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NEPIEXOMENA

MpoAoyog
Introduction

MpookekAnuévn ouia

Exclusion and the ‘matter of luck’: how to get most of lead isotope data for the provenance
studies of prehistoric metals.

Z. Stos-Gale

Ospatiki Zuvedpia I: AdAuteg Xpovoloynoetg-NaAalonepipaAlov-Apxatoceiopoloyia
MpodopLKEG AVAKOLWVWOELG

Archaeoseismology: Constraints in identifying historical earthquakes.
S. Pavlides

Isothermal Thermoluminescence vs Electron Spin Resonance dating of fault gouge from
palaeo-earthquakes: recent advances.
E. Tsakalos, G. Mitrikas, M. Kazantzaki, T. Nishiwaki, A. Lin, Y. Bassiakos and E. Filippaki

Progressive sea transgression during the Late Holocene in Vatika Bay (S. Laconia,
Peloponnese, Greece).
E. Kolaiti

Quokoyewloyikn €EALEN Tou EAMaSLKOU XWpou Kat Suvatotnta Katd mpooéyyLon
XPOVOoAOYNnong LUBOAOYIKWY «YEYovOTWY» A pia péBodog yewpuBoloyikng xpovoldynong.
H. MaploAdkog kal E. Karmoupavn

YMoAoyLopog tng enidpacong Tou dlapepiopatog tng Balaoccag tng de€apevig avtalhayng
Tou avOpaka C- 14 oto BopelavatoAiko Alyaio Katd Tnv mpoiotoplkn nepiodo.
. ®akopéAAng

Mkpootpwpatoypadio kot yewxnueia tov Muknvaikol Aakkoeldol¢ «tddou tou Mplma
ToAepLot» otnv NMUAO: GUUBOAR TNV HEAETN TNG TaPOVOULAG KOL TWV TADIKWY TIPAKTIKWV
TOU pvnueiou.

M. Kapkavag, S. Stocker kat J. Davis

TA-OSL for luminescence age limit extension beyond 1Ma; methodological aspects and
preliminary dating results.
G. Polymeris

To tadko pvnueio tng ApdinoAng péoa amo TG AnOAUTEG XPOVOAOYHOELG TWV EMIXWOEWV
KalL TN oTpwpatoypadLa tou Addou Kaota.
E.M. KaumoUpoyAou kat E.E. KaumoupoyAou

O eMoKLOPOG Tou Atyaiou katd tnv Apxn ts NeoABikn ¢ kat Mpwipng Emoxrg tou XaAkou
OTWG aVIYVEVETAL HE Xpovoloynoslg PadloavBpaka. Suoxétion pe amoteAéopata aDNA.
. Maviatng

56 xpovia PeTA: N mpoodatn avackadn tou InnAaiou MNavog Mapabwva Kat n xpovoAoynon
TWV avVOpWIOYEVWVY ETILXWOEWV TOU.
A. Mapn kot . @akop€AAng
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Oc=patiki Zuvedpia I: AnoAuteg Xpovoloyrosig-MalatonepiBaAlov-ApxaLtocelcpoloyia
AVOPTNHEVEG AVOKOLWVWOELG

Absolute dating of paleo-earthquakes: Luminescence dating of fault rock related material.
M. Kazantzaki, E. Tsakalos, Y. Bassiakos, E. Filippaki, T. Rondoyanni and Ch. Georgiou

Aegean beachrocks as relative sea level change index point.
E. Kolaiti and N. Mourtzas

Ektipnon nAkiog Balaocowwv anobéoswv tou ApyoAikou mediou, Sla Tng xpovoAoynong e
ESR anoAlbwuévwy yaotepdnodwv Strombus bubonius.
I. H. Mapyapitng, I. E. Mnaolakog, I'. Oeodwpou kot M. Aepuitldkng

Absolute scientific Dating of early Mortuary behavior in Crete using ultrafiltration AMS
radiocarbon (ADAM).
A. Nafplioti

Geochronology and Paleogeography of Akrotiri Salt Lake, Lemesos, Cyprus.
M. Polidorou, N. Evelpidou, H. Drinia, T. Tsourou, F. Salomon and L. Blue

Defining the time frame of a prehistoric site near loannina, using OSL dating method.
K.C. Stamoulis and V. K. Siozou

New evidences of the time frame of the architectural remains of the archaeological site at
Vathy, Astypalaia.
K.C. Stamoulis, A. Vlachopoulos, I. Tsodoulos and I. Pappas

Potential of OSL and ITL signal resetting of experimentally sheared quartz from natural
gouge at varying slip rates and normal stresses.
E. Tsakalos, M. Kazantzaki, T. Nishiwaki, A. Lin, Y. Bassiakos and E. Filippaki

Ospatiki Zuvedpia ll: FewdpuoLkEG SLALGKOTNOELG
MNpodopLKEG AVAKOWVWOELG

H yewduokn Slaokomnon wg epyaleio pebodikAg amotlnwong thg TOAEOSOULKAG
0pYyAvVWoNnG apxaiwy oKLOTIKWY cuvolwv otnv Mepidepetakn Evotnta KIAKiG.
I Tookag kat I ITpatoUAn

3-Dimensional mapping of Ploutos Cave - a 59 m deep vertical cave. What can we gain from
that?
I. Kampolis, Y. Psaltakis and S. Triantafyllidis

A comprehensive study of the ancient mine of Esperanza in Lavrion district, Attica, Greece.
M. Vaxevanopoulos, J. Ross, P. Voudouris, A. Kapetanios, V. Melfos and Z. Papadopoulou

Side scan sonar and subbottom profiling data in detecting ancient wooden hull wrecks: a
case study the “Fiskardo” wreck Kefallinia island, lonian Sea.

G. Ferentinos, M. Geraga, D. Christodoulou, E. Fakiris, X. Dimas, N. Georgiou, S. Kordella, G.
Papatheodorou, M. Prevenios and M. Sotiropoulos

‘Eva Kawvotopo Movtélo MpoBAeding Ofoswv otnv Apxatoloyia: To Movtého Taong
Katoiknong (MTC).
. Mohamnépdag kat N. Zaxaplag
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Astronomical dating of the Trojan War-Complements to Homer.
S.P. Papamarinopoulos

Owtoepunveia-TnAemiokonnon kot Fewduoikr Atackomnnon, Oppog Boidokoltdg Nopou
Meaoonviog: EVIomiopog Oappévwy apXaloAoyIKwV KATAAOLTTwWY.
A. Xpbvn

Ogpatiki Zuvedpia ll: FTewdUOKEG SLAOKOTIOELG
AVOAPTNHEVEG OVOKOLWVWOELG

lewdUOLIKEG EPEVVEC EVTOG UVNMELWV: AuvatotnTeg kKat ASuvapieg.
I Todkag kat N. Aoapavti

Ospatiki Zuvedpia lll: BlobAwkda-Broapyatoloyia
MpodopLKEG AVAKOLWVWOELG

Kean miltos, Lemnian miltos: The significance of a place-name in Greco-Roman craft and
industry.
E. Photos- Jones

Storage practices in the Late Bronze Age Aegean: investigation of molecular signatures in
storage vessels through organic residue analysis.
M. Roumpou and N. Kalogeropoulos

APXQLOUETPLIKEG AVOAUCELG O OKEAETIKA UTIOAELLLOTA Ao pa Seutepoyevr tadn oto
KaotpoUAL, Aeddot.
I. KovtomouAog, I. Aupttlng, M. Alexander, K. Penkman kat M.J. Collins

Kepaodopa, képata kat kepativn: KOKKLVN XpWOTIKH o€ yOUDOUG KEPATWV Ao To AKpWTH AL

onpac.
I. AAe€dmoulog

Histotaphonomy and Mineral Content of Bone: A Case Study from Vraona.
M.S. Mallouchou, E.T. Stathopoulou and G.E. Theodorou

Study of “black” pygmy bones from the site of Aetokremnos in Cyprus.
E. Stathopoulou, E. Filippidi and G. Theodorou

Ospatiki Zuvedpia lll: BlobAka-Broapyatoloyia
AVOPTNHUEVEG AVOKOLVWOELG

Microbial activity in excavated bone: examples from Greece & Cyprus.
E. Stathopoulou and M. Mallouchou

Ospatiki Zuvedpia IV: ApxatopetaAlovpyia
MNpodopLKEG AVAKOWVWOELG

H kataypadn twv apyxoiwv petoleiwy xalkoU tg KOmpou péoa amnod SLEMOTNUOVLIKN
£peuva.
B. Kaooavidou

Aotépla NMudadag. NpoioTopLkn EpyacTnPLAKI EYKATACTACH UETAANOUPYLKWY
SpaotnplotTwv.

K. KaZa, K. Kapaivépou, I. Tkouptllovun, I. MaotpoBeddwpog, A. Hein, E. O\utdakn kot
I. Mo.oLakog
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Study of a necklace with silver and steatite beads from the EM | Gournes Cemetery.
V. Perdikatsis, S. Sotiropoulou, Chr. Apostolaki, E. Filippaki and Y. Bassiakos

XNUIKN avaAuon XAAKIVWY OVTLIKELLEVWVY TNG MEang Emoxng tou XaAkoU armo tn 6€on
AdrnnBog-Bplion tou Napma (KUmpog).
A. XapaAdurmoug kat J.M. Webb

Metal types of Late Geometric bronze tripod cauldrons.
M. Bode, M. Kiderlen, G. Mastrotheodoros, E. Filippaki and Y. Bassiakos

Processing of mineral resources and the organization of metal production in Thasos from the
Late Neolithic to the Early Iron Age.
N. Nerantzis and S. Nodine

H eAAnviotikr) tepiodog (306 £wg 1o¢ 1.X) oTtn AQUPEWTLKN, WG TEPi0S0G TEXVOAOYIKWY
avakaAUPewv kat petadopdg texvoloyiog otnv Alyunto twv MNToAepaiwy.
Ir.A. Nanadnuntpiou

Tracing casting procedures in Stavros, Chalandritsa LBA settlement, Western Achaea, Greece.

. lliopoulos and K. Soura

Néa dedopéva yla Tnv apyalopetarlovpyia otnv Avtinapo.
Z. Namnadomnoulou, E. NikohakomoUAou, E. D\utakn kat . MaotpoBe6dwpog

Texvikég e€€taong (pXRF / SEM-EDS) og xdAkva euprpata ano to Mwvwiko lepd Kopudng
Twv Kubnpwv.
Ak. MavayomoUAou

ALATPNTEC «OLYOLAKESY LETOHANOUPYLKEC KAULVOL Twv Npwipwyv Xpovwv: Néa edopéva amno
v AkpomoAn thg ABrvag.
B.E. Anuntpiou, E. @Atnakn kat I. Mmaolakog

H cupBoAn Kal avaykaldtnta TG OPXALOMETPLOC OTNV EAANVLKA UVNUELOKN XOAKOTIAQLOTIKN:
TO TAPASELY A TV apXaiwVv XaAKwv ota EAANVLKA JoUoEia.
K.A. Addag

Ospatiki Zuvedpia IV: ApyatopetaAlovpyia
AVOPTNHEVEG AVOKOLVWOELG

Searching for metal-processing activities at prehistoric Thorikos.
A. Charalambous, E. Philippaki, M. Manataki, V. Kassianidou, S. Déderix, N. Papadimitriou, A.
Sarris, M. Kayafa and Y. Bassiakos

ApXaLOUETOAAOUPYLKEG SPACTNPLOTNTEC OTOUG MPWTOEAAASIKOUG OKLoMOoUG T Padrvag kat
Tou AokntapLlol, ATTLKNG amod TIg avackadeg A. Osoxapn. MPoKATAPKTIKES TOPATNPOELC.
K. Kapaivdpou, E. Dutndakn kat I. Mmaoldkog

Texvoloyikn perétn (OM, uXRF, SEM/EDS) petaAAikwy TéExvePYwV amd Lepd tng Teyedtidag
(100¢-70¢ atwvoc m.X.).
N. K. Khadoupn, A.l. Kapldag, B. Kavtapélou, B. Opdavoul kat N. ZaxapLag

A preliminary study of Non - Destructive Physicochemical Analysis on Islamic Metallic
Objects.
Ch.-K. Kousouni, Th. Gkanetsos, A. Panagopoulou, D. Kotzamani, A. Foka and M. Zacharia
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Instrumental analysis of Greek bronze helmets —-methodological concerns and solutions for
the characterization of tinning.
P. Manti and D. Watkinson

Mn kataotpodikn p-XRF e€€tacn mpoiloToplkwy LETAAAKWY AVIIKELLEVWY A0 BE0EL TNG
Kapuotiag (N. EUBola): TpoKOTApKTLKA ATtOTEAECUATA.
I. MaotpoBeddwpoc, E. Dndkn, Z. Tankosié¢ kat @. Maupisdng

Sapaion Oros (Zamaiwv Opog): a Thracian tribe’s metallurgical district?
N. Nerantzis, E. Photos-Jones and S. Papadopoulos

Metalworkers' workshops at Gonur and other Bactria-Margiana Archaeological Complex
(BMAC) sites.
O.A. Papachristou

Avakahun Apxaiog Kapivou dpu€ng otnv AaUpewTIKA Kol To TPOPANUA TNG EKPETAAAEUONG
TOU yaAnvitn yla mapaywyn apyupou.
I. A. Namadnuntpiou kat H. Katoapdg

Ospatiki Zuvedpia V: Kepopikég kat uaAwdeLg UAeG
MpodopLKEG AVAKOLWVWOELG

To apXOLloAOYLKO TTElpaAQ, N TIEPALATLKI apyotlohoyia Kot N EUMELpia TNG avamapaywyng Ke
OPXOLOUETPLKA KPLTHPLA.
A. Mouvdpéa-Aypaduwtn kat E. AAoUmn-Ziwtn

Compositional variation of Clay Raw Materials in the Dodecannese in view of Pottery
Production and Provenance Studies.
A. Hein, E. Nodarou, L. Betina and V. Kilikoglou

Kawotopeg Epappoyég HAektpovikrg Mikpookomiog AtéAeuong (TEM) otnv ApxatoAoyikn
‘Epeuva YAAwV Kot XpWOTIKWV.
N. Zaxapidg, E. MaAapdpa, P.P. Das kat Z. NIKOAOTIOUAOG

APXQULOUETPLKA 0vAAUON KEPOULKAG amo tnv KeddAa BaolAikng, lepdmetpa KpAtn.
E. Mavtaln, I. HAwdémouAocg kat E. NoSdpou

Mpo£Aeuan KAl XaPAKTNPLOKOG TNG KEPAUELKAG oo TV MNpoloTtopikr B€on «KaotpoUAw otn
Asodiva Qwkidog, mAnaiov AeAdpwv.
T. Tooupouvn

Production technology of tin coated vessels: an archaeometric and experimental study of tin
coated vessels from Deiras cemetery.
K. Christodoulou, A. Hein and V. Kilikoglou

Ogpatiki Zuvedpia V: Kepopkég Kot UAAWSELG UAEG
AVOPTNHUEVEG AVOKOLVWOELG

AvaAucon XpWOTLKWV SLUKOGUNUEVNG KEPAWULKNAG TNS TTPWLUNG TeAwn ¢ NeoABLKAC amd To
Meydho Nnoi Frahdavng, Kitpivn Atpvn (Zaptykiod) Kolavng.
E. AAoUTin-Zwwtn Kat A. Kaloynpou

Archaeometric characterization of the Renaissance tiles in Palace of the Dukes of Medinaceli
(Cogolludo, Guadalajara).
J. Buxeda i Garrigds, M. Madrid i Fernandez, J. G. Ifafiez and I. Ramirez Gonzdlez
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Shared technological milieus: defining the borders between wheel-made and hand-made
production in Early Helladic Argolis.
M. Choleva, E. Kiriatzi, N. Petropoulos and Noemi S. Miiller

Analytical survey of Roman ceramics discovered in East Phokis and East Lokris using portable
energy-dispersive X-ray fluorescence analysis (pEDXRF).
A. Hein and D. Grigoropoulos

Egyptian blue from Kos: examination of successfully and unsuccessfully produced pellets by
pXRF and XRD.
A. Kostomitsopoulou Marketou, K. Kouzeli, F. Caruso and S. Handberg

Ceramic kiln infrastructures in Roman Patras, province of Achaea: an archaeometric
approach.
N. Kougia, H. Simoni and I. lliopoulos

Experimenting with clays: towards the definition of local pottery production in prehistoric
southern Samos.
2. MeveAdou kat O. Koukd

A prelimary study of the production technology of porcelains in Mytilene (Greece).
A.P. Panagopoulou, J. Vroom, A. Hein and V. Kilikoglou

Study of glazed ceramics dated to the byzantine & postbyzantine periods from the ancient
Agora at Athens.
A.P. Panagopoulou, J. Vroom, A. Hein and V. Kilikoglou

From Mycenaeans to Romans: Reflecting on early glass technology in Greece.
M. Papageorgiou, M. Kaparou and A. Oikonomou

A geochemical evaluation of Roman-Late Roman wares of surface survey in Sphakia area,
Crete, Greece.
A.-M. Pollatou, I. lliopoulos and E. Nodarou

An experimental interpretation of the presence of female genitalia in Early Bronze Age
"Frying Pan" type ceramics from the Cyclades.
. Siotis and E. Aloupi-Siotis

Microscopic and analytical studies of late Classical and Hellenistic pottery from ancient
Messene, Greece.
E. Triantafyllidi, E. Palamara, E. Zimi and N. Zacharias

Ocgpatiki Zuvedpia VI: AiBwva-Kovidpoto-XpwoTikeg
MpodopLKEG AVAKOLWVWOELG

Applications of in-situ non-destructive techniques regarding documentation, identification of
pigments, authentication and promotion of our culture heritage, in the Library of Halki
Theological School.

Th. Gkanetsos, S. Akyiiz, Archimandrite Kaisarios Chronis and S. Celik

MeA€Tn TNG SLAKOOUNONG TOU HapUAPLVOU KoopnTtn oto KaBoAlko tng Movn¢ Aadviou.
M. Aoukomoulou, 2. Mmoylatlrg kat . DakopEAAng

The marbles of the quarries Abu Hayat and Ahmet Beyli in the area of Ephesos.
V. Anevlavi, W. Prochaska and S. Ladstatter
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Avartuén uebd6ou HPLC-DAD yLa ToV TOGOTIKO POGSLOPLOO 0PYAVLKWY XPWOTLKWV.
A. Baoleladou, |. Kapanavaywwtng kot A.Z. Zwtou

AuvaToTnTEG KO TtepLopLlopol otn Slepelivnon TN TEXVOAOYLag Kol TWV UALKWY KOTOOKEUNG
Adkag avtikelpévou amnod tn Kwellkn cuAAoyr tou Mouosiou Mmevakn.
E.B. ®appakalidov, . Mmoylatlig Kot A. ZAUmATAKOG

Alepelivnon texvoloylag KaTaokeun g USPAUALKWY KOVIAUATWY amo apyoieg Sefapeveg oto
Bpuodkaaotpo tng KuBvou.
A. Namoutodkn, I @akopéAAng kat A. Maapdkng-Awidv

To Apyaio ©€atpo tng Hoatotiag Afpvou (EANGSa): Xapaktnplopdg kat MpoéAeuon Twv
Aopikwv AiBwv.
M. Bapt-Matapayka, . Katoikng kat A. Matapaykag

OpPUKTOAOYIKOC Kol TIETPOYPAPLKOG KL XOUPAKTNPLOUOC TETPWHUATWY TNG Vioou AGTumdAatag
LE okomo tn Slepelivnon mpogAeuong AlBLvwy MPoioTopLKwY TEXVEPYWV amo to Babu.
M. KokkaAwdpn, I. HAtomouAog, E. ASau kat A. BAayomouAog

Macroscopic XRF imaging in unravelling polychromy on Mycenaean wall-paintings from the
Palace of Nestor at Pylos.
E. Kokiasmenou, C. Caliri, V. Kantarelou, A.G. Karydas, F.P. Romano and H. Brecoulaki

KwvaBapn amnd to Aauplo ATTIKAG- VEQ EUPHIATA ETIITACOOUV ThV EMOVATIPOCEYYLON TOU
Mepl AiBwv Tou Oeddpaoctou Tou Epéatou.
0. Katoapog

Ospatikiy Zuvedpia VI: AiBwa-Koviapata-XpwoTkEg
AVOPTNUEVEG AVOKOLVWOELG

AvBepwtr avayAuon emiotePn amo tov KUKALKO tado AspBeviou Oecoalovikng, EANGda.
3. BiBvtévko, Awk. TCavaPapn kat A. Bacileladou

MeAétn moAUTLwWY AlBwv TG cuAAoyrG Tou Iotoplkou Mouaceiou lwavvivwy.
O. Mkavétoog, E. MmopumoAn kat X. NikoAdou

F.P. Romano, Advanced micro-XRF scanning methodologies applied for the characterization
of Roman wall-paintings.
S. Fotiou, A.G. Karydas, N. Zacharias and C. Caliri

E€aAeidovtag tn Aadid: n cupBoAn Tng pacpatookoniag Raman otnv AECN AMOKATAOTOCN
TwV eKBECLOKWY XWPwWV Tou Bulavtivou kal Xplotiavikol Mouaosiou.
0. Katoapog

Lapis Lazuli anoé plav «ayvwaotn» yewAoytky epdavion ota votia epiywpa TG Pwung
EpWwTAMATA YLt TNV QLVIYLOTLKI) OLWTTH TWV apX0iwy KAl HECALWVIKWY YPATITWY TINYWV.
©. Katoapog, B. ZkAnpog, M. Nanalwtog kat M. Neppakn

APXOLOUETPLKEG TIOPATNPAOELG O€ Lo oapkodayo Tou Alaxpovikol Mouoegiou AdpLoag.
N. Adokapng, ©. Fkavétoog, M. Ntouyka kot B. ToUAn

Alepelivnon VAKWV & TEXVIKWV KATAOKEUAG O LWy petaBulavtivv GopnTwy ELKOVWY LE
TEXVIKEG OKTIVWV X.

. MaotpoBeodwpog, A. AcBeotdg, A. Aplotidtapng, E. dutakn, K. MméAtoloc, Kat

A. AvayvwoTtomouAog
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MPOAOIOz

Ayanntot Zuvadeidol,

ZaG KaAwoopiloupe oto 7° Tupnoaoio Apxalopetpiag tng EAANVIKNG Apxalopetpikng Etalpeiag (EAE)
TIOU TIpayaTomnoleltaL amo tnv Tetaptn 9 OktwRplou péxpL katto 2apparto 12 OktwPpiou 2019 cToug
XWpPoug Tou Bulavtivou kal Xplotiavikou Mouoeiou tng ABrvag, UoTEpa Ao EUYEVH Xopnyila Kot
umooTtnpLEN TNG AteuBUVTPLAG Tou, Apog Alk. AeA\amopTta.

To Juumoowo €xel titho “Apxoioloyio-Apxouopetpio: 30 xpovia petd”, kabwg emikeltat n
CUUMARPWGN, TPLAVTA XPOVWY amo th Slopydvwon tou 1°° Juumooiou Apyxatlopetpiag tng EAE, 26-
28/01/1990, mou €depe tov guPAnpatiko titho (aAAa kat erubiwén) “Zuvdeon Apyotohoyiag Kol
Apyalopetpiag”.

MNeplocotepeg amo 100 MpwTOTUTIEG Kol EVOLAPEPOUOEG EpYaCieg, uTIOYpadOUEVES amo Tiepimou 240
gpeuvnTeg, EAANveG Kal Eévouc, mapouotdlovTal 0TO JUMIOCLO KOl KATOVEUOVTOL OTLG £€NC BEUATIKEG
EVOTNTEG:

a) AmnoAuteg Xpovoloynoelg, MalalomeptBAariov kal Apxalocsilopoloyia
B) Tewduoikég ALAOKOTINOELG

v) BloUAwkad kat BloapyatoAoyia

6) Apyalopetalioupyla

g) Kepopikég kot YaAwSelg YAeG

ot) AiBwa, Kovidpata kot XpwoTIKES

{) Avouxt Bgpatikn

To 8Laitepo XapaKINPLOTIKO TWV EPYAOLWY, TIOU Ttapoudtalovtal o€ TPodOPLKEG KAl OVOPTNHEVES
OVOKOWWOELG, €lval OTL CUUHUETEXOUV OE QUTEG WG ouyypadeig, OxL HOvo £l8IKOL amo TIC OETIKEC
ErmotApeg aAAd kot ApxooAoyol, €tolL wote n “Xuvbeon Apxoaloloyiag kot Apxalopetpiag” va
amotelel, mAéov, yeyovog otnv EANGSa. E€loou onuavTiKn €lval Kal n mapoucia VEWV EMLoTNUOVWY
mou Tmapouctdlouv uPnAol emunmédou epyaoieg, avadepOUeveE Ot INTAUATA TIOALTIOTLKAG
KANPOVOLAG KOl 08 UALKO TIPOEPXOEVO o Tov EAAaSIKO XWpPo Kal amo Thv eupuTePN TEPLOXN TNG
Meooyeiou.

Tnv Emotnpovikn Emtpornn (EE) tou Jupmooiou amaptilouv kopudaiol epeuvnTég, oL MEPLOGOTEPOL
€K TWV omolwv, €xouv emavelAnuuéva epyacBel oe apyaLOUETPLKA TIpoypapaTa TNG EAAASAG Kal TG
Kumpou, evw mapAdAANAQ CUUHETEXOUV OTO JUUTOGLO Kol ot (SloL Pe TNV mMapousiach GNUOVTLKWY
gpyaocLwv Toug. H cupBoAn tng EE kat n cuvepyaoia Twv LEAWV TG Le TNV OpyavwTikn Emttponn katd
™V Mpwtn afLoAdynon Kal Taflvopnon twv nepfPewy mou utoBARONKav ATav Nén onUAVTLKH, Kot
TipoBAEMETOL VA ElVOIL TTEPLOCATEPO OUGLACTLKA OTNV EMOKOAOUON PAGN TNG EMLOTNUOVLKAG KPLoNG Twv
gpyaocwwv mou Ba urtofAnBouv mpoc dnuoacicuon ota MPAKTIKA Tou JunoaGiou.

@ EAANViKN Apxolopetplkn Etatpeia



AmneuBUvoupe Beppéc euxaplotieg otoug xopnyoug, otoug £BgAovTég, aAAG Kal 0TOUG OTIOUSAOTEC
TIOU UTOOTAPLEQV OUGCLOOTIKA TO JUUTOOL0. MPpWTIOTWE, OUWC, €UXAPLOTOUUE TOUG EPEUVNTEC-
ouyypadeig KAl TOUG TTAPLOTAUEVOUG CUVESPOUC TTOU avVTATOKpiBnKav pallkd otnv MPOoKANGN NG
EAE kal uméBolav epyacieg¢ VPNAAC EMOTNUOVIKAG TOLOTNTAG TIPOG Tapouaiaon Kol yoviun
emoTNOVIKN oulAtnon. Q¢ ek ToUToU, TO 7° ZUUMOGCLO APXOLOMETPLOG avapéveTal va elval avtdglo
TWV TiPoNyoU LEVWV avTioToLXWwV SLopyavwoswyV TG EAANVIKNAG ApXalopeTpkng Etatpeiag.

H OpyavwTtikn Emtponn kot to A tng EAE

@ EAANViKN Apxolopetplkn Etatpeia



INTRODUCTION

Dear Colleagues,

We welcome you to the 7™ Symposium on Archaeometry of the Hellenic Society for Archaeometry
(HSA) taking place from Wednesday 9 October until Saturday 12 October 2019 at the premises of the
Byzantine and Christian Museum, Athens, kindly sponsored and supported by the Museum’s director,
Dr. Aik. Dellaporta. The Symposium is entitled "Archaeology - Archaeometry: 30 years later", as it is
about thirty years since the organization of the first Symposium on Archaeometry of the HSA, 26-28 /
01/1990, bearing the emblematic title (but also pursuit) " Linking Archaeology and Archaeometry”.

More than 100 original and interesting papers, authored by almost 240 researchers, Greeks and
foreigners, are presented at the Symposium and are classified into the following thematic units:

a) Absolute Dating, Palaeoenvironment and Archaeoseismology
b) Geophysical Prospection

c) Biomaterials and Bioarchaeology

d) Archaeometallurgy

e) Ceramic and Vitreous Materials

f) Stones, Plasters and Pigments

g) Open Session

The particular characteristic of the papers presented in oral and poster sessions is that they are
authored, not only by specialists in Physical Sciences but also by Archaeologists, so that the "Link
between Archaeology and Archaeometry" is now a fact in Greece. Equally important is the presence
of early career scientists who present high quality studies. Their research concerns issues on cultural
heritage and material remains originating in Greece and the wider Mediterranean region.

The Symposium's Scientific Committee (SC) consists of leading scholars in their field, most of whom
have repeatedly participated in archaeometric programs in Greece and Cyprus. They also participate
in the Symposium themselves presenting important papers. The SC's contribution and the cooperation
of its members with the Organizing Committee during the first evaluation and classification of the
abstracts submitted has been already significant, and it is expected to be more substantial in the
subsequent phase of the reviewing of the works to be published in the Symposium’s Proceedings.

We would like to express our heartfelt gratitude to the sponsors, volunteers and students who support
the Symposium. First and foremost, however, we would like to acknowledge the researchers-authors
and the Symposium’s participants who responded massively to the HSA's invitation by submitting
papers of high scientific quality for presentation and fruitful scientific discussions.

@ EAANViKN Apxolopetplkn Etatpeia



Hence, the 7th Symposium on Archaeometry is expected to be worthy of the previous relevant venues
of the Hellenic Society for Archaeometry.

The Organizing Committee and the Board of the HSA
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Exclusion and the ‘matter of luck’: how to get most of lead isotope data for
the provenance studies of prehistoric metals.

Z. A. Stos-Gale

Independent Researcher, formerly the University of Oxford and the University of Gothenburg

Abstract

Since 1982 when the first suggestion of a possibility of using lead isotope to provenance copper-based
prehistoric metals was published (Gale and Stos-Gale 1982), numerous papers have appeared arguing
for and against the use of this method for solving archaeological problems. Igor Villa (2016)
summarised his opinion by saying that: ‘The unique identification of provenance at the present time is
a matter of luck. A much more frequent result is the narrowing down of possible sources by exclusion.’
It is difficult to argue with the latter, but the former belittles the scientific strength of the lead isotope
and geochemical characterisation of the minerals from different deposits. The most frequently raised
argument against provenance studies based on isotope and chemical compositions is re-using and
melting together metals from different sources. Ernst Pernicka discussed at length the ways of testing
the metal compositions for the possibility of mixing metals from different sources and his arguments,
in particular the statement that :’...if mixing and reuse of metal would regularly occur, then there would
be a tendency towards a homogenisation of the composition and no metal groups would be identifiable
at all..” is strongly supported by the growing number of analytical data on the copper-based artefacts
from around Europe dated to the Bronze Age.

It is quite obvious that the availability of the exhaustive database of elemental and lead isotope data
for ore deposits and well dated artefacts, underpinned by archaeometallurgical surveys, is a necessary
base for the interpretation of any new sets of data, and a possibility of drawing archaeological
conclusions. For the time being the only open access database is the OXALID
(http://oxalid.arch.ox.ac.uk) listing the data from the former Isotrace Laboratory at the University of

Oxford. This database includes several thousands of lead isotope and some chemical analyses,
relevant mostly to the Eastern Mediterranean Bronze Age. However, many more thousands of data
have been published and researchers share privately their digital databases. Also, recently some
publishers have started publishing the data relevant to the papers in the Excel format. The
geochemical database for the European ore deposits and metal artefacts is growing steadily and this
also brings the question of the best methodology for interpretation of these data. In my presentation
| am going to discuss the current position of the archaeometallurgical lead isotope research, as well
as its problems and advantages. | will also suggest the ways of using the available data to make most
of this scientific method of looking into the earliest exploitation of { sources and the European trade
routes.
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Archaeoseismology: Constraints in identifying historical earthquakes

S. Pavlides

Dpt. of Geology, Aristotle University of Thessaloniki

Abstract

Archaeoseismology is the study of palaeo-earthquakes through indicators in the archaeological record
by multidisciplinary research, such as archaeological, seismotectonic and archaeometry. In this review
presentation examples are given from Mikri Doxipara-Zoni arcahaological site (NW Evros), Troy (NW
Anatolia), Butrint (S. Albania), Kamena Vourla (C. Greece), and scepticisms for their identification.

Mikri Doxipara-Zoni is consists of a tumulus (2nd c. AD). One of two brick-built altars has been heavily
deformed by a system of normal faults, which clearly affect the ground surface. Secondary faulting
also affecting the Roman ground surface, has been detected in other sites of the excavation. Taking
into account the seismotectonic information of normal faults in Greece during historical earthquakes,
as well as in paleoseismological research, it is estimated that the earthquake that formed this fault
system was stronger than 6.5 and possibly 7.0. Radiocarbon dating of selected soil samples define the
temporal occurrence of this event.

The late Holocene geomorphological evolution of Troy plain (Biga, Turkey), has been examined.
Special emphasis is given in the normal fault of the the northern hillside of Troy (Hisarlik). The
morphotectonic characteristics were studied, its activity and the possibility to be responsible for the
disastrous earthquake during the end of the Bronze Age (ca. 12th century BC), as the archaeological
data evidence for Troy VI. Taking under consideration all the existing geological data in relation to new
ones derived from the Greek-Turkish palaeoseismological collaboration, the skepticism remains,
because despite the large amount of existing data, it is very difficult to propose a model for the
landscape evolution and in many open issues remain, such as: When was Troy fault reactivated last?
Are the archaeologically documented earthquake damages of Troy settlements (Troy lll and VI)
associated with Troy fault, or a distant one? Is the observed rising of the area (documented in
boreholes as well as geomorphologically) a widespread event or a local one caused by the activity of
local active faults (Dardanelles? Offshore Aegean?)

Acknowledgment

Thanks are due to Turkish colleagues of Onsekiz Mart Chanakkale University, Tutkun Z., Ates O., Kiircer A., Ozden
S., also to Dr A. Ganas. Prof. R. Caputo, the archaeologists D. Triantaphylos and M. Papakostantinou and my
colleagues of the Earthquake Geology Team, Auth.
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Isothermal Thermoluminescence vs Electron Spin Resonance dating of fault
gouge from palaeo-earthquakes: recent advances

E. Tsakalos (2 G. Mitrikas @), M. Kazantzaki @, T. Nishiwaki @), A. Lin @), Y. Bassiakos () and
E. Filippaki @

(1) Laboratory of Luminescence dating, Institute of Nanoscience and Nanotechnology, National Centre for
Scientific Research, N.C.S.R. “Demokritos”, Aghia Paraskevi, Athens 153 10, Greece

(2) Department of Geophysics, Division of Earth and Planetary Sciences, Graduate School of Science,
Kyoto University, Kyoto 606-8502, Japan

(3) EPR Laboratory, Institute of Nanoscience and Nanotechnology, National Centre for Scientific Research,
N.C.S.R. “Demokritos”, Aghia Paraskevi, Athens 153 10, Greece

Abstract

Deciphering the absolute age of past fault-generated seismic events is of fundamental importance in
evaluating the seismicity and earthquake hazards of an area. As such, geochronology tries to addresses
this subject using various techniques for dating earthquake-generated materials within fault zones.
This study is part of a comprehensive palaeoseismic study in the Nojima Fault Zone (NFZ)-Japan, which
explores the use of the luminescence and Electron Spin Resonance (ESR) dating, focusing on
methodological aspects of the techniques and reports on a series of luminescence and ESR ages of
fault gouge samples acquired from a deep borehole core. Our approach in this study is to date fine
and medium size quartz and feldspar grains using the Isothermal-Thermoluminescence (ITL) and ESR
dating techniques.

The derived results suggest that ITL may be a reliable method for direct dating of fault gouges, as it
can produce dating results that may be consistent with gouge formation; the latter is considered
contemporaneous with major seismic events. To this end, ITL gouge ages indicate the occurrence of
neotectonic activity with repeated seismic slip events within the NFZ during the mid-late Pleistocene;
however, ITL ages overestimation may be apparent. Nevertheless, even if we consider some degree
of age overestimation, ITL gouge ages provide the upper age limit of formation (and/or resetting) of
the different fault gouge layers. At the same time, ESR dating appears rather inappropriate for dating
fault gouge material. It seems that the ITL signal can be reset at much lower temperatures than the
signal of ESR, thus making ITL more appropriate for dating fault gouges in which heating conditions
during fault slip along a fault plane could not be clearly established.
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Progressive sea transgression during the Late Holocene in Vatika Bay (S
Laconia, Peloponnese, Greece)

E. Kolaiti
Mining Engineer NTUA, PhD, AKTES NPO, 16 Kefallinias Str., 15231 Chalandri, Greece

Abstract

Five distinct beachrock generations between 5.10 m and 0.80 m below mean sea level (bmsl), found
and mapped throughout the coast of Vatika bay, and stretching for 3km WSW-ENE, a tidal notch and
several submerged erosional platforms up to 4.60 m bmsl, formed around the submerged rocky ridge
that bounds on the east the prehistoric settlement of Pavlopetri on the Pounta coast, allowed us to
determine five former sea levels, at 5.00 + 0.25 m, 4.50 + 0.25 m, 3.60 + 0.10 m, 1.50 + 0.15 m and
0.75 £ 0.05 m bmsl. Good archaeological sea level indicators, historical evidence and comparison with
past sea levels identified along the eastern coast of the Peloponnese also enabled us to track the
relative sea level (rsl) changes and the consequent sea transgression as well as its impact on the
ancient settlement of Pavlopetri during the last 5,000 years.

With the sea level at 5.00 + 0.25 m bmsl, Elafonisos was joined to the Laconic coast by a sandy isthmus,
2.2 km wide. A rocky NE-SW ridge protruding from the sea 2.30-2.80 m with three elevated parts at
+4.40 m, +4.20 m and +8.60 m formed a protected location for the first inhabitants of the Early Bronze
Age. Circular tombs were cut in the sandstone bedrock outside the boundaries of the settlement and
at a higher level (>+2.30 m). Today, the lowest tomb is at 4.82 m bmsl. The subsequent rsl rise of at
most 1 m during the Late Bronze Age did not affect the settlement, only the coastal part of the
cemetery and the parts of the isthmus that were flooded. At the same time, two new tombs were cut
in the rocky ridge, with the internal depth of the northernmost at 1.80 m above the mean sea level.
At this sea level, the tidal notch, at 4.60 m bmsl, formed along the seaward side of the ridge. The
subsequent sea transgression that occurred sometime between 1190 BC and 700 BC caused further
flooding of the isthmus and shifted the sea level to 3.60 + 0.10 m bmsl, which remained relatively
stable until the late Roman times. Ancient sources attest that Elafonisos was still connected to the
mainland until 2" c. AD. The prehistoric settlement was still protected against the waves by the now-
lowered ridge and only a wave height exceeding 0.90 m would inundate its northeastern side. As
protective works do not seem to have been executed there, we assume that the settlement had been
abandoned at some time prior to this, for reasons other than sea transgression. Elafonisos was
detached from the Peloponnese when the sea level rose to 1.50 £ 0.15 m bmsl, inundating the isthmus,
the prehistoric settlement and the major part of the rocky ridge, by now a reef, and its higher elevated
part constituted the islet of Pavlopetri. The sea level remained at this position between 1389 and
1840. During the last 160 years, the sea transgression that gradually shifted the sea level to 0.75 +
0.05 m bmsl, and subsequently to its present stand, further inundated the coastal landscape.
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DuoikoyewAoyikn e§€AEN tov EAAadkol xwpou Kat Suvatotnta Kotd
MPOCEYyLon XPOVOAOyNnonG LUOoAOYLKWV «yEyovoTtwv» N pia péBodog
YEWHUOO0AOYIKAG XpOVOAGYNoNng

H. Mapohdkoc M) kau E. Karoupévn @

(1) Dr.rer.nat., Ouot. KaOnyntic lewloyiag, ESviko kot Kartodiotpiako Mav/uo Adnvwv

(2) ESviko kat KamoSiotpiako Mav/uio ASnvwy, Tu. NewAoyiac & MewnepiBaAdovrog, Tou. Avvautkric —
Tektovikn¢ — Eapu. Newloyiac

NepiAnyn

Elval yvwoto otL n neplobikr PeTafoAr] Tou KALLATOG £XEL MPOKAAEDEL TIOAAEG PUCLKOYEWAOYLKEG
petaBolrég oto mepBAAAov OAwv avefalpETwe TwV PuoLkoyewypadIKwV cuoTnUATWY (atpudodalpa,
vdpoodaipa, €npd). OL CNUAVTIKOTEPEG EMUMTWOEL TWV KALUOTIKWY HETABOAWY OTNV TAYKOOULA
Balaocoa cuvbéetal Ue TIG LETABOAEG TNG 0TABUNG TNG. OL KLV OELG AUTEC ElvVaL YVWOTEG WG «KALUATO-
EUOTATIKEG», OE QVTIOEON e QUTEC TTOU OUVEEOVTAL E KOTAKOPUDEG UETATOTIOELS TNG ENPAC, TTOU
glval YVWOTEG WC «KALUATO-LO0OTATIKESY KIVAOELG (2kavSivaBia, OMavdia k.a.). Katd tnv teAsutaia
mayetwdn mepiodo, n otabun tng Balacoag Bplokotav yupw ota 125 — 150 . xapunAotepa amo
onuepwvr). Me Bdon tn B€on mou eixe n otabun tou Awyaiou Meldyoug katd ta Sladopa otadia
petafl 18000 katl 6000 xpovia pLy amo orfpepa (M.a.0.), 0pLoBetOnke petafl AAwV Kat n dtadoxikn
€€EALEN TWV AKTOYPAUUWY TWV ONUEPLVWV KUKAASWV.

Emeldn, onwc avadépetal otnv EAAnviky MuBoloyla, n AnAog sival n yevételpa tng ApTEULSOC Kal
Tou AntoAAwva, n AEMToHePNC avaAuon tng duaoikoyewypadikrg e€EAEnc Twv KukAadwv mpoodEpet
TN SuVaTOTNTA TNG KATA TIPOCEYYLoN XPOVOAOYNaoNng TNG YEvvnong twv U0 auTwv PeYAAwv Bewv Twy
apxaiwv EAAAvVwv.

Edapudlovtag mapopoleg uebodoug eivat Suvatov va yivouv avaloyeg XpoVOAOYHOELS KAl Yo TIOANEC
GAAEC epLTTWOELC pUBoAoykwy avadopwy, mavta BERaLa «KATA TTPOCEYYLoN».

EMnvikn Apxatopetpikn Etatpeia
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YmoAoyLlopog tnG enidpaong tou diapepiopartog tng Oalacoag tng
Sefapeviic avrallaynig tou avBpaka otig nAkieg 1*C oto BopetavatoAkod
Alyaio Kata tnv npoictoplkn nepiodo

. ®akopéAAng

Epyaotripto MeAétng kat Zuvtripnong Apxaiwv kot Nedtepwv MoAittotikwy Ayadwy, Turiuo Zuvtripnong
Apxatotitwv kat Epywv Texvng, SxoAn Epapuoougvwy Texvwy kat MoAttiouou, MNaverniotiuto Autikic ATTIKNG,
Aylou Znupidwvog, 122 43 AlyaAew

NepiAnyn

Elval yvwoto ot delypata amo €idn mou {ouv tautdxpova otnv otuocdalpa kol o Baldoola
erudpavelakd vdata (BdBog <100 m) mapouctdlouv Sladopetikéc oupPatikég nAikieg *C. AutA n
Stadopd peTall Twv NAKLWV C tétowwv Levywv Setypdtwy ovopdletat nAkia tou Stapepiopatog
™G Bdlaooag R(t) tng de€apevng tou avbpaka, | dawvouevn nAwia. To R(t) dev eival otabepd (t =
Xpovia BP) Adyw Stadopwyv otnv neptektikdtnTa o *C oto emidpavelakd otpwpa tThG Bdlacoog Kot
v atpocdatpa. Ot Stadopég autég odeirovral o (1) Sadikacieg wkeaviag kukAodopiag mou
telvouv va pPeTOPEPOUV OTO OTPWHA AUTO veEPO amo evOlAueoa Kol peyaAa BAadn, pe PELWHEVO
neplexopevo oe *C, (2) Stakupdvoelg TN mapaywync “C otnv atpododatpa kat (3) Stadikaoieg
avtaAlayng CO, petafy agpa kal Balacoag.

Mo va ektunBel n nAwkia R(t) xpnotpomoleital £éva MAyKOOULO WKEAVLO LOVTEAO TOU Slapepiopatog
™G HIKTAC erudavelag BaAldootag emubavelag (Oeschger et al. 1975, Stuiver et al. 1986, 1998; Stuiver and
Braziunas 1993). To HoVTEAO QUTO avamapayel TI¢ e€0pTWEVEG amo To faBog BaAdooleg SLAKUUAVOELS
Tou C MNoyw petaBoAwv tng mapaywyrc tou *C otnv atpdodatpa. H nAikia R(t) Bpédnke 6t eivat
~400 xpovia HeyaAUTepn OTIG KOAQ oepl{OUEVEG TIEPLOXEC TOU KevTplkoU, Bopelou kat NoOTlou
ElpnvikoU kal tou AtAaviikol Qkeavou (Bard 1988). EmumAéov, n nAwio R(t) pmopel emiong va
SlOKUMALVETAL CUVOPTAOEL TOU XpOvou Kol va SladEpel amd Teployr o€ MepLoxX AOYw TLX. TOU
peyaAou XpOvVou TAPOHOVAG TwV ovaduopevwy PBoabéwv uddtwv, 0 omoiog Pe TN OElpd TOU
ennpedletal amno tn popdoloyia Twv aKTwv , To KA Kal tnv tonoypadia tou Baddocclov mubuéva
KalL TNV enidpaon Tou okAnpol vepol oToug BOAACOLOUG OpYOVIOHOUG TTIOU £XOUV avamtuxBel kovtd
o€ eKBOAEG TTOTAUWV.

OLTOTLKEG QUTEC amokAioelg AR amd tnv R(t) propolv va tpoodloplotolv eite pe xpovoAdynon pe *C
(Cevywv delypdtwv avBpaka i ootwv/Baldoclwv paAakiwy, TIoU £Xouv amoteBel Tautoxpova Kal
cUM\éyovtal and adlatdpakta apyatoloyikd otpwpuato (Facorellis et al. 1998, Facorellis, Vardala-
Theodorou 2015).

TNV gpyaocia auth Tapoucldlovtal T AmoTEAECOUOTA TOU UTOAOYLOHOU Twv TIHwv R(t), mou
Kupaivovtal amd -85 + 70 éwg 1286 + 42 xpdvia BP kal twv avtictolywv amokAicewv AR, mou

\&j EMnvikn Apxatopetpikn Etatpeia
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kupaivovtal anod -460 + 131 éwg 942 + 104 xpdvia BP amd tig nAikieg 1*C Séka leuywv Seypdtwy
ootwVv {wwv/keAupwv Baldootwv palokiwy Tou pogpyovtal anod tnv avaokadr tne Toupmag tou
TPOIOTOPLKOU OLKLOPOU 0To Mikpo Bouvi (Mdatoag 2013) tng Zapobpakng (46° 28" 48" B, 25° 28" 58"
A) amo tv 5" éwg kat tnv 3" ythetia t.X. kot Ba cuoxetloBoUV pe avTioToLXeC TIEG ard AAAEG BEoELg
oto Awyaio.

BipAoypadia

Bard E., 1988. “Correction of AMS *C ages measured in planktonic foraminifera: Paleoceanographic
implications”, Paleoceanography 3, 635-45.

Facorellis Y., Maniatis Y. and Kromer B., 1998. “Apparent **C ages of marine mollusks shells from a Greek island-
Calculation of the marine reservoir effect in the Aegean Sea”, Radiocarbon 40, 963-74.

Facorellis Y. and Vardala-Theodorou E., 2015. “Sea surface radiocarbon reservoir age changes in the Aegean Sea
from about 11,200 BP to present”, Radiocarbon 57 (3), 493-505.

Matoag A., 2013. H ZauoVpadkn kat n Newtepn NeoAtdikr oto BA Awyaio. Adaktopikn StatplBn. Tuipa lotopiag
kat Apxatoloyiag tng @oocodikng ZxoAng tou EBvikoU kat Kamodiotplakou Mavemiotnuiov ABnvwy,
201-10.

Oeschger H., Siegenthaler U., Schotterer U. and Gugelmann A., 1975. “A box-diffusion model to study the carbon
dioxide exchange in nature”, Tellus 27, 168-92.

Stuiver M. and Braziunas T.F., 1993. “Modeling atmospheric **C influences and *C ages of marine samples to
10,000 BC”, Radiocarbon 35 (1), 137-89.

Stuiver M., Pearson GW. and Braziunas T., 1986. “Radiocarbon age calibration of marine samples back to 9,000
calyr BP”, Radiocarbon 28 (2B), 980-1021.

Stuiver M., Reimer PJ. and Braziunas T.F., 1998. “High-precision radiocarbon age calibration for terrestrial and
marine samples”, Radiocarbon 40 (3), 1127-51.

\&j EMnvikn Apxatopetpikn Etatpeia

14



Ocuatikn Zuvebdplia I: AtoAutec xpovoloynoeig-faiatoneptBaiiov-Apxatoosiouoioyia 0.I_06

Mwkpootpwpatoypadia kat yewxnpeia tov Muknvaikol AaKKOELS0UG
«tadou tou Mpuma moAspioti» otnv MUAO: CURBOAR OTNV HEAETN TNG
tadovouiag Kot Twv Tapkwv MPAKTLKWY TOU UVNHELOU.

M. (Takng) Kapkavag Y, Sh. Stocker ) kat J. Davis

(1) Malcolm H. Wiener Laboratory for Archaeological Science, American School of Classical Studies at
Athens, Souidias 54, 10676 Athens

(2) Department of Classics, University of Cincinnati

NepiAnyn

H mopolca peAétn ovadEpetal oTn  UIKPOOTpWUOTOYPAdLK KOl YEWXNUIKA OvAAucn Tou
MuknvaikoU Aakkoeldoug «tadou tou Mpuma moAeptotr» otnv NUAo. H pwikpopopdoroyikr pebodog
avaiuong nuatwy Kal edadwv xpnoLuomolnonke yla thv LEAETN TNG SLOUOPPWONC TOU ECWTEPLKOV
TOU TAdoU, TOV TPOTO evamoOBecng TOU VEKPOU, Kal TNG Tadovopiog Tou pvnueiov. Evtomiotnkav
KOTOOKEUOOTIKEG AEMTOUEPELEC OTO SATESO TOU TADOU LLE GKOTIO TNV TOTOBETNON TOU VEKPOU KABWG
kot Stadopa emelcodla eniywaonc, aMoTEAECUA TOGO GPUCLKWY 000 Kol avBpwroyevwy SLadikaotwy.
ErmumAéov, avakoAUdBnkav aublyevr) 0puKTA TwV OMOIWV N XNHLWKNA Toug cuotacn daivetal va
ouvbéetal pe TIC Sladikaoie¢ allolwong Twv avBpwMvwy LOTWV Kal MBavwe Twv HETAAAKWY
KTEPLOMATWY TOU TAdou. H Snuloupyiad auTwv TwV OPUKTWV GACEWV KAl O CUVAKOAouBOog
EUMAOUTIONOC Ot KAQOTIK apyllo avtavakAd tn Swadikacia twv ¢doswv oavolypatog Kot
ETUXWHATWONE TOU TADOU Kal wWE K TOUTOU CUUPBAAAEL OTNV KAAUTEPN KOTOVONONG TNG LoToplag Tou
pvnueiov. MNepattépw, N avakGAUPN AUTWV TWV XNUIKWY OAAOLWOEWY EXEL CNUOVTLKEG ETLMTWOELC
oTNV LEANOVTLKO EVTOTILOUO KOl SLAXWPLOUO TIPWTOYEVWV Kal SEUTEPOYEVWYV TadWV.
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TA-OSL for luminescence age limit extension beyond 1Ma; methodological
aspects and preliminary dating results

G. S. Polymeris

Institute of Nuclear Sciences, Ankara University, Besevler 06100, Ankara, Turkey

Abstract

Optically stimulated luminescence (OSL) was first measured in natural quartz 35 years ago. A specific
measurement protocol has been developed in which the effective dose received by quartz grains in
nature, can be measured for a single aliquot of quartz; this protocol is widely applied nowadays known
as the Single Aliquot Additive (SAR) procedure. Although laboratory experiments imply more than
adequate thermal stability of the fast OSL signal for dating back to a million years, experimental ages
determined in the laboratory are well below this upper limit (Wintle and Adamiec, 2017).

Towards extending the luminescence dating age limits beyond 1 Ma, several alternative signals were
suggested. These include thermally assisted OSL (TA-OSL) signal from very deep traps with
delocalization temperature higher than 500 °C. Preliminary results on naturally occurring minerals
such as quartz, feldspars and apatites indicate these deeper traps as a source of intense TA-OSL signal
(Polymeris, 2016). For the case of quartz especially, a number of promising TA-OSL features were
revealed, including a fast decaying signal after both natural and artificial irradiations, a slow bleaching
under sunlight, along with a high characteristic dose, Do, at which saturation begins occurring, being
almost one order of magnitude larger than the corresponding values for conventional OSL signals
(Sahiner et al., 2017).

Nevertheless, its’ application for dating quartz has not been extensively tested yet. The SAR TA-OSL
protocol was applied in order to date different geological samples collected from sites of Anatolia-
Turkey, including the volcanic geopark of Kula, a protected area of geological heritage by UNESCO in
Manisa, Western Turkey. All these samples were independently dated previously, based on their
geological context, indicating ages ranging from 1 up to 2.5 Ma.

The present speech will (a) present the aforementioned TA-OSL promising properties in many
naturally occurring minerals and specifically quartz, (b) present for the first time in the literature ages
over 1Ma obtained using the SAR TA-OSL as well as compare these SAR TA-OSL age results with those
indirectly obtained based on the geological context, in order to study the feasibility of the SAR-TA-OSL
technique and (c) discuss methodological concepts, in order to select the optimum protocol
parameters, such as the test dose, the stimulation duration and the stimulation temperature applied,
as relative large scattering in the individually obtained De values was monitored (Sahiner et al., 2017).
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To tadpko pvnueio tng ApdinoAng péoa anad tig andAuteg XPOVOAOYNOELS
TWV EMYWOEWV KoL T otpwpatoypadla tov Aodpouv Kaota

E. M. KapmoUpoyhou () kat E. E. Kapmoupoyhou @)

(1) Em. Mpoiotauevog tou Tunuatog Apxatodoyikwy Epywv kat MeAetwv, MewlAoyiag kat MaAatovrodoyiog
t™¢ E.[1.2 tou YM.M0.A. A. MtéAAou 2, 11524 Adnva

(2) Tunuo Mnyavikwv Toroypapliog kot lewnAnpo@optknc, ZyoAn Mnyavikwy, MNavemniotnuio AUTikng
ATTIKG, Ay. Zupibwvog, 12243 AlydAew

NepiAnyn

H avelpeon tou pvnueiou to 2014 npokdAecs culNTAOELS KOL TIPOBANUATIONO OTNV OPXOLOAOYLKNA
KOWVOTNTA, OXETIKA UE Tn XPOVOAOYNnon Twv GACEWV KATAOKEUNG, TNV MPOEAELCN TWV WNUATWY
TIANPWONE TOU E0WTEPLKOL TOU, TN dnuioupyia (texvnth 1 ¢duaoikn) tou Addou Kaotd KA.

2TOX0C TNG £PEUVAC HAG ElVAL VO OTTAVINOEL O OpLopéva amod ta dnuloupynBévia spwtiuota. H
€peuva Eekivnoe to 2013 katl cuvexiotnke to 2014 katd tn Sldpkela avaokadng tou tadikol
pMvnUelou péxpl kot o 2017.

H peBodoloyia meplehappave: epyacieg mediov, OMWGE LAKPOOKOTILKEG TIOPATNPHOELG KATA KOG TWV
ekokadwv yla tnv anokaAuyn tou nepifoiouv — avaAAnuatikol TolXoU, TwV ECWTEPLKWY ETLXWOEWV
TOU TadlKOU HVNUEIOU, SELYUATOANTITIKEG YEWTPNOELG OTLC ETMLXWOELC TOU VeKplkoU BoaAduou,
SeypatoAnyio wWnudatwy, dwrtoypadikn tekunpiwon kat BLBAloypadikr evnuépwon OAWV Twv
TiponNyoU LEVWV avooKaPLKWY EPEUVWY aTto To 1964.

Avalntioape avtiotolyou¢ otpwpatoypadikols opilovieg pe tov Aodo Kaotd otnv euputepn
TepLOX N Kal GUYKpivape Ta SIKA pag oTtolxeia pe Ta avtiotoya twv avaokadwyv tou A. Aalapidn, Tng
K. Neplotépn kal Tou yewAoytkou xaptn tou ITME (dUAAo PodoAipoc).

MpayuatonoltBnkav opUKTOAOYLKEG avaAUCELG e TN HEB0So XRD Kal WNUATOAOYIKEG UE OTOXO VA
opLotolV, n 60N, 0 XOPAKTAPAC KOL | OPUKTOAOYLKN TOUTOMOLNGCN TWV SELYUATWY KoL N eppnveia Twv
ouvenkwv evamndBeoric toug. Ot amdAutec xpovoloyroels e *C BoriBnoav otnv anocadrvion Tne
XPOVLKNG andBeonc Twv WNUATWY OTO ECWTEPLKO TOU TAPLKOU UVNELOU KOL OTO XPOVO KATACKEUNG
Tou.

To oUvolo Twv oTolXelwv TNG €PEUVAC pag, KatadelkvUeL 0Tl o Aodog Kaota sivatl puotkdg kot oyl
TOUPOC, e TIOANEG SLAXPOVIKEG EVIOVEG EMEUPACELS €€ AUTLOG TNG XPONG EKOKADLKWV LNXAVNLATWV.
Ol EKTETAPEVEC QMOXWHOTWOELS KOl EMYWHATWOELS Tou 2014 kat 2015 dnulolpynoav £viovn
nieptBairoviikr) aAloiwaon tng duoiknc Tou dounc. OL LOVEC apxaileg EMXWOELS BplokovTtal akplBwg
TIAVW Ao To Tadko pvnueio kal oploBetolvTal amnod Ta mpavh Tou opUYHATOC TTIOU SLOVOIXTNKE yla
TNV KATaoKeur tou. Elval to povo tpuipa tou Addou mou sivat tuupog.
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H gowteplkn €miywon tou pvnueiou €yve pe WNUOTO UTEPKELUEVA TOU AOGOU OTIC APXEC TOU
Seutepou TETapTou Tou 1°Y atwva 1i.X., mepi to 70 . X. adou mponyoupEvwg eixav adoatpebel 6Aa Ta
TIOAUTLHO OVTLKE(MEVA KAl KTEPLOUOTA, ATIO TO ECWTEPLKO TOU.

Ta Bpavopota EUAGVOpaka pall pe GO TTOU ELOXWPNOCAV A0 TO OELOUOYEVEG AVOLYHA TOU SUTLKOU
ToiYou 0TO BOPELOSUTIKO AKPO TOU VEKPLKOU BaAdpou gival apyxoldtepa Tou Tadikol pvnpeiou Kat
Xpovoloynonkav oTo mpwto TETapTo Tou 7% atwva 1.X., otnv Apxaikn epiodo, mepi to 620 m.X.

OL 6laoTAoEelg Tou opUYHATOG Ttou dLAoevel To Tadko pvnueio, kaBwg kat n B€on Kal oL SL0CTACELS
Tou KLBwTLOoXNUou tddou oto Bopeslo kal Babltepo Akpo Tou, odnyel OTO CUUMEPAOCUA OTL O
KLBWTLOOoXNMOG TadOoC eival HeTayevEOTEPOG TOU TadLkoU pvnueiou.

H amoAutn xpovoAoynon tng Kalong mou EVIONMICONKE MAVW Ao TNV KOPAPA TOU UVNUEIOU Kal KATW
amd TNV apyALK eTuKaAu P tou, pag Sivel éva terminus yla Tov Xpovo Tng KAtaokeunG. Bploketal
muBavotepa petall Seutépou Kal Tpitou TeTdpTou Tou 3° 1. X. alwva, oto Xpovikd oplo 271-231 .
X. E§ GAAoU KOTA TO CUCXETLOUO TOU TadLKoU pvnueiou pe to Makedoviko tado M, tou 3°Y it X. awwva,
TIOU BPLOKETOL OTLG VOTLEG TAPUDEC TOU KOOTA MApOUCLACTNKAY GNAVTLKA KOLWVA OTOLXELQ.
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O enoWKLoMOG Tou Alyaiou katd tnv Apxn tng NeoAlBwkng ko Mpwipng
Ermtoxng tou XaAkou Omw¢ aviyveVeTaL e XpovoAoynoslg PadioavOpaka.
Zuoxétion e anoteAéopata aDNA

. Maviatng

Epyaotnpto Apyatoustpiac, Ilvotitouto Navoeniotnung kot Navoteyvodoyiog, EKEQE «Anuodkpttoc», 153 10
Ayla MNapaokeun, Attikn

NepiAnyn

H epdavion tng yewpylag kat tng ktnvotpodiog Bewpeltal wg éva kopudaio yeyovog otny avBpwrivn
£€€ALEN Kal Lotopia Kal Sikalwg kaAeital peplkeg popéc n «NeoAlBikn Emavaotacn». EkSnAwvetal Ue
™V MPWIN €UPAVION OPYOVWHEVWY OLKIOUWY, KABwG n véa autr edpelpeon amattovos otabepn
Katoiknon yla kaMlépyela ¢utwv kat ektpodn Iwwv. Eivalr mAéov cadég otL n "NeoAlOwkn
Enavaotaon" epdaviotnke apxkad otnv neploxn tng ZUpo-Naiatotivng kat Meocomnotauiag tnv 10"
XALeTia T.X. Kal opyotepa e€amAwBnke oto Alyoio oav QmMOTEAECUO UETOVAOTEUONG MANBUCUWY
Omw¢ ¢aivetal anod tnv epdavion peyaiou aplBpol olKIoUwV Kat avénon tou mAnbuopou oto Alyaio
KoL oo peAéteg apyaiou DNA.

To gpwTNUA TTOU POoTIABOUHE va SLEPEUVAOOUE XpNnoLpomolwvTag TV pEBodo tou PadloavBpaka
w¢ epyaleio amoAutou xpovou cUYKPLONG TAYKOOWIWG €lval o TpOMo¢ pe Tov omoio autol ol
mAnBuopol petavaotevuoay Kal eykataotadnkav oto Alyaio. AkoAouBnoav xepoaioug Spououg N
Balaooleg Sladpouég; Emiong, €pyovtal o€ €va KUOPO HETAVAOTEUONG 1 Of TOANAMAQ KATA
OUYKEKPLUEVA XPOVIKA Sloothpata; Mol eykabilotavtal MPWIA-MpwTa; ETAEYOUV GUYKEKPLUEVEG
TOTOOECIEC YL TOUC TIPWTOUC OLKLOUOUG TOUC KaL yLati; TEAOG, ixe TO KAl KoL oL aAAAQYEG TOU KATIOLO
OUYKEKPLUEVO POAO O AUTH TNV HOllkh HeTaKivhon?

Tnv MPWTN QUTH EMAVACTACH OTOV TPOMO {WHG TwV avBpwnwy pe tnv avakaAudn g yewpyloag-
KTtnvotpodilag Kal TNG KEPOULKNG Texvoloyiag okoAoUBnoe n TEXVOAOYIKN EMAVACTAGCN TNG
QVaKAAUYPNG TwV UETOAALKWY KpOapATwy, Karmou 3000 xpovia apyotepa. MNMou Kol mwg epudaviotnke
ouTh n véa texvoloyia kat mwg Staddbnke oto Alyaio;

Yta mAaiola tnG opiAiag Ba Swooupe Ta veotepa Sedopéva Kal Ba mpoomabrooU e VO OMAVT|COUE
OTO TIAPATIAVW EPWTHUATA.
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56 xpovia petd: n mpoodatn avaockadn tov InnAaiov Navog Mapabwva
KOlL N XPOVOAGYNGN TwV avOpWIOYEVWY ENMLYWOEWYV TOU

A. Mapn Y kat I'. ®akopéAng @

(1) Epopeia Maiatoavipwmnoloyiac — ZnnAatodoyiag, Apdntrou 346, 116 36 ABnva

(2) Tunua Suvtnpnong Apxatotntwy kat Epywv Téxvng, ZxoAn E@apuoougvwy Teyvwy kat MoAttiouod,
Mavenotnuio Autikng Attikng, Ayiou Snupidwvoc, 122 43 Ayadew, AGnva

NepiAnyn

To InmnAato Mavog oxnuatiletal otov Addo tng Owong, Sutikad Tou onpepvol Mapabwva. e autod
npayuatonoinos Slepelvnon MIKPNG KAlMokag to 1958, o lwavvng Namadnuntpiou, AteuBuvtng
ApyalotTwy Kat apxatoAdyog tng Ev ABrvalg ApxatoAloyikng Etatpeiag (OpAdvdog 1959). And tnv
avaokadn MPoEKUPE N TAUTLON TOU PVNUELOU e avadePOUEVO KOl EKTEVWE TTEPLYPAPOEVO OO TOV
apxaio nmepinyntn Navoavia «onniatov B€ag afov» (I, 32, 7).

MevAvta €€L xpovia apyotepa, n Edopeia MalaloavBpwmoloyiag — ImnAatodoyiag evétaée to
OTNAQLO OE MPOYPOLO CWOTLKAG avaokadhG Kal TPayUaATonoince véa SLEpeUVNGCN TWV ETIXWOEWY
Tou, n omola oAokAnpwOnKke oe TMEVIE avaoKadpLKEG MepLodoug (amo to 2014 £wg kal to 2018).
AlamiotwOnke OtL To omnAalo xpnotponotndnke katd tnv NeoABwkn, tnv Emoxn tou XaAkou, thv
Apxaikn, Khaoikr, EAAnvioTiki Kal Pwpaikr mepiodo, kaBwg Kal Tnv UoTEPN apXoLoTtnTa.

ATIO TIC ETXWOELG TWV TOHWV Tou avolxBnkav, cuAAEXBnkav moA\a Seiypata avBpaka, eikoot mévte
amno ta onoia avaAuBnkav pe tnv pEBodo tou Cl14, ota epyaotrpla padloxpovoldynong tng Avwv Kal
tou Naveniotnuiou Tng Arizona. Ot avaAUGCELG TIPOYHOTOTIOINONKOY UE TNV OLKOVOWULKI UTIOGTHPLEN
tou INSTAP, tou omoiou n cupBoAr otnv npdéodatn avaokadn Tou onnAaiou unnpée kabopLoTikA.

Ta anoteAéopata Twv avaAUCEWY TTOU Tipaypatonol)inkav, 6e cuvSUAOUO UE TNV oUVEXL{OUEVN
MEAETN TWV UTIOAOIMWY aPXALOAOYIKWY EUPNUATWY, EMLBERALWVOUV TNV GUOTNUATIKY XPHON Twv
TPWTWVY, KOVILVWV TIPOG TLG £L00Sou¢ atbBoucwv tou omnAaiou, nén amo tnv Apxaldtepn NeoAlBikn
(meplmou 6600 1.X.). Daivetol OUWG OTL EMLOKEWPELS TTPAYUOTOTOLOUVTOY OE OAN TNV €KTACN TOU
omnnAaiou touAdylotov amo tnv Méon NeoABwkn (mpBA. Facorellis et al. 2017). Evtatikdtepn sival n
xpnon 6Awv Twv xwpwv katd tnv Newtepn kat TeAwkr) NeoALBLkr), aAAd KaL TOUG LOTOPLKOUC XPOVOUC,
OTOTE TO OMNAALO AELTOUPYNOE WG AATPEUTLKO, TIPOG TNV Kupiwg Twv Nupdwv kat tou Mavog. H
VEWTEPN XPHON TOU QVAYETAL 0TNV UOTEPN APXOLOTNTA KOL GUYKEKPLUEVA OTO o’ HLoO Tou 6°° at. p.X.
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Absolute dating of paleo-earthquakes: Luminescence dating of fault rock
related material
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Abstract

During the last decades, luminescence dating techniques have seen extensive developments, leading
to their wide exploitation for geological and archaeological purposes. The application of luminescence
dating techniques on fault-rock related materials are regarded as a great advancement for
palaeoseismological studies, since they could be used for dating previous fault activations. This study
is based on the premise that the luminescence signal which is generated in minerals crystal lattice,
through time, can be affected and even zeroed when minerals are exposed to sunlight or intense heat.
The same effect could also be observed in the case of earthquakes, as the friction caused by the
relative motion of an active fault could reset the luminescence signal enclosed into the fault-rock
material and thus use them as a chronometer to assess previous seismic activations in an area.
However, the relevant research so far is limited, with the majority palaeoseismic studies investigating
past earthquakes indirectly, using the buried soils that were originally formed on colluvial debris after
a fault rupture event and in many cases lacking evidence of luminescence signal resetting. Therefore,
a systematic effort in directly dating the material formed on the brittle zone of a fault, which is related
to the faulting event itself, could provide reliable information on individual previous fault activations.

This study deals with dating of fault-rock formations (carbonate fault zones hosting fault mirror-like
structures) collected from three different sites in Central Greece, an area of great palaeoseimological
interest due to its intense seismic activity. The results indicated that the particular carbonate fault
zones are very poor in quartz and feldspars, with only one site providing a limited quantity of quartz
grains. Furthermore, the derived luminescence dating results showed some scatter, further perplexing
the evaluation of palaeoseismicity in the area. Nevertheless, the produced results indicated that the
luminescence techniques could be considered a promising tool for dating slickenside formations when
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suitable minerals are present. A new collaboration between National Centre for Scientific Research
“Demokritos”, Kyoto University, National Technical University of Athens and Hellenic Survey of
Geology and Mineral Exploration, has recently been established aiming at advancing the luminescence
dating techniques for paleoseismological studies, based on the multiple analysing of fault mirror-like
structures, including the isolation of more datable material (quartz and feldspars).

\&j EMnvikn Apxatopetpikn Etatpeia

28



Ocuatikn Zuvebdplia I: AtoAutec xpovoloynoeig-faiatoneptBaiiov-Apxatoosiouoioyia 0.l_P2

Aegean beachrocks as relative sea level change index point
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Abstract

Beachrocks are cemented along the shoreline under a complex physicochemical and biological process
in the intertidal/lowermost supratidal zone. Research approaches are mainly limited to the laboratory
investigation of the cement of exposed beachrocks, lacking systematic field observation of the
submerged beachrocks that predominate in the Aegean and the Eastern Mediterranean Sea. Detailed
investigation of more than 200 beachrocks in the Aegean has demonstrated the direct relationship
between the depth of the seaward base of beachrocks with former sea levels, during which other
accurate geomorphological and archaeological relative sea level (rsl) change indicators were formed
and used, respectively. In the microtidal Aegean environment (with mean tidal range < 0.30 m) the
cementation of coastal sediments involves a zone of an average width of 10 m, whereas the average
difference in elevation between the mean low tide and the uppermost part of the swash and backwash
zone is 1.50 m. As the lowest part of cementation is at the mean low tide, the depth of the seaward
base of a beachrock represents the mean sea level that formed it assuming an uncertainty of £0.15 m.

At 25 locations along the coast of central and eastern Crete the depths of the seaward base of four
distinct beachrock generations that formed during the last 6,000 years show a deviation £0.30 m to
+0.55 m. At 38 locations along the coast of seven islands of the Northern Cyclades the maximum depth
deviation of the seaward base of five dated beachrock generations does not exceed +0.25 m. At 49
locations along the eastern coast of the Peloponnese the depths of the seaward base of six beachrock
generations show a maximum deviation £0.20 m. Furthermore, at seven locations in the Aegean the
seaward base of the beachrock coincides with the base of the corresponding tidal notch, clearly
proving that that both have formed in a different time during the relative stability of the same sea
level.

The radiometric dating of biomaterial or archaeological remains embedded in a beachrock constitutes
a terminus post quem for the beachrock formation, which is subsequent to the inclusions.
Luminescence dating of beachrock cements from the Aegean has often failed and it does not seem to
have been an appropriate method for dating beachrocks, whereas in environments without carbonate
pollution, radiocarbon dating of cements could provide the beachrock age with relative accuracy. In
comparison with the current elevation of other precise geomorphological (i.e. tidal notches) and
archaeological (i.e. fish tanks, slipways, breakwaters) rsl indicators of known age, the dating of
beachrocks can be more precisely determined, rendering beachrocks an accurate dated
geomorphological indicator of former sea levels.
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Ektipnon nAwkiag OaAdaoolwv anobeoswv tov ApyoAkou nediou, dia tng
XpovoAdynong pe ESR anoAlOwpévwv yaoteponodwv Strombus bubonius

l. H. Mapyapitng ), I. Mrtaotdkog M, T. E. @g0dwpou @ kat M. Aeputldkng @

(1) Epyaotrpto Apxatoustpiag, Ivotitouto Navoemniotriunc & Navoteyvodoyiac/E.K.E.Q.E.
"AHMOKPITOZ", Matptapyouv pnyopiou E' & NearmoAewg 27, 15341 AlIA MAPASKEYH

(2) EBviko Karodiotpiako Mavemniotnuio ASnvwy, Tunua Newloyliac kot Newnept8ailovrog, Tougog
lotopikri¢ FewAoyiag & MaAatovrodoyiag, MavemniotnuiovmoAn, 15784 ZOIPA®OY

NepiAnyn

To {ATtnua tou xpovootpwuatoypadlkol mpoodloplopol Twv BaAdoowwv anobéocswv tou ApyoALkou
niebiou, £XeL AMACXOANGCEL TNV EMLOTNHUOVIKA KOWOTNTA apketeg Sdekaetieg mpiv (Keraudren 1971,
1972; Kelletat 1977), pe TIC Tpotelvopevee nAkiec va Paocilovtol Kuplwg o YEWAOYLIKEC,
OTPWHATOYPADLKEG KO TTAAALOVTOAOYIKEG LEAETEG. H Xprion OLWE aAUTWY TwV KAACIKwY HeBodwy, Sev
Katddepe va Tpoodloplost He TNV OmaAltoUpevn okpifela TNV nAkkia Snuloupylag Twv
nipoavadepOUEVWY BAAACOLWY OXNUATIOUWY, 08NYyWVTOC OE YEVIKEUOELG OKOUN KoL avTLhACELG.

Juykekpluéva, o Keraudren (1971, 1972) OSwamiotwvel ™V gudavion tou Kabodnyntikol
anoAlBwpatog tou Tuppnviou  Strombus bubonius otnv meploxy tou NaumAiou ApyoAidag,
anodibovtag otoug ¢ofevolvteg Tta amoAlbwpata oxnuoatiopolg Neotuppnvia  nAwkia,
avadépovtag mapdAAnla OtL autol avtamokpivovtal oto Lootomiko otadlo MIS 5a to omoio Kal
npoodlopilel ota 80 kyr, mpokoAwvtag €TtoL OXeTKN aocddela dedopévou OTL CUUPWVA HE TIG
eTKpaToVoeC avtIAPeLl To NEOTUPPAVIO QVTLOTOLXEL OTO LOOTOTIKO otadio MIS 5¢ (110-93 kyr
Tepimou).

Avtiotolya o Kelletat (1977) xapoaktnpilel wg Eutnppnviag nAkiag tig Baddooleg amobEéoelg mou
napatnpolvtal o uPouetpo +15 m oto KuPBépt ApyoAidag, kot wg Neotuppnviag nAkiag Tig
BaAdoaoleg amoBECELC TTOU MOPATNPOUVTAL OTNV Lo TIEPLOYN KAl € XAUNAOTEPO UPOUETPO (+2 £wg
+2.5 m) otic omoieg evromilel aviutpoownoug Strombus bubonius. Kaveic ek Twv avadepopevwy
ouyypadEwyv, wotodoo, SV EMITUYXAVEL TNV aKPLBH XpovoAoynon Twv BaAACoLWY OXNUATIOUWY UE
Strombus bubonius.

Q¢ OUVETIELA, TTPOKUTITEL N AVAYKN EMOVAELOAOYNONG TWV SE80UEVWV TIPONYOUEVWY ETTLOTN LOVIKWV
£pyacilwv mou adopouv otn HeAETN Tou Tuppnviou, 0 EVIOTIOUOG TUXOV SuoXEPELWV Ocov adopd
otnv opBotepn amodoon Ttwv NAKWY, Kol n edpapuoyn KAtAGANAwv peBodwv  amolutng
XPOVOAOYNGNG TIOU VO ETILTUYXAVOUV TOV TIEPLOPLOUO TWV OXETIKWY 0PAAPATWY Kol Tn SLakplon Twv
unootadiwv Tou Tuppnviou. 2 auth Ty KateUBuvon cuvéBale n epapuoyn TNG XPOVOAOYNoNnG UE TN
daopatookomnia ESR, n omoia epapudotnke oe keEAUGN Strombus bubonius omo TNV MEPLOXN TOU
Naurhiou ApyoAidag kat dAAwv Tteploxwv tou EAAnvikol xwpou (Mapyapitng k.d., 2001, 2008), oto
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mAaiolo SLdaktopkng SLatptPrg mou ekmoveital oto EOvikd Kamodiotplakd Naveniotipto ABnvwy, n
omola 6elkvUel nAlkieg Empovaotrplou (Lootomikd otadlo MIS 5a, 86-74 kyr mepinou) kabwg Kat
NnAtkieg Tou Lootomikol otadiou MIS 3 (60-25 kyr mepinou) yia Ti¢ mapaktLeg anobéoel tou NaumAiouv,
ol omoiec oxoAldlovtal otnv mapovoa epyacio Kal AceL Twv onmoiwyv mpoaoeyyilovtal akplBéotepa ta
urnootadla tou Tuppnviou og auth TN Yewypadikr mepLoyn.
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Absolute scientific DAting of early Mortuary behaviour in Crete using
ultrafiltration AMS radiocarbon (ADAM).
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IMBB-FORTH, N. Plastira 100, Vasilika Vouton, Heraklion, GR-70013

Abstract

ADAM used ultrafiltration Accelerator Mass Spectrometry (AMS) radiocarbon (**C) analysis of human
skeletal remains from Crete to establish a reliable absolute chronology for major early prehistoric
funerary sites on the island dating to the Neolithic and the Early Bronze Age.

Radiocarbon determinations from Neolithic and Early Bronze Age sites on Crete, with the exception
of Knossos, are of rather small number and have so far been sporadic. By generating a significant
number of high quality measurements, ADAM aimed to add to this record, fill in existing gaps, provide
data for new sites that are significant to the Neolithic Transition, and thus significantly refine our
current absolute chronologies of the early human occupation of Crete.

In relation to Crete’s Early Bronze Age funerary contexts, ADAM aimed to investigate the duration of
their use. Tholos tombs in particular are thought to have been used for hundreds, and up to one
thousand, years. Yet, despite extensive scholarship on the subject and the discourse on the duration
of tomb use in particular, our knowledge of the absolute dating and the duration of tomb use remains
sporadic. This paper will present and discuss results from this project in relation to the issues outlined
above.
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Abstract

Akrotiri Salt Lake is located 5km west of the city of Lemesos, in the southern-most part of the island
of Cyprus. The palaeogeographic evolution of the Akrotiri Salt Lake presents a great scientific interest,
especially during the Holocene where the eustatic movements combined with local active tectonics
and climate changes have developed a unique geomorphological environment. The Salt Lake, today a
closed lagoon, which is depicted in Venetian maps (Bordon AD 1528) as being connected to the sea,
can provide evidence of the geological settings and landscape evolution of the area. In this study, we
investigate the development of Akrotiri Salt Lake through a series of cores which penetrated the
Holocene sediment sequence. Sedimentological, micropaleontological (benthic foraminifera and
ostracods) analyses and geochronological studies performed on deposited sediments, identifying the
complexity of the evolution of the Salt Lake and the progressive change of the area from maritime
space to an open bay and finally to a closed Salt Lake.
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Abstract

The prehistoric site is located on the northern slope of Ayia Marina hill in Pedini, loannina. The results
of the excavation research testify to the existence of a settlement with huts that would have been
constructed with stone foundations and superstructure of perishable materials. During the
excavation, a large amount of handmade pottery has been gathered, which is quite homogeneous
(Adam 1998, Adam 1999). Dating pottery at a particular time is difficult because of the conservatism
of the Epirus handmade pottery with the production of similar vessels for many centuries. The dating
of the settlement at the end of the 4th millennium BC is based on the radiocarbon analysis of a single
sample of coal (Adam 1999, Adam 2002).

In the above context, 9 sherds of handmade vessels from different depths and strata were chosen to
be dated using the Optical Stimulated Luminescence (OSL) method. The method consists of two main
procedures, the first of assessing the paleodose De absorbed by the quartz grains of the sherd due to
the internal radioactivity of the sherd and the second of assessing the annual dose rate committed to
the quartz grains due to the natural radioactivity of the sherd with the use of appropriate dose
conversion factors (Liritzis et al. 2013). Paleodoses were measured using a Riso TL/OSL Reader DA-20
and radioactivity measurements were conducted using a Canberra BE HPGe detector of 26% relative
efficiency, at the Archaeometry Centre of the University of loannina. Details of the method are
presented elsewhere (Tsodoulos et al. 2016). Preliminary results show that ages of the sherds are in
the time frame from the Final Neolithic to the Bronze Age in Greece.
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Abstract

Vathy, on the island of Astypalaia, is a naturally protected peninsula controlling the narrow access
from the open sea to the gulf of the same name, thus ensuring full monitoring of a wide area of sea
and land. Continuous occupation of the promontory Pyrgos over the millennia evidences that Vathy
was an important harbour and surveillance point for sea routes in the central Aegean (Vlachopoulos
2018).

Earlier studies of dating outer parts of ancient wall remains stones and soil revealed that human
activity is present in the site from about the Final Neolithic / Early Bronze Age (c. 4th / 3rd millennium
BCE) up to Middle Byzantine times (11th c. AD) (Vlachopoulos et al. 2016), verifying the chronological
phases that resulted from the study of the archaeological material. Further OSL dating studies
regarding dating of sherds found in the Vathy archaeological site and soil samples from different
archaeological strata were performed from 2016 to 2018.

In the above context, five (5) more sediment cores and surrounding soil from different depths and
strata as well as three (3) sherds and two wall plaster samples from earlier excavation sites were
chosen to be dated using the OSL method. Paleodoses D. were measured using a Riso TL/OSL Reader
DA-20 and radioactivity measurements were conducted using a Canberra BE HPGe detector of 26%
relative efficiency, at the Archaeometry Centre of the University of loannina. Dose rates were
calculated using proper conversion factors (Liritzis et al. 2013). Details of the method are presented
elsewhere (Tsodoulos et al. 2016). Preliminary results show that ages of the sherds and plaster extend
the time frame of the site up to the Byzantine Era while ages of the sediments show a time frame for
the site at the promontory, dated to the Bronze Age.
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Potential of OSL and ITL signal resetting of experimentally sheared quartz
from natural gouge at varying slip rates and normal stresses
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Abstract

Absolute dating of past seismic events using intra-fault materials (e.g., fault gouge, mylonite and
breccia) has been a major study of several scholars over the last years (e.g., Fukuchi, 2016; Tsakalos
et al., 2018; 2019). Related research mainly focuses on trapped electron dating methods, namely
luminescence and ESR dating. Both ESR and luminescence dating of fault gouge are based on the
assumption of resetting of signal to zero -or near zero- level during a rupture event, either due to
frictional heating or cataclastic deformation, or a combination of these. However, there has been
much debate whether zeroing of the luminescence and ESR signals are a mechanical shearing effect
or caused by frictional heating.

This study presents some recent results of an extensive series of stress-simulation experiments to test
the variation in quartz luminescence signal resetting as a function of grain size. We report changes in
the optically stimulated luminescence (OSL) and Isothermal thermoluminescence (ITL) signals in
quartz fault gouge after stress-simulation experiments and assess whether the physical mechanism of
signals is a mechanical shearing effect or caused by frictional heating. Stress-simulation experiments
were performed on irradiated natural quartz samples from Nojima fault, Japan, using a low- to high-
velocity rotary shear test apparatus, at varying slip rates and normal stresses, and report variations of
the OSL and ITL signals using different grain sizes of the resulted quartz. In this regard, resetting of the
luminescence could be investigated in comparison to temperature, pressure as well as grain size
reduction due to friction and discuss the applicability of OSL and ITL methods to date the timing of
fault slip events.
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H yewduowkn dtaokomnnon wg epyaleio pe@odikng anotunwong tng
TLOAEOSOLKN G OPYAVWONG apXOiwV OLKLOTIKWY cUVOAWV otnv Nepidepelakn
Evotnta KiAkig

I. Todkag @ kot I'. ZtpatovAn @

(1) Epyaotnpio Epapuocuévne lreweuatkrc, Touéag eweuotkng, Tunua Mewloyiag, AptototéActo
Maveniotnuto Osooaovikng, 54124 OsooaAovikn

(2) Epopeia Apxatotitwy Kidkig, Outokouvn & Peyyoukou, 611 00 KiAkic

NepiAnyn

OLyewduoikég pEBodoL SLaokomnong tou unedadoug ocuviotavtal otny kataypadr avwUaALWY O TEXVNTA
1 ¢uoka media pe tn xpnon KatdAAnAwv opydvwv. AkoAouBei enegepyaoia Twv kataypadwv avtwy BAceL
SLeBvwg mapadekTwy PeBOSWV XWpLG va UTIAPXEL CUYKEKPLUEVO TIPWTOKOAAO, ylati kaBe meplnmtwon sival
povadikn. TeAlkd, mapouolaletal pia xaptoypddnon Twv unedadlwv apxLltektovikwy Aeupavwy, n onoia
opotalel pe tnv katoyn, mou Ba oxedlaldtav, av eixe mponynBel avaockadrn Kal amokaAuyn Ttwv
otkoSoutkwv Aewpavwv (Scollar et al. 1986). Eivat 6& duvato va mapoucLlaoTel Kot MARPWE TpLodlaotatn
ameLKOVIon Twy uTtedadLwy apxalotnTwy, ed’ 6oov xpnoLonolnBouv CUYKEKPLUEVEG YewdUTLIKESG LEBodoL,
Kuplwg Topoypadikes. Eival, emiong, yvwoto otL n die€aywyn yewduaikng Sltackonnong yivetal og oAU
OUVTOUO XPOVLKO SLACTNUO KOl PE ULKPO KOOTOC. Me Tov TpOmo autd 6g KAAUTITOVTOL HEYAAEG OXETIKA
EKTAOELG.

H xpnolotnTa otnv apXaloAoyIKr €pEUVA TWV TEAIKWVY YEWPUOIKWY ATIEIKOVIOEWY cuvioTatal oto OTL 0
ovaokadéag apxoloAdyog Umopel va KateuBUVeL ETUAEKTIKA TNV €PEUVA TOU, VOL EEAYEL CUUTMEPACHATO KOLL
OTN GUVEXELQ VA TO TIPOEKTEIVEL yLOL € OAN TNV TIEPLOXH TIOU PEAETA OTNPL{OPEVOG OTO YEWPHUGOLKO XApTn.

H mapouoa epyacia otoxelel va Katadeifel Tnv MOAUTIAELPN XPNOLUOTNTA TNG YEWDUOLKAC SLAoKOTNONG
OTNV aViXveuon Kol amotlTwaon apxaiwv MoAeoSopLlKwy KataAoimwy Bacel maAaldTepwy Kot mpdodatwy
vewodualkwv gpeuvwv otnv MN.E. KIAki¢. Eotialel otnv avayvwplon tou MoAcoSopkol LoToU MOAEWV Kal
TIOALOMATWY KOL OTOL CUVAKOAOUBO GUUTMEPACLOTA OXETIKA LE TOV TTOAEOSOULKO OXESLAOUO KOL TNV XWPO-
0pYAVWON CNUOVTLKWY TOHEWY TWV apXaiwv TOAewy, OMwE N XWPoBETNon SNUOCLWVY XWPWV Kal KTnplwv
(m.x. ayopa, lepad, Bcatpa, wdeia, Teiyxn, vekpotadeia k.A.).

Ol yewduaolkég £peuvec dpyloav otnv MN.E. KiAkic to 1989 (Tsokas et al. 1994). ITig uépeg pag ocuveyilovral
EVTATIKA amd tv apuddia Edopeia Apxatotitwy Kilkic, oto mAaiolo tou Emiyelpnotakol MNpoypappatog
6paong NG, He €€ALPETIKA OMOTEAEOUATA YEWDUOIKNG AMOTUTIWONG TNG TOAEOSOULKAG 0OpYyAVWONG
AYVWOTWV OTNV apXaLOAOYLKN £pEUVA TIOAEWV TNG 0PXALOTNTOC.
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3-Dimensional mapping of Ploutos Cave - a 59 m deep vertical cave. What
can we gain from that?
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Abstract

The mapping of caves is a very challenging as well as crucial process for the geomorphological study
of cave systems. It can reveal valuable information on the morphology of a cave and combined to the
geotectonic regime of the cave area is able to provide data on the regional Quaternary history
(Papadopoulou-Vrynioti and Kampolis, 2012). Applying mapping techniques in deep shafts or
underwater passages is really challenging and stressing, yet the outcome is valuable qualitative and
guantitative data.

The development of a cave in plan view can give us the main tectonic directions followed whereas its
vertical profile can depict former water table positions (Palmer, 2007). These transitions of the
epiphreatic zone towards higher or lower positions underpin land vertical tectonic movements or sea
level changes in a coastal environment.

Today, the technological achievements have pushed the boundaries of exploration in extreme
environments beyond our imagination, including places like deep sea, high mountains or deep caves
in the earth’s crust. The improvement of the 3D laser mapping technology and its availability in
portable and hand-held devices may be proved valuable to science. The ZEB REVO portable laser
scanner of GEOSLAM consists a small hand held device of 1.5 Kg that has the potential of recording
extreme environments with an accuracy of 2-3 cm. For a cave system that usually spans from several
hundred meters to some kilometers the aforementioned accuracy is sufficient.

We applied for the first time this portable technology in a 59-m deep shaft called Ploutos Cave in
Boeotia, Central Greece. The results of the laser mapping application provided with unprecedented
accuracy and detail the cave morphology, recording 138 million points in an area of approximately
1030 m? in 90 min. During the application, we measured geomorphological features in the cave,
including the big NNW-SSE fault plane present in the first chamber that controls the cave development
(fig. 1). The extracted information can be employed in the geological evolution of the cave and be
correlated to the geological evolution of the wider area in Quaternary.

j EAANVikr Apxatlopetpikn Etatpeia

47



Ocuatikn Zuvebdpia ll: TewEUOLKES SLACKOTNOELG 6.1_02

Figure 1: 3D point cloud of the first chamber in Ploutos Cave, Boeotia. The red dashed line depicts the fault
plane. The trace of a speleologist can be seen at the central part of the picture.
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Abstract

Lavrion mining area in southeast Attica in Greece comprises hundreds of ancient underground mines,
vertical shafts, opencasts, mining debris and establishments for the metallurgical process such as
washeries and furnaces. Esperanza mine constitutes one of the most extended horizontal mines in
the northwest part of Lavrion area with more than 2000 meters of underground galleries. At the first
part of the exploitation modern extraction enlarged the trapezoidal sectioned ancient galleries and
sparse antique remains are recorded. However, an area of ancient mining untouched by modern
exploitation, is accessible through a 5 meters vertical shaft at the end of the modern workings.
Quadrilateral sectioned horizontal galleries, wide chambers for ore enrichment and mining debris are
the main characteristics of this ancient part of the Esperanza mine. The typical veins of the carbonate
replacement deposit as well as mantos and chimneys in the contact of Lavrion schist and the Kamariza
upper marble (Voudouris et al, 2008; Bonsal et al, 2011) are widespread in the internal part of the
ancient and the modern section of the mine. New minerals have been recorded at the oxidised part
of the ore mineralization such as niedermayrite, katerinopoulosite, voudourisite and lazaridisite
(Giester et al., 1998; Chukanov et al, 2017; Rieck et al, 2018).

Different phases of exploitation of the silver-bearing minerals have been recorded and detailed
mapping of the underground system with the laser meter DISTO-X was carried out. A 3D model of the
mining works and the exploitation phases has been produced enlightening the silver extraction
process at the so called “first contact” of Lavrion. The ore deposition has been studied at the contact
of schists and marbles along the underground galleries. Samples from the ore mineralization in several
parts of the ancient mine have been obtained for chemical analysis. Radiocarbon dating in organic
material from the galleries proves a diachronic silver exploitation in the Esperanza mine from ancient
to modern times with its focus on the silver-bearing mineralization along an extended vein network.
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Side scan sonar and subbottom profiling data in detecting ancient wooden
hull wrecks: a case study the “Fiskardo” wreck Kefallinia island, lonian Sea
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Abstract

Marine geophysical data collected during an underwater natural and cultural heritage assessment
survey along the coastal zone of Kefallinia Island in the lonian Sea, Greece, showed among other
seafloor features, the presence of a Roman shipwreck and its amphorae cargo on the seafloor. The
study and analysis of the collected data demonstrated that:(i) side scan sonar and chirp sub-bottom
profiling systems, can successfully detect ancient shipwrecks and their amphorae cargo on the
seafloor, (ii) the use of objective computer vision techniques in processing side scan sonar seafloor
images, is a valuable tool for the separation of potential ancient shipwreck targets from other seafloor
features with similar acoustic signature. Furthermore, a guideline for the data acquisition parameters
that should be used to obtain optimal seafloor sonar images to maximize the separation of potential
shipwreck targets from other seafloor features is provided. The remote sensing techniques may also
provide adequate indication regarding the preservation of the ship’s wooden frame, the amphorae
hull stowage and its vulnerability to human activity in the area. The shipwreck is dated between 1st
cent BC and 1st cent AD and is one of the largest found so far in the Mediterranean Sea, for that
period. It is estimated that it was carrying about 6,000 amphorae. The amphorae cargo, visible on the
seafloor, is in a very good state of preservation and there is a strong possibility that the cargo and the
wooden hull frame buried in the sediment are also well preserved. The shipwreck has the potential
to yield a wealth of information about the shipping routes, trading, amphorae hull stowage and ship
construction during the relevant period and is therefore, considered to be of significant archaeological
importance.
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‘Eva Kavotopo Movtédo MpdBAsdng Ocoswv otnv ApxatoAoyia: To Movtélo
Taong Katoiknong (MTC)
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NepiAnyn

H mpotaon tng moapoucag epyaciag ocuvoliletalr otnv mpoomabesia avadelEng evog veou
apxaloloylkol poviédou TpoPAedng Béocewv, pe T PonbBela twv Fewypadlkwyv TuoTnUATWY
NAnpodoplwv (GIS), TNG avadAuong XwWPOU Kal TNG OTOTLOTIKAG, TO OMOL0 KOLWVOTOMEL WG TPOG TNV
ELOOYWYN TNG KPLTIKNG OKEPNG OE AUTA LE OMWTEPO OTOXO VA ATOTEAECEL 06NYO, yla TA LEAAOVTIKA
povtéda tpoPAedng apxatohoyikwy Bécswv (Malaperdas and Zacharias, 2019).

H peBobdoloyia mou mpoteivetal, Baoiletal otnv KUpLA YVWON TWV TPOBAEMTIKWY HOVIEAWV TIOU
OUVOVTAUE WG TIG HEPEC Hag, Ta e€eAlooel Kal TpoTeivel éva VEo TPOTIO avtiAnyng yLa To LeEAAOVTIKA
povtéla mpoPAedne (Malaperdas and Zacharias, 2018; Sarris and Dederix, 2012), avtikpoUovtag
TapAAANAQ Lo CELPA OO ETIKPLOELC TToU €xouv StatunwBel oto mapeABov (Verhagen, 2007). i€ autd
Ta VEa PoVTEAA Ba mpémel va cupmeplAndOel £vag onUAVTLIKOE TOPAYOVTAC, AUTOG TNG L0080V TNG
KPLTIKAG okéWYng otn ANWn anodpdcewv Tou Kabe poviéAou. To véo HovtéAo Tou ePpapUOOTNKE OTO
Noud Meoonviag, ovopaotnke Movtého Taong Katoiknong (MTC), kat Baciletal mavw oto Bswpnua
TWV TPLWV KOGUWV Tou Popper (Popper, 1978). Ta tn Snutoupyio tou MTC, BewpnBnke OtTL €éMpene va
kataypadouv pLa oelpd anod GUoLKEC MOPAUETPOUS TOU TEPLBAANOVTOC yLa va 0pLoTEL N Suvatotnta
TOU XWPOU va umootnpiéel Tnv avBpwrmivn Spactnplotnta.

Ta anoteAéopata mou €dwoe to Movtého pehetwvtag 140 olkloTkEG B£oeLg TG Muknvaikng Emoxng
otnv Meoonvia Atav e€alpetika kabwg, (o) mapouoiooe eCalpetikn akpifela avayvwpilovrtag 137
amo T 140 oUVOALKA OLKLOTIKEC BEoelg ot uPnAOTEPEG Katnyopieg mBavotntag katoiknong, (B)
elval amoteAeoATIKO WE TPOC TNV TIPWTN KAl CNUAVTIKOTEPN LEPOPXLKA KATNyopia Twv OKLOTIKWV
Bfoswv, autng twv Kévtpwyv, kabwg avayvwpilel 0Aeg Ti¢ B€oelg otnv uPnAdtepn Katnyopia
npoPAednc, (v) umopel eUKOAQ VO AVATIPOCAPHOOTEL AVAAOYQ KOLL LIE TA EPWTHOTO TTOU evOLadEpouV
TOV €PELVNTH, EVOWUOTWVOVTOC Kal SNULOUPYWVTAC HLa TiLo TIOAUTTAOKN, KPLTIKY) OKEPN OTO TEALKO
povtélo TpoPAsdng, (6) cuvioTd KATL MEPLOCOTEPO AMO £VA UTIOAOYLOTIKO £pyaAeio, OmMweg €xel
KaTadel€el Kal og TPeiG MePUTTWOELS 0TV Meoonvia OToOU OTn CUVEXELA N EMLTOTLA APXALOAOYLKNA
avtoPia emiBepaiwoe Tic mpoPAEPELS TOU poVTEAOU.
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Astronomical dating of the Trojan War-Complements to Homer

S. P. Papamarinopoulos
University of Patras-Greece

Abstract

A gradual darkening of the sky during a particular day during combat in the Trojan War described by
Homer in the Iliad. It was interpreted as a partial solar eclipse visible in the Troad during the end of
the 13" and the beginning of the 12 century B.C. After the examination of all types of solar eclipses
within the 1400-1130 B.C., time span, it was found that the solar eclipse of the 6 of June 1218 B.C.
with significant obscuration of 75.2% of the sun fits fully with the Homeric description. The latter exists
within NASA’s catalogue. It was late noon in a very warm day after Patroclus’ death. Three days later,
in the dawn of the night in which Patroclus’ body was consumed by ceremonial fire, Venus rose in the
horizon of the Troad early in the morning before the sun.
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Dwrtoepunveia-TnAeniokonnon kot Fewguotkn Ataockonnon, Oppog
BoidokolAlag Nopo Meoonviag: Evtoniopog Oappévwy apXotoAoyLKwy
KotaAoinwyv

A. Xpovn
Yroupyeio MoAttiouou & A9Antiouou, Tel.: +30 6976465487, Mapauvdiog 20, ASnva 10435

NepiAnyn

Ta tedevtala xpovia pla véa pebodoloyia 6cov adopd 0ToUg TPOTIOUG AVIXVEUGNG KAl EVTOTILOUOU
VEWV apyaloloykwv BEcswv apyilel va emikpatel: ekeivn, mov, o cUVOUACUO LLE TOV EMIYELO EAEYXO
KOlL TN CUYKEVTpWON BLBALoypadikwy Kot LoToploypadkwy MAnpodopLlwy, urootnpilel kal mpoteivel
epappoyn ¢ Pwrospunveiag-tnAemniokonnong, ouvdualOpevng oc TOAAEC TIEPLUTTWOELS, PE TN
vewdualkr Stackonnon.

Meploxn HEAETNG TG Tapoloag ovakolvwong amotélecse o vopodc Meoonviag, pla meploxn He
HMOKPOTATO LOTOPLKO TTApeABOV Kal TAOUTO apXaLlOAOYIKWY KATOAOITIWY Kal, EL8LKOTEPA, O OPUOG TNG
Bol60oKOIALAC, 0TI SUTLKEG OKTEC TOU VOUOU.

JuykevtpwOnkav, avoAlOnkav kot aflohoynOnkav otoploypadlkeg, BLBAloypadlkég  Kal
apxaLoloyikég Anpodopieg amod Tig omoleg mpogkue n oxupn mBavotnta UMapéng BauuEvwy
OPXOLOAOYIKWY KOTOAOMWYV O0TO0 TAQTWHO TO POPeiwg KelPeEVO TNG OvaoKappévng noén,
0pXaLOAOYLKAG TIEPLOXNG 0TO BopeLo Bpayiova Tou Gpuou tng BoidokolAlag. Emiong, avaAlBnkav Kot
aflodoynbnkav Ta yewAoyLlKA oToLXEld TNG CUYKEKPLUEVNG TIEPLOXN G, TOOO yLa Th CUYXPOVN EMOXN 000
KOLL YLOL TNV 0pXOLOTNTA, VW TApAAAnAa LEAETABONKE KAl 0 CUCXETIONOG yewAoylag yewpopdohoyiag
LE TNV AVATTTUEN OLKLOUWV.

Jtn ouvéxela aflomolnBnkav OXETIKA Yaptoypadlkd oTolxeia, €& otepeookomikd {euyn
agpodwToypadPpLwV TOKIAWY KALLAKWY KaBWwG kal U0 60puUdOPLKEG TNAETILOKOTILKEG OUTTELKOVIOELG
IKONOS, SLaKpLTIKAC LKOWVOTNTOC EVOC UETPOU, ylo TNV TlayXpwHatiky Wndlakrn TNAEMLOKOTKA
QTMELKOVLON, KOL TEOOAPWVY PETPWY, yla TNV MoAudacpatiki PndLakn TNAEMLOKOTIK ATTELKOVLON.

MeTa tv oAoKANpwOon TNG GWTOEPUNVEUTIKAG Sdladikaoiag, opyavwbnke kal mpayuatomnol)énke
veEwdUOLKA SLAoKOTNGCN TUAUATOC TOU £V AOYW MAATWHATOC (€K, 1). To TUAUA TOU €MEAEYN TPOC
Slepelivnon NTav aUTO TIOU, HETA TNV ePappoyh TS GWToEPUNVEUTLKAG LeBobdoloyiag, mapouaoiace
TN UEYOAUTEPN GCUYKEVIPWON VWV (YPAUULKWV KoL OKLWV ULIKpoavayAUdou), TPOKELHEVOU va
SlepeuvnBel (katva Staotaupwbel) n Omapén, Lopdr Kot TOLOTNTA TOUC, autTh TN $opd UTIO To Tipiopa
TNG EMLOTNMOVLIKAG Stadkaoiag tng yewdualkng Staokonnong.

H yewduoikn Staokonnon mpayuotonol)nke pe tnv mapaAAnAn xprion dUo ltadopetikwy pebBodwv:
™G NAeKTPLKAG Topoypadiag (electric tomography) kat tou yew-pavtdp (geo-radar). Ot Stadopetikoi
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XAapteg avtiotaong tou £8ddoug mou mpoékuav amd TG Tapamdvw £psuvec Sopbwbnkav
VEWUETPLKA WG TIpo¢ TNV amelkovion IKONOS tn¢ 3-6-2000.

‘Ocov adopd oTa AMOTEAECHATA TWV LETPROEWY TNG NAEKTPLKAC Topoypadlog KAl ToUu yewpavtap, ot
Sladopetikol xapteg avriotaong mou mpoékuav Kal anodidouv Tnv katdotaon Tou £5adoug yla
Sladopetikd otpwpatoypadikd emninedo £wg kat To BAB0G Twv 5u. (nAekTpikr) Topoypadia) Kat Twv
Twv 2,73 W. (YEWPAVTAP): OTIC TEPLOXEG TOU MAATWHATOC OToU, HEeTA TNV Yndlakn enefepyaoia twv
TNAETLOKOTILKWY QTELKOVIOEWV (KOTA TNV £dappoyn TnG dWToEPUNVEUTIKNAG HeBodoloyiag), ixav
avIXVeUBel YpOopuUKA (Xvn Kal ixvn oKlwv pikpoavayAUdou, mapatnpouvIal auEnUEVEG TIEG TNG
avtiotaong tou e6Adoug, yeyovog TO OToLo LG EMITPEMEL VA UTTOOECOUE OTL T EVIOTILOOEVTA, KATA
™ O&wbkacia NG yewduolkng Slookomnong, otolxela, elvat moAU mBavo, mpayuati, va
UTIOSNAWVOUV TNV UTtapEn apXaLoAoyLKWV KATAAOLTWV.

Ewk. 1. MpoodLoplopdg TNG TTEPLOXNG TOU TTAATWUOTOC N omoia SlepeuvnOnke e TI¢ HeBAS0UG TNG NAEKTPLKAC
Topoypadlag KoL TOU YEWPAVTAP: TIAYXPWHATLKN agpodwToypadia tou ETtoug 1983, Tou Bopelou Bpayiova Tou
OpUOU TNG BoiSOKOWALAG, YEWUETPIKA SlopBwpévn we Tipog TV YndLakr TNAEMLOKOTIKA ATELKOVION ATO TO
Sopudopo IKONOS tng 3-6-2000. Alakpivovtal: N AVACKOUUEVN TIEPLOXN TIOU TEPAABAVEL T APXOLOAOYLIKA
katdAoura ME Il owkiopou, ME tuppou kat YE BoAwtol tadou (tou Opacupndouc) kat to Bopeiwg Kelpevo
TAATWQ, VLo TO OToL0 ElKAlETAL N UTTAPEN APXALOAOYLKWYV KaTaAoimwy. To opBoywvio mopaAANAOYPAULO UTTAE
XPWHATOC opilel TNV meploxn mou SlepeuviOnke, pe TIC HEBOSOUG TG NAEKTPLKAG Topoypadiag Kat Tou
YEWPAVTAP, AT TNV EMLOTNHOVIKH opada tou Navemotnuiou tou Cagliari unoé tnv kaBodrynon tou kabnyntou
K. Gaetano Ranieri. (Gaviano, Olivas and Prof. Ing. G.Ranieri 2000-2001, 163). KAipaka gikovog: 1:2500.

EAANVikr Apxatopetpikn Etatpeia

58



Ocuartikn Suvebpia ll: Tew@UOIKEG SLAOKOTNOELG

ANAPTHMENEZ ANAKOINQZEIZ
FrEEQOYZIKEZ AIAZKOMNHZEIZ
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Frewduolkég EPEVVEG EVTOC UVNHELWV: AUVaTOTNTEG KAt ASUVAIEG

I. Todkag M kat N. Arapovty

(1) Epyaotnpio Epapuoouévneg lewpuaotkng, Touéag Meweuaotkng, Tunua Fewoyiac, AplototéAeio
MNavemotnuio Osooadovikng, 54124 Osooalovikn

NepiAnyn

OL péBobdol yewoduoikng Slaokomnong edpappolovral otny €epelivnon apXOLOAOYIKWY XWPWV OE
TmaykoopLo KAlpaka kat avadépovral o' 6Aa ta BLBAla eloaywyng otnv apXoloAoyLK EMLOTAUN.
Ztnpilovtal oTo YEYOVOG OTL OL APXOLOTNTEG ATOTEAOUV SLOTAPAELELG OTNV OLLOLOYEVELD TWV AVWTEPWY
OTPWHATWY TNG NG Kol EMOUEVWE TIPOKAAOUV avWUOALEG 0 dUOLIKA I TexvnTd tedia. Exel anodeiyBel
MEOW TIELPAUATWY OTL KATIOLEG OO TLG YEWDUGCLIKEG aUTEG HeBOSoUC, ouykekpLlueva n PEBodog tou
pavtdp unedddoug, maykooula yvwaotr wg GPR (Ground Penetrating Radar), aAAd kal n péBodog tng
NAEKTPLKAC Topoypadiag, propolv va ebpoplooTouyV yia evéookonnon tou Samédou, TnG ToLyomoLag
1 KAl TG 0podn ¢ LvnUElwV ou owlovtal o PeyaAo Babuo.

Ytnv napoloa epyacia, ylveTal anmoTipnon tne LEYAAng eumelpiag touv Epyaotnpiov Edappoopévng
lrewduolkng Tou AMNO ot YyeWDUGOLKEC EPEUVEG EVTOG UVNUELWY, TWV OTMOlWV N akepalOTNTO £XEL
SlaowOel peydlo Babuod. O €peuveg oTIC omoieg yivetal avadopd mpaypatonolénkayv oto danedo
tou I.N. tn¢ Kamvikapéag atnv ABnva, tou Npwtdtou tou Ayiou Opoug, tTng Navayiag XaAkéwv otn
Oeoocalovikn, tou Ayiou Aswvidn oto KAauot Euputaviag. Avadépovral £miong CUYKEKPLUEVA
napadeiypata ev60OOKOMNOEWV TOYWV HVNUEiwv amd to EumoaAilvelo Opuypa otn Xduo, TO
Entanupylo tng O@scoalovikng, To VOTLO TelXog TG AKPOTOANG Twv ABnvwy, To KAoTpo tng Aylag
Mavpag otn Asukada, to Lepd tng MeydAng Mavayiag otn Zapopiva kot to OBwpavikd Aoutpd
Bépolac.

ExtiBevtal oL L8LaLtepOTNTEG Kol TO TPOPBARUATO TWV YEWPUOLKWV SLOOKOTINOEWY EVTOG UVNUELWVY
KOBWC Kal oL TPOTOL AVTLUETWILONG Touc. Avadépovtal £miong oL onuavilkég mAnpodopieg mou
Umopouv va TipokUPouV, TOCO OTNV ATIEIKOVION 00TOXLWVY, TTABOYEVELWY KOl KPUUUEVWY SOULKWY
otolxelwv 600 KAl OTOV EVIOTMIOUO TAdWY, KPUTTWV N KAl MOAALOTEPWY UTIOYELWV SOUWV TOU
oavadEpovtal og MPoUTApXOVTA UVNUELa.

K&j EAANVikr Apxatlopetpikn Etatpeia

61



Ocuatikn Zuvebdpia ll: TewEUOLKES SLACKOTNOELG

EAAnvKA Apxatopetpikr Etatpeio

0.1_P1

62



Ocuartikn Suvebpia lll: BioUAwka kot Bloapyaioroyia

NMPO®OPIKEZ ANAKOINQZEIZ
BIOYAIKA-BIOAPXAIOAOTIA

EAANVikr Apxatlopetpikn Etatpeia

lpOPOPLKEC AVAKOLVWOELC

63



Ocuatikn Zuvebdpia lll: BroUAwka kat Bloapyatodoyia

EAANVikr Apxatopetpikn Etatpeia

lpOPOPLKEC AVAKOLVWOELC

64



Ocuartikn Suvebpia lll: BiolAika-Bloapyaioloyia 0.lll_0o1

Kean miltos, Lemnian miltos:

The significance of a place-name in Greco-Roman craft and industry

E. Photos-Jones

Analytical Services for Art and Archaeology (Ltd), Glasgow G12 8JD, UK / Archaeology, School of Humanities,
University of Glasgow, Glasgow, UK

Abstract

It has long been suspected that place names associated with traded natural raw materials (rocks and
minerals) of the Greco-Roman (G-R) world may have denoted more than a place of origin. However,
when these materials are examined from our modern perspective of natural sciences (geology,
mineralogy, chemistry), the significance of the place name ‘fades’ in favour of a clear and succinct
scientific characterisation of the relevant deposits at source.

Although this approach is correct, it is not sufficient in addressing the nuanced world of G-R antiquity.
Based on the two examples mentioned above and following a twenty-year investigation of ‘miltos’ in
both islands of the Aegean — Kea and Lemnos -, | shall argue that name plus place name should be
taken as a whole to denote the ‘commerciall name of a specific product for a specific
application/market. This necessitates an approach that reaches beyond an understanding of the local
geology/geochemistry.

I shall demonstrate that Kean miltos and Lemnian miltos were the trade names of two different natural
products which shared a single common property, the colour red. While Kean miltos was natural fine
red/yellow iron oxides recovered from the Pb-rich mineralisation of Kea, Lemnian miltos was an
artificial red ‘recovered’ from the sedimentary clays of NE Lemnos. The former served largely as an
antifouling agent, the latter as a ...medicine.

| shall suggest that new insight into G-R materials and practices can be gained by adopting a novel
approach, that of geobiology. This involves the elucidation of the interface between the abiotic (rocks
and minerals) and the biotic (microorganisms) environment; how it may have been perceived and
manipulated by the G-R world of craft and industry.
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Storage practices in the Late Bronze Age Aegean: investigation of molecular
signatures in storage vessels through organic residue analysis

M. Roumpou @ and N. Kalogeropoulos

(1) Harokopio University of Athens, Department of Dietetics and Nutrition 70 El. Venizelou str, 176 76
Kallithea, Athens & Fitch laboratory, British School at Athens, 52 Souedias str, 106 76 Athens

(2) Harokopio University of Athens, Department of Dietetics and Nutrition 70 El. Venizelou str, 176 76
Kallithea, Athens

Abstract

It is widely accepted that storage in its many dimensions and aspects plays an important role in the
archaeological discourse. The study of storage is not straightforward and there are multiple challenges
in understanding prehistoric storage, as very often in prehistory there is a dearth of information
regarding storage activities: storage taking place in pits, granaries or containers made of perishable
material that can not always be traced in the archaeological record. There are several studies
discussing the extend and characteristics of this complex phenomenon (i.e. long term vs short term,
practical storage and social storage, storage of food but also of craft materials, stored produce used
to cope with seasonal and annual fluctuations and produce used for exchange etc), and also the ways
it affected (or it was affected by) the formation of social and economic activity in the past. Although
the study of storage in the Aegean Bronze Age communities is a topic attracting particular attention,
comprehensive studies of storage activities, especially studies using analytical tools, are rather
infrequent within the archaeological literature.

This paper presents the insights gained from the study of storage vessels (mainly pithoi) based on
organic residue analysis. Vessels were sampled from several sites across the Aegean over the past
years (amongst others northern Greece, Crete, Tiryns). Our aim was to shed light on storage practices,
the nature of the stored produce and to better understand possible socio-political implications. We
therefore attempted to identify the residues preserved in storage vessels, indicating possible storage
patterns through time. Combined gas chromatography-mass spectrometry (GC/MS) was utilised for
the detection and identification of organic residues. The results to date show good preservation of
lipids, comprising several classes of compounds, such as fatty acids, acylglycerols, long-chain aliphatic
compounds and terpenoids, and it appears that storage technology was relatively specialised.

This paper demonstrates the potential of interdisciplinary approaches for the study of storage
practices and it is anticipated to propose ways to integrate residue analysis to the discourse regarding
storage practices in the prehistoric Aegean.
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APXOLOUETPLKEG AVAAUOELG OE OKEAETIKA UTTOAAELOTOL QIO LA SEUTEPOYEV
tadn oto KaotpouAl, AeAdol

. Kovtomouhog &2, I, Aupuegrg 4, M. Alexander 4, K. Penkman ©) kat M. J. Collins ¢ 7)

(1) BioArCh, Department of Archaeology, University of York, York, United Kingdom

(2) Maritime Cultures Research Institute, Department of Art Sciences and Archaeology, Vrije Universiteit
Brussel, Brussels, Belgium

(3) Laboratory of Archaeometry, Department of Mediterranean Studies, University of the Aegean, Rhodes,
Greece

(4) Key Research Institute of Yellow River Civilization and Sustainable Development and Collaborative
Innovation, Center on Yellow River Civilization of Henan Province, Henan University, Kaifeng, China

(5) BioArCh, Department of Chemistry, University of York, York, United Kingdom

(6) Centre for GeoGenetics, Natural History Museum of Denmark, University of Copenhagen, Copenhagen,
Denmark

(7) McDonald Institute for Archaeological Research, Department of Archaeology, University of Cambridge,
Cambridge, United Kingdom

NepiAnyn

H e€aywyn kat avaluon apxaiwyv Blopopiwv amo apyatoloyikd ootd (m.x. koAayovo, aDNA) prmopouv
Vo TIPOOHEPOUV GNUAVTLKEG TTANPOPOPILEG yLa TNV KOAUTEPN KATOVONGN TWV TPOLOTOPLKWY KOLVWVLWY
(kataywyn mAnBuouwv, moAaitodlatpodr, KwNTKOTNTA, £€nuUépwon, K.AM.). MNoapoAa autd ol
neptBardoviikég  ouvOnkeg (Bepuokpaocio, udpoloyia, UOKEC Kal YNHULKEC  LOLOTNTEG
ebadoug/unedadoug) ou eMKPATOUV 0€ LEYAAO HEPOC TNG EAANVLIKAC eMLKPpATELOC 08nYoUV, wG el
To mAsiotov, otnVv amodOuncn TwvV OOTWV HECO OMO HUla OELpd oUVOETWVY Kal aAAnAs€aptntwv
Stadkaowwy (Slayéveaon).

Autl n pelétn mopouctdlel ta Sebopéva amd TNV LOTOAOYIKN (OMTIKA HIKPOOKoTia), GuoLKN
(baopatookomia unépuBbpou pe petaoxnuatiopnd Fourier) kat xnuikn (koAAayovo) avaluon os 17
avOpwrniva delypata (15 pnplaia katl 2 AtBoeldn ootd) kat 7 ootd {wwv. Ta Selypata mpogpyovral
amd pa Seutepoyevr) Muknvaikn tadn ano 1o KaotpoUAL (Aeddotl), kal oToxoc TG LEAETNG elval N
Slepelivnon TwV HUNXAVIOUWVY OLlayEVECNG OTO OCUYKEKPLUEVO TOdLKO meplBdAlov, kabBwg Kal n
Tautoxpovn eaywyn mMAnpodopLwy yla TNy avaclotacn Thg malalodlatpodrng Tou CUYKEKPLUEVOU
mAnBuopol. Ta amoteAéopota emBePolwvouv OTL oL cUVOAKEG SLaTAPNONG MOU EMIKPATOUV OTO
KaotpoUAL eival ducpevei¢ yla Tnv pakpompoBeoun Slatripnon Twv BLOopopLwy ota 00Td, Kupiwg
AOYW TWV €vtovwy TepLoSIKWY aAlaywv otlg ouvenkeg neplBarlovtog (Bepuokpacia kat vypaoia)
KoL TwV LSLoTATWV Tou £8ddouc. OL SLOKUPAVOELC AUTEC 06NYoUV OUCLACTIKA LE ypHyopoug pubuolg
otnv MANRpn Kataotpodr NG HLKPOSOUAG TwV OOTWV, Tou ocuvodelovtal amd aAlayég otnv
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KPUOTOAALKY Sopr Kol cUoTtach Tou BLOATOTITN KAl TV Taxela Katootpodn tou koAayovou. ALilel
va avadepBEel OTL 0 OPLOUEVEC TTEPUTTWOELG TA XAUPAKTNPLOTIKA TWV O0TWV TtpocopoLlalouy e ekeiva
QMOALOWHEVWY 00TWV. TEAOC, TO TIPOKATOPKTIKA ATTOTEAECOTO TWV LOOTOTILKWVY OVAAUCEWV AvOpaKa
Kot alwtou (koAhayovo) mapouolalouv plo cUVOETN £lkOVa, PE Tio afnonueiwtn mapatnpnon T
mBavn katavailwon C4 tpodwv amo Ta KOTOMouAa Katl Tig acuvhnBOilota uPnAég TLHEG alwTou yla Ta
uriohouta {wa.
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Kepaodopa, képata Kat Kepativn: KOKKLVN XpWOTIKN 0€ YOUPOUG KEPATWV
arno to AKpwTtnpL Onpag

. AAe€omoulog

YIMOA, GcutotokAéouc 5, Adnva 10677

NepiAnyn

Ta {wikd képata cuvtiBevtal amo TNV MpwTteivn Kepativn, n omoia oxnuatilel pio Aemt OAkn amod
KUUQTOELS EMLIOTPWHOTA ETUUNKWY KUTTAPWY TIOU KAAUTTOUV Toug Tupnveg (youdoug kepdtwv). H
KEPOTIVN, WG OpYaVLIKH ouaia, amocuvtiBetal oxed0v 0 OAEG TIC CUVBNKEG KATAXWONC KAL AUTO TIOU TEALKA
owletal Sev eival mapd oL 0oTélveg amodpUOELS TOU Kpaviou (Youdol Kepdtwv), oL onoieg otnpilouvv Ta
KEPOTO ECWTEPLKA, YVWOTEG KAL WG «TIUPAVEC KeEpATWV» (MPPA. Schmid 1972: 88, k. 21). Mepikoi youdot
KEPATWV EEETAOTNKAV OTO OTEPEOCKOTILO KoL AVAAUBNKAV ETLPAVELAKA LLE TLG LN KATOLOTPETTIKEG TEXVLKEG,

$Boplopov aktivwv-X Kot pacpatookomiag eyyug unspbepoul. To anoteAéopata anédeléav cuvSUACTIKA
TNV apoucia XpwaoTLknG, avaloyng Le epuBpr) XpwOTLKN armo TiG tolyoypadieg Tng Zeotn¢ 3 (Pantazis et al.
2003: 4-6). Qotdoo, n omopadikr Kol GalvoUeVIKA Tuxaia epudavion TNG XPWOTIKAG O UIKPO OXETIKA
TT0000TO YOUPWV €0e0E TNV TPOOETIKOTNTA TNC EGAPHOYNC TNE WXPAG EV AUPLBOAW.

H katdotacon otnv onola cwlovtal oL YoudoL kepdtwv Stapopdwbnke amod tadovoukég Stadikaoieg (ELk.
1) kat Stadépel onuavtika and autr otnv onoia Bpiokovtav Ta KEpaATa KATA Tn CUVOPUOYN TNG EVATOBeong
yUpw oto 1613413 m.X. (mpPA. Friedrich & Heinemeier 2009- Panagiotakopulu et al. 2013).

Q¢ ek TOUTOU, T AMOTEAECHATA TWV AVAAUCEWV 08 ynoav g £0TLACN TNG TTPOCOXNG LG OTLG TADOVOULKEC
Sladkaoieg mou Eekivnoav o éva neptBarlov e urtoAoyllopevn Beppokpaaoia NdALCTELAKWY UALKWV TTOU

KaAuav Tov olklopod (Yupw otoug 300°C, mpPA. Panagiotakopulu et al 2013: 685)2. Mpoéodatn peAétn
npooblopilel TNV «emavabépuavon» Kepaulkwy (ootpdkwv), Sla tng emadn¢ UE TA UTEPKEIUEVA
nooatotelakd UALKA, otoug 160-230°c (Tema et al. 2015).

To mepBdarlov katdaxwong (mpPA. Mapwvatog 1972: 193)3 mbava ennpéaoce tn datripnon tng Bnkng,
KaBW¢ n kepativn €xel BEpUOMAACTLKEC LOLOTNTEG: EVW, N TTAPATETAUEVN BEPUOVON TWV KEPATWY KATW OO
Tov ndaloteloko pavdua nou tooduvapel pe dpolpviopa eivat mBavo va tnv ékae pall pe TNV opyovikn
KOA\a (mpPA. Brecoulaki et al. 2012: 2875-6) tng €puBpn¢ xpwotiknc. H dadikaoia xpwpotiopol Ba

‘ol avaluoelg npaypatonolndnkav tov Oktwpplo 2007 oto Epyaoctriplo XapaKtneLopou Kot IApovong YAKWY
Tou Mouosiou Mnievakn & tg OETIS authentics amo Ti¢ LeAeTATPLEG |. AcAdvn (Xnuwo Mnxavikd MSc) kot E.
AloUmn (Ap. XNULKO-ApXaLOUETPN).

? Avtiotolyn Beppokpacio urtoloyiletal yla Ta UALKA TNG LOTOPLKAC €kpnéng tou BelouBiou (mpPA. Cioni et al.
2004).

* NAE 1970.
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propoloe va neplypadel wg «emAekTik podPnon» oTLg OToYYWSEELS emLdAVELEG TwV YOUdwY, Kol Ba ATav
Sduvatn dLa mapatstapévng Bépuavaong, elcpong opPplwv udatwy, f NG enevépyelag uPnAng vypaoiog:
Ba pnopouloe va tn dpavraotel kaveic wg Stadikaoia pe Tuxaia e€EAEN. H Stacdadnon tng £xeL onpaoia yla
TOV TTPOGSLOPLOWO EMITEAECTIKWY TIPAKTLKWVY TTOU gvtomilovtal otnv tTeheutaia ¢paon tou Akpwtnpiou.
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Histotaphonomy and Mineral Content of Bone: A Case Study from Vraona
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(1) National and Kapodistrian University of Athens, School of Science, Faculty of Geology and
Geoenvironment, Department of Historical Geology and Palaeontology, University Campus -
Zographou, Athens, Greece, 15784.

Abstract

The archaeological and palaeontological site of Vraona is located in Eastern Attika, Greece. Numerous
fossilized skeletal remains, of Pleistocene age, were collected from a doline cave and the main findings
were attributed to Mammals and Aves. Unfortunately, due to past antiquities smuggling, many illegal
excavations have taken place, that led to the disturbance of the fossiliferous strata and the
displacement of the skeletal remains. As a result, the collected fossils lack the necessary information,
usually obtained during well processed scientific excavations. Based on the overall macroscopical
integrity of the fossils and the relatively recent age of the site (Symeonidis and Rabeder, 1995), the
material from Vraona is expected to exhibit a good preservation state a fact that remains to be
confirmed.

The objective of this study is to present the palaeohistological profile of the material and to examine
the mineral content variations of taphonomic, and especially diagenetic origin. To do so, the cortical
region of Felidae fossil long bones was used. In order to conclude on the extent and type of
histotaphonomical alterations, the selected bones were studied through Scanning Electron
Microscopy (SEM). The samples were, additionally, subjected to Infrared Spectroscopy techniques, in
order to explore their mineralogical profile.

Infrared spectra provided the vibrational signature of diagenesis and presented the anticipated intra-
sample uniformity. The complementary analyses of both ATR and NIR provide principally the
vibrational signatures of carbonate hydroxylapatite and fluorapatite. Concerning the encountered
histomorphological state of fossils' preservation, the examined surfaces were intensely damaged. The
majority of samples exhibited Microbial Focal Destruction (MFD), as well as other diagenetically
induced alterations, or a combination of both (Hedges and Millard, 1995; Jans et al., 2004) Evidently,
the encountered microstructural variations constitute the main obstacle towards a further qualitative
histological and quantitative histomorphological evaluation of the fossils. Nonetheless, the present
study attempts and succeeds in attributing the proper diagenetical profile of the site and assorting
the skeletal remains according to their microstructural appearance. After all, these conclusions will
determine the consequent handling of the material (Mallouchou et al., 2019) and the type of study to
be conducted (Stathopoulou et al., 2008). The ultimate goal remains, always, the ability to examine
the fossil bone under the prism of skeletal development, ontogeny and biomechanical function, by
overcoming, when possible, the reflected taphonomical processes.
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Study of “black” pygmy hippo bones from the site of Aetokremnos in Cyprus
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Abstract

The objective of this paper is to study the “black” pygmy hippopotamus bones derived from the much
discussed site of Aetokremnos in Cyprus, in order to conclude on the origin of their colour and the
possibility of them being burnt. The case of burning would possibly imply the coexistence and
interaction of man and hippopotamuses at the time. The studied material includes bones of
Phanourios minor that lived on the island during the Upper Pleistocene and exhibit different types of
discolouration. Black colouring of skeletal material at archaeological and palaeontological sites can be
attributed to burning, mineral staining, decomposition of the organic components of bone, or a
combination of any of the above procedures (Shahack-Gross et al., 1997; Bradfield, 2018). According
to previous studies realized on skeletal material from another site in Cyprus, Aghia Napa, the black
colouration of the bones and teeth seemed to be the result of Fe and Mn oxide staining, due to the
regional geochemical conditions of the site (Stathopoulou et al., 2004). This has been observed in
numerous sites all over the world and has been the subject of several studies (Marin Arroyo et al.,
2008; Chadefaux et al., 2009; Stathopoulou et al., 2013). On the other hand, the black bones of
Aetokremnos have been attributed in previous studies to burning, not only as a result of direct burning
by humans but also as a result of campfires above the fossiliferous deposits. This hypothesis was based
only on the macroscopical features of the skeletal material, such as its colour (Simmons et al., 1999).
No analytical study had been realized, to reinforce this theory. Now, various microscopical and
analytical techniques are applied, in order to explore this possibility and investigate the impact of
diagenesis on the material in means of oxide staining. The techniques applied are Optical microscopy,
Scanning Electron Microscopy (SEM) combined with X-ray microanalysis (EDS), X-ray Diffraction (XRD)
and Infrared Spectroscopy (ATR, NIR).

The material from Aetokremnos presents an excellent preservation of histology. Cracking can be
observed in some samples, mainly around the pores of the cancellous bone. There seems to be no
difference in chemistry between the macroscopic “black” and “white” parts of the bones. No Fe or
Mn were traced throughout the samples, suggesting that the black colour of these bones are not
caused by oxide staining. The XRD spectra suggest large crystallinity indices (C.l.: 0,5-0,7), a fact that
could reinforce the burnt scenario. The possibilities and restrictions concerning this site are discussed.
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Microbial activity in excavated bone: examples from Greece & Cyprus
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Abstract

Skeletal remains are physically, chemically, histologically and mechanically altered in their taphonomic
position by a series of processes, known as diagenesis. Microbial activity or microbial focal destruction
(MFD) refers to the action of microorganisms and is a diagenetic procedure commonly found in
palaeontological and archaeological bones and teeth. It occurs soon after burial and is thought to be
completed within the first 500 years. It influences the survival of skeletal remains through time and
causes collagen hydrolysis, deterioration of bone and tooth microstructure and an increase of
macroporosity. Bacteria follow the orientation of the collagen fibres and exploit planes of weakness
(e.g. fractures, breakages), leading to different sizes and morphologies of microbial activity. MFD is
controlled by the local physicochemical conditions of the burial microenvironment. Usually, relatively
humid aerobic terrestrial environments with high temperature and a pH: 4-9, favor MFD.
Cyanobacteria, on the other hand, occur mainly in aquatic environments, both freshwater and marine,
including waterlogged soils (Booth, 2015; Hackett, 1981; Kendall et al., 2018; Turner-Walker and
Syversen, 2002).

In order to better understand and describe MFD, mammal and fish skeletal remains from numerous
sites of Miocenic to Neolithic age and varying geological contexts in Greece and Cyprus have been
studied by optical and Scanning Electron Microscopy, combined with EDS for qualitative chemical
analyses.

From the study of these samples, it is obvious that microbial activity occurs only in bone and dentine,
and not enamel, due to enamel’s extremely low content in organic composites, its much larger
crystallite size and the absence of porosity in its structure. Also, fish bone is more affected than
mammal bone, due to its different histology (greater macroporosity), its lack of mineralization and
less tightly packed collagen fibrils. Bacterial activity, when present, is recognized as spongiform
porosity (of a diameter usually between 0.5 and 1 um) that occurs as small cyclical colonies or as larger
areas, totally affected. It is especially detected around haversian and vascular canals, dentinal tubules,
along the periosteal/outer margins of hard tissues and along cracks, etc. Cyanobacteria on the other
hand, create meandering tunnels of about 10-15 um along the outer surface of bone, containing
spherical grains, due to the dissolution and reprecipitation of bioapatite. The microbial activity results
for each site are presented and their correlation to the archaeological context discussed.
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H kataypadn twv apxaiwv petadeiwv xaAkou tng Kinmpouv péoa amnod
SlemotnoviKn €peuva

B. Kaoolavibou

Epevvntikn Movada Apxaiodoyiag, MNavemniotiuto Kumpou, T.0. 20537, Aevkwoia 1678, KUmpoc

NepiAnyn

H ekpetaAeuvon twv MAOUOLWY XOAKOUXWV KOLTAOUATWY TnG Kumpou Eekivnos touAdylotov amnod ta
péoa TG Tpltng XALeTiOG TL.X. KaL ouvexloTnke xwpLig Slakomr HExpL Kal TNV mpwtn XAetia u.X. Metd
arnd pa madon XALlwv mepimou xpovwy, n e€6puén EavapyLoe Tov 200 alwva. TUYXPovoL LETAAAEUTES,
£xovtag dlapaocel avadopéc otov opukto mAoUTo Tng KUmpou oTig apxaieg mny£g, éptacav oto vnot
Kot avalntnoav Toug HeEyAAoug owpolg apxaiag okwpiag, pe t Bonbela Twv onolwv evtonioay to
mAovola Koltaopata XaAkou. Etol n petaAAeutiky Blopnyxavia avaBlwos petd anod Slakomr népav
TWV XA lwv Xpovwv.

Y& OAO TA KOLTAOMOTO OL GUYXPOVOL HETOAAAWPUXOL EVIOTLOAV (Xvh opxaiog eKUETAAAEUONG OTWG
yaAapleg, LEPLKEG ATO TIG OMOLEG Kol xaptoypddnoav, aAAd Kal epyaAeio mou xpnolonotnonkayv
Kata tnv e€opun. Otav Opwe Ekivnoe N eKUETAAAEUON UE AMOKAAUYN TWV KOLTAOUATWY, T apyaio
METOAAELD, PE UEPIKEC MOVO OMAVIEG €EQUPECELG, KOTOOTPAPNKAV. INUEPA, OTAPAYHLATA OO TLG
apxaieg yalapieg, KAMOLEG Ao TLG OMOieg iyav Kal EVALVOL UTIOOTUAWOTA, 0WIOVTOL OTLG TIOPELEC
TWV oUYXpOoVWY PeTaMelwv. Ta TeAeutaia kool xpovia €XEL YIVEL L0 CUCTNUOTIKA TipooTaBsla va
KotaypadoUv aUTA Ta KOTOAOLUTA HECO ONMO CUCTNUOTIKY OPXOLOAOYLK £PEUVA, KUPLWE OTOUG
Bopeloug mpoOmodeg tou TpodSdoug Kal OTNV UETAANEUTIKN TeploX] tTNG 2oAéag. Me 1
padloypovoAdynaon KAmoLa amnod Ta KATAAoUTa auTd Unopouv va XpovoloynBouv pe oxeTiki akpiBela
AMOKOAUTITOVTAG TNV apXaLoTNTA TNG UETOAAEUTIKAC Blopnxaviog. Mo mpdodata n £psuva €xeL
otpoadel Kal oTa apxeia TO00 TWV PLETAAMEUTIKWY ETALPELWY, OMWE N Cyprus Mines Corporation, 6co
KOIL OTO TIPOCWTTLKA apXEla TwV HETAAAWPUXWY TTIOU €pyAaTnkav otnv KUTpo mpLv TV SEKAETIA TOU
gfnvra. Méoa ota apyeia €xouv BpeBel moAUTIHEG MAnpodopieg Tou pag BonBolv va cuvBEcouue
HLo KAAUTEPN EKOVA TNG apxalog HETAANEUTIKAG Blopnxoviag. IKOmog tng mopouoac optAiag eival
VQ TTOPOUGLACEL TA ATIOTEAECUATO QUTAG TNC SLEMLOTNUOVIKNG LEAETNG.
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NepiAnyn

Ita Aotépla g NMudadag €xouv eviomiotel SUO ONUOVTLIKEG TIPOIOTOPLKEG BE0ELG, OMoOoU
TpAyUATOonoLlouvVTaV HETAAAOUPYIKEC SpaoTnplotnTeG amd TNV 4n XALetia . X. HEXPL TLG
OPXEG TNG 2N XALETLOG TT. X.

Jtov éva amo toug Suo topeig (T. 1B) €xel mpoodloploTel EKTETAUEVN E€PyQOTNPLAKA
EYKATAOTOON, OPKETWV OTPEUMATWY, N omoila Pdacel twv eupnuatwv (ABapyupol,
HETAAAOUPYLKA XwVeLTApLa (KUTEAa), 6ot/ «otayoves» HeTaAAkol xaAkoU, AlBwva epyaleia,
UTIOAEIPMOTO  UETOAAEVUATWY  K.ATL), €EPUNVEVETAL OQV EPYOOTHPLO  EUMAOUTIOMOU
HETAAAEVUHATOG. [pOKeLTAL Yyl eviaio oUVOAO GUOIKWV KOL TEXVNTWV VEPOCUPUWV HE
evllapeoa opuyuata, OAa SieuBetnuéva katd KAAdoug GuOLKAC pong otnv eAadpwg
KEKALLEVN €midAveld TOU HUOLKOU HETOHOPPWHEVOU O0BECTOALBOU TNG TIEPLOXNG, OTOV
orolo gilval epdavr Kal XapaKTnplotika e€opdAuvong tng entdaveiag tou. Emeldn pailota
KQAUTITEL €upUTATN £KTOON, TO MEYEOOG TNG E€YKOTAOTAONG KOL HOVO TIOPATIEUTEL OE
Spaotnplotnta peyaAng euPéAelag, n omoia Eedelyel amo ta OTEVA MAALOLA TWV AVAYKWY
HLOG ULKPAG KOLVOTNTOG.

Apeoa ocuvdedepévol e TIC HETAAAOUPYIKEC SpaoTNPLOTNTECG Elval TMEVTE TPOG TO TOPOV
ABoowpol Tou £€xouv €eVTOMIOTEL OTO AUECO TMEPLPBANAOV TNG EYKOTAOTACNC, OL OToiol
OXNMOTIOTNKAV LE TN CUYKEVTPWON TWV QTIOPPLUUATWY ard TIG eV AOYyw dpactnploTNTEC Kal
TO TEPLEXOMEVO TOUG €LVAL AVTIKELUEVO ETUHEPOUG TPEXOUTAG EPEUVAL.

Kata tnv TeAky NeoAlBikry emoxn n eykatdotoon pnmalwbnke, HAAAOV amo £vtova
TANUUUPLKA ETELCOSLA, OL PETAAAOUPYIKEC SpaoTnPLOTNTEC SLOKOTINKAV KAl KATA TNV
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MpwtoeAAadIKr) €MOXA TIOAAQ ATO T EPYACTNPLOKA OPUYLATA HUETATPATINKAV OE TAPIKOUC
BaAapouc.
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Study of a necklace with silver and steatite beads from the EM | Gournes
Cemetery

V. Perdikatsis V. (), S. Sotiropoulou @, Chr. Apostolaki %), E. Filippaki @) and Y. Bassiakos @)

(1) Technical University of Crete, School of Mineral Resources Engineering, 73100 Chania, Greece

(2) Institute of Electronic Structure and Laser, Foundation for Research and Technology - Hellas, N.
Plastira Av. 100, GR-700 13 Vassilika Vouton - Heraklion, Greece

(3) Institute of Nanoscience and Nanotechnology, N.C.S.R. “Demokritos”, Aghia Paraskevi Attikis, P.O.Box
60037, 153 10 Athens, Greece

Abstract

Research was conducted on a necklace (HM 1707a) with metal and stone beads, from the excavation
carried out in 1999 by the 23" Ephorate of Pehistoric and Classical Antiquities on the EM | Necropolis
at Gournes, Pediada, Crete (Galanaki 1999). The metal beads are rings with external diameter of ~ 2.7
mm and internal diameter corresponding to the suspension hole of ~2 mm while the stone beads are
quite smaller, of ~ 1 mm external diameter with a string hole of ~450 um. Representative metal and
stone beads have been extensively studied with several analytical techniques providing
complementary information as, XRF spectrometry (XR-100CR, AMPTEK), X-ray power Diffraction (D
500, Siemens, with Cu-tube, Ni-filtered), Scanning Electron Microscopy and Elemental Microanalysis
(JEOL JSM 5400 with an Energy Dispersive X-ray Spectrometer), microRaman spectroscopy (Renishaw
1000, Exc. 632,8 nm) and FTIR spectroscopy (Biorad FTS 175). The results are discussed with respect
to the chemical composition and preservation state of the materials used, the manufacturing
technology of the beads as well as the provenance of the raw materials.

The metal beads have been identified as silver with two typical chemical compositions: Ag 99.3%, Fe
0.6%, As 0.3%, Cu n.d and Ag 76.3%, Fe 1.4%, As n.d, Cu 15.4%.

Taking into account the results of all the techniques used, (XRD, SEM, Raman and IR), the dark grey
(blueish) stone beads were made of steatite (a soft stone also known as soapstone). According to the
X-ray diffraction data, the main mineral is talc, exceeding 95%, with minor contents of dolomite,
calcite, quartz and albite. Based on the microRaman and FTIR data, it has been confirmed that the
beads were not fired. The provenance of the steatite is discussed taking into consideration potential
locations from which steatite may originate (Jones et al., 2007).
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Xnpkn) avaAvon XAAKLVWV QVTIKELMEVWYV TG MEong Emoxng tou XaAkoU armno
™ 0€0on AannBog-Bpuon tou Mapra (Kumpog)

A. Xapadurouc!) kat J. M. Webb (+:2)

(1) Epeuvntikn Movada ApxatoAoyiag, Tunua lotopliac kot Apyaiodoyiag, Mavemiotiuto Kumpou, T.0. 20537,
CY-1678, Neukwoia, KUnmpog

(2) Department of Archaeology and History, La Trobe University, Victoria 3086, Australia

NepiAnyn

‘EvaG onUaviikog aplBuog XAaAKvwv avilkelpévwy (415) tng Méong Emoyxng tou XoaAkou (1950-
1700/1650 m.X.) ou avevp£Bnkav os tddoucg otnv mepoxn Admnboc-Bpuon tou lMapma (Myres,
1946), otn Popela akt tNG KOmpou, HeAeTNOnKav He TN XPNON TNG TEXVIKAG TNG Popntrg
dacpatookoniag pBoplopov aktivwv-X (HHpXRF). H mAsloPndio Twv avilkELUEVWVY KATATACOETAL OE
13 S10popeTIKOUC TUTIOUG, EVW EVTOTIL(ETAL KOl ApLOUOC LOVASLKWY OVTIKELWEVWY. To amoTeAEopaTa
TNG KN KATAOTPETITIKAG XNILKAG avAAuong os TeploXEC KaBapou HeTAAAOU KaTESeLEQV TNV EKTETAUEVN
xpnon Sladopwv TUNWV Kpapdtwy XaAkoU (Cu-As, Cu-Sn, Cu-As-Sn, Cu-As-Pb, Cu-Sn-Pb, Cu-As-Sn-
Pb), tnv Umapén meploplopévou aplBPol TPWILLWV KPOUATWY opelydAkou (Cu-Zn, brass) kot pia
MEYOAUTEPN TOU AVOUEVOUEVOU TIAPOUCLA ELOAYOLEVOU KOOGLTEPOU. Mia mLo Aemtopepn g e€€taon
TWV OnMOTEAECUATWY Ocov adopd TOU TUTOUC TWV OVTIKELLEVWY, KATASELKVUEL TN XPNHon
OUVKEKPLUEVOU TUTIOU KPOUATWY YL KATIOLEG OPASEG, OTIWG yLa TtapaSeLypa Xprion XaAkou pe uPnAo
TIOGOOTO OPOEVIKOU KOL KAOOLTEPOU VLA AVTIKELMEVO KUPOUC (TT.X. alAEG Kapditoeg Kal Kapditoeg e
OT 0TN Uéon, avtioTola), KaBwg KoL TN XPNOLULOTolNoN avVAaKUKAWUEVOU LETAAAOU yLO TILO ULKPQ,
KaOnuepVAG xpNong avtikeipeva (m.x. BeAoveg). To amotéleopo autd KatadelkvUeLl TNV UTtapén
onuovtikol Babuou efelbikeuong otn petaAlotexvia Kal MO eKTETAUEVN avakUKAwon art’ otl
TILOTEVOTAV UEXPL TWPA Va LoXUEL OTNV TiEpimTwon tng KUmpou, oTn OUYKEKPLUEVN XPOVIKN TtEpiodo.
Ta amoteAéopata Tng napoloag LEAETNG Selxvouv OTL N AamnBog eixe evepyd poAo oTnv mopaywyn
XAAKLVWV QVTLIKELLEVWY KOTA TN SLdpkela tng Méong Emoxrg tou XaAkoU, pe Toug HeTaAAoupyoUG TNG
va £xouv pooPacn og HEYANEC TTOOOTNTEG ELOAYOUEVOU KAOOLTEPOU H/KOL KOOOLTEPOUXOU XAAKOU
(umpolvTlog), KaBWC Kol OE ELCAYOLEVA OPUKTA OPOEVLKOU H 0T LETAAAEUHATA XOAKOU UE OXETIKA
UPNAOG TOGOOTO APCEVLKOU TIOU EVIOTI{OVTOL OTNV TEPLOXN Tou Adooug Aepeocol (Webb et al., 2006),
otnv aAAn pepLd tou vnowol. H B€on tng AamnBou otn Bopela aktr, n Wlaitepa Peyain moootnta
XOAKWVWV OVTIKELLEVWY TIOU QveupEBbnkav otn ouykekpluévn Béon (Bpuon tou [ldprma) Kol n
TlapoUcia ELOAYOUEVWV AVTLKELUEVWY OTOUC TAdOoUC, SIVOUV GNUAVTIKEG EVEELEELC YL TNV CUUUETOXNA
™¢ AamnBou oto S1a Baldocong eunmoplo HETAAAWY, TTIOU GUVESEE TNV TIEPLOXN TNG VOTLOSUTLKAC
AvartoAiag pe To Alyaio Kat ta vhold Twv KUKAASwV KATd To MPwTo ULod TN 2n¢ xhtetiag m.X.
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Metal types of Late Geometric bronze tripod cauldrons

M. Bode ), M. Kiderlen @), G. Mastrotheodoros @), E. Filippaki ), and Y. Bassiakos

(1) Deutsches Bergbau-Museum Bochum, Herner Straf3e 45, 44787 Bochum, Germany

(2) Humboldt-Universitdt zu Berlin, Institut fiir Archdologie, LB Klassische Archédologie, Unter den Linden 6,
10099 Berlin, Germany

(3) Institute of Nanoscience and Nanotechnology (INN), National Center for Scientific Research (NCSR)
“Demokritos”, Athens 153 10, Greece

Abstract

Since the Late Bronze Age, bronze tripod cauldrons became one of the most conspicuous types of
bronze objects both in the Greek mainland and in Crete. During the transition to Early Iron Age, the
custom of dedicating bronze tripod cauldrons emerged in certain Greek sanctuaries, resulting in
abundant archaeological assemblages. Hence the prestigious tripods may be used by us as a means of
assessing contemporary religious/political and economic/commercial structures. Our archaeometric
approach consists of two strategies: a) analysis of the residues of the clayey casting moulds adhering
to the surface of the tripods in order to get information on the places of manufacture and on the
development of casting technology (Kiderlen et al., 2016a), b) analysis of the metals. It aims towards
a better understanding of the manufacturing technologies, and the raw materials’ circulation and
consumption (Kiderlen et al., 2016b).

In this perspective, we first will present an overview on the preliminary results gained from about 260
micro-samples covering the timespan from about 1200 to 700 BC that were investigated through
chemical (HR-ICP-MS), lead isotope (ICP-MS), and partly also metallographic (OM), and micro-phase
elemental analysis (SEM-EDX). Then, we will concentrate on 13 samples from mainland tripod types
of the Late Geometric period. They are indicating a major shift in copper trade: During the transition
from Middle Geometric Il to Late Geometric |, imports to South Greece from the mining regions in
Wadi Araba (Faynan in Jordan and Timna in Israel) ended, and other source regions stepped in.
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Processing of mineral resources and the organization of metal production in
Thasos from the Late Neolithic to the Early Iron Age

N. Nerantzis (Y and S. Nodin @

(1) Marie Sktodowska-Curie Fellow, Centre de Recherches en Archéologie et Patrimoine,
Université Libre de Bruxelles - CP 133/01, Avenue F.D. Roosevelt, 50 B-1050 Bruxelles

(2) Independent researcher, Perpignan, 66000, France

Abstract

Ore processing and metal production in the north Aegean has been a diachronic facet of economic
expansion as suggested by combined archaeological, geological and archaeometallurgical research.
Abundant evidence for metallurgical activities was uncovered in prehistoric settlements on the island
of Thasos and has become the focus of investigation by applying XRF and SEM/EDS. It has been thus
established that silver was separated from argentiferous lead by a cupellation process leaving behind
a shallow bowl-shaped litharge as early as the Late Neolithic (Bassiakos et al. 2019). Additionally,
secondary copper minerals were beneficiated and processed through smelting in crucibles and the
purified metal was cast in ceramic moulds from the beginning of the Early Bronze Age onwards. Our
recent analyses by SEM/EDS have confirmed that arsenical copper production is witnessed on the
Early Bronze Age Thasian settlements while alloys containing increased lead contents have been also
common until the appearance of tin bronze around the Late Bronze Age (Nerantzis et al. 2016). The
emergence of iron technology on the island is attested at an early date around the late 11™ century
and was possibly the culmination of long experimentation with processing of the iron bearing ores
initially as fluxes for copper production. Attempting to investigate the technical stages by which
minerals were transformed into metals in Thasos, this presentation is focused on recent mineralogical
analysis of ores by means of XRD, the study of stone tools used in crushing and beneficiation and
analysis of metallurgical residues by SEM/EDS coupled by experimental smelts of local minerals. The
combined results are useful for reconstructing the chaine opératoire in an attempt to better
understand prehistoric Thasian metallurgy and examine its place within networks of technological
exchange towards Thrace, Western Anatolia and the Aegean.
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H eAAnviotiki mepiodog (3°° €wg 1°° t.X) otn AaupewTtikn, wg nepiodog

TEXVOAOYIKWV avakaAUPewv kot petadopag texvoloyiag otnv Alyunto twv

MtoAspaiwv

I. A. Noamadnuntpiov

Ouortiuoc Kadnyntng E.M.lMoAuteyveiou, Xpuoavicuwv 12, AukoBpuon 14123

NepiAnyn

Ot aAAemdAANAeg MOALTIKEG peTaBoAEG otnv ABrva amd to Téhog tou 4°° awwva TX. Kot ebefng

TIPOKAAECAV TNV TAPAKUN TwV MeTaAAelwV TNG AQUPEWTLKAG LEXPL TNV TTAUON TOUG EPL To TEAOC TOU

1°Y awwva 1.X. Qotdoo n HeTAAAOUPYLKA TTopaywyn apyUpou Kal LoAUBSou cuveyioBnke Kal LeTA Ue

ovakUKAWGN TIOAALWV LETAANEUTLKWV QIOPPLUUATWY (EKBOAGS WV KaL TTAUVLITWYV) Kol LETAAAOU PYLKWV

KataAolnmwy (okwplwv Kat kKupilwg ABapylpou), Ztpafwyv, Attika, 9.1.23.

OLvéeg ouvBnkeg o6nynoav otnv avakAaAuPn/eloaywyr VEWV TEXVIKWY KoL SLATAEEWV. ZUYKEKPLUEVA:

1)

2)

3)

4)

H avaykn KavoToINTIKAG amoS£CUEUONG TwV TAOUCLOTOTWY O Apyupo HOAuBSoLXwV
EVKAELOPATWY 0TOV ALBAPYUPO, UE OKOTIO TNV AVAKTNOH TOUG HE SLaXWPLOUO OTA TTAUVTHPLA,
o6nynoe otnv avakaAun Kol EKTETOUEVN XPON TwV KUKALKWY TPLBEiwV yla opoldopopdn Kat
Aentr) Aswotpifnon katw twv 0.5mm. To B£pa ToUTo aMETEAECE QVTIKELLEVO avaKolvwong 6To
6° Zupmnooto tng EAE (Mamnadnuntpiou).

H avaykn katepyooiag Aslotpilpnuévou AlBapyUpou Kal TPLUUEVWY EKBOAASWVY TAUTOXPOVWG
ota 6la mAuvtrpla, Ta TAslota Twv omoiwv Aoav t™¢ KAaoolkng meplddou, odnynoe otnv
LETAYEVECTEPN TPOTIOTOINCK TOUC, WOTE va armopeUYETAL N AVAULEN TOU AMOPPLUUATOS TWY
ekBoAdadwv pe 1o ehadpl KAAoUa Staxwplopol Tou ABapylpou (amapyupwiévo ALBapyupo),
KaBw¢ TOUTO XPNOLUEVE TIEPALTEPW VLA TTAPAYWYI EUMOPLKOU HoAUBSoU.

H ekpetdAAevon Beloxwv petaAAeupdatwy (yaknvitn) Twv omoiwv n e€6puén sixe napaieidOei
Katd TNV KAaoolkr mepiodo n elyav anotebel wg ekBoAadeg, katéotn duvarh, Xapn o VEEG
elOIKEC Kapivoug ¢plénc kal amoBeiwong peydAng Stapétpou. Eva TETOLO GUYKPOTNHA
avakaAudOnke mpoodata and tov HpakAn Katoapd otnv meploxr] AnUoALaKkL Kot LEAETAONKE
amnoé tov ypddovta, anotelel S aviikeipevo EExwPLOTHG avaKoivwong.

Ta avwtépw odriynocav o€ TARPN avampooappoyn Tng dtadlkaoiag mapaywyng apyvupou Kal
HoAUB&ou (chaine opératoire), BAEme Ixnua.
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5) H emtuxlo twv KukAkwv TtpBeiwv tou Aaupiou otn Sadikacia mopoywyng apylpou
amodeIKVUETAL £UPETA OO TNV HeTadopd TNG TEXVOAOYIOC TOU OTA XPUOOPUXELODL TNC
AvatoAwkng EprAupou tng Awyumrtou, Omou xpnoldomolnnkav miBavwg kol ekel yla tnv
eKUETAANAELON TTAAOLOTEPWY OIMOPPLUUATWY. TEooepa TETOLa KUKALKA TPLBela Ttng MToAepaikAg
TEPLOSOU TapodpoLa HE auTd Tou Aaupiou amokaAUdOnkav otnv neployxn oauth (Klemm and
Klemm). ApotBaisg texvoloyikeg avtaAAayeg Hetall Aaupiou Kat AlyUTITou elkAlovTal KoL oo
TV mapouaoia moAUVApLOpwyY MAuvvVTnpiwy amAic popdng pe KTlotd KekALpévo emtinedo kot e
otolewwdn duataén emavakukAopopiag vepol. QoTtoco ta SLaBECIUA TPOG TO TAPOV oToLxEla
Sev eMLTPEMOUY TNV e€ayWYN TIEPLOCOTEPWY CUUTEPACUATWV.

KATEPTAZIA AIOAPTYPOY

Mo amoBépota
ABapylpou
KukAwo Tpieio
AetotoiBnan

‘ AgotolBnpévoc AtBapyupog ‘

KukAwé Tpifeio

KGTw Twv 0.5mm

EntinedolMAuvrriolo
AlXwpLopog

Eninedo MAuvtiplo X

- - SUpMOKVW A
ZUPTUKVWHA ATapyUpWUEVOC EykAetopdrwv
£YKAELOPATWY apylpou ABdpyupog

apyVpou

5 Opeatwdn
Kapwog o
KumtéAMwong
I
MOAYBAOZ i
ARIYROZ TOY EMMNOPIOY ki

Dogarwdng Képwog
28 - Képwog KunéAAwong Mapaywyr
r.an & g Mapaywyr apydpou MOoAUBSou spmnopiou

=
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Tracing casting procedures in Stavros, Chalandritsa LBA settlement, Western
Achaea, Greece

l. lliopoulos 2 and K. Soura )

(1) University of Patras, Department of Geology, Rion, 26504 Patras, Greece

(2) ERAAUB, Departament d'Historia i Arqueologia, Facultat de Geografia i Historia, Universitat de
Barcelona, c/Montalegre 6-8, 08001 Barcelona, Spain

(3) Hellenic Ministry of Culture, Ephorate of Antiquities of Achaea, Al. Ipsilantou str. 197, 261 10 Patras,
Greece

Abstract

Excavations at the LBA settlement at Stavros, Chalandritsa in Western Achaea, Greece have provided
evidence of in situ metalworking, such as several fragments of casting slag and a clay tuyere, the most
important find being the one half of a double mould used for the casting of whole-cast socket
spearheads. Its significance lies not only on its meticulous manufacture but mainly on the scarceness
of such items in the Mycenaean world. In fact, the absence of stone moulds for the casting of weapons
even from the most extensively excavated Mycenaean palatial sites makes it hard to assume that such
a high-quality craft was manufactured in a peripheral village of mostly agrarian character and argues
in favor of the mould having been imported into the settlement of Stavros, Chalandritsa.

Thus tracing the mould’s origin would bear witness of the casting procedures that took place for the
manufacture of weapons during the Mycenaean period, also shedding more light on the already
attested active role of the Achaean metal workshops within the trans-Adriatic technological exchange
of the 12th century B.C., usually referred to as a “metallurgical koiné”. For this reason, considering
also the uniqueness of the archaeological artefact, an analytical approach based upon mainly non-
destructive or minimally destructive techniques was devised. Those involved macroscopic
examination using a portable optical microscope, scanning electron microscopy employing an
environmental SEM/EDS system, X-ray fluorescence analysis by means of a bench top XRF/ED
instrument, near infrared spectroscopy using a portable NIR apparatus, and X-ray powder diffraction
with an X-ray diffractometer. The results obtained so far have enabled us to characterize the mould
by means of minero-petrographic and chemical composition and draw some preliminary conclusions
about its possible provenance, the case of a local origin having at first been excluded.
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Néa dedopéva yia tnv apxatopetallovpyia otnv Avtinapo

Z. NanadonovAou Y, Eyp. NikoAakomoUAou @), E. @utndkn @ kot . MaotpoBeddwpog )

(1) Eopeia Apyatotitwv KukAadwy, Enausivwvéa 10, ASnva
(2) Apyatodoyiko Mouaoeio HpakAeiou, ZavSoudibou kat Xatlnbddakn, HpakAsio

(3) Epyactnpio Apxatouctpiog, EKEQE «Anudkpttog» 15310, Ay. Napaockeun ATTIKNG

NepiAnyn

2tn Béon Kpaoddeg kovtd otnv neploxn Ay. lewpylou tng votLog AVILTapou, ATav YWWoTh n Urapén
npwTtokukAadikoL vekpotadeiou, To onolo lxe epeuvnBel amo tov Bent kat avaokadel amo tov Xp.
TooUvta katd ta téAn Tou 19%° awwva. Npoodateg avackadkég Epeuveg tng Edopelag Apxatotitwy
KukAadwv otnv 8o B£on, £édepav oto Pwg VEQ, LSLAUTEPWG CNUAVTLKA EUPAHATA Kal EyVOvV Nn
adopun yla pla akoun cuvepyooia petafy tng Edopelag Kal epeuvnNTWY ELGLIKWY OTN UEAETN TWV
apxaiwv petdAAwv amo to EKEDE «Anpokpitogy.

OL VEEG 0pXOLOUETOAAEUTIKEG KOl LETOAAOUPYLKEG EPEUVEC UTIABPOL amMESwoay AKPWE SLAYVWOTIKA
gupnuarta kat evéladépouvaoeg mAnpodopleg, OMwWC:

e 0pPKeTA AlBva LETAANEUTLKA 1) LETAAAOUPYIKA epyaleia (CUUMAYELG KPOUOTHPEG)

e amoouvdedepéva Tepaxla MOAUBSOUXWVY Kol OEUTEPOYEVWVY XAAKOUXWV HETAAAEUUATWY,
KaBwWG Kol LETAAAOUPYLKWV OKWPLWY,

o ocadeic evdeilelg empavelakng e€6puenc LOAUPBSOUXWY UETAAAEUPATWY ATO TNV EYYUG TOU
vekpotadeiou mepLoyn, Kal,

e Opavopata «ypovOwv» ABapyUpou, evtori{OeVA TOOO HECA OE AvVAOKADLKA OTpWwUATA 000
KOLL OTTO TOV APECO TIEPLYUPO TOUG, WG EMLPAVELOKA EUPHUATAL.

OL cuveXLIOEVEC APXOLOAOYLKEG XAAQ KOl OVAAUTIKEG LEAETEC OTO £PYAOTHPLO UTIOSNAWVOUV OTL OTN
Béon Kpaoddeg ywotav ekpetdAhevon Seutepoyevwyv xaAkoUXwv kal, mibavotata, poAuPdo-
opYUpPOUXWV HETAAAEUUATWY, Kal OTL N B€on Tou MPwWLUoU vekpotadeiou dev eixe emleyel Tuxaiwg,
amevavtiag oxetllOTav LE OLKIOMO, OL KATOLKOL TOU Omoiou SpaoTnplomoloUvTav OTnV EMLTOTLA
€€opugn Kal mapaywyn LETAAAWY 0TN YEWAOYLIKWE YVWOTH WG «uetallodopar» votia Avtinapo.

Oa napouvolocOoulv kat Ba oxoAlocOoUV OXETIKA ap)XaLloAOYIKE/ avaokadKA Ko avoAuTiKa SeSopeva
TIOU €X0UV TPOKUYPEL O TI UEAETEC EUPNUATWY TWV TeAeUTAlwY gpeuvwy (Alyouotog 2018 Kkal
AUyouotog 2019), kaBwg Kat n LeTAANOYEVETLKA/APXALOUETAANOUPYLKI) CUCXETION TOUG HE avaAoya
EUPAHOTA KOL LEAETEG QIO YELTOVIKA VN OLA.
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Texvikég e€€taong (pXRF / SEM-EDS) o€ xaAkiva suprjpata arnd to Mwvwiko
lepd Kopudng twv Kubnpwv

Aw. NavayomouAou

Juvtnpntpta Apxatotitwy kat Epywv Téxvng, M. Sc, Mpoiotauévn TuRuatog Suvthipnonc ApXatotitwy Kot
Epywyv Téxvng, Epopeia Apyatotntwv lMewpaiwg kat Nnowyv, YI1.M0.A.

NepiAnyn

Itn B£on Aylog Mewpylog oto Bouvo Kubnpwv Bpioketal Mwvwikd lepd Kopudrg, To povo mou €xel
EVTOTILOTEL KTOG KpNTNg HéEXPL onuepa. Me Bdaon ta apyaltoloykd Sedopéva, 16pubnke otn MMIB
nieplodo Kkal mapépewve o xprnon €wg tnv YMIB. To Lepo avaokadtnke o duo mepldédouc, a) 1992-
1994 anod tov asipvnoto apyotoAdyo Mavvn Takehapdkn Kat B) 2011-2015 amnod 1o MaAveEMLOTAULO
MeAomovvnoou umo tnv dlevBuvon g Av. Kabnyntpiag k. AldAiag Mmdvou. XapaKTnpLloTika
yvwplopata g 6€ong tou Lepol eival n mMAnBwpa Kat N motkdia (113 yaAkwa eldwAla AATpeUTWY
KoL XaAKwva avadnpata: avlpwnivwy peAwv, eldwALlo okopriol, SIMAGC méAekuc, Ttepitunta eldWwALa
Kot AeTtiSia) Twv XAAKIVWY opLEPWHATWV.

I10X0¢ TNG Mapoloag €peuvag elval n efétaon Bepdtwv mou adopolv TNV TEXVOAOylQ, TNV
KaTepyaoia Kal tnv mbov mMPoéAsucn TwV METAAAKWYV EUPNUATWY oo TO LepOd KOopudnAg Twv
KuBnpwv, HEow TPOKATAPKTIKNAG e€€Taon o 19 amod ta XAAKIva avTikeipeva. H xnuLkn avaluon twv
OVTIKELLEVWYV OUTWV TPAyUOTOMoLOnke OTO €pyaotnplo ApXaloueTpiag Tou MMavemiotnuiou
MeAomovvnoou xpnotpomolwvtag popntr cuokeur) ®Boplopol Aktivwv X (pXRF) kat HAektpovikd
Mikpoaokomio Zdpwong epodlaopévo pe Qacpatopetpo Evepyelakng Ataomopdg Aktivwv X (SEM-
EDS).

OL 6U0 TeXVIKEG avahuong €6eLEav OTL TA AVTIKEIPLEVA EIVaL KOTOOKEUAOUEVA OO KPAUATA XAAKOU
TIOU TIEPLEXEL KOl APOEVIKO KAl KOOOITEPO (g1K.1), EKTOC Ao £va TO OMoio £lval KATAGKEUOOUEVO aTto
Kpapo apyUpou Pe XoAKko (ek.2). Ztolxela mou avixyvelTnKav oXedbov oe OAa Ta QVTLKE(PEVA TTOU
g€etaotnkav eivatl poAuBdog, oidnpog, Peudapyupog, Apyupos, VIKEALO KOL AVTLHOVLO, EVW N UTtopEn
oTolelwv Onwg acPéotio, apyillo, mupitio, payviolo kot YAwplo pnopei va odeidetal otn Stafpwaon
KOl 0€ CUCCWUOTWOELG KAaTaAoimwy amo 1o £6adog | Kal og UTOAElUOTA amo TNy Stadlkaoia tng
KoTeEpyaoiac. Osio aviyveUTNKE EMIONG O OPLOUEVA OTTO TO OVTLKELEVAL.

Ta amoteAéopata tne €peuvag umodelkvuouv tnv UTapén SLapOopPETIKWY TNYWV TPOEAEUCNC TOU
HeTaAAEVpATOC, TN XPAON HETAAAOU omd avokKUKAwon KaBwg Kal Tn Xpnon £l8lKwV TEXVIKWY
KOTOOKEUNC avaloya e To £(60¢ Tou avTikelpévou. EmmA£ov n uPnAn TTEPLEKTIKOTNTO XaAKOU TIOU
OVIXVEUTNKE, OE OPLOUEVEC TIEPUTTWOEL;, OE OUVOLOOUO HE TNV KaBopdtnta Tou HETAANOU,
umodelkviouv TNy Umapén TUNUATWY amd TdAavta XaAKoU VW eVTIOTOTNKOV Kol mapatnpnénkav
ULKPOOKOTILKA Kol UTOAEippaTo XUTEUONG Ta omola pag odnyouv otnv umoBecn tng £ni TOMou
KOTEPYQOLOC.
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H £peuva yla Tnv texvoloyia, Thv Katepyaoia kat tnv mbavr mpoéAeucon Tou HETAAAOU OTa HEOA TNG
2" xAletiag m.X. pe BAon TG TEXVLKEG AVAAUONG TWV XAAKWVWY adlepwWUATWY ard To Mvwiko lepo
Kopudnc twv Kubrpwv cuveyiletal oto mMAaLoLo EKMOVNONG OXETLKNG SL6AKTOPLKAC Statplfhg amo tnv

ypadouaoa.
Sn/As

3,00
2,50 * FB_03
2,00

05

* BW_
1,50 —
¢ /l\ # Sn/As
1,00 T ' * |
% 2
0,00 T T T T T l
0,00 1,00 2,00 3,00 4,00 5,00 6,00

Ew.1. Katavoun Sn kat As pe tnv texvikry SEM-EDS. Exouv onuavBel ta avtikelpeva e TIG TILO XOPOKTNPLOTIKES

TEPLEKTIKOTNTEG.
SEM-EDS analysis
Object: BS 19
90.00 - #Cu/Ag
80.00 —mx® 4 HAs/Ag
70.00
60.00 X Pb/Ag
50.00 ASn/Ag
40.00 % Fe/Ag
30.00
20.00 ®Zn/Ag
10.00 + Ni/Ag
0.00 T T T T )
0.00 2.00 4.00 6.00 8.00 10.00

Elk.2. Katavoun twv otolxeiwv Cu, As, Sn, Pb, Fe Kat Zn Ttpog tov Ag 0TO QVTIKEILLEVO TIOU £(VOL KATAOKEUAOUEVO
arnd KpAUa apyUPouU UE XOAKO.
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ALGTPNTEG €LY ALAKEG» METAAAOUPYLKEG KALWVOL TWV Mpwipwv Xpovwv: Néa
dedopéva amno tnv AkpomnoAn tng ABnRvag

B. E. Anuntpiov W, E. ®\mdkn @ kau I. Mtacidkog )

(1) ItaAikn Apxatodoyikn ZxoAn ASnvwy, MNapBevwvocg 14-16, 11743, Adnva

(2) Epyaotnpio MadatonteptBaAdovrog kat Apxaiwv MetaAAikwy Aopwv, lvatitouto NavoenLoTiung Kot
Navoteyvoldoyiac, EKEDE «Anuodkpitocy, Matpiapyou [pnyopiou E' & NeamoAewc 27, 15341 Ayia
Mapaockeun

NepiAnyn

H xprion SLATpnTwy KEPAULKWY AyYELWV TTOKIAWY CXNUATWY YLA TTUPOTEXVOAOYLKEG SpACTNPLOTNTES
Atav HAAovV ouvnBLopévn OTIC TIPWLUEG KOLWVOTNTEG Tou Alyaiou, cUpdwva UE TIG LOXUOUOEC
apxaloAoylkég amoPes. H  mopaywyn HETGAAWV  PECW  AVOYWYLWKAG TAENG  (smelting)
Seutepoyevwv/ofelbwpevwy  PeTOAEUMATWY ot SLdTpnteg TAAVEG HETOANOUYIKEG Kopivoug
omoteAel HEPOG AUTAC TNG TPAKTLKAC. Ta OXETIKA guprpato ano 0£oelg tng TeAkng NeoAlBikng Kat
™¢ NpwrtoyxaAkng Tmeplodov  meplhapfdavouv  povo  Bpavopata omd Ta  Sldtpnta
(mAAwva/«KepOOTIOLNUEVO») TOLXWHATO TWV KOUIVwY oL omoieg eixav, amd texvoloyikn emloyn,
oKkomipwg BpavcBel petd tn xprion touc. Ta Bpavopata mapouclalouvv oxebov mavia Ta €€AG
XQPOKTNPLOTIKA: £VTOVh OMTNoN Tou TNAoU maxoug 1-2,5 cm, Staumepeic KUKAoTepeic omég Slapétpou
1,5-2,0 cm, oe petagV Toug andotacn mept ta 2-4 cm. TuXVa, OTIC ECWTEPLKEG, KOIAeC, emLbAVELES
Toug, elval gudaveg éva AEmTO otpwua ualomoinong mou pmopel va ¢hoevel ixvn i olidla
METAAAOUPYLKAG OKWPLaC. AUTOU TOU TUTIOU OL TIPWLUEG LETAAAOUPYLKEC KAULVOL AVOYyVWPLoTNKAVY YL
npwtn dpopd otig KukAdadeg kat otnv Kpntn mepl ta téAn tng dekaetiag tou 1990 kal apyloav va
dnuoatetovtal Alya xpovia apyotepa (2005-07). Yotepa amd CUOTNUOTIKEC HETPAOELS EML TwV
EUPNUATWY, AVOAUCELG KAl «LOVIEAOTIOINGN», ETUTEUXONKE N TILOTI OVAKATAOKEUN TWV SLATPNTWY
OLYOLOKWY KOUIVWV Kal armodeixOnKe Le TELPOUATIKEG TIPOCOLOLWOELG UTIO TIPOIOTOPLKEG CUVONKEC,
OTL Ol KALVOL AelToupyoUoaV ONMOTEAECUATIKA KOl AKPWG OMOSOTIKA ylo Tapaywyn XoAKoU amo
Sdeutepoyevn petaAevpata (Lalayitn K.a.).

MéexpL mpoodata, autdg o LSLaitePog TUTIOG UETOAAOUPYIKNG KaUivou £XEL avayvwploBel os OKTW
Bfoelg, pia otnv Attikn, €€L otig KukAadeg kal pia oto Xpuookdauwvo, BA Kpntn. Itnv mapoloa
gpyaoia, mapouclalovial LEPLKA VEX, APXOLOUETAAAOUPYLKWE EVELADEPOVTA AMOTEAECUATA LEAETWY
OE KEPAWLKO UALKO TNG VOTLaG KALTUOC TNG ABnvaikng AKkpomoAng. To UALKO TipoépxeTtal ard TLG TTaALEG
avaokadeg (1922) tou D. Levi, mou dnuocicuoe apyotepa (Levi 1930-1931) os €va cuvtopo dpbpo,
MEPOC TWV EUPNUATWY TOU KOl TIOPELXE ONUOVTIKA OTOLXEL yla TNV TIPOICTOPLKN KATOIKNGN othv
nieploxn auvth. Mpoodoatn apxaloloyikn HeAétn €8eife OTL Ta eupnuata TNG ovaokadng
xpovoAoyouvtal and th Méon £€wg tnv TeAkry NeoABikr (Dimitriou 2016). Avaueod toug Eexwpilel
pla Blaitepn opada kepapkng mou dpaivetal mwg sixe Stadopetiki Xxprion and auth mou avadEépel
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o Levi otn dnpooisuor tou. Npokeltal yia 6otpaka mou p£pouv omég Llwv SLaoTAoEWY Kot AWy
XQPOKTNPLOTIKWY OTIWE OAa Ta tapamavw. H texvoloyikn e¢€taon Toug Toug o8nyel mpog thv amoyn
OTL amoteAolV KL autd Bpavopata TAAWVWY SLATPNTWY KAPVvWwY TIou Ypnoldomolnénkav yla
HeTaANOUPYLKEC Spactnplotnteg. OL ouvexl{OUEVEG QVOAUTIKEG HEAETEG, pAAloTta, £xouv Rdn
Katadei&el 0tL N avtiotolyn petarloupyikn dladikaoia oxeTldtav e mapaywyr XaAkou.

BipAoypadia

Dimitriou V.E., 2016. “L’Acropoli di Atene durante il Neolitico Finale e il Bronzo Antico. Lo studio ex novo dei
rinvenimenti dello scavo Levi sulle pendici meridionali: Rapporto preliminare”, AsAtene 92, 15-33.

Levi D., 1930-1931. “Abitazioni preistoriche sulle pendici meridionali dell’Acropoli”, AsAtene 13-14, 411-98.
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H oupoAR Ko avoyKoaTnTo TNG OLPXOLOUETPLAG 0TNV EAANVLK) UVNHELAKD
XOAKOTTAQLOTLKI: TO MAPASELYA TWV aPXaiwV XAAKWV 0T EAANVIKA PovoEia

K. A. Aadag

MRes, PhD, Aaokapatou 1B, T.K. 81100, MutiAnvn, AéaBoc

NepiAnyn

Ta eplocoTEPA —€AV OXL OAO— PEYAANG KALLAKOG XAAKLVO Oy AALOTA TWV UCTEPOAPXAIKWY, KAAOLKWV
KOL TIPWLHWY €AANVIOTIKWY XpOVwy, TTou oteyalovtal orfpepa ota eAANVIKA poudeia, Sev €xouv
UToBANBEL TTOTE 0 oUOTNUATIKEG TeEXVIKEG UeAéteg (Dafas 2013; Dafas 2019). Imdvieg ivatl Kal ot
OTIOLEG TIEPLOPLOUEVEG —aTIO TIOAAEC AMOWPELG— XNULKEG AVAAUCELG TOU KPAUOTOC TOUG, TIOU €XOUV
Sie€ayBOel oto anwtepo mapeABov (Caley 1970; Craddock 1977; Borrelli kat Pelagatti 1984).

H ouyKekpluévn PEAETN MAPOUCLATEL eV CUVTOMIA TN CUMPOAR TWV APXOULOMETPLKWV UEAETWY OF
TIEPUTTWOELG XAAKIVWY ayoApATwy mou oteyalovtol o€ pouosia tou eEwtepkou (Bouquillon k.d.
2006; Melucco Vaccaro kat De Palma 2003). Mo ouykekplpéva, eETAlovVTOL OL TIEPUTTWOELG TWV
XAAKWVWVY ayoApdtwy and to Riace, mou ektiBevtal oto EOvikd Apyoatohoyikd Mouoeio tou Pnyiou
KalaBpioag (Ap. Eup.: 12801, 12802) kaiL tou emovopalopevou AmoAAwvog Chatsworth, mou
dofeveital oto Bpetavikd Mouoeio tou Aovdivou (KedaAn, Ap. Eup.: GR 1958.4-18.1) kal oto
Mouocsio tou AoUPpou (Aefl6 kdtw akpo, Ap. Eup.: Br. 69). MapdAnAa aviumapaBtel TIg
TIPOPANUATIKEG TIEPUTTWOEL TWV XAAKIWVWY QyOAUATWY Twv €AANVIKWVY HOUcEsiwv, Ta omola, He
elayloteg efalpéoelg (Tzachou-Alexandri kat Andreopoulou-Mangou 2000), otepouvtal —OmMwg
npooavad£pBnke— KABE CUOTNUATIKAG TEXVIKAG LEAETNG QMO QAPXOLOUETPIKAG OKOTILAG. [ivetal pa
ouvtoun avadpopn ota kaAUtepa dlatnpoupeva nmopadsiypata tng katnyopiag (Dafas 2013; Dafas
2019), divovtag peyaAutepn Eudacn otnv nepimtwaon tou Hvioxou Twv AeAdwv, Tou oTteyaleTal oTo
Apyatohoyiké Mouoeio Twv Aehdwv (Ap. Eup.: 3484, 3520, 3540), kKaBWG KOl OTLC TIEPUTTWOELG TOU
MNooeldwvoc anod tnv apyaia Kpebon Bowwtiag kat tou EprBou tou Mapabwvog, mou ektiBevtal oto
EBvikO Apxaloloyilkd Mouaoeio ABnvwv (Ap. Eup.: X 11761, X 15118).

YKOTMOC¢ NG Tapovaoag avakoivwong sival va o0&l £udacn otnv avaykalotnta epopUoync Twv
HEBOSWY TOU EMIOTNUOVIKOU KAASOU TNG OPYULOUETPLOC KOL OTA XAAKLVO OYAALATA TWV EAANVLKWY
pouoeiwv, oL omoleg kpivovtal emBeBANUEVEC YL TNV KAAUTEPN Katavonon INTNUATWY, TTOU —OTtwG
KOTASELKVUEL N CUYKEKPLUEVN UEAETN— ATITOVTAL OXL LOVO TWV TEXVIKWY, OAAA —TIOAD oUXVA— KAl TWV
OTIALOTIKWY, XPOVOAOYLIKWYV, TUTTOAOYLIKWY KoL ELKOVOYPAPLKWY XOPAKTNPLOTIKWY Toug (Dafas 2013;
Dafas 2019).
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Ocuartikn Suvebpia IV: Apxatoustardovpyia 0.lV_P1

Searching for metal-processing activities at prehistoric Thorikos

A. Charalambous ), L. Philippaki @), M. Manataki ), V. Kassianidou V), S. Déderix 4,
N. Papadimitriou ), A. Sarris (3) and Y. Bassiakos (2

(1) Archaeological Research Unit, University of Cyprus, 12 Gladstone Street, Nicosia 1095, Cyprus
(2) Institute of Nanoscience and Nanotechnology, N.C.S.R. ‘Demokritos’, 153 10 Athens, Greece
(3) GeoSat ReSeArch Lab, FORTH, Rethymno 74100, Greece

(4) |Institute of Classical Archaeology, University of Heidelberg, Marstallhof 4, Heidelberg 69117, Germany

Abstract

Ancient Thorikos was one of the main habitation sites in the metalliferous area of Laurion, SE Attica.
Located on the metal-rich Velatouri hill, it was inhabited from the Final Neolithic until late Antiquity.
Although metal-processing activities are well-attested for the Classical period, only indirect evidence
is available for the Bronze Age - a period of acme for the site. Such evidence consists of Early Helladic
pottery and tools found in Mine 3, and of pieces of litharge and molten lead discovered in late Middle
Helladic/early Mycenaean settlement layers on top of the Velatouri hill.

In 2018, a new 5-year research program was launched by the Belgian School at Athens, aiming to fill
gaps in the prehistory of Thorikos. A major aim of the project is to identify potential metal-processing
facilities. For that purpose, we undertook an integrated program of geophysical and geochemical
prospection focusing on the part of the hill where the litharge and molten lead were found. First,
geophysics were conducted to highlight areas presenting increased background magnetic values. Then
geochemical methods were employed to clarify whether these high magnetic values relate to the local
geology or, possibly, to the effect of metal-working. This paper presents the methodology and
preliminary results of the project.
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ApXALOUETAAAOUPYLKEG SPACTNPLOTNTEC OTOUG TIPWTOEAAASIKOUG OLKLOHOUG
¢ Padnvag kat tov Aokntaplol ATTLKAG anod Tt avaokadEg A. Osoxapn.
MPOKATOPKTILKEG MAPATNPNOELG

K. Kapaivspou Y, E. @ \utdkn @ kat |. Mraoidkog )

(1) B. Kopvapou 8, lMatpa

(2) Epyaotripio MadatortepiBaAdovrog kat Apxaiwv MetaAdikwv Aouwv, Ivotitouto Navoemiotnung Kot
Navoteyvoldoyiag, EKEQE «Anudkpitocr, Matpiapyou Mpnyopiou E’ & NeamtoAewc 27, 15341 Ayia MNapackeun

NepiAnyn

Ol avaokadLKEG epyacieg tou A. Osoxdpn oToug MPWTOoeAAASIKOUC OLKLOUOUG TG Padrvag kot tou
Acokntaplot tng AvatoAikng Attikng t dekaetia Tou 1950 £depav oto dwe £va onUAVTIKO cUVOAO
KLVNTWV oPYOLOUETOAAOUPYLIKWY KATAAOLTIWY, TO OTolo OXETI(ETOL PE TNV TTapaywyr Tou XaAkoU Kol
Tou LOAUBSOU Kal Ta avtioTolya oTadla Tou PeTaAloupylkol KUKAOU. H peyoUtepn mocotnta Twy
gupnUATWY oludwva Ue TIG avaokadkég ekBEoelg adopd o Bpalopata MAAVWY KAPivwy Kol
OKWPLWYV, TA oTtola evtomioBnkav evidg AAKKOU (‘AdKKOG OKWPLWV', CUUPWVA LIE TOV XVAOTKOPEQ) OE
TieploX VOTLA TOU OXUpwHEvou [E olwklopoU tng Padrvag kot oxetiovtol e TPWTOYEVELC
METAAAOUPYLKEG epyaaiec. TOoo otov i6lo tov owklopd tng Padnvag 6co Kol GTOV OLKIOUO ToU
Aokntaplou, 2 X.A.l. votla TnG Padrvacg evroniobnkav okwpleg, UATpeg LeTtaAloTexviag Kal XeEAwva
HOAUBSOUL, supnuoTa Ta onola amodelkvlouV TNV EVOOXOANCN TWV KOTOWKWYV Kol UE SEUTEPOYEVEILS
METAAAOUPYLKEG SpAOTNPLOTNTEC.

H pelétn Tou apXalodeTaAAOUPYLKOU UALKOU amo TG BEoelg auTtég Kol €8ka amd tn Padnva
napouctalel ISlaitepo evdladépov kabwe Sladwtilel oNUAVTIKEG TAPAUETPOUC TWV SpOOTNPLOTATWV
TWV TPOIOTOPIKWY KOWWVIWV TNG 3" yAleTioc. Metafl autwv elval n TEXVOAOYLKH TIPAKTIKNA TNG
XPNong Twv SIAaTpnTwy Kapivwy yla tnv mapaywyr tou XaAkoU katd tnv 3" xietia, n omola
oamavtdtol Kal oe GAAeg B€oelg Tou votiou Alyaiou (Autikég KukAadeg kat Kprtn), n Stepelivnon tng
TPOEAEUONG TNC TTPWTNG UANG TWV EUPNUATWY (AQUPEWTLKA, vNold Alyaiou 1 GAAN mnyn) kot to B€pa
™G aflomoinong 1 KN Twv TMAOUTOMAPAYWYLKWY TINYWV TNG AQUPEWTIKAG KOTA TOUG TIPWLUOUG
Xpovoug.

Ta gupfupata autd, Ta omola evromicOnkav oto EBvikd Apyxaloloyikd Mouoeio, s€etdotnkav
ovVaAUTIKA He doaopatookomia ¢Boplopot aktivwv -X (XRF) oto mAaiolo €vog ocuvexl{OUevoU
£PEUVNTIKOU TIPOYPAMHATOC. Ta HLEXPL TWPA ATIOTEAECHATA TNE EPYACLOG AUTHG apouctalovtol otny
napovuoa avakoivwon.
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Texvoloyikr) peAétn (OM, pXRF, SEM/EDS) LETOAAKWV TEXVEPYWV

ano Lepa tng Teyeatdag (100¢-70¢6 awwvoag 1.X.)

N. K. KhadoUpn M), A. T. Kapudac @), B. Kavtapélou @, B. Opdpavot @ kat N. Zaxaptdg

(1) Epyaotrpio Apyatouetpiog, Tunua lotopiag, Apxatodoyiag kat Atayeipiong MoAttioutkwv Ayadwy,
Mavemotnuio MeAomovvroou, MaAaid Stpatonedo, 24133, Kadaudta

(2) Epyactrpio XRF, Ivatitouto Mupnvikng kot Swuatidiakrc Quatkrc, EKEQE «Anudkpttocr, Matplapyou
lpnyopiou E’ & NeanoAewg 27, 15341, Ayia Mapackeun

(3) School of Archaeology, University College, Dublin, Ireland

NepiAnyn

Itnv neploxn tng Teyedtidag oto KEVTPo TG Nehomovviioou ta Lepd, TOU avBLoav KUpPLwE KATA Toug
FEWUETPIKOUG KAl ApXaikoUg XpOvoug, Emaléay CnUOVTLKO pOAO WG Xwpol Aatpeiag, aAAd Kal oTov
OXNMUATLOUO Kot TNV e€ENLEN TNC apxaiag TOANG TG Teyéag. Ta oNUOVTLKOTEPO LEPA TNG TEPLOXNAC Elval
™G ABnvag AAéag, tng Aptépidog Kvakedtidog oto Maupikt, tTng ABnvag Zwtelpog kot NMooeldwvog
otn Béon «BiyAa» kabBwe kal to Lepd Twv Kaprmodpopwv Anuntpag kot Képng (Meposdovng) otov Aylo
TWotn. ApXALOAOYLKEC avaoKOPEC OTOUC XWPOUG TWV LEpWV £xouv amokaAU el mARBo¢ xaAkoUxwv
OVTIKEWMEVWY HE avabnuatikny xpnon. Ta avadnuata meptlapBavouv  Sladopoug TUTOUG
OVTIKELHEVWY OTIWG KOO UATA (TtepOveg, TOpmec, daxTuAidia- BA Ewova 1), obpayideg (n nepilamnta),
BEAN totwv, Hikpoepyaheia Kal okeln.

H texvoloyikn HEAETN TWV LETOAALKWY QVTIKELLEVWYV EVaL avayKaio yla TNV TANPECTEPN KATOVONGN
™G Asttoupylag Kal SLolknong TwV LEPWV Kol TNG UETOAAOUPYLKNAG TEXVOAOYLAC TNG EMOXNG OTNV
gupltepn neploxn tng Teyeatidag. MAnpodopleg OXETIKEG pe TNV HeTAAAOUPYLKA TTapaywyn BonBolv
OTNV KOTOVONON TWV KOWWVIKWYV Sopwv gupltepa, KoBwG Kol €L6IKOTEPO TWV OTOUWV TIOU
EUTTAEKOVTOV OTNV KOTAOKEUN (TEXVITWV) KAl avaBeon (MLOTWV) TwV HETOAAKWY QVTIKELLEVWY. Katd
TNV MapoUca APYULOUETPLKN HEAETN, e€eTdotnkav 300 XAAKLVa avTiKeipeva, amo tov 100 wg tov 70
awwva 1.X., TipoKeluévou va AndBouv véeg mMAnpodopieg yia tnv HeETOAAOUPYLKH SpaoTtnplotnTa o€
pilo meploxn pe €viovn Bpnokeutikn Spaotnplotnta. H peAétn eotidlel otnv:

o Tekunplwon Twv avackadlkwy EUpnUATWY yLo T Aettoupyia petaAloupyikol epyaoctnpiou
OTO LEPO TNG ABNVAG ANEag.

o TekuNPlwon TWV HETOAAOUPYLIKWY TIPOKTIKWY TWV LEPWV HECW TWV XOAKLVWY avadnUATwy TouC.

e JUYKPLTIKA afloOAOYNoN TwV OMOTEAECUATWY TWV OVOAUTIKWY ULETPHOEWV HE TO TUTIOAOYLKA
XOPOKTNPLOTIKA TWV OVTLKELUEVWY HE OKOTMO Vo KatavonBel n xpovoloyikn €€EALEn Twv
HUETAAAOUPYLKWV TIPOKTIKWY UE BAcN TNV TUTOAoyia Kal TV OXETLKA XPOVoAdynaon.
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MNa tnv Slepelivnon TwV XGAKWVWY OVTKELUEVWY TWV LepwV edappootnkov n GAoUOTOUETplO
dBoplopov aktivwy X (UXRF) (Ewkova 2), n nAeKTpoVIKN ULKpookomia odpwaong (SEM-EDS) kaBwg kat
N OMTKA OTEPEO UIKpookomia. Xnuik avaAuon (uXRF, SEM-EDS) kalL MIKpookoTia
mipaypatonotitnkav oty emdAavela Twv AvIKEWWEVWY adol amopakplvOnkav tuxov mpoidvia
SLaBpwoaong. AkoholBnoe cuykpltikn géétaon twv dUo XNUIKwV Texvikwyv (Kantarelou et al., 2007;
Liritzis and Zacharias, 2011; Orfanou and Rehren, 2014).

Ta péxpL onuepa amoteAéopata KOTOSEIKVUOUV TNV XPNON KPAUATwv HmpoUTtl{ou HE HEON
TIEPLEKTLKOTNTA OE KOOOITEPO 9%K.B., TNV XPNON KOWWV TIPOKTLKWY GE OAN TNV TEPLOXN MEAETNG,
MApAAnAa e TEXVOAOYLIKEG TPOTIUNAOCELS TIOU SNAWVOUV EVTOTILEC TIPOKTIKEG TAPAYWYNG Kol
Slakoopnong.
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Ewkova 1. Mepovn amd 1o LEpd ™G ABnvaAg Ewova 2. Odaopa and tnv UXRF avdluon tng
ANéag otnv  Teyéa, NG AvatoAilouoag TnepovNG NG Ewkovag 1.

neplodou (7o¢ awwvag m.X.). O CUYKEKPLUEVOC

Tomog Tmepovng Nnrav  dladedopévog otnv

Teyeatda kot amoteAel to P14 tou Selypatog

NG mopoloag LEAETNG.
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A preliminary study of Non - Destructive Physicochemical Analysis on
Islamic Metallic Objects

Ch.K. Kousouni ), Th. Gkanetsos @, A. Panagopoulou ?:4 D. Kotzamani ©®" A. Foka ®)and
M. Zacharia ©®

(1) University of the Aegean, Department of Mediterranean Studies, MSc Applied Archaeological Sciences,
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(2) Department of Industrial Design and Production Engineering, School of Engineering, University of West
Attica, Athens, Greece

(3) Institute of Materials Science “Demokritos” National Center for Scientific Research, Aghia Paraskevi, Athens,
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(4) Department of Archaeology, University of Leiden, Einsteinweg 2, 2333 CC, The Netherlands

(5) Benaki Museum, Department of Conservation, Athens, Greece

Abstract

Islamic art is present around the world, Benaki Museum, Museum of Islamic Art (Athens, Greece) has
a collection of various objects, a part of this collection was studied through physicochemical analysis.
There were 16 metallic Islamic artifacts studied that vary in their use; there are 3 candlesticks, 6 bowls,
a cup, an ewer, 2 compasses, 2 pen boxes and an incense burner. These artifacts are dated in the 13"
to 15" century, with origin from Iran, Syria, Turkey and Egypt.

The main source of the construction metals are minerals and ores, as metals and alloys vary,
metalworkers used a wide range of raw materials. The alloys are not always manufactured on purpose,
due to the impurity of some minerals having numerous metals in their core is common. Thus, traces
of uncommon metals can be found in a metallic object (Forbes, 1971).

The physicochemical analysis aimed to the identification of the artifacts’ construction materials with
X-ray fluorescence analysis, that was applied insitu and strictly non-destructive. The main construction
materials as resulted through X-ray fluorescence analysis are copper (Cu), tin (Sn), lead (Pb) and zinc
(zn), with a unique copper alloy of high percentage of tin and lead, precious metals are not particularly
used. Lead (Pb) was detected in the copper alloy in amount 2% to 8% and tin (Sn) from 1% to 7%, but
without any Pb in the mix. An unexpected result was the amount of lead in the brass alloy in
percentage 9% to 15%. The characteristics of the collection’s construction techniques, metals and
inlaid decorations can place them in the metalwork centers of Khorasan - Herat, Fars and similar to
the work of the artist Mahmud Al Kurdi, in Iran (Orfanou et al, 2018; Porter et al, 2012;
Komannof,1994; Untracht,1986; Ward,1993; Hodges, 1989 & 1992; Baer,1983).

This kind of metallic objects, constructed by copper alloys, can be enlisted as classic Islamic Art
metalwork, without an extend use of precious metals. This preliminary study can be an important step
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for further research, as Islamic metallic artifacts have a wide range of construction materials due to
the fact that the area of Islamic metalworking is broad.

13072 207

Fig. 1, 2, 3. Basins inscribed with representation of horsemen or arabesque patterns (Museum of Islamic Art,
Benaki Museum, Athens). Candlesticks and pen boxes with inlays and black substance (Museum of Islamic Art,
Benaki Museum, Athens). Compasses, cup, ewer (with inlays and black substance) and incense burner (Museum
of Islamic Art, Benaki Museum, Athens).
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Graph 1 &2 Comparative results Sn + Pb (wt %) to Zn (wt %), Basins & Candlesticks.
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Instrumental analysis of Greek bronze helmets-methodological concerns and
solutions for the characterization of tinning.

P. Manti ¥ and D. Watkinson (2

(1) Department of Environment, lonian University, Panagoula, Zakynthos, Greece

(2) SHARE, Department of Archaeology & Conservation, Cardiff University, Colum Drive, CF10 3EU, UK.

Abstract

Tinning and colourful decoration of bronze helmets in antiquity could have been applied for
protective, economical or aesthetic reasons. This surface decoration would affect the visibility of a
warrior on the battlefield and mark his status or even his affiliation to a particular troop. Surface
composition analyses alone is not adequate in identifying tinning practices on corroded bronze
substrates because corrosion can result in surface tin enrichment. This paper discusses limitations of
surface composition analyses using EDS or pXRF in understanding tinning practices on archaeological
corroded low tin bronzes. The benefits of a combined analytical protocol with SEM microscopy surface
observations and X-Ray Diffraction methods is discussed. This paper reports on our experimental and
findings of a series of experiments. The results have a wider implication on the identification of
copper-tin intermetallic compounds on archaeological bronzes.
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Mn kataotpodikn p-XRF e€€taon nMPoioToplkwV PETAAALKWY OVTLKELUEVWV
ano B£oeig tng Kapuotiag (N. EUBoLa): MPOKATOPKTIKA AIMOTEAECATO

I. MaotpoBeddwpoc (12, E. @dkn @), Z. Tankosi¢ @) kot ®@. Maupidne ¥

(1) Epyaotnpto MadatoneptBaAiovrog kat Apxaiwv MetaAdikwy Aouwv, Ivotitouto Navoemiotriung Ko
Navoteyvoldoyiag, EKEQE «Anudkpitoc», Matpiapyou Mpnyopiou E’ & NearmoAswe 27, 15341 Ayia
Mapaokeun

(2) Tunuo Zuvtipnong Apxatotntwy & Epywv Texvng, Mavemiotruto Autikn¢ ATtikic, Alyadew
(3) NopBnyiko Ivotitouto, Toaun Kapataoous, 11742, AGnva

(4) Egopeia MNadatoavipwnodoyiac-SnnAatoAoyiag, YIIOA, Apdnttou 34B, 11636, Adnva

NepiAnyn

Mpoodarteg épeuveg o MpoloToplkeg BEaelg Tng Kapuotiag £6€l€av To oNUAVTIKO pOAO TNG TIEPLOXAG
(peTafL NnelpwTIKAG KoL vowwTikAG EAAadag) ota Siktua emadwv kal avtaAlaywv tou Alyaiou. Ito
mAaiolo autd n mopoluoa avaKolvwaon amoTeAEl TO MPWTO OTASLO TNG MEAETNG Tou poAou tng N.
EUBolag otnv mapaywyn, Slakivnon Kol KOTavAAWon AVTIKEWLEVWY Ao PETAANO OTO TPOLOTOPLKO
Awyaio.

MEeTOAALKA €UPAUATA TIPOIOTOPLKAC TIEPLOSOU amo avackadeG Kal eMIPAVELOKEC £PEUVEG O€
Sladopeg Boelc tng Kopuotiag eéetacOnkav péow GOOUATOOKOTIAG AKTIiVWY -X UE OKOTO TOV
MPoodloploPo TNG cUOTACNG TOUG Kal TNV umofondnon Tng apxaloAoyLlkng amoTiunong Toug. To
e€etaoB£v oUvolo nephapPavel LeTtall aAAwv: 1) xaAkwo oouPBAitng NNII teplddou amo to oniAato
Aylag Tpladag, 2) XAAKLVO TIEAEKU TIOU EVIOTILOTNKE OTNV EMLOAVELAKN £PEUVA TTOU TIPAYLOTOTOLONKE
otn B€on Mkouptuadt (NN-MEXI), 3) cuvoho avrtikelpévwy amd xaAko (tpiyoAaBida, kapditoa,
EYXELPLOLO) Kal POAUBSO (KUAWLVEPLKO avTikeipevo) amod tadikd cuvolo tng NEXII mou avackadpnke
oto onmnAato Ayiag Tpladag, 4) tuRpa akatépyaotng palag xaAkol (ingot), Opavoua mbavotota
TpLYoAaBidac kaBwe kal AAAA aVTIKE(LEVO TTOU EVTOTIOTNKAV OF EMLPAVELOKH Epguva otn BEon Aylog
NwoAaog [MEX-(YEX)], kaL TEAog KaTtdAouta LETAANOUPYLKWY KATEPYAOLWY TTOU EVTOTILOTNKAV 0€ B€0n
otnv eployn Katoapwvy, mbavotata mpoloToplkig Emoxng (6ev evtomiotnke SLayvwoTLKr KEPOLLKD).

Ta avikeipeva e¢etaobnkav enttoniwg otoug xwpoug GpuAatng toug (Epopeia InnAatoAoyiag kat
MaAatoavBpwrodoyiag kal Apxatoloylkd Mouoeio Kaplotou) pe xprion nuidopntig datagng milli-
XRF, n omoia StaBétel mnyn aktivwv -X avtikaBddou podiou. Me Bdon ta avalutikd dsdopéva
SlamiotwOnKe OTL Ta AvTIKEipeva amd To omiAalo tng Ayloag Tpiadacg kat tn B£on Mkoupludadt
amoteAouVTaL amo XaAKO O OO0 OE OPLOUEVEG TIEPLITTWOELG TIEPLEXEL APOEVIKO Kol LOAUPBS0. XaAko
KOL OPOEVIKO TIEPLEXEL EMMIONG TO OMOTUNUA OKATEPYAOTNG UETAAAKNG Halag amd tn B£on Aylog
NikoAaog, evw avtlBetwg, os Aafida Kal TUAMO EAAopATOC amo thv 8o B£on avixvelOnke XaAKOC
KOl KAOOITEPOC —yeyovOCg TToU UTIOSNAWVEL Katepyaoia unpoUTiou- e TAUTOXpOVN Ttapouaia VWV
OPOEVLKOU.
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To TPOKOTAPKTIKA aAVAAUTIKA SeSopéva eival cUUBOTA LE TLG TIPWLLES XPOVOAOYNOELC TWV EUPNUATWY
amno to onnAato tng Ayiag Tpladog kat tn B€on Mkoupluadt. Avtiotolxa, n cuvimapén apoevikolxou
KPAUOToG XaAkou (ingot) Kol KaooLTeEpoUXWV UIPoUTIWV UE (VN apoevIkou atn B€an Aylog NikoAaog
UMOSNAWVOULV KATA Ao TOavoTNTA XPOVOAOYNON OE HETOYEVECTEPN TEPIOSO TWV MPOICTOPLKWV
XpOvVwV (o’ oo Seltepng xALtetiog m.X.;) onoTe mBavwg yLvotay Tautoxpovn Xpnon apudotepwy Twy
KUPLWV TPOIOTOPLKWV KPAUATWY TOU XaAkoU. TEAOG, TA amMOTEAECUATA TNC AVOAUTLKAC EEETAONG TWV
METOAAOUPYLKWY KoToAolmwv amd B€on otnv meploxy Kotoopwvl KOTOTEVOUV OTNV TPWLUN
(mpoioTopikn) xpovoAoynon Tne.
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Sapaion Oros (Zamnaiwv Opog): a Thracian tribe’s metallurgical district?
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Abstract

The diachronic and widespread evidence for metal working activities in Eastern Macedonia N. Greece,
consisting of mining galleries and numerous large and small scale deposits of metallurgical waste,
constitutes important archaeological testimony to historically documented places and periods of
intensive precious (and not only) metals exploration spanning at least two and a half thousand years.
Present understanding, from a historical, archaeological and cultural perspective, of this most
important metalliferous region of Greece, although, well characterized geologically, remains at best
patchy.

In his enumeration of Thracian tribes, Herodotus (7.110), places the Sapaioi between the lower plain
of the Nestos river and the plain of Philippi. The area is dominated by mount Lekani, referred to by
Appian as Sapaion oros (Xamaiwv 6pocg) (App. B Civ. 4.105). At its foothills the Thasians founded, in
the 7™ ¢ BCE, Pistyros, an emporion, its main phase of occupation being of Classical and Hellenistic
date. To the northeast and near the modern villages of Perni and Petropigi, there are mining galleries
of square profile suggesting a mining activity of Classical/Hellenistic date; further, a scatter of slags
has been recovered near a mining gallery at Petropigi and sampled as part of earlier work by one of
us.

Pistyros is a unique case of an emporion, where a third of a ton of slag has been recovered in the
course of ongoing excavation. Importantly, the majority of the slag bears compositional similarities
(based on pXRF analysis), with small numbers of slag collected from near the mines of Perni and
Petropigi. By focusing on an area bounded by the three sites (Perni-Petropigi-Pistyros) and no larger
than two square km, this paper asks the following questions: what metal(s)/type of extractive
metallurgy were the inhabitants of Pistyros after? Precious (Ag and /or Au) metals or simply non-
ferrous? How does Pistyros/Petropigi/Perni slag compare with contemporary silver extraction slag
from Thasos based on the work of previous investigators? This is a long-term project aiming to unravel
the similarities/differences between Thasian and Thracian precious metals extractive practices (7t"c
BC-Roman), which appear now rather blurred. Our work seeks to understand the metallurgy
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underpinning the minting of silver coinage in a region known for its large denominations (stater size)
minted by both Greeks and Thracians.
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Metalworkers' workshops at Gonur and other Bactria-Margiana Archaeological
Complex (BMAC) sites.

O. A. Papachristou

M.V. Lomonosov Moscow State University

Abstract

The bronze age civilizations of the Aegean, like those of Turkmenistan and the Iranian Plateau, were not
based upon the great rivers: the Nile, the Tigris and Euphrates, the Indus. Those of Central Asia have been
described as "oasis civilization". This, while not accurate, does describe the pattern of intense centres of
cultivation and settlement, spread out and lying between arid lands of low population density. In the
Aegean case the urban or palatial centres were on islands or near coasts, separated by sea. So far as the
analogy works, the seaways and the desert ways played comparable roles (Renfrew, 2006: 129).

At the end of the 20th and beginning of the 19th century BC, under Amenemhet Il of the Xlith Dynasty,
that Egypt shows connections both with Crete and with Mesopotamia and, further, with the Iranian
plateau and Bactria-Margiana Archaeological Complex (BMAC) or "the Oxus Civilization", in the Tod
Treasure which contained among other precious materials, silver vases, raw blocks of lapis, an "oriental"
lapis disk and lapis cylinder seals, one of which was engraved with a motif of the divinity of vegetation,
similar to others found in Yahya, Shahdad and Gonur (Lyonnet, 2005: 194).

The main purpose of the presentation is to characterize the metalworkers' workshop at Gonur Depe as
well as at the other excavated workshops within the geographical limits of the BMAC and post BMAC
territories.

The well preserved Bronze Age workshop at Gonur Depe (now part of the Merv oasis, Turkmenistan) with
its remains of various industrial rooms, kilns, moulds and crucibles made it possible to study the copper
and bronze technology of this area. The article will describe in detail not only the BMAC itself, but also the
industrial technique that flourished in the beginning of the Il millennium BC in its territory.

Besides, the metallurgical workshop at the Dashli-3 Palace (Afghanistan: Northern Bactria), the settlement
Sapalli culture, the metalworkers' workshops at Dzarkutan (Uzbekistan), - and the metallurgical and
metalworkers' workshop at the Tugai site situated in the Zeravshan cultural province of the Bactria-
Margiana Civilization (Uzbekistan, Tajikistan) will also be discussed.
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AvakaAuvyn Apxaiag Kapivou ppuéng otnv AaupewTikn Kot To TpoBAnuLa
NG EKMETAAAEUONG TOU YaAnvitn yla napoywyn opyvpou

I. A. Noanadnuntpiov Y kat H. Katoapdg )

(1) Oudtuoc KaSnyntng E.M.IMoAuteyveiou, Xpuoaviéuwv 12, AukoBpuon 14123

(2) Epeuvntiic MetaAdeutikrig lotopiag Aaupiou, Aavpto

NepiAnyn

To epwtnuo KATA MOCOoV NTav duvath n Kapiveuon yaAnvitn Kotd tnv apxalotnta Pe oKOmo Thv
Tapaywyn apyupouxou HoAUBSoU amacyOAnoce TMPONYyoUUEVWS Kal GAAoOUG epeuvntéG. Katd tov
Kovodayo o yaAnvitng avapetyvioviayv o€ mocooto 20% pe kepouoitn kal urtoBaAlovtay kateuBeiav
oe avaywytkn tén. O Bachman, pe Baon tnv avaluon apxaiwv okwpLwy, CUMIEPAVE OTL OL apyaiot
eKpeTaAebovtav Tov yoAnvitn kot o Rehren katéAnée oto (8lo cuunmépoopa pe Baon tnv
OPUKTOAOYLKH oUvBOeon mAuviTtwy. Agv KaTéEAnfav, OUWG, OE CUYKEKPLUEVN TIPOTAON UETOAAOUPYLKNAG
Sadikaoiag, kabwe Sev gixav evtomobel kapwvol dpuENG yaAnvitn, amapaitntot yia tnv anobeiwon
TOU UETAAAEVATOG TIPLV ATIO TNV AVAYWYLKN THEN.

Ytnv mapoloa avakoivwon enaveéetaletal o mpoPAnua, Aappdavovrag umtoyn otL o SeUTEPOG Mo
TOUG ouyypadeig evidnmioe MPoodATwG apyaia KAUWO TNV omoia Xapaktnploope wg KAUWO
anoBeiwong yaAnvitn. H kapwvog Bploketal og KaAAlepynuévo ehatlwva oto AnpoAtdkt. Zwlgtal To
ToW PEPOG TOU TOLXWHATOG TNG KOULVOU HEXPL TO U O TOU OTOMIOU Kol oTnpileTal og avaywa Tou
amote)el paunag poptwoswc.

H kauwvoc Stadopomnoleital cadpws amo TG apyaleg Kapivoug avaywylkng tnéng mou éxouv Ppebel
otn Aaupewtikn (AEH, Nouvtaléla, Meydaha Mevka, Apu). ITo Miocw Tolywua UYPoug 2-2.5 PETpwV
Slatnpeital aképata n KOUMUAOTNTA TNG KUKALKNG SLATOUAC TIOU avtloTolxel oe Sldpetpo 2-2.5
METPWVY, 0 avTlSLaoTOAN HE TNV SLapetpo 1-1.2m Twv Kapivwy téng. H dtapetpog auvdavetal mpog
Ta Avw pe kKAlon 10-15 polpwv. To epubpd xpwua Tou cUVEETIKOU UALKOU TNG AlBodoung poptupet
ofelbwtikn Sladikaoia, evw n amoucia aAloiwong twv AlBwv umtodnAwvel xaunAéc Bepuokpaoieg
Aewtoupylog, k&tw twv 800°C. Ta avwiépw umodnAwvouv Asttoupylo Kupiwg pe Puotkd eAKUGUO,
evbexopévwe umoPonbolpevo amd ¢uoepo. Elval, emiong Xapaktnplotikd OtL adpol eival
ETUKOAANMEVOL OTO GTOULO TNE KOUIVOU, EVW 0moucLdlouV TEAELWE oL OKWPLEG LEoa Kal yUpw Ao tnv
KAUWVO, OTIwG Ba cuvéBalve og KAULVO TrHENC.

Atilel va onuewwBdel n mapoucia otowv apxaiwv Metaleiwv oe pikpn anootaocn. H meploxn ivat
mAolola og Belovyo petalevpata Kol cUpdwva pe paptupleg epyalopévwy tng FaAAwkng Etatpeiag
Ol VEOTEPEG OTOEG CUVAVTOUOOV apXaio UTTIOYELD £pya OTTOU €iXe Yivel e€avtAntikn e€opuén yoAnvitn.
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Ta avwtépw umodnAwvouv OTL TPOKELTAL ylO. KAUWO, Omou To Belolyo HeTAAMeupa TOU
efopuooovtav urmtofdallovtav o ofelbwTtikn dpuén (dead roasting) yla Tnv oALkr amopdkpuvaen Tou
Belou mpLv va 0dnynOel ot Kapivoug avaywykng tHENG. H kapwvog eivat mbavov tng EAANVIOTIKAG-
Pwpaikng Teplodou, OMwWE Kal TO EUPLOKOUEVO OE ULKPN amooTtacn KUKALKO tpLBeio oto AnpoALdKL
(Mamadnuntpiou).
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To apXOtLlOAOYLKO TIELPOAQL, N TLELPOLUOTLKY olpXatoAoyia Kat N
EUMELPLA TNG AVATTAPAYWYNG LE APXOLOLETPLKA KPLTAPLOL

A. Mouvbpéa-Aypadiwtn M kat E. Ahovnn-Zuwtn @

(1) Tunua lotopiag-Apyatodoyiog kat Kotv. AvSpwroAoyiag, Maveniotnuio Osooalioag, BoAog

(2) OETIS AUTHENTICS E.MM.E., Awaydpa 4, 116 36 ASriva

NepiAnyn

Mowd n ¢uon TOU TMEPAUATOG OTNV apxaloAloyla Kal TwG autd oxetiletal pe 1o AeyOpEevo
«ETMLOTNUOVIKO Telpapa», Baoikd gpyaleio tng apxalopetpikng peBodoloyiag; Ze molo Babuod ot
dUCLKOXNUIKEG OVOAUOELS KAl TO TIELPOUATO OVATINPAYWYNG O €AEYXOUEVEC EPYOOTNPLAKES
OUVONKEC, HAC ETUTPETIOUV VA TIPOOEYYIOOUWE SLETILOTNUOVIKA TLG TEXVOAOYIEG Tou MapeABovTOog,
KUPLO OVTLKELPEVO TNC EPEUVAC TNC TIELPALATLKAG opXatoAoyiag;

H mepapatikn apyatoloyia amotelel, amno tn dekaetio Tou ‘70 Kkat £€AC, Eva avayvwpLlopévo KAASo
™G apyotohoyiag. Aev mapdyel omAwG «avtiypada» apXaloAOyLKWV AVIIKELLEVWY, aANG SlaTuTtwvel
uUmoB£oeLg, avamapayel kal SokAlel og «PUOLKN KALHAKA» TNV EyKUPOTNTA TWV CUUITEPACUATWY
TIOU SLOTUTIWVOVTOL, LECO OO T CUCTNUATIKA Kataypodn, LEAETN Kal avaAuon TwV apXaLOAOYLKWY
Sebopévwv.

To apX0LOAOYIKA TIELPAMATA KOAOUVTAL VA AVIXVEUCGOUV TIG LeBOS0UC, TIC SLASLKOOLEG, TIC XELPOVOLLLEG
TIOU TP YOy QY TOL OPXOLOAOYIKA TEXVALLATA, TN XPON TWV AVIIKELWEVWYV KaL TG Bloypadieg Toug, tnv
EVOWHATWON TOU UALKOU HPE TO QUAO TUAMO TOU UALKOU TIOALTIGHOU. XPNOLUOTOLOUVTAL LOTOPLKEG
poptupleg, €Bvoypadikd moapdAAnAa, avalntolvial avaAOYleG O TPAKTIKEG KOLWVWVLWVY TIOU
ovTeTWilovtal w¢ «{wvtavd amoAlbwuota» tou mapeABovioc. O oNUAVTIIKOG OUWE TIOPAYOVTOC
TIOU EMNPEaCE amodacloTka T Bewpia kot TpAén Tou apxXaloAoyLKOU TIELPAUATOG, VAL N CWPEUTIKA
Kol au€avopevn ouvomapén pe tnv Apxalopetpia ta teAeutaia 30 xpovia. Aev eivat BERata povov Ta
TELPALATA TIOU CUVEEOUV TIC SUO EMIOTNUOVLIKEG TTEPLOXEG OAAA N TipooTtdBsLa TNG SLaTUMWOoNG Kal
UVAOTIOINGNC TOUC OTNV MPOOTITIKA TNG SLEMOTNUOVIKOTNTAC. Katd mooov Opwg autd To {nToUEVO
€XEL KaTaKTNOEL;

ITnv mapovoa epyocia eMIXELPELTAL Pl AMOTIHNON TWV MAPATIAVW, LE OXNUA TN LEALTN TNC apyaiag
KEPOLLKAC TEXVOAOYLOC. O MAPOUCLOOTOUV OTTOTEAECUATA KOl CUUTIEPACATA A0 VOl LELOVWHEVO
nelpapa apyaiog ormtnong 3- otadiwv (ofeibwon-avaywyn-ofeidwaon) o kAipavo pe E0Aa, oto omnoio
OUMUETEYOV apXOLOAOYOL, QPXOLOUETPEC, Tapadoaolakol ayyelomAdoteg, oUyxpovol Kepauloteg,
XELPOTEYVEG, TEXVITEG K.A. Ta omoia Ba cuykpLBOUV LE AUTA A0 EPYACTNPLAKES AVOAUCELC apyaiwy
KEPAULKWY (SladopeTikng tumoloyiag) mou €xouv mapaxBel pe avtiotolya UAKA Kol Tapopola
Stadlakacia omtnong. To MEPAUATIKO €pyacThplo SlopyavwBnke ota mMAAioLO CUUTTOCIOU UE TiTAO
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«Oépata apyoiag Kepaplkng texvoloyiog kot lMelpapatiopol yla TV avamapaywyr apxaiog
KEPAULKAC» (BOAog, 28-30 Zemr. 2007)1 Kal 600nke gudaon otnv teKUnpiwon tou (pwrtoypadiec,
BteookomNon, CUVEVTEVEELG). Oa MOPOUCLACTOUV ETUTAEOV OTOLXElO AT ULO CELPA EKTIALSEVUTIKWV
6paocswv (oesuvapiwy, epyaoctnpiwv) O&laBspatikol yapoktipa He TITAO «Apyala KepauLKn
texvoloyla, anod tn Bswpla otnv MNpaén» mou Slopyavwbnkav oto epyaoctriplo OETIZ katd tnv
nieplobo (2008-2019) Kol CUUETEXOVTEG HOLTNTES KAL VEOUG EPEUVNTEG apXaloAoyiag-apxXalopeTpiag.

lhttp://extras.ha.uth.gr/pottery/el/index.html
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Compositional variation of Clay Raw Materials in the Dodecannese in view of
Pottery Production and Provenance Studies

A. Hein @, E. Nodarou @, L. Betina ® and V. Kilikoglou )

(1) Institute of Nanoscience and Nanotechnology, N.C.S.R. "Demokritos"”, PO Box 60037, 15341 Aghia,
Paraskevi, Attica, Greece

(2) INSTAP Study Center for East Crete, Pacheia Ammos, lerapetra, 72200 Crete, Greece

(3) Saxo Institute, University of Copenhagen, Karen BlixensPlads 8, 2300 Copenhagen, Denmark

Abstract

Provenance studies of archaeological pottery by chemical analysis or petrographic examination are
based on the assumption that ceramics of the same production series are similar in composition, while
being distinguishable from pottery of other production series. Key factor of the composition of
ceramics is evidently the composition of the constituent raw materials, which were selected for their
production and collected commonly from sources in immediate or adequately close vicinity. The
compositional diversity of raw materials provides usually a sufficient basis for distinguishing different
sources as expressed in the ‘Provenience Postulate’ (Weigand et al. 1977). Even though pottery in
most cases cannot be linked directly to specific raw material sources, because of customary practices
of clay paste modification and mixing of components, the study of raw materials in the vicinity of
potential ancient pottery production centres provides basic information about available clay types
and even about specific issues which have to be considered in the statistical evaluation of ceramic
provenance studies (Hein et al. 2004).

The Cultural Heritage programme at N.C.S.R. "Demokritos" has been involved since more than 30
years in provenance studies of archaeological ceramics using neutron activation analysis (NAA) and
integrating complementary scientific methods in the studies in order to interpret and assess the
chemical classification of ceramics (Kilikoglou et al 2007). One of the largest databases for
archaeological ceramics was created comprising NAA data of pottery from the Eastern Mediterranean
Region collected in Athens and in other laboratories (Hein and Kilikoglou 2012). The ceramic data is
complemented by data of raw materials collected in the vicinity of ancient production centres. Within
this framework the present case study was initiated involving survey and examination of raw materials
from two east Aegean islands, Rhodes and Kos, both well-known for their pottery production from
prehistory until modern times. The results of the compositional study of the collected raw materials
will be discussed in terms of geochemistry, petrography and their compositional variation. The data
will be compared with reference data of archaeological ceramics from these islands assumedly
produced with local raw materials.
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Koawotopeg Epappoyég HAektpovikng Mikpookoriag AtéAevong (TEM) otnv
ApxaroAoywkn Epeuva YAAwV Kot XpwoTLKWV
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(4) NanoMEGAS SPRL, Blvd Edmond Machtens 79, B-1080, Brussels, Begium

NepiAnyn

Ou texvikég mou Pacilovtal otnv HAektpoviky Mikpookomia AléAeuong (Transmission Electron
Microscopy - TEM) kat otnv HAektpovikr MNepBlaotpetpia (Electron Diffraction - ED) emutpénouv tn
MEAETN UALKWVY o€ emtimedo vavokAipakag, Sivovtog tn duvatotnta va mpoodloplotolv e akpiBfela
apapetTpol oe emninedo povadiaiag kKuPeAidag, cupUeTpilag KPUOTAAAOU Kol TPOCSLOPLOUOU TOU
TIPOCAVATOALOMOU Kal TNG dAong Twv SLapopwVv PIKPOKUCTOAALTWY oU w¢ cwpatidia Bplokovtatl
SLAoTOPTA 0TO CWHO TWV UGAWV KaL TWV XpWOTLKWV. H epappoyr Toug otov Topéa Tng ApxotoAoyiag
Kot Ttng MNoAttiotikng KAnpovouldg, av Kot PEXPL OTLYMNG Teploplopévn (Sciau, 2016), pmopel va
BonBrnoestL onuavtikd otnv AEMTOUEPN UEAETN TEXVEPYWV, LECW TOU aKPLBoUG MPOoadloplopol Twv
TPWTWV UAWV KOl TTAPAUETPWY TNG TEXVOAOYLAG mapaywync.

Itnv Tmapouca epyocia mapoucidletal n edapuoyr Toug ot Tpla SladopeTikd TupLTIOUXA
apxatoUAka: (1) kepaptkn, (2) pwpaikég yualiveg Wndideg kat eAAnviotikol yudAwvol audopiokol,
Kot (3) xpwOoTKEG (UmAe Twv Mayla) péoa and npoodateg oxeTkeC dnpooteVoslg (Zacharias et al.,
2018; Nikolopoulos et al., 2018, Nikolopoulos et al., 2019).

MapdA\nAa, n duvatdtnta xaptoypddnonc Twv Stadopetikwv Ppdoswv (KpuoTtarikwv/dpopdwv)
ota UMO MeAETn Selypata emTPEMEL TNV akELBr TOUTION TWV TAPOTNPOUUEVWY KPUOTAAAWV o€
emninedo povadikng ‘OpuKToAOYLKAC PwToypddnong Toug, MPoodEPOVTAg EMUTAEOV KPLTAPLO OTLC
UEAETEG MPOEAELONG TWV UALKWY KOL TEXVEPYWV.
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ApXOLOHETPLKN avaAuon Kepaptkng anod tnv Kepala BaolAkig, lepanetpa
KpAtn

E. MNavtaZi Y, I. HAWmouAog 2 kat E. Noddpou G

(1) Tunuoa Fewloyiag, Mavemiotiuio Matpwyv, Matpa

(2) ERAAUB, Facultat de Geografia i Historia, Departament d’Historia i Arqueologia, Universitat de
Barcelona, Barcelona, Spain

(3) Ivotitouto MeAgtnc Mpoiatopikou Awyaiou Av. Kpntng, Maxeta Auuoc lepanetpag, Kontn

NepiAnyn

H mopouoa HeAETN aoyoAeltal He TNV OPXALOUETPIK avaAuon MpoioToplKAG KEPAULKAG Ao ToV
MWwIKO OLKIoPO-lepd NG Keddlag Baolhikng. H kUpla paon tng BEong xpovoloyeital otoug
“Ikotewvoug Awwveg”, dnAhadn otnv Yotepouwwiky (YM) M mepiodo (mep. 1200 m.X.), oAAd n
avaokadn €deife kal pio mpwipdtepn katoiknon otnv TeAky NeoABkn-Mpwtopwwikn | (TN/MM 1)
niepiodo (Eliopoulos, 1998). Bacikol oTOXOL TNG EPELVAG ELVOL O XAPOKTNPLOUOG TWV MPWTWYV UAWV TTOU
XPNOLLOTIOINONKAV Yla TNV KATAOKEUN TNG KEPAUIKNG, N TPOEAEUGH TOUG Kal N avacuvBson tng
texvoloylag mou edappocav oL apyoiot kepapeic (eidog, Beppokpaocia kal atpocdalpa Ontnong,
MpOobecn adpavwy CUCTATIKWY, AVAULEN TIPWTWV UAWV).

EruhéxOnkav 72 Seiypato KEpapLkAg mou xpovohloyouvtoat otnv YM I kat otnv TN/MM | mepiodo kot
ovaAlBnkav oto TEeTpoypadlkd HUIKPOOKOTIO, evw ylwa 25 €€ autwv mpaypotomnolnénke Kot
OPUKTOAOYIKH HEAETN pe meplBhacipetpia aktivwv X (XRPD). Itnv ouvéxela, emiAéxbnkov
OVTUTPOOWTEUTIKA Oelypata amd kabe metpoypadlky opdda mou TPOEKUPE TIPOKELMEVOU Va
e€etaotolv oto HAekTpovikd MikpookoTilo Zapwong (SEM).

H metpoypadikn pelétn odnynoe otnv avayvwplon OSladopeTKwY CUCTACLAKWY OUASwWY ToU
oxetilovtal pe Mpwteg UAEC TOOO otn Bopela 600 Kal oTn voTla akth Tng KprAtng umodnAwvovtog
£vtovn Kwntkotnta otov loBuo tng lepdnetpag nén amnd tnv TN mepiodo kal Kupiwg oTo TEAOG TNG
Emoxng tou XaAkoU. H texvoloyikr peAétn pe ouvbuaouo XRPD kal SEM emétpee TNV MEPALTEPW
Slepelivnon Twv MeTpoypadikwy opadwv e otolyela tou adopolv Tnv mupotexvoloyia kat oTic SUo
daoeLg katolknong.

BipAoypadia

Eliopoulos T., 1998. “A Preliminary Report on the Discovery of a Temple Complex of the Dark Ages at Kephala
Vasilikis”, in V. Karageorghis and N. Stampolidis (eds.), Eastern Mediterranean. Cyprus-Dodecanese-Crete,
16th-6th cent. B.C., Athens, 301-13.

K&j EAANVikr Apxatlopetpikn Etatpeia

135



Ocuatikn Zuvebplia V: Kepauiké kot vaAwdels UAeg 6.v_04

EAANVLIKY ApXoLopetpikr Etatpeia 136



Ocuartikn Suvebpia V: KEpauikec kot UAAWSELG UAEG 0.V_05

MpoéAcuon Kol XapOKTNPLOKOGS TNG KEPAMELKNG anod tnv Mpolotoplkn O£on
«KaotpoUAw» otn Aecdiva Dwkidog, mAnciov AeAdwv

T. Tooupouvn

ApxatoAdyoc MA, Zraptn

NepiAnyn

H ev AOyw PeAETN paypaTonoltBnke oTo MAALoLO EKTTOVNONG TNG SUTAWUOTLKAG LOU EPYAOLOC YLa TO
Metamtuxlako Mpoypappa Imoudwv “E@apuocuévec Apxatodoyikéc Emiotniuec” tou TUAMATOC
Meooyelakwv Znoudwv tou Mavemotnpiov Ayaiou.

To B€ua tng epyaciag adopd oTov MPOCGSLOPLOKO TNG MPOEAEUCNG TNG KEPAUELKNG KOL KOT' ETEKTOON
TWV MPWTWV UAWV TIoU Xpnoluomnotndnkav otn Muknvaikn 0éon «KaotpouAw» mou Bploketal kovtd
otn Asodiva otnv euputepn TepLo)n Twv AsAdwv.

Mo Vv avayvwplon tng ovotaong Tou TnAou, emAéxbnkav 81 ootpaka (K1-K81), tunua tng
KEPAUELKAG Ttou ponABe amod tnv mpwtn avaokadikr mepiodo tng O£ong mou mpaypatomnot)dnke tov
loUALo Tou 2016. 2To TTAQiGLO TOU GKOTIOU TNG EPYAOiag, EMAEyUEVA OOTPaKA TEBNKAV UTIO aVOAUCELG
ME TIC PaoUATOOKOTIKEG UeBOSoug XRF kat XRD. MapdAAnAa, pe XRD avaAuBnkav kol Téooepa
ebadika Seiypata (DS1-2-3-4) mou cUAAEXBNnKkav amo emidavelakn €peuva OTLG YELTVIA{OUOEG
nieploxég Ayia Elprivn (MAaty ¢pcap), Alpvog kat MeTeAEC yla TNV €EETAON TWV MPWTWV UAWV TNG
gupUlTEPNG TtEPLOXNG. Ta eV AOyw SelypaTa LETATPATINKOV OE UITPLKETEG Kol TEBNKaAV UTO Sladikacieg
omtnong.

To CUUTIEPACATA TTOU TIPOEKU PV aTto TIC AVAAUOEL apOopPOoUV GTOV XAPOKTNPLOUO TNG UTIO e€£TaoNng
KEPAUELIKAG AAAG KOL OTNV aVAYVWPELON TNG TPOEAEUONG TWV MPWTWV UAWV TTou Xpnotpomolnénkav. H
ouvelodopad NG epyaciag adopd emiong Kol TNV LOKPOMPOBeaun epunveia tng texvoloylog mou
edpappolav oL kepapeic otov MUKNVaiko OLKIOUO, WG TTPOG TNV TEXVOYVWOLA Kal TNV TIPOEAEUGH TOU
ninAou.

Ta anotedéopota péow Slaypappdtwy kat devépoypappdtwy (Cluster Analysis) odriyncav otnv
Slamiotwon TNG MPogAeuVoNG TWV MPWTWV VAWV amd Tnv mepLoxr tg Aylag Elprivng.

Auto Tto evbexopevo mMpoéleuong Twv UAWKKwVY Seiyvel va guotabel kL amd to yeyovog OTL TO
«KaotpoUAL» yeltvidlel pe tnv Ayia Elprivn kal n petadopd Twv Mpwtwv VAWV Ba NTav €UKoAn
un6Beon. ErmumAfov, n mpotipnon otov mMNAG amod tnv Ayia Elprivn umodnAwvel mbavwg Kot tnv
TOLOTNTO TWV €V AOYW TIPWTWV UAWV YLA TNV KOTAOKEUN TNG KEPOUELKNG TNG B£0nC. ANWOTE, YEVIKA
glval yvwotn n mpotipnon Twv KEpAPEWV TG MUKNVAIKAG EMOXNAG O AVOLXTOXPWHUOUC TNAOUG, TOUG
OTIoloUG XPNOLUOTIOLOUGAV KUPLWE VLA TNV KATOOKEUN TNG YPOTTAC KEPOUELKAC.
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Yiyoupa, oL mpooexeic avaokadikég Spoaotnpldtnteg otn Muknvaikry 8éon 6o dépouv akopa
TIEPLOCOTEPO UAKO 0TO dwC, avadeIKVUOVTOG TOV XOPAKTAPA KAl TV OToudalotnTd tne. 2adwe, N
TIEPAULTEPW UEAETN KOl Slepelivnon TwWV EUPNUATWY 0To HEAAOV, Ba amavinoel og peyalutepo Babog
OTO EPWTAMATA TIOU YEVWVIOUVTAL YUpw amd tnv MNpoictopikn Béon. To «KaotpoUA» amoteAsl pia
onuavtikr B€on mou npbe va cupmAnpwaoel Tov Muknvaiko xaptn tng EAAGdac.
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Production technology of tin coated vessels: an archaeometric and
experimental study of tin coated vessels from Deiras cemetery

K. Christodoulou Y, A. Hein @ and V. Kilikoglou @

(1) Department of Archaeology and History of Art, National and Kapodistrian University of Athens
(2) Institute of Nanoscience and Nanotechnology, NCSR “Demokritos”

(3) Institute of Nanoscience and Nanotechnology, NCSR “Demokritos”

Abstract

The present study attempts to shed light on the typology and the manufacture of Aegean tinned
pottery. The main part of the study focuses on the investigation of the technological features of tin
coated vessels by analyzing microscopically tinned ceramics from the cemetery of Deiras in Argos.
Scientific analysis is combined with experimental procedures in order to clarify the technological
method that applied for the manufacture of tin coated vessels. Deira’s tin coated material fulfills the
targets of this study since it belongs chronologically to LHIIIA and LHIIIB, two phases that correspond
to the massive production of this unique ceramic category.

Tin coating on ceramic surfaces is a unique phenomenon, if we bear in mind that tin in antiquity was
usually mixed with copper and was found rarely in pure form. On the basis of the current research, it
is most likely that the five suggested tin sources of Near and Middle East have supplied the Aegean

1
with this exotic material . It is worth noting that the absence of tin coated vessels in these areas proves
that tinned pottery was an Aegean innovation.

After a thorough examination of tin coated material, it turned out that tinned vessels extend to a wide

geographic range, comprising sites of Crete, Greek Mainland, Thessaly and Dodecanese’. Regarding
their chronological variation, the first evidence comes from Crete dating to MMII-IIl period, and after
a gap during LM/LHI period, the technique reappears during LM/LHII and continues to exist until
LM/LHIIIB. The majority of these ceramics was placed as grave goods in chamber tombs, and in few
cases, in tholos tombs and shaft graves. Typologically, the vessels respond to close and open vessels,
among which the last predominated, especially the shape of kylix.

The scientific analysis certified the existence of pure tin3, which, under optical microscope, formed
black-grayish patches or whitish layers due to the oxidation of the metal. Superposed metallic layers

! Yener et al.1989, 200-203; Nezafati et al. 2006, 3-6; Cuenod et al. 2017, 38; Yener et al.2015, 597-600. Based
on the current data, the five proposed sites are Afganistan, western Asia, the ancient mine of Kestel-Sarituzla in
Taurus Mountains, Kultepe region and the ancient mine of Deh Hosein in western Iran.

? Gillis 1991, 1-2; Aulsebrook 2018, 20.
* Noll 1991, 220- 221; Gillis-Bohm 1994, 220; Gillis 1996, 97-99.
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were detected under scanning electron microscope (SEM). The layers were detached from the ceramic
surface supporting the assumption that thin foils of tin were attached on the pottery surface. Also
experiments indicate the application of thin foils of tin as the best method, and thus, and furthermore
the use of protein glue. Another important observation is the change of tin’s color from silver to gold,
when reaching temperatures between 210°-230°C.
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AvAaAuon XpWOTIKWV SLOKOONUEVNG KEPOALKAG TNG TPWLKNG TEALKAG
NeoAOkng anod to MeydAo Nnoi FraAdavng, Kitpivn Atpvn (Zapiykiol)
Kolavng

E. AhoUnin-Zwwtn Y kat A. Kahoyrpou )

(1) OETIS AUTHENTICS E.M.E., Awaypa 4, 116 36 Adrva

(2) EmuteAikn Aoun EZTA Yroupyeiou MoAttiouou & ASAntiouou, OsuiotokAéouc 87, 106 81 Adnva

NepiAnyn

H kepapikn mapaywyn tng mpwipng TeAtkng NeoABLknc oto BopeloeAadiko xwpo Slakplvetal yla tn
MEYAAN TIOKIALA UALKWYV, OXNMATWY, LEYEBWV KaL TPOTIWY eneepyaoiag TnG eEMPAVELAS TWV aAyyELWV.
‘Eva XOpOKTNPLOTLKO YWWPLOMA TNG KEPAMLKNG TNG ddong autng, n omola otn Makedovia Eekivael
niepimou mept to 4700 1.X., elvat n Aeyopevn «aoldwtn» (crusted) Stakoounon, n onoia Bewpeitat
OTL YIVETAL LE TN XPHON «WHOU XPWHATOC» TNV EMLPAVELX TOU AYYELOU, LETA TNV APXLKA OTTTNON.

Mpokelpévou va SlepeuvnBel epyaotnplakd n MPOKTKN auTh, Sekatpla 6otpaka and aAoldwtd, aAld
KoL GAAa ypamtd ayyeio tng mpwiung TeAlkng NeoAlBIKAG, TpogpXOUEVA oo TNV avaokadn Tng
TpoioTopLKAG Toupmag Meydho Nnot FaAavng otnv meploxn Kitpwn Aipvn (Zaptykiod) Kolavng
(19871989, 1993), unmoPANBNKAV OE HUN KOTAOTPEMTIKEG AVOAUOELG ylot TOV XOPAKTNPLOUO TWV
XPWOTLKWV KAL ETIXPLOUATWY TOUG. ZUYKEKPLUEVO XPNOLLLOTIOLNBNKAV OL TEXVIKEC TNC GACLATOOKOTILOG
gyyug umeplBpou (near IR) kalL n texvikn ¢Ooplopol aktivwv-X (XRF). OL avaAUOEL( QUTEG
Sle€nybnoav oto MAalolo Tou gpsuvntikol mpoypdappato¢ CERAMED (2003-2006), to omoio eixe
xpnuatodotnBet anod to 50 Mpodypappa MAaiclo Epeuvag, Texvohoyikng Avantuéng kat Enideléng pe
ouvtovLoTr To EBviko 16pupa Epeuvwv.

Ta amoteAéopata Twv avaAUOEwWY, TTOU TTapoucLalovtal yla mpwtn dpopad, £8eLav tn xprion moLkiag
OPYWALKWV TPWTWV MNAwV TIou oXeTilovtal aueca HE TN yewAoyia tng Aekdavng MroAepoidag —
Kolavnc, otolyeia mou og cuvSUAOUO LE TIETPOYPAPLKEC AVAAUCELS Kal avaAUOELS TTNAWVY amod TV
16La tn B£€on Kal TV guplTEPN TIEPLOXN TNG, CUVNYOPOUV OTNV UTIOBECN TNG TOTILKAC TTOPAYWYNC UE
XPron VIomwy MpwTtwyv VAWV. EL8LKOTEPQ, N Xprion tTn¢ dacuatookomiag eyylg uTtiepUBpou enétpee,
apevOC TOV OPUKTOAOYIKO TPOOSLOPLOUO TwV UALKWV TIOU Xpnholpomolnonkav, adetépou, tnv
EKTIUNON, Of HEPLKEC TEPUTTWOELS, TWV OepUoKpOOoLWYV OMTNONG. Ta KEPOUIKA OOTPAKA TIOU
g€etaotnkav £xouv PnBel og avolytég GWTLEG, e cuvToun Sladlkaoia OMTNonG Kal og OEPUOKPOOIES
Tiou Sev mpenel va Emepvolv Toug 600-7000C. MapdAAnAa, e TNV (SLa TEXVLIKN Ttpoadlopiotnkay ot
TIEPUTTWOELG SLOKOOUNONG TWV AYYELWV TIPLV 1] HETA TV OMTNON.

Ztnv mMAsloPndlo Twv MEPMTWOEWY, eMIBeBatwOBNKE N xpron APNTWV XPWOTIKWY UETA TNV OMTNON.
ISlaitepo evbladEpov Mapouolalel N MOPOUGia OPYaVIKWY UALKWY TIOU €XOUV XpnolpomolnBel wg
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OUVOETIKA TWV XPWOTIKWY, ToU, Opwg, 8ev Atav duvatd va tavtomownBolv. Qotdoco, n xprion
OPYOVIKWV UALKWY, OTWE N icoa onuudacg, yla Stakdounon r cuykoAAnon ayysiwv €xel dtamotwOet
oto MeydAo Nnot Fahavng nén amoé tn Méon NeoABikn (Decavallas 2011).

Ta eUPHAMOTO TWV CUYKEKPLUEVWY avalUoewv Ba aflodoynBolv AapBavovtag unton to cUVoAo Twv
OPXOILOUETPLKWVY AVOAUCGEWY TIOU €XOUV TipaypatornolnBel oe Seiypata veoAlBilkwy ayyeiwv amod 1o
MeydAho Nnol laAdvng, evw n mopoucioocn tou¢ Ba amoteAécsl To £vaucpa yla amotipnon
peBodohoylwv Kol epmelplwyv o BABOG XPOVOU ylOl TIG CUVEPYELEC HETALL oapyololoyiag Kal
OPXOLOUETPLAC OTNV KOTAVONGCN KAl EPUNVELX TOU UALKOU TIOALTLOMOU.
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Archaeometric characterization of the Renaissance tiles in Palace of the
Dukes of Medinaceli (Cogolludo, Guadalajara)
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Abstract

Within the frame of Tecnolonial research project (HAR2016-75312-P), an extensive program of
archaeometric characterization of ceramics produced during the 16"-17" centuries at the Crown of
Castile and the Crown of Aragon has been undertaken. The Palace of the Dukes of Medinaceli
(Cogolludo, Guadalajara) is the first complete Renaissance construction built out of Italy, and it is
considered one of the most sumptuous palaces of the Crown of Castile for this period. The building
was designed by the architect Lorenzo Vazquez, and its construction finished at the end of the 15
century. Later on, the palace will suffer different changes and extensions that were reflected in the
tiles used in the decoration of the palace. Thus, the original tiles with gothic designs will be substituted
with Renaissance tiles originated in Toledo and Seville, but present all over Castile.

The excavations undertaken by one of the authors in the Alcalleria neighborhood (Guadalajara) have
unearthed a new production center of tiles that was promoted by the Mendoza family and the House
of Medinaceli. While local clays were used for producing the tile body, the glazes were made with
materials coming from the workshops of Toledo. In order to study the provenance and the technology
of these tiles, 26 medieval and renaissance tiles have been studied by X-ray fluorescence (XRF) and X-
ray diffraction (XRD). A subset of these individuals has been further studied using scanning electron
microscopy (SEM-EDX) in order to asses the microstructure and sintering state of the clay bodies, but
also in order to obtain a chemical characterization of the glazes and to identify the pigments. The
results show the use of calcareous pastes, in all but one tiles, and the existence of up to five different
chemical meaningful groups whose provenance is being evaluated.
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Shared technological milieus: defining the borders between wheel-made and
hand-made production in Early Helladic Argolis
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Abstract

By the late 3™ millennium BC, the Helladic communities experienced one major technological change:
the potter’s wheel appeared suddenly in the northern Peloponnese by inaugurating new technological
traditions founded on a craft knowledge of high technical specialisation. Despite the supposed techno-
functional advantages, the new tool is not widely adopted remaining a rather marginal potting
practice in the dominating hand-made production.

For understanding the coexistence of different craft behaviours within the same technological milieus,
we advocate an anthropological interpretation of pottery assemblages that conceives technologies as
a part of an entire social system of knowledge, materials, skills, techniques and ideas that transform
raw material into final products. For reconstructing thus the chaines opératoires behind production,
we have elaborated and applied an innovative interdisciplinary approach which is based on different
analytical tools, usually considered separately in ceramic studies: (a) macroscopic inspection of pots
for identifying forming and finishing techniques; (b) industrial radiography that offers insight into clay-
microstructures enabling identification of invisible gestural movements involved in primary forming
operations; (c) ceramic petrology for tracing choices in clay sources and technology in fabric recipes;
(d) thin section analysis of ceramic matrix optical activity in order to trace firing conditions ; and (c)
chemical elemental analysis of ceramic bodies for exploring provenance and technological landscapes.

This combined methodology enables to describe pots as the outcome of a synergy of different potting
actions and thus to trace aspects of the embedded traditions. In this paper, we will explore the
potentials of this manifold technological study to understand the phenomenon of appearance of the
potter’s wheel by comparing the technological choices involved in both hand-made and wheel-made
pots coming from two Early Helladic settlements in Argolis, Lerna and Tiryns. The aim is shed light on
the complex modalities behind the integration of the innovation of the wheel into the local
technological, and hence, social milieus, and on the local cultural dynamics underlying its
appropriation and transmission.
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Analytical survey of Roman ceramics discovered in East Phokis and East
Lokris using portable energy-dispersive X-ray fluorescence analysis (pEDXRF)
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Abstract

Studies of archaeological ceramics based on their elemental composition provide important
information about their production and their trade and dissemination. Basic assumption is that the
elemental composition of ceramics from a specific workshop or production area can be distinguished
from other ceramic production groups mainly because of the use of geochemically different clays.
However, because compositional differences between production groups can be eventually quite
small, commonly laboratory methods with high analytical performance, in terms of precision and
accuracy, are preferred for analyzing archaeological ceramics, such as neutron activation analysis
(NAA) or wavelength dispersive X-ray fluorescence (WDXRF). During recent years an increasing use of
handheld portable energy dispersive XRF systems (pEDXRF) can be noticed in the analysis of
archaeological materials. The method provides advantages in terms of fast and non-invasive
measurements allowing for analysing considerably larger numbers of samples. On the other hand, it
presents a less sufficient analytical performance potentially obscuring small compositional differences
(Hein in press). Taking this into account, pEDXRF should not be applied as a stand-alone analytical
method but rather as a complementary method.

In the present case study, pEDXRF was used for an initial analytical survey of a comparably large
ceramic assemblage comprising c. 300 Roman ceramic samplesfrom the DAlexcavation at the
sanctuary in Kalapodi (East Phokis) and from other sites in the surrounding area excavated by the
Greek Archaeological Service. The measurements of the elemental compositions were carried out on-
site and in situ and they were essentially non-invasive. Scope of the preliminary chemical
characterization based on pEDXRF was a more efficient sample selection for the planned laboratory
analysis of a smaller assemblage.
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Abstract

Egyptian blue is an artificial material produced by firing a mixture copper, silicon, and calcium
compounds with an alkali flux, at temperatures between 850 and 1050 °C (Hatton et al., 2008, Pradell
et al., 2006, and references therein). Its blue colour is attributed to the synthesis of a copper calcium
tetrasilicate crystal, CaCuSiO,, equivalent to the naturally occurring mineral cuprorivaite (Pradell et
al., 2006, Mazzi and Pabst, 1962). This artificial material was the main blue pigment in use from the
3 millennium BCE and at least until the fall of the Roman Empire (Delamare, 2013). The
archaeological evidence for the production of Egyptian blue is scarce and limited to the Ptolemaic-
Roman manufacturing site of Memphis in Egypt (Nicholson, 2003, Cavassa, 2018) and the Roman sites
of Puteoli, Liternum and Cumae, located in the Phlegraean Fields (Cavassa, 2018, and references
therein). In the Aegean, Egyptian blue has a long history of use, and material evidence for its
production was brought to light by the excavations of the 22" Ephorate of Prehistoric and Classical
antiquities at the district of the agora of Kos (Kantzia and Kouzeli, 1987, Kostomitsopoulou Marketou,
2019). There, numerous pigments were unearthed, including more than 130 successfully and
unsuccessfully produced Egyptian blue pellets (Kostomitsopoulou Marketou, 2019).

The present paper investigates the chemical and mineralogical composition of a selection of pellets
from the workshop, aiming to shed light on the technology of Egyptian blue production on Kos.
Portable X-ray fluorescence spectroscopy was performed on thirty pellets. The ratios between copper,
calcium and silicon give preliminary evidence for the use of raw materials used and can define
successful and unsuccessful productions. Powder X-ray diffraction was employed on samples derived
from eight pellets. Cuprorivaite and quartz with its high temperature polymorphs, cristobalite and
tridymite, were detected in all the samples. The diffractograms of certain samples showed the
presence of other mineral phases, including, calcite, ferroan wollastonite, copper silicate, and
dolomite. The nature of this pigment, which is a multi-component material, requires further research,
including the micro-analysis of the different phases.
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Abstract

The study is oriented to Patras, the major city of the Province of Achaea. The city is placed on a
geographically important location, along the axis of Eastern and Western Greece, while being the
mediator of naval communications with Italy. A substantial contribution to the city's role, played its
establishment as a Roman colony by the Emperor Augustus in 14 BC, defining its acme during the
Imperial Roman period. According to ancient sources, such an important city, with a large population
and in the center of trade networks, had obviously increasing needs making us assume of its
selfsufficiency in production and the existence of manufacturing craftsmanship, so that they had not
to import all the necessary commodities. By means of excavations, the abundancy of ceramic artefacts
that came to light, additionally to the aforemented acceptance, provided us with a useful theoretical
and methodological foundation for recording and studying structures and installations concerning the
production of pottery, supporting the necessity to study artefacts not as individual objects but in
correlation with remains (Binford, 1968). The first part of the study consists of a testimony of the local
productivity within the urban and rural landscape of Patras, by demonstrating the presence of almost
50 ceramic kiln structures. Our aim is to explore, familiarize and explain their multitude, endeavoring
to establish Patras' ceramic production and distribution within its territory and among other
contemporary Roman provinces. With the use of tools deriving from GIS applications, visualizing their
spatial organization, the degree of clustering among them and their production repertoire, we will be
in position to make further assumptions about their domestic or industrial use. Amplifying and
forwarding the study, in the forthcoming part, an in depth archaeometric analysis of ceramic
assemblages from the kilns will also be of great necessity for the evaluation of provenance. We put
our efforts in establishing the local production against the imports and even distinguish if possible,
whether local potters adopt imitating shapes towards foreign prototypes. Some preliminary results
will be discussed and assessed in terms of the archaeological framework.
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Abstract

This paper explores the intertwined relationship between environmental and cultural factors in the
exploitation of raw material sources for the manufacture of pottery and draws together results from
a multi-scalar analytical programme. This topic forms part of the integrated study of pottery dating
from the Neolithic and Chalcolithic to the Early Bronze Age at the island settlements of Kastro-Tigani
and Heraion on southern Samos. The main body of evidence derives from the petrographic analysis of
pottery with the aim to reconstruct diachronically technological continuity and change and to
determine, where possible, their geological and/or geographical provenance at an intra-island and
inter-regional level.

Following the detailed study of the geological and geomorphological configuration of Samos and as
part of a preliminary raw material prospection and ethnographic survey, a number of clay, loose
sediment, and sand deposits were chosen and a representative number of samples were collected in
a radius of 20 km from the archaeological sites. These correspond to different formations and
deposits, predominantly of a clayey composition, that were also possibly exploited by modern potters,
with the aim to address the variability between and among different sources and to broaden our
knowledge of raw material availability close to the settlements. Following their collection, they were
experimentally processed and fired at different temperatures to test compatibility and technological
resemblance with the ceramic samples, upon the petrographic examination of both pottery and raw
material thin sections.

Although a direct link between ancient and modern landscapes or resources cannot be established,
the comparative examination of both sample categories provided some interesting results regarding
the natural variability of certain ceramic fabrics, the intentional tempering of others, as well as the
identification of good matches in terms of mineralogy and texture. Perhaps, this is suggestive of the
exploitation of specific areas or even the synchronic existence of various production centres during
certain phases of the settlements in question.
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Abstract

The production technology and decoration of porcelain has been investigated on the basis of 10
porcelain fragments from Mytilene (Lesbos) in Greece. The samples came from the Castle of Mytilene
and can be dated to 17"-19" century. Generally, from this period several types of porcelains can be
found in Mytilene, among which bowls with Green Glaze, Brown Glaze, Blue Glaze, White Glaze, as
well as Polychrome Bowls with flower motifs, and Blue-and-white bowls.

The four hundred and fifty years (1462-1912) of Ottoman rule left numerous traces in the castle and
town of Mytilene. The Ottoman period yielded a rich collection of different ceramic wares from the
16th to the 19%" century. Finds of the 16" century include small quantities of Italian Montelupo Ware,
while in the 18" century the imports of Chinese blue-on-white ceramics started (as well as their
Turkish copies). It is likely, however, that modern production centres on the island, such as
Mantamados and Agiassos, were active already in the last century, although the provenance of
porcelain is not exactly known yet (Hector 2009).

The superior quality and extensive production of Chinese pottery prompted one of the longest-lasting
collecting traditions both in and outside China. Underglaze blue and polychrome enamelled ‘export’
porcelains with vegetal decoration or scenes from classical Chinese stories appeared evocative to
Western eyes. In the late Victorian period, a fashion for Kangxi (1661- 1722) Blue-and-White
porcelains increased the demand and the prices paid for them. It was advocated by the painter James
Abbott MacNeill Whistler (1834-1903) and adapted to ‘aesthetic’ ideals.

The scope of the present case study is the structural and chemical analysis of the stratigraphy of these
ceramics. The structural analysis includes the determination of the crystalline and non-crystalline
phases of the structure and coating, the diffusion of the glazing into the body of ceramics, and the
uniform distribution of the components during firing. For this analysis, sections of the samples were
examined by optical microscopy and scanning electron microscopy (SEM). The chemical analysis by
SEM-EDS and non-invasive energy dispersive XRF provided information towards the identification of
compounds and pigments.
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Mainly, the presence of two layers is observed: glaze and body apart from some samples, in which an
underglaze slip was applied. The body mainly consists of SiO,, Al,Os3, K;0, Na,O and some other
samples have also Ca0, Fe;03;, MgO and TiO; at small quantities. Furthermore, it is significant that
some of the glazes contain Pb. Finally, it is particularly important that in this collection there are a lot
of colors, which are based mainly in ochre, blue and green.
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Abstract

The production technology and decoration of pottery has been investigated on the basis of 18
ceramics fragments from the Archaic Agora at Athens in Greece and can be dated to the Byzantine
and Post Byzantine periods.

The variety of Byzantine pottery in the Agora is large, such as Plain-glazed Wares (White Ware, Brown
Glaze, Plain Glaze on Slip), Impressed Ware, Painted Wares (Polychrome Ware, Black and Green
Painted Ware, Slip-painted Ware, Red-painted Ware), Sgraffito Wares and Coarse Wares. It is also
including a variety of various Turkish ceramics from the Agora excavations, described by Alison Frantz
in 1942 in her terminology as ‘Asia Minor Ware, Good Sgraffito, Birds Bowls, Blue and White Painted,
Flaring Angular Bowls, Marbled Ware, Drip-painted Ware, Concave Projecting Rim, Scrawling Sgraffito,
Blob-painted Ware, Stamped Medallions, Kutahya Ware and Pseudo-Majolica’ (Frantz 1942). A special
ware which was locally produced at Athens is the so-called ‘Blue and White Painted Ware’. The most
frequent decorative motives are birds, rosettes, and cross-hatchings; they are usually surrounded by
a floral border of varying degrees of decadence (Frantz 1942, p.1).

The scope of the present case study is the structural and chemical analysis of the micro-stratigraphy
of these ceramics. For this analysis, sections of the samples were examined by optical microscopy and
scanning electron microscopy (SEM). The chemical analysis by SEM-EDS and non-invasive energy
dispersive XRF provided information towards the identification of compounds and pigments.

The presence of three layers is observed: glaze, slip and the main ceramic body. Dark red as well as
light red clay are used. The dark red structure is due to Iron oxides (Fe>0s) which are present in an
amount that can create this hue in the clay. On the other hand, the light red clay structure is due to a
smaller percentage of Iron oxide (Fe,03) except for a sample that has a grey main body. Slip was used
both on dark and lighter red main body but particularly on the lighter red clay as this clay is apparently
coarser and it contains comparably large embedded granules. Eventually the slip is quite similar to the
ceramic, and assumedly a refined version of the initial clay paste obviously refined.

According to the analysis results of the SEM-EDX, the dark green pigment consists of Iron oxide (Fe;03)
and Chromium oxide (Cr;0s3). Yellow ocher hue is due to the combination of Iron oxide (Fe;03) with
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Manganese oxide (MnO). The brown pigment consists mainly of Iron oxide (Fe,0s). Finally, these
ceramics are believed to be decorated with under glaze technique.
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Abstract

Glass was undoubtedly an integral element of the Mycenaean material culture, a fact attested in its
ubiquity in archaeological contexts Consequential achievements of this technology, clearly adopted
as a cutting - edge one, are pronounced in the archaeological record in the 16 c. onwards, with glass
rising to prominence at the time of the rise of the palaces. The quality, quantity and types of finds-
almost exclusively restricted to jewelry and decorative motifs- highlight the commercial and cultural
interconnections within the Mycenaean world, such as Patras, Mycenae, Palaia Epidavros (Moncke et
al., 2013; Zacharias et al., 2018), Kazarma, Pylos (Karydas et al., 2018) and its links to areas farther
away, such as Crete, Egypt and Syro-Palestine. Throughout the LBA, one major glass chemical type
predominates; Soda Lime Silica- High Magnesia (SLS- HMG), with the plant ash alkali source being
marine or desert plant. Nonetheless, despite the evidence for a regularly sustained glass industry, the
occurrence of primary glass production in the Mycenaean world remains mystifying.

A major shift in the technological choices made occurred c¢. 800 BC, when the plant alkali source is
substituted by a mineral one, namely natron. This shift for the Greek region most probably takes place
around the end of the 7t c. BC, as suggested by analytical data derived from the island of Rhodes
(Oikonomou and Triantafyllidis 2018). Importantly, it has been demonstrated that there is no
continuity in the technology from the Archaic to the Hellenistic period in Rhodes, in terms of the basic
glass composition indicating possible different glassmaking traditions and, hence, provenance and
raising questions with regard to other glassmaking centers in Greece. Natron glass dominates in
Greece during the Hellenistic period. According to recent analytical data from Epirus (Oikonomou,
2019), NW Greece we may assume that the primary glass is imported from major glassmaking sites in
SE Mediterranean, such as Egypt and the Levantine coast, a tradition that continues in the Roman
period (Oikonomou 2019).

Roman Glass was produced within a new cultural system which allowed and fostered the extensive
expansion of the existing glass industry into all levels of society. It could be recycled or reworked; it
could be used for the display of luxury products but equally for utilitarian containers, windows and
tools. With the discovery of the remains of glass furnaces in which natron glass was fused from raw
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materials in Egypt and the Levant, it has become possible to connect the artifact’s primary material
with the place where the base-glass was melted. Studies of Roman natron glasses from Greece (Patras,
Ancient Messene, Ancient Corinth, Ancient Demetrias) have demonstrated that glass was imported as
raw material from primary production sites in both the Levantine coast and Egypt. Earlier Roman
artifacts destined for some special ritual or use display a more standardized recipe and careful
selection of the raw material compared to their domestic counterparts. On the other hand, later
Roman glasses exhibit the use of less pure sand rich, for example, in iron, manganese and titanium.
This change coincides with a major shift in vessel formation and decoration from the 4" c. AD onwards
that involved a quicker and simpler manufacturing process (Papageorgiou, 2014; Moncke et al., 2014).

The aim of this paper is to consolidate aspects of our understanding of how glass was produced, traded
and used from the Late Bronze Age through the Roman times in Greece. By comparing and contrasting
analytical finds from the so far examined Greek collections by the authors, an attempt is made to
develop a solid theoretical framework that fosters in-depth assimilation of the existing bank of data.
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Abstract

Sphakia is a rather remote and marginal region in SW Crete, Greece. The present study deals with the
archaeometric characterization of the Roman-Late Roman ceramic assemblage collected during the
archaeological surface survey undertaken in the 1980s and 1990s by Drs J. Moody and L. Nixon. The
ceramic shapes recognized include fine drinking and serving vessels such as kantharoi, skyphoi,
hydriae, bowls, cups, dishes, plates, transport vessels mainly amphorae, and some domestic vessels
(mainly beehives). Our main aim was to identify the chemical composition of the Cretan production
against the imports from off-Cretan centers and local imitations of foreign prototypes. For this reason,
a total of 101 ceramic sherds were analyzed through petrographic (Optical Microscopy and point
counting analysis — OM), chemical, and microstructural (Scanning Electron Microscopy — SEM)
techniques. In spite of their qualitative similarities in terms of their content in aplastic inclusions, the
textural differences observed through OM helped us identify the main fabric groups and loners. Some
vessels are considered to be of Cretan production while others were of potentially off-island origin.
Samples from each group were further analyzed chemically. The compositional analysis of the clay
pastes helped us discriminate calcareous vs. non calcareous groups and investigate further the
technological parameters of this assemblage (Cultrone et al. 2001). The microstructure of the various
vessel types was examined through SEM (following Maniatis and Tite 1981) and showed different
vitrification stages. This study offers an in-depth investigation of the pottery that was produced in or
reached this remote part of Crete in an era of intense circulation and sea trade in the Mediterranean.
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Abstract

A new, testable, interpretation of the function of Aegean Early Bronze Age "frying pan" ceramics
(Doumas 1991; Coleman 1985) that combines some previously suggested uses is presented. The
proposed function involves a well-documented natural phenomenon responsible for the rapid change
in colour of a natural salt marsh or salt pan surface due to the explosive population growth of the
extremophile archaeobacterium, Halobacterium Halobium (or Salinarium), when the salt
concentration approaches saturation (Figure 1). The cyclical nature of the appearance of red
pigmentation on the salt marsh surface every late summer or, every few weeks in a domestic "frying
pan", presents an obvious analogy with the female menstruation cycle and provides an explanation of
the fact that several ceramic vessels used for this purpose bear the characteristics of the female body.
Furthermore, the resulting red pigment lends itself for use as a cosmetic colorant (Grishkova 2015;
Chaiken and Birge 1999).

In order to reproduce the natural phenomenon in a domestic context we used a full-scale
reproduction of the "frying pan" vessel NAMA 5164 at the THETIS workshop (manufactured in the
framework of a collaboration with the Hellenic Ministry of Culture). The frying pan thus reproduced
was filled with natural brine from the Kalloni, Lesvos salt pans and exposed to the sun. Figure 2 shows
the development of the Halobacterium pigmentation after 6 days. The use of the raw, red coloured,
liquid material for decorative/cosmetic purposes is illustrated in Figure 3. The colour on the paper
surface remains red for 5-6 days after which it gradually turns to yellow before it fades away after 20-
30 days.

The recent excavations in Kastri-Chalandriani on the Cycladic island of Syros, where "frying pans"
depicting female genitalia predominate (Marthari 2017), offer a unique opportunity for a definitive
test of the hypothesis. The key-idea is the use of Bromine and its compounds as a tracer of the contact
between seawater and sea-salt with ceramic artefacts. Bromine offers a very powerful discriminating
criterion between marine and terrestrial environments. Such tests would require access to freshly
excavated "frying pan" sherds as well as to surrounding burial environment earth samples and can be
done non-destructively through XRF (Aloupi et al. 2000). Finally, if the XRF analysis confirms salt
contact of the ceramic sherds, it might be possible to explore the issue further by subjecting the
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samples to more sophisticated biomolecular analysis in order to detect traces of Halobacteria or

Bacteriorhodopsin (Sankaranarayanan 2014).

Fig 1: Kalloni, Lesvos salt pan, formation of red pigment in the shallow end of the salt pan where salt
concentration first reaches saturation; Fig 2: Halobacterium Halobium in Frying pan exposed to sun; Fig 3:
Pigment of Fig. 2 applied by finger on writing paper

Bibliography

Aloupi E., Karydas A., Paradellis T., and Siotis I., 2000. “Salt Tracers in ancient artefacts”, in The Greek Salt,
Proceedings of the 8th workshop of the Cultural Foundation of the National Bank for Industrial
Development (Nov 6-8, 1998, Mytilini), Athens, 47-55 (in greek with English synopsis).

Chaiken J. and Birg R., 1999. Photochromic materials suitable for cosmetic and sunblocking effects. US patent
US6461594B1.

Coleman J. E., 1985. “Frying pans’ of the Early Bronze Age Aegean”, American Journal of Archaeology 89, 191-
219.

Doumas C., 1991. «To mpwto KUKAaSIKO TnyavooxnUo okelog. ZKEWPELS yla pa ibavr xprion tou», Cycladic
Society Annual XV, 299-318.

Grishkova E.S., 2015. Use of bacteriorhodopsin as a cosmetic and/or therapeutic agent in the comprehensive
treatment of dermatoses, WIPO Patent Application W02017039476A1 and EPO EP3345612A1.

Marthari M., 2017. “Aspects of pictorialism and symbolism in Early Bronze Age Cyclades: a “frying pan” with
longboat depiction from the new excavations at Chalandriani in Syros”, in TEPWI5, Studies in
Mediterranean Archaeology in Honour of Nota Kourou, Brussels, CReA-Patrimoine, 147-61.

Sankaranarayanan K., 2014. “Characterization of Ancient DNA Supports Long-Term Survival of Haloarchaea”,
Astrobiology 14(7), 553-60.

@ EAANVikr Apxatopetpikn Etatpeia

166



Ocuartikn Suvebpia V: KEpauikec kot UAAWSELG UAEG 0.V_P13

Microscopic and analytical studies of late Classical and Hellenistic pottery
from ancient Messene, Greece

E. Triantafyllidi @, E. Palamara (), E. Zimi @ and N. Zacharias !

(1) Department of History, Archaeology and Cultural Resources Management, University of the
Peloponnese, Old Camp, 24133, Greece

Abstract

This paper focuses on the archaeometric analysis of a large assemblage of pottery from the deposits
south of the Asclepieion at Ancient Messene (Area XVI/2), dating between the second half of the 4th
century and the 3rd century BC based on its typological characteristics. The assemblage includes
coarse wares, such as cooking pots and tableware, transport amphorae, and fine wares, primarily
drinking vessels. Moreover, these deposits yielded a large number of miniature cups (skyphoi) with
votive character, a common find in several sanctuaries of the Greek world (@€ueAng, 1987).

The research was carried out in the Laboratory of Archaeometry of the University of the Peloponnese,
as part of an MSc thesis. The study has focused on the macroscopic and microscopic examination of
283 pottery samples with the use of LED and the chemical analysis of 26 representative clay fabric
samples with a combination of XRF and SEM analysis.

Based on macroscopic observation, the clay can be characterized as soft, with powder texture. In
addition, the clay matrix is divided in eight main categories based on the color and the frequency of
the inclusions. It is worth noting that the visual features of the pottery samples can offer significant
information on aspects of the manufacturing technology, such as the addition of temper or grog, etc.

Based on the above categorization, twenty-six clay fabric samples representing all the major and
minor groups of the clay matrices observed, were selected for chemical analysis. The chemical
analysis determined that the majority of the clay bodies are calcareous with a CaO content of 8 to 18
wt% and, also, that the red color of the clay paste is the result of high iron (FeO) content of 8 to 10wt%
(Maniatis and Tite, 1981). The slip is characterized as of low quality because it does not appear
homogenous in thickness and is easily absorbed by the clay matrix. This can be correlated either with
the type of clay used in the manufacture of these pots or with the firing process. The concentration of
the major, minor and trace elements of these fabric samples was compared to bibliographic data and
to geological clay samples collected from the area in order to identify the likely provenance of our
groups.

Bibliography

Maniatis Y., Tite M. S., 1981. “Technological Examination of Neolithic-Bronze Age Pottery from Central and
Southeast Europe and from the Near East”, Journal of Archaeological Science 8, 65-8.

j EAANVikr Apxatlopetpikn Etatpeia

167



Ocuatikn Zuvebdpia V: Kepautkeég kat uaAwdeLg UAec 0.V_P13

O¢ueAng M., 1987. «Avackadn Meoonvner, MAE, 85-6.

EAANVikr Apxatopetpikn Etatpeia

168




Ocuartikn Zuvebpia VI: AiSiva-Koviauato-XpwoTIkeég lpOPOPLKEC AVAKOLVWOELC

NMPO®OPIKEZ ANAKOINQZEIZ
AIOINA-KONIAMATA-XPQZTIKEZ

EAANVIKA ApxalopeTpLkn Etatpeia 169



Ocuatikn Zuvebdpia VI: Aibva-Koviduata-XpwoTikeS lpOPOPLKEC AVAKOLVWOELC

EAANVIKA ApxalopeTpikn Etatpeia 170




Ocuartikn Zuvebpia VI: AiSiva-Koviduato-XpwoTIkeég 0.vl_o1

Applications of in-situ non-destructive techniques regarding documentation,
identification of pigments, authentication and promotion of our culture
heritage, in the Library of Halki Theological School

Th. Ganetsos (1), S. Akyiiz @, Archimandrite Kaisarios Chronis ) and S. Celik ¥

(1) West Attica University, Non-destructive research Laboratory, P. Ralli & Thivon 250, Athens, Greece
(2) Istanbul Kultur University, Physics Department, Istanbul, Turkey
(3) Library of Halki Theological School

(4) Istanbul University-Cerrahpasa Electrical-Electronics Engineering Department, Istanbul, Turkey

Abstract

This research work focuses on application of innovative technologies on a particularly important field
of Archaeology: the identification of pigments. It aims to study, for the first time in a systematic way:
important ecclesiastical documents (Patriarchical sigilia), dated to the Byzantine and Post Byzantine
period from the Library of Theological School of Halki.

The systematic study of printed documents of the Byzantine and Post Byzantine period contains a
plethora of information related to both their provenance and the creator. The material originates from
the Theological School of Halki therefore the information revealed by its study is unique. On the other
hand, the study of Greek painters’ masterpieces will provide us with information regarding the trends
of the time, the use of new materials and the new artistic experimentations.

The use of contemporary non-destructive techniques (Raman Spectroscopy, FTIR), have the advantage
of portability of devices entailment in-situ measurements in the area of Museums. Besides the
theological and ecclesiastical content, the words and the speeches of fathers of the church contained
in the codes, there are texts with historical content, codes referring to the ecclesiastical history of the
monastery (usually from the world), musical codes etc.

The above-mentioned material can be thoroughly examined and revealed information that has so far
remained in obscurity, such as material origin, workshop, artist’s expertise, techniques and the
materials used to decorate them (writing material, pigments, presence or absence of watermarks,
type of binding etc). Thus, regardless of the indisputable palaeographic and historical interest of all

IM

printed material, the “technical” features of its construction, which will be explored in the present

research article using nondestructive techniques, will certainly complete their overall picture.
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MeA£tn TG SLaKOOUNONG TOU papuapivouv koopuntn oto KaboAko tng Movig
Aadviov
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(1) AwevSuvon Zuvtripnong Apxaiwv kat Newtepwv Mvnueiwv, YITOA, Mepaiws 81, 105 53, Avnva
(2) Tunua Zuvtripnong Apxatotitwy kot Epywv Téxvng, ZxoAn Eapuoouévwy Texvwy kot MoAttiouou

MNavenotnuio Autikng Attikng, Ayilou Snupidwvog, 122 43 Ayalew

NepiAnyn

To KaBoAikd tng Movng Aadviou xpovoAoyeital otov 110 at. kot Bewpeital éva amo Ta Mo GNUAVTLIKA
pvnuela tng pecofulavivng mePLOdou, AOyw TNG APXLTEKTOVIKAG Kol TNG €€alpeTikng WndLdwtng
SLOKOOUNONG TOU, EVW TEPIAAUBAVETAL OTOV KATAAOYO TWV UVNMELWV TNG TTOYKOOULAG TIOALTLOTLKAG
kKAnpovopag tg UNESCO. Toug e0wteplkolG TolYoug Tou vooU KOGUOUV eMLMpocBeta opllovila
popudpva dtalwpata, ol «KKOOGUATEC». OL KOOUNTEG €XOUV EYXAPAKTEG TIAPOOTACELG, Ol AUAAKWOELG
TWV omolwv GEPouV EyXpwHO UAKO MANpwaonG. MéExpL onuepa, n Xprion UAWKoU MARpwonNG yla th
Slakoéopnon Twv HopUAapvwy peAwv tng PBulavtvng meplddou £xel ouvVOMTIKA avodepbel otn
BiBAloypadia kal Sev EXEL AMOTEAEGEL AVTLKEILEVO CUCTNUATLKIG EPEVVAC, EVW YEVIKOTEPA oTtavilouv
MEAETEG YL cuvadr UVNUELD 1] APYLTEKTOVIKA UEAN.

H nmapoloa epyacia adopd tn Slepelivnon tng oUOTACNG TOU UALKOU TIANPWONC TWV KOCGUNTWY TOU
KaBoAikol tng Movr¢ Aadviou. H €épguva €ylve 0TO MAALOLO TNEG CUVTPENONC KAl ATOKATACTACGNC TOU
pvnueiov kat tng Pnodwtng Siakoounong (EXMA 2007-2013). IKOMOG TNG €pPeuvag ATAV O
T(POGSLOPLOKOG TNG oUOTACNG TOU UALKOU TANPWONG O€ LA TIPOOTIABELD KATavonong tng texvoloylag
KOTOOKEUNC TNG SLAKOOUNONC QUTAG Kal MapdAAnAQ n eKTiUNON TNC KATtAoTtaong Slatrpnong tou
UALKOU. H mopatrpnon Twv KOOUNTWV amokKoAUTTEL SLadpOopEG OTNV AMOXPWOT TOU UALKOU TIARPWGCNG
ova emninedo SlakO6oUnong Tou vaol. H HOKPOOKOTIKY KoL LKPOOKOTILKN €€£TOON QMOKAAUTITEL
KNnpwdn udn Kal TNV mapousia XPWOTIKAG, evw evtormilovtal S1adopOomMOLNCELl TG KATAOTAONG
Slatripnong tou UAkoU. Emleypéva Selypota avaAlbnkav pe @Dacpatookomia YmepuBpou
Metaoxnuatiopou Fourier pe Amoofévouoa OAkn AvakAaon (Attenuated Total Reflectance - Fourier
Transform Infrared Spectroscopy (ATR —FTIR) kat HAsktpoviky Mikpookoria Xapwong o€ cuvSuacuo
pe Qaopatookomnia Aktivwv X (SEM-EDS). Ot avaAloelg emiBeBalwvouy Ta apxikd moplopata Tng
OTITLKNAC €€£TAONG YLO TN cUCTACH TOU UALKOU, N omoia £xel w¢ Bacn to Kepi Kal amokaAUTITOUV TN
dUoN TWV XPWOTLKWY, TIAPATEUTIOVTAG OE £vav TUMO SLAKOOUNONG TToU TBAvVWE CUVOEETAL UE TN
HoKpaiwvn XpHon TG EYKOUGOTIKNG TEXVIKAG.
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The marbles of the quarries Abu Hayat and Ahmet Beyli in the area of
Ephesos

V. Anevlavi ® W. Prochaska 2 and S. Ladstatter @)

(1) P.h.D. student, MSc, Austrian Archaeological Institute — Austrian Academy of Sciences, Vienna, Austria
(2) Ao.Univ.-Prof. Dr.phil., Department of Geosciences and Geophysics, University of Leoben, Austria

(3) Priv.-Doz. Mag. Dr., Austrian Archaeological Institute — Austrian Academy of Sciences, Vienna, Austria

Abstract

An extensive investigation on the marble quarries at the area of Ephesus is been held the last years.
A big number of ancient quarries of various sizes are known in the area and petrographic and
geochemical data are available (Prochaska and Grillo 2009) (Yavuz et al 2011). Recently two quarries
at the area of Ephesus, Abu Hayat and Ahmet Beyli quarry, were investigated. Weather these
formations belong to the Menderes massif or to the Attic-Cycladic Complex is still under debate.

Ahmet Beyli quarry is located ca 20 km from the ancient city of Ephesus. Ancient traces of tool marks,
as well as unfinished objects can be observed at the area of the quarry. It seems that this quarry was
mainly used for the ancient city of Notion and the sanctuary of Claros, however no scientific data on
the marbles are so far available. The Abu Hayat quarry is located 2.5 km from the modern village of
Selgcuk and about 4 km from the ancient city of Ephesus. The recent investigation of the quarry showed
indications that it was in use as a small sarcophagus production centre. Throughout the quarry there
are many tool marks on the solid rock as well as abandoned marble objects (broken sarcophagi,
unfinished olive presses etc.).

The methods applied are petrographic investigations, chemical and isotopic analysis and extractable
salts (crush-leach analyses). This research is updating the already existing large database of white
marble quarries in Asia Minor.

The analysis of the new quarries contributes to the research of the identification of archaeological
artefacts and their provenance coming from the ancient city of Ephesus and the surrounding areas.
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Avantuén pebodou HPLC-DAD yLa TOV MOCOTLKO MPOCSLOPLOO OPYAVLKWV
XPWOTLKWV

A. Baotkewadou 1, 1. Kaparavaywwtng @ kat A. 2. Zowtou @

(1) Epyaotripio AvaAutikig Xnueiag, Turnuoa Xnueiag, Aptototédeio Mavemniotriuto Osooadovikng, T.K. 54124,
Oeooaldovikn, EAAada

(2) Epyaotripto Xpwuatoypapiag, Mpdypauua Ataxeiptong EkkAnotaotikwy KetunAiwv, Avwtatn
ExkAnotaotikn Akadnuio Osooadovikng, T.K. 54250, Osooaldovikn, EAAada

NepiAnyn

Ol PUOIKEG OPYOVIKEG XPWOTIKEG TIPOEPXOVTOL OO PUTIKOUC Kal {wikoUG opyaviopoug Kot givatl
YVWOTEC 6N o TNV apxaloTnTa yLo I XpHon toug otn dtatpodr, otn GapUAKEUTLIKA KAl oTa £pya
TéXvnGg otn Meooyelo kal otnv AvatoAn (Mantzouris et al 2011). OL OpyavikéG XPWOTLKEG
arotelolvTal amnod XpWHODOPEG EVWOELS, O TTOCOTIKOG TPOOSLOPLOUOG TwV omoiwv BonbasL otnv
TouTtomnoinon tou l6oug Twv opyavikwy xpwoTikwv (Vasileiadou et al 2016).

H ocuykekpluévn epyoaoia e€umnpetel TRV avaykn yla tnv avamntuén kot emkipwon pebodou HPLC-
DAD yLla Tov TAUTOXPOVO TOCOTLKO TIPOCSLOPLOUO SEKATECCAPWY XPWHOPOPWY EVWOEWY, OL OTIOLEG
ToutomoloUvtal o TANBOC Opyavikwyv XPwOTIKwY Kot ¢uolkwv Boadwv (avBpakivoveg Kal
dAaBovoeldn) mou £xouv xpnolpomnolnBel og €pya TEXVNG. OL XPWHOPOPEG EVWOELG EIVAL TO KAPLLVLKO
o&u, to eAhayko ofV, n dloetivn, n popivn, N couAdoupeTivn N KEPKETIVN, TO KEPUEODIKO 0&U, n
armyevivn, n keundepoAn, n aAlapivn, o Kepmdepidlo, n mMoupmoupivn, N KOUPKOUWIVN Kal n
gpovtivn. H néBobog xpnotpomoleital EMUTAEOV YL TNV TTOLOTLKN avaAuohn Kol AAAwV xpwuodopwv
EVWOEWV, OTIWE AUTEC TNG opdUpaAg.

Ma tov mpocdLloplopd TwV XpWHOPOPWY EVWOEWV XpnotuomotiBnke otiAn Altima C18 (Altech) (5um
péyebog mopwv, 250mmx 3,0mm). H otAn Beppootateital otoug 35°C. To mpoypappa €KAoucng
elval BaBuwto kat amoteAeital ano A) H,O0 + TFAO,1% (v/v) kat B) CHsCN +TFA 0,1% (v/v). H pon tng
KwnTAc paong sivat 0,5 mL/min. Ot evwoelg ekhovovtal o€ xpovo 23 AemTwV Kol 0 StaxwpLlopog sivat
LKOVOTIOLNTLKOC. H avixveuon ylvetal ota 254 nm, 275 nm, 360 nm kat 420 nm. O 6ykog TnG KuPeAldag
glvat 20 pL. Ma tnv amnotipnon tng anddoong Tou XpwpatoypodLkol cUCTAUATOC UTIOAoYioTNKAV O
napdyovtag acuppetpiac A=(RW10% + LW10%) / 2*LW10%, n OXETIKN TUTILKH aTtOKALON TwV XpOVwv
ouyKpATNONG, KAtd tn SLdpkela tng Blag LEpOC Kal KATA Tt SLAPKELA TIEVTE SLASOXIKWY NUEPWV, KoL
n Slakpltikn tkavotnta kabe {evyoug Kopudwv, Rs= 2(te-tr) / (BWp-BWR). Ta amoteAéopata nTav
LKOLVOTIOLNTLKAL.

H péBobdog emkupwBnke w¢ TPOC TN YPOUUIKOTNTA, TA Opld aAViXVEUONG KOL TIOCOTIKOU
PooSLopLoPOoU, TNV akpiBELa, TNV MLOTOTNTA KAL TNV eVpwoTtia. H eupwotia tng puebodou peletrnBnke
TIPOKOAWVTOG MLKPEC, €KOUOLEC HETAPBOAEG oTNV QavAAUCN €VOG TPOTUTIOU SLOAUUATOC TWV
XPWHODOPWV EVWOEWV, TIOU TIEPLELXE TEMKEG GUYKEVTPWOELS pdlag 1ug mL™. Ot tpomomnolioelg mou
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Sdokipaotnkayv, adopoloav otnv TaxUTNTA PONG TNG KWNTAG daong katd +0,1%, oto MpoypauUd
BaBuwtng ékhouong katd 2% (v/v) Tou opyavikou SlaAltn, otn Beprokpacia tng othAng katd £5°C
Kal oto pH, katd +0,1 povadeg, Tou udatikol StalUpatog pe TFA. ATO T MEWPAPATA TNG EVUPWOTIAG
SlamotwONKe WG oL ULKPEC aANayEG OTIC XpwHaToypadIkEG cuvBnKkeg dev emnpedlouv apvNnTIKA TO
SLOXWPLOKO TWV EVWOEWV TNG TIopdUpac.
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AuvatoTtNTEG KOl TIEPLOPLOOL ot dlepelivnon TG TEXVOAoyLag KoL TWV
UALKWV KOTOKEUN G AGKOG OVTLKELMEVOU amo tn KwETikn cuAAdoyn tou
Movuosiou Mmnevakn

E. B. ®appakoridov 1)) 3. Mroyiatlig ) kat A. Topmatdxoc )

(1) Mouoeio Mnevakn

(2) MNavemiotnuio Autikng ATTIKNG

NepiAnyn

H cuvtnpnon tou avtikelpévou ME 2897 tng Kwélikng cuAhoyng tou Mouaoesiou Mmevakn eméBale Tn
MEAETN TNG TEXVOAOYLOC KATAOKEUNG KOL TWV UALKWY SLOKOOUNONG TWV OTPWUATWY AdKag KaBwg Ko
TWV VEOTEPWV UAKWV OTTOKATAOTAONG TNC WOTE val KatavonBel o pnxoviopocg dafpwong mou
OUVTEAECE OTNV ATOAETILON TNG SLOKOGUNTLKAG eMidavelag and Tov dpopéa Tou ayyeiou.

H texvoloyia tou ayyeiou eival e€alpetikd omavia. MPOKELTAL ylo ayyelo AEUKAG TOPOEAAVNG UE
Aeukn epudAwon Kal UTtEPKEiPevn Slakoounon pavpng Adkag (urushi lacquerware) pe €vBeon
oevtedLoL Kal LeTaAAKWY oTtolxeiwv (gik. 1). To avTikeievo mpogpyeTal amo tnv enapyla Jiangxi kat
xpovoAoyeital tnv nepiodo tng Auvaoteiag Qingto o’ poo tou 18°° awwva p.X. (Ashton 1939; Webb
2000).

H HeAETN TNG OXETIKA AyvwoTng yla ta Eupwmaikda Sebopéva kat L6k yla tnv EAAASa Slakdopnong
ortd Adko akoAolBnoe pebodoloyia TOU oOTNPIXTNKE OTA KAAOOIKA OVATOAKA TPWTOKOAAD/
ovadopEG KATAOKEUNG TWV TEXVIKWV OQUTWV, OE CUVOUAOUO HE TNV aVvAAUGCNH TWV UALKWV TOU
OVTIKELUEVOU KOL TNV XPAON TPOTUTIWY Selypldtwy avadopds. Ta KUpLa epwTAUATA oXeT{ovTay UE
NV cuvotacn Kal cupmepldopd Twv UALKwv: udpddoPfn mpostopaocio, oTATv adltofaduntn
otpwpatoypadia AGKOG Kol Ayvwoto UAKO emépPaong. e Seltepo emimedo péoa amo Tov
XOPOKTNPLOUO OTOLXElwV Texvohoyiag kol emepPacswv emyepndnke va mpoodloploBel n xwpa
KOTOOKEUNGC, N OPXLKN TIPOBECN OXETIKA E TNV TOTIKN N €€aywyLLLn XPrioN TOU QVTIKELUEVOU, KoBwG
Kot av n eméuPaocn Atav Sutikol R avatoAlkoU TUTou (Zaumratakog 2013).

ot TNV TOUTOMOLNON TWV UALKWV XPNOLUOTIOLBNKOV KOTOOTPETTTLKEG KOLL LN KATOOTPETIKEG TEXVLKEC.
Me tnv kAapepa umepuBpou, pe awoBntpa InGaAs kol suvawcbnoia mou ¢tavel tTa 1700 nm
StamotwOnkav ixvn and tn péBodo oTiABwong tng AAKKOC KOL HE MOpATAPNON Ot umepLWon
oktwoBolAia katéotn Suvatn n kataypadr MAAAOTEPWY EMEUPACEWVY OTIWCE UETAYEVESTEPN PNTIVN
otnv enidAveLa TOU ayyeiou.

H HEALTN UIKPOTOUWY OTO MOAWTIKO UIKPOOKOTIO (0patd — UV) Kol 0To NAEKTPOVIKO HLKPOOKOTILO
cdpwong SEM (ewk. 2) pe otolelakn pikpoavaAuon EDS avédelfe tnv otpwpatoypadio tng
SLOKOOUNTIKAG emidpAvelag. ITNV EMLPAVELD TNG TOPOEAAVNC €XEL apXKA £DAPUOOCTEL OTPWUO
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AKAUMTNG Kal ubpodopng mpoetolpaciac. MNavw og autAv tnv mpostoacia, mapatnpRdnkav Tpia
oTpwpata S1adopETLKC KOKKOUETPLAC OTIOU amodidouv To cwia TNG LaUpng AAKaG LE Ttapousia Twy
otolyelwv Fe, Si, Al. 2To 6€UTepO oTpWHA LAUPNE AdKAg NTAV EVOETA Ta SLAKOOUNTIKA OTOoLXEla OTTWG
OeVTEDL Kal LETOAALKA eAdopata (amo kpapa Sn, Pb) Slakoopntikd otolyeio mov anotunwinkav Kot
pE TN HEBOSO aktvoypddnong. H teAeutaia emiotpwon AAKaAG, TMAOLOLWVEL Kol OTAOEPOMOLEL T
€vBeta otolyeia, mpoodideL Aauyn otnv enidpavela katomnw Stadikaoiag otiABwong.

H avaluon pe dpacpatookomnio umepuBpou e petacynUatiopo Fourier (L€B0S0G eVIOXUUEVNG OALKAG
avakAaonc, ATR-FTIR) o amoAemiopévo delypa tng Adkag, KATomy cUYKPLONG e cuyxpova Selypata
avadopdg, £6elfe To avapevopevo mpodil kKopudwy TN LOMWVIKAG AAKAG 0TNV eEWTEPLKN TAEUPA
tou Selypartoc. Emni mAgov, TautonolnOnke peydAn moootTnTa opyavikol alatoc, pall pe avBpakiko
aoBéotio (aoBeotitng) Kot eAALWOEC HECO OTO E0WTEPLKO AEUKO OTpWUO TpoeToldaciag. TEAoG,
avixveuBnke yuog kal eAaLwSEC LEGO OTNV TIEPLOXN) UE OEVTEPL KABWC KOl OE TLEPLOXI TTOU EKTLUATAL
OTL €yLvaV TPONYOUUEVEG EMEUPATELC.

H dlemiotnuovikn cuvepyaoia otn HEAETN TOU KLWVEILKOU QVTLKELUEVOU, BACLOUEVN OE TTpONyoUEVN
£pELVO KOL LE OTOXO TN Katavonon Twv SLadopeTIKwY MOALTIOTIKWY Kal dplhocodikwy avTAnPewv
AvatoAng kat Auong avadoplkd pe éva eUPANUATIKO UAIKO OMWG N aolatiki Adka, aveédelte tnv
SuvatotnNTa CUYKALONG TWV EMLOTNHOVIKWY TeSlwv Ue TNV edappoyr) YVWOTWY TTPWTOKOAAWY UE
TEALKO OTOXO TNV QvVayvVWPLoN TNG TEXVOAOYLOC KATAOKEUTC TOU OIVTLKELUEVOU.

Ewova 1: To avtikelévo TE Ewkova 2: MeAETn UIKpOTOUWVY OTo SEM Kol TOAWTLKO
2897 tng KWweUkNg oUAAOYNG MLKPOOKOTILO (0pato — UV).
Tou Mouogiou Mrmevakn.
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Aepglivnon TeEXVOAOYLOG KATAOKEUNG USPAUALKWV KOVLOLLATWVY OO oLpXOLie
defapeveg oto Bpuokaotpo tng KuOvou

A. Namnoutodkn Y, I. ®akopéAng M kat A. MaZapdkng-Awidv ?)

(1) Epyaotripto MeAétng kat Suvtipnong Apxaiwv kat Neotepwyv lMoAttiotikwv Ayadwy, Tunua
Juvtpnang Apxatotntwv kat Epywv Téxvne,ZxoAn E@apuoouévwy TeExvwy Kot
MoAttiouou, Maveniotnuio Autikng Attiknc, Ayiou Znupibwvoc, 122 43 Alyadew

(2) Tunuoa lotopiag, Apyaiodoyiag kat Kowvwvikng Avdpwmnoldoyiag, MNaveniotiuio Osooaliag,
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NepiAnyn

H mapovoa pelétn adopd otn Slepelivnon TNG TeXVOAOYILAG KATOOKEUNG KOVIOUATWY oo tn Bactki
Se€apevn tng avaokadng oto Bpudkaotpo tng KuBvou (100¢ £wg Kat 606-706 al. W.X.) KaL Tn cUyKpLon
NG UE €KElvn KOVIAUATWY amd aAAec Sefopeveg i amo onpeia mou adopouv otnv USpPeUCN TNG
apxaiag moAng ( Malapakng — Awiayv , A., 2013). Ma To okomd auto avaAlBnkav epta deiypata
ipogpyOUeva amno tn de€apevn mou Bploketal kovtd oto AckAnTieio (2), Tng omolag n xpovoAdynon
gival akopa umo Slepelivnaon, amo Tov meptfarlovta xwpo tn¢ (1) kat and pa apyaio de¢apevy D4
(1), n omola BplokeTal akopa Kal orypuepa og Xpron. Ta umolona Tpia Selypata pogpyxovtal amno tnv
Kprivn Tou BpuokdoTtpou, amod TO €0WTEPKO TNG (2) Kal amod tov meplBailovia xwpo tng (1).Ta
KOVLAMOTO £EETAOTNKAV WE TIPOC TNV OPUKTOAOYLKN KAl T XNUIK TOug oloTacn HE TN XPNon
OVOAUTIKWY GUOLKOXNHLKWY LEBOSWV: meplBAaoipetpia aktivwv X (XRD) og okovn <100 um, OmTikA
HLKPOOKOTIO, NAEKTPOVIKN ULKPOOKOTIiOL 0dpwaong Ue pikpoavaAuth (SEM/EDS), téoo og Asieg TOpEC
eyKIBwTIopéVWY og pntivn Selypdtwy, 600 Kal o GPECKOOTIAOUEVEG eTLPAVELEG. ETuTAéov €ylve
KOKKOSLaBABULION TV adpavwV TwV KOVIAUATWY TIPOKELUEVOU VoL TIPOaSLopLoBel n KoTavoun tou
pey€Bou¢ toug. Eniong avaAlBnkav Seiypota Tou TOmKoU oXLoTOALBLIKOU METpwHATOG TG KUBvou yla
Aoyouc ouykplong. Ta amoteAéopata TG v e€eAifel £peuvag Selyvouv OTL TTPOKELTAL YLO KOVIAUOATA
USPAUALKNG aoBEoTou pe acBeotitika (eite kaBapd, ) SoAouttikda) pe xalallakd adpavh, oplopEva
€l6n aotpiwv (m.x. pkpokAwvng KAISisOg) aAAd kal Tomikr mapouoia ofeldiwv tou Fe (mou npoadidouv
KOKKLVWIIO XpwHpa)(Borsoi ,G., Santos Silva, A., Menezes, P., Candeias, A., Mirdo, J., 2019). EmutAoy,
napatnpnOnke oto NAEKTPOVIKO HLKPOOKOTILO OApwong ot (HPECKOOTIACOUEVEG ETLDAVELEG,
avakpuotaAAwpévo NaCl Adyw yettviaong pe tn Bahaocoa. Ta adpavn mou £xouv xpnotuomnolnbei Sev
£€xouv péyebog <8 mm oe OAa ta Seiypata pe e€aipeon ekelva TwWV KOVIOUATWY TNE KPAVNG TTOU £X0UV
péyeBog <4 mm. EmumAfov, BpéBnkav amoAlbwuéva keALdN palakiwv utodnAwvovtog OtL ta adpavn
T(POEPYOVTOL amo nopaBaAdaoclo meptBAaiAov.
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To Apxaio O¢atpo tng Hpatotiag Afuvou(EANGSA): XapaKTtnplopog Ko
MNpoéAevuon twv Aoptkwv AiBwv

M. Baptri-Matapdyka Y, I. Katoikng M kat A. Matapdykag )

(1) m. Epeuvntéc tou Ivotitoutou MewAoyikwv & MetaAdeutikwv Epeuvwy (IFME)

NepiAnyn

Jta mAaiola eupUTEPOU £pyou HEAETNG TwV Soukwv AlBwv apyalwv pvnueiwv kal mapadoolakwy
OLWKLOMWV TNG Afuvou tou lvotitoutou MewAoyikwy & MetaAleutikwy Epguvwy, peletibnkav ot
Soputkol AiBol Tou apyaiou Bedtpou tng Hbalotiag, KabBwg Kal 0 yewAOYLKOG OXNUATIOUOC Tou Addou,
OTO TPAVEG TOU omoiou olkodounbnke to apyaio Bfatpo. To apxaio Béatpo tng Hdaloteiag
KOTOTAOOETAL HETAEY TWV OPYALOTEPWY TOU EAANVIKOU KOOWOU, TOTOBETETAL 0TO TEAOG TOU 50U A TIG
opX£EG Tou 4ou atwva TLX.

Me Bdon TIC KAACLKEG YEWAOYIKEG - TIETPOAOYLKEC HEBOSOUC, MpoaSloploTnkav Ol EVATIOUEIVAVTEG
(umtapyovteg) Sdopikol AiBol, oL omoiol aviKkouv oe TEOOEPLC TIETpoypadLkolC TUTouC: Suo €ibn
LyKVLUTpitn, AsukO SOAOULTIKO pdpuapo, Kal mwpoAlbog (calcarenite). Emiong evtomiotnkav ta
apyaia Aatopeia amnd ta omnoia mponABav. O Addog, oTo MPAVEG TOU omoiou KTioTnKe To apxoaio
Batpo, dopeltal amod Tov YEWAOYLKO OXNUATIOUO Tou dAUCYN.

OL MPWTEG OeLPEG TwV edwAlwv Tou Bedtpou, 6mou kaBovtav ol emicnuot Kat ol toAiteg Sopolvtat
ano HeyAAeC opBoywvieg TAAKEG MwWpPOALBou Twv Aatopeiwy Tng Hbalotiag evw Ta avwtepa £6pava,
Omou KaBovtav oL yuvalkeg kot oL SoUAoL, lval PLKPEG KOl LEYANEG OXLOTOALOIKEG TTAAKEG TOU dAUGYN,
TIAVW OTOV OMOi0 KTioTNKE To apxaio Batpo.
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OpPUKTOAOYLKOG Kol TIETPOYPOPLKOG KOL XOPAKTNPLOKAG METPWHATWY TNG
vjoou AotundAatag e KOO Ttn dtepeuvnon npoélevong AlBwvwv
TPOIOTOPLKWV TEXVEPYWV and to Babuv

M. KokkaAwdpn 1, 1. HAdrouhog &2, E. ASau @), A. BAaxomouAog 4)

(1) MNavemnotnuio Matpwv, Tunua ewloyiog, Piov, 26504 lMNatpa

(2) ERAAUB, Departament d'Historia i Arqueologia, Facultat de Geografia i Historia, Universitat de Barcelona,
¢/Montalegre 6-8, 08001 Barcelona, Spain

(3) Ymoupyeio MoAttiouou kat ASAntiouou, E@opeia Apxatotitwy lwavvivwy, MA. 25" Maptiou 6, 45221
lwavviva

(4) Mavemotiuio lwavvivwy, @rogoeikn ZxoAn, Tunua lotopiacg kot ApxatoAoyiag, 45110 lwavviva

NepiAnyn

Ta mpocdata gupnuaTa TG APXALOAOYIKAC €peuvag otnv meploxr Bably tng vAoou Actumalatag
UTIOSEIKVUOUV aSLAAELTTTN KATOLKNGH TNG OO TOUC TPOIOTOPLKOUE XPOVOUG, LE CNUAVTIKOTEPN daaon
Vv petafatikn nepiodo amnd tnv TeAkn NeoAlBikn otnv Mpwiun Emoxn tou XaAkoU (téAog 4"/ apyEg
3" yihetiog 1.X.). H afloAdynon twv opXoloAoylKwy TpoloToplkwy ABvwy texvépywy amo to Badu
LE TNV XPAON KN EMEUBATIKWY aVOAUTIKWY HeEBOSwyY (Daopatookoria Eyyug YriepuBpou — NIR), oe
OUVOUOOUO LE TOV OPUKTO-TIETPOYPADIKO XAPAKTNPLOUO TwV KUPLWV ALBOAOYLKWY CXNUOTIOMWY TNG
VOOU, OVAWEVETAL VO SWOEL ONUAVTIKEG TIANPOdOPLEC YLO TIG EUMOPLKEG AVTOAAAYEC TWV EMOXWV
ekelvwv aAAA KAl yla TNV TEXVOYVWOLA TWV KATOIKWY Tou vnolwoU. H yewloylki avayvwplon tng
TEPLOXNG O OUVSUAOUO HE TNV OVAAUGCH TWV OPXALOAOYIKWY KOL TWV YEWAOYLKWY UALKWVY odnynoav
oTNV avVayvwpLon KoL ToV PoaSLoplopd TOCO TWV EMXWALWY 0G0 KL TWV AANOYEVWV UALKWV.

Kata nmpwtov, €ywve Suvatov va mpocadloplotolv ol TiBaveg B€aelg andoAnPng mpwTwy VAWV yLa TV
TIAPAOKEUN TWV TEXVEPYWV KOL VA YIVEL LA TIPWTN TIPOCEYYLON TNG TPOEAEUGCNG TWV OAAOYEVWV
UVAkwv. Ta AlBva Téxvepya TOU €lvOl KATAOKEUAOHUEVO QMO YEWUALKA TIOU avayvwpilodnkav wg
EMYWPLA ATIOTEAOUVTOL KUPIWG amo aoBeotitikolc Pappiteg, AUOABoug, aoBeotoAlBoucg Kot
avVaKPUOTOAWHEVOUG aoBeoTtoAiBoug, Ta omoio amoteAoUVv TO HeEYAAUTEPO TIOCOCTO TWV
ABoAoylkwv oxnuatiopwy tng ActundAatag. Me tn BonBela TnG OMTIKAG Tapatnpnong Ue tn Bonbela
dopntol HKpookoTtiou Kal tng epapuoyng tne pacpatookormiag NIR katéotn mepaltépw duvatn n
avayvwplon ABwvwv TEXVEPYWV YLO TNV KATAOKEUT TWV oToilwv £Xouv XpnotomnolnBel yewuALka mou
gival aAAoyevr onw¢ omaAlog, Bwéitng, cpuplda, oteatitng, LOPUAPUYLAKOC OXLOTOALBOG, Kioonpng,
NdALOTELOKA TTETPpWHATA (SAKITIKAG KOL TPOXLTLKAC ouoTtaong ) kot oPlavog. OAa To mopamavw UALKA
xapaktnpilovral wg aloyevh Kat Hepkd TiBavOV we elonypévo Kabwe SV avhKOUV 0TO YEWAOYLKO
unofaBbpo NG vricou. TEAOG, UE BAON TOV OPUKTOAOYLIKO Kal TETPOYPADIKO XAPAKTNPLOUO TwV
oPXOLOUALKWV ETILXELPEITOL LA TIPWTN CUCXETLON TOUG UE TILOAVEG TIEPLOXEG ATTOANYNG TOUC.
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Macroscopic XRF imaging in unravelling polychromy on Mycenaean wall-
paintings from the Palace of Nestor at Pylos

E. Kokiasmenou &2, C. Caliri @), V. Kantarelou @, A. G. Karydas ("), F. P. Romano 4, and
H. Brecoulaki
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(3) INFN-LNS, Via Santa Sofia 62, 95123, Catania, Italy
(4) IBAM-CNR, Via Biblioteca 4, 95124, Catania, Italy

(5) Institute of Historical Research, The National Hellenic Research Foundation, 11635, Athens, Greece

Abstract

The wall painting fragments from the Mycenaean “Palace of Nestor” at Pylos, are characterized
by their high artistic quality, their unusual iconographic variety and the use of tempera and
secco painting techniques (Brecoulaki et al 2012). Systematic in-situ XRF analyses combined
with the results of other portable and laboratory analytical techniques have already revealed
a rich gamut of inorganic pigments with respect to the common Aegean “palette”, including
different white and black pigments, iron based ochres ranging from dark brown to orange and
pinkish hues, manganese based umbers, natural copper based greens, goethite, Egyptian blue
and organic purple dyes (Brecoulaki et al 2008). Macroscopic X-ray Fluorescence (MA-XRF)
imaging, although well-established for non-invasive analysis of historical or contemporary
painted artworks (Romano et al 2017) has hitherto been applied in a few cases only regarding
the study of ancient polychromy (Alfred et al 2017; Alfred et al 2018a,b). The purpose of
applying in-situ MA-XRF imaging on selected wall painting fragments from the Palace of Pylos
was to evaluate the capabilities of this technique in identifying the composition of pigments
and their spatial distribution within heavily deteriorated pictorial layers, and in revealing
iconographic information invisible to the naked eye. The examined fragments are part of two
major compositions, a Naval Scene (Figure 1) and a Battle Scene (Figure 2). Through the
resulted elemental distribution images of the analyzed wall-painting fragments, an immediate
visual impression is produced on how the different elements are distributed in close
conjunction with the iconographic elements unravelling their possible associations, and thus
providing valuable insight into the painting techniques used by Late Bronze Age painters.
Following that, as it has been attested by the MA-XRF results and further examination of the
fragment belonging to the Battle Scene, a technique of superimposed layers has been
identified (Figure 2). Moreover, lost polychromy and hidden figurative drawings or decorative
motifs were revealed, allowing a critically reconsideration of previous artistic reconstructions
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(Figure 3). This is highlighted for example by the revelation of a male head located inside a ship,
as resulted from a detailed analysis performed in selective area of a fragment belonging to the
Naval Scene.

S ,@ Figure 1: Reconstruction of the Naval

Scene from Hall 64, by R. Robertson.

| 1 n The corresponding  wall-painting
b fragments composing the Naval

a b['_‘]\ a 4 A Scene are marked in the
;', mER ¥ fas // == < reconstruction as I, Il and Ill. The
‘ﬁ—, "f—b-l\\ / N different areas of the fragments

e & Ty rren scanned by MA-XRF imaging are also
- * = outlined in the reconstruction and are

depicted with small letters.

Figure 3: MA-XRF image in Green-Blue (GB)
correlation showing the spatial variation of the Fe-

Figure 2: a) The examined area of the Battle Scene Ko and Cu-Ka intensities with green and blue colors,
fragment. b) MA-XRF image of Fe-Ka (Fe-ochre), Cu- Ka respectively, superimposed to the analyzed
(Egyptian Blue) and Mn-Ka (pyrolusite) intensities fragment, produced by the MA-XRF analysis of the
depicted with green, blue and red colors, respectively, examined area lll-a of the Naval scene fragment.
produced by the MA-XRF analysis of the examined area The reconstruction on the right was made by R.
of the Battle Scene fragment. Robertson.
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Kwvapapn and to Aavplo ATTIKAG- VEQ EUPHHOTA ETILITACCOUV TNV
enavanpoosyylon tou fMepi AiSwv tou Oeddpaactou tou Epéolou

O. Katoapog

Epyaotrpto Quatkoynuikwv Availuoswy kot Apyatoustpiog Bulavtivo kot Xplotiaviké Mouoeio
Baotdioong Zopliag 22, AGnva 10675

NepiAnyn

Kotd tnv cuykpotnon piag Baong Asdopévwv Qacpatookomniog Raman Selypdatwy Kivwwapapng amnd
Nén yvwotég B€oelg maykoopiwg, peAetnoape kat Seiypota and th AaupewTtikr. Ektog and Raman
(Katoapog 2018) sdpapuocape kat dpaocpotopetpioa XRF kat meplOAaoiyetpia aktivwv —X. H
AQLUPEWTLKA KOG BETEL VEQ EPWTILATO OLPYOLLOAOYLKA KOLL ALPYOILOMETPLKA E TNV ERdAvIon KvwaBapng.
H 61e€ob1kn peAétn Twy Selypdtwy pag enetpee va SLATOTWOOUUE S10pOPOTIOLNCELS OTO XNULOUO
LKaveg va umtodeifouv miBavég BEoelc mpogAeuong, OMwWG yla mapAdSelypa n avixveuon ceAnviou oe
Selypata amo tnv Kiva n n dwamiotwon uvdpoyovavBpdkwv [Idrialite] ota delypata and Kpoartia-
YhoBevia. To evbladépov véo elpnua eivat and to Aauvpto. O John Healy (1999) 010 pvnuelwWdEeS
£pyou tou Pliny the Elder on Science and Technology avad&pel XOpOKTNPLOTIKA OTL: «Ol YEWAOYIKEG
evbeieic bev SikatoAoyouv kavéva LoxupLouo ott Bpédnke moté kivwaBapn otn votia ATTik». AUt n
SNAwon gpxotav og cUUTMVOLO PE TO TIVEVD A TNG LEXPL TOTE OXETIKAG EPELVACG, av HaAlota AdBoupe
unoPv pag ta oxohla tou Eichholz (1965) oto £pyo tou Theophrastus De Lapidibus, 6mou n
avakaAun tou KivwdaBapng amno tov KaAiia tov ABnvaio, BewpnBnke otL EAafe ywpa otnv mepLloxn
™¢ Edéoou. Opwg to 2016, avakaAUdOnke kivwwdfapn amd Ttov Anuntpn Zuplyo otnv
MaAatokapaplao ThG AQUPEWTIKAG. TOV EVIOTIOMO TG B£€0ong Tov odellOULE OTOUG AELUVAOTOUG
vewAoyoucg AAKIBLASN TooAdko kol Xprioto JoAwpo. To epwTnua cuvictatal oto v Ba punopouvos
va NTav yvwotr n Kwwvapapn ano to Aavplo kata thv apxatdtnta. O MAiviog o MpeoPutepog avadEpet
otL 0 KaAAiag o ABnvaiog avakAAue TNV TEXVLIKI EUMTAOUTIOMOU TNG KwaBapng Katd thv avalntnon
xpuoou. O Oeodpactog avadEpel TPWTOG oTo £pyo Tou [epi Aidwv Tov KaAAia wg évav ABnvaio amnod
T apyupsia kot mBavotata umovoesl to Aauvplo. MNatl opwg Sev to Sleukpuvilel; Towe yati Ba
MMopoUoE va UTPXE EKTEVEDTEPN avadopd yla to Aauplo oto anolecBév onuepa €pyo Tou [lepi
MetaAAwv. Nolog Opwe ntav o KaAAlag mou avadépetal anod tov Oeddppacto; O Eichholz moAl cwotd
KOTA TNV amoyin Hag, AmoppimteL TNV talTion Ke Tov ¢ido Tou Iwkpadtn tov BabumAouto KaAAia, Tov
ylo Tou Immovikou, tov omolo eixe mpoteivel o Kirchner. Ouwg umdpyouv Tpia MpoéowNA He AUTO TO
ovopa otnv 8o paAlota owkoyévela. O Eichholz tovilel otL eav Atav o diaonuog KoaAAiag Ba
avadePOTAV UTIOXPEWTLKA KOLL TO TIOTPWVU LO TOU KAl OXL TO UTIOTLUNTIKO OIMPOCWTTO EBVWVUULKO £VaG
adnvaiog. H pehétn Twv ocwlopevwy enypadwv TNC AAUPEWTLKNAG Hog emetpee va oTpEPoupe TV
mpoooxn Hag oe £€va alho mpoowmo, €vav KaAAia amd tov druo tou apxaiou Idntrou Omou
poptupeital o HETAAAEUTIKOUG 0poUC [OTHAEC SNAWTIKEC WOlokTnoiag petaAleiwv]. O KaAAiag o
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IdnAtTiog avadépetal Kal otic enypades Twv MwAntwy and tnv Apxaia Ayopd tng ABnvoc kat Ba
Umopouaoe va eival To 18Lo TPOoWTTo yla To omoio Kavel Adyo o Oe0dpactoq. Kal av oviwg LoyUEL N
umoBeon pag auth, n meplypadn tou Osdodpactou oto lepi Aidwy yla Thv avakdluyn amoé tov
KaAAla tng kivwaPapng, Ba pmopovoe va avadepetal oe éva cupBdv oto petalleia apylpou tou
Aaupilou. H véa mpotewvopevn Béon mpoéleuong KvvaBapng eUmAouTilel To oUVOAO TwV HEXPL
ONUEPO YVWOTWV TNYWV avA TOV KOOWO, HE HeyaAlTepn OUWG TILBAVOTNTA CUCKETIOUOU HE
OPYOLOAOYLKA EUPUATAL.

BiBAoypadia

Katsaros Th., 2018. “A New Spectral Library of cinnabar from different geological sources and
thecharacterization of a red pigment from Makriyannis archaeological excavation at Athens using Raman
spectroscopy”, GeoRaman 2018, Catania, 222-3.
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AvOepwtn avayAudn sniotePn ano tov KUKALKO tado AspBeviou
Oscoalovikng, EAAada.

2. BiBvtévko M), Aw. TZavaBapn @ kat A. Bacthetddou G

(1) Ap lotopiag kat Kpitikng twv KaAwv Teyvwv, Xnuikoc otnv Epopeia Apxatotitwy MeptpepeLag
BOeooaldovikng, Yroupyeio MoAttiouou kat AGAnTIouo

(2) Ap Apxaiodoyiacg, ApyatoAoyiko Mouaoeio Osooadovikng

(3) AvaAutikr¢ Xnueiag, Tunua Xnueiog, Aptototédsto Maveniotriuto Osooalovikng, T.K. 54124, Osooadovikn,
EAAaba. TnAépwvo/Fax:2310997746/2310997719

NepiAnyn

H avBepwtn avayAudn enioten tou AgpBeviou (Eik. 1) orjpepa otoAileL Tov el8LIKO XWpPo TG EKBECNC
Tou Apyxawoloylikol Mouosiou Oecoalovikng. To omoudoio aPXLTEKTOVIKO otolxelo autod
avakaAUdpBnke oe évav amd Toug TAPOUG TOU YVWOTOU OTOUG OpPXOLOAOYOUC KOl UEAETNTEC
vekpotadeiov Tou AepPeviou Otsooahovikng (TlavaBapn 2002). Iuykekpluéva, n mepidnun
avOepwth emniotePn BpEBnKe oTOV KUKALKO TAdO (oTavia apxLtekTovik Sour)), oTo pOopo Tou KTipiou
Kol uTtoBEteTal OtTL Slakoopouae TNV MpocoPn Tou Tadou. 2to dwe POe OAOKANPA OKEMOCUEVN LE
XWpata, To omoia NTav yepd npookoAAnuéva otnv {wypadikn emipavela.

Katd tn S1apKeLa TNG AmMOUAKPUVONG TOU XWHATOC armd TNV entpavela Tou avBepiou, mapatnpnbnke
TIWG OL KOKKOL XpWOTIKWY owloviayv MAvw oTa ANOKOAANUEVO CTPWHATO TOU XWHATOC. AUTA Ta ixvn
XPWHATOG amoTéAecav Ta TPoG HeAETN Oeiypata, xwpl¢ va mpayuatomolnbel &AAou eidoug
kataotpodikr SetypatoAndia amnod ta eAdayioto cwlopevn {wypadikr Stakoounon.

Ot ouyypadelg elxav TLU VA CUUPETEXOUV OTNV amokAAun, apXaloAoyLlK LEAETN, OPXOLOUETPLKN
MEAETN Kal cuvtpnon tng AiBvng avBepwtng emiotedng.

AvoAUBnkav Ta otolxela TNG KATAOKEUNG Tou avBepiou: AiBvn PBdon, Asukn TpPoesToLUOCTia,
XPWOTLKEC. XTLG TEXVIKEG TNG £€€taong WSlaitepn mpoooyn Sivetal otn Xpron Twv OMTKWY UECWV
avaluong (Fostiridou et al 2016). H mwo onuavtik mMAnpodopia yia O0pUKTOAOYIKH cUCTOCN TWV
XPWOTIKWV €Xel AndBel katd TNV ef€Toon TOUG OTO TOAWTIKO HLKPOOKOTILO. MPOKELUEVOU va
PocSLopLoBoUV Ta 0PUKTA CUCTATLKWY TWV XPWHIATWY 0T Aemtr) Toun Tou delypatog e€etalovral ol
OTITLKEC LOLOTNTEG TWV KOKKWV TOU Selypatog: XpwHa, mAgoypoiouog, avayludo, deiktng dtabAlaong,
SUTAOBAQOTIKOTNTA, XPWHATA TTOAWOEWC, KATAGREON K.4.

TeAlkd¢ POOSLOPLOUOE TWV XPWOTIKWY Tipaypatonotldnke pe tn PBonbela tTwv GuclKoXNUKWY
avaAUoewv (emdektikd m-XRF, SEM-EDX, FTIR kat HPLC-PDA yLa 0pyQVLKEG XPWOTLKEG).
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ATO TO QMOTEALCHATO TNG MEAETNG TWV TEXVOAOYLKWV OTOLXELWV cupmepaivetal n xpnon Kupiwg
aVOpYavVWV XpWwOoTIKWVY (alpatitng, Kwwvapapn, ykattitng, KipwAla, avBpakag, paiayitn, olyumtiako
MmAE) Kol plog opyavikng podvng XpwoTiknG. 2tn Slakoounon tng avayAudng emudpavelog tou

oavOepiou £xouv XpNOLUOTIOLNCEL TNV TEXVIKA tempera.

Ew. 1. H avBspwth avayAudn eniotedn tou AepBeviou.

BiBAoypadia

TlavaBapn K., 2002. «Nwpwn avBepwtn eniotedn and 1o vekpotadeio Tng apxaiag Antng. To xpwua otnv
apxaia EAAGSa. O poAog Tou XpwHOTOG oTNV apxaia eAAnVIKA Téxvn Kal apxttektoviky 700-31 r.X.», oTo
M. A. TiBéplog, A. 2. Towadakn (emp.), Mpaktika ouvedpiou, Oeaoadovikn, 12-16 Amptiiou 2000,
Opyavwaon: J. Paul Getty Museum kat Aptatotédeto Maveniotruio Osooadovikng, Oecoalovikn, 129-46.

Fostiridou A., Karapanagiotis |., Manoudis P., Vivdenko S., Lampakis D., Mantzouris D. and Achilara L., 2016.
“Identification of Pigments in Hellenistic and Roman Funeral Figurines”, Archaeometry 58, (3) 453-64.
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MeA£tn noAUTipwv AlBwv tng cuAAoyn¢ tou lotopikou Mouoeiov lwavvivwv

O. Mkavétoog V), E. MmoppmoAn (M kat X. NikoAdou @

(1) Mav/uio Autikrig Attikrig, Oeou. Epyactripto Mn-kataotpo@ikwy Texvikwv, M.PaAAn & GnBwv 250

(2) lotopiko Mouoeio lwavvivwy X. NikoAaou, NeontoAéuou 9, lwavviva

NepiAnyn

To lotoplkd Mouaceio lwavvivwv X. NikoAdou oteydletal oTo SLatnpnTéo apXovTlkd mou Bploketal
enitng 060U NeontoA€uou 9 amévavtl amo TNV KEVTPLKNA TTUAN TOU KAOTPOU Kal £XEL aveyepBEel To £T0G
1900. Ot cUAAOYEG TOU elval OMOTEAEGUA TIOAUETOUG LEAETNG, €pEUVAG KAl avalnTnong LOTOPLKWY
OVTIKELHEVWY PE UPNAA TEXVIKA 0LoONTIKA KAl ONUOCLOAOYIKA XOPOKTNPLOTIKA. ETILKEVTpWVETAL
KUplwg o€ Tekunpla amo tnv moAn twv lwavvivwv kat tou eupltepou EAAaSIKOU XWPOoU KATA TNV
Uotepn OBwpavikn Teplodo e okomod va GEPEL TO KOWO O AUEON €madr HE TNV alobnTikn Tou
TIOAUOUAAEKTIKOU, TIOAUYAWGOOU Kal TTOAUBPNOKEUTIKOU XapaKTAPA TNG emoxng. Ta ekBEpata
avadelkvOoUV ETILHEPOUG SLOPOPOTOLNCELS UETOED TwV BPNOKEUTIKWY KOWOTATWY OAAG KOL TNV
avamtuén evog mAvénUou Udoug ot TOLKIAEC TITUXEG TNG XELPOTEXVIKAG Kol KOAALTEXVLKAC
dnuoupylioc.

Xpuookévinteg Gopeolég, Kevinpata, odppayideg, £yypada, vopiopota, HETAANLA, KATIVIKA €16n,
QVTIKE(HEVA amd ta AouTpad TG MOXNG (xapau) ehatoypadieg kat ABoypada. Katd tnv meptiynon
OTOUC XWPOUG TOU Houoeiou ekTiBevtal Kol TTOAAQ HOVOSIKA QVTIKEILEVO OTIWG N OTOAN TOOA TWV
lwavvivwy pe 1o aflwpa tpuwv noupidwv (Belipn) kevinuévn Le XPUGOO OTLC apXEC Tou 190U awwva,
TO OKATITPO E TO £VOETO SLaPAVTL KAl £va TTaVEROPPO KPUOVTHPLO TIoU amelkovilel Tov Aylo Mewpylo
TOoV 5pAKOKTOVO, BPNOKEUTIKA QVTIKELMEVO TwV MOUCGOUAMAVWY Kal avtikeipeva and tnv ERpaikn
KowotnTa.

ITNV EPEUVNTLIKN gpyacia ou mapouotaloupe, HeAeTRONKav Ta ekBEpata og dUo amnod Ti§ aibouvoeg
Tou Mouoeiou: a) AiBouoa 3 : 3ToAr macd kot cuvodeuTika Kal B) AiBouoa 5 : Kooprpoto Kot Xapa.
Xpnolwpomowinkav 800 GopnTEG UN-KATAOTPOPLKEG TEXVIKAG, N dacupatookomia Raman kot n
Qaopatookornia XRF. Me tn Bonbewa tng avoiktng Baong dedouévwy ruff tautomowiBnkav ot
moAUTIoL AlBot TnG cuAAOYAC.
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BiBAoypadia

Katsaros Th. and Ganetsos Th., 2012. “Raman Characterization of Gemstones from the Collection of the
Byzantine & Christian Museum”, Archaeology 1(2), 7-14.

lotopikd Mouaeio lwavvivwy X. NikoAdou, https://www.ioanmuseum.gr.
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Advanced micro-XRF scanning methodologies applied for the characterization
of Roman wall-paintings

S. Fotiou 2, A. G. Karydas @), N. Zacharias V), C. Caliri ® and F. P. Romano ©

(1) University of the Peloponnese, Department of History, Archaeology and Cultural Resources
Management, 24100 Kalamata, Greece

(2) Institute of Nuclear and Particle Physics, NCSR “Demokritos”, 15341 Agia Paraskevi, Athens, Greece
(3) INFN-LNS, Via Santa Sofia 62, 95123, Catania, Italy

(4) IBAM-CNR, Via Biblioteca 4, 95124, Catania, Italy

Abstract

Three different modalities of non-invasive micro-XRF analytical techniques were applied and
comparatively evaluated for the characterization of pigments and application techniques on Roman
wall — painting fragments. The seven wall — painting fragments (length 2-20 cm, width 2-18 cm)
analyzed originated from two Roman sites located in Catania of Sicily, Italy, namely the Villa Del Casale
and the Benedictine Monastery of San Nicolo I'Arena. The employed XRF analytical methodologies
included the complementary but rather synergistic application of the in — depth (1D) confocal micro-
analysis, areal (2D) spatially resolved and volumetric (3D) imaging aiming to achieve an integrated
lateral and in-depth elemental analysis of the applied pictorial layers (Hascke, 2012; Caliri, 2017).

The interpretation of the 2D imaging micro-XRF results verified the application of the following
pigments on a lime-based substrate: ochre’s, green earth, cinnabar, copper-based green (possibly
malachite/verdigris) and blue pigments (possibly azurite) (Siddal, 2006). For certain pigments in which
more than one fingerprint elements were detected, the spatial associations revealed between major
or/and minor elements have further constrained and secured their positive identification.

The examined Roman wall-painting fragments served as a challenging assembly of samples to exploit
the merits of constructing a confocal detection geometry in micro-XRF set-ups (KanngieRer et al.,
2012). The confocal micro-XRF set-up was characterized using infinitely thin, pure elemental targets
of known areal density and a depth resolution between 10-25 um was deduced for the characteristic
X-ray energies of interest (3-10 keV). The confocal micro-XRF analysis revealed advanced information,
regarding the complex paint layer stratigraphy (sequence, approximate thickness and number of
individual paint layers), as well as interesting insights into the application technique. For example, the
calcium in-depth profile clearly indicates its systematic presence onto the very surface pictorial layer,
suggesting either the application of a lime solution (fresco technique) or simply the severe
degradation of paint layers. This first in-depth and spatially resolved, non-invasive study is scheduled
to further exploit multi-painted surfaces by also considering degradation and contamination effects.
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Photo 1: Aff16 sample from Benedictine monastery (right),  Figure 1: Aff16 sample, in-depth profiles of Ca-Ka, Fe-Ka and

optical microscopy photo of chosen area (1 mm x 1 mm, left)  K-Ka X-ray intensities from 1D measurement of a green area

examined by means of lateral resolved micro-XRF analysis. spot. The 2 red arrows indicate local maxima of the Fe-Ka X-
ray intensity corresponding to the top layer containing a
green earth pigment and to the red ochre pigment located
below. Similarly, the 3 black arrows indicate the presence of
Cain the first 2 paint layers and in the lime preparation. The
K-Ka profile is exclusively assigned to the top green-earth
pigment layer.

Photo 2: Aff16 sample, correlation plot between Fe-Ka counts Photo 3: Aff16 sample, spatial distribution of the Fe-Ka
(vertical axis) and K-Ka counts (horizontal axis) deduced by (left) and K-Ka (right) counts as deduced from the
means of a micro-XRF scanning measurement. micro-XRF scanning measurement indicating clearly

their spatial co-existence within the green paint layer.
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E€aAeidovrag tn Aadida: n cupfoAn thg pacpatookomniog Raman otnv apeon
OLTOKATAOTAON TWV EKOECLAKWV XWPWV Tou Bulavtivou Kat XpLoTLavikou
Mouoceiou

0. Katoapog

Epyaotripto Quotkoxnuitkwv Avaluoewy kat Apxaitouetpiog Bulavtivo kat Xptotiavikéo Mouoeio BaotAioong
Jopiac 22, Adnva 10675

NepiAnyn

To kalokaipt Tou 2018 Vo yuvaikeg mpoéPnoav oe ula mpan BavdaAlopou oto Bulavivo kat
Xplotaviko Mouaoeio enaleidovtag pe Eva eAatwdec uypo TOUC XWPOUC TNG TOTE TTEPLOSIKN G EKBEONC
OAAQ KaL XWPOUG TNG LOVLUNG EKBeang Tou pouceiou. H idLa emiBeon emavaindOnke kal oTo pouoeio
Mrmevakn kaBwg kot oto lotopikod kat EBvoloyikd Mouaoeio to omolo oteydletal otnv MaAld BouAn,
OTIOU KOl EYLVE TEALKA N UAANYN TOUC. To EPWTNHA TTOU £TEON ATAV TL AKPLBWC EiXav XPNOLUOTOLROEL
KOTA TNV BLOTUTN aUTH eMiBeon Kol Katd toécov auto Ba pmopolos va ATav EMLKIVEUVO yla TNV uyeia
KOL KT’ EMEKTACN YLOL TOUG XWPOUG OTIOU QUTO EVIOTOTNKE. ITO TUAUA ZUVTAPNOoNG Kal L8LKOTEPA
oTo epyoaotnplo Apxalopetpiag €mece n guBuvn tng Ste€aywyng tng €psuvag ywa tn euon tou
ayvwotou eAawdouc autol UAkoU. H uéBodog mou emeléyn TOTE ATav N pacpotookomnia Raman, pe
niny oktwoPoAiog LASER 785nm kol gUpog¢ ddopatog amd ta 200 éwg ta 2000 cm-1. To
dacpatopeTpo Raman mou xpnolpomnolndnke ATav ¢opntd EMITPENOVIAC TNV ETLTOMLA Sle€aywyn
UETPAOEWV AUECA KOl TNV HEAETN TWV ANdOEVTWY GACUATWY OTN CUVEXELO OTO £pyooTrplo. Eywve
o mpwtn outodia oToug XWPOoug He Xpnon umeplwdoug aktivoPolriag SUo SladopeTikwy
ouxvotNTwy 365nm kat 395nm pE OKOTO va EVIOMLOTOUV Ta (Xvn NG ayvwotou gAatwdoug UANG,
oAAG Kal ylo va peAetnBel n ouumepldpopd Tou UALKOU, TuxOv ¢pBoplopdg oto umeplwdes. Ta
OMOTEALOUATO ATAV OPVNTIKA, TIPAYUO TIOU OamEKAElE auéows pia ospd and mbavotnteg. Tote
anodaociotnke va petadepbel oto epyaotrplo éva damedo ano Plexiglas amno toug idupoug tddoug
NG ZTOpATaG ATTIKAG, Omou eixe StamiotwBel To UAKO oe mepiloosla. Méoa oe SUO ELKOOLTETpAWPQ
elyope To MPWTA AMOTEAEOUQATA, HE EVIOVEG TIG XOPAKTNPLOTIKEG KopudEG Raman tng Mapadivng
(opuktoU elaiou (Jehlicka et al 2007)) kateuBuvovtag TIg UTIOBECELG yla TAUTION TOU UALKOU TIPOG TN
oloTaoN €VOG TTPOIOVTIOC TOU €UMOPiou TOU TUTIoU Twv baby oil. Ol xapakTnpLoTIKEG KOpUDEC TNC
napadivng kal n emaAnbguon toug and tnv mapafoln Toug pe mpodtuma Sokipta {nAtélato, ocoylélato,
AadStL eAlag, mapadvélalo, METPENALO KATL.}, TAL OTTOLO TAPACKEUAOTNKAV EML TOUTOU OTO EPYOOTNPLO,
anédel€av v akpifela tng tavtong OL oxuplopol ywa T xpron MUpou KOTEMEcOV HE TA
anoteAéopato Raman. Ta MARpn anoteAéopata eoTAAnoay otn cuVEXELD LEow TG AlebBuvong tou
Mouoeiou otnv levik AoddaAela ATTIKAG, EVW N ovaAuTLK £€KBeon KATeTEDN otnv Evopkn ALOKNTIKN
E€taon mou S1e€nxObn otn ouvéxela amo TNV unmnpeoia. H taxytnta Le TV omola emteuxdnke o
XOPAKTNPLOUOC TNG Ayvwotng eAatwdoug ouoiag katédelte tnv agia TG GooUATOOKOTIKAG TEXVIKAG
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Raman. H xprion otn cuvéxela twv KatdAANAwv StoAutwv €dwoe tn Suvatotnta otoug cuVOSEAGOUG
OUVTNPNTEG OPXALOTATWY va adalpEcouV TNV oucia amo Toug XwPouG TOU Houoeiou.

BiBAoypadia

Jehlicka J., Edwards H.G. and Villar S.E., 2007. “Raman spectroscopy of natural accumulated paraffins from rocks:
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Spectroscopy 68, 1143-8.
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Lapis Lazuli and pav «ayvwotn» yewloylkn epdavion ota votia nepiywpa
™G PWUNG EpwTtApaTa YL TV QLVLYHOTIKA CLWTT TWV apXaiwv Ko
HECOLWVLIKWV YPATITWV TTHYWV

0. Katoapog Y, B. 2kAnpdg @), M. Nanalwtog @ kaw M. Neppdkn )

(1) Epyaotripto Quokoxnuikwv AvaAluoswv kot Apxatoustpiog Bulavtivo &Xplottaviké Mouaeio, Bao.
Joplag 22

(2) ZxoAn Mnyavikwv MetaAdeiwv MetaAdovpywv EQviko MetaoBio MNMoAuteyveio

NepiAnyn

Kata tn Slapkela tng emavékBeong twv oculMoywv tou Opuktoloylkol Mouoelou tng ZyoArc
Mnyavikwv MetadAeiwv kot MetaAloupywv Tou MetoofLou MoAutexveiou evtoniotnke €va Selypa
Me TNV €vdelln Lapis Lazuli pe mpoéheuon to Adtolo tng Itaiag. H avadepopevn Béon emuPePfalwdnke
okplBéotepa wg Aodog AApmavt Swdeka YIALOUeTpa voTiwg TG PwNG. Mpdypatt Katd To TEAsUTALO
T€Tapto Tou 19% alwwva avakaAldOnke otn B€on Menepivo atnv neploxn Ariccia epdavion Lapis Lazuli
péoa oe etahhowwpévo Tpoayitn amd tov kabnyntr Tou mavemiotnuiou Sapienza Struver. Tnv
avakaAun tou Struver éAafe umoPy tou o Danna katd tnv €ktn £€kdoon thg OpuKkToAoyiag Tou To
1892. Ektote 1o Bfua Eexaotnke, yla va avaocupbel fava to 1975, 6tav audlopntndnke o
XOPAKTNPLOWOC Lazurite kol mpotabnke wg mio evdedelypévog o sodalite [208aALB0¢]. Opwg vedTepeg
£€peuveg (Katsaros et al 2018) amokatéoctnoav TV OpxLkr TAUTION Tou UALKOU w¢ Lapis Lazuli,
gruotpatsvovag pa mAnBwpa avaAutikwy Texvikwyv XRD, SEM/EDS, XRF, petafd twv omoiwv Kat n
daoparookomnia Raman dltadopetikwyv mnywv Laser. To B€pa tg mpoéleuaong tou Lapis Lazuli €xel
omacXoArnoel TOAU TNV avacuoTaon TwV EUMOPLKWY 0dwv dlakivnong tou, pe adlapdlofitntn mnyn
To opuxela oto Sar-e-Sang tou Badachshan oto Adyaviotdv. Opuwg népa and 1o Adyaviotav
UTLAPXOUV Kol GAAEG BEoelg OMwG To Tatlikiotav Kal n Zinpia, Ta Kapndbia, n Xkn, o Kavaddg, n
KaAwbopvia k.o Av e€alp€coupe TIG B£0ELC TOU VEOU KOGHOU Kal eVOKNOUE LE TIPOCOXN O QUTEG
TOU apyaiou koopou Ba avaloylotoUpe Tn onpacia tng B£ong oto Addpo AAUTAVL OTO UECOV TNG
taAkn G xepoovnoou. MNartl dev avadépetal 6uwG Timote anod tov MAlvio tov NpeoButepo oto £pyo
tou Quotkn lotopla, Kol peTayeVETTEPOL GUYYPADELS Tou pedaiwva omwg o Theophilus oto De Artis
Diversibus 8gv to pvnuovevouv; EUAoya Ba pumopoUoe KAMOLOG va UTTOBECEL OTL amAwg dev ATav
YVwoto. Téhog o Mdpko MoAo (13°%) avadepopevog oto LapisLazuli mapaBETeL KoL QUTOG e TN OELpA
TOU HLo a0plotn avodopd yLa to UrAe Bouvo to omoio OpwG adnvel va evvonBel 0tL Sev emMloKEDTNKE
Tot£ o i6loc. Emiong o Toevivvo Toevivwl avadepOUEVOC O Pia EPEUVA TTIOU £KAVE GTNV TIEPLOXA TNG
Tookavng e Tov matépa Tou Avipéa ae avalntnon wxpoc, Sev OnUELWVEL TIMOTE OXETIKA e TiBavn
gudavion Lapis otnv Italikn xepoodvnoo. Apa meplopl{opevol ota SeSoUéva, KOL TIG EPYOOTNPLOKEG
avalvoelg Ba amornelpadol e va AUGOULE TO LUGTHPLO TNG OLWTTAC TWV KEWWEVWV yLa To lapis amo thv
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ItaAia. H mepoattépw edappoyr] wkavol aplBpol peBodwv xapaktnplopol Tou UAKoU Ba pag
erutpéPel TNV e€akpiBwaon TOU YEWAOYLKOU OIMOTUNMWIOTOC TNG B€0NG KAl TNG UETEMELTA CUUPBOANG
TOU o€ LeAETEC TIpOEAEUONCG.

BiBAoypadia

Katsaros Th., Skliros V., Papazotos P. and Perraki M., 2018. “Multi excitation micro-Raman spectroscopy
investigation in correlation to XRD and FT-IR of the «so called Lapis Lazuli» from the Ariccia, Alban Hills,
Latium Province, Italy”, GeoRaman 2018, Catania, Book of Abstracts, 37-38.
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ApPXOLLOHETPLKEG TTAPATNPROELS OE pLa capKodAayo Tou ALaxpovikou
Movuosiou Adploag

N. Adokapng V), ©. Fkavétoog (Y, M. Ntovyka (M) kat B. TooAn

(1) Mav/uio Autikrig Attikrig, Oeou. Epyactripto Mn-kataotpo@ikwy Texvikwv, M.PaAAn & GnBwv 250

(2) Eopeia Apxatotntwy Adaptoag, Ataxpoviko Mouaoeio Adptoag, MeloupAo, 41500 Aaploa

NepiAnyn

H popuapivn ocapkodayog tou Alaxpovikol Mouaoeiou Adploag pe ap. Eup. 1993/74 anokaAudOnke,
tuxaia, otnv mOAN tng Adploog. Eival katookevaouévn amod pappopo tng MNapou, evtdoostal
TUTIOAOYLKA OTNV KOTNyopilol TOU AEyOUEVOU apPXLTEKTOVIKOU TUTIOU Kal XPovoAoyeital otnv Yotepn
Khaowkrn mepiodo. Itn Adpvaka Kol O0To0 KOAUPUO TNG oapkoddyou Statnpouvtol omopadikd
UTIOAE(JHOTA XPWHATWY. H OapXALOUETPLK TPOCEYYLON TNG E£YWVE UE OTOXO va ovaAuBolv ta
UTIOAELJ AT XPWHATWY Kal va BpeBoUv oL XpWOTLKEG.

H LEAETN TWV UTTOAELMOUEVWV XPWHATWY TNG 0apkodAyou £YLVE e TIG TEXVIKEG XRF (paopatookomia
aktivwv X ¢pBoplopol) kat Raman (Qaocpatookomnio Raman). AVOAUTIKOTEPO KoL WG TIPOG TLG TEXVLKES
AETMITOUEPELEG OL TEXVIKEG EXOUV WG €ENG:

H mpwtn &tataén pe tnv omoia éywvav Petproelg pacpatookoriag XRF ntav to popntd clotnua XRF
™¢ Thermo Scientific, povtédo Niton XL5, epodiaopévo pe 6-50 kV Ag Anode, evowpATWHEVO
OVLXVEUTH] LETOTOTILONG LEYAAWY TIEPLOXWV KaL amAO Slaxwploth Stapétpou 8mm.

H 8eltepn Slataén mou xpnolponoldnke Atav éva ¢opntd cvotnua XRF tng etatpeiog Thermo
Scintifc kal ouykekptlpéva to povtého Niton XLp XRF pe mnyn Am-241 kat solid-state aviyveutn.

To olUotnua Raman mou xpnotpomoldnke Atav 1o ¢opntd poviého Rockhound tng etalpeiag
DeltaNu, pe mnyn Aéwep ota 785nm, avdAuvon 8cm™. Ta ddopata eAjdpOnoav otnv nepoxn 200 cm’
1éwg 2000 cm™.

Q¢ anotéAeopa TwV avoAUOEWV TwV SU0 TEXVLKWVY avixvelBnkav Kol TAUTOmoLtOnKav To aLlyuTTLaKko
UmAg, n KwvaBdpt kalt o ylapooitng. Uudwva pe tnv PBAoypadia (Flourentzos, 2011)
A PoUCLAoVTaL OL XPWOTLKEG TTOU avixvelBnkav otn capkodayo A Tou Tddou ap. 128 tng Adpvakacg,
NG 8Lag MePLOSOoU. ITA CUUMEPACHATA TNG Epyaoiag YiveTal oUYKPLON TWV ATIOTEAECUATWY YLA TLG
600 capkodayouc.

BiBAoypadia

Flourentzos P., 2011. Two exceptional sarcophagi from Larnaka, Nicosia.
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Katsaros Th., 2009. Chromatology of Theophrastus from Eressos: Analyses, Identification and contribution to the
works of Cultural Heritage. (PhD Thesis).
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Aepglivnon UAKKWV & TEXVIKWV KATAOKEVNG OPLpwy petapuloviivwv
dopnTWV ELKOVWV PE TEXVIKEG aKTIVWV X

I. MaotpoBedSwpog (4, A. AcBeotdc 2, A. Aptotihidpnc @), E. @Autdkn 4,
K. MrtéAtoloc? ko @, A. Avayvwotdnouiog )

(1) Tunuo Suvtripnong Apxatotritwy kot Epywv Téxvng, 2xoAn E@apuoouévwy Texvwv kat MoAitiouou,
Maveniotnuio Autikng Attikrig, AlydAew, 12243 Attikn

(2) Tunuo Mnyavikwv Emiotriung YAtkwv, MoAutexvikn ZyoArn, Mavemniotipuio lwavvivwy, 45110 lwavviva
(3) Mavemotnuiako Mevikoé Noookoueio lwavvivwy, Epyactnpto latpikri¢ Quotkng, 45110 lwavviva

(4) Epyaotrpto MadatoneptBaAdovrog kat Apyaiwv MetaArikwv Aouwv, Ivotitouto Navoemiatiung kat
Navoteyvoldoyiag, EKEQE «Anudkpitoc», Matpiapyou Mpnyopiou E’ & NearoAswc 27, 15341 Ayia
MNapaokeun

NepiAnyn

Katd tov 19° awwva otov sAAabkd xwpo epydotnkav apketoi Aaikoi texviteg/lwypddol mou
Kataokevaoav ARBo¢ popntd Kat emitoiyta BpnokeuTikd {wypadikd €pya. Av Kal oo aloOnTikng
anoPewg ta €pya TOug ouxva afloAoyouvTtol wG NOOOVOG ONUOOCIag, o€ TIOAAEC TIEPUTTWOELG OL
TEXVIKEG Kal Ta UALKA Ttou eméde€av epdavilouv dlaitepo evdladEpov. Mpaypoatt, SLamoTwveTaL OtL
napa tnv KoOoAkn otpodr] TN «akadnUaikng» {wypadikng tou 19°° atwvog mpog tig pedodoug kot
TO UALKA TNG SUTIKoEUpwTaiknG {wypadLkic (eAatoxpwpata, KapuBag kAm.), moAAoi clyxpovol Aaikol
TeXVITEC ouvéXLloav va epyalovtal afLoToLWVTOG TO TEXVIKO UTtoBabpo tng pakpaiwvng Bulavtivig
{wypadikng mapadoong (vbatoxpwpato/Téunepeg, EVAWVA uTooTnplypata KATL.). ITo MAAioo TNG
napoloag epyaciag Olepsuvwvtal Ta UALKA KOTOOKEUNG OPLOUEVWY GOpNTWY ELKOVWV TIOU
Kotookeudotnkayv riepi to 1890. Mo To GKOTIO AUTO XPNOLLOTIOLONKAV OTTOKAELOTIKA TEXVIKEG OKTIVWVY
X. ZUYKeKPLUEVA, Ta £pyo €EETAOTNKOV QPXIKWG HE OKTvoypadnon Kol akoAoUBwG HE TEXVIKEG
dacpatookoniag aktivwv X (milli & micro-XRF) (Alfred 2013). Eywve emniong edapuoyn copwtikng
daopatrookomniag ¢pOoplopol, n omola EMITPEMEL TN LOVOSLACTATN Kol SL06LA0TATN OTOLYELOK
xaptoypdadnon tng s€etalopevng nmeploxns. Me Bdaon ta avaAutika dedopéva katéotn duvatd va
SlepeuvnBoUV oL TEXVIKEG SLapopdwaong Twv EVAVWY PopEwv KABWE Kal T UALKA TIPOETOLLACLOG KOl
Ol XPWOTLKEG TIOU Xpnolpomolndnkayv ota ev Aoyw €pya. Emti tn fdaosl Twv ocuMexBeviwy otolyeiwv
ETUXELpEiTAL OUYKPLON UE TO TEXVIKO umoPabpo tng meplddou (Stadoon TNG XPAONG CUVOETIKWY
XPWOTIKWVY Katd tov 19° al.), aA\a kol Slepelivnon TUXOV CUCXETIOEWY PETAL Twv eeTacBéviwy
EPYwv.
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BiBAoypadia

Alfeld M. and Broekaert J.A.C., 2013. “Mobile depth profiling and sub-surface imaging techniques for historical
paintings—A review, Spectrochim”, ActaPartBAt. Spectrosc. 88, 211-30.
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O toyoypadicg tou kKaboAkou tng lepag Movig ZtpatnyonovAou, VAOOU
Aipvng lwavvivwyv: Stepedivnon pe epappoyn avaAuTIKWVY TEXVIKWY

I MaotpoBeddwpog (&2, K. Mrtéhtolog @), A. Avayvwotomnoudog ), E. @Autrdkn 1 kat
B. MNanadomnouiou ¥

(1) Epyaotnpto MaAatoneptBaidovrog kat Apxaiwv MetaAdikwv Aouwv, Ivotitouto Navoemniotnung Kot
Navoteyvoloyiag, EKEQE «Anuodkpttog», Matpiapyou pnyopiou E’ & NeanmdAewg 27, 15341 Ayia
Mapaokeun lvotitouto

(2) Tunua Zuvtnpnong Apxatotitwv & Epywv Téxvng, MNMavemniotruto AuTikic ATTIkNS, AlydAew
(3) Tunuoa Mnxavikwv Entotnung YAikwy, Mavemniotiuto lwavvivwy, lwavviva

(4) Epopeia Apxatotitwy Aptag, Apta

NepiAnyn

Mexpt ta téAn tou 15°° alwva To HeyaAlTepo TURUa Tou EAAaSIKoU Xwpou eixe kataktnBel and toug
OBwpavoug Toupkoug. Mapd tavuta, KATA Tov 16° alwva mapatnpeital €€apon TG UVNUELOKNAG
Bpnokeutikng Twypadlkng otnv meplox tnG Popelodutikng EANGdag, omou mANBog vawv
SlakoopouvTal Je £EALPETIKAG TTOLOTNTAG TolXoypadieg. H OUYKEKPLUEVN KOAALTEXVIKA Ttapaywyn
eudavilel oplopéva eviovwe LOLAToVTa OTIALOTIKA XOPOKTNPLOTIKA, LLE OTOTEAECUO TO OXETIKO
KOAALTEXVLKO PEVLO VO EMOVOUAOTEL «XX0AR tnN¢ Bopelodutikng EANASac» (Axelpdotou-Motapidvou
1992). AvGueoa ota kopudaia £pya Tng «oXoAnG» eéExouca BEon Katéxouv oL Tolyoypadieg Tou
KaBoALkoU (: kuplwg vaou) tng lepag Movng Ayiou NikoAdou ZtpatnyomoUAou (1 NTiAlou, Tou €toug
1543) (Aipa-zavBakn 1980). Me akomo tnv e1g BaBoc Stepelivnon Tou UALKOU Kol TExVIKOU uTtoBdaBpou
TWV OUYKEKPLUEVWY TolXoypadLwy, HiKpodeiypata amd (wypadlkd OTPWHATA Kol KOVIAHOTO
efetdotnkav evOEAEXWC €PYAOTNPLOKA. JUYKEKPLUEVA £DAPUOOTNKAV OL TEXVLKEG TNG OTITIKNG Kol
NAEKTPOVLKAG Uikpookomiag (OM & SEM-EDX), meplOAaaotpetpia kat pBoplopopetpio aktivwv X (XRD
& XRF avtiotolya), kabwc kat pacpatookornio ureplBpou (FTIR).

Ta avoAuTIKA SeSopéva KATASELKVUOUV EUTIAOKN LOALG OKTW AVOpyovVWY XpWOTIKWV. EvtouTtolg, ot
XPWOTIKEC QUTEC xpnowdomoldnkav emibefiwg Sla avauifewg kalt umepbéoswg {wypadikwv
OTPWHATWY, Ue e€aLPeTIKA TMAOUOLO PACUO XPWHATIKWY ATOTEAEOUATWY. AlamotwOnke emiong
xpnon vdnAng kaBapotntag GUAAWY Xpuool otn SlakOoUNnon Twv GwTooTeEAVWY KOl OPLOUEVWV
avayAudwv petaliiwv. Me Baon npoodata Sedopéva and tnv e€€taon GAAWY OXETIKWY HUvNUEiwY
(Mastrotheodoros et al. 2019) Stamiotwvetal OTL Kaitol ot totyoypadiec g IM Ayiou NikoAdou
EVTIAOOOVTOL OTO QUTO €UPUTEPO TEXVIKO TAaiolo, eudavilouv oplopéva LSLOpopda TEXVIKA
XOPAKTNPLOTIKA TOU TLG KaBloTouv 18Lalouosd.
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BiBAoypadia
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MeA£tn WApatog anod 1o eowTePKO MuKNVaikAg TPUTOSIKAG XUTPAG Ao T
ZaAapiva pe ouvduaoTtikeg texvikeG XRD, XRF, SEM, Raman

A. Owovopou (1) Xp. Mapapméa 2, Xp. Manaxpotodoviou &) kat A. MaArég ¥

(1) Epeuvntikd Kévtpo Emiotriung kot Texvodoyiag otnv Apyatodoyia kat tov MoAttioud (STARC), lvotitoUto
Kunpou, Nevkwoia

(2) Tunua lotopiag kat Apxatodoyiag, Mavemniotiuio lwavvivwy, lwavviva
(3) Tunua @Quatkng, MNavenotnuio lwavvivwy, lwavviva

(4) lvotitouto Oswpntikng ko Quotkri¢ Xnueiog, EQviko 16puua Epeuvwy, ABhiva

NepiAnyn

Kata tn didpkela Twv avaockadwv Tou Navemniotnuiov lwavvivwv oto YOTEPOUUKNVAIKO AATPEUTIKO
OUYKPOTNHa oTo MUupPyLaKOVL, O UIKPN amOoTac VOTLOAVATOALKA TG MuKnvaikng akpOmoAng Twv
Kavakiwv, otn votlodutikn aktr tng Zalapivog (Ewk. 1), anokaAldOnke, petaly dAAwv, mooodtnta
ALYWVATIKWY HOYELPLKWY ayYyElwV 0TOUG XWPOUG Tou Ktnpiou. Ta ayyeia xpnowlomnowénkav yla tnv
nposTolpacio dayntou, oto MAAiCLO TEAETOUPYLKWV ouvaBpoloswv, Tou eiyav wg emikevipo
napakeipevo tOuPo/kevotadlo. Ita ayyeia autd neplthappavetal Tputodikr XUTPa, EVIOTLIOUEVN O
amoBnNKeUTIKO XWPO ToU KTnpiou, n omoia mepleiye i{nua évrtovou epubpol XpWHATOC OTO ECWTEPLKO
™G (Etk. 2). Ag onUELWOEL OTLTO GUYKEKPLUEVO XpWHA TOU LWNUatog dev £xeL evtomioBel oe kapio dAAn
nepintwon WApatog otnv akpomoAn twv Kavakiwv rj oto AATPeUTIKO KTNPLAKO CUYKPOTNHO OTO
MupyLOKOVL, WG HEPOUC TNG OTPpWHOTOYPAPIOC TWV XWPWVY, KOL, EMOUEVWE, UMOPOUUE BAolpa va
umoBécou e OTL N £puBPN XPWHATLKNA gUdAvIon Tou WNUATOG EXEL AECH OXEON LE TO TIEPLEXOLEVO
™G XUTPAS.

O BaoLKOC 0TOX0G TNG MOPOUCAC EPYACLAG EIVAL O XOPAKTNPLOUOG TOU GUYKEKPLUEVOU WAUATOC, UE
™V edappoyn Sladopwv avaAUTIKWY TEXVLKWY, OL OTOLEG CUUMANPWVOUV N pia TNV GAAn, woTte va
efaxBouv ol neplocdtepeg Suvatég MAnpodopleg OXETIKA Pe TN XPron tou. Mo CUyKeKPLUEVQ,
epapudcbnke n MeplBhaoipetpia Aktivwv X (XRD), n ®Bopiopopetpia Aktivwv X (XRF), n
HAektpovikr) Mikpookoria apwong (SEM) kat n Gacpatookornia Raman.

Juudwva Ue To MPpWTa anoteAéopata anod tnv epappoyn tng MNeplBAaociuetpiag Aktivwv X, n Kupla
OPUKTOAOYLKH ¢acn ou Tkpatel oto i{nua sival o acPeotitng, yeyovog mou cuupwvel TOOO UE TN
otolyelakn availuon XRF, otnv omnola Bp€ébnke uPnAr TMePLEKTIKOTNTO O OGPECTLO, OGO KOl HE TN
Qaopoatookormia Raman, otnv onoila mapatnpouvtal évtoveg kKopudeg acBeotitn ota 282, 713 ka
1086 cm® (Ew. 3). AfileL va onuewlwBel 6t oto Stdypappa epiBraonc Bpédnke awuatitng oe pkpn
TooOTNTA, OTOV OTtoio evéexouévwe va odeiletal to epubpod xpwpa tou Seiypartog. EnutAéoy, pe ™
Qaopatookornia Raman evtomiotnke n XPWOoTLKN TNG KOKKLVNG wxpag (Etk. 3), tou elval pia avopyavn
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XPWOTLKA, N omola omoteleital kuplwg amd avudpa ofeibio Tou oldripou kol ATav supltata
Stadebopévn katd tnv Apxawotnta. Me Baon tnv HAektpoviky Mikpookormia Idpwaong, n omola
edapuocbnke oe Bpalopo TOWUOTOG TNG XUTPAG, MOPOTNPEEITOL QUENUEVN TIEPLEKTIKOTNTO OF
olénpo otnv eocwTtepLKnA €MLPAVELA TOU TOLXWHUATOC, TTOU OIOTEAEL MOAVWE UTTOAELUHA TNG KOKKLVNG
wxpag. TEAOG, N KEPAULKA VAN TNG XUTPOC tapouotalel augnuévn valomoinon kat xapunAo mopwdeg
(Ewk. 4) mou odnyel 0T0 CUUTIEPOAOHA TNG OMTNONG O OXETIKA UPNAEC Bepuokpaciec.

Ta mapandavw amoteAéopata odnyolV OTO CUUMEPACUA OTL evOEXOUEVWC N TPUTOdIK) XUTpa
XPNOLLOTIOONKE WG OKEVOC MAPACKEUNG KOKKLVNG WXPAC LECW TNC BEpUavong KITPLVNG wXpAg, EVW
Sev Ba mpémel va amoKAELOTEL KaL n Xprion t¢ w¢ okelog petadopdg tou gpubpol XpwoTikol
wApatog. KoBwe to 8dmedo tng peydAng umootulng aiboucag (pe eppaddv 60 m?) tou
OUYKpOTNHaTOC oTo Mupylakovl €depe umoAsippata emdAewpng amod Asukd acPeotokoviopa Kat
Aoyw NG ENAewdng evbeifewv yla tolyoypadleg, ival e€alpetikd mOaAvo n KOKKLVN auThH wypa va
xpnotlpornotiOnke yla tv Slakoounon tou damédou r/kal tng oploywviag £0tiog, oTo KEVTPO TNG
aiBouoac.

EWE . SIS g

Ew. 1. Xdptng tng Soahapivag e Ew. 2. To gpuBpd npa petd tnv

ONUELWWEVEG TIC Béoelg TNG MuknvaikAg adaipeor Tou ano T0 ECWIEPLKO
OKPOTOANG Twv Kavokiwv KalL Tou NG TPLTOSIKNG XUTPAG.
AatpeuTikov OUYKPOTNLOTOG oto
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XPWHQ, avtioToya. nopwseg.
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Xapaktnplopog totxoypadlwv touv Bulaviivol napekkAnoiov twv Ayiwv
Avapyupwv lepd¢ Movrg Batomaidiou: pia cuvOeTIKN HeAETN

A. Owovopou 1) E. Kovdouund @, X. Kap0sng @ kat E. Nanaiwdvvou @

(1) Epeuvntiko Kévipo Emiotiung kot Texvodoyiag otnv Apyatoroyia kat tov MoAwtiouo (STARC),
Ivotitouto Kumpou, Asukwoaoia

(2) Epyaotipio Quatkoxnuikwv Epeuvwy, EGvikn Mvakodrikn-Mouaoeio AAé€avbdpou Sout{ou

(3) Iovio Mavemnotniuto-Tunua MepitBaidovrog, Katevduvan Suvtipnong Apxatotrntwy & Epywv TEyvng,
MavayouAa 29100, ZakuvBoc

(4) Zuvtnpntng Toyoypapiwy (MSc)

NepiAnyn

H lepd Meyiotn Movr Batonaidiou () Batonediouv) eivat n de0tepn otnv Lepapxia Twv AyLOpeiTiKwY
KaBiSpupdatwy. To peAetolevo pvnueio Twv Ayiwv AvapyUpwv poKeLtal mBavotata yla €va ano
TOL TILO CNUAVTIKA TTAPEKKANoLa Ttou Bplokovtal evtog tng Movig kot Bpioketat otn NA mAeupad Simha
oarnd tov mipyo NG Metapopdwoews. To Pulavtivo mapekkAnol twv Ay. AvapylUpwv OVAKEL
OPXLTEKTOVLKA O€ TPIKALTN BaolAkh HKpwVY Slactacswv. Exel apxikd dtakoounBel pe tooypadieg
Tou 14°° at., evw £€xel kal deltepn tolyoypadikn ¢daon katd tov 19° al. Ecwteptkd, dpEpeL MOAAA
otolyela vewtepwv mpocOnkwv omwe to EuAOyAurto TéumAo (19°° aL.) kal ol eomoTikEC elkdveg (18°°
Kot 19% at.).

Y10 TMAAiolo HEAETNG oUVTHAPNONG TwV TolyoypadLwV Tou TtapekKANGiou Twv Ayiwv AvopyUpwv TIou
SlevepynBnke amod toug ypadovteg petall twv etwv 2018-2109 €ylve pia mpwtn mpoomndbesila
QVIXVEUONG TWV XPWOTIKWVY OTL( aUBeVTIKEG Kal eEMIIWYPADIOUEVEG TIEPLOXEC XPNOLUOTIOLWVTOG N
EMEUPATIKEG TEXVIKEG, Kal ouykekplpuéva XRF kat Pndlakn omtikr pikpookortia USB. EmumA£ov ylve
plo mpoomadBela avixveuvong umokeipevwyv {wypadlkwy OTPWHATWY, OXedlwV KA. HE T Xprion
TOAUDAOUATIKNG ATIEIKOVIONC.

JUpPWVA PE TO ATIOTEAECHATA O APLOPOG TWV XPWHATIKWY OTPWHATWY KaBw¢ Katl to MARBog twv
XPWOTLKWV TIOU XPNOLUOTOoLHONKaAV 6TOUG XpWHUOTIKOUE cuVSUACHOUC eival ieploplopévog. H maAéta
Twv {wypadwv otig Sladopetikég dAoELC eival Ukp Kol emavaAapBavetal. Mo cuykekpLuéva
amoteAeital anod nopadoolakéG OPUKTEG XPWOTLKEG OTWE To avOpakiko acPéatio (CaCOs), To AsUKO
Tou HoAUBSou (PbCOs), to pivio (Pbs0s), o aloupitng [2CuCOs.Cu(OH),] kat n kwvapopt (HgS).
ErutAéov evtomiotnke Kot Aeuko Tou titaviou (Ti) pe To omolo pmopolv va XapaKTnpLoToUV GUYXPOVEG
enepPaoelg otov {wypadLko SLAKOCUO.

TENOGC, N LEAETN TOU pvnpeiou oTig Stadopeg meplox£g tou H/M dpaopatog HEow Tt MOAUDACUOTIKAG
QMELKOVIONG KATEypAPE KUPLWG TNV TEXVOTPOTia TNG vedTEPNC {wypadIKng eVw evitomioTnkayv xvn
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nipooxediov al\d kal ta otadia Snuoupyiag Twv (wypadlkwy emtdavelwy ota SLadopeTKA UAKN
KUHATOC.
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Physicochemical analysis of a Macedonian Tomb’s mortars: A case study of
the Macedonian Tomb Saint Varvara Site, in Veria, Greece

A. Panagopoulou 2 G. Zisekas ) and Ch.-K. Kousouni )

(1) Department of Archaeology, University of Leiden, Einsteinweg 2, 2333 CC, The Netherlands.

(2) Institute of Materials Science “Demokritos” National Center for Scientific Research, Aghia Paraskevi,
Athens, Greece.

(3) lonian University- Division of Conservation of Antiquities & Works of Art, Zakynthos Island, Greece.

(4) Ephorate of Antiquities of Zakynthos, Museum of Zakynthos, Zakynthos Island, Greece.

Abstract

Macedonian Tombs are numerous in Northern Greece, in the region of Macedonia. The Macedonian
Tomb of Saint Varvara Site in Veria, Greece is one of them and is placed chronologically in the second
quarter of the 4th to the mid-2nd century BC (Gossel, 1980). This study aims to the analysis of the
chemical composition of the tomb’s mortars, 13 samples were processed through physiochemical
analysis.

This Macedonian Tomb is a one-chamber vaulted tomb, carved in limestone that created a temple like
facade. The entire surface of the facade is coated with white mortar. The rectangular entrance was
sealed with porous stone blocks. The tomb chamber from the floor of the corridor to the top of the
room was completely covered with white lime mortar, as well as the corridor and the three beds of
the burial chamber (Stefani, 2001-2004).

Mortars are complex materials, they combine hydraulic or aerial binding components, aggregates,
additives and admixtures (Middendorf, 2005). The chemical and mineralogical analysis of ancient
mortars can provide with information about the origin of the materials and the construction methods
or assist the research of compatibility of the original materials and those used in monuments’
restoration (Szczepaniak et al, 2006).

Optical Microscopy, Stereoscopy, X-Ray Fluorescence Analysis (XRF) and Scanning Electron
Microscopy (SEM) were used in order to study the stratigraphy, the chemical composition,
manufacturing technology and any influences from related structures. Optical Microscopy and
Stereoscopy confirmed the uniformity of colour and layering, as there are two layers, the upper layer
is whitish and the lower grey in all the samples. The main materials in all samples, found by the X-Ray
Fluorescence Analysis are calcium (Ca), potassium (K) and iron (Fe). Scanning Electron Microscopy
detected SiO,, Ca0,, MgO and Al,03 as main compounds.

The characteristics of the mortars composition as determined by the physicochemical analysis placed
the materials of the tomb in the same category of Macedonian tombs that exist in the region.
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Although, this study is useful in order to contribute to the ongoing study of similar monuments in
Macedonia, Greece, there is always a need for further research.
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Figure 3 The Macedonian Tomb of Saint Graph 1 XRF results of elements found in the samples.
Varvara Site, in Veria, Greece.
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XapaKTnPELoKOG TWV SOULKWVY UALKWV KoL EVTOTILOUOG TG $O0pag TOuG 0TOUG
«Tadoug twv Baochéwv» tng Nadouv, Kumpog

Z. NavtagormovAou Y, N. Kavtnpavng ), B. Mapivog ) kat E. XapoaAdumroug ¥

(1) Yn. Abaktopac, Aptototédeto MNavemiotiuto Osooaiovikng, ZxoAn Ostikwy Emotnuwy, Tunua
lewAoylag, Epyaotipto Eapuoywv tng TNAEMIOKONNONG Kol TEWYPAPLKWY ZUOTNUATWY
MAnpogoptwv
(2) Av. Kadnyntiig, Aptototéleio Mavemiotruto Osooalovikng, ZyoAn Ostikwv Ertotnuwv, Tunuo
lewloyiag, Touéac OpuktoAoyiag-letpoloyiag-Kottaouatodoyiac

(3) Av. KaOnyntrig, AptatotéAeto Mavemiotruio Oeooadovikng, SxoAn Oetikwy Emotnuwy, Tunua
lewloyiag, Epyaotrpto Texviknc MewAoyliac kat YépoyewAoyiag

(4) Zuvtnpntrig apxatodoyikwv eupnudtwy, Turnua Apyxatotitwv Kumpou

NepiAnyn

H neploxn €peuvag evtomileTal oTov apXaloAoyLKO XWPo TG vekpomoAng tng Néag Nadou, n onola
Bploketol oTo BOPELO KOL OVATOALKO TUAMA TNG TTOANG, aKPLPWE £€w amod TIC oxupwoelS. To Bopelo
TUAMO QUTAE TNG VEKPOTIOANG lval yvwotd wg ot «Tadol Twv BaolAéwv» Kol KAAUTITEL Yla €KTACN
1.2m2 nepinou. Eivat tadkd pvnueia e€ohokAnpou Aasupéva péoa otov Bpdxo. Oswpolvtal we Eva
omd Ta onUavtKOTEpa apyaia pvnueio mov ocwlovtal, adou sival £va anod ta Alya mapadeiypata
£MANVLOTLKNAC QPXLTEKTOVLKNG TTOU UIMOPEL va cuvavtioel kamolog atnv MNado. Autdg eivat o Adyog yla
Tov omnolo nmeplapPavetal otov katdloyo tng UNESCO yla TV mayKOoULA TIOALTLOTIKY] KANPOVOULA
kat n Siatipnon toug Bewpeital Kpiown. And tnv EAANVIOTIKA WG TNV PWUAiK €moxi 0 Xwpog
AeltoUpyNnoe wc Aatopelo. Katd tnv SLAPKELX QUTWV TWV XPOVWV EYIVE EKTETANEVN artOANPn Sopkwy
AlBwv yla TNV otkod6uNnon mMoA WY apxaiwyv olKoSopNUATWY atnv OAN tng MNadou Kal Tng eupuTEPNS
TLEPLOXNG HLO TLAPAETPOC TTIoU poall pe oplopéva duoLkd datvopeva £XOUV EMNPEACEL CNUAVTIKA TO
pvnueio.

OL"Tadol twv BacAéwv" anoteholvtat and 8 tadkd pvnueia. Ztnv mapoloa epyaocia pehetnOnkav
oL tadol #3 & #4. ITOXOL TNG EPYAOLOC ElvOL OPYLKA O XOPOKTNPLOUOG LOTOAOYLKA KOL OPUKTOAOYLIKA
TOU TETPWHATOG 80UnonG, wote o KABe Tmpoomabela ouvVTAPNONG 1 QTIOKATACTACNC Va
Xpnotuornoleital o (510¢ N MapOUOLWY XAPAKTNPLOTIKWY SOULKOG AlBog. AsUtepov n Siepelivhon Twv
vodlotapevwy dGBopwv Kal n avayvwplon Twv ooToXlwv Tou oxetilovtal Pe TNV TMoldtnTa Tou
TMETPWHATOC.

Mo tnv emitevén Twv oTOXWV €yvav UETPAOELG TOU TPOCAVATOALOHOU TWV BOCLKWY TEKTOVIKWY
OLOUVEXELWV - pWYHATWOEWV Tou Bpdyou, AfidOnkav Selypata yia tnv meTpoAoyLkn LEAETN, KaBWE Kat
dwtoypadikod LALKO amo tic B€oslc $pOoPAG KOl ACTOXLWY TOU EUPUTEPOU XWPOU.

j EAANVikr Apxatlopetpikn Etatpeia

215



Ocuartikn Zuvebpia VI: AiSiva-Koviduato-XpwoTIkeég 0.VI_P12

MpayuatomoltNOnKe UIKPOOKOTIKY UEALETN Twv Soplkwv ABwv amoé tnv omoia mpoékuPe OtL OAa
xapaktnpilovral w¢ Bloyevr¢ aoPectoAlBol. AmO TNV OPUKTOAOYLKA HEAETN TpoékuPe OTL O
aoBeotitng elval To Kuplapxo OpUKTO KOl T OMOTEAECUATA TNG €lval og TIOAU KA cupdwvia pe TNV
HULKPOOKOTILK HEAETN.

O gupUlTEPOG aPXALOAOYLKOC XWPOG AELITOUPYNOE WC AATOUELD e eKTETOUEVN amOAnPn Soptkwv AiBwv
yla TV okodopnon tng moAng tng Nadou Kat Tng eupuTEPNG MEPLOXNC. Autrh n dladikaoia gixe wg
anotélecpa v ¢Bopd tou Sopikol AiBou tou pvnueiou, oe BABog yeyovog mou ennpedlel tnv
TOLOTNTA TOU OToV XpOvo. Evtomiotnkav 1000 ota emAVELOKA OCO KOL UTIOYELO TUAUATO TOU
pvnueiov udlotaueveg aotoyieg. E€attiag tng aAlolwong mou €xel umootel To pvnueio amod tig
TOLKIAEG xpnoeLg kaBLotd moAU UckoAn TNy SLayvwaon KoL Tthv eVPECN TNE MPOEAEVCNG TWV ACTOXLWV.
MapoAa auta, pe Baon ta oTolxela ou €xouv cuyKevTpwBel amd BiPAoypadikeg avadopég kabwg
KOLL TIC TapaTnPnoelg oto nedio yivetal mpoomndBela eUpeon Twv altwv ¢pBopdg Tou pvnueiou. Ao
TN HeAETn mpokue OTL IBAVEC altieg ival n pkpn andéotoohn amno tnv napaltakn {wvn tng Nadou
AOYW TNC AUENUEVNG LYPAGLO TNC TTEPLOXNC, KABWG KOL OL AVELOL O OTIOLOL ETAPEPOUV OTAYOVEC TOU
Bahaoolvol vepol EUTAOUTIOUEVOL e GAATA OKOUA KoL KOKKOUG AUUOU £XOUV WG ATIOTEAECHA TNV
avarmntuén tou patvopévou tng KupéAwaong. Emlong, LeAeTBNKav OL UTIAPYOUCEG PWYHEG OTO UVNELD
Kol Bewpeital OtL cuvdEeTal pe prypa to omoio mBavwe va Bploketal KATw amo To uvnueio oe
SlevBuvon Boppd — NOTOU OMWG KOL Ol PWYMEC. ZUVEMWG N HUIKPOOELOULKOTNTA TNG TEPLOXNG
Stadpapartilel onuavtikd poAo otnv $Bopd Tou pvnueiou.
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duowoxnuikég avalvoelg lepocsoAupitikou {wypadikov Epyou: I. Movi
Noappeyiotwv Tagiapxwv NnAiov

A. XatZdyhou M, X. Kapudng M kat A. KaveAomoUAou 2

(1) Iovio Mavemiotiuto- Tunua MeptBaAiovrog, KatevSGuvon Zuvtnpnonc Apyaiotitwy & Epywv
Téxvng, Mavayoula, 29100, ZakuvSog

(2) Navemnotnuio Matpwv- Tunua Xnuikwv Mnxavikwv, Kapatdeodwpn 1 Maveniotnuiounoln, 26504,
MNatpa

NepiAnyn

Jta "iblaitepa” Bpnokeutikd €pya  tng uetapulavtivig TEPLOSOU  CUYKATAAEyovTal TO
«mpookuvNTapLa» 1, dladopeTikd, ta «lepocoAupitikar». MPOKeLTA yla ELKOVOYPAPIKEG CUVOEDELC,
{wypadlky o TPOETOLHACUEVO UdaoUa, OTNMOU QNMOTUTTWVOUV HEPN Twv Ayiwv Tonmwv (lepd
KouBoUkALo, FoAyoBac k.a.). Artotedouv &g {wVTOVEG HAPTUPLEG yla Ta MTARON Twv avBpwrnwy mou
eldav kat mpooklvnoav amd kovtd Toug Ayioug TOMOUG, LECO OTO MEPACHA TWV OLWVWV. ' auTo Kal
WC ELKOOTIKEG OUVOECDELG Xpllouv Tepaltépw Kataypadn Kol Tekpnpiwon kabwg 6gv uTApPXEL oTNV
£PEUVNTLKA KOLVOTNTA.

‘Eva té€tolo €pyo, xpovoloyoUpevo to 1838, Siatnpeital péxpl onuepa otnv lepd Movr Talapyxwyv
MnAlou kot eival éva amnd ta Aiya, mou Staowlovral otov EAAadIkd xwpo, adol Ta mepLocoTEpa
Slaokopriotnkav ektog EANGSOC, evw AAAa KAaTaoTpddnKav ava TOUG QLWVEG.

IKomog G mapouoag epyooiag sival va avadeifel yevikd ta lepocoAupitika £pya Kol vo Ta
KOTOOTNOEL EUPUTEPA YVWOTA OTO KOLVO, W ONUAVTLKA otolxeia tng OpBodoéng elkovoypadiag kal
napadoons. QotOc0o, OTNV TPOKELEVN TEPIMTWON N HUEAETN ETULKEVIPWVETAL OTO KOUUATL TNG
TOUTOMOLNONG KAl KATAVONONG TWV KATOHOKEUAOTIKWY UALKWV TOU £pyou, eotialovtag oto Udaoua,
TIC XPWOTLKEG KAl TO OUVOETIKO HEOO (paint medium) HEOW TWV ATIELKOVIOTIKWV TEXVIKWV Kall
duolkoxNUIKwY ovaAloswv. H Slepelivnon Twv XPWOTIKWY KoL TwWV CUVOETIKWY OTOLXElwv Tou
xpnolpomnoionkav oto £pyo tou 19% awwva péow twv XRD, FTIR, SEM-EDS mpaypatomnotiénkav o
ouvepyaoia Pe To epyacthplo Avopyavng Kol AVaAUTIKAG XNUeiag Tou TUAMOTOG XNULKWY MNXaviKwy
Tou Maveniotnuiou Matpwv.

BiBAloypadia
Ale€omouAou-Ayopdvou A. kal XpueoUAAknG I., 1993. Octikéc Emiotnueg kat Epya Téxvng, ABrva.

Derrick M., R., Dusan S., and Landry G.M., 1999. Infrared Spectroscopy in Conservation Science, Scientific Tools
for Conservation.

K&j EAANVikr Apxatlopetpikn Etatpeia

217



Ocuartikn Suvebpia V: KEpauikec kot UAAWSELG UAEG 0.VI_P13

Donald L., Pavia G., Lampman M. and Kriz G.S., 1999. Introduction to Spectrorscopy: A guide for students of
organic chemistry, Western Washington University. USA: Harcourt Brace College Publishers, USA.

Pinna D., Galeotti M. and Mazzeo R., 2010. Scientific Examination for the Investigation of Paintings. A Handbook
for Conservator-restorers. Centro Di.

Stolow N., 1987. Conservation and Exhibitions, London.
Theophanides T., 2012. Infrared Spectroscopy-Materials Science, Engineering and Thechnology.

Thompson D.V., 1998. Ot TExVIKEC Kot To UALKG TNG LECULWVIKNC {wypapLkic, ABnva .

K&j EAANVikr Apxatlopetpikn Etatpeia

218



Ocuartikn Suvebpia VII: Avoiytn Gepartikn evotnta lpOPOPLKEC AVAKOLVWOELC

NMPO®OPIKEZ ANAKOINQZEIZ
ANOIXTH OEMATIKH ENOTHTA
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H apyatopetpia otnv EAAGda: 100 ko TA€ov Xpovia pLv

. Mwpaitou

ESvikd Apxatodoyikd Mouaeio Tunua Zuvtripnong, Quotkwy - Xnuikwv Epeuvwy & Apxatouetpiag,
Tooitoa 1 Ad9nva 10682

NepiAnyn

H amapxn tng «apyxalopetpiac» SleBvwe xpovoloyeital otnv enavaotatiky FaAAia tn teAeutaia
Sekaetia Tou 18° awwva kal opeiletal otov cuvSUVAOUS TNG TEAELOTOINONG TNG OTABULKAG XNILKAG
QVAAUONG Kal OTo TePLeEXOUEvo Twv “cabinets de curiosité” tng emoyxng, mou meplAdppovav
OPXALOAOYIKA avTlKeipeva. HoN Ouwg armo TG mpwteg avaokadEg xpovoloyeital Kal To eviladépov
yla TN GUCLKOXN LK SLEPELVNON TWV APXOLOTATWV.

Ocov adopd otnv EANGSQ, pEXPL ONUEPA ATOV KOWA Omodektd OTL To evlladépov yla Tnv
OPXOLOUETPLKN €peuva Egkivnoe tn Sekaetia Tou 1960 pall pe v avayévvnon tng ApXoLoAOYLKA G
Yrninpeoiag. Neotepa Opwg dedopéva deiyvouv OTL, av Kal SV UTIPXE OOV OPOG N OPXOLOUETPLa, N
duoikoxnuikn Slepelivnon Twv apxalotitwy ekivnoe otnv EAAGSa TipLv Ta péoa Tou 19°° awwva Kat
ouvdEeTal apeoa e tnv (bpuon Tou véou EAANVIKOU KPATOUG KOlL TN HEPLUVA YLOL TLG OPXOLOTNTEC.

H onuaoio tng £€peuvag OXETIKA HE TIG TTOAALOTEPESG APXOLOUETPIKEG LEANETEC €lval ONUOVTIKA 000
oNUOVTLKA elval Kal n Lotopla TNG ap)aloAoyilag Kal YEVIKOTEPA TWV EMLOTNHWY. XTOXOC TNC £PEUVACG
glval va mapouolaoctel Eva xpovoloyiko kat BipAloypadikd §évipo mavw oto omoio Ba avaptwvtat
O\a ta veotepa otolxeia kKABs dpopd mou autd amokaAvmrovtotl. H BBAloypadia yia ta EAANVIKA
Sebopéva eivat ehdylotn. OL mAnpodopieg elval SLACTIAPTEG LECA OTLG APXALOAOYLIKEG SNUOCLEVOELG.

Ta maAalOTEPA AMOTEAEGATA TIOU £XOUV TIPOKUEL Elval Ta akoAouBa: yla Tov 19° awwva adopouv
TPWTLOTWG OTOV XNULKO =ZaBéplo Aavdepep (1809-1868), aAAG kal oTtov Avaotdcolo Xpnotoudvo (1841-
1906) kat Tov Kwvotavtivo Mntoomoulo (1844-1911). Ita téAn tou 19 kat apxég tou 20° alwva
UTIAPXOUV TIEPLOCOTEPOL ETLOTHLOVEG TTOU 0L0XOAOUVTAL LLE TNV APXALOUETPLO PE TTposEapyovTa Tov
XNHUk6 OBwva Pouadmouo (1856-1922), aAAd kat Tov kKaBnynth tou Mavemniotnuiouv MNewpylo Kpivo
(1850- 1935), tov Avactdoto AapBépyn (1857-1920), evw ota amoteAéopata yia to SeUTEPO TETAPTO
Tou 20° alwva cUYKATAAEYETOL O XNULKOG Kwvotavtivog ZéyyeAng (1870-1957).

ATIO TOL HEXPL ONUEPO QMOTEAECUATA YIVETOL QVTIANTTO OTL TAPA TO YEYOVOG OTL Amo LOpUOEWCS
EA\NVIKOU KpATOUG oL apyaloAoyol amolntoloay ThV OPXOLOUETPLKI €PEUVA TWV EUPNUATWY TOUC,
OlUTO YLVOTOV EKTOG UTNPECLAG Ao Toug BeTIKOUG EMLOTHOVEG O€ eninedo eEunmnpéTnong n e mapoxn
UTNPEoLWV Kal dev BeopoBetrBnke mapd povo tn Sekaetia tou 1980 ad’ evdg pev oto EKEDE
AnuokpLtog e tn dnuoupyia tou «Epyaotnpiou Apxalopetpiagy, ad etépou &g otnv ApxatoloyLkn
Yrnnpeoia pe tnv atumn dnuloupyia, Tov e€omALONO Kal Tn Asltoupyia tou «Xnueiou» oto EBvikO
Apyxatohoylké Mouaeio emt levikol Edpopou Apyxatotitwv N. NaAolpn. To ev Aoyw Xnueio Sev
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BeopoBetnBOnke mapd to 2003 w¢ «TpApa Xnukwv Kat Quokwv Epsuvwv» pe to MA 191/2003,
OEK/A’/146 GpBpo 51.
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The XRF laboratory at NCSR “Demokritos”: Contribution to Cultural Heritage
Research
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Abstract

The aim of this study is to present the scientific contribution of the XRF laboratory, highlighting case
studies on different Cultural Heritage (CH) materials, international collaborations establishment,
participation in schemes under European funding frameworks and educational involvement in

interdepartmental MSc programsl. Examples on the study of ancient polychromy on different
substrate media (Pantazis et al., 2003; Karydas et al., 2005; Karydas et al., 2009; Kantarelou et al.,
2016), gold and copper alloys (Karydas et al., 2008; Kantarelou et al., 2015), painted decoration on

1

CultTech, Cultural Heritage Materials and Technologies, http://culttech.uop.gr/index.html /Interdepartmental
Program of Postgraduate Studies in Protection, Conservation and Restoration of Cultural Monuments,
http://prosynapo.web.auth.gr
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ceramics (Aloupi et al.,, 2000), glass (Sokaras et al., 2009; Karydas et al., 2018) etc., as well as
methodological developments of XRF and relevant techniques will be presented.

More specifically, since mid to late 90’s the XRF laboratory fully exploited and boosted the
technological breakthroughs which offered portability and miniaturization of X-ray detectors/tubes
and increasing availability of X-ray focusing devices. Thus, it led the dissemination of the XRF CH
applications in Greece through the development of various innovative, custom-made portable XRF
spectrometers (Karydas and Zarkadas, 2009). This activity has greatly motivated the establishment of
sustained research collaborative schemes with conservators, curators, archaeologists and CH
researchers and offered technology transfer and analytical services to CH end-users. Thus, in the last
twenty (20) years, numerous field investigations have been conducted by analyzing and studying
archaeological/historical collections in Greece and abroad.

Presently, the XRF laboratory possesses a unique portable and laboratory infrastructure with
complementary and synergistic analytical features, in terms of analytical sensitivity, spatial
resolution and sort of materials to be investigated. Samples or areas having few millimeters-sizes can
be analyzed using a microfocus, 50W maximum power Rh anode tube, whereas appropriate incident
beam apertures and monochromaticity filters (pXRF spectrometer) can tune optimally the excitation
conditions, in accordance with the specific application. When a micro-beam of a lateral size of about
50 um is required, scanning micro-XRF analysis can be carried out using a customized version of the
commercial spectrometer Artax (Bruker Nano GmbH) equipped with a polycapillary X-ray lens. Using
a XYZ motorized stage, the surface of an immovable archaeological object or of an artwork can be
laterally examined, thus, producing elemental distribution maps. Pressed pellets, powdered forms
or bulk homogenous materials can be analyzed with excellent analytical sensitivity using the high
energy, high polarization and high monochromaticity exciting X-ray beams delivered by the available
benchtop E5 spectrometer, equipped with a large set of secondary targets (Epsilon 5 PANalytical)
(Kantarelou and Karydas, 2016). Recently the research activities of the XRF laboratory have been
directed to the analytical merits of Macroscopic XRF (MA-XRF) imaging and confocal micro-XRF
analysis towards new categories of CM, adding quantitative information to the elemental MA-XRF
images generated and in modeling the confocal micro-XRF depth-profiles (KanngieBer et al., 2012).

This research is conducted via a multi-scale collaboration established with the LANDIS laboratory of

INFN-LNS and IBAM-CNR, Catania, Sicily. ! Finally, with the strong links built with different MSc
educational programs, several MSc theses have been completed on XRF rela ted subjects.

i

The milli-probe pXRF In-situ micro-XRF measurements performed: (a) at the National Archaeological Museum by

spectrometer at Delos analyzing the polychromy on the statue of Phrasikleia, (b) at the same museum evaluating the
museum analyzing traces of chemical composition and preservation state of the bronze statue of the Poseidon of Livadostra and
ancient polychromy on ¢) during in-situ analyses of gilded artefacts at the Archaeological Museum of Damascus, Syria
Hellenistic sculptures within the framework of PROMET FP6 project.

' LANDIS Laboratory: https://www.Ins.infn.it/en/application/landis.html
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rewduowkn diepevvnon tou Apxaiou OwKLopoU Tou Agxaiou
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NepiAnyn

Mia moAudidotatn yewduaoikr épsuva StevepynBnke tnv nepiodo 2016-2018 oto Aéxatov umo TV
atyida tou Lechaion Harbor and Settlement Project (LHSP) amookomnwvtag otnv xaptoypddnon Twv
KOTAAOLTIWVY TNG KOTOIKNONG TOU OWKLOMOU Kal TNG €EALENG Tou MepLBAAAOVTO XWPOU TOU apyaiou
Alpévog (Sarris et al. 2018, 2019).

Kavovtag pia ouvduooTikl XpHon HayvnTKWV, NAEKTPIKWY Kol NAEKTPOLOYVNTIKWY TEXVIKWV
SL0OKOTINONG £YWVE EPLKTN N AMOTUTIWON TOU OLKLOTLKOU TIAQLGLOU KOl N KATTOVOLLY) TWV OPXLTEKTOVLKWY
KataAoinmwy. Ta anmoteAéopaTa TWYV HOyVNTIKWV LETPHoswv entBepaiwaav tnv Umapén evog SikTuou
mapdAAnAwv Spouwv pe mpooavatoAlopd B-N, ol omolol eiyav evtomiotel amd LOTOPLKES
agpodwroypadieg kal Sopudoplkec elkdves. OL dpopoL autol ekteivovtal Kupiwg Bopetla TnG Aekdvng
TOU €0WTEPLKOU opxaiou Alpévog. MeydAn TIUKVOTNTO OPXLTEKTOVIKWY KATOAOUMWY €EVIOMIOTNKE
emiong yupw amod tnv Alpevolekavn akoAouBwvtag tnv KatevBuvon TG oUyXPOoVNG AKTOYPAUUNG,
YEYOVOC TO omolo emPBefalwvel OTL N ECWTEPLKI ALUEVOAEKAVN EXEL LEIVEL OXETIKA APETABANTN LE TOV
XpOvo.

OL HOayVNTIKEC LETPOELG KOIL TO YEWPOVTAP UTIESELEQV ETTioNG TNV UTtapEn pLag TPIKALTNG BAGIALKAC UE
T(POCOVATOALGUO A-A TIPOG TA AVATOALKA TOU OWKLoWoU (Fig. 1). H ouykekplpévn BactALkn eivatl katd
TOAU UIKPOTEPN OO TNV PEYAAn BactAki Tou Aswvidn mou €xel avaokadei ota BA kot mAnaiov tng
QKTNG.

H cuvSuaopévn Xpron Tou Yewpavtap, TG NAEKTPLKN Topoypadlag KoL TwV HayVNTIKWY LETPROEWY
anédelfe OTL BOpeLa TNG KEVIPIKNG ALUEVOAEKAVNG, SEV UTIAPXEL TTAPOUOLA TIUKVOTNTA OLKLOTLKWY
KotaAolmwy. OL TOUEG TOU yewpavtdp £6woav evlel€elg MPOCAUUWONG Kal ixvn amobécswv amod
glogpyxopeva kKOpata tng Bdhaccag mou Ba pmopoloav va tpomomnowly TNV BA aktoypaupn os
OLaOPETIKECG LOTOPLKEG TIEPLOSOUC. H NAeKTPLK) Topoypadia 0TV CUYKEKPLUEVN TIEPLOXN TTPOTELVE
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£vol oTpWUOTOYPADLKO LOVTEAO amoTteAoVEVO amo éva emidavelakd aywylpo apylAlko opilovta
KOPECUEVO e aAaTtoU)o vepd (mdaxog 2m), akoAouBoupevo amod éva mayl (5-9m) uvoapylAwdeg
OTPWHO LEYOAUTEPNG NAEKTPLKNG avVTLoTAONG.

Mpo¢ ta SUTIKA, Ol YEWUOLKEC £peuveC £6WOOV TOPOUOL QTTOTEAECUATO Yl TNV CUVEXLON
OLKLOTLIKWY KOTOAOITWY, oplopéva amo ta omola sival peydAlwv dtaotdoswv (Fig. 2). To yewpavtap
KOl N NAEKTPLKA Topoypadia ATav LOLalTEpO AMOKAAUTITIKA YLt TAV TPLOSLACTATN XOpToypAadnon evog
Sumhov efwtepikol teiyoug (o andotacn mepimou 8,5-10m) mou ekteivetal yla MEPLOCOTEPO ATO
120m oxedov MapdAANAa e TNV ONUEPLV OKTOYpaUUn. Zta BA, ta telyn ¢aivetal va aAlalouv
KatevBuvon mpog ta NA TepIKAELlOVTOG TOV OKIOUO. ITNV ywvia auth, Ta telyn ouvdéovtal pe pia
KUKALKA KOTOLOKEUT) TIou ev&eXOUEVWC OXeTileTal pe ta katdAouna ¢apou. H Baoikr) Bepeliwon tou
dapou daivetal va Eekvael anod mepimou 2m KATw anod tnv enidpavela tou edadoug, evw epdaviletal
Kol éval eEWTEPLKO TIPOOTATEUTLKO Tel)0C YUpo amo autov (Fig. 3).

Fig. 1. Toun tou yewpavtdp mou avtiotolxei oe PBabog 120-
130cm amno tnv emudavela tou edadoug. To MEPlypAPMA TNG

TPIKALTNG BaotAknig elvat epdavég oto S€EL0 TUAMA TNG ELKOVAG. Fig. 2. Toun tou yewpavrap mou

avtiotolxel oe Pabog meplnou
60cm amd TNV emipavela ToU
edadoug Kkal amekovilel TO
SUTIKO TUAUO TOU OLKLOPOU TOou
Aexaiou. Alakpivovtal ta SutAd
Telyn Kal To KUKALKO Tteplypappa

Fig. 3. TpLoSLAOTATO LOVTEAO TIOU TIPOEPXETAL ATIO TLG
UETPNOELG TOU YEWPAVTAP KAL OVOTAPLOTA TO SLMAG
telyog kabwg kat tn Bepeliwon Tou ddapou.
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NoaAaonepBAAAOV oTOV MPOICTOPLKO OLKLOUG otn Oéon Koinon Onpaoiog
KoL VEOL oToLXela yia tnv £kpnén tou ndaroteiov tng Zavrtopivng ano thv
avaokadn
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NepiAnyn

O npoloToplkdG OlKLoUOG ot B€on Koiunon oto NA dkpo tng onuepvig Onpaoiag (k. 1) amoteAel
TUAMO ULag eUPUTEPNC TIPOIOTOPLKNG KATAANY NG TOU XWPOU, TIOU EVTOTIIETAL OTO VOTLO TUAUA TNG
Onpaoiag tnv Emoxn tou XaAkoU. H cuotnuatikh avookadr mou dpxloe to 2014 amod to lovio
MNavemotiplo, to MNavemotuio Kpntng kat tnv Edopela Apxalotntwv KukAadwv pe otoOXo TN
Slepelivnon Tou TUAMOTOG TNG EYKOTAOTOONG TIOU SloowleTal oTa avwIepa avdnpa tou Aodou,
ormokaAUTITeL Moo otolyeia yia TG GACELS TOU OLKIOHOU KaTd TtV Mpwiun kat Méon Emoxn tou
XaAkoU oAAQ KAl yLoL TNV XPOVIKI OTLYHI TNG LIVWLIKAG £KpNéNg, TTou KAAUE Ta EPELTLA TOU OLKLOUOU
KATW OO TA OTPWUATA TNG NdaLoTeEaKAG TEPPag. H epyacia eotialel o€ otolyeia amnod tnv avaokoadn
nou ¢wrtilouv tooo to MalatoneptBarlov tng BEong os ox£on Kal pe tn popdn TNg MpoekpnELOKAG
KoAvtépag (BouyloukaAakng 2015), 600 Kal o€ véa OTOLKEla amod TNV oavackadr OXETIKA HE TNV
XpovoAoynon tng ndalotelakng £kpnéng. 1dlaitepn avadopd yivetal otnv eUPECn KOUUOTIWV
omavOpakwUEVOU KOPUOU EALAG TTOU KANKE KATA TN UWVWLKA €KpNEn, 0w UTTOSNAWVOUV TA TOTILKA
(xvn kavong oe aueon yewtviaon Pe To EUAO Kol n KAAuYPn Ttoug amd TO OTPWUA TNG MIVWLIKAG
ehadpponetpac. Mapouotalovral T AMOTEAECHATA TNG PASLOXPOVOAOYNGONG SELYUATWY TIOU EYLVE UE
™ péBobdo dpacpatookomiog HAlng ota epyootrpla padloxpovoldynaong kal devépoxpovoloynong
Tou maveniotnuiou tng Aplova. Ta anoteAéopata UTIOSEIKVUOUVY UL TTapOoLa XpOVOAOYNGN O€ £TN
padLavBpaka Pe aUTH TNE avaAuong GAAWV opyavikwy VAWV amd tn Onpa Kal To AKpwTnpL, Tou
nipogpyovtal and neplBallovra apéocwe mpLv tnv ndatotelakn £kpnén. H ebappoyn tng KapmuAng
BaBuovounong tTwv nAlkiwyv tou avBpaka 14 mou €xel avamntuxBel oto Mavemotiuo thg Apllova
(ICCP17) tomoBetel T0 XpoVIKO QUTO onueio petaV tou 1600 kot 1540 m.X. KAl KOTA CUVEMELA
T(POCSLOPIleL pia xpovoloynon TG UIVWLKAG €Kpnéng otov mpwipo 16° at. r.X. (Pearson et al. 2018).
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Ew. 1 Artodn tou Addou tn¢ Koipnong oto NA akpo tng Onpaotag

BiBAloypadia

BouyloukaAdkng I., 2015. «H &nuioupyla tng Onpaciag kat n popdoloyia tng tnv'Yotepn Emoxr tou XaAkou»,
oto K. MaAuBou kat I. TZaxiAn (emiy.), Gnpaocia I. Mia dtaxpovikn Stadpoun, ABriva, 21-31.

Pearson Ch., Brewer P., Brown D., Heaton T., Hodgins G., Jull T., Lange T. and Salzer M., 2018. “Annual
radiocarbon record indicates 16th century BCE date for the Thera eruption”, Science Advances 4(8).

EAANVikr Apxatopetpikn Etatpeia

230



Ocuartikn Suvebpia VII: Avoiytn Gepartikn evotnta 0.vIl_05

Early Bronze Age Manika on Euboea: a Cycladic colony or not?

A. Nafplioti

Homerton College, University of Cambridge, Hills Road, Cambridge, CB2 8PH

IMBB-FORTH, N. Plastira 100, Vasilika Vouton, Heraklion, GR-70013

Abstract

This paper explores the biological constitution (indigenous settlement vs. colony) of the Early Helladic
[I-11I site of Manika on Euboea. It uses, for the first time in the Archaeology of Euboea, the remains of
the people themselves and systematic strontium isotope ratio (8’Sr/2°Sr) analysis of human teeth from
the respective cemetery in order to characterize the population, distinguish between locals and non-
locals (first generation immigrants) at the site and investigate whether Manika was a Cycladic colony.
This widely-debated question fits well in the context of inter-regional cultural affinities in the Central
Aegean during the Early Bronze Age that have been interpreted as evidence for population
movement(s), residential mobility and the establishment of colonies by Cycladic islanders in the
immediate Aegean region.

For the purposes of this study we measured 8Sr/%Sr signatures from tooth enamel samples from a
selected sixty-five individuals from Manika in order to determine their provenance and explore the
possibility that non-locals are present among those analyzed. This paper presents and discusses these
results and further focuses on specificissues such as the relationship between the geographical origins
of the deceased on the one hand, the nature of the material culture associated with them, the spatial
organization of the burial grounds and the grouping of non-local burials within a specific segment of
the cemetery, on the other hand.
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The origins of archaeometry in Greece: A narrative from the recent past

M. Deli

Ministry of Culture and Sports, Directorate of Conservation of Ancient and Modern Monuments, 81, Pireos Str.
& Salaminas 105 53 Athens Tel: +30 210 32.15548 (236)

Abstract

The aim of the research is to trace the origins of archaeometry in Greece and to narrate its infant steps
through the work of the two first scientists that applied it in the country: the Bavarian Xavier Landerer
after the establishment of the Greek nation-state and the Greek Konstantinos Zengelis between the
Wars. The results of the research contribute to an eventual understanding of this relatively new
scientific field, which is very closely linked with and has a tremendous impact on other scientific fields
such as archaeology, heritage conservation and anthropological and sociological sciences. The
methodological process of the research comprised of extensive mining and synthesis of archival and
bibliographic records, in particular Greek periodicals, and a thorough analysis of published and
unpublished material. The research has brought to light the archaeological findings and the
monuments that constituted the core of the two scientists’ work and the multi-dimensional scientific
concerns that motivated them while carrying out their work in the, unknown at that time, scientific
field of archaeometry. Although limited information is revealed on the technical processes and
methods adopted by the two scientists, Xavier Landerer’s and Konstantinos Zengelis’ contributions on
ancient technologies and the interpretation of the ancient world, set the basis and initial setting of
the field of archaeometry in Greece. Further research on the two scientists’ exact methodological
approaches, the potential linkage between each other’s work and their impact on the work of
scientists that followed, will eventually enable us to follow the evolutionary road of archaeometry in
Greece.
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EKTiHNON TNG EMISPAONG TWV GUVTEAECTWV LETATPOTING OTNV OKPIBELA TWV
XpovoAoynoswv pe tn LEBodo tng ontika Sieyelpopevng pwrtavyetag.Néot
OUVTEAEOTEC LETATPOTUG

I. XpLotodouAdkng

Epyaotrplo Apyatoustpliac, lvotitouto Navoeniotnung kat Navoteyvoloyiag, ESviko Kévipo Epeuvac
Quokwv Emtotnuwy «Anuokpttog», Ayia Mapaokeun, Adrve, 15310, EAAada MAnpncg dtevduvon

Ouadoa @uotkric KAipatog, Tougag Quoiknc MeptBailovros kat Metewpoloyiag, Tunua Quotkng, EGviko
kat Katodiotplakd Mavemniotiuto ASnvwy, MaveniotnuioumoAn Ktipto Quoikric V, 15784, Abrva,
EAAdda

NepiAnyn

H Ontika Aieyelpopevn Quwrtavyela (OAD) amotelel o OXETIKA ouyxpovn HEB0SO amoAutng
xpovoAoynone. H edappoyn tne pebBodou autng amaltel, Petall GAAwv, KAl Tn XPHon KAmolwv
OUVTEAEOTWY, OL OMoloL OMOKAAOUVTIAL «OUVIEAEOTEG HeTOTPOTNG» (conversion factors). Ot
OUVTEAEOTECG QUTOL XPNOLOTOLOUVTAL TIPOKELUEVOU Vol eKTLUNOel 0 puBUOG padlevepyol 86ong mou
anoppodouV Ta XPOVOAOYOULIEVA OPUKTA €alTiOG TNG PASIEVEPYELAG TIOU EKTIEUTIOUV T KUPLOTEPOL
padlevepyd otolxeia mou cuvaviwvtal oto ¢uaotkd meptBaiiov (Oupdvio, Oo6plo, KaAlo, PouBidio).
BiBALoypadLkd, oL TPWTECG EKTIUAOELG TWV TILWV TWV CUVTEAEOTWY HETATPOTIG CUVOVTWVTOL OTNV
gepyaocia twv Aitken and Bowman (1975). Ano tote, 11 akopa e£pyaocieg €xouv SnUOGCLEUTEL
Tipoteivovtag SLaPOoPETIKES TIUEG YLA TOUG OUVTEAEDTEG auTouc (Bell, 1976, 1977, 1979° Carriveau and
Troka, 1978 Nambi and Aitken, 1986° Liritzis and Kokkoris, 1992" Aitken, 1998° Adamiec and Aitken,
1998° Guérin et al., 2011 Liritzis et al., 2013).

To peydho autod mMARB0¢ SLABECIUWY TIUWY TWV CUVTEAECTWY HUETATPOTAG dnuloupyel duo Baoikd
gpwtnuata: a) Moleg TLHEG amod auTEG ival KOTAAANAGTEPEG yLa va XpnoLgonolnBouv Katd tnv
eKTéANean pLag xpovoAoynong pe OAD; B) MOGo cuyKPIoLUEG UITOPOUV va gival HeETaéV TOug oL
EKTIUNOEL NALKLWYV TIOU €xouv TpoKUWPEeL He Xpnon OladopeTikwY TIUWV OCUVIEAECTWV
LETATPOTNG;

OL amavTACEL] TWV TIAPOTMAVW EPWTNUATWY SlEpELVWVTAL OTO MAALOLO TNG Tapolaoag gpyaciag.
Zekwvwvtog and 1o SeUTEPO EPWTNHA, TOPOUGCLAIOVTAL OTATIOTIKA AMOTEAECUATA CUUPWVA UE TA
omola UTIAPXOUV TIEPLITTWOELG OTIOU Ol EKTLMWHEVEG NALKieg Suvatal va Sladépouv o MOCOCTO
HEYaAUTEPO aKOpa Kol Tou 10%, avahoya e Toug £papUOlOMEVOUG CUVTEAECTEG peTATPOTG. To
YEYOVOC aUTO, oludwva Pe TV dnoPn tou cuyypadéa, amodelkvUeL TRV avaykn mou udiotatal
TIPOKELUEVOU VO ULOBETNBEL oo TNV EPEVVNTLKNA KOLWVOTNTO ULa oadnG KAl CUYKEKPLUEVN BEDN WC TIPOC
TN XPNON CUYKEKPLUEVWV LOVO CUVTEAECTWV LETATPOTING.
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YTnv mpoomdbeta auth, o cuyypad£ac TG MaPoUcaG MPOTEIVEL WG AVIUTPOCWITEUTIKOUG CUVTEAECTEG
LETATPOTINC €VO CUVOAO VEWV CUVTEAECTWV N QVATITUEN TwV omolwv otnpiletal otn Xpron OAwv Twv
SlaBéopwy amno to National Nuclear Data Center tou Brookhaven National Laboratory petpioswv
TIUPNVLKWV LELOTNTWV TWV EUNTAEKOUEVWY PASLEVEPYWV CTOLXELWV.
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Towards a dialogic perpetuation of cultural heritage

D. Makris

Department of Interior Architecture, Faculty of Applied Arts and Civilization, University of West Attica, 12243
Athens, Greece.

Abstract

The perpetuation of cultural tangible and intangible artworks is an increasing domain in digital
heritage populated by scientific fields such as 3D acquisition, 3D and semantic modelling, building
information modelling, generative modelling, and augmented reality (Georgopoulos, 2017),
(loannides et al. 2017). The overall digital framework is based on a series of multi layer workflows
which in turn integrate implicit and explicit knowledge from diverge scientific disciplines, such as
archaeometry, archaeology, conservation, architecture, museology, computer graphics, digital
humanities and digital entertainment (Liritzis et al. 2019), (Makris et al. 2018). It is worth recalling that
the involved disciplines were concerned —in a broader sense — with the production and consumption
of cultural heritage works — events.

The main question is: in which ways could cultural heritage perpetuation move towards in order to
ensure individuals’ experiences that presents a world always becoming. On a wider approach we
would like to confront questions and hypothesis concerning the individuals’ engagement with cultural
heritage environments and events (caves, landscapes, museums). In particular, the goals of the
current ongoing research is on the one hand to theoretically and methodologically approach an
overlapping multi-disciplinary era of cultural heritage’s perpetuation as a result of archaeometric
methods and augmented reality approaches in order to reveal the collective and cultural memory of
places and peoples. On the other hand, to discuss the capabilities — potential of Augmented Reality in
expressing aspects of collective and cultural memory of heritage, and enhancing the role of
archaeometric quantitative and qualitative knowledge towards the individuals’ engagement with
cultural heritage works — events.

The dialogic perpetuation framework integrates to main poles. The first includes the digital acquisition
based Building Information Modeling, and a newly proposed that of Generative-BIM. All such
methodologies rely on 3D geometric and semantic acquisition. The second pole is Augmented Reality,
as state-of-the art technological methodologies, that have overcome the borders of technological
approaches and appeared as theoretical and philosophical questions. AR could append towards the
typical four categories of spatial proximities scales: figural, vista, environmental and geographical
space where we impose four strategies that underlying a storytelling AR typology (reinforcing,
recontextualization, remembering and re-embodiment) (Moira Makris, 2018).

The AR is an immersive process which could redefines the individuals from a preconceived observer
to a progressive active participant. We emphasize towards a model of immersive experience that is
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focused on meaning, feelings, values and connotations as resulted of associative cultural heritage’s
works — events. The conception of perpetuation aided by deep digital methodologies enables the
cultural heritage’s emergence as a consonantly field of significance and meaning that is capable to
tolerate multiple interpretations. Especially during our-days when human and natural unfortunate
events threaten the continuity of our heritage civilization.
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Endoscopy and qualitative archaeometric material analysis from microns to
meters using ultrasounds

G. Th. Karagiannis

“ORMYLIA” Foundation, Art Diagnosis Center, GR-63071, Ormylia, Chalkidiki, Greece

Abstract

This paper demonstrates the non-destructive endoscopy and qualitative in-depth analysis of cultural
heritage objects with dimensions starting from microns till meters. The core modality for this non-
destructive operation is the powerful ultrasonic module of “ORMYLIA” Foundation infrastructure.

The main part of an ultrasonic system is the piezoelectric transducer, which is induced by an electric
pulse produced by the transmit / receive system, producing in turn an acoustic pulse. This pulse is
emitted into the underlying structure and then the successive reflections of the acoustic wave on the
various layers, of the structure under consideration, are again gathered from the piezoelectric
transducer. However, this time the operation is reversed since it transforms the acoustic echoes into
an electrical signal received in the transmit/receive system. Depending on the area of measurement,
a distinction is made between single point scanning (A-scan), tomographic scanning (B-scan) and
volume scanning (C-scan). Finally, the discretion of the acoustic microscope depends on its central
operating frequency, which is directly related to the physical properties of the piezoelectric
transducer, such as its dimensions. In particular, the resolution is increased by the frequency with the
drawback that the penetration depth of the acoustic wave is reduced. For this reason, transducers of
various central frequencies will be used to extract the maximum possible information.

From the archaeometric point of view, there is a huge variety of cultural heritage objects that require
analysis of their inner structures, such as coins, wall-paintings, ceramic objects, mosaics of tesserae
patterns hidden under mortar elements, excavations, etc. It is evident that there is a wide scale for
the ultrasonic analysis. Starting from the micrometric order, high frequency ultrasounds (over 100
MHz) are utilized, thus enabling the discrimination between different layers of paintings. As the
frequency is lowered, at approximately 50 MHz, the qualitative material analysis can be performed
using advanced signal processing algorithms, such as spectral mapping and auto-regressive models,
for the characterization of items such as azulejos. As frequency is approaching 10 MHz, the acoustic
waves penetrate into deeper layers and hidden structures, like mosaics or wall-paintings, under cm
thick mortar elements can be accurately revealed. Finally, entire excavations can be analyzed, using
even lower acoustic frequencies or/and infrared imaging modalities.
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On the scaling of the global average surface temperature during last two
million years

John Christodoulakis 2, George Kouremadas ?) and Costas Varotsos )

(1) Laboratory of Archaeometry, Institute of Nanoscience and Nanotechnology, National Centre for
Scientific Research “Demokritos”, Aghia Paraskevi, Athens, 15310, Greece

(2) Climate Research Group, Section of Environmental Physics and Meteorology, Department of Physics,
National and Kapodistrian University of Athens, University Campus Bldg. Phys. V, 15784 Athens,
Greece

Abstract

In 2016, Carolyn W. Snyder (Snyder, 2016) presented a global average surface temperature (GAST)
reconstruction covering the last two million years. That research was based on the available in
literature sea-surface temperature (SST) proxy reconstructions and related statistical processes. The
aim of the present analyses is to investigate time scaling in both the GAST time series and the SST
proxies used for GAST reconstruction. These plausible scaling features have the potential to reveal the
presence of long-range correlations (LRC) in the studied records and allow for a comparative analysis
between the source data and the final GAST reconstruction.

A common difficulty in analysing long time series is non-stationarity of the data. To overcome this
difficulty, we use the Detrended Fluctuation Analysis (DFA) and Haar wavelet analysis (HWA)
techniques to look for LRC. DFA technique introduced by Peng et al. (1994) and its main advantage is
that it permits the detection of intrinsic self-similarity in non-stationary time series. According to
Lovejoy and Schertzer (2012), both DFA and HWA produce very similar estimations of scaling
exponents. Nevertheless, HWA has the advantage of being numerically faster, theoretically simpler
and physically easier to interpret.

Among the most important findings of this research is that, according to the DFA results, the slope of
log-log plot of the change in GAST root-mean-square fluctuation function versus temporal interval (in
thousands of years) is greater than 0.5. The physical meaning of this preliminary finding is that small
positive or negative GAST fluctuations in the past will be followed by fluctuations of the same sign in
the future but with a magnified amplitude (e.g. Varotsos, 2005)

More details will be presented in the paper, along with potential physical mechanisms causing LRC
behaviour of GAST.
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Obounopiko otov Muotpa: H Wnorakn Apnynon tng MNoAeodopkng EEEAENG
¢ KaotpomoAiteiag

B. Navaywrtién Y kat N. Zaxaptag

(1) Epyactnpio Apxatouetpiag, Tunua lotopiog, Apxatodoyiac kat Atayeiptong MoAttiouikwy Ayadwy,
MNaverniotnuio MeAomovvrioou, AvatoAiko Kévtpo, KaAaudata 24100

MNepiAnyn

‘Evag XApTNG amoTeAEL YLa OTATIKA OTELKOVLON MEAETNG TOU PUOLKOU XWPOU, avTioTolya, n LEAETN TNG
avBpwrivng §paoTnPLOTNTOC OTOV XPOVO QTOTEAEL E TN OELPA TOU OVTLKEUEVO TNG EMLOTAUNG TNG
apxatodoyiag. O cuvSUOOHOG KaL N CUYKPLON TNG XWPLKAG KOL XPOVIKAG £EEALENG TNG avBOpwrvng
Spaoctnplotntag os éva meptParlov amotelel pLa e€aLpETIKA EPEUVNTLKA KATEULBUVGN TNV LEAETN TNG
avBpwrivng Lotoplag. ITOX0G TNG Epyaciag autng eival n omtikonoinon Kat mpoBoAn Pe T Xpnon
ouyxpovwyv PndLlakwv HEowV TNG eEEALENC OTOV XWPO Kol aToV XpOvo tn¢ Bulavtivrg KaotpomoAtteiag
Tou MuoTpa.

H 1toAn tou Muotpa eival n kaAutepa owlopevn Bulavtivi moAteia otnv EAAGSa. H KaotpomoAwteia
Tou YwpoBeteital otnv dutikA Aakwvia £€L XIMOUETPA VOTLOSUTIKA TNE IAPTNG Kal tdpuBnke amd tov
Opayko dtowkntr FouAtéApo B’ Bikeapdouivo mou Ktilel KAotpo otnv kopudr Tou Addpou Mulnbpd to
1249 yia tov €Aeyxo TG Kolthadag tou Eupwta mou eEeAl0OETAL O ONUOVTLIKO OKLOUO TNG TMEPLOXNAG.
O Muotpadg nepvael o Bulavtivi kuplapyia to 1259 Kal eV ouvexela amo onUavilkd aplOpo pacswv
avononc, Sladopetikwy Kuplapxtwy kot TAnBuoplakwv alaywv (Zivog 2009). Autég ol aAAayEC
OVTOVOKAWVTAL OTOV TTOAE0SOULKO LOTO TNG OANG Kal e€EAlooOVTAL ELKOVIKA LE TNV TTapoucioon £EL
Sladopetikwy PAacswv TNg MOANG Tou MuoTtpd oe PndLakod XApTn aventuyuévo oe Mewypadlko
MAnpodoplakod uotnuoa — M2 (ApPavitonovdog, 2004). Me tnv Pndlakn aneikovion tng e€EAENG
TOU XWwpou mapouactaletal n adrynaon tng Lotopiag tou MuoTtpd, TnG XWPLKNS EEALENC TNG TTOANG OTO
Xpovo Tmepllapfavoviag kot emumAéov mAnpodopla OMwe TEPPAANOVIIKA XOPOKTNPLOTLKA,
TANBUCLLOKA OToLKEla, CUYKPLON UE TO CUYXPOVO TIEPLBAAAOV KOl TIPOOTITIKY TIEPALTEPW OVAAUGNC
TWV XAPOKTNPLOTIKWY TNG TOANG o€ eminedo yewpopdoloyiag, xwpobETnong, mpooBacLuoTNTAG KA.

H peBodoloyia meplhappavel Pndlomoinon LOTOPIKWY XOPTWY HE TNV AvVayVWELON OToLXElwv Tou
onpepLvoL tomiou w¢ onpeia avadopdg Kat avtiotoiyiong kAipakag. OpBodwrtoxdpteg cuvBETOUY TO
$OVTOo TNG MEPLOYNC OUEPO TTAVW OTO OTtolo £XoUV peTadepOEel, xpnolponowwvtag onpeia avadopdag,
TO OTOLKELA TWV LOTOPLKWV XOPTWV avamntiooovtog Stadoyika emnineda. zexwplotd enineda oto M2
EUMEPLEXOUV MANOBUGULAKA OTOLXELA KAl LOTOPLKH TTAnpodopia cUVOETOVTAC £TOL Plat oNUAVTLKA Bdon
6e6opuévwy LoTopLkAG mMAnpodopiac (Avayvwotakng K.d., 2014). AmwTePOg 0TOXOC TNG EPYACLOC Elval
n dnuoupyia evog Suvaplkou xaptn pe Stadopetika enineda mAnpodopiag Stabéaipo oto eupltepo
KOO W¢ VAANOKTLKO HETo MAnpodOpnong Kot PoBoArg yla tnv Katavonon tng e€AENC Tou Xwpou
and tov NouAlEApo B Bllsapdouivo pEXpL TNV gykataAelpry tou 1o 1953 amd toug TeAeutaioug
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Katoikoug, avadslkviovtag thv cuBoln Twv Yndlakwv texvohoywwy otnv MoAtlopiky Alaxeipion
(Panagiotidis et al 2019).
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Epeuvntikeg Aouég-Xopnyol o1

IPERION-CH.gr: Kouwvotopeg pé@odot, TeXVIKEG Kol epyadeio pe epappoyES
otnv avaAuvon, dtayvwon, TeKunpiwaon, LEAETN, MpooTacia Kot avadel§n
OLPXOLLOAOYLKWV QVTIKELUEVWV, EPYWV TEXVNG, LOTOPLKWV HUVNHELWV Kol
OPXOLOAOYLKWV XWPWV

N. MNouAn W, 3. swtnporovlou M kat A. Ayyhog )

(1) Ivotitouto HAektpovikrc Aounc kot Agwlep, 16puua Texvoloyiag kat Epeuvac (IHAA-ITE), T.O. 1385,
71110 HpakAgto, Kpritn

NepiAnyn

H Epeuvntikr] urtodoun IPERION-CH.gr / E-RIHS.gr amotelel Baotlkd muAwva tnG SLEMLOTNUOVLKNG
EBviKN¢ Epeuvntikic Yrodoung (EEY) HELLAS-CH, url: hellasch.iesl.forth.gr, evtdooetal oto eupUtepo
Eupwnaikd Owoolotnua twv Epsuvntikwv Ymodopwv we €Ovikog ekmpoowmog/koppog tou E-
RIHS.eu kol mpoodépel MPOCPACH OE TPONYHEVEG TELPOUATIKEG EYKATOUOTACELC KOL EUEALKTO
olokAnpwuéva epyaleia kal texvoloyleg otov topéa tnG MoAttiotikng KAnpovouldg (Heritage
Science).

H £€peuva oto mAaioclo tou IPERION-CH.gr amofA£mnel adevog otnv TEXVOAOYLKNA EVIOXUGH UTTAPXOUGCOG
opyavoloyiag kat peBodoloylwv yla TNV HEAETN, ouvtripnon Kot tekpunpiwon tng MOALTLOTIKAC
KAnpovoulag, apeTépou oTNV EMLOTNUOVIKY AVATTUEN VEWV KAWVOTOUWY Kol afLOTILOTWY EPYOAELWV
mou Ba eMTPEYPOUV OTOUG XPrOTEC-UEAETNTEG VA TIPOOEYYLOOUV TIG OUTALTNTLKEG EPEUVNTIKEG
T(POKAAOELG OTOV TOUEQ TNC EMLOTAKNG TNG MoALTioTikig KAnpovouLdg.

AlVETOL OTOUG EPEUVNTEG—YPNOTEG TIOU SPACTNPLOTOLOUVTOL OTO €UpU TESIO TNG TOALTLOTIKNG
KAnpovopLag Suvatotnta mpocfacng oTov MOAUSLACTATO LOTO TNG EPEUVNTLKAG UTIOSOUNG, N omnola
SlapBpwvetal omovSUAWTA emi Tou TpimTtuxou potifou “micro — macro — info”. Autol oL épot
UTIOSNAWVOUV KL TI( OUCLWHEELS YWWOTLKEC CUVIOTWOEG, IOV €lval anapaitnTeg ya tnv neplypadn,
avaAuon, LEAETN, KOTAVONON, TeEKUNPilwaon Kal Statpnon tng UALKAG MOALTLOTIKAG KANPOVOULAG Kol
ETUYPOUUATIKA TTEpAAUBavouV:

“Micro”

e AVOAUTLKEG TEXVIKEG POOL{OMEVEG OTN XPNON OTITIKWY TEXVOAOYLWY KoL GUYXPOVWV TINYWV
AéWep yla TNV avAAUON UAKWV Kal TNV OTIELKOVLIOTLKA UEAETN QPXALOAOYLKWV-LOTOPLKWY
OVTLKELLEVWY, EPYWV TEXVNG KOL LVNUELWY

e Tllponypéveg pebBodoug yla tn LeAETN ap)oiou yeVETIKOU UALKOU

e JUyxpoveg texvoloyieg AéLlep yloL TN OUVTNAPNON KOL QTTOKATAOTOON £PYWV TIOALTLOTLKAG
KANPOVOLLAG
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Epeuvntikeg Aouég-Xopnyol o1

“Macro”

e TewWdUOIKEC LETPHOELC YL TOV LOKPOOKOTILKO EAEYXO Kal XOpToypadnon apXaloAoyKwy Kat
LOTOPLKWYV XWPWV, CUUTIEPIAABAVOUEVWY KOl UTIORPUXLWY TOTILWY

Mlnfon

e Avamrtuén Kawotopwv gpyaleiwv amodoTikng Slaxeiplong melpapatikwy SeSouévwy, TToU
ETUTPETEL O€ OUASEG XPNOTWV KoL EUPUTEPEC EMLOTNUOVIKEG KOWVOTNTEG VO EKUETAAAEUTOUV
NV aAANAEVSETN, MoAUoXLE MAnpodopia, Tou CUAAEYETAL ATTO TIG LEAETEG EMUTESOU «micro»
1 «macro».

H Epeuvntikn Ymodoun otedexwvetal and ta Ivottouta tou I6pUpatog Texvoloyiog kat Epsuvag
(ITE): Ivotitouto HAektpovikng Aoung kat Aéwlep (IHAA), lvotitouto Meooyelakwv Inouvdwy (IMZ),
Ivotitouto  Moplakng Bloloyiag kot BlotexvoAoyiag (IMBB), IvotitoUto  YTOAOYLOTIKWV
MaBnuatikwv(lYM), Ilvotitovto MAnpodopikrg (IM) kat to 16pupa OppvAila — AloyvwoTtikd Kévtpo
Epywv Téxvng (IO-AKET).

H mapoucioon €xel okomo tnv meplypadn Twv dpdcewv tng EOVIKAG EpeuvnTikAg Ymodoung, twv
SuvatotNTwV MPOCBaAcN OTOUC EPEUVNTEC—XPNOTEG TOU SpaoTnPLOTOLOUVTAL OTO €upy dacoua
epappoywyv otnV MOALTLOTIKY) KANPOVOULA KOBwWE Kal TwV TPOOTITLKWY TIOU avolyovTal o€ €BvVIKO Kal
OleBvVEC eminebo atov Topéa TG EMLotng tng KAnpovopulac.
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16pupa “OPMYAIA”, €€untvn €€eldikevon-KALVOTOMIA YL TNV TEKUNPLWON TNG
TLOALTLOTLKA G LG KANPOVORLAG

G. Th. Karagiannis

“ORMYLIA” Foundation, Art Diagnosis Center, GR-63071, Ormylia, Chalkidiki, Greece

NepiAnyn

Ta epyaotipla Tou W6pLpatog "ORMYLIA" Siémovtal amd pia oALOTIKN KAl KOLr TPoaéyyLon 6oov
adopa T dtadopeg edappoyEg ou adopouv To epyactrplo, cuvdualovrag SLadopeg TopoYyPaADIKES
KN EMEUPATIKEG TEXVOAOYLEG e AVAAUGH O ETIMESO UIKPOUETPWY WG KAL LETPWV TIAPEXOVTAC AUOELS
arnd TNV amoktnon uPnAng mototntag mAnpodoplwy, TN oupPatiky amobnkeuon oe BAoEeLg
b6ebopévwy (o DICOM popdn) e onUacloAoyLkn EUPETNPLOCN KAl AVAKTNON TwWV MANPOdOoPLWV Kol
ME TNV TEAKN Tapouciaon TeEAKOU XproTn OE ULla OElpd amo StadopeTikeg uebodouc, GpLhkr mpocg to
xpnotn 3D evSookomikn mAonynon ... e€UTINPETWVTIAG TNV TEKUNPLWON QVTIKEWWEVWY TIOALTLOTIKAG
KANPOVOLLAC OladOpwv TEXVOAOYLWV Kol UAKWY, thv avamtuén kot sdappoyn Blolatplkwy
TEXVOAOYLKWYV QVAYKWV KAl KAVIKWV EGOPUOYWY, KOWWVIKWY SpACEWV KAl BLOUNXAVLKWY AUCEWV ...

OAec oL yVWOTEG Kol ONUOOCLEUMEVEG, O ULA OPLOUEVN EKTAON, TOPONMAVW EMLOTNUOVIKA KoL
epapuoopévn epyaocia umootnpilovtol amd £va ONUACLOAOYIKA KOWO Opapda HETAEU TNG
opXaloeAANVLIKNG Kol opB060ENg KANPOVOULAG Hag KOl TNG EMLOTAUNG TNG MAnpodoplag Kal Tng
enefepyaciog oNUATWVY ....

ELOIKEG TIEPIMTWOELG AVAAUONG OVTLKELHEVWVY TNC TIOALTLOTIKAG LaG KAnpovopldag Ba mapouactlactouv
TPOG EMIPPWON TWV OVWTEPWV.

Euxaplotieg

To épyo auto umootnpiletal and to €pyo «HELLAS-CH» (MIS 5002735) to omoio uhomoleitol oto mAaiolo tng
«Apdong yla tnv Evioxuon YnoSouwv Epeuvag kat Kawvotopiag», mou xpnuatodoteital and to Enyelpnolako
Mpoypappa  «AvIaywviotikotnta, Emyelpnuatikotnta Kot Kowotopia»  (EZNA  2014-2020)  kal
ouyxpnuatodoteitat and tv EAAASa kat tnv Eupwnaiki Evwon (Eupwmaiko Tapeio Mepidepelaknig
Avarmrtuéng).

K&j EAANVikr Apxatlopetpikn Etatpeia

251



Epeuvntikég Aouég-Xopnyol 02

EAANVIKA ApxalopeTpikn Etatpeia 252




Epeuvntikeg Aouég-Xopnyol 03

Modern TEM Applications on Cultural Heritage Materials:

How to Access in Greece

E. Palamara

ART-E SOLUTIONS PC, 18 Sfaktirias str., 24 133, Kalamata, Greece

Laboratory of Archaeometry, University of the Peloponnese, Old Camp, 24 133 Kalamata, Greece

Abstract

Scientific studies of Cultural Heritage materials are usually focused towards the characterisation of
corrosion product from artefacts for better preservation, determination of production technologies
and the identification of raw materials used in the production of pigments, glass, decorated pottery,
metals, etc. To assist the above issues, the introduction of advanced Transmission Electron Microscopy
(TEM) techniques aims to uniquely characterize Cultural Heritage artefacts and archaeological
materials.

ART E SOLUTIONS specializes in the use of advanced TEM techniques (Electron diffraction
Tomography, Image Tomography, EDS & Electron Energy Loss Spectroscopy) for highly localized
analysis down to nm scale for identification of particles, phase/orientation mapping down to nm scale.
Additionally, SEM Cathodoluminiscence (SEM-CL) in combination with SEM-EDS can be applied for the
detailed characterization of metal, alloys, ceramics, glass, (organic and inorganic) pigments, minerals
and mortars.

These innovative techniques allow addressing issues of provenance of raw materials and
determination of the production technology of Cultural Heritage artefacts for a wide spectra of organic
and inorganic material. Additionally, they require the extraction of very small micro-samples (mm? to
um?), proving particularly useful in the study of Cultural Heritage materials.

Figure 4. Orientation and phase map (d,e) of one
of the pre-hispanic maya red colour pigments
from murals coming from Mayapan
archaeological site (Yucatan Peninsula, Mexico)
(REF: S. Nicolopoulos, P. P. Das, A. G. Pérez et al.,
“Novel TEM Microscopy and Electron Diffraction
Techniques to Characterize Cultural Heritage

44.5 % Hematite . . .
B 143 % Rutile (TI02) Materials: From Ancient Greek Artefacts to Maya

5.6 % Maghemite F ” f
B 35.6% Amorphous Mural Paintings,” Scanning, 2019)
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