-340 filter was the
signal detection filter mounted in front of the photomultiplier
tube. The single-aliquot regenerative-dose (SAR) protocol af-
ter Murray and Wintle (2003) was applied for D, measure-
ments of quartz.

Dose rate determination

Dose rate relevant elements of the nine samples were deter-
mined individually. The calculation of the dose rates (U, Th,
K) was based on analytical data obtained by inductively
coupled plasma mass spectrometry (ICP-MS; ACME

Fig. 3 a Typical appearance of
the aeolianite formation in the
sampling site of Cape Greco. b A
close-up of the surface of the
aeolianites

@ Springer

245

Laboratories, Canada). After chemical treatment to isolate
K-feldspar, a scanning electron microscope (SEM) coupled
with energy dispersive spectrometer (EDS) was used to con-
firm that the grains derived are indeed K-feldspar. For the nine
samples, internal dose rates were also determined using both
ICP-MS. Internal and external dose rates were calculated
using the “The Dose Rate calculator (DRc)” software devel-
oped by Tsakalos et al. (2015). DRc uses the conversion fac-
tors proposed by Guérin et al. (2011) and the attenuation fac-
tors (due to water content) for alpha radiation by Aitken
(1985), beta by Nathan and Mauz (2008), and gamma by
Guénn and Mercier (2012). DRc also calculates the cosmic
ray confribution to the total dose rate according to Prescott and
Stephan (1982) and Prescott and Hutton (1988, 1994)) using
the altitude and latitude of the sampling sites, present-day
depth, and the density of the overburden. Water contents (%)
were based on “as-found™ values with an error of £5 % and
considered to remain constant during burial. The calculated
dose rates are listed in Table 2. The final dose rates are obtain-
ed by correcting for etching of the grains and the grain size. To
avoid potential problems related to an inhomogeneous gamma
radiation field, samples were taken from thick lithological
homogeneous sediment layers and far from lithological
boundaries.

Additionally, in situ measurements were also carried out at
all sampling spots using a calibrated handheld “Saphymo-
SRAT S.PP.2 NF y Scintillometer”™ 1o test the reliability of
the calculated gamma dose rate. SRAT is based on a 50-cm’
sodium iodine scintillation detector enabling measuring of
both cosmic and gamma radiations and allowing very high
sensitivity (accuracy =10 %). The SRAT’s unit of measure-
ment is counts per second (cps). The operation range for gam-
ma radiation is 0.02 to 30 microsieverts per hour (uSv/h),
convertible to Gy/ka using conversion factors.

Readings were obtained in 471 geometry, by placing the
scintillator probe into the spots/hasms from which samples
for luminescence dating were taken (10 repeated measure-
ments for each spot, 100 s per reading ). Systematic measure-
ments were also performed at intervals of ~30 cm, covering a
distance of at least 2 m fiom each sampling spot. However,
assuring 471 geomeltry in each measurement, particularly when
dealing with solidified and hard carbonaceous sediments, is
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not always easy. In such cases, when 471 geometry cannot be
confirmed, uncertainties are introduced. Nevertheless, ICP-
MS analysis on the bulk sediment confirmed that4m geometry
was achieved as gamma dose rates derived using both ICP-
MS and in situ measurements are in fair agreement; thus, extra
confidence on the reliability of the derived dose rates is
mtroduced.

It should be noted that the assessment of the dose rate for
our samples is based on the infinite matrix assumptions
(Aitken 1985; Roesch and Attix 1968). However, their rele-
vance is only applicable to specific cases, mainly when the
studied geological formation (in our case aeolianites being the
predominating sediment) is homogeneous, the radiation is dis-
tributed uniformly, and there is material surrounding the dated
mineral comparable to the range of the radiations (Nathan and
Mauz 2008). Further, the state of (dis)equilibrium was not
explored in this study, assuming radioactive equilibrium in
the uranium decay series. Possible disequilibrium of uranium
would have an effect on the calculated dose rate, something
that has been documented in many studies (e.g.. Krbetschek
et al. 1994; Olley et al. 1996). However, the use of alkali
feldspar grains will partially compensate for the uncertainties
associated with disequilibrium of uranium and its effect on the
total dose rate. The significant contribution of internal potas-
sium to the total dose rate minimizes the effect of the possible
disequilibrium of uranium in the calculation of the external
dose rate (Li et al. 2008). Further, disequilibrium seems to be
no critical in our study, since U concentrations of bulk sedi-
ment are systematically very low (in most cases between 1.1
and 1.5 ppm). Furthermore, in situ scintillometer measure-
ments revealed (a) low natural radioactivity which is expected
for the carbonaceous formations (aeolianites), (b) uniformly
distributed radiation, and (¢) absence of any factor that might
cause dismurbance in the natural radiation homogeneity (e.g.,
stratigraphic detachment, voleanic body intrusion, faulting or
relevant tectonic unsettlement).

The grain size is 80—125 pm for all samples, except for SD-
1 and SD-2, for which it 15 125200 pum

Luminescence measurements
Quartz OSL

When measuring quartz samples from the sample sites, it was
revealed that OSL ages were unexpectedly low, greatly devi-
ating from the expected paleoenvironmental framework, and
highly scattered, even though the standard validation tests
(preheat, bleaching, and dose recovery tests) were in most
cases successful. Such age inconsistencies are sometimes
interpreted as the result of differential bleaching of the quariz
grains (Godfrey-Smith et al. 1988). Bailey et al. (2003) made
use of the decay rate difference by plotting the equivalent dose
(D,) against stimulation time (D, (¢) plot) to examine

@ Springer

incomplete bleached samples. A D, (1) plot of a fully bleached
sample should reveal a steady value of D, with increasing
stimulation time, while a rising D, should be the case of an
incompletely bleached sample. For our samples here, the D, (1)
plots showed a falling value of D, with increasing integration
time (Fig. 4), which has been interpreted (Bailey 2003; Bailey
et al. 2003; Li and Li 2006; Rittenour et al. 2005; Shen and
Mauz 2009) as being the consequence of thermal instability of
one of the medium or slow OSL components. Therefore, for
our samples concermed here, we concluded that differential
bleaching is not the cause of such inconsistencies, but it is
actually an uncommon behavior (thermal instability) of the
signal components that gives inaccurate results.

In most cases, to obtain the D, value using the SAR proto-
col, the bulk initial signal (e.g., the first 0.5 s) of the decay curve
is integrated. The fast component which is usually dominant in
the initial bulk signal (e.g., Jain et al. 2003) sometimes appeared
to be weak. In such cases, the medium or the slow components
of the decay curve may contribute significantly to the mitial
bulk signal, commonly leading to problematic D, values.
Particularly, erroneous D, values have been observed when
the ratio between the fast and medium components changes
through the course of the SAR protocol, something that has
been attributed to thermal instability or recuperation of the
medium/slow components (Jain et al. 2003; Li and Li 2006).

Deconvolution of the continuous wave (CW)-OSL signals
can further confirm such problematic cases (Bailey etal. 1997;
Bulur et al. 2000; Choi et al. 2003; Jain et al. 2003; Murray
and Wintle 2003). This can be done by fitting the CW-OSL
curve to the three components of the decay curve (McKeever
and Chen 1997, pp. 653). Figure 5 depicts the different pro-
portions that each of the three components takes in the bulk
signal from sample CG-OPS.

1|aT-

25 T T T T T T T T T

Integration time (sec)

Fig. 4 D, (¢) plot for the natural signal of sample CG-OPS. Stimulation
was by blue diode (470 + 30 nm) at 90 % power. The D, values were
measured at successive intervals of 0,16 s. D, (£) plot shows a continuous
decrease of D, with increasing integration time
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Fig. 5 Deconvoluted CW-0OSL signal of CG-OPS sample. a
Contribution of the components in natural bulk signal and b in the
bulk-regenerated signal (afler 108.78-Gy beta irradiation)

The “double-SAR™ (“post-IR blue™) protocol outlined by
Roberts and Wintle (2001) and Banerjee et al. (2001) with a
preheat at 240 °C for 10 s, and a cutheatat 160 °C for 10, was
used for D, determination.

It is easily observed that the fast component dominates the
natural OSL signal (Fig. 5a), while in the subsequent regen-
erated dose (Fig. 5b), its relative contribution is comparable to
a very strong medium component, something that is probably
due to the thermal instability of the medium compenent (Li
and Li 2006; Shen and Mauz 2009; Steffen et al. 2009), which
is not observed in the natural signal as it has been faded
through time. The derived D, value calculated from the bulk
initial signal would therefore be underestimated as a result of
thermally unstable components underlying the initial bulk sig-
nal. We therefore decided to use feldspar grains to obtain D,
values that could be used to estimate accurate ages.

IRSL measurements

Single-aliquot equivalent dose measurements were derived
using the post-IR IRSL (pIRIR) protocol after Thiel et al.
(2011a) shown schematically in Table 3. For two samples
which gave very young ages, we used a modified pIRIR pro-
tocol (Buylaert et al. 2009; Schmidt et al. 2011) which has

Table 3 pIRIR SAR
protocol for coarse-
grained feldspar
measurements (after
Thiel et al. 2011a)

Step Treatment

Give dose

Preheat, 60 s at 320 °C

IR stimulation, 100 s at 50 °C

IR stimulation, 100 s at 290 °C

Give test dose

Cutheat, 60 s at 320 °C

IR stmulation, 100 s at 50 °C

IR stimulation, 100 s at 290 °C

IR stimulation, 40 s at 325 °C
0 Retumn to step 1

[ = B IR T o R R A W R O T

been found to minimize the effect of anomalous fading and
residual dose for young samples. This protocol measures a
conventional IRSL signal at 50 °C (IRSLs;) and subsequently
a pIRIR signal at 225 °C.

D, values of the pIRIR signal at 290 and 225 °C were
derived by integrating the signal of the initial 2 s from the
decay curve, after subtracting the last 20 s as a background
and fit the produced growth curves with an exponential plus
linear term. The dose-response curve and the decay curve of
one aliquot for IRSLs, and pIRIRy; are shown in Fig. 6a, b.
The curves are representative for all the other samples mea-
sured. Itisclear from Fig. 6 that stimulation at 50 °C gives rise
to a natural IRSL signal that is weaker than the natural post-
[RIR signal at 290 °C, by about 80 %. For pIRIR,y, Lx/Tx is
well fitted to an exponential plus linear term. The [RSLs,
does not fit to an exponential plus linear term; thus, linear
fitting was used for the representation of this signal.
Recycling ratios for this aliquot were 0.93 = 0.01 for the
IRSL:, and 1.03 + 0.02 for pIRIRy. Recuperation is ab-
sent at both stimulation temperatures, as no signal is de-
tected at the zero (0) dose.

For both pIRIR:y; and pIRIR:-< signals, equivalent doses
(D, values) were chosen for further analysis if they had (i)
recycling ratios within 10 % of unity and (ii) thermal transfer
<3 % of the natural signal. Collectively, these selection
criteria led to the exclusion of <10 % of the total measured
aliquots.

Preheat tests As shown in the steps of the SAR protocol
(Table 3), a high temperature is applied before the IRSL mea-
surement (step 2 in Table 3). This is necessary so that electrons
accumulated in any thenmally unstable traps will be thermally
stimulated and released, preventing their unwanted contribu-
tion to the stable IRSL signal that will be measured after. [fan
unwanted signal contributes to the IRSL signal, that would
result in an increased D, and therefore in a wrong
overestimated age. In the “preheat test,” a number of D, values
are determined using different temperatures which are plotted

@ Springer
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Fig. 6 Decay and dose-response curves for an aliquot of sample CG-
OPS showing the IRSLs, (a) and pIRIRsy, (b) signals from coarse-
grained (80-125-um) feldspars

against preheat temperatures (Murray and Olley 1999; Murray
and Wintle 2000; Roberts et al. 1999), The preheat tempera-
ture which is taken for measurement should be in a plateau.

An appropriate preheat temperature of 320 °C was used
after a preheat plateau test had been carried out on two sam-
ples (Fig. 7a, b). The test showed that D, values become rel-
atively stable at temperatures above 300 °C.

Bleachability of pIRIR;4 by natural light To test for suffi-
cient signal resetting at the time of deposition, a bleaching test
was performed. Studies have shown that signal zeroing in
feldspar grains is slower compared to that of quartz (e.g.,
Godfrey-Smith et al. 1988; Klasen et al. 2006) which can
contribute to the retention of some residual signal in the mea-
surements, leading to an overestimation of the true age.
Sixteen aliquots of sample CG-OPS were measured in groups
of four having first been exposed at different times to sunlight.
After 90 min of sun exposure, the sample retained ~3 Gy as
residual for pIRIR,qq signal, which is in general ~4 % of the
D, value (73.2 Gy) of the sample as seen below (Fig. 8a, b).

Dose recovery To test the applicability of the pIRIR protocol
using a stimulation temperature of 290 °C, the dose recovery
test was applied (Murray and Wintle 2003). In the absence of
independent dating, a dose recovery experiment could be used
to examine where the SAR protocol can obtain the correct
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Fig. 7 a D, as a function of preheat temperature for CG-OPS (aeolianite)
and b CG-UP (shallow marine) samples. Aliquots were measured in
groups of three (squares show means) using seven different preheat
temperatures from 240 up to 360 °C (held for 60 s each). Six
regeneration cycles were measured using the following doses for beta
irradiation: 0, 34.4, 68.7, 1145, 171.8, 0, and 34.4 Gy (lest dose
11.5 Gy). The results were checked for sensitivity changes

equivalent dose. Normally, the natural signal of the sample
is zeroed with sunlight or in solar stimulator and then irradi-
ated in the lab with a dose close to the natural D,. Then, the
given dose 1s measured using the SAR protocol to test if it can
be recovered as a ... For a well-performing SAR protocol, the
ratio between the given and measured dose should be close to
unity (Murray and Wintle 2003), at least in the range between
0.9 and 1.1.

Six aliquots of CG-OPS sample were bleached by sun ex-
posure for 6 h and then given a 80.15-Gy dose. The SAR
protocol was then applied to test if the 80.15 Gy could be
recovered.

The test showed that recovery ratios were within the 2o
level (0.9-1.1; Fig. 9a, b). The mean ratio (V= 6) of the given
dose to recovered D, was 0.96 = 0.03, signifying that the SAR
protocol generates a good D, accuracy and precision. The
average by the central age model (Galbraith et al. 1999)
was 81.1 = 2 (after residual subtraction), again within the
20 level of the given dose of 80.15 Gy, indicating that the
applied protocol is working as it should. Furthermore, all
“recycling ratio” values for the same aliquots were within
5 % of unity (mean ratio 0.96 = 0.05). We are thus confi-
dent that D, estimates derived by the pIRIR,4,-SAR pro-
tocol are accurately calculated.
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Fig. 8 Results of solar bleaching of the pIRIR 24y signal of sample CG-
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Fading rate assessment Laboratory experiments have pro-
vided evidence that electrons from deep traps in feldspars
are less stable than in quartz, something that is attributed to
the tunneling of electrons out of otherwise stable traps. This
means that there is a loss of the luminescence signal (Wintle
1973). It is therefore necessary to determine the rate of signal
loss and then apply some forms of mathematical correction.

Different methods have been proposed to measure the loss
of luminescence per decade of time (g value) (e.g., Auclair
et al. 2003; Huntley and Lamothe 2001). In this study, the
method developed by Huntley and Lamothe (2001) was ap-
plied, in which bleached aliquots are given a dose once and are
short shined following increasing time delays.

The pIRIR protocol of Thiel et al. (2011a) described in
“IRSL measurements™ section above (Table 3) was used to
determine the ¢ values for the pIRIR at 290 °C using one
aliquot for each sample. The ¢ value of each aliquot was
obtained by fitting a linear regression line to the sensitivity-
corrected pIRIR signals as a function of logarithmic normal-
ized elapsed time. For the pIRIR2g, signal, results obtained
(Fig. 10) yield a mean g value of —2.34 % (considered as zero)
with a standard deviation of ca. 0.4 %, signifying that using
this protocol, feldspar experiences no loss of signal (mean
recuperation was 0.8 %).
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Fig. 9 Dose recovery test for CG-OPS sample a without residual
subtraction and b with residual subtraction. Black dets indicate the
measured/given ratio caleulated for each aliquot. The target value is unity
(black ling). Dashed Iine shows the mean. The range of acceptability is
between 0.9 and 1.1 (dotted lines)

Determination of the equivalent dose (D,)

The establishment of the SAR protocol has revealed that dif-
ferent aliquots of the same sample give different equivalent
doses. This has brought up the matter of how an equivalent
dose distribution of a sample is to be depicted in order to get a
meaningful and reliable representation and thus extract the
necessary information for age calculations. A simple way of
getting a first impression of how the equivalent doses of a
sample are distributed is to produce a probability density func-
tion (PDF) (Fig. 11). However, the influence that an individual
D, value has upon the overall distribution cannot be seen and
examined in a single probability density function.

To avoid the uncertainty inherent in PDFs, Galbraith et al.
(1999) developed the “radial plot™ for the presentation of
single-aliquot data. Aliquots of a sample are depicted in a
radial plot in Fig. 12. Here, the equivalent dose of each aliquot
is displayed along with its associated measured uncertainty.

The variety in D, distributions can indicate that a sample
has been subjected to diverse bleaching conditions (Amold
et al. 2007; Olley et al. 1999; Rodnight et al. 2006) and
post-depositional processes and/or millimeter-scale differ-
ences in the beta dose rate to individual grains (Jacobs and
Roberts 2007) or even intrinsic differences in the lumines-
cence sensitivity of the aliquots measured.
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Fig. 10 Measurements of the mean g value for CG-OPS sample. The
nommalized pIRIR 5, intensities are plotted against the log of ime elapsed
since the end of the irradiation. The g value corresponds to the percentage
fading loss per decade of time, hence to the slope of the weighted linear
regression. A dose of 114.5 Gy was given

A number of different methodologies are available that can
assist in obtaining the best estimate of D, (e.g., Lepper and
MecKeever 2002; Olley et al. 1998; Stokes et al. 2001), and of
these, the most widely used are those of Galbraith et al. (1999).
Many studies have used overdispersion values as the only di-
agnostic criterion for the choice of the most appropriate meth-
odology (e.g., Olley et al. 2004a). This value gives an estimate
of the relative standard deviation of the true D, values, remain-
ing after the measurement error of each aliquot has been taken
into account; if the measurement error was the only reason for
the variation observed in D,, then the overdispersion would be
zero. For well-bleached and homogeneous aeolianites, an
overdispersion value close to zero would be expected.

However, in a study testing the accuracy of various statis-
tical models, Bailey and Armold (2006) concluded that the
selection of the most appropriate age model based only on a
single descriptor for the D, distribution (such as the degree of
overdispersion) is not possible, and that no single method of
analysis is applicable to all samples (depositional environ-
ments), and proposed that the decision process should include
a series of criteria which describe the shape of the equivalent

Probability (au)

30

D, (Gy)

Fig. 11 Probability density function of CG-OPS (dotted line). The
individual D, values (shown with associated errors as bars) are plotted
n rarnk order
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Fig. 12 Radial plot for CG-OPS sample. The shaded area represents the
values that fall within two standard deviations of the weighted mean (an
equivalent dose value of 73.2 Gy). D, values are shown together with
their assocated precision. Values plotted on the leff are those measured
with low precision, while moving to the right, precision 1s higher. An
additional feature of great interest in radial plots is that a radial line drawn
from the origin passes through points that have equal D, values but
different precision. Data points that fall outside the two standard
deviations of the weighted mean can be used to determine the degree of
overdispersion (e.g., 0 % overdispersion means that 95 % of all dose
estimates lie within £2 standard deviations of a “common true value™
(Galbraith et al. 1999; Galbraith and Roberts 2012), in this case +2
standard deviations of the weighted mean). In this instance, the data are
overdispersed by 11 %

dose distribution (skewness, kurtosis, overdispersion, and the
presence of negative D, values). Bailey and Armold (2006)
also developed a decision process guide (Bailey and Amold
2006, pp. 2500) that can be used to help choose the most
suitable model on a case-by-case basis.

In our study, the D, distributions of the measured aliquots
show some scatter with values of skewness ranging from 0.1
to 1.4 and kurtosis 0.1 to 3.1. The overdispersion values
ranged between 4 and 20 %. Based on these suggestions, the
central age model (CAM) by Galbraith et al. (1999) was used
for eight samples which show tight distributions approaching
normality (Table 4) and low scatter (skewness, kurtosis, and
overdispersion). For the D, distribution of sample CG-02
which exhibits a broader spread, we applied the minimum
age model (MAM) to determine the appropriate D, value.
The CAM calculates the weighted mean taking into account
additional dispersion that comes from measurement uncer-
tainties (Galbraith et al. 1999). The MAM can be used for
heterogeneous bleached samples and identifies the well-
bleached aliquots by applying a truncated normal distribution
to the log D, values (Galbraith and Laslett 1993; Galbraith
et al. 1999). The width of this minimum D, population is
derived from statistical measurement errors of each D, value
and the overdispersion.

Table 4 contains the descriptive statistics which facilitated
the age model decision procedures based on Bailey and
Amold (2006) and the range of pIRIR D, values derived.
Table 4 also compares the D, values derived using the CAM
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Table 4 Determination of the

most likely equivalent dose using Sample D, distribution characteristics D, (Gy) Muodel selection
numerical parameters
Overdispersion  Skewness  Kurtosis  Mean Weighted Model D, (Gy)
mean”
CG- 11 % —0.4 =il 734+92 735+ 1.7 CAM  73.2£15
OPS
CG- 17 % —0.1 -16 118.9£227 1164 +86 CAM 116.8 £ 6.1
up
CG-PS  20% 0.5 —0.9 97.7+£203 94.9 £ 6.5 CAM  959=+5.2
CG-01 19 % —0.3 —0.2 94 + 182 93.4+8 CAM  924+52
CG-02 16 % 1.4 %5 867+ 153 845+ 6.1 MAM  B69+7.5
CG-03  21% 0.6 0.6 99+ 21.7 94.8 £ 8.1 CAM  969=58
AGTS 9% 0.1 o ] 803 +7.8 782+2.6 CAM  798+22
SD-01 4% 0.7 1.4 41+05 39+02 CAM 3901
SD-02 18 % 0.8 1.6 39+09 38+03 CAM 3903

For the weighted mean, each value was weighted by /0 D,

and MAM with the mean and the weighted mean. Data indi-
cates that skewness, kurtosis, and overdispersion values do
not greatly affect feldspar dose distributions, as the dose esti-
mates using the two age models do not differ significantly
compared to mean and weighted mean. However, using the
age models, the associated D, errors are reduced considerably
compared with the mean D, errors.

Scattered D, values as a result of incomplete/diverse
bleaching of the luminescence signal is mainly a concern for
sediments that have been exposed to sunlight only for a short
period of time such as fluvial deposits (Amold et al. 2007,
2009; Olley et al. 1999). However, many studies have shown
samples that had been well bleached (aeolian deposits) at the
time of burial, experiencing significant spread and
overdispersion (e.g., up to 20 %) in their equivalent dose
values (e.g., Jacobs et al. 2003; Olley et al. 2004b; Roberts
et al. 2000). Duller (2008) argued that this overdispersion is
the additional scatter in the data that cannot be explained by
the calculated uncertainties, most probably the result of a com-
bination of remaining intrinsic factors that cannot be suitably
accounted for (e.g., Thomsen et al. 2003) and extrinsic factors
such as microdosimetry. Close proximity of feldspar grains to
radioactive heavy minerals, such as zircons, would contribute
to a higher beta dose (Roberts etal. 1999). Dark-colored min-
erals (indicative of some heavy minerals) were found after
chemical treatment in many of the samples used in this study.

Based on the successful recovery of the artificially induced
dose (dose recovery test) and taking into account that the
samples were deposited under conditions which allowed for
sufficient and uniform signal resetting, we suppose that the
reasons for the slightly scattered dose distributions observed
are based predominantly on post-depositional processes
(grains displaced by groundwater percolation and by small-
scale activities of fauna) and millimeter-scale differences in
the beta dose rate to individual grains (presence of heavy

minerals) (Jacobs and Roberts 2007; Roberts et al. 1999)
and secondarily on diverse bleaching conditions.

Age estimates and discussion

The age estimates ofthis study (Table 5) are given with the 1
uncertainty and after a residual dose of 4 % had been
subtracted from the D, values, except for D, values of the
pIRIR signal at 225 °C of the two young samples as the level
of the residual signal at that temperature is usually low. For
both pIRIR at 290 and 225 °C, the test dose measurements
corrected properly for sensitivity changes, since the average
recycling ratio of 95 % of the aliquots was within the accepted
0.9 to 1.10. For the pIRIRqq signal, the mean g value was
—2.34 +£0.04 % per decade and mean recuperation was 0.6 %.

In general, feldspar ages are in chronostratigraphic order
(Fig. 13) and indicate a late Pleistocene deposition; pIRIR gy
dating estimations revealed ages of 56.2 + 4.7 ka for the up-
permost aeolianites overlying the beach calcarenite

Table 5 Caleulated ages using the appropriate statistical model
Sample Maodel selection

Condition Maodel Age (ka)
CG-0OPS Aeolian CAM 56.2+4.7
CG-PS Beach calcarenite CAM 59.8 £ 5.1
CG-UP Shallow manne CAM T84 +£69
CG-01 Aeolian CAM 616 £56
CG-02 Aeolian MAM 69.5 £ 8.5
CG-03 Aeolian CAM 744 +£75
AGTS Aeolian CAM 66.6 + 6.1
SD-01 Young aeolian CAM 1.3+ 0.03
SD-02 Young aeolian CAM L.3£0.1
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(59.8 £ 5.1 ka) and shallow marine deposits (78.4 = 6.9 ka)
matching the MIS 3, MIS 4, and possibly the end of MIS 5a
which are characterized by a prolonged sea level low transi-
tion from a high sea level. For the young aeolianites, the
pIRIR,-5 gave an age of 1.3 £ 0.2 ka, providing evidence
for sand movement and extensive reworking,.

There are a number of different curves for Quatemary sea
level changes that could be used for associating the ages de-
rived with the MIS timescales. In this study, we used both
‘Waelbroeck et al. (2002) to compare our dating results with
results obtained in other studies using a number of different
dating techniques (Fig. 14) and Lambeck’s (1996) modeled
sea level data which refer to the last interglacial-glacial cycle
(Fig. 13).

pIRIR ages obtained for our beach calcarenite and shallow
marine samples resulted in age estimates of 59.8 = 5.1 and
78.4 = 6.9 ka, respectively. Shallow marine and beach
calcarenite deposits present direct evidence of a relatively high
sea level at MIS 5 (e.g., Lambeck 1996; Waelbroeck et al.
2002). At one of our sampling points between Ayia Napa
and Cape Greco, an exposed stratigraphic column shows that
an aeolianite formation (CG-OPS) conformably superimposes
the beach calcarenite (CG-PS) which in turn overlies the shal-
low marine deposits (CG-UP) with pIRIR ages being in
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Fig. 13 Comparison of the pIRIR ages of the study area with late
Quaternary relative sea level stands of Paros Island located in the
central Aegean Sea (after Lambeck 1996). The graph shows that deposits
are in stratigraphic order with aeolian deposits overlying the littoral (when
errors are not considered) except one acolianite that has an age very close
to the dated shallow marine sample. The oldest pIRIR age (CG-UP)
obtained from a shallow marine sample underlying a beach calcarenite
(CG-PS) and the aeolianites was dated at 78.4 + 6.9 ka Based on MIS
records (Lambeck 1996), this age suggests the beginning of coastal
deposits formation between MISs 5a and 4
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stratigraphic order, thus confirming their marine-aeolian asso-
ciation. Qur luminescence dating results ofthe shallow marine
sediments (CG-UP) can help provide a rough estimate for the
uplift rate of the southeast coastal area Cyprus. An uplift rate
of ca. 0.2 mmvyear is indicated.

Investigation of the factors favoring aeolianite formation
has shown that the connection of the aeolianite ridges with
the different climatic phases of the Quaternary is not necessar-
ily uniform among different localities (Yallon 1967). For in-
stance, the aeolianites and underlying sediments and soils of
the coastal plain of Israel were developed under climatic
phases of wet and dry conditions. However, local factors and
disturbances were found to be the main driving force for their
formation, indicating that the sedimentary cycles of the coastal
plain did not necessarily follow the same major cyclic events of
the Quaternary (Yallon 1967) which have created distinctive
sedimentary coastal formations in other Mediterranean re-
gions. Another instance points out that the local constraints
for coastal dunes development exist in the Galilee coastal plain
in Israel. where a complete and detailed chronostratigraphic
sequence showed that the last glacial period left no sedimenta-
ry record (Sivanetal. 1999), ag a contrast to many other studies
nearby (Netanya and Tel Aviv) (Engelmann et al. 2001;
Frechen et al. 2001, 2002; Porat and Wintle 1995; Porat et al.
2004), where aeolian dunes were dated to MIS 3.

It would be expected that the general pattern of our ages
should cluster around the last few interglacial episodes, simi-
lar to what has been observed elsewhere, further east for ex-
ample. on the coast of Israel (e.g., Frechen et al. 2004; Mauz
etal. 2013) where beachrocks were found to be formed during
MIS 5. Indeed. our ages are in fair agreement with these stud-
ies but also in a common geochronological framework with
the results obtained in studies conducted in southeast coastal
Cyprus (e.g., Schellmann and Kelletat 2001) (Fig. 14).

Poole’s (1992) ages of 141 £ 4 and 219 + 16 ka (MISs 6
and 7) as well as Zomeni’s (2012) ages of 143 + 9 and
152 = 8 ka (MIS 6; Fig. 14 and Table 1), where fauna suitable
for uraniume-series dating (Cladocora caespitosa) was used,
indicate that our dated aeolianites (MISs 3, 4, and possibly 5)
were deposited in an event later than the littoral deposits of
these studies, pointing out that aeolianite formation was most
probably initiated at a sea level lower than that of the littoral,
just after sea level started falling and the unconsolidated sed-
iments of the last interglacial seafloor were exposed to the
dominant winds, favoring their redeposition in the form of
sand dunes on the newly exposed shelf. However, there exist
an extensive “time lag” between our aeolianite ages and some
of'the U/Th dating results of other studies in the area (Poole

1992; Zomeni 2012) which is not expected.

Of particular interest to our luminescence studies are two
acolianite OSL age estimates of 60.9 = 4.4 and 57.9 + 5.2 ka
(Noller 2009), which were found to be in agreement with our
dated aeolianites, providing additional evidence for aeolian
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Fig. 14 Comparison of our
pIRIR ages with other dating
studies conducted in the same
area plotied on Waelbroeck et al. 0
(2002) relative sea level stands
denived by benthic foraminifer
oxygen 1sotopic ratios from the 40
North Atlantic and equatorial
Pacific Ocean. From the graph, it
1s clear that our pIRIR results
(black dots) represent a later event
than that of the U/Th dating on
littoral deposits (post-dating the
littoral deposits) (Poole 1992;
Zomeni 2012)
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depositional events in SE Cyprus mainly after the MIS 5a
when the sea level started falling.

The deposition of the aeolianites is more commonly asso-
ciated with a prevailing wind regime. For the aeolianites of
our study area, it is believed that west-southwest winds
transported the exposed littoral sediments landward. This is
supported by the presence of reworked skeletal fragments of
marine organisms in our aeolian samples and also by other
paleowind studies in the Eastem Mediterranean region. The
luminescence-dated (65 ka) aeolianites in the Palestine
(kurkar ridges) at the Levant (Frechen et al. 2002) have been
interpreted as representing typical dunes formed simulta-
neously along the coastline by a perpendicular (southwest)
to the shoreline wind direction. Field observations in another
study from Gaza (Zaineldeen 2010) also showed that cross-
beds within the kurkar layers were deposited by a westerly and
southwesterly paleowind. The same conclusion regarding
wind directions was drawn by Yallon and Laronne (1971) at
an aeolianite coastal ridge a few tens of kilometers northern,
suggesting a dominant westerly and southwesterly wind re-
gime for the area in the past.

Conclusions

This paper presented a suite of ages for the aeolianites and
underlying beach calcarenite and shallow marine deposits
found along the coast of Ayia Napa and Cape Greco, in SE
coast of Cyprus revealing the occurrence of aeolian activity
during MISs 3, 4, and possibly late 5. In general, dune-
forming activity ceased along the SE coast of Cyprus at
around 60 ka, with dune building commencing about 75 ka
most probably under a dominant southwesterly wind regime.

— 77— T
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UiTh-Poole, 1992 Palaeontol -Theedorou, 2005

A recent reworking and depositional activity of the late
Holocene (MIS 1) is also evident.

The comparison of our coastal deposit ages with other ab-
solute dating studies in the area showed that not all the coastal
deposits along SE Cyprus were formed at MISs 3, 4, and 5.
However, the underlying mechanisms that could explain such
variety are not fully understood. A clear case is the U/Th
littoral deposits dated at a sea level lowstand at MIS 6 (e.g.,
Poole 1992; Zomeni 2012).

Our analyses suggest that the pIRIR SAR protocol on feld-
spars produced reliable equivalent dose values. Performance
tests such as preheat plateau, dose recovery, and residual
bleaching checks were carried out to confirm the suitability of
our SAR protocol. Some variety of the numerical parameters that
were observed in D, value distributions were effectively treated
by making use of D, distribution analysis and selecting the ap-
propriate statistical models which led to accurate and precise D,
values with considerable reduction in associated age errors.

Even though our luminescence dating approach seems to
produce reliable results, there exists a source of uncertainty in
the calculated ages. The environmental dose rates of the dated
deposits have been subject to changes since their initial deposi-
tion due to the infiltration of CaCQ;5 forming the carbonate
cement. For the dose rate calculations in this study, cementation
was assumed to be instantaneous. Further, the state of
(dis)equilibrium was not investigated in this study, and hence,
its effect on dose rate has not been accounted for. Thus, it is
important ages obtained here to be considered with some cau-
tion. Despite that, we believe that even if these parameters had
been taken into account, changes in the final ages would have
been insignificant, keeping ages in the same paleoenvironmental
framework.

This study suggests that luminescence dating offers excel-
lent potential for unraveling the geomorphic history of this
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region. For the first time, absolute dating information based on
luminescence dating of feldspar of coastal deposits was ob-
tained from a coastal area of southeast Cyprus.
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Abstract;

During the last few decades. many studies have been conducted regarding the Holocene stratigraphic
configuration of several deltaic successions around the Mediterranean. The majority of the research is
confined to seismic profile mterpretations. geochemical-sedimentological studies. and tectonics and
geodynamics.

The Sperchios delta plain is located in central Greece and covers an area of 121.5 km®. Previous studies in
the area have mainly been conducted regarding the palacogeography of the battle terrain in ancient
Thermopylae. particularly concerning the reconstruction of the shoreline position at the time of the battle
[1]. More recently, the palacogeography of the late Holocene Sperchios delta plain has been outlined by
Pechlivanidou et al. (2014). who used sedimentological, palacontological. geochemical. and mineral
magnetic properties approaches to detect the palacoenvironmental signal of Sperchios deltaic deposits [2].
However. little effort has been made so far to reconstruct the comprehensive and sequential history of the
upper part of the delta plain based on numerical ages. with the available ages mainly based on
archaeological and radiocarbon dates which bear a range of limitations and uncertainties. Previous
chronological studies in the delta remain limited in literature [2.3]. Thus, a systematic application of
dating techniques is required. which would provide an insight into the Holocene geomorphologic history
of the study area by establishing the chronology of the region.

This study reports on the first investigations into the potential of luminescence dating to establish a
chronological framework for the depositional sequences of the Sperchios delta plain. Here we present a
new chronology for the delta and provide sedimentation rates of its depositional sequences during the
Holocene.

A series of three boreholes, up to 20 m deep. and two shallow cores. up to 4 m deep, from across the delta
plain. were extracted and samples were collected for luminescence dating. The luminescence ages of
sand-sized quartz grains were obtained from small aliquots of quartz. using the single aliquot regenerative
(SAR) protocol. Taking into account that limited light exposure prior to deposition and burial of the
quartz grains may result in incomplete resetting of the OSL signal. equivalent dose (De) determination
included a series of tests and the employment of statistical approaches for obtaining reliable De estimates.

[1] K. Vouvalidis. G. Syrides. K. Pavlopoulos. S. Pechlivanidou. P. Tsourlos. M-F. Papakonstantinou, Palacogeographical
reconstruction of the battle terrain i1 Ancient Thermopylae, Greece, Geodinamica Acta 23(5-6). 241-253, 2010a.

[2] S. Pechlivanidou, K. Vouvalidis, R. Levlie, A. Negje. K. Albanakis, C. Pennos, G. Syrides. P, Cowie. R. Gawthorpe. A
multi-proxy approach to reconstructing sedimentary environments from the Sperchios delta, Greece. The Holocene 24, 1825-
1839, 2014.

[3] K. Vouvalidis, G. Syrides, K. Pavlopoulos, M. Papakonstantinou. P, Tsourlos. Holocene palacoenvironmental changes in
Agia Paraskevi prehistoric settlement. Lamia. Greece, Quaternary International 216, 64-74. 2010b.

This work has been funded by GSRT through KRIPIS project: 'Development of an integrated management framework of river basins and
associated coastal and marine zone', ESPA 2007-2013.
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Abstract:

In the frame of the project entitled "The Apollo Sanctuary and the Late Roman Settlement in Halasarna
(Kos)-the history of an ancient sanctuary, its decline and its final transformation into a Late Roman/Early
Christian settlement", a collection of archaeological iron corroded objects (nails and tools) found during
the excavation of an Early Christian settlement located in Kardamaina area on the island of Kos, Greece,
has been restored using different conservation methods. The majority of the objects were found to be
covered by a thick layer of iron oxides along with earthy material. The cleaning and the stabilization of
iron objects bearing a partially mineralized bulk of metal is a challenging task. In order to provide
tailored conservation strategies for cleaning and protecting valuable archaeological and historical
artifacts, a combination of methods was employed. Two cleaning and stabilization methods were
applied and evaluated; the “plasma surface cleaning” was either used alone, as the only method of
conservation (comparing treatments using different parameters), or in combination with “alkaline sulfite
treatment” using sodium hydroxide. The aim was to exploit the existing methodology and knowledge of
the advantages and disadvantages of these methods and develop a conservation strategy on a case by
case basis, according to the type, severity and extent of damage.

The characterization of the surface of the treated objects was examined at every stage of treatment
(before, between and after the cleaning and the stabilization procedures) using Optical Microscopy,
Scanning Electron Microscopy (equipped with an attached Energy Dispersive Spectometer) and X-ray
diffraction. Emphasis was given on the chloride content which is the main problem in the corrosion
process, “Before and after” examination on the chloride content was performed at every stage of each
treatment thus allowing to check and monitor both the rate and the subsequent elimination of the

chloride content.
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Abstract:

In the lake of Ioannina (SW Greece) lays a small island which vsed to be a monastic centre
during the late Byzantine and post-Byzantine period. During the 16® century the monastic life
on this islet flourished. mainly due to the simultancous development of the nearby town of
Ioannina [1]. The churches of the monasteries were then (re-Jembellished with high quality
wall painrtings, many of which survive till today.

Recently the wall paintings of the Eleousa and Filanthropinon monasteries (both on the
Ioannina island) underwent conservation treatment. In this framework, several mortar and
painting microsamples were collected from the various painting phases of the aforementioned
monuments. The samples were subjected to examination/analyses by Optical Microscopy
(OM). Scanning Electron Microscopy (SEM-EDX), X-ray Diffraction (XRD) and Fourier-
Transform IR spectroscopy (FIIR) in order to investigate the materials and techniques of the
wall painting decorations.

Results showed that prior to the application of the paint layers, walls had been prepared by
applying three successive. differentiated by means of composition, mortars. A more or less
limited pigment palette has been used in all the painting phases, while restricted use of gold
leaves was also investigated. Nevertheless, differences among the various paint-phases do
exist, especially as regards the gold leaves” mordants and the green painted areas. Moreover,
analytical data indicate that a mixed-painting technique has been used: preparatory sketches
and large areas (such as backgrounds) have been mostly painted by applying pigments on wet
plaster. Subsequent paint layers have been painted by mixing the pigments with lime (and
possibly organic medinms) while in a few instances final (uppermost) paint layers consist of
pigments mixed solely with organic binders. Findings are more or less in agreement with the
results obrained by previous smudies of Greek post-Byzantine wall paintings [2, 3].

[1] V. N. Papadopoulou, The monasteries of the Island of Ioannina, Holy Monastery of Eleousa, Ioannina, 2004,
[2] 5r. Damiilia E. Minopoulon, K. 5. Andrikopoulos, A. Tsakalof, K. Bairachtari, From Byzantine to post-
Byzantine art: the painting technique of St Stephen's wall paintings at Meteora, Greece, Journal of

Archaeological Science 35, 2474-2485, 2008.

[3] A. Tordanidis, J. Garcia-Guinea, A. Strati, A, Gkimourtzina, A comparative study of pigments from the wall
paintings of two Greek byzantine churches, Analytical Letters 47, 2708-2721, 2014.
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Cyprus occupies a key position in understanding the palacoenvironmental, neotectonic and
eustatic evolution of the Levant during the Late Quaternary. Despite the numerous palacoenvironmental
studies conducted in eastern Mediterranean. limited is our knowledge on the chronological framework of
the Cypriot coastal deposits. Numeric dating is of great importance in resolving the sequence of
palaeoenvironmental events that occwred on the shores of southeast Cyprus during the Quaternary.
however many challenges remain in dating near shore sedimentary deposits and surface exposures.
Previous studies concerning the age of the coastal deposits of Cyprus were principally based on
radiometric and radiationexposure geochronological techniques on fossils which bear a range of
limitations and uncertainties. Luminescence dating is widely used for sediments that have undergone
sufficient exposure to daylight prior to deposition. This requirement is met for the majority of coastal
deposits found on the shores of Cyprus. Thus. luminescence dating is considered to be one of the most
suitable techniques for the direct dating of the coastal sediments of Cyprus.

Further. the study of irregularities on quartz grains using Scanning Electron Microscopy (SEM)
techniques has developed into a method used for understandingthe role of processes during grains
transportation and deposition and thus extracting information on sediments palacoenvironmental-
depositional history. This paper negotiates palacoenvironmental and relative sea-level connotations of the
coastal deposits of southeast Cyprus and provides preliminary comments on the Late Quaternary
environmental change by employing up-todate luminescence dating and quartz grain swface features
analysis. The results of this study from south east Cyprus are consider on the basis of a wider
geographical framework. including the Late Quaternary littoral formations of resembling creation and
evolution that appear along the coasts of the eastern Mediterranean. Our luminescence dating estimations
assign the formation of the studied coastal deposits during the last 100 ka when the sea-level was lower
than its present position. while quartz surface analysis indicated that the coastal Quaternary deposits of
the area are the result of cycles of transportation and deposition through different enviromments, most
probably a combination of marine deposition and subaerial exposure. This research has been supported by

the EU project “New Archaeological Research Network for Integrating Approaches to ancient material
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studies” (NARNIA), from the FP7, Marie Curie Action-ITN by the European Commission under contract
number, 265010.
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Abstract:

It is well established in the literature that palaeoenvironmental studies can produce reliable results
concerning past environmental changes but they can also be useful, where possible, in forecasting future
trends in the environment. South Peloponnesus, and specifically Mani peninsula, located at southwestern
Greece is considered among the most challenging areas for studying past environmental changes,
especially during Upper Quaternary, because of its long and complex coastal zone, its active local tectonic
regime, as well as its nodal position between three continents. Rich sequences of terrestrial and marine
sediments classified by the stratigraphic sense are found in the area. These sedimentary deposits. fluvial
or coastal, are an excellent repository of environmental changes that have occurred during the past
120,000 years at least, thus offering the possibility of extensive and in-depth study of these changes. It is
worth noticing that Mani is also significant by a palaeoanthropological point of view due to the important
findings that have been revealed through excavations at the area. Recent publications suggest that
Neanderthal man inhabited at the area and was active for a long time period. Here, we present dating
results obtained by employing optically stimulated luminescence (OSL) dating technique, combined with
the single-aliquot regenerative dose (SAR) protocol. These results concern samples collected by a fluvial
deposit, situated at an area called Diros where known caves are lying. Specifically, four layers of this
stratigraphic deposit were dated and they revealed ages extended from 58.000 to 120,000 years ago. An
unforeseen result was that these ages do not follow the stratigraphy of the deposit. Instead, a type of
reversion is revealed. In the literature are suggested some mechanisms which could interpret those
findings. The transfer of big parts of layers situated initially at a higher place and the reversion during the
transportation could be one of them. Another mechanism which could interpret those findings is the
mixing of the layers due to the high energy of the flow in the river which is capable for even reversing big
parts of layers. The research on this issue is still ongoing. This study is funded by the NARNIA/FP7

Marie Curie Initial Training Network project.
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