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INTRODUCTION
Dear Colleagues
The International Symposium on Archaeometry celebrated its Golden Jubilee in 2012
(Leuven), counting from its beginning in 1961 (London). Within these over 50 years it
continues as the premier forum to present the latest data and updates of archaeometry and
archaeological science, covering the full spectrum of topics, materials, techniques, time
span and global applications.
The continuous growth on fields of interests is clearly viewed in ISA2016 but also in its
numbers: 41st ISA received 550 submissions from 46 countries while the registered
participants will exceed 600 having achieved a record in the history of ISA.
Additionally, the 41st ISA hosts two special sessions: Environmental Remote Monitoring
for Archaeology and Cultural Heritage and The Beginning of the Bronze Age in Eastern
Mediterranean and runs a panel discussion on Making History Matter: The Role of
Archaeometry in Anthropocene Studies, all aiming at drawing extra attention on new
research and application challenges for scholars from both the humanities and science.
Besides, this interdisciplinary osmosis is always one of the key-issues that
the ISA symposia demonstrate!
I would like to take the opportunity and thank the ISA2016 participants who entrusted the
2016 event to us and the many volunteers who worked devotedly to make this symposium
a success.
Also, to acknowledge all collaborating institutions for having believed and fully
supported the mission of ISA2016.
Having in mind the certainty that, due to your presence and contribution, ISA2016 will
leave an unforgettable memory to all and a generous patrimony to our city and our
country in total,
I cordially wish you all a very fruitful and enjoyable symposium!

Nikos Zacharias
Chair ISA2016
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PROGRAMME OUTLINE
16:30-17:40 Session: Metals and
Metallurgical Ceramics I
17:40-18:45 Special Session: The
Beginning of the Bronze
Age in Eastern
Mediterranean
19:00-20:00 3rd COSTA NAVARINO
International
Archaeometry Award
Ceremony

Sunday, May 15
18:00-20:00 Registration, Welcome
Cocktail at the Campus of
the University of the
Peloponnese

Monday, May 16
08:00-08:30 Registration at the
Modern Dance Megaron
08:30-09:00 Welcoming Remarks,
Opening Ceremony at the
Modern Dance Megaron
09:00-11:00 Session: Stone, Plaster
and Pigments I
11:00-11:30 Coffee Break
11:30-13:30 Session: Stone, Plaster
and Pigments II
13:30-15:00 Lunch Break
15:00-16.40 Session: Ceramics,
Glazes, Glass and
Vitreous Materials I
16:40-17:10 Coffee Break
17:10-18.50 Session: Ceramics,
Glazes, Glass and
Vitreous Materials II
19:15-20.15 Live Music Event

Wednesday, May 18
09:00-10:30 Session: Remote Sensing,
GeoProspection and Field
Archaeology
10:30-11:00 Keynote: Gregory Tsokas
‘The Significance of
Geophysical Prospecting
in Saving the Integrity of
Tumuli’
11:00-11:30 Coffee Break
11:30-12:30 Special Session:
Environmental
Monitoring for
Archaeology and Cultural
Heritage
12:30-13:50 Session: Metals and
Metallurgical Ceramics II
13:50-14:30 Lunch Break
14:30-16:15 Poster Session II
16:15-19.30 Ancient Messene guided
tour (20:00 arrival at
Kalamata)

Tuesday, May 17
09:00-10:30 Session: Ceramics,
Glazes, Glass and
Vitreous Materials III
10:30-11:00 Invited speaker:
Hans-Reiner Meindl
‘Technological Advances
for Traditional Mouth
Blown Glasses: UV
Protective Window Glass
for Cultural Heritage’
11:00-11:30 Presentations of the Next
ISA Venue
11:30-12.00 Coffee Break
12:00-13:40 Session: Stone, Plaster
and Pigments III
13:40-14:30 Lunch Break
14:30-16:30 Poster Session I

Thursday, May 19
09:00-11:00 Session: Human
Environment and
Bioarchaeology I
11:00-11:30 Coffee Break
11:30-12:30 Session: Human
Environment and
Bioarchaeology II
12:30-13:30 Session: ArchaeoChronometry I
13:30-14:30 Lunch Break
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14:30-16:30 Poster Session III
16:30-17:30 Session: ArchaeoChronometry II
17:30-18:30 Panel and Forum
Discussion: Making
History Matter: the Role
of Archaeometry in
Anthropocene Studies

11:00-11:30 Coffee Break
11:30-13:30 Session: Metals and
Metallurgical Ceramics
IV
13:30-14:40 Lunch Break
14:40-15:30 Technical Session (ISA
Gold Level Sponsors)
15:30-17:50 Session: Ceramics,
Glazes, Glass and
Vitreous Materials IV
17:50-18:30 Closing Remarks –
Awards
20:00
Gala Diner

Friday, May 20
09:00-09:30 Keynote: Maria-Filomena
Guerra ‘Beyond Gold:
Open-Ended Questions
and Analytical
Challenges’
09:30-11:00 Session: Metals and
Metallurgical Ceramics
III

Saturday, May 21
9:00-17:00 Post Symposium
Excursions
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Sunday, May 15
18:00 - 20:00

Registration and Welcome Cocktail at the Campus
of the University of the Peloponnese

Monday, May 16
08:00 - 08:30
08:30 - 08:55
08:55 - 11:00
08:55 - 09:00
09:00 - 09:20

09:20 - 09:40

09:40 - 10:00
10:00 - 10:20

10:20 - 10:40

10:40 - 11:00

11:00 - 11:30

Registration at the Modern Dance Megaron
Welcoming Remarks and Opening Ceremony at the Modern Dance
Megaron
SESSION: STONE, PLASTER AND PIGMENTS I
Chairperson: Robert Tykot – Introduction to the Session
(O-1) Obsidian access along the Adriatic: Sourcing studies and maritime
trade in Croatia
Robert H. Tykot, Stašo Forenbaher, Damir Kliškić, Zlatko Perhoč, Emil
Podrug and Dinko Radić
(O-2) “Non-invasive” portable laser ablation sampling for Sr-Nd-Pbisotope provenance of precolonial Caribbean jadeitite artefacts
Alice Carolin Susanne Knaf, Janne Koornneef, Andreas Hertwig, Juan
Cárdenas-Párraga, Antonio García-Casco, Hans-Peter Schertl, Walter
Maresch, Chloé Andrieu, Corinne Hofman and Gareth Davies
(O-3) Roman production and use of white marbles in SE Europe
Walter Prochaska
(O-4) Reviewing the Parian marble: New evidence about its grain size
distribution and quality
Dimitris Tambakopoulos and Yannis Maniatis
(O-5) Mineral identification of Mayan green stone funerary artifacts from
Bonampak, Mexico
Alejandro Mitrani Viggiano, Mayra Dafne Manrique Ortega, Valentina
Aguilar Melo, Edgar Casanova González, Griselda Pérez Ireta, José Luis
Ruvalcaba Sil, Alejandro Tovalín Ahumada, Alejandro Sheseña
Hernández and Josuhé Lozada Toledo
(O-6) Mineralogical analysis of Aztec stone artifacts from the Great
Temple of Mexico-Tenochtitlan and its surrounding buildings
Mayra Manrique, Pieterjan Claes, Valentina Aguilar Melo, Malinalli
Wong Rueda, Jose Luis Ruvalcaba Sil, Edgar Casanova Gonzalez,
Emiliano Melgar Tisoc and Reyna Solis Ciriaco
Coffee Break
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11:30 - 13:30
11:30 - 11:50

11:50 - 12:10

12:10 - 12:30

12:30 - 12:50

12:50 - 13:10

13:10 - 13:30

13:30 - 14:55
14:55 - 16:40
14:55 - 15:00
15:00 - 15:20

15:20 - 15:40

15:40 - 16:00

SESSION: STONE, PLASTER AND PIGMENTS II
Chairperson: Rachel S. Popelka-Filcoff
(O-7) Nondestructive in situ XRF provenance study of Mesoamerican
turquoise
Kilian Laclavetine, Jose Luis Ruvalcaba-Sil, Emiliano Melgar, V.
Aguilar Melo and M. Manrique Ortega
(O-8) Raw materials and pigments of rock art paintings in Colombia
Judith Trujillo-Tellez, Guillermo Muñoz-Castiblanco and Carlos
Augusto Rodríguez-Martínez
(O-9) The materials of post-Byzantine Greek icons
Georgios P. Mastrotheodoros, Konstantinos G. Beltsios and Varvara
Papadopoulou
(O-10) What can the chemistry of crayons tell us about the past? Spatiotemporal correlations at Nawarla Gabarnmang (Australia)
Géraldine Castets, Emilie Chalmin, Bruno David, Jean-Jacques
Delannoy, Jean-Michel Geneste, Pauline Martinetto, Jean-Louis Hodeau
and Robert G. Gunn
(O-11) Elucidation of cultural exchange by elemental characterisation of
Australian Aboriginal pigments
Rachel S. Popelka-Filcoff, Claire E. Lenehan, John W. Bennett, Attila
Stopic and Keryn Walshe
(O-12) Multi analytical approach for characterizing materials and
pigments of Byzantine wall paintings in Hierapolis archaeological site
(Turkey)
Emma Cantisani, Susanna Bracci, Silvia Vettori, Barbara Sacchi,
Cristiano Riminesi and Piera Caggia
Lunch Break
SESSION: CERAMICS, GLAZES, GLASS AND VITREOUS
MATERIALS I
Chairperson: Josefina Pérez-Arantegui – Introduction to the Session
(O-13) The longevity of ceramic production centres: Implications for the
analysis of pottery
Peter M. Day and Vassilis Kilikoglou
(O-14) Minoan-style Transport Jar production in the LHIIIB Argolid,
Greece
Marta Tenconi, Peter M. Day, Katie Demakopoulou, Eleftheria
Kardamaki, Joseph Maran and Alcestis Papadimitriou
(O-15) Neolithic pottery production and circulation in Macedonia,
northern Greece. An analytical approach
Anastasia Dimoula, Niki Saridaki, Antonios Koroneos, Dushka Urem Kotsou and Kostas Kotsakis
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16:00 - 16:20

16:20 - 16:40

16:40 - 17:10
17:10 - 18:50

17:10 - 17:30

17:30 - 17:50

17:50 - 18:10

18:10 - 18:30
18:30 - 18:50

19:15 - 20:15

(O-16) Tracing pottery provenance along the Nile River by trace
elements and isotope analysis
Elisa Gravagna, Lara Maritan, Giancarlo Cavazzini, Andrea Zerboni,
Gregorio Dal Sasso, Claudio Mazzoli, Sandro Salvatori and
Abdelrahman Ali Mohamed
(O-17) The Roman amphorae kilns from the western and southern coast
of Lusitania: Chemical patterns for provenancing
M. Isabel Dias and M. Isabel Prudêncio
Coffee Break
SESSION: CERAMICS, GLAZES, GLASS AND VITREOUS
MATERIALS II
Chairperson: Ian Freestone
(O-18) Hellenistic Colour Coated ware pottery from Nea Paphos. An
integrated approach to the study of provenance and technology of fine
ware pottery
Edyta Marzec, Evangelia Kiriatzi, Noémi Müller and Anno Hein
(O-19) The Via dei Sepolcri workshop in Pompeii: A snapshot of the
ceramic crafting activity before 79 AD eruption
Celestino Grifa, Laëtitia Cavassa, Ornella Amore, Diana Barra, Alberto
De Bonis, Christian Fischer, Chiara Germinario, Francesco Izzo, Alessio
Langella, Ioanna Kakoulli, Mariano Mercurio and Vincenzo Morra
(O-20) Pottery production in the Buddhist centers of ancient Bactria
(Central Asia) during the Kushan period
Verònica Martínez Ferreras, Andreas Angourakis, Josep M. Gurt
Esparraguera, Anno Hein, Ana Sánchez Del Corral and Enrique Ariño
Gil
(O-21) Complexity in African ceramics?
Hannah Page, Patrick Quinn and D.A.M Reid
(O-22) Defining ceramic production of the Late Islamic Arabia: A view
on Bahla/Khunj Ware from al-Ain
Jelena Zivkovic, Jose Cristobal Carvajal Lopez, Myrto Georgakopoulou
and Timothy Power
Live Music Event
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Tuesday, May 17
09:00 - 10:30

09:00 - 09:20

09:20 - 09:40

09:40 - 10:00

10:00 - 10:20

10:30 - 11:00

11:00 - 11:30
11:30 – 11:55
11:55 - 13:40
11:55 - 12:00
12:00 - 12:20

12:20 - 12:40

12:40 - 13:00

13:00 - 13:20

SESSION: CERAMICS, GLAZES, GLASS AND VITREOUS
MATERIALS III
Chairperson: Julian Henderson
(O-23) Renaissance majolica and ‘barros rojos’ from Talavera de la
Reina investigation by XRF, XRD and SEM techniques
Cristina Fernández de Marcos García, Marisol Madrid I Fernández and
Jaume Buxeda I Garrigós
(O-24) Islamic ceramics from the 8th to 13th centuries found at the Silves
Castle, South of Portugal: Pastes, pigments and glazes characterization
Luis Filipe Vieira Ferreira, Isabel Ferreira Machado and Rosa Varela
Gomes
(O-25) Unveiling the mystery of the black-glazed tea bowls from the Jian
Kiln site of Ancient China
Weidong Li
(O-26) Τhe glazed tiles from the Qutb Shahi Tombs complex
(Hyderabad, India): Morphological and compositional characterization
Patrizia Davit, Ambra Idone, Stefania Barbiero, Poornima Balakrishnan
and Monica Gulmini
INVITED TALK: (O-27) Technological advances for traditional mouth
blown glasses: UV protective window glass for cultural heritage
Hans Reiner Meindl
Presentations of the Next ISA Venue
Coffee Break
SESSION: STONE, PLASTER AND PIGMENTS III
Chairperson: Vassilis Kilikoglou – Introduction to the Session
(O-28) Preliminary results on the hyperspectral imaging technique for
the in-situ diagnostics of excavated walls and artistic surfaces in the
archaeological site of Pompeii
Donata Magrini, Leandro Chiarantini, Bruno De Nigris, Fabio Fratini,
Cristiano Riminesi, Barbara Salvadori and Barbara Sereni
(O-29) Monitoring calcium carbonate crystallizations on mural painting
mockups in Roman Catacombs by ultra close-range photogrammetry
Rachele Manganelli Del Fà, Emma Cantisani, Barbara Mazzei, Cristiano
Riminesi and Deodato Tapete
(O-30) Building stratification and technological changes in
Montecorvino (Foggia, 11th-15th century)
Giacomo Eramo, Roberta Giuliani and Angela D'Elia
(O-31) Cultural and technological influences on the development of
building technology in Dodecanese
Ioannis Karatasios, Michalis Zerledis, Maria Amenta and Vassilis
Kilikoglou
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13:20 - 13:40

13:40 - 14:30
14:30 - 16:25
16:25 - 17:40
16:25 - 16:30
16:30 - 16:50

16:50 - 17:10
17:10 - 17:30

17:40 - 18:45
17:40 - 17:45
17:45 - 18:00

18:00 - 18:15

18:15 - 18:30

18:30 - 18:45

19:00 - 20:00

(O-32) Structural changes of materials related to lime production
technology in Maya area
Soledad Ortiz, Nora A. Pérez and José Luis Ruvalcaba
Lunch Break
POSTER SESSION I
SESSION: METALS AND METALLURGICAL CERAMICS I
Chairperson: Maria Filomena-Guerra – Introduction to the Session
(O-33) Provenance studies of copper-, bronze- and silver artifacts from
the Royal Tombs of Ur, mid 3rd millennium BC
Eveline Salzmann, Sabine Klein and Andreas Hauptmann
(O-34) Revisiting the Çatalhöyük metallurgy: New data from old finds
Miljana Radivojevic, Thilo Rehren, Shahina Farid and Ernst Pernicka
(O-35) Kastro Palaia settlement Volos, Greece: A technological
approach to bronze metalwork diachronically
Eleni Asderaki-Tzoumerkioti, Evangelia Skafida, Markos
Vaxevanopoulos and Philip Connolly
SPECIAL SESSION: THE BEGINNING OF THE BRONZE AGE IN
EASTERN MEDITERRANEAN
Chairperson: Yannis Maniatis – Introduction to the Session
(O-36) Modeling the Aegean climate: Environmental stress and culture
change
Linda Scott Cummings and R. A. Varney
(O-37) Fashioning ceramics and weaving worlds: The Chalcolithic to
Early Bronze Age transition at the Heraion, Samos
Sergios Menelaou, Ourania Kouka and Peter M. Day
(O-38) Revisiting the technological revolution at the beginning of the
Bronze Age: The Final Neolithic-Early Bronze Age ceramic manufacture
at Phaistos, South-Crete
Roberta Mentesana, Peter M. Day, Vassilis Kilikoglou and Simona
Todaro
(O-39) Pots within pots: The practice of grog-tempering and social
networks in and around the Aegean towards the end of the Neolithic and
the beginning of Bronze Age
Evangelia Kiriatzi, Areti Pentedeka, Noémi Müller and John Gait
3rd COSTA NAVARINO International Archaeometry Award Ceremony
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Wednesday, May 18
08:55 - 11:00
08:55 - 09:00
09:00 - 09:20

09:20 - 09:40

09:40 - 10:00

10:00 - 10:20

10:30 - 11:00

11:00 - 11:25
11:25 - 12:30
11:25 - 11:30
11:30 - 11:45

11:45 - 12:00

12:00 - 12:15

SESSION: REMOTE SENSING, GEOPHYSICAL PROSPECT ION
AND FIELD ARCHAEOLOGY
Chairperson: Luis Barba and Rob Sternberg – Introduction to the Session
(O-40) Integrated Prospection studies in the Maya site of Tulum,
Quintana Roo, Mexico
Luis Barba, Jorge Blancas, Agustin Ortiz, Patricia Meehan, Roberto
Magdaleno and Claudia Trejo
(O-41) Usefulness of IR thermography surveys in the archeological site
of Hierapolis in Phrygia (Turkey)
Susanna Bracci, Emma Cantisani, Giacomo Di Giacomo, Cristiano
Riminesi, Barbara Sacchi, Giuseppe Scardozzi, Silvia Vettori and
Francesco D'Andria
(O-42) A Persian paradise in the Caucasus: Integrated surface survey and
geophysical prospecting of a major Achaemenid palatial structure at
Karacamirli, (Azerbaijan)
Jörg Fassbinder, Kai Kaniuth, Andrei Asandulesei and Martin Gruber
(O-43) Integration of geophysical, geological and image-based practices
for multi-layer excavation archaeological archiving: Case study at
Chiliomodi in Korinth
Elena Korka, Markos Ntoukakis, Chris Arvanitidis, Evangelos Roussos,
Antonios Vafidis and Panagiotis Partsinevelos
KEYNOTE: (O-44) The significance of Geophysical Prospecting in
saving the integrity of Tumuli
Grigorios Tsokas
Coffee Break
SPECIAL SESSION: ENVIRONMENTAL MONITORING FOR
ARCHAEOLOGY AND CULTURAL HERITAGE
Chairperson: Nikolaos Zacharias – Introduction to the Session
(O-45) Environmental and biopigmentation monitoring. Case study: The
refectory from Hurezi monastic complex, Romania
Ioana Gomoiu, Dan Mohanu, Ileana Mohanu, Mădălin Enache, Roxana
Cojoc, Simona Neagu and Karina Paviliuc
(O-46) White ground Lekythoi: New insights using nondestructive,
spatially highly resolved optical and X-ray analytics
Christoph Berthold, Kathrin B. Zimmer, Oliver Scharf, Ulrike KochBrinkmann and Klaus Bente
(O-47) Non-invasive investigation of polychrome surfaces in
archaeological areas by using Hyperspectral Remote Sensing:
A case study in the Pompeii site
Costanza Cucci, Leandro Chiarantini, Bruno De Nigris, Marcello Picollo,
Barbara Sereni
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12:15 - 12:30

12:30 - 13:50
12:30 - 12:50

12:50 - 13:10

13:10 - 13:30

13:30 - 13:50

13:50 - 14:30
14:30 - 16:15
16:15 - 19:30

(O-48) Non-destructive endoscopy of cultural heritage objects of various
kind and materials
Georgios Karagiannis
SESSION: METALS AND METALLURGICAL CERAMICS II
Chairperson: Yu Liu
(O-49) New insights into the bronze alloy production in the Luristan
Bronzes, Western Iran
Omid Oudbashi
(O-50) Circulation of copper in LBA Northern Italy: Analyses of ingots
from Friuli Venezia Giulia hoards (Italy)
Caterina Canovaro, Ivana Angelini, Gilberto Artioli and Elisabetta
Borgna
(O-51) Casting technology and craft production of Bronze Wares in the
Central Plains of China in Late Shang Dynasty (13th BC-11th BC)
Yu Liu and Zhanwei Yue
(O-52) An Archaic metallurgical workshop: The case of Charitopoulos
plot in Thasos, Greece
Benjamin Jagou, Nerantzis Nerantzis, Konstantina Panoussi and Giorgos
Sanidas
Lunch Break
POSTER SESSION II
Ancient Messene guided tour (20:00 arrival at Kalamata)

Thursday, May 19
08:55 - 11:00
08:55 - 09:00
09:00 - 09:20

09:20 - 09:40

09:40 - 10:00

10:00 - 10:20

SESSION: HUMAN-ENVIRONMENT INTERACTIONS AND
BIOMATERIALS – BIOARCHAEOLOGY I
Chairperson: Henk Kars – Introduction to the Session
(O-53) Relationship between Ancient Roman and Greek settlements and
ancient earthquakes in Aegean Region, Anatolia
Musa Tokmak and Vedat Toprak
(O-54) Establishing best practice for bone collection and storage at the
site of Tel Ashkelon, Israel
Bridget Alex, Deirdre Fulton, Elisabetta Boaretto and Daniel Master
(O-55) Using micro-PIXE/PIGE analyses for provenancing, relative
dating and establishing diagenetic processes affecting Aurignacian ivory
artifacts
Claire Heckel, Katharina Müller, Randall White, Harald Floss, Nicholas
Conard and Ina Reiche
(O-56) Greco-Roman medicinal minerals
Effie Photos-Jones
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10:20 - 10:40

10:40 - 11:00

11:00 - 11:30
11:30 - 12:30

11:30 - 12:50

12:50 - 12:10

12:10 - 12:30

12:30 - 13:35
12:30 - 12:35
12:35 - 12:55

12:55 - 13:15

13:15 - 13:35

13:35 - 14:30

(O-57) Characterization of ancient contents in medieval Islamic objects:
The relevance of exploring everyday products
Josefina Perez-Arantegui, Gemma Cepria and Erika Ribechini
(O-58) The use of pottery in Middle Neolithic Sardinia (Italy): An
integrated morphometric, biomolecular, isotopic and use-wear approach
Laura Fanti, Léa Drieu, Arnaud Mazuy, Thierry Blasco, Carlo Lugliè,
Alessandro Usai and Martine Regert
Coffee Break
SESSION: HUMAN-ENVIRONMENT INTERACTIONS AND
BIOMATERIALS – BIOARCHAEOLOGY II
Chairperson: Ioanna Kakoulli
(O-59) The climate and environment of Ancient Cyprus: Its reflections
on peoples’ health
Athina Malapani
(O-60) Investigating the possible brotherhood of two Egyptian mummies
Nakht-Ankh and Khnum-Nakht via ancient DNA analysis
Konstantina Drosou and Terence A. Brown
(O-61) Monitoring prehistoric painted caves: A scientific and technical
challenge for heritage preservation
François Bourges, Pierre Genthon, Dominique Genty, Eric Mauduit,
Frédéric Perrier, Aude Isambert, Frédéric Girault, Hélène Bouquerel,
Dominique D'Hulst and Bruno Lartiges
SESSION: ARCHAEO-CHRONOMETRY I
Chairperson: Marco Martini – Introduction to the Session
(O-62) Dating of archaeological mortars by Optically Stimulated
Luminescence: A novel approach for dating the construction of historical
buildings
Petra Urbanova and Pierre Guibert
(O-63) Testing archaeomagnetic and thermoluminescence methods in
archaeologically dated structures: The study of an Early Byzantine
ceramic workshop in Thessaloniki, Greece
Elina Aidona, George Polymeris, Pierre Camps, Despina Kondopoulou,
Nikos Ioannidis and Konstantinos Raptis
(O-64) Chronometric studies of charred food residue: Chemical
processing versus Rote Reservoir Correction
Linda Scott Cummings, R. A. Varney, Thomas W. Stafford Jr, Robert J.
Speakman and Donna C. Roper
Lunch Break
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14:30 - 16:30
16:30 - 17:30
17:00 - 17:20

17:20 - 17:40

17:40 - 18:00

17:30 - 18:30

POSTER SESSION III
SESSION: ARCHAEO-CHRONOMETRY II
Chairperson: Yorgos Facorellis
(O-65) Timing the migration of the "Sea Peoples" in the 2nd millennium
BC in the Southern Levant: A radiocarbon based chronology
Yotam Asscher and Elisabetta Boaretto
(O-66) Radiocarbon dating of cocciopesto and lean mortars:
Optimization of the Cryo2Sonic method
Anna Addis, Michele Secco, Nereo Preto, Fabio Marzaioli, Isabella
Passariello, Gian Pietro Brogiolo, Alexandra Chavarria Arnau, Gilberto
Artioli and Filippo Terrasi
(O-67) The spread of Neolithization in the Aegean: Modelling with
radiocarbon
Yannis Maniatis and Kostas Kotsakis
PANEL AND FORUM DISCUSSION: MAKING HISTORY
MATTER: THE ROLE OF ARCHAEOMETRY IN
ANTHROPOCENE STUDIES

Friday, May 20
09:00 - 11:00
09:00 - 09:30

09:30 - 09:50

09:50 - 10:10

10:10 - 10:30

10:30 - 10:50

11:00 - 11:30

SESSION: METALS AND METALLURGICAL CERAMICS III
Chairperson: Marcos Martinon-Torres
KEYNOTE: (O-68) Beyond gold: Open-ended questions and analytical
challenges
Maria-Filomena Guerra
(O-69) Long-term developments in the technology of iron craft
production: a case study in the territory of Sagalassos, SW-Turkey
Kim Eekelers, Patrick Degryse and Philippe Muchez
(O-70) Iron oxide reduction process (IORP) for lead and silver smelting:
A modern innovation or a long-lasting tradition
Siran Liu, Thilo Rehren, Changqing Xu and Jianli Chen
(O-71) Analysis of niello inlay in Roman silver- and copper-based alloy
metalwork found in the Pannonian provinces
Viktória Mozgai, István Fórizs and Bernadett Bajnóczi
(O-72) A thousand years of iron production: Reconstructing smelting
practices at Meroe through slag heaps
Thomas Birch and Jane Humphris
Coffee Break
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11:30 - 13:30
11:30 - 11:50

11:50 - 12:10

12:10 - 12:30

12:30 - 12:50

12:50 - 13:10

13:10 - 13:30

13:40 - 14:40
14:40 - 15:30
15:30 - 17:50

15:30 - 15:50

15:50 - 16:10

16:10 - 16:30

SESSION: METALS AND METALLURGICAL CERAMICS IV
Chairperson: Thilo Rehren
(O-73) West Mexican copper metallurgy: A case study from Teuchitlán,
Jalisco
Blanca Maldonado and Peter Tropper
(O-74) New but not good: Technological innovation, rejection and
adoption in Pre-Columbian goldwork
Marcos Martinon-Torres and Juanita Saenz Samper
(O-75) Metals of the Desert -Analytical evidence from Saruq alHadid/Dubai
Kristina A. Franke, Thomas Eley, Ivan Stepanov, Charlotte M. Cable,
Lloyd Weeks, Claire Newton, James Roberts, Naomi Sykes, Steven
Karacic, Mansour Boraik, Shaikha Obaid Alabbar and Rashad M.
Bukhash
(O-76) An analytical approach to the study of Historical Wipe-Tinning
method in Iran
Mohammad Mortazavi
(O-77) For whom the Vendôme Column tolls: Investigation of one of the
world’s largest bronze monument
Aurélia Azéma, Annick Texier, Benoît Mille, David Bourgarit, Jessica
Legendre, Nathalie Gandolfo, Elisabeth Lebon and Christophe Bottineau
(O-78) To the problem of the sources of silver supply in VI-VII centuries
in the European part of Russia: Results of the study of isotopic
composition of silver by the Pb-Pb method
Irina Saprykina, Andrey Chugaev and Lubov Pelgunova
Lunch Break
TECHNICAL SESSION (ISA GOLD LEVEL SPONSORS)
SESSION: CERAMICS, GLAZES, GLASS AND VITREOUS
MATERIALS IV
Chairperson: Doris Möncke
(O-79) Practice less than perfect: How workshop activities modified the
composition of ancient glass
Ian Freestone
(O-80) Addressing the invisible: Experiment, ‘data mining’ and the
archaeometry of glass recycling in the first millennium AD
Chloe Duckworth
(O-81) Faience and vitreous materials in Mycenaean Greece: Interactions
amongst allied production technologies in the Late Bronze Age
Mediterranean
Kalliopi Nikita and Simon Chenery
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16:30 - 16:50

16:50 - 17:10

17:10 - 17:30

17:30 - 17:50

17:50 - 18:30
20:00

(O-82) Compositions of a cage-cup from late Roman Serdica and the
colouring of diatreta glass
Anastasia Cholakova and Thilo Rehren
(O-83) A hoard of enamelled objects from the Bryansk region, Central
Russia: Chemical composition and production technology
Olga Rumyantseva and Alexander Trifonov
(O-84) Non-invasive analyses of the only known Kan'ei-period-dated
polychrome mukozuke dish provides a new hypothesis over the
introduction of overglaze enameling in Japan
Riccardo Montanari, Maria Francesca Alberghina, Monica Galeotti,
Emanuela Massa, Anna Pelagotti and Salvatore Schiavone
(O-85) Elemental composition and craft practice in a Medieval window
glass workshop
Laura Ware Adlington, Ian Freestone and Nick Teed
Closing Remarks – Awards
Gala Diner

Saturday, May 21
9:00 - 17:00

Post Symposium Excursions
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B&W Tek is an advanced instrumentation company producing optical spectroscopy and
laser instrumentation, as well as laboratory, portable and handheld Raman systems. We
provide spectroscopy and laser solutions for the pharmaceutical, biomedical, physical,
chemical, LED lighting and research communities. Originally established as a producer of
green lasers in 1997, we've grown into an industry-leading, total solutions provider;
coupling our core technologies with custom design and manufacturing capabilities.
B&W Tek is the worldwide leader in Raman spectrometer manufacturing with over
10,000 spectroscopy solutions delivered. Our complete line of high performance
laboratory, portable and handheld Raman spectrometers sets us apart with solutions for
the classroom to the research lab to the loading dock. Our extensive knowledge and
cutting edge technology in the field of Raman spectroscopy has allowed us to focus on
solution-oriented products that are designed for non-specialists and provide easy, rapid
measurements in a matter of minutes.
METROLAB SA is the BW-Tek authorized distributor for Greece, Cyprus and Bulgaria
offering a variety of services including system integration, installation and qualification,
service and maintenance, application support and user training for all BW-Tek
spectrometers and modules.
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POSTER SESSION I
Tuesday 17 May 2016
STONE, PLASTER AND PIGMENTS
P-1. The characterization and provenance of ophiolites used as raw materials in the
Minoan palatial architecture. The case study of the column base located at the
“Court of the Stone Spout” in the Palace of Knossos
Ioannis Grammatikakis, Konstantinos Demadis, Evangelos Kyriakidis, Aurelio
Cabeza andLaura Leon-Reina
P-2. Investigating the use of wood in the Minoan palace of Knossos following the
subsequent traces from the analysis of the restoration materials used throughout
time
Ioannis Grammatikakis, Konstantinos Demadis, Eliza Kavoulaki, Aurelio Cabeza and
Laura Leon-Reina
P-3. Mineralogical and isotopic analysis of the building materials in a Late Bronze
settlement of Kastro-Palaia in Volos, Greece
Markos Vaxevanopoulos, George Economou, Vasilios Melfos and Evangelia Skafida
P-4. Geo-materials selection and procurement strategies in Copper Age menhirs
production at Allai (central-western Sardinia, Italy)
Marco Serra, Valentina Mameli and Carla Cannas
P-5. Identification of stones composition used in Pasargadae World Heritage Site,
Achaemenid Period, South of Iran
Atefeh Shekofteh, Giuseppe Cultrone, Anna Arizzi, Hossein Ahmadi, Mehdi Yazdi and
Eduardo Molina Piernas
P-6. Stone provenance studies in the Anahita Temple, Kangavar, Western Iran:
From quarries to building
Omid Oudbashi, Atefeh Shekofteh and Farhad Nazari
P-7. The project ‘Enhancement of the ancient theatre of Melos’. The works of
conservation – consolidation and restoration of the monument. Aims, problems and
findings
Ioannis Staikopoulos
P-8. Mineralogical and C-O isotopic characteristics of the oolitic limestone of
Perachora, Tyrnavos, Thessaly, Greece. The ancient quarries and some particular
uses during antiquity
Vasilios Melfos, Markos Vaxevanopoulos, Maria Tsivilika and Marianthi Vavaliou
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P-9. Diversity of calcarenites in the Hellenistic-Roman architecture
Michalina Dzwoniarek-Konieczna and Małgorzata Mrozek-Wysocka
P-10. Marbles from the Villa of Theseus (Nea Paphos) in the archaeometric studies preliminary results
Michalina Dzwoniarek-Konieczna
P-11. Technical examination and restoration of some architectural stuccoes of the
minaret of Shams El Din El Wasty, Bulaq, Egypt
Abdullah Kamel, Hassan Marie, Mona Ali and Hala Mahmoud
P-12. A study on the structure of the stones of Jolfa historical public bathroom by
instrumental analysis and determining a consolidation
Parvin Soleimani
P-13. Geological materials of exotic origin in the urban pavements of the old
quarters of the city of Cádiz, Spain: Analytical characterization and history
Salvador Domínguez-Bella and Lara Criach Fernandez
P-14. Spectroscopic and TL characterization of Moroccan marbles
Salam Khrissi, Mustapha Haddad, Lahcen Bejjit, Saadia Ait Lyazidi, Mohamed El
Amraoui, Christophe Falguères, Niyazi Meriç, Şahiner Eren, Georgios S. Polymeris and
Valeria Giannoulatou
P-15. Contribution to the petroarchaeological study of radiolarites in the
Carpathian Basin
Katalin T. Biró, Zsolt Kasztovszky, Sándor Józsa and András Markó
P-16. Influence of hydraulic materials on properties of traditional sticky rice-lime
mortar
Guofeng Wei, Hu Zhou and Bingjian Zhang
P-17. Chemical and enzymatic detection methods for organic matters in ancient
Chinese mortars
Kun Zhang
P-18. Analytical studies of historical earthen plasters: A case study on the earthen
plasters on the inner-wall of the Longhu Hall in Yuzhen Palace of Ancient Building
Complex in the Wudang Mountains
Xiao Ma, Guofeng Wei, Celestino Grifa, Yuku Kang, Herant Khanjian and Ioanna
Kakoulli
P-19. Mortars and plasters in Ancient Egyptian wall painting and architecture - in
situ analysis of a vast material variety with a mobile field laboratory
Alexandra Winkels
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P-20. Technological study of archaeological mortars from the site of the Sanctuary
of Poseidon on Kalaureia
Maria Tziotziou, Maria Amenta, Arto Penttinen, Ioannis Karatasios and Vassilis
Kilikoglou
P-21. On the provenance of coarse calcite crystals used as aggregate of Roman
plasters
Roberto Bugini and Luisa Folli
P-22. Lime mortars and plasters in the Forum area of Egnazia: Technological
changes in Roman Age
Giacomo Eramo, Gianluca Mastrocinque, Annarosa Mangone, Lorena Giannossa,
Fabrizio Mastrorocco, Angela D'Elia and Raffaella Cassano
P-23. Saint Demetrius Monastery of Stomion: Comparative analysis of pigments and
plasters of the Catholicon wall paintings
Lamprini Malletzidou, Triantafyllia Zormpa, Paylos Beinas, Theodore Ganetsos, Thomas
Katsaros, Vasiliki Touli, Eleni Pavlidou, Konstantinos Chrysafis and Konstantinos
Paraskevopoulos
P-24. Characterization of materials and production technologies of gypsum plaster
decoration from twelfth—thirteenth century Iran
Federico Caro, Elena Basso, Martina Rugiadi, Jean-François de Lapérouse, Vicki Parry,
Victor Borges, Paula Artal-Isbrand, Philip Klausmeyer and Melissa Meighan
P-25. Petrography and characterization of mortars of Ottoman buildings in Algiers
1515 - 1830
Naima Mahindad Abderrahim and Messaoud Hamiane
P-26. Identifying a technological style in the making of lime plasters at Teopancazco
(Teotihuacan, México)
Alessandra Pecci, Domenico Miriello, Donatella Barca, Gino Mirocle Crisci, Raffaella
De Luca, Agustin Ortiz, Linda R. Manzanilla, Jorge Blancas and Luis Barba
P-27. Stone under fire: Lime production seen through chemical residues and
Infrared Spectroscopy from a Golden Age Henequen Hacienda
Hector Hernandez and Soledad Ortiz
P-28. The microscopic study of the mortar’s binders
Emma Cantisani, Elena Pecchioni and Fabio Fratini
P-29. Detection and chemical characterization of organic surface finishes on mortars
by Reflectance FTIR Microspectroscopy
Vasiliki Kontogianni and Panagiota Manti
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P-30. 13C and 18O applied to detect the technology and degradation of historic
mortars
Dafni Kyropoulou, Dimitra Andrikou, Vasilios Christaras, Vasilios Melfos and Elissavet
Dotsika
P-31. Mortars for conservation an atypical case - fresco painting in the wooden
churches
Ileana Mohanu, Dan Mohanu, Ioana Gomoiu, Adriana Moanţă, Ionela Petre and Liliana
Radu
P-32. Upper Palaeolithic pigments from Kapova cave (the Southern Urals, Russia)
Vladislav Zhitenev
P-33. Characterization, sourcing and processing of Palaeolithic ochre from Fumane
Cave (Italy)
Giovanni Cavallo, Marco Peresani, Federica Gonzato, Damiano Monticelli, Maria Pia
Riccardi, Roberto Zorzin and Francesca Sanvito
P-34. The Great Ceiling of Rouffignac cave (Dordogne, France) under portable Xray fluorescence spectrometry: New insight into the reading of the composition of its
drawings
Marine Gay, Katharina Müller, Frédéric Plassard and Ina Reiche
P-35. Understanding red pigments in Late Neolithic funerary contexts from
Alentejo, Portugal
Lucija Soberl White, Cristina Dias and Jose Mirão
P-36. The on-site analytical study, photographic documentation, and conservation
treatment of an Egyptian New Kingdom child coffin
Nicole Peters, Lucy Skinner, Jiuan Jiuan Chen, Corina Rogge, Alexandra Winkels and
Rainer Gerisch
P-37. Colour of Latène and Hallstatt period fibulae beads
Klaus Bente, Christoph Berthold, Richard Wirth and Melanie Keuper
P-38. Reproducting three fresco fragments from Iklaina, Pylos, using nondestructive analysis
Georgios Tsairis, Eleni Palamara and Nikos Zacharias
P-39. Identification and manufacturing technology of a Late Bronze Age IA shellfish
purple pigment from Ialysos, Rhodes
Yorgos Facorellis, Stamatis Boyatzis, Toula Marketou, Ariadne KostomitsopoulouMarketou and Euphoria Tsatsaroni
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P-40. Identification of pigments used in objects and architectural decoration in a
pre-Historic site in Iran by analytical methods
Roya Bahadori and Seyed Hamid Ahmadi
P-41. Archaeometrical investigation of polished decorative fields in Thracian Fresco
Tombs from the Hellenistic period
Dorotea Guirdzhiiska, Boika Zlateva and Zornitza Glavcheva
P-42. Non-invasive materials analysis using Portable X-ray Fluorescence (XRF) in
the examination of three frescoes depicting Greek myths (Oedipus, Electra, Troy)
from the second century A.D.
Moamen Othman, Eman Zidan, Mohamed Abdel-Rahman, Eid Mertah and Ahmed Tarek
P-43. Fayum mummy portraits collection of Egyptian museum database:
Archaeometry technical study, condition assessment
Moamen Othman, Eltoukhy Kamal, Basem Gehad, Eman Zidan, Mohamed AbdelRahman, Eid Mertah, Ahmed Tarek and Eslam Shaeen
P-44. Characterization and identification of colours and pigments materials used on
wall paintings in Roman Times in Libya: A comparative scientific study
Safaa Abd El Salam and Yannis Maniatis
P-45. The lightfastness of Maya Blue
Carlos Morales-Merino, Stefan Roehrs, Ina Reiche and Maria Gaida
P-46. FTIR and Raman Spectroscopic investigation of mural Medieval paintings
from Serdika Antique Cultural and Communications Complex, Sofia, Bulgaria
Zornitza Glavcheva, Dieter Fischer, Albena Lederer, Denitsa Yancheva, Bistra
Stamboliyskaand and Valentin Todorov
P-47. Multi-analytical study on the frescoes of Kurilo Monastery “St. Ivan Rilski”,
Bulgaria
Evelina Velcheva, Zornitza Glavcheva, Nikifor Haralampiev, Denitsa Yancheva, Bistra
Stamboliyska and Stefan Tapanov
P-48. Characterization of wall painting materials from Rila Monastery (Bulgaria)
by Raman and ATR-FTIR Spectroscopy
Denitsa Yancheva, Dieter Fischer, Albena Lederer, Zornitza Glavcheva, Evelina
Velcheva,Nikifor Haralampiev and Stefan Tapanov
P-49. Examination of 14th - 15th century Buddhist wall paintings from a cave
complex in Saspol, Ladakh
Mariana Pinto, Myrto Georgakopoulou, Maninder Singh Gill, Sreekumar Menon and
Tsering Angchok

27

KALAMATA, 15-21 MAY 2016
P-50. Two post-Byzantine, wall painted monuments from Epirus: Materials and
techniques
Georgios P. Mastrotheodoros, Eleni Filippaki, Varvara Papadopoulou, Konstantinos G.
Beltsios, John Christodoulakis, Maria Kazantzaki and Evangelos Tsakalos
P-51. A study on pigments and dyes used in some illuminated Quran manuscripts by
analytical techniques
Roya Bahadori and Faranak Bahrololoomi
P-52. In situ Confocal Micro X-Ray Fluorescence (CXRF) analysis of XVI century
paintings
Kilian Laclavetine, Francisco J. Ager, Muñoz M.V., Vega M. and Miguel Ángel
Respaldiza
P-53. 57Fe Mössbauer, SEM/EDX, p-XRF and µ-XRF studies on a Dutch painting
Hans-Jörg Schmidt, Robert Lehmann and Dagmar Wengerowsky
P-54. Archaeometrical analysis of early 20th century oil painting colour tubes
Lucilla Pronti, Margherita Vendittelli, Domenico Poggi, Anna Candida Felici and Mario
Piacentini
P-55. Goya’s pigments. Non-invasive methods applied to 5 paintings in the Museum
of Zaragoza (Spain)
Floréal Daniel, Aurélie Mounier, Josefina Perez-Arantegui, Carlos Pardos, Nagore PrietoTaboada, Silvia Fdez-Ortiz de Vallejuelo and Kepa Castro
P-56. Klimt artwork: Material investigation by backscattering Fe-57 Mössbauerand Raman- spectroscopy, SEM and p-XRF
Dagmar Wengerowsky, Hans-Jörg Schmidt and Robert Lehmann
P-57. Effects of illuminants on the colour perception of paintings. Application of
hyperspectral imagery
Floréal Daniel, Aurélie Mounier, Faten Ammari, Samuel Brockbank-Chasey and
Sandrine Delord
P-58. Analytic capabilities and detection limits of X-ray emission spectrometry on
paint pigments
Boglárka Maróti, Imre Kovács and András Kocsonya
P-59. First geo-chemical results of pyrenean chert analyses by ED-XRF and LAICP-MS. Implications for Magdalenian human mobility in the Pyrenees (SW
Europe)
Marta Sanchez de La Torre, François-Xavier Le Bourdonnec, Stephan Dubernet, Bernard
Gratuze, Xavier Mangado and Josep Maria Fullola
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P-60. Occurrences and provenances of Prehistoric hornfels polished stone tools in
Hungary
György Szakmány, Zsolt Bendő, Sándor Józsa, Zsolt Kasztovszky, Elisabetta Starnini
and Ferenc Horváth
P-61. Grinding- and millstone exploitation and production center in Domoszló
(Hungary)
Bálint Péterdi, Katalin T. Biró and Zoltán Tóth
P-62. Application of non destructive multiparametric protocol for flint
characterisation: Preliminary data from Apulian Neolithic sites
Giacomo Eramo, Italo M. Muntoni, Sandra Sivilli, Alessandro Monno, Ignazio Allegretta
and Emanuela Delluniversità
P-63. Walking around the rocks; Prehistoric use of stone materials in Inner Western
Anatolia
Ali Umut Türkcan, Aydın DoĞan, Ferhat Erikan, Mert GÜl and Ayşe GÜl
P-64. Lithic heat treatment in the Middle Stone Age: The transformation of material
properties in silcrete
Gerald Buck, Isabel Zutterkirch, Patrick Schmidt, Christoph Lauer, Christoph Berthold
and Klaus G. Nickel
P-65. Fracture property of lithic raw materials and material utilization in Paleolithic
Japan
Kaoru Yonekura
P-66. An experimental study of lithic use-wear multi-stage formation
Hong Chen, Chen Shen and Xiaoling Zhang
P-67. Provenance of lithic arrowheads from Central Alentejo (Portugal) – a multianalytical approach
Mafalda Costa, Pedro Barrulas, Luís Dias, Jorge Oliveira, Leonor Rocha and José Mirão
P-68. Characteristic features of lapis lazuli from different provenances revised by
µXRF and ESEM
Renate Noeller and Ines Feldmann
P-69. Non-destructive characterization of ancient Egyptian and Medieval-period
Persian turquoise artifacts in The Metropolitan Museum of Art
Brunella Santarelli, Deborah Schorsch and Federico Caro
P-70. Nephrite artefacts in Hungary – the present state of knowledge
Bálint Péterdi, Zsolt Bendő, György Szakmány, Zsolt Kasztovszky, Katalin T. Biró and
Grzegorz Gil
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P-71. Serpentinite from the Möll Valley (Austria) as the raw material of an artefact
found in NW-Hungary
Bálint Péterdi, Zsolt Bendő, György Szakmány, Zsolt Kasztovszky and Katalin T. Biró
P-72. Chalcedony and agate in archaeometry and geology.
Elisabetta Gliozzo
P-73. Archaeometric studies of archaeological and modern corals and molluscs to
reconstruct Iron Age trade routes: Preliminary results
Sebastian Fürst, Katharina Müller, Céline Paris, Ludovic Bellot-Gurlet and Ina Reiche
P-74. A contribution to Pacific archaeology using museum collections and pXRF
Michelle Richards
P-75. Investigation of materials deposited on cremated bones in Royal and HighStatus Macedonian burials: Revealing ancient unknown funerary customs?
Theodora Arvaniti, Yannis Maniatis, Laura Wynn-Antikas and Theodore Antikas
P-76. Study of gypsum detected on ancient cremated bones in Greece: An unknown
funerary custom or natural mineralization?
Theodora Arvaniti, Yannis Maniatis, Laura Wynn - Antikas and Theodore Antikas
P-77. The study of two Marble Pyxides from the Archaeological Museum of Ancient
Corinth using hyperspectral imaging
Athina Alexopoulou, Agathi-Anthoula Kaminari, Angeliki Kandri and Dimitra Balafa
P-78. From the depths of the earth to the depths of the sea. A journey story of
marble anchors
Orhan Serdar, Asuman G. Turkmenoglu, Dimitris Tambakopoulos and Yannis Maniatis
P-79. Ground Penetrating Radar for non - destructive structural imaging of ancient
sculpture
Kleisthenis Dimitriadis, Georgianna Moraitou, Ioannis Konstantakis, Spyridoula
Avlonitouand Ioannis Panagakos
P-80. Making new from old: Geochemical (PXRF) and typo-technological analysis of
Near Eastern obsidian
Bastien Varoutsikos
P-81. Obsidian source selection in the Early Bronze Age Cyclades
Jessica Morgan, Tristan Carter and Robert H. Tykot
P-82. Provenance characterization of obsidian artefacts from Clenia cave, Corinthia,
Greece
Artemios Oikonomou and Dimitrios Chadjiangellou
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P-83. Detecting obsidian exploitation in household vs socially invested activities from
Middle Neolithic Sardinia (Italy)
Carlo Lugliè, François-Xavier Le Bourdonnec, Laura Fanti, Barbara Melosu, Stéphan
Dubernet, Salvatore Sebis and Alessandro Usai
P-84. Reconstructing obsidian consumption patterns in Neolithic Corsica: Insights
from the Listrella e Stabielle site
Marie Orange, Pascal Tramoni, François-Xavier Le Bourdonnec, Sabine Negroni, Ana
Ferraz, Maxime Remicourt, Anja Scheffers and Renaud Joannes-Boyau
P-85. Magnetic sourcing of obsidians from a Neolithic site in Northern Italy
Enzo Ferrara, Elena Zanella, Evdokia Tema, Elena Olivetti and Francesca Miola
CERAMICS, GLAZES, GLASS AND VITREOUS MATERIALS
P-86. A comparative study of Early Chinese lead-barium-silica and potash-silica
vitreous materials industries
Yi-Xian Lin, Ian Freestone, Paul Fullagar and Thilo Rehren
P-87. The scientific analysis of the glass beads excavated from the Shi-ren-zi-gou
Series Sites in Xinjiang China
Rui Wen, Zhiqiang Zhao and Jian Ma
P-88. Chemical composition of glass bead in Kueishan site, southern Taiwan (the
late 1st millennium AD)
Kuan-Wen Wang, Kuang-Ti Li, Yoshiyuki Iizuka and Caroline Jackson
P-89. An archaeometric study of the Iron Age glass beads from the necropolis of
Vinha das Caliças (Beringel, Portugal)
Mafalda Costa, Ana Margarida Arruda, Pedro Barrulas, Rui Barbosa, Peter Vandenabeele
and José Mirão
P-90. Portable XRF in the study of Egyptian plantash glasses from the Late Bronze
Age: A pilot study
Anna Hodgkinson and Frank Kutz
P-91. Materials and technology of glass core-vessel at Tell Amarna, New Kingdom,
Egypt
Neveen Salim and Hamdallah Bearat
P-92. Egyptian glass inlays from Tebtynis workshop: First steps of the research
Cinzia Bettineschi, Ivana Angelini, Gianmario Molin, Paola Zanovello, Alessia Fassone
and Christian Greco
P-93. Recycled vessel glass as a raw material in the production of Mesopotamian
alkali ceramic glazes
Jonathan R. Wood, Ian C. Freestone and Roberta Tomber
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P-94. Glass, gold and borax: Borosilicate layers on Late Bronze Age Mycenaean
vitreous relief fragments
Doris Möncke, Ferdinand Drünert, Felix Lind, Anders Kästner, Peter Vontobel, Dimitrios
Palles, Efstratios I. Kamitsos, Lothar Wondraczek and Nikos Zacharias
P-95. Typological and analytical examination of glass finds from the Mycenaean
Cemetery of Voudeni, Achaia, Greece
Maria Kaparou, Nikos Zacharias and Artemios Oikonomou
P-96. Technology and provenance of Hellenistic glass from Thesprotia, North
Western Greece
Artemios Oikonomou, Julian Henderson, Simon Chenery and Nikolaos Zacharias
P-97. Archaeometric study of late Hellenistic to Early Roman cast glass bowls from
Beirut
Dieter Brems and Ian Freestone
P-98. Nanoscale chemistry and structure of Roman opaque red glass
Monica Ganio, Sung Il Baik, Dieter Isheim, Emeline Pouyet and Marc Walton
P-99. Colouring and decolouring glass: An experimental model of the production of
purple and decoloured glass in Roman times
Anne Isabelle Bidegaray, Andrea Ceglia, Peter Cosyns, Stéphane Godet, Hugo
Thienpont, Karin Nys and Herman Terryn
P-100. Glass compositions of the early Roman period – some examples from
Bulgaria
Kristina Koseva
P-101. Roman mosaic glass from the Domus of Tito Macro in Aquileia (Italy): An
archaeological and archaeometric characterisation
Jairo Boschiero, Sarah Maltoni, Alessandra Marcante, Gianmario Molin and Alberta
Silvestri
P-102. Archaeometric investigation of the glass tesserae from the 'Villa degli
Antonini' at the Ager Lanuvinus
Deborah Chatr Aryamontri, Greg Pope, Matthew Gorring, Laying Wu and Nicolas Zarro
P-103. Roman and Early Byzantine glass from Athienou Malloura, Central Cyprus:
Production technology and origins
Yuan Lin, Tianchi Liu, Michael Toumazou, Derek B. Counts and Ioanna Kakoulli
P-104. Mosaic tesserae: Analyses of Levantine, late Roman and Byzantine glass and
gold
Maria Filomena Guerra, Isabel Tissot, Elisabetta Neri and Philippe Colomban
P-105. Classification analyses of Byzantine glass tesserae
Vasilis Nikolaidis, Nikolaos Zacharias, Stavros Stavroyiannis and Artemios Oikonomou
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P-106. Developments in natron glass production and supply in early Islamic
Palestine
Matt Phelps, Ian Freestone, Yael Gorin-Rosen and Bernard Gratuze
P-107. Colourants and opacifiers of glass tesserae from the Great Mosque of
Damascus
Mariangela Vandini, Sara Fiorentino and Tania Chinni
P-108. Late Antique and Medieval glass in northern Apulia: San Giusto,
Montecorvino and San Lorenzo in Carmignano
Elisabetta Gliozzo, Francesca Giannetti, Roberta Giuliani, Anna Ignelzi and Maria
Turchiano
P-109. Glass Golden Horde: Morphology, technology, chemical composition
Svetlana Valiulina
P-110. Analytical studies of post Medieval glass bottle marks from excavations at
Kazan Kremlin (Russia)
Rezida Khramchenkova, Patrick Degryse, Airat Sitdikov and Alexei Kaisin
P-111. Multi-Technique Imaging of Medieval decorated glass
David Dungworth
P-112. History, archaeology and archaeometry: Tools for characterising and
protecting the remains of the English glass industry
Sarah Paynter, Paul Linford and Chris Welch
P-113. HARLESTONE: Evidence from a lost 17th century glasshouse cone
Vanessa Castagnino
P-114. Analysis and technology of glass finds from an Ottoman Bathhouse (hamam)
in Kyparissia, Greece
Eleni Palamara, Nikolaos Zacharias, Sophia Germanidou and Konstantina Gerolymou
P-115. Small objects, big potential: Investigating European Trade Glass beads
between Canada and Europe
Adelphine Bonneau, Réginald Auger, Bernard Gratuze and Jean-François Moreau
P-116. Glass finds from the territory of the Kazan glassworks (18th - 19th century,
Russia)
Rezida Khramchenkova, Patrick Degryse, Airat Sitdikov, Polina Kaplan and Alexei
Kaisin
P-117. Developing in situ pXRF analysis of medieval stained glass
Laura Ware Adlington, Ian Freestone and Léonie Seliger
P-118. High tech for old shards: Synchrotron radiation based techniques for the
investigation of stained glass
Josef Hormes, Markus Kleine, Gudrun-Lisa Bovenkamp-Langlois, Wantana Klysubun
and Ralf Schmitz
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P-119. Biodeterioration of archaeological glass
William Shelley, Nikos Zacharias and Ioanna Kakoulli
P-120. Glass characterization through spectroscopic investigations of the Co(II)
complex
Cristina Fornacelli, Susanna Bracci, Isabella Memmi and Andrea Ceglia
P-121. What causes the color in Cu-red artifacts? Analysis of Mie scattering from
particulate constitutents
Ferdinand Drünert, Doris Möncke, Magdalena Blanz, Zhiwen Pan and Lothar
Wondraczek
P-122. Why Volturno sands were never used for glass production
Dieter Brems, Rebecca Scott, Daniela Ruberti and Patrick Degryse
P-123. The mapping and characterisation of sand raw materials for the production
of natron glass in SE Italy
Dieter Brems, Maarten Diels and Patrick Degryse
METALS AND METALLURGICAL CERAMICS
P-124. Analysis of corrosion products on the bronzes unearthed at Lijiaba Site,
Yunyang County, Chongqing, China
Xiaopan Fan, Xiongwei Zhao and Quan Yuan
P-125. Mycenaean warrior - Linear B versus metal artifacts
Beata Kaczmarek

POSTER SESSION II
Wednesday 18 May 2016
THE BEGINNING OF THE BRONZE AGE IN EASTERN MEDITERRANEAN
P-126. Creating interactive 3D visualizations of archaeological data: A case study on
the Early Bronze Age Helike Corridor House
Styliani Katsarou, Dora Katsonopoulou, Mariza Kormann and Gary Lock
P-127. Lambayanna: An Early Bronze Age coastal settlement in the Southern
Argolid
Julien Beck, Patrizia Birchler Emery, Despina Koutsoumba and Ioanna Kraounaki
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METALS AND METALLURGICAL CERAMICS
P-128. Provenancing antimony in metal and vitreous materials
Sarah Dillis, Elisa Maupas and Patrick Degryse
P-129. Tin isotope fractionation during cassiterite smelting and its implication for
tracing the tin sources of the Bronze Age
Daniel Berger, Gerhard Brügmann, Elin Figueiredo and Ernst Pernicka
P-130. Reflections on the properties of high tin copper alloys: An experimental study
of casting Chinese high tin bronze mirrors
Peisen Ding, Ntaniela Georgiou, Marcella Giobbe, Matthew Lester, Michael Mlyniec,
William Moody, Jeska Pepermans, Ulrike Thuering, Shushan Xi, Paloma Zarzuela
Gutierrez and Roger Doonan
P-131. Evidence of arsenical copper smelting in Bronze Age China: Recent results of
copper slag from the Laoniupo Site, Shaanxi
Kunlong Chen and Yanxiang Li
P-132. Recent archaeology and archaeometallurgical discoveries on early metallurgy
in China
Lu Wang, Kunlong Chen and Jianjun Mei
P-133. A case study of Triangle Zigzag Pattern based on new archaeological findings
in Gansu Province, China, concerning with Sino-West technical and cultural
exchange
Yali Yun
P-134. Metallurgical traditions and metal exchange networks in late prehistoric
central Myanmar, c. 1000 BC to c. 500 AD
Kalayar Myat Myat Htwe, Myrto Georgakopoulou, Thomas Oliver Pryce and Rehren
Thilo
P-135. Material and technological constraints on the generation of black patinated
copper alloys
Agnese Benzonelli, Ian Freestone and Marcos Martinón-Torres
P-136. The earliest of alloys: Arsenical copper production remains and replication
experiments
Loïc Boscher and Thilo Rehren
P-137. Early Bronze Age Copper alloy artefacts from Selenkahiye, Syria
David Dungworth and Graham Philip
P-138. Diachronic changes of the Ancient Egyptian and Nubian metallurgy: Case
study of the material from Egyptian Museum of Leipzig University
Jiri Kmosek and Martin Odler
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P-139. Experimental analysis of Ayn Soukhna copper smelting
Frederik Rademakers, Georges Verly and Patrick Degryse
P-140. A first look into the ancient Egyptian bronze collection at the RMAH,
Brussels
Frederik Rademakers, Georges Verly, Luc Delveaux and Patrick Degryse
P-141. Enkomi: A new perspective in old material
Demetrios Ioannides and Vasiliki Kassianidou
P-142. Cycladic metallurgy at the transition to the Bronze Age: Kephala and
Paouras on Kea Island
Myrto Georgakopoulou, Joanne Murphy, Margarita Nazou and Natalie Abell
P-143. Polychrome alloys in Mycenaean goldwork
Maria Filomena Guerra
P-144. Silver remains from the Eneolithic individual burial of Su Forru de is
Sinzurreddus cave (central-west Sardinia, Italy)
Marco Serra, Carla Cannas and Carlo Lugliè
P-145. Early copper-based metallurgy at the site of Monte d’Accoddi (Sardinia,
Italy)
Kyle Freund, Luisanna Usai and Robert Tykot
P-146. Non destructive compositional and microstructural characterization of
Sardinian bronze swords through Neutron Diffraction
Francesco Grazzi, Antonio Brunetti, Anna Depalmas and Antonella Scherillo
P-147. A strange lead isotopic signature: The Funtana Coberta-Ballao hoard
(Sardinia)
Ignacio Montero-Ruiz, Paolo Valera, Maria Rosaria Manunza, Nuria Rafel, Fulvia Lo
Schiavo and Marco Betelli
P-148. Contributions to Central European Early Bronze Age metallurgy
Gabriella Kulcsár, Anna Endrődi, Zsolt Kasztovszky, György Káli, Zoltán Kis, Boglárka
Maróti, Róbert Patay, Géza Szabó and Viktória Kiss
P-149. Lead and copper isotope ratios of Neolithic copper axes and Bronze Age gold
coils – hint at raw material origin
Robert Lehmann
P-150. The colour of bronze - Possible use of deliberate alloying in order to produce
different colors in the Bronze Age
Arne Jouttijärvi

36

41st INTERNATIONAL SYMPOSIUM ON ARCHAEOMETRY
P-151. Use of the Monte Carlo simulation as a tool for non-destructive EDXRF
analysis of archaeological coppers from early metallurgy in Southern Portugal
Carlo Bottaini, Antonio Brunetti, Rui Bordalo, António Valera and Nick Schiavon
P-152. A new corpus of analytical data on Atlantic Late Bronze Age metal hoards:
The ALBIMEH project
Xose-Lois Armada, Marcos Martinón-Torres and Raquel Vilaça
P-153. Naipes, standardized Middle Sicán (ca. CE 1000) sheetmetal objects: New
insights from SEM-EDXS and metallographic analyses
Branden Rizzuto
P-154. Reconstructing copper production technology at the Iron Age workshop of
Almyras (Ayia Varvara, Cyprus)
Martina Renzi, Myrto Georgakopoulou, Thilo Rehren, Christina Peege and Walter
Fasnacht
P-155. New insights on Early Iron Age Metallurgy in Southwest Iberia. The
monumental sites of Extremadura
Charles Bashore
P-156. Early Iron Age Iapodean Headdress: The social and technological context
Ana Franjic
P-157. Bronze alloys of monetary signs emitted by Greek colony Histria – VII-VI
Centuries B.C.
Bogdan Constantinescu
P-158. An archeometrical research on copper alloy made metal objects from
Razgrad museum fund, Bulgaria
Velislav Bonev and Boika Zlateva
P-159. About tin presence in Geto-Dacian silver coins as revealed by XRF and
micro-PIXE
Daniela Cristea-Stan and Bogdan Constantinescu
P-160. The Sanctuary of Hercules in Sesklo region, Volos, Greece: An archaeometric
approach of the Archaic bronze objects
Evagelia Stamelou, Argyroula Doulgeri-Intzesiloglou, Eleni Asderaki-Tzoumerkioti and
Markos Vaxevanopoulos
P-161. Compositional study of bronze artefacts from archaeological sites of ancient
Macedonia
Christos Katsifas, Annareta Touloumzidou and George Zachariadis
P-162. Early bronze coins and bars from Italy and Greece (aes grave) and their
metal origin
Robert Lehmann
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P-163. Micro X-ray fluorescence analysis of Roman Imperial Coins from Nero
Astrik Gorghinian, Adolfo Esposito, Marco Ferretti and Fiorenzo Catalli
P-164. Neutron based archaeometallurgical investigation of Roman-Picenan metal
objects from the Academia Georgica Treiensis collection (Italy)
Massimo Rogante, László Rosta, György Káli, Zsolt Kasztovszky, Zoltán Kis, Imre
Kovács, Boglarka Maroti and Zoltán Szőkefalvi-Nagy
P-165. Look for the silver lining evidence for silver recovery in Roman metallurgy:
A case study
Elisa Grassi and Lorna Anguilano
P-166. Any old pot will do? Metalworking crucibles on the Roman Frontier
Carlotta Gardner and Ian Freestone
P-167. Metalworking crucibles in Roman London
Carlotta Gardner, Ian Freestone and Michael Marshall
P-168. Foreign weapons and local copies - The metallurgy of swords, lances and
knives from the votive deposits in Vimose, Illerup and Ejsbøl
Arne Jouttijärvi
P-169. Analysis of a gilded silver bridle from Hungary
Réka Ágnes Piros
P-170. Technology secrets of precious metal artifacts from Nidajno bog site in
Poland
Aneta Gójska, Aleksandra Rzeszotarska-Nowakiewicz, Tomasz Nowakiewicz, Ewelina
A. Miśta, Paweł Kalbarczyk and Jakub Dudek
P-171. Slags and the Forum – Preliminary results from analyses of copper alloy
slags from the Forum of Grumentum
Giulia Bison, Lorna Anguilano and Lara Pozzan
P-172. Complex non-destructive metallographic study on Gepid bronze and precious
metal artefacts from the Carpathian Basin (5th-6th cent.)
Béla Török, Márton Benke, Valéria Mertinger, Péter Barkóczy, Árpád Kovács, Krisztina
Hoppál and Péter Kovács
P-173. Tradecraft of the Avars’ metalworking - a special early medieval multimetallic method
Béla Török and Árpád Kovács
P-174. Manufacturing technology of Ali bin Mamun dirhams (997-1007) discovered
in the territory of Volga Bolgaria
Eugenia Shaykhutdinova, Rezida Khramchenkova and Ayrat Sitdikov
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P-175. Origins of silver and production of jewelry in early Medieval Poland
Ewelina Miśta, Władysław Duczko, Andrzej Turos, Stanisław Mikulski, Paweł
Kalbarczyk,Jakub Dudek, Adam Kędzierski, Dariusz Wyczółkowski, Renata
Czech, Maciej Widawski andJarosław Gaca
P-176. All roads lead to Pisa? Sardinian copper and silver in medieval central Italy
Mainardo Gaudenzi Asinelli, Marcos Martinón-Torres and Francesco Marco Paolo
Carrera
P-177. Silvering in Middle Ages. The dress buttons of Leopoli-Cencelle (Italy)
between forgery and deliberate choice
Mainardo Gaudenzi Asinelli and Marcos Martinón-Torres
P-178. Investigations of scientific studies on Byzantian Jewellery
Esat Sinan Altun, Selen Ezgi Celik, Oğuzhan ErgÜl, Mert Akın İnsel and Hanifi SaraÇ
P-179. Factors influencing silver leaves corrosion in European gilt-leather wall
coverings (16th-18th c.)
Marie Radepont, Laurianne Robinet, Claire Pacheco, Laurent Pichon, Brice Moignard,
Quentin Lemasson and Céline Bonnot-Diconne
P-180. Pewter from the wreck of HMS Stirling Castle
David Dungworth
P-181. Telling the difference: Comparison of iron smelting slags from different
methods. The case of Isallo
Elisa Grassi, Lorna Anguilano, Stefano Roascio, Francesca Bulgarelli and Elena Dellù
P-182. 19th Century ornamented metal trays from Greece and Turkey: Metallurgy
and provenance
Despoina Kotzamani, Vassiliki Kantarelou, Ioannis Karatasios, Maria Zacharia and
George Chryssikos
P-183. The jewellery of René Lalique: Technology vs atmospheric corrosion
Maria Filomena Guerra and Isabel Tissot
P-184. A methodology for the archaeometallurgical study of corroded iron artefacts.
An example from the Iron Age site of Saruq al-Hadid, U.A.E.
Ivan Stepanov, Lloyd Weeks, Kristina A. Franke and Peter Grave
P-185. Combining isotopes to retrace Copper trade in Iron Age Luristan, Iran
Elisa Maupas
P-186. A thousand years of iron production: A study of the technology and craft
organisation of technical ceramics from Meroe and Hamadab, Sudan
Carmen Ting and Jane Humphris
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P-187. Mineralogical and chemical characterization of ancient lead slags from
Volubilis, Morocco
Fatiha Hourri, Abdelilah Dekayir, Lorenza Manfredi and Mustapha Atki
P-188. Archaeometric Investigation on some Metal Objects from Ghaleh Guri
Palace, Sasanian Period, Western Iran
Omid Oudbashi, Ata Hasanpour, Azam Jahanpoor and Zahra Rahjoo
P-189. Islamic metalwork from medieval Iran (10th-14th c. AD)
Vana Orfanou, David Bourgarit and Annabelle Collinet
P-190. A weapon between science and mystery: An archaeometric review on
Damascus swords
Oğuzhan Ergul, Selen Ezgi Celik, Esat Sinan Altun, Mert Akın İnsel and Hanifi Sarac
P-191. Investigation of properties of coins in Ottoman Empire between 1828-1922
Mert Akın İnsel, Selen Ezgi Celik, Esat Sinan Altun, Oğuzhan ErgÜl and Hanifi SaraÇ
P-192. Beaten tracks in technological traditions: Bloomery smelting after 2500 years
of cast iron production in Central China
David Larreina-Garcia, Marcos Martinon-Torres and Yanxiang Li
P-193. Aesthetics and technology: Gold and silver ornaments in the Qin First
Emperor’s bronze chariots
Xiuzhen Li, Marcos Martinón-Torres and Thilo Rehren
P-194. Analysis of golden sheet fragments belonging to the funerary bundle of the
Lady of Cao
Sandra Del Pilar Zambrano Alva, Ángel Bustamante D., Gabriel M. Ingo, Cristina
Riccucci, Arabel Fernández, Régulo Franco, Roberto Cesareo and Giovanni Gigante
P-195. A view of the evolution of pre-Columbian Metallurgy: The analysis of W.C.
Root at the American Museum of Nation History
Edith Ortiz-Diaz
P-196. Ceramic identification methodology for the pre-Hispanic metallurgy in
Colombia
Natalia Rueda and Jairo Escobar
P-197. Goldwork in the Peruvian Andes: The Frías (Piura) style
Maria Filomena Guerra and Luisa Vetter Parodí
P-198. A biography of copper: Material investigations of culture contact in the
Pacific Northwest during the Colonial Era
Lenore Thompson and Roger Doonan
P-199. Non-invasive analysis of arms and armour
Alan Williams, David Edge and Francesco Grazzi
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P-200. Non-destructive investigations of set of silver coins of unknown origin
Grigory Shuvalov, Ekaterina Nistratova and Dmitriy Galkin
P-201. Application of image analysis in archaeology: The case of the copper coins
recovered on Rocca Montis Dragonis
Brunella Gargiulo, Francesca Sogliani and Pasquale Acquafredda and Laura Scrano
P-202. Ancient metals tracing by iron isotopes analysis
Jean Milot, Franck Poitrasson, Sandrine Baron, Marie-Pierre Coustures and Caroline
Robion-Brunner
P-203. A space for metalworking - Spatial analysis of workshops and working areas
on the basis of systematic soil sampling
Arne Jouttijärvi
P-204. Beyond archaeometry: Archaeological evidences for modes of air supply into
ore smelting furnaces in the African Great Lakes Region
Edwinus Lyaya
P-205. Space craft: An experimental study of the formation, form and spatial
distribution of Hammerscale
Louis-Olivier Lortie, Benoit Proulx, Lenore Thompson and Roger Doonan and Roger
C.P. Doonan
P-206. A study of slag type variation from a controlled series of experimental iron
bloomery smelts
Patrick Cropper, Wouter De Roeck, Viktoria Halldorsdottir, Emma Harrison, Anneleen
Stienaers, Roger Doonan and Yvette Marks
P-207. Conservation of archaeological iron objects using plasma surface cleaning
and chemical methods: A multi analytical evaluation
Eleni Filippaki, Michel Roggebucke, Dionysios Mourelatos, Evangelos Tsakalos, Maria
Kazantzaki, Georgios Mastrotheodoros, Constantine Xaplanteris, Georgia KokkorouAlevras, Sophia Kalopissi-Verti and Maria Panayotidi-Kesisoglou
P-208. The MoCaCu Project for On-Site and Laboratory Characterization and
Analytical Studies of Ecclesiastical Artefacts from Remote Areas in Greece: Case
Studies from Allagonia and Tzoumerka
Nikolaos Zacharias, Aphrodite Kamara, Kouloumpi Eleni and Christos Karydis
P-209. A small bronze statue from the Archaeological Museum of Thessaloniki;
exploring its authenticity
Vasiliki Michalopoulou
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REMOTE SENSING, GEOPHYSICAL PROSPECTION AND FIELD ARCHAEOLOGY
P-210. Advanced analytical photographic documentation techniques applied on-site
to an Egyptian Amarna-Period child coffin
Nicole Peters and Jiuan Jiuan Chen
P-211. A comparison of archaeological results and detailed “in situ” measurements
of magnetic susceptibility during archaeological excavations – case studies from
Bohemia
Roman Křivánek
P-212. Geophysical Prospecting in Chalcolithic Sites from North-Eastern Romania.
A number of significant considerations about Planimetry
Andrei Asăndulesei, Cristi Nicu, Radu Balaur, Stefan Caliniuc, Alin Mihu-Pintilie, Mihai
Mereuță, Mihaela Asandulesei and Vasile Cotiugă
P-213. Magnetometer prospecting of Early Iron Age kurgans and their periphery:
New findings and interpretations from sites in the North-Caucasus, (Russia) and
Kazakhstan
Jörg Fassbinder, Anton Gass, Hermann Parzinger, Andrei Belinski and Andrei
Asandulesei
P-214. New prospects: Geophysical and geochemical survey at the 10th century city
of Madinat al-Zahra, Spain
Chloe Duckworth, Kate Welham, Derek Pitman and David Govantes Edwards
P-215. Image processing and analysis of radar and lidar data: New discoveries in
Verona southern lowland (Italy)
Laura Burigana and Luigi Magnini
P-216. Automatic delineation of obscured agricultural terraces from Remote
Sensing Imagery
Jennifer Glaubius
P-217. Possibilities and limitations of application of satellite imagery in
geoarchaeological research in Iraqi Kurdistan
Michalina Dzwoniarek-Konieczna and Joanna Mardas
P-218. Spatial organization of a proto-historic settlement in northern Italy:
Combining 8 bands satellite images, ‘Structure from Motion’-derived Digital
Elevation Models and fieldwork data
Luigi Magnini, Cinzia Bettineschi, Armando De Guio, Alessio Aboudan, Carlo Bettanini,
Giacomo Colombatti, Giulia Deotto, Luca Toninello, Piero Benvenuti, Stefano Debei,
Alessandra Menegazzi, Paola Zanovello and Horus Team
P-219. Detecting archaeological structures from space: A case study from South
Messenia, Peloponnese
George Malaperdas and Nikos Zacharias
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P-220. Urban dynamics of Greek cities through Geoinformatics: The cases of
Mantinea and Heraia, Arcadia
Nikos Papadopoulos, Anna Karapanagiotou, Eleni Psathi and Evi Argyropoulou
P-221. Deciphering the urban topography of the harbour-city of ancient Corfu.
Archaeological and Geoarchaeological investigations
Kalliopi Baika, Andreas Voett, Claudia Finkler, Garoufalia Metallinou and Diamanto
Rigakou
P-222. Geodetic technology and archaeological research: An added value to
archaeological investigations at the Laconian sanctuary of Apollon Amyklaios in
Sparta
Andreas Tsatsaris, Vasilis Pagounis and Stavros Vlizos
ENVIRONMENTAL REMOTE MONITORING FOR ARCHAEOLOGY AND CULTURAL
HERITAGE
P-223. Integrated Prospection methods for documenting and monitoring threatened
Prehistoric archaeological sites from North-Eastern Romania
Andrei Asăndulesei, Alin Mihu-Pintilie, Ionut Cristi Nicu, Stefan Caliniuc, Andrei Enea,
Radu Pîrnău, Radu Balaur, Mihai Mereuță and Vasile Cotiuga
P-224. A study case of a digital and physical representation of the dwarf elephant
from Tilos Island, Greece
Vassiliki Mitsopoulou, Socrates Roussiakis, Dimitrios Michailidis, Evangelos
Theodorou, Elizabeth Stathopoulou, Myrto Mallouchou, Sotiris Manolis, Stamatios
Polydoras, Theodoros Vasiilopoulos, Stylianos Isidorou, Georgios Kaisarlis, Stefanos
Diplaris, Dimitrios Fotiou, Theodore Costopoulos, Petros Maniatis, Ioannis Papailiou,
Panagiotis Megas, Anastastios Legakis, Stauros Koussoulakos, Minos Tyllianakis,
Vasileios Spitas, Georgios Theodorou and Christophoros Provatidis
P-225. The application of SfM µ-photogrammetry to the understanding of material
decay and morphology
Silvia Salvini, Stefano Castelli, Matteo Massironi and Claudio Mazzoli
OTHER
P-226.Archaeometry in Egypt: state-of-the-art and future perspectives
Anita Quiles, Johanna Sigl, Giuseppina Capriotti, Marleen De Meyer, Wolfgang Müller,
Christopher Naunton, Lisa Peloschek, Valérie Pichot, Jane Smythe, Joanna Then-Obluska
and Christophe Thiers
P-227. Prehistoric settlements size-grade pattern and its evolution: A case study of
Songshan Mountain Region in China
Dong Jianguo, He Yang, Lu Peng and Chen Panpan
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HUMAN-ENVIRONMENT INTERACTIONS AND BIOMATERIALS BIOARCHAEOLOGY
P228. Environmental and social interactions during the Neolithic expansion in
South-Eastern Europe
Florica Matau, Ioana Persoiu, Viorica Nagavciuc and Aurel Persoiu
P-229. The Medieval settlement of Torre Satriano: A multidisciplinary approach
Laura Scrano, Brunella Gargiulo, Lorenzo Montinaro, Sergio Sasso and Francesca
Sogliani
P-230. Banbhore, a trading harbor on the Indus delta: Archaeometric evidence
Anna Candida Felici, Agnese Fusaro, Asma Ibrahim, Morena Iorio, Kaleemullah Lashari,
Niccolò Manassero, Mario Piacentini, Valeria Piacentini Fiorani, Maria Laura Santarelli
and Alessandro Tilia
P-231. Investigating population mobility in Post-Mycenaean Thessaly, central
Greece: Evidence from strontium isotopic analysis
Eleni Panagiotopoulou, Janet Montgomery, Geoff Nowell, Joanne Peterkin, Polixeni
Arachoviti, Stiliani Katakouta, Argyro Doulgeri-Intzesiloglou and Fotini Tsiouka
P-232. Multi-analytical investigation of the diet and mobility of Late Antiquity
populations from southern Portugal
Cristina Barrocas Dias, Anne-France Maurer, Lucija Šoberl, Patricia Saragoça, Maria Da
Conceição Lopes, Rafael Alfenim, Inês Leandro, Cláudia Umbelino, Teresa Fernandes,
Maria João Valente, José Francisco Santos and Ana Isabel Janeiro
P-233. Palaeodietary research in Zvejnieki Stone Age Cemetery, Latvia: Trace
elements and stable isotope analysis
Dardega Legzdiņa, Gunita Zariņa, Vita Rudoviča and Arturs Vīksna
P-234. Using stable isotope and elemental analysis for the study of dietary habits of a
Greek community in Archaic Siracusa (Sicily)
Davide Tanasi, Stephan Hassam, Rosa Lanteri, Robert H. Tykot and Andrea Vianello
P-235. Palaeodiet reconstruction through stable isotope analysis of bone collagen:
New data from Late Prehistoric Cyprus
Caterina Scirè Calabrisotto, Paola Ricci, Maria Elena Fedi and Carmine Lubritto
P-236. Reconstructing diet in Argos (Greece) from Middle Helladic to the Ottoman
Period: A diachronic stable isotope analysis
Laurence Hapiot and Christine Hastorf
P-237. Diet and dynamics of Muslims and Christians in Montiel (11th-15th, Spain)
Anne-France Maurer, Pedro Barrulas, Lucija Soberl-White, Cecilia Laurita, Jose Mirao,
Antonio Candeias, Cristina Dias, David Gallego Valle and Jesus Manuel Molero Garcia
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P-238. The human adaptation, rise and collapse of Xiaohe Culture in Taklimakan
desert, Northwestern China
Yimin Yang
P-239. Exploring the archaeobotanical visibility of surplus production and use of
intra-settlement space: Storage and disposal strategies at Thessaloniki Toumba,
Northern Greece, during the Late Bronze and Iron Ages
Angeliki Karathanou, Evgenia Gkatzogia and Soultana Maria Valamoti
P-240. The faunal remains from Saruq al-Hadid: An insight into human animal
interactions in Prehistoric Arabia
James Roberts and Naomi Sykes
P-241. Chemical fingerprinting of archaeological speleothems and fish otoliths by
LA-ICP-MS for reconstruction of the paleoenvironment
Pedro Barrulas, Anne-France Maurer, Rita Dias, Carlos Ribeiro and José Mirão

POSTER SESSION III
Thursday 19 May 2016
ARCHAEO-CHRONOMETRY
P-242. Archeointensity studies: State-of-the-art, successes and future challenges
Miriam Gomez Paccard
P-243. Archeomagnetic investigation of Eneolithic furnaces under the Ancient
Bronze age village of Croce di Papa, Nola, (Italy)
Claudia Principe, Avto Gogichaishvili, Simone Arrighi, Marina Devidze, Maxime Le
Goff,Sonia La Felice, Daniele Giordano and Juan Morales
P-244. Developing Archaeomagnetic Dating in the Scottish Neolithic: Interpreting
geomagnetic variation at the Ness of Brodgar, Scotland
Samuel Harris, Catherine Batt, Zoe Outram and Nick Card
P-245. Telling the time in the Neolithic: Developing archaeomagnetic dating in
Britain
Catherine Batt, Zoe Outram, Sam Harris and Nick Card
P-246. Intensity of the geomagnetic field as a relative and absolute dating tool:
archaeomagnetic study of Bavarian potteries from 1300 to 400 BC
Gwenaël Hervé, Jörg Fassbinder, Stuart Gilder, Carola Metzner-Nebelsick and Imke
Westhausen
P-247. Archaeomagnetic study of pre-Hispanic sites in Michoacán Mexico
Annick Chauvin, Grégory Pereira and Miriam Gómez-Paccard
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P-248. Archaeomagnetic investigations in Bolgar (Tatarstan)
L.R. Kosareva, D.M. Kuzina, Simo Spassov, D.K. Nourgaliev, A.G. Sitdikov, D.I.
Khasanov
P-249. Archaeomagnetic dating approach to date an element of Les Ferreres
Aqueduct (Tarragona, Spain)
Lluis Casas, Salvador López, José Luís Prada, Núria Guasch-Ferré, Àfrica Pitarch, Marta
Badia, Jorge Sanjurjo, Moisès Díaz and Joan Menchon
P-250. Archaeomagnetic dating in Iberia for pre-roman structures. A case study
from Portugal
María Luisa Osete, Saioa A. Campuzano, Alicia Palencia, Gregg McIntosh, José Sastre
and Javier Larrazabal
P-251. Inclination shallowing in Iberian kilns and hearths. Effects on
archaeomagnetic dating
Alberto Molina-Cardin, Alicia Palencia, José Rodriguez-Aranda, Fátima MartínHernández and María Luisa Osete
P-252. Determining mean archaeomagnetic directions from demagnetization data:
Optimal demagnetization step vs. principal component analysis
Rob Sternberg, Grace Ni, Patricia E. Gibble and Egon H. E. Lass
P-253. Archaeomagnetic research through the eyes of palaeomagnetists: Possible
impact on the study of baked clays in various geological environments in Greece
Despina Kondopoulou, Irene Zananiri, Elina Aidona and Christina Rathossi
P-254. Post-fire displacement of ancient bricks and its effect on the geomagnetic
field vector determination: A case study from a Roman kiln excavated at Dispilio,
Greece
Evdokia Tema
P-255. New full geomagnetic field vector data from Italy: Evidence of low intensity
values during Neolithic times
Evdokia Tema, Enzo Ferrara, Pierre Camps, Cecilia Conati Barbaro, Simone Spatafora,
Claire Carvallo and Thierry Poidras
P-256. Archaeomagnetic dating of ancient kilns: a promising dating tool for
archaeological research. How precise can it be?
Evdokia Tema and Lluis Casas
P-257. On the use of different databases for global geomagnetic modelling and its
effect on archaeomagnetic dating
Saioa A. Campuzano, Miriam Gómez-Paccard, Francisco Javier Pavón-Carrasco and
María Luisa Osete
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P-258. Comparison of luminescence (TL, IRSL and OSL) dating results from
selected archeological various ceramic materials obtained from fault trench from
Aegean Anatolia region
Eren Şahiner, Niyazi Meriç, Georgios Polymeris and Tamer Duman
P-259. Dating mortars and brick surfaces: a new approach in building chronology
Anna Galli, Marco Martini, Francesco Maspero, Laura Panzeri and Emanuela Sibilia
P-260. Testing Optically Stimulated Luminescence dating of sand-sized quartz and
feldspar sediments from an archaeological site in Petroto – Trikala, Greece
Maria Kazantzaki, Eleni Filippaki, Maria Vaiopoulou, Evangelos Tsakalos, Georgios P.
Mastrotheodoros and John Christodoulakis
P-261. Luminescence dating of deltaic deposits from Sperchios delta plain, Greece
Evangelos Tsakalos, Maria Kazantzaki, Elias Dimitriou and Christos Anagnostou
P-262. Defining the time frame of a prehistoric site near Sparta, using OSL dating
method
Konstantinos Stamoulis, Alcestis Papadimitriou, L. Souchleris, Aristeides Papayiannis,
Artemios Oikonomou and Konstantinos Ioannides
P-263. OSL dating of Final Neolithic / Early Bronze Age wall remains at Vathy,
Astypalea
Andreas Vlachopoulos, Konstantinos Stamoulis, Artemios Oikonomou, Ioannis
Tsodoulos, Christina Papachristodoulou and Konstantinos Ioannides
P-264. Towards dating portable paintings using colour pigments; preliminary
luminescence measurements and study of the influence of heat to their optical
properties
Georgios S. Polymeris, Valeria Giannoulatou, Labrini Malletzidou, Sarantis Dimitriadis,
Vasiliki Angeli, Triantafylia Zorba, Niyazi Meriç, Eren Şahiner, Konstantinos Chrissafis,
George Kitis and Konstantinos Paraskevopoulos
P-265. The San artist palette: New insights coupling characterization and dating on
Lesotho and South African rock paintings
Adelphine Bonneau, David Pearce, Peter Mitchell, Daniel Arsenault, Thomas Higham
and Michel Lamothe
P-266. Dyes as dating markers: the case of the “Coptic” textiles collection of the
“Museo Egizio di Torino”
Monica Gulmini, Ambra Idone, Patrizia Davit, Manuela Moi, Manuela Carrillo, Chiara
Ricci, Federica Dal Bello, Maurizio Aceto, Matilde Borla, Cinzia Oliva and Christian
Greco
P-267. U-Th dating and paleoenvironmental reconstructions for the late Pleistocene
sedimentary sequence in Kalamakia Cave (Greece)
Elisabeth Barbetsea, Hubert B. Vonhof and Andreas Darlas
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P-268. The life history of a Tomb: AMS Dating of the multiple levels in the
Mycenaean Tholos Tomb of Petroto
Olivia A. Jones, Hans van der Plicht, Lena Papazoglou-Manioudaki and Michalis
Petropoulos
P-269. Charcoal from different enironmental conditions in methodological aspect of
dating
Danuta Michalska, Michalina Dzwoniarek-Konieczna and Małgorzata Szczepaniak
P-270. Selection of samples suitable for radiocarbon dating by in situ nondestructive analysis in the prehistoric cave of Villars (Dordogne, France)
Lucile Beck, Dominique Genty, Florian Tereygeol and Hélène Valladas
P-271. Archaeometric analysis of masonry techniques: The castle of Pedres in Olbia
(13th century)
Caterina Giannattasio, Silvana Maria Grillo and Maria Serena Pirisino
HUMAN-ENVIRONMENT INTERACTIONS AND BIOMATERIALS BIOARCHAEOLOGY
P-272. Accelerated aging studies on cultural heritage
Selen Ezgi Celik and Hanifi Sarac
P-273. Accelerated ageing of acrylic, cyclohexanone-based and Urea-Aldehyde
polymers used in paintings conservation
Helen Veronika Farmakalidis, Antonios Douvas, Ioannis Karatasios, Sofia Sotiropoulou,
Stamatis Boyatzis, Panagiotis Argitis, Yannis Chryssoulakis and Vassilis Kilikoglou
P-274. Investigation on the development of the use of Natron salt in the ancient
Egyptian embalming practices
Maria Grazia Bridelli, Chiaramaria Stani, Elena Ginevra Foresti, Giancarlo Salviati,
Antonio Cacchioli, Rosa Boano, Stephen A. Buckley, Matthew Collins and Joann
Fletcher
P-275. Conservation and rewrapping of ibis mummy from late period
Ahmed Mohamed Abdellatif, Ahmed Tarek, Akram Taha and Sayed Gomaa
P-276. Interdisciplinary assessment of an unknown substance, found inside the wood
cells of the waterlogged piles from the foundation substructure of the Byzantine sea
fortification of Thessaloniki
Dimitris Tsipotas
P-277. Technology and pathology of first wallpapers imported into Iran during
Qajar Period
Narges Pedram and Roxana Minoueipour
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P-278. Characterization of 17th-Century glues: Further studies of mended ceramics
from George Washington’s Boyhood Home
Daniel Fraser, Mara Kaktins and Ruth Ann Armitage
P-279. The binding agents used to inlay turquoise on bronze objects in different
periods of Ancient China
Shuya Wei, Yuling He, Benxin Cui and Guoding Song
P-280. Experience in determining the origin of refossil amber from the excavations
in Rusian towns
Inna Kuzina, Olga Zelentsova and Katarzyna Kwiatkowska
P-281. Awls, needles, pins in graves: Early Bronze Age bone objects of personal use
under the microscope
Kinga Winnicka
P-282. Characterisation and analysis of a set of artefacts from the Pylos
Archaeological Museum
Μ. Kylafi, T. Katakos, S. Boyatzis, E. Palamara and N. Zacharias
P-283. Fire in the lake? Differentiating between burned and stained bones within a
lake environment: The case of the Neolithic lake settlement of Dispilio, Greece
Elizabeth Stathopoulou, Nellie Phoca Cosmetatou, Tatiana Theodoropoulou, Myrto
Mallouchou, Georgios Chryssikos, Vassilis Gionis and Vassilis Psycharis
P-284. Recrystallization pathways of fossil bones in Sudan: An FTIR study using the
Grinding Curve Method
Gregorio Dal Sasso, Yotam Asscher, Ivana Angelini and Gilberto Artioli
P-285. Combining pXRF and Stable Isotope Analysis in assessing Ancient coastal
Peruvian diets
Theresa J. Gilbertson and Robert H. Tykot
P-286. Decoding stable C and N isotopes in domestic and wild animals recovered
from Late Antiquity sites of southern Portugal
Cristina Dias, Anne-France Maurer, Lucija Soberl White, Patricia Saragoça, Maria João
Valente, Andre Carneiro, Susana Gomez Martinez and Maria De Conceição Lopes
P-287. Collagen fingerprint analysis for species identification in conjunction with
other bioanalytical methods in archaeometry
Mike Buckley
P-288. The last European elephant: The histological approach
Myrto Mallouchou, Elizabeth Stathopoulou, Vassiliki Mitsopoulou and George
Theodorou
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P-289. Observations of the inner morphology os petrosum of island endemics with
the use of micro CT
Dionysia Liakopoulou, Anneke H. van Heteren and George Theodorou
P-290. Peptide Mass Fingerprinting for identification of wild silks in archaeological
contexts
Ruth Ann Armitage
P-291. SEM-EDS and chemical archaeological soil analysis: Analytic collaboration
for an accurate data interpretation
Laura Scrano, Graziella Bernardo, Pasquale Acquafredda, Giacomo Eramo and Rocco
Laviano
P-292. Evaluating the potential of NPP advanced statistical analysis for the detection
of human palaeoecological imprint detection: The record of Lake Orestias and
Dispilio Lake settlement (NW Greece)
Panagiotis Adam and Katerina Kouli
P-293. Unusual plant molecules preserved in Neolithic and Protohistoric ceramic
vessels
Léa Drieu, Sigrid Mirabeau, Pierre Pétrequin, Anne-Marie Pétrequin, Didier Binder,
Kewin Peche-Quilichini, Thibault Lachenal and Martine Regert
P-294. A new approach for functional study of Argaric pottery (c.2250-1950 BC)
through organic residues analysis (GC/MS; GC-C-IRMS) and volumetric capacity
estimation
Elena Molina-Muñoz and Carlos Velasco-Felipe
P-295. Liangchengzhen consumption patterns: A Lipid Residue Analysis
Rheta Lanehart
P-296. Organic residue results from Ayia Triada Cave, Euboea: Further evidence
for feasting?
Rachel Vykukal
P-297. Analysis of organic residues on Sicilian prehistoric pottery via SEM-EDX
and 1H NMR spectroscopy
Davide Tanasi, Enrico Ciliberto, Donatella Capitani, Enrico Greco, Valeria Di Tullio,
Domenica Gullì and Paolo Trapani
CERAMICS, GLAZES, GLASS AND VITREOUS MATERIALS
P-298. Pottery traditions and innovation at Ulucak Höyük, Western Anatolia:
Investigating the Neolithic/Chalcolithic transition through ceramic analysis (c.60005400 calBC)
Noémi Suzanne Müller, Evangelia Kiriatzi and Özlem Çevik
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P-299. Once upon a time in the East: Ceramics and the Ziros Survey
Laure Van Grootel, Keith Branigan, Martina Dalinghaus, Peter Tomkins and Peter M.
Day
P-300. Studying ceramic technology from inside. Micro-CT scanning of a pottery
assemblage from Middle Neolithic Sesklo (Thessaly, Greece)
Jannis Kozatsas, Kostas Kotsakis, Dimitrios Sagris and Constantine David
P-301. Raw materials and technological choices in the Early Neolithic pottery
production of the Marche region (Italy)
Chiara La Marca, Giacomo Eramo, Italo M. Muntoni and Cecilia Conati Barbaro
P-302. Pots and people of the Neolithic Tavoliere: Insights into ceramic production
and exchange from pXRF analysis
Keri Brown, Craig Alexander, Kyle Freund, Italo Muntoni and Robert H. Tykot
P-303. Technological signatures of the transition from linear to stroked ornamented
ware from Eythra (Central Germany)
Klaus Bente, Christoph Berthold, H.-J. Höbler and Gordon Sobott
P-304. Results from multi technique investigation of pottery from different Early
Neolithic sites in Albania
Erinda Ndrecka, Nikolla Civici and Ilir Gjipali
P-305. Testing models, challenging trajectories: Archaeometric analysis of Early
Neolithic pottery from Central North Bulgaria
Tanya Dzhanfezova and Chris Doherty
P-306. Technological characterization of the Cucuteni C pottery from eastern
Romania
Florica Matau, Valentin Nica, Iuliana Breaban, Mitica Pintilei and Alexandru Stancu
P-307. Potting traditions and consumption practices in Third Millennium
Southwestern Peloponnese: The case of Romanos Pylias
Georgia Kordatzaki, Joerg Rambach and Evaggelia Kiriatzi
P-308. Grog in the Well: A technological reconstruction of the pottery assemblage
from the EMI Well at Knossos
Che-Hsien Tsai, David E. Wilson, Vassilis Kilikoglou and Peter M. Day
P-309. The persistence of pottery traditions in the Bronze Age Ionian Island: The
use of grog temper in Kephalonia
Marcella Giobbe, Christina Souyoudzoglou-Haywood, Andreas Sotiriou and Peter M.
Day
P-310. Urbanism, networks, and the dynamics of pottery production and use in the
Konya Plain of south central Anatolia, Turkey
John Gait, Noémi Müller, Evangelia Kiriatzi and Douglas Baird
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P-311. Technological aspects of Mesopotamian Uruk pottery: Estimating firing
temperatures using mineralogical methods, thermal analysis and luminescence
Georgios S. Polymeris, Jorge Sanjurjo Sanchez and Juan Luis Montero Fenollós
P-312. Experimental Archaeology: A way of exploring prehistoric ceramics raw
material provenance, fabric composition, and firing conditions
Maria Giuseppina Gradoli
P-313. Characterising Bronze and Early Iron Age ceramics of Sovjan (SE Albania)
with the use of pXRF-scanning
Ole Christian Aslaksen, Maja Gori and Tobias Krapf
P-314. Local and non local potsherds from the Middle Iron Age mound grave in
Regöly, SW Hungary
Dóra Kürthy, György Szakmány, Sándor Józsa, Mária Fekete and Géza Szabó
P-315. A petrographic analysis of Turdetan amphorae from the Guadalquivir
Valley. Pots and agricultural surplus exchange in SW Spain during the Late Iron
Age
Violeta Moreno Megías
P-316. Pottery production in the Lower Guadalquivir region in the Early Iron Age:
A technological study
Michal Krueger and Marta Bartkowiak
P-317. Unique painted sherds from Panticapaeum
Natalia Astashova
P-318. Archaeometric characterization of Sicilian Pre- and Protohistoric pottery:
The case study of Monte San Paolillo (Catania, Sicily)
Davide Tanasi, Robert H. Tykot and Andrea Vianello
P-319.An archaeometric study of pottery from Kanistro and Pefkohori (Chalcidice)
Svetlana Vivdenko, Ioannis Karapanagiotis, Spyros Vasileiou and Charalambos
Tsangalidis
P-320. Comparative study of the Cyprus and the Sicily ceramics
Elena Minina, Anna Mazina, Stanislav Sokolov
P-321. Provenience studies of the type B amphorae from Greek colony Pharos on the
island of Hvar, Croatia
Maja Mise, Vincent Serneels and Branko Kirigin
P-322. Thermo-physical characteristics of Hellenistic ceramics from Laodike temple
Maria Daghmehchi and Mehdi Rahbar
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P-323. Petrography of the Levantine jars from western Lower Galilee as a marker
for their chronology and origin
Jacek Michniewicz and Jolanta Młynarczyk
P-324. Reverse cargo risk assessment - Function and performance of transport
amphorae
Anno Hein and Vassilis Kilikoglou
P-325. Archaeometric analyses to define provenance and production of
archaeological artefacts in Southern Italy: Two cases of study from Satriano di
Lucania (Potenza, Basilicata) and Montescaglioso (Matera, Basilicata)
Tonia Giammatteo
P-326. Roman pottery production in the Pontine region, central Italy
Barbara Borgers, Gijs Tol and Tymon de Haas
P-327. A combined multi-analytical approach to investigate the production and
distribution of imitations of “Campaniense” ceramics in SW Iberia
Massimo Beltrame, Nick Schiavon, Ana Margarida Arruda, Vincenzo Soria, Pedro
Barrulas and José Mirão
P-328. Application of a non-destructive testing mobile lab for in situ analysis of
archaeological objects from the “Late Antique House” in Dion, Greece: Results and
data interpretations
Georgios Karagiannis, Georgios Apostolidis, Sophia Sotiropoulou, Kyriakos Fragoulis,
Dimitrios Minasidis and Aristotelis Mentzos
P-329. Spectroscopic characterization and TL dating of ancient ceramics from
Morocco
Lahcen Bejjit, Mohamed El Amraoui, Mustapha Haddad, Raja Belaabed, Georgios S.
Polymeris, Şahiner Eren, Niyazi Meriç, Valeria Giannoulatou, Abdelilah Dekayir,
Lorenza Ilia-Manfredi and Mohamed Rouai
P-330. Pyrotechnological production of artificial millstones in Iran: New approach
to heating-cooling regime estimation of melted calcareous clay structures
Moslem Mishmastnehi and Ralf Milke
P-331. Exchange network of the early medieval village of Rocchicella (Sicily): A
petrographic study
Veronica Testolini, Giuseppe Montana, Lucia Arcifa and Peter M. Day
P-332. Early Medieval globular amphorae from Torcello: Microscopy, porosity and
chemical analyses for the study of production techniques
Giulia Ricci, Jan-Michael Lange, Martin Kaden, Gerhard Heide, Diego Calaon and
Elisabetta Zendri

53

KALAMATA, 15-21 MAY 2016
P-333. First example of coated bricks from the XIV century in Siena and their
relation with sienese archaic-majolica
Francesca Grassi, Cristina Fornacelli and Isabella Memmi Turbanti
P-334. Aboriginal pottery from Gran Canaria (Canary Islands, Spain) (6th-15th
centuries AD). New insights from archaeological and textual evidence
Miguel Del Pino Curbelo, Amelia Rodríguez Rodríguez, Jaume Buxeda I Garrigós, José
Mangas Viñuela and Peter M. Day
P-335. Pottery production of the Village of Orduña (Basque Country) from 17th to
19th centuries: An archaeometrical approach
Javier Iñañez, Estefania Calparsoro Forcada, Gorka Arana Momoitio, Jose Luis Solaun
Bustinza, Sergio Escribano Ruiz, Alvaro Rodriguez Miranda and Jose Manuel Valle
Melon
P-336. Spectroscopic characterization of the ceramics from Santa Maria do Castelo
Church (Torres Novas, Portugal)
Isabel Ferreira Machado, Luís Filipe Vieira Ferreira and Mário Varela Gomes
P-337. Material characterization of monumental terracota sculptures of the
Monastery of Alcobaça
M. Isabel Prudêncio, M. Isabel Dias, João Coroado, Rosa Marques, Guilherme Cardoso
and Fernando Rocha
P-338. Characterisation and restoration of an archaeological finding from the
Rudolfine Prague
Alexandra Klouzkova, Doubravka Hajmanova, Maria Kavanova, Martina Kohoutkova
and Ljuba Svobodova
P-339. Clay diversity, processing and long distance trade at Grossalmerode, 1200 to
present
Detlef Wilke, Patrick Rauch, Kornelia Stenzel and Hans-Georg Stephan
P-340. Colonial ceramics recovered at Santa Fe La Vieja (Argentina). An
archaeometric overview
Jaume Buxeda I Garrigós, Marisol Madrid I Fernández, Gabriel Cocco and Leticia
Campagnolo
P-341. Neural Networks (SOM) applied to INAA data of chemical elements in
archaeological ceramics from Central Amazon
Roberto Hazenfratz, Casimiro S. Munita and Eduardo G. Neves
P-342. Dilmun and Kassite pottery from Bronze Age sites in Kuwait (tell F3) and
Bahrain (NE Temple) using non-destructive XRF analysis
Hasan Ashkanani and Robert H. Tykot
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P-343. Determination of the composition and the manufacturing conditions of
archaeological ceramic artifacts by combination of physical-chemical techniques
Theodora Kazakou, T. Zorba, G. Vourlias, E. Pavlidou and K. Chrissafis
P-344. Sr-Nd isotopes as a tool for ceramic provenance: Application on ceramic
replicas and raw materials from the Bay of Naples
Ilenia Arienzo, Massimo D'Antonio, Alberto De Bonis, Vincenza Guarino and Vincenzo
Morra
P-345. Incorporating experimental error in the analysis of portable X-Ray
Fluorescence (pXRF) data
Craig Alexander and Kyle Freund
P-346. Establishment of a new reference group of Keay 25.2 amphorae from Sidi
Zahruni archaeological site (Nabeul, Tunisia)
Siwar Baklouti, Lara Maritan, Lluis Casas, Néjia Laridhi Ouazaa, Ramon Jàrrega, Marta
Prevosti, Boutheina Fouzai, Claudio Mazzoli, Samia Larabi Kassaa and Mounir Fantar
P-347. Identification of clay minerals in archaeological ceramics
Alexandra Klouzkova, Petra Zemenova, Martina Kohoutkova and Maria Kavanova
P-348. The Ancient Demetrias figurines: New insights on pigments and decoration
techniques used on Hellenistic clay figurines
Konstantina Tsatsouli and Elisavet Nikolaou
P-349. Graphite or Carbon Black - Differentiation of Carbon based pigments in
artifacts using µ-Raman and µ-XRD2
Christoph Berthold, Silvia Amicone, Melanie Keuper and Klaus Bente
P-350. Babylonian Blues: Final identification of the blue and turquoise pigments of
the glazed-brick reliefs of the Ishtar Gate and Processional Way
Cecilie Brøns and Signe Skriver Hedegaard
P-351. Study of shades and tints of the blue color in export blue-and-white porcelain
from late Ming to early Qing dynasty
Roxanne Radpour, Ellen Hsieh and Christian Fischer
P-352. Colour and materials of the new monumental gate excavated in the area of
Persepolis (Fars, Iran)
Maria Letizia Amadori, Gianluca Poldi, Alireza Askari Chaverdi, Pierfrancesco Callieri
and Mohammadamin Emami
P-353. How to identify hexagonal neo-formed hematite inclusions, unnoticeable to
the SEM, in lead glazes
Roberta Di Febo, Judit Molera, Trinitat Pradell, Oriol Vallcorba and Claudio Capelli
P-354. The origin and evolution of greenish white wares in Jingdezhen Area
Changsui Wang, Chaofang Ming and Jian Zhu
55

KALAMATA, 15-21 MAY 2016
P-355 New development of Sr isotopic analysis applied to Chinese glazes
Hongjiao Ma, Julian Henderson and Jane Evans
P-356. Replication of application - Glazed Ptolemaic and Roman faience from Egypt
Chris Wilkins, Panagiota Manti and
Paul T. Nicholson
P-357. Characterization of 11th century glazed floor tiles from Prague
Maria Kavanova, Alexandra Klouzkova, Petra Zemenova, Martina Kohoutkova and
Jarmila Cihakova
P-358. Provenance assignments on a large assemblage of Byzantine glazed pottery
from Corinth, Greece
Eleni Palamara, Nikolaos Zacharias and Maria Xanthopoulou
P-359. Understanding glazed pottery production in the Tavoliere area (Foggia, 11th14th century)
Giacomo Eramo, Pasquale Favia, Vincenzo Valenzano, Alessandro Monno and Rocco
Laviano
P-360. Technological features of Iranian glazed ceramics from the Golden Horde
Bilyar
Svetlana Valiulina
P-361. Chemical and mineralogical “fingerprints” of the ceramic body of
Anabaptist-Hutterite and Haban faience
Bernadett Bajnóczi, Zoltán May, Anna Ridovics, István Ringer, Jrir Pajer, Máté Szabó
and Mária Tóth
P-362. Basque glazed pottery through 16th-18th centuries: a revisited
archaeometrical approach
Estefania Calparsoro Forcada, Gorka Arana Momoitio, Kepa Castro de Pinedo, Sergio
Escribano Ruiz and Javier Iñañez
P-363. Early faience tableware (late 16th to early 18th century AD) in Switzerland
Gisela Thierrin-Michael
P-364. An archeometrical investigation of blue glass tesserae from mosaics of Early
Christian basilicas in Albania
Esmeralda Vataj, Stefan Röhrs, Nikolla Civici and Elio Hobdari
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ABSTRACTS OF ORAL SESSIONS
elements Rb, Sr, Y, Zr, and Nb, as well
as Fe and other major elements, has
revealed the use of obsidian from sources
in the Carpathians of northeastern
Hungary and Slovakia, and on the islands
of Lipari, Melos, and Palmarola in the
Mediterranean. This enables us to
reassess long-distance contact and trade
routes during the Neolithic period, ca.
6500-3500 BC, when the neolithic
“package” of ceramics, domesticated
plants and animals spread to Europe, and
year-round settlements were established.
The obsidian artifacts tested come from
more than 20 different archaeological
sites, including several on the peninsula
of Istria at the northern end of the
Adriatic (Kargadur, Pupićina Peć,
others), on islands in the central Adriatic
(Palagruža, Korčula, Sušac), along the
Dalmatian coast (Danilo, Krivače, Lok.
Muša, Pokrovnik), and in northeastern
Croatia (Samatovci, others). The
analytical data were compared directly
with those for geological samples from
the Mediterranean/European sources and
each artifact assigned to a specific source
using standard statistical methods. The
obsidian results may be compared with
those from sites on the Italian side of the
Adriatic, and integrated with studies done
on flint and ceramics, to interpret likely
maritime trade routes and transport
capabilities, and the socioeconomic
nature of raw material acquisition,
artifact production and distribution, and
usage.

O-1. Obsidian Access along
the Adriatic: Sourcing Studies
and Maritime Trade in
Croatia
Robert H. Tykot(1), Stašo Forenbaher(2),
Damir Kliškić(3), Zlatko Perhoč(4), Emil
Podrug(5) and Dinko Radić(6)
(1) Department of Anthropology, University
of South Florida, Tampa, FL 33556 USA
(2) Institute for Anthropological Research,
Ljudevita Gaja 32, 10000, Zagreb, Croatia
(3) Archaeological Museum in Split, ZrinskoFrankopanska 25, 21000 Split, Croatia
(4)Rupprecht-Karls-Universität Heidelberg,
Institut für Geowissenschaften, Im
Neuenheimer Feld 234, 69120 Heidelberg,
Germany
(5) Šibenik City Museum, Gradska vrata 3,
22000 Šibenik, Croatia
(6) Cultural Centre Vela Luka, Korčula,
Croatia

The geological sources of obsidian in the
Mediterranean and Europe have been
well-identified and can be distinguished
using a variety of analytical methods.
Fortunately, archaeological artifacts may
be assigned to specific sources (and
subsources) using non-destructive X-ray
fluorescence spectrometers, and in
particular, with portable hand-held
models. In this study, the use of a pXRF
has facilitated analyses of prehistoric
obsidian artifacts to be conducted at
museums and other facilities in Croatia,
thus
overcoming
limitations
on
destructive sampling and/or transport to
external laboratories. The analysis of
over 300 artifacts from Croatia for trace
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incorporates a pulsed portable “noninvasive” laser ablation sampling
technique [4]. The system uses inert
filters to collect material in museums for
return to the laboratory for ultra-low
blank (<pg) geochemical procedures.
Ablation pits of 50 - 100 μm (width &
depth) remove ~0.5 μg material. Trace
elements are determined by ICPMS and
combined Sr-Nd-Pb isotope analysis by
thermal ionization mass spectrometry.
Use of 1013 Ω resistors allows precise
analysis of subnanogram amounts of SrNd [5]. A 207Pb-204Pb double spike
enables the determination of Pb isotopes
with a precision of ~100 ppm [6].
The results of mineralogy, trace
elemental
and
Sr-Nd-Pb
isotope
compositions of jadeitite sources in
Cuba, the Dominican Republic and
Guatemala will be presented and
reviewed to assess the potential for
distinguishing artefact provenance. For
example, Dominican jadeitites have more
variable 87Sr/86Sr ratios than Cuban
jadeitites (0.7035 to 0.7084, average
0.70447, compared to 0.70336 to
0.703656,
average
0.703518,
respectively).

O-2. “Non-invasive” portable
laser ablation sampling for SrNd-Pb-isotope provenance of
precolonial
Caribbean
jadeitite artefacts
A.C.S. Knaf(1), J.M. Koornneef(1), A.
Hertwig(2), J. Cárdenas-Párraga(3), A.
García-Casco(3), H.-P. Schertl(2), W.V.
Maresch(2), C. Andrieu(5), C.L. Hofman(4)
and G.R. Davies(1)
(1) Department of Earth Sciences, Vrije
Universiteit Amsterdam, The Netherlands
(2) Institute of Geology, Mineralogy and
Geophysics, Ruhr-University Bochum,
Germany
(3) Department of Mineralogy and Petrology,
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(4) Faculty of Archaeology, Caribbean
Research Group, Leiden University, The
Netherlands
(5) Centre National de la Recherche
Scientifique, Archéologie des Amériques,
Maison de l'archéologie et de l'ethnologie,
Nanterre, France

High-pressure metamorphic rocks like
jadeitite have been used in artefact
manufacture throughout the Caribbean
since initial inhabitation of the
Caribbean. Within the Greater Caribbean
area, jadeitite sources occur only in
Guatemala [1], eastern Cuba [2] and
northern Dominican Republic [3],
establishing that jadeitite items have been
exchanged and transported over vast
distances. These patterns of exchange
potentially
provide
fundamental
information about former trading and
mobility networks between different
islands and how pre- and post- colonial
societies were organized and operated.
To
understand
artefact
mobility
networks,
a
new
provenancing
methodology
is
presented
that

[1] G.E. Harlow, V.B. Sisson, H.G. Ave
Lallemant, S.S. Sorensen, R. Seitz, Highpressure, metasomatic rocks along the
Motagua Fault Zone, Guatemala, Ofioliti
28(2), 115-120, 2003.
[2] A. García-Casco, A. Rodriguez Vega, J.
Cardenas Parraga, M.A. Iturralde-Vinent, C.
Lazaro, I. Blanco Quintero, Y. Rojas
Agramonte, A. Kroener, K. Nunez Cambra,
G. Millan, R.L. Torres-Roldan , S.
Carrasquilla, A new jadeitite jade locality
(Sierra del Convento, Cuba): First report and
some
petrological
and
archeological
implications, Contributions to Mineralogy
and Petrology 158, 1–16, 2009.
[3] H.-P. Schertl, W.V. Maresch, K.P.
Stanek, A. Hertwig, M. Krebs, R. Baese, S.S.
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Sergeev, S.S., New occurrences of jadeitite,
jadeite quarzite and jadeite-lawsonite quarzite
in the Dominican Republic, Hispaniola:
petrological and geochronological overview,
European Journal of Mineralogy 24, 199-216,
2012.
[4] R. Glaus, J. Koch, D. Günther, Portable
laser ablation sampling device for elemental
fingerprinting of objects outside the
laboratory with laser ablation inductively
coupled mass spectrometry. Journal of
Analytical Chemistry 84, 5358-5364, 2012.
[5] J.M. Koornneef, C. Bouman, J.B.
Schwieters, G.R. Davies, Measurement of
small ion beams by thermal ionisation mass
spectrometry using new 1013 Ohm resistors,
Analytica Chimica Acta 819(0), 49-55, 2014.
[6] M. Klaver, R.J Smeets, J.M. Koornneef,
G.R. Davies, P.Z. Vroon, Pb isotope analysis
of ng size samples by TIMS equipped with a
1013 Ω resistor using a 207Pb-204Pb double
spike, Journal of Analytical Atomic
Spectrometry, DOI:10.1039/C5JA00130G,
2015.

Roman quarrying activities disclosed a
number of sites where Roman marble
production took place. The resulting
databank of these quarries comprises
approximately 250 quarry samples and is
the basis for the provenance analyses of
the sampled artefacts and architecture.
To safely define the origin of ancient
white marbles of artefacts, one single
method, as for instance the analysis of
the stable isotopes, is usually not
sufficient for a safe discrimination. A
multimethod
approach
including
chemical analysis and the analysis of
microinclusions in the marbles was used
additionally to the stable isotope analysis.
On that basis it was possible to show the
import of high quality marbles over long
distances when imperial projects were
carried out as in Felix Romuliana or in
Justiniana Prima. When high quality
local marbles were available (e.g. in
Sandanski) their prominent use in
architecture is demonstrated. For plain
sculptures, votive plates (“Thracian
Rider”) local material was often used.

O-3. Roman production and
use of white marbles in SE
Europe

[1] Prochaska, W.: A sculptural marble of
prime quality in antiquity – the dolomitic
marble of the Sivec Mountains in Macedonia.
-Archaeometry, 55/2, 179-197, 2013.
[2] Vanderheyde, C. and Prochaska, W.: Le
marbre en Bulgarie à la période byzantine :
l’apport
de
l’étude
des
sculptures
architecturales de Sozopol. -in: Bulletin de
Correspondance Hellénique 135, 351-375,
2011.

Walter Prochaska(1)
(1) Department of Geosciences and
Geophysics, University of Leoben, Austria;
walter.prochaska@unileoben.ac.at

Detailed investigations of the marble
inventory of several Roman towns were
carried out during the last years in todays
Bulgaria, Romania Macedonia and
Serbia to reveal trading routes and
trading connections for marble raw
materials and artefacts.
A wide spectrum of different types of
marbles used for architecture and for
sculptural decorations was revealed
[e.g. 1, 2]. Furthermore the search for
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than it is reported in previous works. We
were able to find marble deposits, even
right outside the Nymphs’ grotto (known
for the finer grained marble on Paros),
with MGS larger than 5.0 mm, but also
sculptures with similar MGS and grain
size distribution as the Sounion Kouroi.
The Parian marble therefore can be
described as a marble with MFS ranging
from around 1.0 mm and up to 3.0 mm,
but with MGS that can often reach up to
higher than 5.0 mm. These large grains
however are usually limited to a
frequency of just a few per sculpture or
even just one per sculpture, and they can
be easily missed if one measures the
grain size distribution in a random small
sample.
Furthermore, the results of the optical
examination for the sculptures are going
to be combined with the archaeological
data which will hopefully lead to
interesting conclusions about the
qualities of marble and their uses per
period of time.

O-4. Reviewing the Parian
Marble: New evidence about
its grain size distribution and
quality
Dimitris Tambakopoulos(1) and Yannis
Maniatis(1)
(1) Laboratory of Archaeometry, Institute
of Nanoscience and Nanomaterials, NCSR
“Demokritos”, 153 10 Ag.Paraskevi, Greece

In our recent studies on the marble
provenance of the Sounion Kouroi [1] the
origin from Paros was determined by the
carbon and oxygen isotopic ratios and
EPR spectroscopy. However, the
Maximum
Grain
Size
(MGS)
measurements gave sizes larger than
5.0 mm and for two pieces even more
than 6.0 mm. These values, being outside
of the published MGS ranges for the
Parian marble [2], led us to re-examine
the Parian marble varieties concerning its
MGS and grain size distribution in
general.
This re-examination was approached by
two different ways. First by a new
fieldwork in the well-known quarry areas
on Paros, looking for deposits of larger
MGS, and second by a thorough noninvasive examination of all the marble
sculptures in the Archaeological Museum
of Paros (exhibition and storerooms).
During this examination we measure and
record MGS, Most Frequent grain Size
(MFS), translucency, colour and other
macroscopic and microscopic features of
each sculpture.
The obtained geological samples, and the
data from the sculptures as well as the
data from the quarry fronts and marble
deposits are currently under treatment.
The preliminary results show that the
Parian marble can be indeed quite coarser

[1] O. Palagia, Y. Maniatis, D.
Tambakopoulos, The marble provenance of
the Sounion Kouroi, Presented at XI
ASMOSIA, Split, 2015.
[2] D. Attanasio, M. Brilli, N. Ogle, The
isotope signature of Classical marbles,
L’Erma di Bretschneider, Roma, 2006.
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FTIR. Finally, X-Ray Diffraction (XRD)
analysis using a portable diffractometer
assembled at our laboratory [2], was
performed on the objects that could not
be clearly identified by the previous two
techniques. This procedure provided the
identification
of
jadeite,
albite,
omphacite,
amazonite,
muscovite,
serpentine and quartz in the analyzed
objects.
Also,
portable
X-Ray
Fluorescence system developed at our
laboratory was used to obtain elemental
information for provenance studies using
principal component analysis [1, 3].
These results will be contrasted with
other Mayan neighboring sites data, such
as Palenque, Lacanjá and Bolonkin to
determine possible relationships and
exchange routes in the highlands of the
Maya area [1].

O-5. Mineral identification of
Mayan green stone funerary
artifacts from Bonampak,
Mexico
A. Mitrani(1), M. D. Manrique-Ortega(1),
V. Aguilar-Melo(1), E. CasanovaGonzález(1),
G.
Pérez-Ireta,
J.L.
Ruvalcaba-Sil(1), A. Tovalín(2), A.
Sheseña Hernández(2) and J. Losada
Toledo(2)
(1) Instituto de Física, Universidad Nacional
Autónoma de México, Circuito de la
Investigación Científica s/n, Ciudad
Universitaria, Mexico, DF 04510, Mexico;
mitrani@fisica.unam.mx
(2) Centro Regional INAH Chiapas, Instituto
Nacional de Antropologia e Historia. Calz.
de Los Hombres Ilustres de la Revolución
Mexicana, No. 885, Centro C.P. 29000
Tuxtla Gutiérrez, Chiapas, Mexico

This research has been supported by grants
from CONACYT 131944 MOVIL II and
PAPIIT UNAM IN402813 ANDREAH II,
and projects CONACYT LANCIC 232619
and 260779.

Bonampak was an ancient Mayan city
from the Classical period (500 to
900 A.D.), located near the Usumacinta
river in the border between Mexico and
Guatemala. The archaeological site
acquired world-wide fame when colorful
murals where discovered in a temple
inside the acropolis. The murals depict
scenes of war, sacrifice and the
designation of an heir.
Green stone funerary objects from
Bonampak, stored at the Museo Regional
de Chiapas, Mexico, were analyzed in
situ using portable, non-destructive
analytical techniques. For mineral
identification, all of the objects where
first analyzed using Fourier Transform
Infrared spectrometry (FTIR), as this
technique provides a quick identification
of most minerals [1]. Then, Raman
spectrometry analysis was performed to
confirm the mineral identification from

[1] A. A. Delgado Robles, J. L. Ruvalcaba
Sil, P. Claes, M. D. Manrique Ortega, E.
Casanova González, M. A. Maynez Rojas,
M. Cuevas García, S. García Castillo. Nondestructive in situ spectroscopy analysis of
greenstones found on royal burial offerings
from the Maya site of Palenque, Chiapas,
Heritage Science 3, 20-33, 2015.
[2] V. Aguilar Melo, Desarrollo y aplicación
de difracción y fluorescencia de rayos X in
situ para la caracterización de materiales,
Master Thesis on Materials Science and
Engineering of Materials, Universidad
Nacional Autónoma de México, Mexico,
2014.
[3] J.L. Ruvalcaba, D. Rámirez, V. Aguilar,
F. Picazo. SANDRA: A Portable XRF
System for the Study of Mexican Cultural
Heritage, X-ray Spectrometry 39 (2010) 338345.
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the Aztec empire, could be understood
from the elemental and mineral
composition of the archaeological
artifacts discovered in the offerings. In
this research, Infrared spectroscopy in
reflectance mode (FTIR) and X-ray
Fluorescence measurements were carried
out on several hundred pieces to obtain a
general overview of the minerals present
in the archaeological collections and to
relate them with some possible mineral
sources using elemental analysis [2].
These data can also be chronologically
associated to the periods of construction
stages and the locations where they were
found.
From our results, it was possible to show
that the artifacts from the main temple
were made using the most precious stone
minerals available. Concerning the main
temple, an important change in the
amount and type of minerals appeared
from the construction stage IVb (14691481) corresponding to the maximum
expansion of the Aztec empire. After this
period, jadeite, the most appreciated
green stone in Mesoamerica, is present in
all the offerings. Before, the main stone
minerals were serpentine and quartz.
Also, the variety of the minerals is more
reduced from the construction stage V.
These differences suggest changes in the
provisioning areas for the offerings, but
may may indicate some standardization
in the manufacturing of the artifacts,
since this behavior was also observed for
other materials (seashell and metallic
items) from stage IV.

O-6. Mineralogical analysis of
Aztec stone artifacts from the
Great Temple of MexicoTenochtitlan
and
its
surrounding buildings
M.D. Manrique-Ortega(1), P. Claes(1), V.
Aguilar-Melo(1), M. Wong-Rueda(1), J.L.
Ruvalcaba-Sil(1),
E.
CasanovaGonzález(1), E. Melgar(2) and R. Solís(2)
(1) Instituto de Física, Universidad Nacional
Autónoma de México, Circuito de la
Investigación Científica s/n, Ciudad
Universitaria, Mexico, DF 04510, Mexico;
mayma@fisica.unam.mx
(2) Museo de Templo Mayor, Instituto
Nacional de Antropologia e Historia.
Seminario 8, Centro Histórico, Mexico, DF
06060, Mexico

Aztec empire controlled many ethnic
groups located between the Gulf of
Mexico and South West Coast of
Mesoamerica, and Soconusco region in
the Mayan area before the arrival of
Spanish conquers in 1519. This
expansion
provided
characteristic
materials and new techniques from
different regions around the conquered
territory. The offerings found at Great
Temple of Tenochtitlan and at the
surrounding buildings were made with
many materials and manufacturing
techniques related to the vast conquered
region [1]. Nowadays, the Great Temple
of Tenochtitlan Museum in Mexico City
holds numerous collections of stone
pieces related to different offerings and
construction
stages
between
the
foundation of the city (1325) and its
conquest in 1521.
The identification of stone minerals and
the provenance of the pieces, as well as
trade routes related to the development of

This research has been supported by grants
from CONACYT 131944 MOVIL II and
PAPIIT UNAM IN402813 ANDREAH, and
projects CONACYT LANCIC 232619 and
260779.
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performing in situ analyses using
nondestructive
X-ray
fluorescence
spectroscopy and comparing the obtained
results to those of a mineral database.
This study is based on the theory of the
"cultural turquoise" established by
Weigand et al. [1] and resumed by Kim
et al. [2]. It suggests that most of the
Mesoamerican societies, throughout
time, conferred a symbolic value to the
green blue color and employed blue and
green minerals to prepare offerings.
Nevertheless, one can also think that the
manufacture of the objects was carried
out without giving so much importance
to the choice of the raw material when
mixing various mineral species from
“cultural turquoise”. This last point is
discussed in this investigation.
The second part of this work consists of
the XRF analysis of geological “chemical
turquoise” references of several mines
from American Southwest and Mexican
Northwest. The goal is to determine the
validity of using XRF to study the
turquoise chemical composition for
provenance studies and thus, to apply it
to archeological data in order to evaluate
Mesoamerican long-distance trade.

O-7. Nondestructive in situ
XRF provenance study of
Mesoamerican turquoise
K. Laclavetine(1,2), J.L. Ruvalcaba-Sil(3),
E. Melgar(4), V. Aguilar Melo(3) and M.
Manrique Ortega(3)
(1) Centro Nacional de Aceleradores (CNA),
Universidad de Sevilla-CSIC-Junta de
Andalucía, Seville, Spain;
kilian.lac@gmail.com
(2) Departamento de Física Atómica,
Molecular y Nuclear, University of Seville,
Seville, Spain
(3) Instituto de Física, Universidad Nacional
Autónoma de México, Mexico
(4) Museo del Templo Mayor, Instituto
Nacional de Antropología e Historia, Mexico
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Ramírez and J. G. Morales from the IFUNAM for their collaboration in the XRF
measurements. Thanks are due also to J.
Fleury Curado (Instituto de Física,
Universidade de São Paulo, Brazil) for her
assistance during the XRF study in the
Museo del Templo Mayor. This research has
been supported by grants from CONACyT
U49839-R, CONACyT 131944 MOVIL II
and PAPIIT UNAM IN402813 ANDREAH
II.

The Aztecs among other Mesoamerican
cultures used significant amounts of
green-blue minerals, generally designated
as turquoise, in their offerings. The aim
of this work is to determine the chemical
composition of blue minerals present in
artefacts discovered during several
archaeological excavations among which
the Templo Mayor in MéxicoTenochtitlán, Aztecs former capital.
This work proposes a first evaluation of
the different mineral species by

[1] P. C. Weigand, G. Harbottle, E. V. Sayre,
Exchange Systems in Prehistory (1977) 1534.
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conditions
and
the
environment
surrounding the rock shelters.
To that end, some pilot rock shelters, in
the Archaeological Park of Facatativá,
were chosen to do chemical and
structural analyses of the different
pigments that compose their mural
paintings. With the help of techniques,
such as XRD, SEM / EDS, and Raman
Spectroscopy, have been detected
different treatments to the pigments, from
the use of simple natural ochre, without
any transformation, until clay minerals
heated to temperatures between 500 and
600ºC. Using these records as base, this
research and study brings new aspects
into the ongoing research process about
the materials present in these rock art
paintings and launches the works about
technology of pigments. Furthermore, the
study of the materials clears the way for
conservation work, and also proves
essential for the projected studies on
dating.

O-8. Raw materials and
pigments of rock art paintings
in Colombia
Judith
Trujillo-Tellez(1),
Muñoz-Castiblanco(1) and
Rodríguez M.(1)

Guillermo
Carlos A.

(1) GIPRI, Colombia (Research Group of
Indigenous Rock Art), Calle 94A # 61-05
Casa 61; giprinet@gipri.net

GIPRI has been developing a rigorous
registration and documentation of at least
15 areas of rock art, with paintings and
engravings in the Savannah of Bogotá,
the central-eastern of Colombia. Until
now, a chronology of rock art has not
been possible. It is very difficult to
connect it with other events studied in the
archeology of these areas. It is uncertain
to what period exactly it could belongs,
inasmuch the rock art may have been
made, from 12,500 years ago (oldest
occupation located in the Savannah of
Bogotá), until the sixteenth century (to
the arrival of the Spanish conquerors).
For this reason, the research group has
entered a new phase of research to search
through studies Archaeometry an
additional way to contextualize the rock
art areas. These advances in research
have focused on finding possible
techniques used to paint, processes or
recipes for making pigments, and the
acquisition of raw materials. At the same
time, it was considered an analysis to
understand the deterioration that
paintings have suffered due to weather

Figure 1: Sectional view of rock painting with the
bedrock. Can be observed the mineralogical rock
composition and thickness of pigments. Reflected
light microscope, 20X magnification.
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manufacture. The analytical protocol
included in situ X-ray Fluorescence
analyses (XRF) as well as laboratory
microsample examination and analyses
by Optical Microscopy (OM), Scanning
Electron Microscopy (SEM-EDX), X-ray
Diffraction (XRD) and micro-Raman
microscopy
(μ-Raman).
The
preparatory/ground materials along with
the metal-leaf decorations and relevant
mordants, as well as the inorganic
pigments
have
been
thoroughly
investigated.
Analytical results indicate that postByzantine craftsmen had access to a
reasonable variety of inorganic pigments
as well as to high-quality gold leaves.
Moreover, it turned out that they were
aware of sophisticated techniques some
of which are not described in surviving
Greek technical texts such as the
‘Hermeneia’.

O-9. The materials of postByzantine Greek icons
Georgios
P.
Mastrotheodoros(1,2),
Konstantinos G. Beltsios(1) and Varvara
Papadopoulou(3)
(1) Department of Materials Science and
Engineering, University of Ioannina,
Ioannina, 45110
(2) Laboratory of Archaeometry, INN, NCSR
‘Demokritos’, Aghia Paraskevi, Attiki, 15310
(3) Ephorate of Antiquities of Arta, Arta,
47100

The Greek word ‘icon’ is commonly used
to denote the ritual panel paintings used
in the context of Orthodox Christian
Church. On the basis of historical
records, the craft of icon painting is
thought to have existed from the very
beginnings of Christianity, while it
peaked artistically during the Byzantine
Period (~330-1453) [1]. As far as the
modern-day Greece areas are concerned,
the craft continued to be practised
throughout the post-Byzantine period
(~1453-1830) and the outcome includes
numerous skilfully crafted icons.
The materials and techniques of icon
painting have been described in detail in
a text (‘Hermeneia’) written by an early
18th century Greek Hieromonk [2]. On
the other hand, during the last few
decades the materials of icons have been
identified
through
physicochemical
investigations [3]. Nevertheless these
studies have been mostly focused either
on specific material aspects [4] or/and on
limited number of artefacts [5].
In the framework of a PhD research
programme, more than fifty notable icons
– coming mostly from south-west Greece
– have been subjected to detailed analysis
in order to reveal the inorganic and
pigment materials used in their

[1] P. Vokotopoulos, Byzantine icons, ‘Greek
Art’ series, Ekdotiki Athinon, Athens, 1995.
[2] Dionysius of Fourna, The interpretation
(‘Hermeneia’) of the art of painting (in greek:
Η ερμηνεία της ζωγραφικής τέχνης), edited
and published by A. PapadopoulosKerameus, Petersburg, 1909, reprinted in
Athens by K. Spanos, 1997.
[3] S. Sotiropoulou, Sr. Daniilia, Material
aspects
of
icons.
A
review
on
physicochemical studies of Greek icons,
Accounts of Chemical Research 43(6), 877887, 2010.
[4] I. Karapanagiotis, D. Lampakis, A.
Konstanta, H. Farmakalidis, Identification of
colourants in icons of the Cretan School of
iconography using Raman spectroscopy and
liquid
chromatography,
Journal
of
Archaeological Science 40, 1471-1478, 2013.
[5] L. Burgio, R. J. H. Clark, K. Theodoraki,
Raman microscopy of Greek icons:
identification
of
unusual
pigments,
Spectrochimica Acta Part A 59, 2371-2389,
2003.
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archaeological sequence from the buried
floor deposits, radiocarbon-dated from
≥48,000 cal BP to the early twentieth
century C.E., has revealed some of the
oldest known cultural deposits in
Australia. About fifteen facetted crayons
with use-striations were excavated from
seven squares near the base of the pillars.
These cover a range of colours including
red, pink, yellow, brown and black.
We have subjected these crayons to
macroscopic observations and noninvasive microanalytical techniques (e.g.
portable XRF and PIXE), along with
structural techniques (e.g. XRD in
reflection mode), in order to determine
whether we could identify distinctive
groups, and, if so, to determine if the
groups fall into distinct chronological
and/or spatial sets based on their
chemical
fingerprints
and/or
mineralogical structures. The results
obtained indicate that, through time,
different kinds of earth pigments were
used, each with a distinctive set of
chemical characteristics. This suggests
that, in this part of the world,
archaeologically excavated ochres can be
used
as
chronological
markers.
Investigations of the chemistry of onwall painting scan can therefore also be
used to help date the art. A further
implication is that chemical analysis of
pigments and artworks can also be used
to explore the sociality of pigment
sources, colour choices and spatial
patterns in the art through time.

O-10. What can the chemistry
of crayons tell us about the
past? Spatio - temporal
correlations
at
Nawarla
Gabarnmang (Australia)
Géraldine Castets(1), Émilie Chalmin(1),
Bruno
David(2),
Jean-Jacques
(1)
Delannoy , Jean-Michel Geneste(3),
Pauline
Martinetto(4),
Jean-Louis
(4)
Hodeau , Robert G. Gunn(2) and
Margaret Katherine
(1) Univ.Grenoble Alpes, Laboratoire
EDYTEM, F-73376 Le Bourget-du-Lac,
France CNRS, Laboratoire EDYTEM, F73376 Le Bourget-du-Lac, France
(2) Monash Indigenous Centre, Monash
University, Clayton, Victoria 3800,
Australia
(3) CNRS UMR 5199 PACEA, Université
de Bordeaux CS 50023, 33615 Pessac
France
(4) Univ. Grenoble Alpes, Inst NEEL, F38042 Grenoble, France CNRS, Inst
NEEL, F-38042 Grenoble, France
To create rock art raw coloring material
is needed, with transformed artefacts
produced along each step of the pigment
preparation line, such as grindstones,
broken pieces of ochre, facetted crayons
with striations, and drops of paint that
have dripped from overhanging ceilings
onto the floor. In the case of the
remarkable rock art site of Nawarla
Gabarnmang, located on the southcentral Arnhem Land plateau, excavation
has revealed a large number of such
artefacts. The ceiling of the site contain
well over 1300 still-visible paintings in
multiple,
superimposed
layers.
Innumerable additional paintings cover
many of the rock pillars’ walls. The
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ray fluorescence microscopy [2] and
near-IR spectroscopy [3] in developing a
toolkit for characterizing ochre and to
provide insights into the complex
mineralogy and elemental composition of
these natural materials.
Our results demonstrate the advantages
of using non-destructive and sensitive
methods in the analysis of ochre
pigments and Australian Aboriginal
objects [4]. This presentation will cover
the analysis of an extensive NAA data set
and
understanding
archaeological
exchange and subsequent cultural
interpretation. This study contributes to a
more complete understanding not only of
Australian ochre but also of Indigenous
pigments worldwide.

O-11. Elucidation of cultural
exchange
by
elemental
characterisation of Australian
Aboriginal pigments
Rachel S. Popelka-Filcoff(1), Claire E.
Lenehan(1) John W. Bennett(2), Attila
Stopic(2) and Keryn Walshe(3)
(1) School of Chemical and Physical
Sciences, Flinders University, Adelaide, SA,
Australia
(2) Centre for Nuclear Applications, ANSTO,
Lucas Heights, NSW, Australia
(3) Department of Anthropology, South
Australian Museum, Adelaide, SA, Australia

Ochre is a complex geological material
that has several profound cultural uses
and meanings worldwide. Despite its
importance,
there
is
limited
understanding of its fundamental
mineralogy, technology, and cultural
exchange. Mixtures and applications of
pigments present a challenging analytical
problem, especially in the context of the
need for non-destructive elemental
analysis of mixed pigments on objects
with a variety of shapes and sizes.
This presentation will describe our recent
research into methods to characterize the
complexity of Indigenous Australian
ochre pigments. We describe the
establishment of an extensive database of
ochre from identified sources and
archaeological contexts across Australia.
Through the
use
of
elemental
characterization by neutron activation
analysis
(NAA)
[1]
we
have
demonstrated the capability to identify
the geographical and geological origin of
Australian ochre minerals, including
those present in Aboriginal Australian
archeological
sites.
This
study
complements our recent work using X-

[1] R.S. Popelka-Filcoff, C.E. Lenehan, M.D.
Glascock, J.W. Bennett, A. Stopic, J.S.
Quinton, A. Pring, K. Walshe, Evaluation of
relative comparator and k 0-NAA for
characterization of Aboriginal Australian
ochre. Journal of Radioanalytical and Nuclear
Chemistry, 291 (1), 19-24 2012.
[2] R.S. Popelka-Filcoff, C.E. Lenehan, E.
Lombi, E. Donner, D.L. Howard, M.D. de
Jonge, D. Paterson, K. Walshe, A. Pring,
Microelemental
characterisation
of
Aboriginal Australian natural Fe oxide
pigments. Analytical Methods, 7, 7363-7380
2015.
[3] R.S. Popelka-Filcoff, A. Mauger, C.E.
Lenehan, K. Walshe, A Pring, HyLogger(™)
near-infrared spectral analysis: a nondestructive mineral analysis of Aboriginal
Australian objects. Analytical Methods, 6 (5),
1309-1316 2014 .
[4] R.S. Popelka-Filcoff, Pigment Analysis in
Archaeology. In Encyclopedia of Global
Archaeology, Smith, C., Ed. Springer: New
York, 2014.
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spectrometry applied on the fragments of
mural paintings. This first set of
measurements was conducted in situ at
the storage of the Italian Archaeological
Mission in Hierapolis, where all the
excavated materials were stocked. In this
way it was possible to have a first
characterization and to group by type all
investigated fragments. Then, the most
representative and interesting samples
were sampled for further studies with
laboratory techniques such as optical and
electronic microscopy, FTIR and X-ray
diffraction.
The sampled fragments are made with a
plaster mainly constituted by lime with
straw without aggregate, or lime with
sand river aggregate. Moreover, it was
possible, to observe one or more (up to
three) layers of plaster. The pigments
used were red ochres and, in few cases,
minium for the red, lapislazuli or
Egyptian blue for the blue, a mixing of
Egyptian blue and green earth for the
green, ochres for the yellow and carbon
for the black.

O-12.
Multi
analytical
approach for characterizing
materials and pigments of
Byzantine wall paintings in
Hierapolis archaeological site
(Turkey)
Emma Cantisani(1), Susanna Bracci(1),
Silvia Vettori(1), Barbara Sacchi(1),
Cristiano Riminesi(1) and Piera Caggia(2)
(1) National Research Council, Institute for
the Conservation and Valorisation of
Cultural Heritage, Via Madonna del Piano,
10 Sesto Fiorentino Italy;
e.cantisani@icvbc.cnr.it
(2) National Research Council, Institute for
Archaeological and Monumental Heritage,
Via per Monteroni, Lecce Italy;
p.caggia@ibam.cnr.it

The study of fragments of Byzantine wall
paintings
reoriginating
from
the
Sanctuary of the Apostle Philip, in
Hierapolis of Phrygia, one of the great
Hellenistic, Roman and Byzantine cities
of south-western Turkey (Pamukkale,
Denizli Province), was carried out in the
framework of the Marmora Phrygiae
project financed by the Italian Ministry
of University and Research (MIUR).
The plasters decorated the Byzantine
church with three naves built over the
tomb of the Apostle. The archaeological
investigations have recovered the
fragments of plaster of the apses and the
narthex.
This study was firstly performed using a
series of non-invasive techniques such as
Ultraviolet (UV) fluorescence and
Visible Induced Luminescence (VIL)
belonging
to
the
multispectral
photographic techniques, Fiber Optic
Reflectance Spectroscopy (FORS) and
portable X-Ray Fluorescence (XRF)

O-13. The longevity of ceramic
production
centres:
Implications for the analysis
of pottery
Peter M. Day(1) and Vassilis Kilikoglou(2)
(1) Department of Archaeology, University of
Sheffield, Northgate House, West Street,
Sheffield S1 4ET, UK;
chtsai1@sheffield.ac.uk;
p.m.day@sheffield.ac.uk
(2) Institute of Nanoscience and
Nanotechnology, NCSR Demokritos, Aghia
Paraskevi, 15310 Athens, Greece;
v.kilikoglou@inn.demokritos.gr
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Recent analytical programmes on pottery
of the Aegean Bronze Age have
identified compositional patterns that not
only link the early third millennium to
the first millennium BCE, but also
clearly
represent
the
prehistoric
foundations for production at least
through to Roman times. Continuity in
ceramic craft practice can be understood
in terms of specific choices made in raw
material selection and manipulation, but
also through the frequent recurrence of
characteristic methods of vessel forming,
the nature, quality and aesthetics of
surface finishes and even firing practice.
The majority of chemical and
petrographic studies of ceramics, in the
Aegean
and
beyond,
interpret
technological reconstructions and the
distribution of pottery products through
the specific lens of a correlation between
production organisation and political
structure. But the suggested continuities
of practice over millennia, against a
background of change in social, political
and economic conditions, call into
question such simple correlations. This
suggests a fundamental challenge to the
interpretation of all but the most
integrated and synthetic ceramic
analytical projects.
So what are we to expect from our
analyses if most craft practices are
historically contingent? If pottery is
being exchanged widely from its earliest
appearance, then how do we construct
research projects and interpret data from
the study of provenance and technology?
Using a number of different, detailed
case studies which emphasise the history
of practice in specific pottery production
centres, this paper questions what we are
to understand by continuity in pottery
manufacture and the degree to which
such practices may even mask variation

in craft organisation and perceived
productive complexity.
We argue that, within the Aegean, these
insights emphasise anew the value of the
extensive databank of NAA analyses, as
long as they are revisited to confirm or
overturn the archaeological assumptions
which underlay their selection as samples
for reference groups. We discuss the
pivotal role of integrated programmes of
analysis, based on a careful combination
of macroscopic, petrographic, chemical
and microstructural techniques.
The implications of these emerging
patterns for our understanding of ceramic
production in the Mediterranean and
beyond are considered.

O-14. Minoan-style Transport
Jar production in the LHIIIB
Argolid, Greece
Marta Tenconi(1), Peter M. Day(1), Katie
Demakopoulou(2),
Eleftheria
Kardamaki(3), Joseph Maran(4) and
Alcestis Papadimitriou(5)
(1) Department of Archaeology, University of
Sheffield, Northgate House, West Street,
Sheffield, S1 4ET, UK
(2) Director Emerita of the National
Archaeological Museum, Athens, Greece
(3) OREA, Institut für Orientalische und
Europäische Archäologie, Vienna, Austria
(4) University of Heidelberg, Institute for
Prehistory, Early History and Near Eastern
Archaeology, Heidelberg, Germany
(5) Ephorate of Antiquities of the Argolid,
Nauplio, Greece

The relationship between the Mycenaean
world and Minoan Crete has been much
debated and the provenance of the
Transport Stirrup Jars (TSJs) has often
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been central to discussion. TSJs moved
in large quantities between the mainland
and Crete in the Late Bronze Age and
their analysis has an important place not
only in the development of ceramic
analysis, but also in the reconstruction of
economic organization and power
relations during the Late Bronze III
period.
A recent project has studied TSJs from
the Mycenaean citadels of Tiryns and
Midea (Argolid), with a full macroscopic
assessment of major deposits based on
shape, decoration and fabric. In contrast
to picture gleaned from previous
analytical projects, the transport jars from
Tiryns and Midea are far from dominated
by imports from Chania. Whilst these are
indeed numerous, they are accompanied
by at least as many from other sources,
present in the dump deposits from the
final destruction of the Argive palaces at
the end of the LH IIIB2 period. A range
of fabrics has been characterized, with
numerous sources, including West,
Central and East Crete, Kythera, Kos and
a variety of sources on the Mycenaean
mainland.
Amongst these an important group of
TSJs with a fabric characterized by
argillaceous rock fragments often defined
as ‘mudstone breccia’ is considered local.
These jars are characterized by a painted
deep wavy line octopus decoration,
characteristic of Central Cretan vessels;
moreover, they were produced following
a very specific forming technique: the
first coil of the wall is joined directly to
the base of the vessel. This is something
which is commonly considered as an
indicator of forming practice in Crete,
but relatively unknown in the mainland.
Our analyses offer evidence for the
production of Minoan-style transport jars
in the Mycenaean heartland. Far from a

matter of imitation, the forming method
used may suggest the presence of Minoan
potters in the Mycenaean world.

O-15.
Neolithic
pottery
production and circulation in
Macedonia, northern Greece.
An analytical approach
Anastasia Dimoula(1), Niki Saridaki(2),
Antonis Koronaios(3), Dushka UremKotsou(4) and Kostas Kotsakis(5)
(1) Laboratory of Prehistoric Archaeology,
Department of Archaeology, Aristotle
University of Thessaloniki, 54621,
Thessaloniki, Greece; adimoula@hist.auth.gr
(2) Laboratory of Prehistoric Archaeology,
Department of Archaeology, Aristotle
University of Thessaloniki, 54621,
Thessaloniki, Greece; n.saridaki@yahoo.gr
(3) Department of Mineralogy – Petrology –
Economic Geology, University of
Thessaloniki, Greece;koroneos@geo.auth.gr
(4) Department of History and Ethnology,
Democritus University of Thrace, 69100,
Komotini, Greece; durem@he.duth.gr
(5) Laboratory of Prehistoric Archaeology,
Department of Archaeology, Aristotle
University of Thessaloniki, 54621,
Thessaloniki, Greece; kotsakis@hist.auth.gr

"Thalis" is a large interdisciplinary
research project, undertaken by the
Aristotle University of Thessaloniki,
aiming in exploring material culture and
environment in the Neolithic of
Macedonia, northern Greece. This is
achieved through the study and analysis
of the whole range of the Neolithic
material remains, the most robust and
abundant of which is pottery. In this
context the ceramic assemblages of
thirteen Neolithic sites were studied,
primarily macroscopically and secondary
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through the application of analytical
techniques.
This paper will present the results of the
ceramic petrography analysis carried out
as integral part of the study of the pottery
assemblages, accompanied by extensive
raw material prospection in the sites'
environs. The methodological importance
of the particular analysis lies in the fact
that it was conducted on a large scale,
both in spatial and temporal terms, as the
sites cover a large geographic area
(central and western Macedonia, west of
Strymon River to upper Haliakmon
River) and a very broad chronological
spectrum (from the initial to the late
phases of the Neolithic, c. 6700-4000
B.C.), including a large number of
pottery and raw material samples.
The results of the analysis shed light on
various aspects of the Neolithic pottery
production and circulation. The specific
technological characteristics of the
pottery production of each site are
investigated, with an emphasis in the
humans' relation with their environment,
as expressed in raw material exploitation.
Moreover, the multifaceted interactions
between the sites are explored, on an
intra- and inter-regional level, through
the identification of circulated pots, or
materials, techniques, and ideas. Finally,
this diachronic in time and synchronic in
space analytical approach leads to the
formation of interpretative schemas for
the Neolithic pottery production and
circulation in Macedonia, incorporating
concepts of landscape perception and
exploitation, regionalism, mobility, and
networking.

O-16.
Tracing
pottery
provenance along the Nile
River by trace elements and
isotope analysis
E. Gravagna(1), L. Maritan(1), G.
Cavazzini(2), A. Zerboni(3), G. Dal
Sasso(1), C. Mazzoli(1), S. Salvatori(4) and
A. Ali Mohamed(5)
(1) Department of Geosciences, University of
Padova, Via Gradenigo 6, I-35131 Padova,
Italy
(2) Institute of Geosciences and
Georesources (IGG), CNR, Via Via
Gradenigo 6, I-35131 Padova, Italy
(3) Department of Earth Sciences “A.
Desio”, University of Milan, Via Mangiagalli
34, I-20133 Milano, Italy
(4) Centro Studi Sudanesi e Sub-Sahariani
(CSSeS), Strada Canizzano 128/d, I-31100
Treviso, Italy
(5) National Corporation for Antiquities and
Museums (NCAM), Khartoum, Sudan

Provenance of raw materials is extremely
important in archaeological studies
because it helps reconstructing possible
trades, exchange activities, social
contacts and organization within ancient
societies. Specific petrographic markers
and geochemical signatures of reference
groups and clay deposits may provide
constraints on the possible provenance of
raw materials and ceramic products for
coarse
and
fine
paste
pottery,
respectively. Unlike human remains and
other materials used in antiquity, the
provenance of pottery has been only
recently investigated by isotope analysis
and limited to a few cases, since the
isotopic signature of a potsherd depends
on both that of the clay and of the likely
added temper.
This research explores the possibility of
combining petrographic, geochemical
72

41st INTERNATIONAL SYMPOSIUM ON ARCHAEOMETRY
and isotope analyses on the study of
pottery from central-northern Sudan, to
understand the social organization and
the material culture from the Mesolithic
to the Neolithic period at regional level.
Previous archaeometric analyses indicate
that this pottery is characterised by a
variety of decorative motives [1], and
produced by river clays tempered with
quartz or K-feldspar. Regarding the first
type (quartz-tempered pottery), the
homogeneity of the Nubian desert sand
does not allow to univocally constrain the
provenance of the pottery. In this sense,
Sr and Nd isotope ratios may give
important information, for comparison
with sediments collected along Nile and
its tributaries, characterised by different
isotopic signatures due to the different
rock types outcropping in the respective
hydrographic basins [2].
Preliminary results by TIMS (ThermalIonization-Mass-Spectrometry) indicate
that quartz-rich Mesolithic pottery was
obtained using clay probably deposited
by both White Nile and Blue Nile, in the
area south of Khartoum.
The study is now extended to the clay
fraction of the feldspar-tempered pottery,
found in numerous places far from
feldspar-bearing rocks, in order to define
whether the pottery was imported from
elsewhere or locally produced using
imported temper.

O-17. The Roman amphorae
kilns from the western and
southern coast of Lusitania:
Chemical
patterns
for
provenancing
M. I. Dias(1) and M. I. Prudêncio(1)
(1) Centro de Ciências e Tecnologias
Nucleares – C2TN. Campus Tecnológico e
Nuclear. Instituto Superior Técnico, Polo de
Loures. Portugal;
isadias@ctn.tecnico.ulisboa.pt

Portuguese occidental and southern
coasts comprise the most important
ceramic productions centres in the
Lusitania province of Roman epoch,
namely the two lower basins of Sado and
Tagus rivers, and the Algarve
respectively. In this work a chemical
database of numerous Lusitanian
amphorae workshops running during the
period between the first and the fifth
century AD is presented, comprising
circa 1000 samples. For each production
center a set of geochemical features was
selected aiming at the establishment of
reference
groups.
The
chemical
composition of ceramics and clays was
obtained by instrumental neutron
activation analysis and mineralogy by Xray diffraction.
Obtained results enable to clearly
differentiate the various occidental
workshops analysed, especially by
plotting uranium versus europium
anomaly. Also it was possible to
establish reference groups within each
basin, distinguishing the different Tagus
production centers, and attributing two
main geochemical features to all the
analysed Sado kilns. This was a relevant
achievement, due to the difficulties in
differentiating amphorae productions

[1]
Salvatori
S.
(2012).Disclosing
Archaeological Complexity of the Khartoum
Mesolithic. New Data at the Site and
Regional Level. African Archaeol. Rev., 29.
[2] Padoan M., Garzanti E., Harlavan Y.,
Villa I.M. (2011) Tracing Nile sediment
sources by Sr and Nd isotope signatures
(Uganda, Ethiopia, Sudan). Geochim.
Cosmochim. Acta,75, 3627-3644.
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located in two estuaries with a common
geological
history.
Geochemical
considerations allowed to attribute more
mafic or felsic contributions to the
available raw materials, like the resource
to mafic materials mixed with brackish
clays (high concentrations of Co, As and
U, and low of Fe, Zn, Sb, Rb, K) in one
case, or to fine-grained argillaceous and
organic rich sediments in an other case.
The Algarve workshops have a good
correlation
between
the
various
production centers and local raw
materials, and comparing to the other
Lusitania productions they are generally
depleted in K, Rb, Cs, Ta and Th.
In this work, by combining chemical
patterns from the most important
production centres of Lusitania together
with the prime raw material and
archaeological evidence, a contribution
to reconstruct patterns of Roman trade
and commercial routes, from the
production and distribution to the
consumption was attained, thus inferring
on economy debate on Roman times.

O-18.
Hellenistic
Colour
Coated ware pottery from Nea
Paphos.
An
integrated
approach to the study of
provenance and technology of
fine ware pottery
Edyta Marzec(1), Evangelia Kiriatzi(2),
Noémi S. Müller(2) and Anno Hein(3)
(1) Jagiellonian University, 24 Golebia
Street, 30-007 Krakow, Poland
(2) Fitch Laboratory, British School at
Athens, 52 Souedias Street, 10676 Athens,
Greece
(3) National Center for Scientific Research
“Demokritos”, 15310 Aghia Paraskevi,
Greece

The dominant part of Hellenistic fine
ware pottery that has been unearthed
during the excavations in Nea Paphos is
the so called Colour Coated ware
(CCW). John W. Hayes, who introduced
this term, gives
the following
characterization of these ceramic
products “…bear a mat or semilustrous
slip of variable color, normally iron-rich,
and deeper in tone than the body-clay”
[1]. Moreover, this category presents a
wide variety of forms with bowls, plates
and jugs being only a few examples.
However, CCW vessels of the same
shapes were manufactured in the whole
area of the Eastern Mediterranean. The
unification of forms and style of fine
ware pottery causes a lack of clear visual
(macroscopic)
differentiation
and
difficulties
in
separating various
products. Moreover, no ceramic kilns
datable to the Hellenistic Period have
been found in Cyprus. Therefore, there is
still a gap in our knowledge of CCW
production location.

C2TN/IST authors gratefully acknowledge
the
FCT
support
through
the
UID/Multi/04349/2013 project, and the
support in the frame of the Protocol of former
institutions ITN and IPA and of the FCT
projects
PTDC/HAH-69506/2006,
PTDC/HAH-74057/2006,
PTDC/HISHEC/116742/2010.
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(2) Aix Marseille Université, CNRS,
Ministère de la Culture et de la
Communication, Centre Camille Jullian
UMR 7299, 13094, Aix en Provence, France
(3) Dipartimento di Scienze della Terra,
dell’Ambiente e delle Risorse, Università
degli Studi di Napoli Federico II, via
Mezzocannone 8, 80134, Napoli, Italy
(4) UCLA/Getty Conservation Program and
Cotsen Institute of Archaeology, University of
California Los Angeles, A210 Fowler
Building, Los Angeles, CA 90095-1510, USA
(5) Materials Science and Engineering
Department, University of California Los
Angeles, Box 951595, Engineering V, Los
Angeles, CA 90095-1595, USA

The aim of this study is to distinguish
and characterise local and imported
fabrics. Additionally, in order to
investigate the links between the CCW
production
organisation
and
manufacturing technology and social,
economic and cultural factors, the chaîne
opératoire involved is reconstructed.
However, macroscopic and typological
analyses are not sufficient to answer the
research
questions.
Hence, these
objectives are achieved through the
combination of macroscopic and
typological examination with a suite of
analytical
techniques
aiming
at
compositional
and
textural
characterisation. Selected ceramic and
geological samples were analyzed by
using X-ray fluorescence (WD-XRF),
thin section petrography and scanning
microscopy (SEM). In this paper, the
potential of an integrated approach for
studying provenance and technology of
CCW pottery will be demonstrated.

The Via dei Sepolcri pottery workshop is
one of the most important archaeological
discoveries of the latest years in Pompeii;
until the unearthing of this atelier, the
technology of Pompeian production was
almost unknown. The archaeological
campaigns (French CNRS) evidenced
perfectly preserved structures, and
allowed collecting unfired and fired
fragments of Thin Walled pottery. A
multidisciplinary approach has been
carried out on potshards addressing the
skills adopted by the artisans. The first
room was used for the preparation of the
vessels, four potter’s wheels were utilised
for moulding Mayet XX forms. The clay
and the unfired pots found show a fine
texture including clay minerals, quartz
and feldspar along with grains of
volcanic sand. The texture highlighted a
preparation of the clay body that included
a former levigation of the clay, which
was then tempered with sand. This
procedure
allowed
reaching
the
technological performances regarding the
thickness of the walls. After moulding,
the vases were dried and the craftsman

[1] J. W. Hayes, Paphos, III: The Hellenistic
and Roman Pottery, Nicosia, 68, 1991.

O-19. The Via dei Sepolcri
workshop in Pompeii: A
snapshot of the ceramic
crafting activity before 79 AD
eruption
Celestino Grifa(1), Laëtitia Cavassa(2),
Ornella Amore(1), Diana Barra(3), Alberto
De Bonis(3), Christian Fischer(4), Chiara
Germinario(1), Francesco Izzo(1), Alessio
Langella(1), Ioanna Kakoulli(4,5), Mariano
Mercurio(1) and Vincenzo Morra(3)
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argil@usal.es

finished the artefacts by applying a
red/orange slip. SEM and spectroscopic
techniques carried out on the slips show a
fine matrix with scattered nanoparticles
of Fe oxide; the mineralogical and
chemical features of the slip infer the use
of a red ochre pigment. The finished
vessels fired in the neighbour rooms, in
an oxidising atmosphere at 900°C,
allowed consolidating the vases and
giving a metallic luster to the surfaces.
The
combined
geochemical
and
micropaleontological approach locates
the exploited Miocene clays in the
Picentini Mountains. Although the
provenance of temper is quite easy to
identify by comparing minerals included
in potshards and those in sand of
Vesuvius environs, the exploiting site of
red ochre is still a matter of discussion.
Historical sources by Vitruvius and Pliny
proposed
an
importation
from
Southeastern Mediterranean Sea for this
pigment, however closer exploiting sites
should be considered.

From the mid-first century BC to the
mid-third century AD, the Kushan
dynasty ruled in the historical region of
ancient Bactria. It is considered a period
of political stability that favoured the
spread of the Buddhist worship across the
region. Termez (southern Uzbekistan)
was an important Buddhist religious
centre and held three monastic
complexes, Tchingiz Tepe, Kara Tepe
and Fayaz Tepe, which included stupa
and colourful narrative wall paintings
and architectural reliefs. As suggested by
the presence of rectangular kilns, these
centres produced pottery, consisting
mainly of slipped and unslipped
tableware (cups, bowls, plates, platters
and jugs) and common wares (jars,
containers, basins, mortars and oil
lamps).
This paper presents the characterisation
of 78 table and common wares recovered
in recent excavations at Tchingiz Tepe.

O-20. Pottery production in
the Buddhist centers of
ancient Bactria (Central Asia)
during the Kushan period
Verònica Martínez-Ferreras(1), Andreas
Angourakis(2),
Josep
M.
GurtEsparraguera(3), Anno Hein(4), Ana
Sánchez del Corral(5) and Enrique AriñoGil(6)
(1) ERAAUB, Department of Prehistory,
Ancient History and Archaeology, University
of Barcelona. Address: Carrer de
Montalegre, 6-8, 08001, Barcelona, Spain;
vmartinez@ub.edu
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The early 2nd millennium AD site of
Ntusi in western Uganda represents the
first centralised settlement in Great Lakes
East Africa, recording tantalising
evidence for large-scale social and
political organisation. Recent research,
including
the
analysis
of
zooarchaeological remains [1] and
historical linguistic studies [2], suggests
that this important social change took
place via local internal development,
rather than through an external Nilotic
influence. The site also records a drastic
change in material culture, including the
emergence of a distinctive rouletted
pottery style, of which c. 60,000 sherds
have been recovered to date. This rich
assemblage has so far only been recorded
from a typological standpoint, with little
attention given to the technology of these
artefacts and their potential for answering
questions about the development of the
site, and its relationship to other
settlements in the region. Importantly,
the significance of technological style in
the representation of cultural identity has
been found in ethnographic ceramic
assemblages from the wider region [3].
This suggests the possibilities for using
ceramic technology as the key cultural
indicator on material from the African
Past to interpret complex social and
cultural systems such as social
stratification, definition of identity and
political development. As part of a
doctoral research project at the UCL
Institute of Archaeology, a selection of
ceramics from Ntusi are being analysed
by a combination of thin-section
petrography,
portable
X-ray
fluorescence,
scanning
electron
microscopy and X-ray diffraction.
Material sampled across both temporal
and spatial dimensions at the site is being
used to investigate external contacts,

The aim is to identify the provenance and
the main technological processes
involved in the pottery manufacture,
namely raw materials procurement and
processing, forming, surface treatment
and firing. The geochemical composition
of the pottery sherds and 3 local clays,
used as reference patterns, was
determined by X-Ray Fluorescence
(XRF), X-Ray Diffraction (XRD) and
thin section optical microscopy (OM).
The surface coatings of some selected
samples were examined by SEM-EDS.
The results were compared with the
coeval pottery recovered in Zar Tepe, a
nearby Kushan and Buddhist site.
The study reveals that the pottery
production at Tchingiz Tepe was quite
homogeneous in composition and the
technological patterns were highly
standardised.
Two
main
pottery
productions were identified, constituted
by vessels used in the everyday life of the
religious community. Within these two
groups, we identified several chemical
reference groups and the corresponding
petrographic (sub)fabrics. Although the
pottery from Zar Tepe showed a higher
variability, they are still clearly
distinguished from those found in
Tchingiz Tepe. Therefore our results
suggest that trade relationships were
minimal between the Buddhist centres of
ancient Bactria, as far as pottery
circulation is concerned.

O-21. Complexity in African
Ceramics?
Hannah B Page(1), Patrick Quinn(1) and
Andrew Reid(1)
(1) Institute of Archaeology, University
College London, London, United Kingdom
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craft traditions, and the evolution of
pottery technology. This presentation
will outline the background to the ongoing research and the preliminary
findings, including the potential of using
technological analysis in a sub-Saharan
African context.

and presents one of the most commonly
found glazed wares between the Persian
Gulf, Iran and the east coast of Africa. In
the absence of any analytical study, the
provenance and uniformity of the Ware
remained the subject of an open debate in
archaeology [1]. In this context, the
current research has undertaken analyses
of Bahla/Khunj ceramic samples
excavated at the Bin ‘Ᾱtī House site in
al-Ain, UAE, providing a unique insight
into the regional consumption [2].
The characterization of 44 ceramic
samples from three horizons of the al-Ain
site was done with ceramic petrography.
The chemical composition of the glazes
was examined with SEM-EDS, on subsamples selected from petrographic
fabrics. The determination of glaze
provenance was done with lead isotope
analysis.
The results show the correlation between
fabrics and the composition of glazes.
Out of 44 samples, 40 can be grouped in
one fabric that contains pottery from all
three horizons, testifying to the
continuity of consumption of the same
ceramic type. The pottery of this fabric is
coated with a lead-barium glaze, in
which the content of barium (BaO 713%) is inversely proportional to the
content of lead (PbO 17-40%). Hence,
the glaze can be described as mineralbased and the ongoing lead isotope
analysis aims to provide more
information about its provenance. Apart
from the main fabric, another 4 samples
can be described as petrographic loners
and these have different types of lead
glazes, challenging the uniformity of
production.
The research aims to add a materials
science approach to the existing debate
about connectivity in the Indian Ocean,

[1] D. A. M. Reid, Cattle herds and the
redistribution of cattle resources, World
Archaeology 28 (1), 43-57, 1996.
[2] D. Shoenbrun, Cattle herds and banana
gardens: the historical geography of the
western Great Lakes region, ca 800-1500,
The African Archaeological review 11, 3972, 1993.
[3] O. Gosselain, Materializing Identities: An
African
Perspective,
Journal
of
Archaeological Method and Theory 7 (3),
187-217, 2000.

O-22.
Defining
ceramic
production of the Late Islamic
Arabia:
A
view
on
Bahla/Khunj Ware from alAin
Jelena Živković(1), Jose Cristobal
Carvajal
Lopez(1),
Myrto
(1)
Georgakopoulou and Timothy Power(2)
(1) UCL Qatar, Qatar Foundation, PO Box
25256, 2nd Floor, Georgetown Building,
Hamad bin Khalifa University, Doha, Qatar
(2) Zayed University, Humanities and Social
Sciences Department, P.O. Box 144534 Abu
Dhabi, U.A.E.

This paper addresses the production
technology of ceramics and glazes of the
Late Islamic Bahla/Khunj Ware offering
the possibility for a new perspective of
post-medieval exchange networks across
the Indian Ocean. The Bahla/Khunj Ware
is dated between the 17th-20th centuries
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so far informed by written sources and
archaeological finds.

great influence from Chinese porcelain
decorative patterns, but also on blue and
yellow as well as on polychrome
decorations. Moreover, at Talavera de la
Reina a special case has been
archaeologically
identified:
the
production of coarse ware utilitarian pots
exhibiting decorated glazes similar to
those of the majolica production. These
pots are called ‘Barros rojos’ (i.e. Red
clays) because of the red colour of their
low calcareous ceramic pastes.
A first step for the study of this
production was the chemical and
mineralogical characterization of 76
individuals from the Museo de Cerámica
Ruiz de Luna of Talavera de la Reina by
means of x-ray fluorescence (XRF) and
x-ray diffraction (XRD). The samples
were recovered from several excavations
undertaken in the town between 1995 and
2009, including ‘Barros rojos’ and
majolica samples of white, blue on white
and blue series, all of them dated back to
16th and 17th centuries, as well as two
polychrome tiles and one trivet. These
results revealed an image far more
complex than expected, with several
groups identified with no clear
correlation to specific decorative patterns
or chronologies of the individuals
analyzed. Thus, potsherds with the same
decorative patterns and made in the same
period are included in different chemical
groups and, at the same time, individuals
with different decorative patterns and
chronologies are joined together in the
same
chemical
groups.
Besides,
differences within each group are not
easy to identify due to their own
variability, and sometimes subgroups
may even overlap due to their chemical
similarity for some elements. In order to
investigate this issue thorougly, a set of
majolica and ‘Barros rojos’ individuals

[1] T.C. Power, (IN PRESS) A Ceramic
Chronology for Late Islamic al-Ain, UAE,
Journal of Islamic Material Culture, 2015.
[2] T.C. Power, P.D. Sheehan, The Bayt Bin
ʿĀtī in Qaṭṭārah Oasis: A Prehistoric
Industrial Site and the Formation of the Oasis
Landscape of al-ʿAin, UAE. Proceedings of
the Seminar for Arabian Studies 41,
267¬282, 2011.

O-23. Renaissance majolica
and ‘barros rojos’ from
Talavera
de
la
Reina
investigation by XRF, XRD
and SEM techniques
Cristina Fernández de Marcos García(1),
Marisol Madrid i Fernández(1) and Jaume
Buxeda i Garrigós(1)
(1) Cultura Material i Arqueometria UB
(ARQUB, GRACPE), Dept. de Prehistòria,
Història Antiga i Arqueologia, Universitat de
Barcelona, Montalegre, 6, 08001 Barcelona,
Catalonia, Spain

The town of Talavera de la Reina was
one of the most significant majolica, tin
lead glazed ceramic, production centre in
the kingdom of Castile during
Renaissance. The quality of this pottery
made the town a reference centre since
the 16th century, reaching its height
during the 17th and the beginning of the
18th century. Thus, whereas Seville was
the relevant centre in overseas market at
that time, Talavera is supposed to have
focused mainly in the internal market,
with higher quality products. In this
regard, majolica potters of Talavera
focused especially on blue series, with a
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was further examined by means of
Scanning Electron Microscopy (SEM).
In short, these results offer a new and
different image of Talavera de la Reina
which counters the traditionally assumed
one of a homogeneous production of
great quality pottery.

Portuguese nowadays, the architectural
influences, the agriculture techniques and
others.
The Silves Castle archaeological
excavations [1] provided numerous
remains of its occupation from the 8th to
the 13th centuries, which could be
grouped in the Ommiad, Caliphal, Taifas,
Almoravid and Almohad periods, and
clearly show the splendour of this
culture.
The first goal of this study is the
spectroscopic characterization of pastes,
pigments and glazes of the Islamic
faiences found at Silves Castle. XRD,
XRF and micro-Raman techniques were
used as main tools for such
characterization. Ground state diffuse
reflectance spectra, were also performed
for colour evaluation, following recent
studies of Portuguese ceramics [2, 3].
There is a clear difference in the
diffractograms of the sherds from the 8th
and 9th c., when compared with the
Caliphal period (10th c.). Spectroscopic
analysis of both groups points to
imported ceramics, the latter group
originating from Seville. However the
more recent productions already seem to
be Portuguese, most probably from
Lisbon kilns. The blue and white
ceramics studied here (12th -13th c.) are
probably the first samples showing the
use of cobalt blue onto a white tin oxide
layer in Portugal. All pigments from the
Silves sherds (blue, green, black, brown
and white) were studied using Raman
and GSDR spectroscopies.

O-24. Islamic ceramics from
the 8th to 13th centuries found
at the Silves Castle, South of
Portugal: Pastes, pigments
and glazes characterization
L.F. Vieira Ferreira(1), I. Ferreira
Machado(1,3) and R. Varela Gomes(2)
(1) CQFM-Centro de Química-Física
Molecular and IN-Institute of Nanoscience
and Nanotechnology, Instituto Superior
Técnico, Universidade Técnica de Lisboa,
Av. Rovisco Pais, 1049-001 Lisboa, Portugal
(2) Instituto de Arqueologia e Paleociências
das Universidades Nova de Lisboa e do
Algarve. Departamento de História, Avenida
de Berna 26-C, 1069-061 Lisboa, Portugal
(3) Polytechnic Institute of Portalegre,
Portalegre P-7300-110, Portugal

The Islamic arrival at the Iberian
Peninsula is dated at 711 and Lisbon’s
military occupation occurred in 714.
Silves town, in the South of Portugal,
was an important centre of development
and culture in our country, from the 8th to
the 13th c., when the Portuguese Christian
king Afonso III defeated the Muslim
armies in 1249. The Muslims were
defeated in Spain only about two hundred
years later by Fernando and Isabel in
1492. The remarkable legacy from the
Islamic culture in Portugal can still be
seen in many ways, by the number of
words remaining in the spoken

[1]
R.Varela
Gomes,“Cerâmicas
Muçulmanas de Silves, dos séculos VIII e
IX”, Actas das 1as Jornadas de Cerâmica
Medieval e Pós-medieval, Tondela: Câmara
Municipal, 19-32, 1992.
[2] L.F. Vieira Ferreira, A. Gonzalez, M.F.C.
Pereira, L.F. Santos, T.M. Casimiro, D.P.
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Ferreira, D.S. Conceição, I. Ferreira
Machado,“Spectroscopy of 16th century
Portuguese tin-glazed earthenware produced
in the region of Lisbon”, Ceram. Intern. 41
13433–13446, 2015.
[3] L.F. Vieira Ferreira, D.P. Ferreira, D.S.
Conceição, L.F. Santos, M.F.C. Pereira, T.
M.
Casimiro,
I.
Ferreira
Machado,“Portuguese tin-glazed earthenware
from the 17th century. Part 2: a spectroscopic
characterization of pigments, glazes and
pastes of the three main production centres”,
Spectrochimica Acta A, 149 285-294, 2015.

In this study, black-glazed Jian bowl
sherds from archaeological excavations
were analyzed. Based on the physicochemical foundation for glaze formation,
the correlation among composition, local
chemical state, microstructure, thermal
history and visual appearance has been
investigated by means of EDXRF, OM,
FESEM/EDS, µXANES and µXRD,
disclosing the scientific regularities
behind the aesthetically pleasing
appearance of Jian tea bowls. The study
provides realizing proofs for two kinds of
microstructural forming mechanisms,
namely local phase separation in glaze
surface neighboring area followed by
crystallization of iron oxide, and
crystallization of anorthite accompanied
by inter-crystal phase separation and the
succedent crystallization of iron oxide.
For the first time, metastable epsilonphase iron oxide has been identified in
the hare’s fur and oil spot patterns. The
making techniques of Jian bowl will offer
positive reference for the present-day
optimization synthesis of epsilon-Fe2O3.

O-25. Unveiling the mystery of
the black-glazed tea bowls
from the Jian Kiln Site of
Ancient China
Weidong Li(1,2)
(1) Shanghai Institute of Ceramics, Chinese
Academy of Sciences, Shanghai 200050,
China
(2) Key Scientific Research Base of Ancient
Ceramics, State Administration for Cultural
Heritage, China

The Jian kiln, located in present-day
Jianyang county of Fujian province of
China, mainly produced black-glazed tea
bowls. Jian tea bowl was used as a
utensil for tea tasting and was greatly
appreciated by emperor Huizong of the
Northern Song dynasty. The black glaze
of Jian bowl was sometimes marked with
streaks or spots, usually called ‘‘hare’s
fur’’ or ‘‘oil spot’’, which are the
crystalline markings of iron oxide
precipitated during firing in a dragon
kiln. Since the manufacturing techniques
were lost, the Jian bowl has been
appraised as mysterious and costly
treasure through the generations past.
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was carried out by optical microscopy,
scanning electron microscopy coupled
with
microanalysis
and
Raman
spectroscopy.
The analysis highlights the tile bodies as
“stonepaste”
(quartz
grains
are
predominant), directly linking them to
high quality glazed Islamic ceramic, and
shows that bodies and glazes are
separated by a slip layer constituted by
finer quartz grains. The green, yellow
and orange glazes are lead-soda-silica
type opacified/coloured by tin-lead and
tin-lead-zinc compounds with copper as
colouring agent in the green fragments.
The others are soda-silica type with
cobalt, iron and manganese as colourants,
while the white glaze was obtained by
exploiting the opacifying effect of air
bubbles dispersed in the glaze over the
white slip.
The compositional and morphological
features of the tiles were then compared
with those of coeval tiles in the Mughal
area [1, 2].

O-26. The glazed tiles from
the Qutb Shahi Tombs
complex (Hyderabad, India):
Morphological and
compositional
characterization
P. Davit(1), A. Idone(1), S. Barbiero(1), C
Balakrishnan(2) and M. Gulmini(1)
(1) Dipartimento di Chimica–Università
degli Studi di Torino, Via P. Giuria, 7, I10125, Torino, Italy
(2) QuliQutb Shah Herit. Park–Aga Khan
Trust for Culture, Hyderabad, 500 008
Andhra Pradesh, India

The Qutb Shahi Tombs complex in
Hyderabad is the largest necropolis in the
Deccan region. The site comprises 72
structures built during the 16th and 17th
centuries. The striking features of these
monuments are the incised lime
plasterwork and the glazed tilework,
which is currently hardly observable due
to the detachment of the tiles during time.
Presently, the Tombs are the object of an
integrated conservation, restoration and
landscape development project carried
out by the Aga Khan Trust for Culture
and the Aga Khan Foundation and the
Department
of
Archaeology and
Museums (Govt. of Telengana, India) in
the respect of the original production
methods. A scientific investigation on
fragments of glazed tiles found in a pit in
the lower chamber of the Tomb of
Mohamed Quli Qutb - IV king (1580 –
1612) was carried out in order to gain
information
on
the
production
technology.
The glazes show nine different colours,
namely two shades of green, yellow,
orange, Persian blue, sky blue, white,
grey and purple-brown. The investigation

[1] M.S. Gill, T. Rehren, I. Freestone.
Tradition and indigeneity in Mughal
architectural glazed tiles, J. of Archaeol. Sci.,
49, 2014, 546–555.
[2] S. Gulzar, M. Wörle, J-P. Burg, M. N.
Chaudhry,
E.
Joseph,
E.
Reusser.
Characterization of 17th Century Mughal tile
glazes from Shahdara Complex, LahorePakistan, J. Cult. Herit. 14, 2013,174-179.

O-27. Technological advances
for traditional mouth blown
glasses: UV protective window
glass for cultural heritage
Hans Reiner Meindl(1)
(1) Glashuette Lamberts Waldsassen GmbH,
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of more than 600°C and over a certain
period of time, sulphite colloids are built
up in the glass and thus they form the UV
barrier. This UV-glass is available in size
approximately 50 x 60 cm (2 - 3 mm
thickness) which can be used for
traditional lead glazing as well as double
glazing or laminated glass for cultural
heritage sites and monuments and glass
panels of modern works of art.

Glashütte Lamberts, is a family owned
traditional manufacturer company which
produces mouth blown sheet glass
towards restoration work. The glass
making begins with the gradual mixing
of the normal glass ingredients e.g. sand,
soda, lime plus cadmium sulphite and
zinc sulphite in a glass batch facility. The
melting process is carried out in a
ceramic pot at temperatures of up to
1420°C. One feature of the process is
that, the functional glass is combined
with a normal basic glass in the classic
way, i.e. with the use of a glassmaker’s
blowpipe.
A new and recent development refers to
the production of mouth blown UV
protective window glass to tackle
damages of organic material (e.g.
textiles, wood, paper) caused by the UV
rays. Until now, the only solutions
available were based on organic film
material or a coating of nanoparticles.
The coating on the glass is not scratchproof and over time the films age and
lose their effectiveness. Against this
background, the author developed a glass
where the UV protection is integrated
and is not subject to ageing. Restauro®UV glass offers 100% UV protection
(less than 380 nm) and an almost 100%
protection for short wave, visible light up
to 405 nm. As with most coloured glass,
the restauro®-UV is manufactured as a
flashed glass. This 2-layer portion of
glass is firstly formed into a balloon
shape, then to a large cylinder. After
cutting the cylinder lengthwise, reheating
and flattening the glass, the first step of
manufacturing the UV glass is complete.
The second and final step is a defined
temperature treatment. At a temperature

O-28. Preliminary results on
the hyperspectral imaging
technique for the in-situ
diagnostics of excavated walls
and artistic surfaces in the
archaeological site of Pompeii
D. Magrini(1), L. Chiarantini(2), B. De
Nigris(3), F. Fratini(1), C. Riminesi(1), B.
Salvadori(1) and B. Sereni(2)
(1) National Research Council, Institute for
the Conservation of Cultural Heritage, Via
Maonna del Piano n.10, 50019 Sesto
Fiorentino (FI), Italy
(2) Finmeccanica SpA, Via Einstein n.35,
50015 Campi Bisenzio (FI), Italy
(3) Soprintendenza Speciale per Pompei,
Ercolano e Stabia, Via Villa dei Misteri n.2,
80045 Pompei (NA), Italy

The effects of weathering on excavated
artistic and architectural surfaces or
structures, as well as walls, masonries
and entire buildings in Pompeii impose
strategies of monitoring for their
maintenance. Traditional methods to
assess the state of conservation of an
artefact are based on chemical,
petrographic and mineralogical analysis
of samples and micro-samples to
characterize the nature of the constituent
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materials and their alteration/decay
processes. Although these methods have
been successfully employed since many
years, they are invasive or micro-invasive
techniques
and
provide
partial
information on the sampling area/point.
The use of non-destructive and portable
techniques, such as XRF, FORS, and TR
FT-IR, partially overcomes the above
limitations, allowing the monitoring of
the surfaces avoiding sampling. However
limitations regarding the need to increase
the size of the acquisition area are still
present. This aspect is crucial to monitor
large surfaces, such as those found in
archaeological sites. Imaging techniques
operating on defined bands (UV, IR
imaging and multispectral techniques)
have been largely used in the past on
several case studies of interest for
Cultural Heritage. Hyperspectral imaging
describes the technique of image
acquisition using several well-defined
optical bands in a broad spectral range
and with high resolution (up to 1 nm).
The hyperspectral survey has been
recently applied in the archaeological site
of Pompeii to provide compositional
information on the artifacts’ constituent
materials, as well as to explore the
potentiality for the identification and
discrimination of different compounds.
In particular, previous conservation
treatments and their products of
alteration may be detected, on the basis
of absorption bands at specific
wavelengths. The potentialities of the
prototypal hyperspectral imaging device
SIM-GA (by Selex ES SpA, Italy) were
verified with commercial instruments and
standard analytical methods. The
prototypal hyperspectral spectrometer
covers the spectral range between 400
and 2500 nm, since it consists of two
electro-optical heads operating in the

VNIR (400-1000 nm) region and the
SWIR band (1000-2500 nm), with a
resolution ranging between 1.2 nm
(VNIR) and 6.3 nm (SWIR).
Further studies are in progress to test the
potentiality of the technique to extend the
range of tools available for art
conservation specialists.
[1] C. Daffara, E.Pampaloni, L. Pezzati, M.
Barucci and R. Fontana, Scanning
Multispectral IR Reflectography SMIRR: An
Advanced Tool for Art Diagnostics, Acc.
Chem. Res., 43(6), 847–856, 2010.
[2] S. Baronti, A. Casini, F. Lotti, S. Porcinai,
Multispectral imaging system for the
mapping of pigments an works of art by use
principal-component
analysis,
Applied
Optics, 37(8), 1299-1309, 1998.
[3] G. Capobianco, F. Prestileo, S. Serranti,
G. Bonifazi, Hyperspectral imaging-based
approach for the in-situ characterization of
ancient Roman wall paintings, Periodico di
Mineralogia, 84(3A), 407-418, 2015.
[4] M. Camaiti, S Vettori, M. Benvenuti, L.
Chiarantini, P. Costagliola, F. Di Benedetto,
S. Moretti, F. Paba, and E. Pecchioni,
Hyperspectral sensor for gypsum detection
on monumental buildings, Journal of
Geophysics and Engineering, 8, S126–S131,
2011.

O-29. Monitoring calcium
carbonate crystallizations on
mural painting mockups in
Roman Catacombs by ultra
close-range photogrammetry
R. Manganelli Del Fà(1), E. Cantisani(1),
B. Mazzei(2), C. Riminesi(1), D. Tapete(3)
(1) Institute for the Conservation of Cultural
Heritage, National Research Council, Via
Madonna del Piano n.10, 50019 Sesto
Fiorentino (FI), Italy
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(2) Pontifical Commission for Sacred
Archaeology, Vatican, Rome, Italy
(3) Natural Environment Research Council,
British Geological Survey, Keyworth,
Nottingham, UK

of lime-based mural painting [3]. The
UCRP technique is used to generate the
RGB points cloud and the Digital
Elevation Model (DEM) of the area of
interest. Setting a suitable reference plane
through the seeding points and using a
dedicated routine to align the obtained
models the metric information can be
extracted. The same procedure is applied
at each step of the monitoring campaign.
By comparing the surface patterns in
terms of metric and of colorimetric
information it is possible to detect the
calcite crystallizations from the first
formation. The calcite crystallizations
were fully characterized in terms of
compositional, textural and mineralogical
properties by a combination of standard
investigations,
including
FT-IR
spectroscopy, X-ray diffraction, thin
section observations under polarized light
microscope, and Scanning Electron
Microscopy. This experimental research
has been undertaken in the framework of
the co-operation between the Institute for
the Conservation and Valorization of
Cultural
Heritage
and
Pontifical
Commission for Sacred Archaeology,
Vatican, during the project HYPOGEA.
This project is devoted to the design of a
multidisciplinary
methodological
approach for the instrumental monitoring
of the microphysical environment of the
Catacombs of Saints Mark, Marcellian
and Damasus, and such as to be
potentially exported to similar contexts
[4, 5].

The use of non-destructive techniques is
mandatory for the monitoring of the
conservation status of artistic surfaces.
The ultra close-range photogrammetry
(UCRP) is a particular improvement of
the classical technique of the close-range
photogrammetry, and has been used in
the past to assess the effectiveness of
laser cleaning of artistic surfaces [1] and
other kind of conservative interventions
(e.g., consolidation) [2]. In this paper, the
UCRP technique is applied to monitor
the formation of calcium carbonate
crystallizations affecting mural paintings
and rock surfaces within the Roman
Catacombs of Saints Mark, Marcellian
and Damasus in Rome, Italy. This
deterioration process can create thick
coverage and incrustations, and in some
cases even speleothems. The chemical
reaction involved relies on the
availability of calcium sources, which
can also be of anthropogenic origin (e.g.
lime-based
mortars).
Microclimate
parameters also represent environmental
forcing factors, on which the morphology
and the degree of crystallinity of the
precipitated
carbonates
depend.
Temperature, relative humidity, CO2
concentration and surface temperature
were continuously measured within the
cubicle of the Twelve Apostles by means
of a multi-sensor monitoring network
properly designed. The registered
parameters were related with the results
of the periodical surfaces survey
performed by UCRP on mural painting
mockups. These were the test areas
purposely realized by applying fresh lime
mortars simulating the ancient techniques

[1] Barbetti, I., Felici, A., Magrini, D.,
Manganelli Del Fà, R., Riminesi, C., 2013.
Ultra close-range photogrammetry to as-sess
the roughness of the wall painting surfaces
after cleaning treatments. International
Journal of Conservation Science, 4, 525-534.
[2] Manganelli Del Fà, R., Riminesi, C.,
Tiano, P., 2015. Monitoring of surface
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Byzantines in the 11th century, and
evolved until the 15th century through an
articulated building stratification. In 2006
the University of Foggia launched a
systematic investigation of the town’s
remains using a multidisciplinary
approach,
which
involved
aerial
photography, geophysical prospection,
archaeological surveys, excavation and
material
characterization.
In
this
contribution we drew our attention to the
partially preserved buildings in the
Tower’s and the Cathedral’s area, in
order to verify the archaeological
hypothesis of building stratigraphy.
A total of 167 mortars were investigated
by optical microscopy (OM), scanning
electron microscope (SEM/EDS), X-ray
powder diffraction (XRPD) and X-ray
fluorescence (XRF). Eight samples of
cobbles and pebbles from local alluvial
deposits were also analysed to prove their
use as lime stones.
The petrographical and chemical
groupings substantially confirmed the
building stratification identified by the
archeologists and gave new insights into
the building phases of each structure. The
mortar microstructures observed in thin
section suggest the use of hot lime mortar
techniques for the samples of the Tower,
using hydraulic lime (SEM/EDS). This
uncommon practice in the area, is
supposed to be related to the intervention
of transalpine workers in the Norman
period. The use of this preparation
technique was particular useful for the
building of the Tower, because of the
early strength, low expansion and high
durability. The use of local marly
limestones cobbles to produce lime,
together with pure limestones is
interpreted as a further evidence of
allogenic masonry techniques employed.

pattern of artistic and architectural artifacts
by
means
of
ultra
close
range
photogrammetry. European Journal of
Science and Theology, 11, 2, 179-187.
[3] Tapete, D., Fratini, F., Mazzei, B.,
Cantisani, E., Pecchioni, E. (2013)
Petrographic study of lime-based mortars and
carbonate incrustation processes of mural
paintings in Roman catacombs. Periodico di
Mineralogia, 82, 3, 503–527.
[4] Tapete, D., Fratini, F., Mazzei, B.,
Camaiti, M., Cantisani, E., Riminesi, C.,
Manganelli Del Fà, R.; Cuzman, O., Tiano, P.
(2012) Calcium carbonate crystallizations on
hypogean mural paintings: a pilot study of
monitoring and diagnostics in Roman
catacombs. EGU General Assembly 2012,
22-27 April, 2012, Vienna, Austria, 6118.
[5] Tapete, D, Fratini, F., Mazzei, B.,
Cantisani, E., Riminesi, C., Manganelli Del
Fà, R., Sacchi, B., Cuzman, O.A., Scaletti, L.,
Patrizi,
M.G.,
Tiano,
P.
(2014)
Methodological approach to monitor Roman
catacombs: experience in the Catacombs of
St Mark, Marcellian and Damasus, Rome,
Italy. In: The Conservation of Subterranean
Cultural Heritage – Saiz-Jimenez (Ed). CRC
Press/Balkema, Taylor & Francis Group, pp.
51-58.

O-30. Building stratification
and technological changes in
Montecorvino (Foggia, 11th15th century)
Giacomo Eramo(1), Roberta Giuliani(2)
and Angela D'Elia(1)
(1) Dipartimento di Scienze della Terra e
Geoambientali, Università degli Studi di Bari
“A. Moro”, Via Orabona 4, 70125 Bari, Italy
(2) Department of Humanities, University of
Foggia, Via Arpi 176, 71121 Foggia, Italy

The
medieval
small
town
Montecorvino
was
founded

of
by
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interpreting the properties of the
materials derived by the combination of
an imported technology with the local
raw materials (i.e. mortars) as well as, the
evaluation of their durability and
performance in different structures and
uses, at the same environmental or
weathering context. This work, through
the selection of representative case
studies, focuses on the evaluation of
different types of historic mortars, as
well as on the engineering and structural
integrity of built structures in relation to
the exclusive use - in all cases - of the
local sandstone. Moreover, this work
aims to highlight the importance of
understanding both traditional building
crafts and building traditions towards the
sustainable conservation of architectural
heritage.

O-31.
Cultural
and
technological influences on the
development
of
building
technology in Dodecanese
Ioannis
Karatasios(1),
Michalis
(2)
Zerlentis , Maria Amenta(1) and Vassilis
Kilikoglou(1)
(1) National Centre for Scientific Research
'Demokritos', Institute of Nanoscience and
Nanotechnology; i.karatasios; m.amenta;
v.kilikoglou@inn.demokritos.gr
(2) Hellenic Ministry of Culture,
Archaeological Eforate of Dodecanese;
mzerledis@yahoo.gr

This paper discusses the cultural
influences of different civilizations on
the architecture and construction
technology of Dodecanese, in an attempt
to survey, compare and evaluate the
building and technological solutions
chosen by craftsmen through the
centuries on representative architectural
monuments. The complex of the
Dodecanese islands is a geographical and
historical intersection of multiple cultural
influences, where different civilizations
(e.g. Minoan, Archaic, Hellenistic,
Byzantine, Italian, Ottoman) have
introduced their own technological
approaches and building solutions in a
variety of architectural and structural
applications, such as fortifications,
monumental
structures,
residences,
places of worship etc. The common
technological parameter identified in the
building materials (i.e. mortars, renders
and natural stones) through all these
periods is the use of locally available raw
materials that have been adopted and
incorporated in architectural structures by
craftsmen of different civilizations. This
fact creates a unique opportunity for

O-32. Structural changes of
materials related to lime
production technology in
Maya area
Soledad Ortiz(1,2), Nora A. Pérez(2,3) and
José Luis Ruvalcaba(2)
(1) Posgrado en Estudios Mesoamericanos,
UNAM, Circuito Interior, Ciudad
Universitaria, s/n. C.P. 04510, México, D.F.
(2) Instituto de Física, UNAM, Circuito de la
Investigación Científica Ciudad
Universitaria, s/n C.P. 04510 México, D.F.
(3) Coordinación Nacional de Conservación
del Patrimonio Cultural, INAH, Ex Convento
de Churubusco, Xicoténcatl y General Anaya
s/n. Col. San Diego Churubusco, s/n C.P.
04120 México, D.F.

The production of lime in Mesoamerica
and specifically the Maya area has been
studied through the stucco and
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[1] Schreiner Traditional Maya Lime
Production: Environmental and Cultural
Implications of a Native American
Technology, Dissertation Theses, University
of California, Berkeley, 269, 2002.
[2] Ortiz Ruiz Ma. Soledad, Caracterización
de las estructuras anulares de la region del
occidente de las Tierras Bajas Mayas, Tesis
de Maestría El Colegio de Michoacán A. C.,
139, 2014.
[3] Chu Vikky, Lior Regev, Steve Weiner
and Elisabetta Boaretto, Differentiating
between Anthropogenic Calcite in Plaster,
Ash and Natural Calcite using Infrared
Spectroscopy: Implications in Archaeology,
Journal of Archaeological Science 35, 905911, 2008.
[4] Regev Lior, Kristin M. Poduska, Lia
Addadi, Steve Weiner and Elisabetta
Boaretto, Distinguishing between Calcites
formed by Different Mechanisms using
Infrared
Spectrometry:
Archaeological
Applications, Journal of Archaeological
Science 37, 3022-3029, 2010.
[5] Thibodeau Megan, Maya Pyrotechnology
and Plaster: Integrating Micromorphology
and Fourier-Transform Infrared Spectroscopy
(FTIR) at San Bartolo and Xultun Guatemala,
Independent Work for Distinction Boston
University, 78, 2013.

derivatives; it is rarely done working
directly with the limekilns or the pyre. In
the Maya area, we have the Schreiner’s
research that provides information on the
construction, the raw material used and
the actions involved in the production
process of lime [1]. In 2014 we presented
the research that proposed the use of
limekilns in the Maya area and succeeded
in identifying the types and patterns of
distribution of these buildings [2]. Using
a methodology pioneered in the research
of the area, we differentiated natural
calcite and anthropogenic calcite and
highlighted the implications in the
development of the lime technology
[3, 4].
Previous research has used this
methodology on the stucco without
considering the limekilns and its
conclusions were very general about the
use of lime technology at the Maya area
[5].
The application of infrared spectroscopy
[3, 4], X-ray diffraction and differential
thermal analysis in our research provided
results that allow us to differentiate
natural materials in the context of
production of lime in the Maya area.
Evidence of fire involvement evaluated
through changes in the structure of
materials in combination with the
temperatures to which they were exposed
lead
to
the
differentiation
of
anthropogenic calcite and natural calcite.
This work is the first of its kind and
allowed us to begin to establish
technological changes seen through the
sites in the western and southern Maya
area; these technological changes
indicate processes of creation and
technological experimentation conducted
by the Maya society to create the
wonders that endure to this day.

O-33. Provenance studies of
copper-, bronze- and silverartefacts from the Royal
Tombs of Ur, mid 3rd
millennium BC
Eveline Salzmann(1), Sabine Klein(1) and
Andreas Hauptmann(2)
(1) Goethe-Universität Frankfurt, Institut für
Geowissenschaften, Altenhöferallee 1, 60438
Frankfurt, Germany; Salzmann@kristall.unifrankfurt.de
(2) Deutsches Bergbau-Museum Bochum,
Herner Str. 45, 44791 Bochum, Germany
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The excavations of the Royal Tombs of
Ur (1922-1934) [1], dating to the Early
Dynastic period (mid to late 3rd
millennium BC [2, 3]) bestowed large
amounts of metal finds. Besides
prominent gold objects, plenty of
arsenical copper high in nickel, tin
bronze and silver objects were found.
The great number of metal objects
surprised, because Ur is located in the
flood area of Euphrat and Tigris and is
void of metal resources. This geological
fact indicates an import of metals [4].
The University of Pennsylvania Museum
of Archaeology and Anthropology
provided more than 100 artefacts of
silver, copper and bronze for analytical
investigations.
The samples are currently investigated at
the laboratories of Frankfurt and Bochum
regarding the analysis of major and trace
elements with geochemical methods as
well as lead and copper isotopes.
The main goals of this project are: (a)
Identification of natural and man-made
alloys, and (b) Origin of the raw
materials in form of either metals and
alloys or ore minerals used for producing
the artefacts. The Royal Tombs of Ur
were buried in the “Age of Exchange”
[5] when metal production boomed in
widely spread regions, which all have to
be taken into consideration as potential
sources. The analysis of the material
shall help to narrow down the most
probable metal suppliers of the Ur metal.
Possible candidates for metal supply so
far are Oman for copper, Afghanistan for
tin and/or tin bronzes and Anatolia or the
Iranian Plateau for silver. Further
analyses have to be performed before
these candidates can be confirmed.
Our results contribute to a better
understanding of structures, logistic,
economy, and policy of trade and

exchange in the Early Bronze Age
Middle East.
[1] L. Woolley, The Royal Cemetery. A
report on the predynastic and Sargonid graves
excavated between 1926 and 1931. Ur
Excavations 2, London, 1934.
[2] S. Pollock, Chronology of the Royal
Cemetery of Ur. Iraq 47, 129–158, 1985.
[3] B. Helwing, Silver in the early societies
of Greater Mesopotamia, in Meller, H.,
Risch, R. & Pernicka, E. (eds.), Metalle der
Macht – Frühes Gold und Silber. 6.
Mitteldeutscher Archäologentag. Internat.
Tagung
(Halle,
Landesmuseum
für
Vorgeschichte), 2014, Pages 411-421.
[4] R. L. Zettler/L. Horne (ed.), Treasures
from the Royal Tombs of Ur, Philadelphia,
125, 1998.
[5] Amiet, P., L’âge des échange interiraniens, 3500-1700 avant J.-C. Notes et Doc.
Mus. France 11 (Paris), 1986.

O34.
Revisiting
the
Çatalhöyük metallurgy: New
data from old finds
Miljana Radivojević(1), Thilo Rehren(2),
Shahina Farid(3) and Ernst Pernicka(4)
(1) McDonald Institute for Archaeological
Research, University of Cambridge, UK
(2) UCL Qatar, Doha, Qatar
(3) UCL Institute of Archaeology, London,
UK
(4) Curt Engelhorn Zentrum Archaeometrie,
Mannheim, Germany

The site of Çatalhöyük is renowned for
its exceptional material culture, some of
which includes the earliest known
examples of their kind. For half a
century,
copper
minerals
and
archaeometallurgical materials from this
settlement have had such standing among
scholars, not least due to the analytical
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work conducted in the 1960s, which
identified pyrotechnological features in
materials dated around the mid 7th
millennium BC.
However,
these
materials have never been fully assessed
within their archaeological context, and
most importantly, within the context of
the use of copper-based minerals at the
time.
Here we present a new hypothesis
regarding the development of metalmaking skills at Çatalhöyük based on the
reassessment of minerals, mineral
artefacts and high-temperature materials
from the site that were excavated in the
1960s by J. Mellaart and first analysed by
Neuninger, Pittioni and Siegl in 1964.
We revisit galena beads, pure copper
artefacts and copper-based minerals and
assess their contextual relationship with a
new set of microstructural, compositional
and isotopic analyses. Furthermore, we
identify and re-interpret the original
pyrotechnological features of selected
samples identified earlier as slag in
relation to associated materials and the
high-temperature processes involved in
their formation. Our main emphasis is on
a synthesis of both the fieldwork and
analytical data, and careful reexamination of the processes that
produced c. 8500 years old hightemperature debris at the site. Our results
provide a new outlook on the old finds
and challenge the traditional narrative on
the emergence of metallurgy at
Çatalhöyük, and beyond.

O-35. Kastro Palaia settlement
Volos, Greece: A technological
approach
to
bronze
metalwork diachronically
E.
Asderaki-Tzoumerkioti(1,4),
E.
Skafida(2), M. Vaxevanopoulos(3) and P.
Connolly(4)
(1) Hellenic Ministry of Culture and Sports,
Ephorate of Antiquities of Magnesia,
Department of Conservation;
e.asderaki@gmail.com
(2) Hellenic Ministry of Culture and Sports,
Ephorate of Antiquities of Magnesia,
Department of Prehistoric and Classical
Antiquities)
(3) Aristotle University of Thessaloniki,
Faculty of Sciences, Department of Geology;
http://www.volosmuseum.gr
(4) University College London-Qatar, Doha;
p.connolly@ucl.ac.uk

The excavations at the northern most
administrative and commercial centre of
the Mycenaean world, with an archive of
Linear B tablets and
palatial type
infrastructure at Kastro-Palaia (Iolkos'
area), have revealed evidence of
metallurgical activities which were
performed diachronically from the Early
Bronze Age to the Early Iron Age. The
continuous inhabitation of the settlement
has destroyed a lot of evidence from the
workshops themselves and hence the
archeological investigation was limited.
Nevertheless, evidence of metallurgical
works still exist, i.e. fragments of
crucibles, slags, tools, etc and have been
studied in detail [1].
The results of that study prompted us to
continue our research with the analyses
of the metal artifacts found in the
settlement. Seventy copper alloy objects
have been examined initially non
destructively with pXRF and then with
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optical microscope and SEM-EDS. Eight
samples have been selected for lead
isotope analyses in order to identify the
provenance of the metal used.
From the analyses conducted so far we
were
able
to
understand
the
microstructure of the samples,their
corrosion degree as well as the chemical
composition of the alloy used for their
manufacture. The results constitute a
valuable contribution to the study of
ancient metallurgy at Kastro-Palaia, as
they allow us to understand how
metalwork was developed in the area
diachronically, if the local copper ores
were used or the metal was imported as
well as to better comprehend the cultural
connections of the site, its role as a node
within the Bronze Age world, and the
development and diversity of metallurgy
during prehistory.

weather stations in Greece, Cyprus,
Crete, and Turkey were constructed for
the past 16,000 calendar years at 100
year intervals using the Macrophysical
Archaeoclimate
Modeling
program
developed by Bryson [1, 2]. Thirty-year
climate normal data for temperature,
precipitation, and evaporation were
obtained and entered into each model.
Centers of action including location of
the Cyrillic High, the European High,
and the Jet Stream were adjusted, then
the data were regressed until best fit with
the modern data was verified.
Distribution of past precipitation
throughout the year is modeled and
graphed as five 100-year averages per
graph for each station. Past annual
precipitation minus evaporation is plotted
on a map, then animated, displaying the
potential of regional macrophysical
climate modeling to address questions of
both paleoenvironmental and culture
change.
After this stage of model creation,
derivations of the data were calculated
such as environmental stress, which is
the difference in precipitation minus
evaporation from the previous 100-year
interval expressed as an absolute value.
This environmental stress index (ESI) is
used
to
approximate
conditions
anticipated to have driven decisions,
affected agriculture and crop success or
failure, affected warfare, and necessitated
innovation. When ESI is mapped on the
landscape, patterns of environmental
stress and stability are visible and may be
examined relative to regional and local
political and cultural change.
Thse archaeoclimate models are the
backbone for examining the research
question “Do areas of environmental
volatility and/or stability coincide with
other archaeological indicators for longue

[1] Rehren, Th., Asderaki-Tzoumerkioti, E.,
Skafida, E., and Karnava, A., “The Bronze
Age crucibles from Kastro - Palaia, on the
bay of Volos – a contradiction of form and
function?”, Journal of Historical Metallurgy
Society 47 (2) for 2013 (published 2015)
111–124.

O-36. Modeling the Aegean
climate: Environmental stress
and culture change
Linda Scott Cummings(1) and R. A.
Varney(1)
(1) PaleoResearch Institute, 2675
Youngfield St., Golden, CO 80401, USA
Mapping environmental stability and
volatility provides a backdrop for
examining the beginning of the Bronze
Age. Archaeoclimate models for 70
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(2) Department of History and Archaeology,
Archaeological Research Unit, University of
Cyprus, 20537 CY - 1678 Nicosia, Cypru;
ouraniak@ucy.ac.cy

durée periods such as the Bronze Age in
the greater Mediterranean?” The reverse,
can modeling ESI contribute to
understanding short term political events,
artistic styles, innovations, and/or
technological advances is a natural
outgrowth of this investigation.
Mapping ESI demonstrates
high
amplitude change during the Early
Bronze age along the west coast of
Cyprus, in Rhodos, and in Souda and
Hiraklion, Greece, to name a few places.
Low amplitude ESI is modeled for
Dortyol, Turkey, Castelli on the NW
coast of Crete, and Kavala, Greece, and
other places. Some, such as Dortyol,
exhibit low amplitude ESI for more than
8000 years. Conditions change in most
locations during the Bronze Age.
Mapping ESI on the landscape facilitates
comparison of archaeological evidence of
the beginning of the Bronze Age with
this measure of life stress or stability.

The beginning of the third millennium
BC in the Aegean marks the transition to
the Early Bronze Age (EBA), long
characterised as a period of significant
cultural,
socioeconomic
and
technological change. Across the
Aegean, the EBA was often defined in
contrast to the assumed relative
simplicity
of
the
Final
Neolithic/Chalcolithic (FN/Ch) period
(4500-3200/3100 BC), regarded as
merely a prelude to later complexity
(urban vs rural communities, domestic
production vs redistribution, the rise of
craft specialists).
More recently, the utility of such terms as
complexity have been re-appraised.
There
exists
a
more
nuanced
understanding of domestic modes of
production and concepts of craft
specialisation have been deconstructed.
These theoretical and practical projects
have joined novel, analytically-based
insights into the production and early
widespread exchange of pottery, to
suggest that ceramic material culture
offers a new understanding of the ChEBA.
Recent excavations of well-stratified
settlements throughout the Aegean, using
integrated macroscopic and analytical
studies of ceramics are revolutionising
our understanding of this transitional
period, suggesting the widespread
exchange of vessels from a limited
number of long-lived settlements. One of
these is the coastal site of Heraion on the
island of Samos, where recent
excavations (2009-2013) have produced

[1] Reid A. Bryson, Archaeoclimatology. The
Encyclopedia of World Climatology. J. E.
Oliver. Springer: 58-63, 2005.
[2] Reid A. Bryson, and Katherine McEnaney
DeWall, eds, A Paleoclimatology Workbook:
High
Resolution,
Site-Specific,
Macrophysical Climate Modeling, 2007.

O-37. Fashioning ceramics
and weaving worlds: the
Chalcolithic to Early Bronze
Age transition at the Heraion,
Samos
Sergios Menelaou(1), Ourania Kouka(2)
and Peter M. Day(1)
(1) Department of Archaeology, University of
Sheffield, Northgate House, West Street,
Sheffield S1 4ET, United Kingdom;

92

41st INTERNATIONAL SYMPOSIUM ON ARCHAEOMETRY
ceramic evidence from the Ch through
the end of the EBA period.
This paper presents the first results from
a large scale, integrated analytical project
which explores technological change
across the Ch-EBA transition and
outlines histories of contact between
different areas of the Aegean and the
western Anatolian littoral over this
period of increasing social change. Clay
choice, manipulation and firing are
examined by a combination of
macroscopic,
petrographic
and
microstructural examination by SEM. A
rich picture of continuity and change in
production and exchange in the Eastern
Aegean weaves together the western
Anatolian and Cycladic worlds across
this transitional period.

The site of Phaistos in South-Central
Crete offers great potential for examining
the Final Neolithic-Early Bronze Age
transition in Crete and assessing the
degree of continuity and change, on
account of the completeness of its
stratigraphy as well as the abundance and
the sheer quality of material. This period
has been considered in Crete as
‘transitional’ due to emergence of new
settlement patterns and related material
culture, which presage the social changes
of later phase.
This paper critically examines the
production technology of ceramics
during the Final Neolithic and Early
Minoan I at Phaistos, addressing issues
of technological change in this period of
transition and discussing how the
reconstruction of ceramic manufacture
can be related to the changes occurring
over time at the site. The investigation of
technological variation within the
ceramic assemblages is performed by
integrating macroscopic observation and
an analytical programme involving thin
section petrography, scanning electron
microscopy, Fourier transform infrared
spectroscopy and X-ray diffractometry,
in order to reconstruct technological
choices on raw material choice and
manipulation, surface treatment and
firing practice. This is combined with the
information available on forming
techniques and shape.
By examining the significance of
technological choices in pottery making
within the context of Phaistos, the study
demonstrates a complex picture of
continuity and change over the period of
study, which belies recent conjecture of a
single-phase transformation at the
beginning of the Early Bronze Age.
Furthermore, it suggests that in some of
the phases, considered changes in the

O-38.
Revisiting
the
technological revolution at the
beginning of the Bronze Age:
The Final Neolithic-Early
Bronze
Age
ceramic
manufacture at Phaistos,
South-Central Crete
R. Mentesana(1), P.M. Day(1),
Kilikoglou(2) and S. Todaro(3)

V.

(1) Department of Archaeology, University of
Sheffield, Northgate House, West Street,
Sheffield S1 4ET, U.K.;
rb.mentesana@gmail.com;
p.m.day@sheffield.ac.uk
(2) Institute of Materials Science, National
Center for Scientific Research “Demokritos”,
Athens 153 10, Greece;
kilikog@ims.demokritos.gr
(3) Dipartimento di Scienze Umanistiche,
Università di Catania, Via Biblioteca 4,
95124 Catania, Italy; svtodaro@unict.it
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organisation and practice of pottery
production can be related to changes in
consumption at this special site, which
saw an array of activities before the
construction of the later court-centred
building.

Notwithstanding the much discussed albeit contentious - effect of grog
tempering on technical aspects of pottery
manufacture, in particular its benefits and
shortcomings with regards to the finished
vessels’
mechanical and
thermal
properties and affordances to use, grog
comprises an artificial, or rather
“cultural”, material and is a potential
carrier of symbolic meanings related to
life recycling. Keeping in mind that its
addition to the clay paste normally
cannot, or at least not readily, be detected
by the consumers and so it is potentially
more significant to the producers, the
practice seems rather to reflect certain,
socially
constructed,
technological
knowledge or concepts of raw materials
and techniques. As ethnographic research
has showed, in small scale societies, the
vertical or horizontal transmission of
such technical knowledge and concepts
happens through close social contacts,
usually kin-based and often related to
marriage networks.
Therefore, the investigation of the
practice of grog-tempering, through an
integrated typological and petrological
analysis of pottery taking into account its
environmental and socio-cultural context,
as well as the physical properties
conferred by grog tempering where
relevant, for the implementation of this
practice, in combination with the study of
its geographical distribution and local
variations, in and around the Aegean,
provides the background for a better
understanding of the extent and nature of
social networks and boundaries during
the later phases of Neolithic and the
beginning of Bronze Age in this region.

O-39. Pots within pots: The
practice of grog-tempering
and social networks in and
around the Aegean towards
the end of the Neolithic and
the beginning of Bronze Age
E. Kiriatzi(1), A. Pentedeka(2), N.S.
Müller(1) and J. Gait(1)
(1) Fitch Laboratory, British School at
Athens, Souidias 52, Athens 106 76, Greece
(2) OREA, Österreichische Akademie der
Wissenschaften, Ignaz Seipel-Platz 2, A-1010
Wien, Austria

The integrated application of ceramic
petrology to the study of pottery from a
number of sites, both open-air ones and
caves, dated to the Late and Final
Neolithic, as well as Early Bronze I, has
demonstrated the extensive use of grog
(ground pottery) as tempering material
across certain areas of southern and
central Aegean and western Greece. The
practice relates to vessels of various
forms, sizes and surface treatments, and
shows some variation across sites, in
connection to grog composition, types of
pottery and overall frequency. Its use
does not indicate the lack of suitable
natural tempering materials since
material such as sand/rock temper, are
often found contemporaneously in the
locally produced pottery from the studied
sites.
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anomalies detected by the first approach
lines.
Results from the first lines showed
important reflections in areas close to the
damaged
structures.
Additionally,
detailed studies of grids confirmed the
presence of underground areas beneath
1.5 m with wide reflections and higher
values of electric resistivity. These
anomalies have been interpreted as
dissolution cavities of the limestone. It is
highly probable that the instability of
these underground cavities has produced
the observed cracks and differential
movement
of
the
archaeological
structures. This important information
will be the basis for future conservation
interventions that will impact not only
the structures themselves but the unique
mural paintings and decorations they
preserve.

O-40. Integrated Prospection
Studies in the Maya site of
Tulum, Quintana Roo, Mexico
Luis Barba(1), Jorge Blancas(1), Agustín
Ortiz(1), Patricia Meehan(2), Roberto
Magdaleno(2) and Claudia Trejo(2)
(1) Laboratorio de Prospección
Arqueológica. Instituto de Investigaciones
Antropológicas. UNAM
(2) Subdirección de Conservación e
Investigación. Coordinación Nacional de
Conservación del Patrimonio Cultural. INAH

The archaeological site of Tulum is one
of the most important Postclassic period
Maya ports. Its monumental center is
located in an elevated karstic bedrock
formation facing the Caribbean Sea and
surrounded by a defensive wall. After
some years of monitoring the behavior of
some of the main structures of the site,
the mural painting conservation project
team hypothesized that their instability
problems could be produced by
underground characteristics of the
limestone bedrock or to buried earlier
construction phase structures.
Geophysical studies were proposed to
determine if the anomalous behavior of
the
structures
were
related
to
underground conditions of the entire site.
Prospection studies began with the
topographic survey of the monumental
center using an Ashtech differential GPS.
Then, several georadar lines with GSSI
SIR3000 and 200 MHz antenna along the
visitors walkways, were carried out as a
first approach. More detailed studies with
a 400 MHz antenna and electrical
resistivity survey with Geoscan RM15
were then conducted in specific areas to
verify the presence of underground

O-41. Usefulness of IR
thermography surveys in the
archeological site of Hierapolis
in Phrygia (Turkey)
S. Bracci(1), E. Cantisani(1), G. Di
Giacomo(2), C. Riminesi(1), B. Sacchi(1),
G. Scardozzi(2), S. Vettori(1), F.
D’Andria(3)
(1) Institute for the Conservation of Cultural
Heritage, National Research Council, Via
Madonna del Piano n.10, 50019 Sesto
Fiorentino (FI), Italy
(2) Institute for Archaeological and
Monumental Heritage, National Research
Council, Lecce, Italy
(3) Department of Cultural Heritage,
University of Salento, Lecce, Italy. Director
of the Italian Archaeological Mission in
Hierapolis of Phrygia
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IR thermography is a fundamental
remote sensing technique in many
physics and engineering applications, as
well as in the field of Cultural Heritage
for the conservation and maintenance of
existing buildings or surfaces with
artistic value. The literature reports many
works showing the effective usage of IR
thermography for various tasks such as
the detection of structural anomalies in
masonries and in buildings, or as a
diagnostic
tool
for
predictive
maintenance, allowing the identification
of water infiltration, rising dampness,
detachment, thermal bridges, and energy
leaking from the building’s envelope.
The use of the IR thermography in the
archeological site of Hierapolis in
Phrygia has been devoted to the survey in
two operative modalities:
− in close-range modality for the
investigation of rising dampness, and
detection/sizing of detachments and
anomalies on wall paintings and on walls
in the Insula 104 [1], a residential area
dated at proto-Byzantine period;
− in long-range modality to investigate
the warm air flow at the area of
Ploutonion, the sanctuary of the Gods of
Underworld, Hades and Kore, with the
theater above a grotto (Theatron),
discovered during the 2012 excavation
campaign of the Italian Archaeological
Mission [2];
− and, always in long-range modality for
the scanning of terrain by aerial IR
photography from a tethered balloon in
order to map the increase of soil
temperature due to the proximity of
fracture over the active fault, due to the
fact that Hierapolis town is longitudinally
cut by several parallel fractures of the
Hierapolis fault zone [3, 4, 5].
The perspective to employ IR
thermography for the survey of problems

and risks of the conservation of the
archaeological
ruins
has
been
demonstrated in the site of Hierapolis in
combination with several exhaustive
diagnostics campaigns performed during
archaeological missions in 2013, 2014
and 2015, made in order to characterize
the main decay processes present on
ruins of the site. The results of the
aforementioned analyses and their
correlation with the IR thermography
results will be presented.
This research activity has been co-founded by
the Ministry of Education, Universities and
Research in the framework of the FIRB
project “Marmora Phrygiae”.
[1] S. Vettori, S. Bracci, E. Cantisani, C.
Riminesi, B. Sacchi, Conservation issues on
wall paintings in residential buildings of
Insula 104 in Hierapolis (Turkey), submitted
to Science of Total Environment.
[2] D’Andria F., Il Ploutonion a Hierapolis di
Frigia, Istanbuler Mitteilungen 63, 2013, 157217.
[3] Altunel E., Hancock P. L. (1996).
Structural Attributes of Travertine. Filled
Extensional Fissures in the Pamukkale
Plateau, Western Turkey, Internat. Geology
Review, XXXVIII, 768-777.
[4] D’Andria F., Silvestrelli F. (2000).
Ricerche archeologiche Turche nella valle del
Lykos (Lykos Vadasi Turk Arkeoloji
Arastirmalari).
Ed.
Congedo
(9788880863298).
[5] G. Scardozzi, La Faglia sismica di
Hierapolis. La documentazione delle
manifestazioni in superficie nella cartografia
archeologica, in G. Scardozzi (ed.), Nuovo
Atlante di Hierapolis di Frigia. Cartografia
archeologica della città e delle necropoli
(Hierapolis di Frigia VII), Ege Yayınları,
Istanbul 2015, 207-211 (978-605-4701-85-8).
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located in the north and adjacent to the
Palace area. Further prospecting areas
where selected simply according to the
accessibility and the suitability for a high
resolution magnetometer prospecting. All
areas were scanned by a sampling
interval of 25 x 25 cm and meanwhile the
area covers more than half of 0.7 square
kilometres. For a better and full
understanding of the magnetic survey, we
complemented the magnetometer survey
by some trench excavations, by
additional mineral magnetic and by
magnetic
volume
susceptibility
measurements.
The resulting magnetometer images are
in the first sight dominated by ploughing
furrows. Nevertheless a detailed analysis
of the results reveals several pits and
remains of pit houses or storage cellars as
well as temporary structures of the
ancient building site. Besides of that, the
data reveals also numerous natural
riverbeds and ancient streamlets and even
ancient irrigation channels of the
Achaemenid garden. We traced the wall
of the garden which measures in total ca.
1800 m in length and enclosing an area
of ca. 500 x 400 m. Inside the garden we
found a further wall, which divides the
garden area and numerous old and some
more recent irrigation channels. Outside
of the garden enclosure, in the north and
in the north¬east, we discovered more of
so far unknown monumental buildings.
These
buildings
are
oriented
symmetrically with respect to the ground
map of the Archaemenid garden and
palace structures, indicating that these
buildings formed a significant part of this
site.

O-42. A Persian paradise in
the Caucasus: Integrated
surface
survey
and
geophysical prospecting of a
major Achaemenid palatial
structure at Karacamirli,
(Azerbaijan)
Jörg W.E. Fassbinder(1), Kai Kaniuth(2),
Andrei Asandulesei(3) and Martin
Gruber(2)
(1) Department of Earth and Environmental
Sciences, Ludwig-Maximilians-Universität
München, Theresienstrasse 41, 80333
München, Germany
(2) Institute of Near Eastern Archaeology
Ludwig-Maximilians-Universität München,
Germany
(3) Alexandru Ioan Cuza” University
Research Department -Field Science, Iași,
Romania

Karacamirli is the location of a major
Achaemenid palatial structure, which has
been under excavation since 2006 by
Florian
Knauss
(Staatliche
Antikensammlung
und
Glyptothek,
München) and Prof. Dr. Ilyas Babaev
(Azerbaijan Academy of Sciences, Baku)
[1]. The archaeological site covers an
area of ca. 1.5 square kilometres. The
aim of the survey was to further
investigate the surrounding landscape
through archaeological and geophysical
means in order to clarify the integration
of this building complex within the
micro-region, both structurally and
chronologically, and to examine further
possibilities for a continued examination
of the site as a whole. The site dates in
the period approximately (end of 600
BC) through till AD 330, with earlier
components from the Iron Age period.
The primary prospecting areas are

[1] I. Babaev, I. Gagosidse, F. Knaus, Ein
Perserbau in Aserbajdzan. Ausgrabungen auf
dem Ideal Tepe bei Karacamirli 2006,
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Archäologische Mitteilungen aus Iran und
Turan 38, 291-330, 2006.

methodological framework incorporating
interdisciplinary processes including:
• Application of geophysical (electrical
and/or magnetic) surveys towards
subsurface assessment, aiding in the
detailed planning of the excavation
process.
• Implementation of a geological and
geotechnical survey detailing the
stratigraphy of the excavation site and the
geotechnical characteristics of the
overburden and the underlying strata,
before and during the excavation, mainly
for
optimizing
the
preservation
procedures to be used on the
archaeological findings.
• Aerial photogrammetric mapping of the
broader area and each archaeological
excavation layer using unmanned aerial
vehicles
(UAVs),
allowing
the
reconstruction of three-dimensional
geomorphological
archives
complemented by possible multi-spectral
data.
• Virtual representation of excavation
layers and corresponding findings in an
interactive database, providing a platform
for systematic archaeological evidence
integration and correlation.
The above methodology is presented in a
simulated excavation site, along with an
early stage pilot study in the
archaeological findings of Chiliomodi,
providing the three dimensional elevation
models of the excavation area and a
tomb. The proposed multi-temporal
excavation mapping constitutes a
valuable asset for archaeologists since it
methodically documents and visualizes
for future reference the exact placement
and spatial relation of the findings, while
assisting the overall excavation strategy.

O-43.
Integration
of
geophysical, geological and
image-based practices for
multi-layer
excavation
archaeological archiving: Case
study at Chiliomodi in
Korinth
Elena Korka(1), Markos Ntoukakis(2),
Chris A. Arvanitidis(2), Evangelos
Roussos(3), Antonios Vafidis(2) and
Panagiotis Partsinevelos(2)
(1) Ministry of Culture and Sports, Director
General of Antiquities and Cultural Heritage,
Athens, Greece
(2) Technical University of Crete, School of
Mineral Resources Engineering, Chania,
73100, Greece
(3) University of Oxford, Nuffield Dept. of
Clinical Neurosciences, UK

The first systematic archaeological
investigations in the area of Chiliomodi
in 2013 revealed a cemetery with
enclosures, continuously used from the
first half of the 6th to the 3rd century B.C,
and a bi-directional road of about 36 m
probably used from Late Helladic IIIB2
until the 6th century A.D., both indicating
the ancient city of Tenea. Tenea
controlled the pathway from Argos to
ancient Corinth and Kechreai, while in
the 8th century BC it participated in the
colonization of Syracuse.
Under the irreversible stage of
excavation, extensive and systematic
documentation and evaluation of the
archaeological
data
requires
the
establishment
of
an
integrated
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success is greatly connected to the type
of tumuli. Next, the seismic method and
in particular the technique of refraction
fan shooting as used in N. Greece
(Region of Mecedonia) is demonstrated.
The electrical resistivity tomography
(ERT) has been established as a fully
non-destructive, efficient and reliable
method for investigating the interior of
tumuli. Several examples on the conduct,
processing and interpretation of ERT
surveys data are presented here. Further,
comments
on
the
merits
and
disadvantages of the method are made.
The arrangement of the ERTs along
rectangular and radial grids is also
discussed.

O-44. The significance of
geophysical prospecting in
saving the integrity of tumuli
Grigorios N. Tsokas(1) and Panagiotis I.
Tsourlos (1)
(1) Exploration Geophysics Lab, School of
Geology, Aristotle University of Thessaloniki,
54124 Thessaloniki, Greece

Covering the tombs by mounds
comprises a rather worldwide funeral
practice. These are generally called by
the Latin term “tumuli” though they bear
several different names in various places
and cultures. The embankment consists
in soils and stones and it may also
conceal other manmade structures
associated with the tomb (or tombs). The
concealed tombs usually bear important
and precious items. Overall, the content
of tumuli provides important information
about the funeral habits of the era and the
social and private file of the buried
deads. However, being by themselves
manmade structures they comprise also
monuments of the past and thus, their
integrity has to be preserved.
Geophysical prospecting has long ago
been employed for investigating the
interior of the tumuli. This is clearly a
procedure that helps saving the integrity
of the tumuli. It leads to pinpointing a
relatively small bit of land for
excavation, exactly where geophysical
clues for the existence of concealed
structures do exist, leaving intact the rest
or tumuli.
Several geophysical methods were tested
in various environments and for varying
types of tumuli. Successful detections of
monumental tombs are shown. Next, the
limitations of these methods are
discussed. It seems that the degree of

O-45. Environmental and
biopigmentation monitoring.
Case study: The refectory
from
Hurezi
monastic
complex, Romania
Ioana Gomoiu(1), Dan Mohanu(1), Ileana
Mohanu(2), Mădălin Enache(3), Roxana
Cojoc(3), Simona Neagu(3) and Karina
Paviliuc(1)
(1) National University of Arts, 19, General
Budişteanu, Bucharest, Romania
(2) CEPROCIM S.A., 6 Blvd Preciziei,
Bucharest, Romania
(3) Institute of Biology, Romanian Academy,
296, Spl Independentei, Bucharest, Romania

The aim of the present work is the
environmental and biopigmentation
monitoring in the refectory of the Hurezi
monastery from Romania. Environmental
monitoring has been performed with
HOBO LCD data loggers. Analytical
techniques
involving
grain
size
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distribution, X-ray diffraction, different
types of optical microscopy, scanning
electron microscopy and standard
microbiological methods has been used.
Technical
examination
allowed
establishing that mural painting was
made in al frescoes technique.
HOBO LCD data loggers revealed values
of temperature between 8-16ºC and
relative humidity between 70-90% which
are favorable for the growth of bacteria
involved in pink pigmentation.
We found that on the surface of the
infilling mortar, original mortar as well
as pictorial layer, pink biofilm or pink
efflorescence salts lead to aesthetical
changes, weakening and enhanced
material loss. Scientific examination of
the northern wall provided a picture of
the changes in the morphology of mortar
and pictorial layer due to physical and
biological alteration. A mapping of the
biopigmentation distribution as pink
biofilm on the infilling, original and
pictorial layer on the northern wall has
been performed. The biopigmentation
monitoring started and has been in
progress on the same wall after
contaminated infilling mortar has been
removed and new mortars were applied;
the same activity is in progress on the
chemically decontaminated infilling
mortar.
Characteristics of materials provided a
better
analysis
of
composition,
technology and deterioration produced by
moderately halophilic and halotolerant
bacteria.
The present study points out the main
steps and analytical methods for the
identification and monitoring of pink
aesthetical damage of mural painting, as
well as the contribution of environmental
monitoring in achieving a good state of

conservation of cultural heritage from
Romania.
This research was carried out with financial
support of the National Research Program
Parteneriate în domenii prioritare – PN II,
MEN – UEFISCDI, grant no.PN-II-PTPCCA-2013-4-0660.

O-46. White ground Lekythoi:
New
insights
using
nondestructive,
spatially
highly resolved optical and
X-ray analytics
Christoph Berthold(1), Kathrin B.
Zimmer(2), Oliver Scharf(3), Ulrike KochBrinkmann(4) and Klaus Bente(1)
(1) Applied Mineralogy, University Tübingen,
Wilhelmstrasse 56, D-72074 Tübingen;
christoph.berthold@uni-tuebingen.de,
bente@rz.uni-leipzig.de
(2) Institut für Klassische Archäologie,
University Tübingen, Burgsteige 11, D-72070
Tübingen; kathrin-barbara.zimmer@unituebingen.de
(3) IfG-Institute for Scientific Instruments
GmbH, Rudower Chaussee 29/31, D-12489
Berlin; scharf@ifg-adlershof.de
(4) Bachforellenweg 14, D-60327 Frankfurt;
ulrikekochbrinkmann@yahoo.de

We present results regarding the
comprehensive
chemical
and
mineralogical characterisation of whiteground
attic
Lekythoi
using
nondestructive and local highly resolved
µ-XRD2, µ-XRF, an X-ray color camera
and Laserscanning microscopy [1]. From
our results it is obvious that the whiteground is not always produced using a
clayey perhaps kaolinitic slip before
firing. Beyond that, our findings reveal
that gypsum is also used as white-ground
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O-47.
Non
–
invasive
investigation of polychrome
surfaces in archaeological
areas by using Hyperspectral
Remote Sensing: A case study
in the Pompeii site

after the firing and before further cold
painting. The use of gypsum may be
suggested as a much cheaper and simpler
technology compared to a clayey slip
applied before firing and may be reserved
for special types of Lekythoi. As
overlaying cold painting, we firstly found
the typical Fe-containing spinel pigment
which is only known up to now as “black
gloss” produced during firing of red
respectively black figured attic pottery.
This hints at an independent production
process of these pigments prior to
application on the white ground. Using
an X-ray color camera [2], a firstly
determined hidden drawing was detected,
probably
a
preparatory
sketch.
Additionally, an extremly fine scoring
probably to sharpen the contours during
finishing the painting was found using
3D-Laserscanning microscopy which
possibly hints to precious objects only for
decorative purposes. All these results,
which are only possible by a
multimethodical strategy using state of
the art methods, give new hints not only
regarding the manufacturing technology,
but also the classification of the
Lekythoi, knowledge transition, trade,
utilization and many more.

Costanza Cucci(1), Leandro Chiarantini(2),
Bruno De Nigris(3), Marcello Picollo(1)
and Barbara Sereni(2)
(1) Istituto di Fisica Applicata “Nello
Carrara” – National Research Council
(IFAC- CNR), Via Madonna del Piano, 10 50019 Sesto Fiorentino, Florence, Italy
(2) Selex ES, A Finmeccanica Company Via
Albert Einstein 35 50013 Campi Bisenzio,
Florence, Italy
(3) Soprintendenza Speciale Pompei,
Ercolano e Stabia via Plinio, 14 - 80045
Pompei, Naples, Italy

In the last decade HyperSpectral Imaging
technology (HSI) rapidly spread out in
the field of Cultural Heritage (CH); HSI
was considered a highly promising tool
for accomplishing both non-invasive
diagnostics and documentation of several
types of polychrome surfaces. The HSI
data-set, called file-cube, consists of
hundreds of spectrally (usually in the Vis
e NIR regions) contiguous images and
contains both spectral and spatial
information about the investigated area.
These data are exploitable to extract high
resolution reflectance spectra per each
pixel of the imaged scene for a noninvasive
identification of artists’
materials and alteration products, as well
as for colorimetric study. Moreover,
multivariate methods of data analysis
(e.g. Principal Component Analysis) can
be applied to extract elaborated maps
where hidden structures and details, not
visible at the naked eye, are highlighted.

[1] Berthold, C., Zimmer, K. B., Scharf, O.,
Koch-Brinkmann,
U.,
Bente,
K.
Nondestructive, local highly resolved optical
and X-ray analytics on attic white-ground
Lekythoi submitted for: Journal of
Archaeological Science: Reports.
[2] Scharf, O. et al., (2011) Compact pnCCDBased X-ray Camera with High Spatial and
Energy Resolution: A Color X-ray Camera.
Anal. Chem., Vol. 83(7), p. 2532-2538.
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However, even if HSI is a wellestablished technique in museum context,
its outdoor application for studying wall
paintings and archeological assets
remains mostly unexplored. This is due
to the fact that CH HSI systems typically
work at short-distance from the targets
and can cover limited size surfaces. To
overcome this limitation and extend the
use of HSI to mural paintings, frescoes or
other large size surface artifacts, a remote
sensing approach, based on use of
readapted avionic sensors, has recently
been considered [1].
This work illustrates the preliminary
results of a pilot study carried out in the
archaeological site of Pompeii (Italy)
using a readapted version of the Galileo
Avionica Multisensor Hyperspectral
System (SIM-GA). The HSI data,
acquired on painted wall surfaces,
allowed to extract manifold indications
useful to identify different pictorial
materials and to map the extension of
selected decay phenomena. Moreover,
vanishing traits, hardly perceivable at
visual inspection, could be enhanced and
highlighted in elaborated images, thus
broadening the documentation related to
the examined artwork.

O-48. Non - destructive
endoscopy of cultural heritage
objects of various kind and
materials
Georgios Karagiannis(1)
(1) “ORMYLIA” Foundation, Art Diagnosis
Centre, Ormylia, Chalkidiki, 63071 Greece

Acoustic microscopy and infrared
spectroscopy constitute powerful nondestructive testing (NDT) techniques
which provide quantitative structural and
qualitative information of an object of the
order of micrometer and millimetre
respectively. Acoustic microscopy uses
ultrasounds of high frequencies of the
order of 50MHz and higher in order to
scope the internal structure of an object.
The combination of acoustic microscopy
with the infrared spectroscopic imaging
is applied to reveal special features of art
objects as well as the distribution of the
materials in the internal structure for a
first time in the field with an in house
modular, mobile, developed system
permitting the flexible customisation of
the technique according to the needs per
object case in situ. The operation
principle of infrared spectroscopy is well
known in the archaeometry field. The
operation
principle
of
acoustic
microscopy consists of high frequency
ultrasonic wave transmittance within a
spot of a few microns, into the object
and, finally, collection of the subsequent
reflected waves resulting to receiving
echoes in the a-scan signal. The echoes
are produced by the interfaces, the
ultrasound waves phase, between the
various
materials
with
different
mechanical properties, like the acoustic
impedance and velocity. The operating
frequency of the ultrasonic wave and the

[1] C. Cucci, M. Picollo, L, Chiarantini, B.
Sereni, Hyperspectral remote sensing
techniques applied to the noninvasive
investigation of mural paintings: a feasibility
study carried out on a wall painting by Beato
Angelico in Florence, Proceedings SPIE
9527, Optics for Arts, Architecture, and
Archaeology
V,
95270P
(2015);
doi:10.1117/12.2184743.
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Non-destructive multi-spectral reflectoscopy
between 800nm and 1900nm: An instrument
for the investigation of the stratigraphy in
paintings, Review of Scientific Instruments
(RSINAK), vol. 78, issue 6, June 2007.

acoustic velocities of the existing internal
materials of the object affect the size of
the internal identifiable structures. A set
of
equally
spatially
sampled
measurements in a region of interest
(ROI) are incorporated resulting to
tomographic images of the internal
“anatomy” of the object registered with
the 3D infrared spectroscopic mapping
images.

O-49. New insights into the
bronze alloy production in the
Luristan Bronzes, Western
Iran

Acknowledgement: This work was partially
supported by the scan4reco, surgical
excavation and Iperion funded H2020
project.

Omid Oudbashi(1) and Ata Hasanpour(2)
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Properties, Faculty of Conservation, Art
University of Isfahan, P.O.Box: 1744,
Isfahan, Iran; o.oudbashi@aui.ac.ir
(2) Department of Archaeology, ICHTO of
Lorestan Province, Khorramabad,
Iran/Department of Archaeology, Islamic
Azad University, Science and Research
Branch, Tehran, Iran;
atahasanpur@gmail.com

Application of bronze alloy to produce
artistic and religious artefacts was
commonplace during the Iron Age in the
Iranian Plateau (1500-550 BC). Many
bronze objects were found in excavated
Iron Age sites of the Plateau, especially
in western and north-western highlands
of Iran. One of the great archaeological
findings from the Iron Age of western
Iran was different objects deposited in
cemeteries of Luristan region. Many of
the discovered objects from these graves
are produced with tin bronze alloy that
are dated to first half of first millennium
BC (Iron Age II and III). These bronze
artefacts are so-called as Luristan
Bronzes and have often been found in
excavated graves. The study of alloy
composition in Luristan Bronzes has
always been of great interest to
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[1] O. Oudbashi, S.M. Emami, M.
Malekzadeh, A. Hassanpour, P. Davami,
Archaeometallurgical Studies on the Bronze
Vessels from "Sangtarashan", Luristan, WIran, Iranica Antiqua XLVIII, 147-174, 2013.
[2] S.J. Fleming, V.C. Pigott, C.P, Swann,
S.K. Nash, E. Haerinck, B. Overlaet, The
Archaeometallurgy of War Kabud, Western
Iran, Iranica Antiqua XLI, 31-57, 2006.
[3] S.J. Fleming, V.C. Pigott, C.P. Swann,
S.K. Nash, Bronze in Luristan: Preliminary
Analytical Evidence from Copper/bronze
Artifacts Excavated by the Belgian Mission
in Iran, Iranica Antiqua XL, 35-64, 2005.

archaeologists
and
archaeological
scientists, to identify alloying processes
as well as for provenance studies.
Despite the large number of bronze
objects related to the Luristan region,
there are only a limited number of studies
about archaeometallurgy of bronze alloy
from this region [1, 3].
The aim of this paper is to present new
insights about alloy composition in some
recently excavated objects from the Iron
Age cemetery of Baba Jilan, northern
Luristan. For these purpose, some objects
were analyzed by quantitative ICP-MS
method to determine major and minor
elements in their composition. Also,
some comparison studies were carried
out between Baba Jilan and other
analyzed bronze objects from Luristan to
identify
alloying
process
in
manufacturing bronze objects from Iron
Age of western Iran. The results showed
that all Baba Jilan samples are made of
binary copper-tin alloy. Tin content was
varied in the composition of the samples.
The variable tin content is a usual
phenomenon in the composition of
bronze objects of the Iron Age, especially
in the Luristan Bronzes. The variability
of tin constituent proved that alloying has
been performed by an uncontrolled
process to produce bronze, such as cosmelting or cementation. Further, arsenic
and lead have been detected in significant
amounts only in some samples, showing
that they may have been entered to the
alloy as impurities. Also, the minor
elements concentration of analyzed
samples was compared to other analyzed
bronze objects from Luristan, based on
As vs. Sb and Ag vs. Ni amount. The
comparison was carried out to identify
probable similarities in the bronze alloy
production in the Iron Age of Luristan
region.

O-50. Circulation of copper in
LBA Northern Italy: Analyses
of ingots from Friuli Venezia
Giulia hoards (Italy)
Caterina Canovaro(1), Ivana Angelini(2),
Gilberto
Artioli(1)
and
Elisabetta
(3)
Borgna
(1) Department of Geosciences, University of
Padua, Via Gradenigo 6, I-35131, Padua,
Italy
(2) Department of Cultural Heritage,
University of Padua, Piazza Capitaniato 7, I35139, Padua, Italy
(3) Department of History and Preservation
of the Cultural Heritage, University of Udine,
Vicolo Florio 2/B, I-33100, Udine, Italy

The archaeometric study of copper and
bronze ingots from protohistoric metal
hoards in Friuli Venezia Giulia (Italy)
allows to investigate the origin of the
metal, to identify the exploitation areas
and to reconstruct the circulation paths of
copper in North-Eastern Italy. The
selection of archaeological finds dated
from the Italian Recent Bronze Age
(1300-1200 B.C.) to the Final Bronze
Age (1200-900 B.C.) is due to the key
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pp. 139-148.

role of Friuli in this time as an economic
and commercial hub between the
Adriatic area and the Central Europe.
In the present work, carried out in
collaboration with Soprintendenza per i
Beni Archeologici del Friuli Venezia
Giulia,
the
results
of
the
archaeometallurgical
analyses
of
different types of ingots belonging to the
protohistoric hoards of Cervignano,
Muscoli, Castions di Strada, Celò,
Verzegnis, Galleriano and Porpetto are
reported. Among the different ingot
typologies, pick-ingots showed a
characteristic shape that allows tracking
to their distribution area which extends
from Balkans to France; particularly
interesting are those appearing in
Slovenia (Kanalski Vrh), as well as in
several sites of Friuli Venezia Giulia
(Galleriano,
Porpetto,
Mandriolo),
Veneto (Frattesina) and Tuscany
(Grosseto).
The composition and microstructure of
ingots were investigated in order to shed
light on the employed Cu-ore charge and
on their smelting process. Moreover, lead
isotopes analysis was carried out on
selected samples. Therefore, the set of
mineralogical, metallurgical, chemical
and isotopic analyses, through a
comparison with existing Pb-isotope
databases [1, 2], published data [3, 4] and
the Alpine Archaeocopper Project
database (AAcP) [3, 4, 5] allowed to
identify the provenance of the metal.
Most of the investigated ingots were
obtained from isotopically homogeneous
copper and exhibited an isotopic signal
consistent with the Italian Eastern Alps,
whereas several others ingots testify a
more complex circulation of raw copper
in Friuli.

O-51. Casting technology and
craft production of bronze
wares in the Central Plains of
China in late Shang Dynasty
(13th BC-11th BC)
Yu Liu(1) and Zhanwei Yue(1)
(1) Institute of Archaeology, Chinese
Academy of Social Sciences, Beijing, 100710

Casting technology played a more
significant role in the formation of
Chinese ancient civilization than any
other early civilizations. Accompanied
by the appearance of bronze vessels in
Erlitou period (1800 BC-1500BC), the
piece-mold casting technology was first
established and then became a
prolonging thousand-year traditional
method after Shang Dynasty. The
formation of the piece-mold casting

[1] OXALID, http://oxalid.arch.ox.ac.uk/
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technology tradition, which is very
different from mainly using the forging
method and lost-wax process in the west
Asia, is closely related to the craftsman’s
technological choice.
Based on the scientific analysis of bronze
vessels and foundry remains from
Yinxu，the sequence of the production
of bronze casting, and the origin and
evolution of casting technology in late
Shang dynasty is discussed. By carefully
analyzing casting technology and
production procedure of bronzes in late
Shang Dynasty, a better understanding of
the forming process of technological
style in ancient China, the evolution of
bronze production technology and the
great effect of mass production on the
development of ancient societies was
achieved. These parameters are important
to the study of bronze culture in ancient
China.

points to a metal producing workshop
dating to the Archaic period. In
particular, a piriform hearth that came to
light was interpreted as a metallurgical
furnace. The fill of this feature and the
surrounding area was characterized by
the abundant presence of slag and
fragments of furnace lining. Based on
macroscopic examination and the recent
instrumental analysis conducted at
N.C.S.R. ‘Demokritos’ by use of XRF
and SEM/EDX it was shown that the
remains correspond to bloomery smelting
and iron smithing/forging operations as
well as limited copper production. The
coexistence of iron manufacturing and
copper extraction in the same workshop
represents a rare occurrence in a North
Aegean context of the Archaic period. Its
significance is also highlighted by the
fact that the workshop is located within
the urban core of ancient Thasos and was
most probably supplied with raw
materials from the nearby Acropolis
mine. Based on the analytical results it
could
be
suggested
that
the
cupriferous/auriferous iron ores mined at
Acropolis were smelted and processed in
this workshop for the production of both
iron and copper objects. The results
presented here contribute significantly to
a better understanding of certain
metallurgical practices as part of an
important
technological
tradition
sustained by the polymetallic geological
wealth of Thasos. Further issues related
to the organization of metalworking in an
urban context are being explored on the
basis of the analytical results.

O-52. An Archaic
metallurgical workshop: The
case of Charitopoulos plot in
Thasos, Greece
B. Jagou(1), N. Nerantzis(2), K. Panoussi(3)
and G. Sanidas(2)
(1) INRAP-Institut National de Recherches
Archéologiques Préventives, France
(2) Université de Lille 3 SHS-UMR 8164
HALMA, France
(3) Ephorate of Antiquities of Kavala-Thasos,
Ministry of Culture and Sports, Greece

During a rescue excavation conducted by
the Ephorate of Kavala-Thasos in
Charitopoulos plot at Limenas, Thasos, a
significant archaeometallurgical context
came to light. The excavated material
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morphological analysis, distribution
within the rock types both for ancient and
modern settlements. This study leads to
the following hypotheses: There is a
relationship between the earthquake
producing active faults and the location
of the settlements. Active faults can
shape the earth and produce a suitable
landform to settle. Ancient people built
their settlements close to the active
faults. Ancient people did not recognize
the “fault line”.

O-53. Relationship between
ancient
Roman-Greek
settlements
and
ancient
earthquakes
in
Aegean
Region, Anatolia
Musa Tokmak(1) and Vedat Torpak(2)
(1) Archaeometry Department/Middle East
Technical University, Ankara Turkey
(2) Geological Engineering/Middle East
Technical University, Ankara Turkey

Turkey is geologically located within an
active area. Active tectonics in most
cases is the primary reason for the natural
hazards. Most of the hazards such as
earthquakes,
landslides,
volcanic
eruption, tsunami etc are either direct
results, or triggered by, the active
tectonism. Earthquakes, which are the
main focus of this study, negatively
affect the society as they result in loss of
human life and commodity. Turkey is a
country very rich in archaeological sites
(settlements and others) of different
periods. Most of these settlements are
believed to suffer particularly from the
earthquakes. The earthquakes have also
some positive influences on societies.
The most important positive influence is
providing the humans suitable landforms.
This study investigates the relationship
between the ancient settlements in West
Anatolia and physical, environmental
parameters including topography, rock
and morphological classes. Modern
settlements are also considered to
compare the past to present. The
databases of elevation, slope, aspects,
ancient earthquakes locations, rock types,
locations of ancient and modern
settlements, were created in the study.
Analyses performed in the study involve
distance
and
density
analyses,

O-54.
Establishing best
practice for bone collection
and storage at the site of Tel
Ashkelon, Israel
Bridget Alex(1), Deirdre Fulton(2),
Elisabetta Boaretto(3) and Daniel
Master(4)
(1) Harvard University Anthropology and
Human Evolutionary Biology, 11 Divinity
Avenue, Cambridge, MA, 02138, USA
(2) Baylor University Department of
Religion, 1 Bear Place, Waco, TX, 76798,
USA
(3) D-REAMS Radiocarbon Laboratory,
Weizmann Institute of Science, Rehovot,
7610001, Israel(4) Daniel Master, Wheaton
College, Wheaton Archaeology Museum, 501
E. College Avenue, Wheaton, IL,60187, USA

Post-excavation handling and storage
procedures can contaminate and degrade
archaeological bones, which may affect
our ability to measure radiocarbon,
ancient DNA, and other biochemical
parameters. Sterile collection methods
can ameliorate this issue, but are
impractical for most excavations and
treatments such as washing are often
necessary for osteological identifications.
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Thus bone recovery and storage
procedures must compromise the
interests of the overall excavation and
specialists in order to optimize
efficiency, cost, and information gained.
Here we test the effects of bone handling
and
storage
procedures
on
a
zooarchaeological sample from Tel
Ashkelon. The study consisted of a
paired test in which individual specimens
were divided as they came out of the
ground: half of each specimen was
collected in sediment and kept in a
laboratory refrigerator, while the other
half underwent standard washing and onsite storage. The samples were
characterized for collagen content and
quality, using Fourier Transform Infrared
(FTIR) spectrometry of the insoluble
fraction.
We
repeated
these
measurements after 0, 1, 2, and 3 years in
storage. We also compared cohorts of
bones that had been stored on-site for 0,
8, and 13 years, restricting these samples
to Iron Age medium or large mammal
long bones. We observed no difference
in collagen preservation between
treatments or over time. Differences in
percent insoluble fraction can be
explained by water loss, which has
implications for the common laboratory
practice of using 1% insoluble fraction to
accept or reject samples for radiocarbon
dating.
Moreover, the differences
between treatments or over time may be
less than the intrabone variation in
collagen
content,
and
therefore
impossible to detect with this
methodology.

O-55. Using microPIXE/PIGE
analyses
for
provenancing, relative dating
and establishing diagenetic
processes affecting
Aurignacian ivory artifacts
Claire Heckel(1,2), Katharina Müller(3),
Randall White(1), Harald Floss(4),
Nicholas Conard(4) and Ina Reiche(3,5)
(1) Center for the Study of Human Origins,
Department of Anthropology, New York
University, USA
(2) Université de Toulouse II-Jean Jaurès,
Laboratoire Travaux et Recherches
Archéologiques sur la Culture, l'Espace et les
Sociétés, CNRS UMR 5608, France
(3) Laboratoire d‘Archéologie Moléculaire et
Structurale, UMR 8220 CNRS UPMC, 4,
Place Jussieu, 75005 Paris
(4) Institut für Ur- und Frühgeschichte,
University of Tübingen, Germany
(5) Rathgen-Forschungslabor Staatliche
Museen zu Berlin, Schloßstraße 1a, 14059
Berlin

Aurignacian ivory tools and symbolic
artefacts represent a high point in the
material
culture
of
the
Upper
Palaeolithic. Until now chemical
analyses of these ivory artefacts was
limited due to the exceptional status of
these objects. New technological
developments using external microbeam
Proton-Induced X-ray and gamma-ray
analyses (PIXE/PIGE) now allow noninvasive study of such artefacts. Our
research pursues three main goals:
(a) the evaluation of the state of
preservation of mammoth ivory from the
Aurignacian
(b) the measurement of trace elements as
an indication of the provenience of
mammoth ivory
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(c) the measurement of F-content to
establish relative ages within individual
sites.
Here we present results from the study of
mammoth ivory artefacts from three key
Palaeolithic sites (Abri Castanet, the
caves La Verpillière I and II in
Germolles and the Vogelherd cave) in
France and Germany. Our initial results
document site-specific patterns of trace
element that are in part the consequence
of local diagenetic processes. These
observations allow us to draw reliable
conclusions about the provenience of
ivory and to provide new insights into
procurement and use of mammoth ivory
during the Early Upper Paleolithic [1, 2].
This paper addresses both the potential
and limitations of these analyses.

The nature, use and contribution to
pharmacology and healing of the
medicinal minerals (layered silicates,
sulphates, metal oxides) of the GrecoRoman world is a relatively little
researched area, at least compared with
their botanical counterparts. In the last
few years, the author and her colleagues
have made considerable inroads in the
field identification and chemical and
mineralogical characterisation of the
above minerals within the volcanic
landscapes of their origin, in the Aegean
and the Tyrrhenian Seas; furthermore, the
same authors have subjected them to
microbiological testing and found that
some of them are strongly antibacterial.
This paper reviews what has been learnt
so far and lays out a road map for future
research, some already at its first stages
of implementation. The key issues to be
addressed are as follows:
(a) the raw materials (minerals and rocks)
are distinctly different from the finished
products i.e. the medicinals; some of the
antibacterial properties may have been
acquired in the process of minerals
beneficiation/purification.
(b) the role of some microorganisms
(acidophiles/extremophiles),
naturally
occurring in association with minerals
like alum and sulphur/sulphates in
solfataras, is only now beginning to be
assessed; the microorganisms may
possibly be enhancing the antibacterial
properties of these minerals.
The medicinal minerals of the GrecoRoman world shine a light at the heart of
human – environment interaction, not
simply for the Mediterranean world, but
also beyond. Although they have for long
been thought to be pharmacologically
weak, or even ineffective (acting as
placebos), at least compared to
botanicals, these minerals may constitute

[1] C. Heckel, K. Müller, R. White, H. Floss,
N. Conard, I. Reiche, Micro-PIXE/PIGE
analysis of Palaeolithic mammoth ivory:
potential chemical markers of provenance
and relative dating. Palaeogeography,
Palaeoclimatology,
Palaeoecology
216
(2014) 133-141.
[2] C. Heckel, K. Müller, R. White, S. Wolf,
N.J. Conard, C. Normand, H. Floss, I.
Reiche, F-content variation in mammoth
ivory
from
Aurignacian
contexts:
preservation, alteration, and implications for
ivory-procurement strategies, Quarternary
International, in press.

O-56. Greco – Roman
medicinal minerals
Effie Photos-Jones(1,2)
(1) Analytical Services for Art and
Archaeology (Ltd), Glasgow, UK
(2) Archaeology, School of Humanities,
Glasgow University, Glasgow UK
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a faint link with a very distant past when
hunters-gatherers needed to consume
them to neutralise toxins in untested
and/or uncooked foodstuffs.
The
elucidation of these specific minerals’
long road from geophagic substances, to
their
ambiguous
role
as
medicines/cosmetics,
to
their
simultaneous function as both highly
poisonous
and
also
beneficial
(particularly as metal oxides) is highly
illuminating of how humans across
different cultures sought and obtained
healing from the natural environment;
this seems not to have been based on
mere belief systems and religious
concepts but rather on shrewd
observations and hard learned empirical
practices.

on how technologically advanced antique
societies were, and also on their diet,
trade, rituals, and everyday activities.
This paper reports the results of an ongoing investigation on the original
contents recovered from several closed
small vessels. The archaeological objects
were found in Islamic contexts dated
between the 11th and the 13th centuries
AD in the Iberian Peninsula (al-Andalus)
[1].
A multi-analytical approach, based on the
use of complementary techniques, was
carried out on the material collected in
order to identify the materials in the
objects. Optical microscopy (OM) and
scanning electron microscopy with an
energy-dispersive X-ray spectrometer
(SEM-EDX), together with X-ray
diffraction (XRD) and electroanalysis
(voltammetry
of
immobilised
microparticles, VMP), were all used to
highlight the composition and the nature
of the inorganic components and the
presence of vegetal components.
Pyrolysis-gas chromatography coupled
with mass spectrometry (Py-GC/MS) was
complementary used to reveal the
presence and the composition of other
organic substances.
The analysis of the contents of the
Islamic ceramic and glass objects
highlighted the ingredients of different
ancient ‘chemical’ preparations. Mineral,
organic and vegetal components were
identified thanks to the use of several
analytical techniques in few microsamples. The presence of materials like
galena, orpiment, gypsum and very fine
clays related the use of these objects to
colouring, cosmetic or medical purposes.
Nevertheless, due to the lack of
knowledge available on medieval
compounded drugs and cosmetics, the
study of these mixtures would open a

O-57. Characterization of
ancient contents in medieval
Islamic objects:
The relevance of exploring
everyday products
Josefina Pérez-Arantegui(1),
Cepriá(1) and Erika Ribechini(2)

Gemma

(1) Instituto Universitario de investigación en
Ciencias Ambientales de Aragón (IUCA).
Universidad de Zaragoza, 50009 Zaragoza,
Spain
(2) Dipartimento di Chimica e Chimica
Industriale, Università di Pisa, 56124 Pisa,
Italy

The characterization of contents in
archaeological materials is very valuable
in terms of what it reveals about the
artistic and manufacturing techniques of
the past. An in-depth analytical study of
ancient products can reveal information
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discussion on the use of these small
vessels, often associated to toys.

western Mediterranean regions have
rarely been investigated thus far.
The recent discovery of well-preserved
ceramic assemblages dating back to the
second half of the fifth millennium BCE
in Sardinia (Middle Neolithic B - MNB)
led us to explore patterns of pottery use
by taking into consideration a wide range
of functional information preserved by
vessels.
By combining the study of dimensions,
shape, use-wear, lipid concentration,
molecular biomarkers, and compound
specific carbon isotopes, we could
address pottery function. For a same
category of volumes (5-9 L), two
opposed patterns of lipid characteristics
and use-wear allow the distinction
between pots used for cooking dairy
products and those linked with low-fat
content, probably grain processing.
Closed-shape jars (~5 L) with low lipid
content and no significant abrasion, and
incomplete big-size vessels (>9 L) with
thick walls could have been used to store
commodities, containing respectively
low-fat substances or subcutaneous
animal fats. Finally, little to medium size
bowls of different shapes (<0.5-3 L),
with low lipid content (dairy products,
subcutaneous fats) and base abrasion
were interpreted as serving or eating
vessels.
These results revealed a strong
specialization in the function of MNB
pottery and the importance of dairy
products in the economy of Sardinian
MNB groups providing new insight into
culinary practices and socio-economic
organization.

[1] J. Pérez-Arantegui, E. Ribechini, M.P.
Colombini, F. Escudero, Characterization of
an ancient ‘chemical’ preparation: pigments
and drugs in medieval Islamic Spain, Journal
of Archaeological Science 38, 3350-3357,
2011.

O-58. The use of pottery in
Middle Neolithic Sardinia
(Italy):
An integrated morphometric,
biomolecular, isotopic and
use-wear approach
Laura Fanti(1,2), Léa Drieu(1), Arnaud
Mazuy(1), Thierry Blasco(3), Carlo
Lugliè(2), Alessandro Usai(4) and Martine
Regert(1)
(1) CEPAM-Cultures et Environnements.
Préhistoire, Antiquité, Moyen Âge, UMR7264
CNRS-UNS, 24 Avenue des Diables Bleus,
06357 Nice Cedex 4, France
(2) LASP-Laboratorio di Antichità Sarde e
Paletnologia, Università degli Studi di
Cagliari, Piazza Arsenale 1, 09124 Cagliari,
Italy
(3) Laboratoire d'Océanographie de
Villefranche-sur-Mer, UMR7093 CNRSUPMC, 181 Chemin du Lazaret, 06230
Villefranche-sur-Mer Cedex, France
(4) Soprintendenza Archeologia della
Sardegna, Piazza Indipendenza 7, 09124
Cagliari, Italy

Research on Neolithic pottery use has
mostly focused on the organic content of
the vessels [1], while few studies have
been
undertaken
regarding
the
relationships between the characteristics
of the pots and their content [2]. From a
geographic standpoint, assemblages from

[1] M. Roffet-Salque et al., Widespread
Exploitation of the Honeybee by Early
Neolithic Farmers, Nature 7577, 226-230,
2015.
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[2] J. Vieugué, Use-wear analysis of
prehistoric
pottery:
methodological
contributions from the study of the earliest
ceramic vessels in Bulgaria (6100-5500 cal.
BC), Journal of Archaeological Science 41
(1), 622-630, 2013.

decades, such as the archeobotany, which
seems to attract a great interest of the
scientific community of archaeologists
[2]. Especially, the appearance of Homo
Sapiens and the changes brought by the
new and innovative social structures and
the system of production and economy
have influenced the environment and the
conditions of life of all the creatures,
particularly human [3]. The aim of this
paper is to provide the aspects of ancient
Greeks about the environment, which
were formatted and developed in the
frame of philosophy (see Pol. 1256b2127) [4]. Starting from that base, the
climate of ancient Cyprus will be
examined taking into considerations
ancient texts referred to Cyprus; the texts
of Hippocrates will be the most important
guide to our study. Finally, the effects on
ancient Cypriots’ health and fitness will
be presented and possible prescriptions
of medicines and other cure methods will
be exposed.

O-59. The climate and
environment
of
Ancient
Cyprus: Its reflections on
peoples’ health
Malapani N. Athina(1)
(1) Ph. D. Candidate, SORBONNE – PARIS
IV in collaboration with the National and
Kapodistrian University of Athens

Ecology, the study of the relationships
between the organisms and their
environmental conditions and their
effects on human’s health and way of
life,
was
connected
with
environmentalism, that is the organized
efforts of each and every state or nongovernmental communities and teams to
protect the environment from the harmful
human intervention. These two fields
were not common in ancient peoples’
mentality and attitude in spite of being
very popular nowadays [1]. Despite the
lack of environmental studies in
antiquity, the interest about the
environment and its effects on human
health and life was very vivid, as it is
proofed from many texts of literature,
epigraphs and papyri referred to the
environment and the peoples’ health of
ancient times. In addition, the huge
alterations of the environment during the
last 250000 years have shown how
important was the human intervention in
nature. For all those reasons, new fields
have been developed during the last

[1] D. McGowan Tress, “The Philosophical
Genesis of Ecology and Environmentalism”
in L. Westra & Th. M. Robinson (eds.), The
Greeks and the Environment, 33, 1997.
[2] D. F Dincause, Environmental
Archaeology. Principles and Practice, 37-38,
2000; J. D. Hughes, Environmental Problems
of Ancient Greeks and Romans, 3, 6-7, 19941
(20142); A. Wasse, “Climate, Economy and
Change: Cyprus and the Levant during the
late Pleistocene to Mid Holocene” in J
Clarke, C. McCartney & A. Wasse, On the
Margins of Southwest Asia. Cyprus during
the 6th to 4th Millenia BC, 43-47 (and for
more information see also, 44-71), 2007.
[3] D. F Dincause, Environmental
Archaeology. Principles and Practice, 13940, 2000.
[4] Edition used, J. Aubonnet, Aristote,
Poltiques, 1960.
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profiles of the two individuals, probably
due to the degraded nature of ancient
DNA and possible issues with
contamination. Initial next generation
sequencing (NGS) results for the mtDNA
were successful for one of the two
samples (NA) exhibiting thirty-six
endogenous polymorphisms spanning the
entire mtDNA, whereas for KN the
overall coverage was relatively low
probably due to a poor level of DNA
preservation. Future work is aimed at
improving the mtDNA data for KN
through use of more sophisticated NGS
methods. Attempts are also being made
to obtain Y-chromosome sequences for
both individuals.

O-60.
Investigating
the
possible brotherhood of two
Egyptian mummies NakhtAnkh and Khnum-Nakht via
ancient DNA analysis
Konstantina Drosou(1) and Terence A
Brown(1)
(1) Manchester Institute of Biotechnology,
University of Manchester, 131 Princess
Street, Manchester M1 7DN, UK

I am conducting ancient DNA analysis to
investigate the possible brotherhood
between two Egyptian mummies, NakhtAnkh (NA) and Khnum-Nakht (KN),
from the 12th Dynasty (c. 1900-1783
BC). The two high status individuals
were discovered in 1907 at Deir Rifeh in
Middle Egypt, and conserved to the
Manchester Museum since then. Their
kinship had never been questioned before
due to the existence of historical records
that mention their common life together,
and the fact that they were buried
adjacent to each other. However, a reevaluation of facts such as their different
morphologies as depicted in the
sarcophagi and 3D reconstructions, the
large age gap of 20 years, and the
uniparental mention of a mother’s name
in hieroglyphics in combination with the
lack of male filiation, has led to a new
hypothesis, that these individuals are
probably half-brothers. To examine this,
non-recombining maternal and paternal
genetic regions were separately analysed,
that is, the hypervariable regions I and II
(HVRI,II) of the mitochondrial DNA
(mtDNA), and NRY (non-recombining
region) of the Y-chromosome. Sanger
sequencing results of the mtDNA were
inconclusive for both samples, yielding
contradictory results in the genetic

O-61. Monitoring prehistoric
painted caves: A scientific and
technical
challenge
for
heritage preservation
François Bourges(1), Dominique Genty(2),
Pierre Genthon(3), Eric Mauduit(4),
Frédéric Perrier(5), Bruno Lartiges(6),
Aude Isambert(5), Frédéric Girault(5),
Hélène Bouquerel(5) and Dominique
D'Hulst(1)
(1) GEConseil, 30 rue de la République,
09200 St Girons, France;
geconseil@wanadoo.fr
(2) LSCE, UMR CEA/CNRS 8212, L'Orme
des Merisiers CEA Saclay, 91191 Gif/Yvette
cedex, France, dominique.genty@lsce.ipsl.fr
(3) Univ. Montpellier II, Case MSE, 34095
Montpellier, France; pierre.genthon@ird.fr
(4) Service Régional de l’Archéologie,
Direction Régionale des Affaires Culturelles
de Midi-Pyrénées 32, rue de la Dalbade,
31080 Toulouse, France;
eric.mauduit@culture.gouv.fr
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(5) Perrier F., Institut de Physique du Globe
de Paris, Sorbonne Paris Cité, Univ Paris
Diderot, CNRS, F-75005 Paris, France;
perrier@ipgp.fr; isambert@ipgp.fr;
girault@ipgp.fr; bouquerel@ipgp.fr
(6) Observatoire Midi-Pyrénées, Géosciences
Environnement Toulouse, Université Paul
Sabatier; bruno.lartiges@get.obs-mip.fr

stability (better than 0.002°C per year)
and resolution (0.0001°C) allows now to
detect minor thermal drifts due to local or
global climate evolution. Examples of
this new high quality monitoring will be
given.

Prehistoric painted caves host the most
fragile and ancient testimonies of
humanity. Environmental monitoring
provides vital information for their
conservation. The quality of the
information collected relies on the choice
of proper parameters to measure and on
the quality of the devices and monitoring
operations.
In these sites, archaeological remains are
inseparable of a natural karstic system
that buffers the outside influence and
guarantees an optimal protection.
Nevertheless, modifications of surface
conditions, of exchange rates or direct
human impacts can disrupt microclimates
or biological balances. From the
Chauvet, Pech Merle, Villars and Niaux
caves long series (18 to more than 30
years), we show how complementary
data from the underground and the
surface (climatic parameters, stable and
radioactive isotopes on water and air) are
analysed and interpreted in order to
preserve, or restore conservation
properties, or to prevent harmful events.
Monitoring operations have to be
parsimonious and respectful of the site.
They must provide long term and
continuous data collection. Sensors have
to withstand the rough cave conditions.
Their resolution must be sufficient to
draw information in very stable
environments as in the Chauvet inner
galeries where 0.03°C represents the
typical annual thermal amplitude. New
temperature sensors with increased

O-62. Dating of archaeological
mortars
by
Optically
Stimulated Luminescence: A
novel approach for dating the
construction of historical
buildings
Petra Urbanova(1) and Pierre Guibert(1)
(1) IRAMAT-CRP2A, UMR5060 CNRSUniversité Bordeaux Montaigne, Maison de
l’Archéologie, Esplanade des Antilles, 33607
Pessac, France

Absolute dating of construction materials
represents one of the indispensable
means for building history. Recent
researches [1] showed that in the MiddleAges a re-use of bricks originating from
older structures was a common
phenomenon. Therefore, dating of bricks
is not always representative for the
erection of the masonry, the moment to
be dated. That is why we focus on
mortar.
Current attempts in mortar dating
concentrate on the radiocarbon method
which has, however, its limitations [2, 3].
Thus, dating of mortars by optically
stimulated luminescence (OSL) may
become an interesting alternative. The
basic premise in such analysis is that
quartz in the sand used for making
mortar is optically zeroed during the
preparation process. The moment to be
dated is the last exposure of mortar to
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Radiocarbon Dating: Preliminary Accuracy
Evaluation of a Novel Methodology,
Analytical Chemistry 83(6), 2038-2045,
2011.
[4] P. Urbanova, D. Hourcade, C. Ney, P.
Guibert, Sources of uncertainties in OSL
dating of archaeological mortars: the case
study of the Roman amphitheatre PalaisGallien
in
Bordeaux,
Radiation
Measurements, 72, 100-110, 2015.
[5] P. Urbanova, P. Guibert, New insights
towards the dating of Roman and medieval
mortars
by
Optically
Stimulated
Luminescence (OSL) : comparison of case
studies, Proceedings of the 5th International
Congress on Construction History, Chicago,
Etats-Unis, 3-7/6/2015, 499-508, 2015.

light, before being embedded within the
masonry and hidden from light.
The first goal was to evaluate the
reliability of the method by dating the
mortars from well-dated Roman and
medieval reference structures and to
understand
all
the
difficulties
encountered [4]. Optical bleaching of
certain grains can be partial due to the
short exposure to light, which indicates
the necessity to work by the single grain
technique in order to find and select the
well-zeroed grains. The studied material
is also often very coarse, which causes
the heterogeneity of irradiation at the
grain scale, and thus the dispersion of
equivalent doses. We tried to understand
this phenomenon by using EDX-SEM
cartography, autoradiography beta and
ICP-MS.
As a result of this 3-year project, we are
able to present today the convenient
methodology for dating mortars by OSL
obtaining a good agreement between
OSL and reference ages for many
samples [5]. The promising potential of
the method will be demonstrated on
undated mortars sampled during the
archaeological research in the crypt of
the Saint Seurin basilica, Bordeaux.

O-63. Testing
archaeomagnetic and
thermoluminescence methods
in archaeologically dated
structures: The study of an
Early
Byzantine
ceramic
workshop in Thessaloniki,
Greece
Elina Aidona(1), George Polymeris(2)
Pierre Camps(3), Despina Kondopoulou(1),
Nikos Ioannidis(1) and Konstantinos
Raptis(4)

[1] P. Guibert, I. Bailiff, M. Baylé, S. Blain,
A. Bouvier, S. Büttner, A. Chauvin, Ph.
Dufresne, A. Gueli, Ph. Lanos, M. Martini,
D. Prigent, C. Sapin, E. Sibilia, G. Stella, O.
Troja, The use of dating methods for the
study of building materials and constructions:
state of the art and current challenges,
Proceedings of the 4th International Congress
on Construction History, Paris 3-7 July 2012,
469-480, 2012.
[2] G. Pesce, R. J. Ball, Dating of Old Lime
Based Mixtures with the Pure Lime Lumps
Technique, In: Nawrocka D. M. (ed.)
Radiometric Dating, InTech, 21-39, 2012.
[3] F. Marzaioli, C. Lubritto, S. Nonni, I.
Passariello, M. Capano, F. Terrasi, Mortar

(1) Department of Geophysics, School of
Geology, Aristotle University of Thessaloniki,
P.O. Box 352-1, Thessaloniki 54124, Greece.
E-mail: aidona@geo.auth.gr
(2) Institute of Nuclear Sciences, University
of Ankara, Turkey
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Archaeomagnetic discipline shows an
increasing growth over the last decades
especially in Europe. Several studies
have been performed in order to estimate
the variation of the geomagnetic field and
its significance in terms of dating
archaeological structures. Several models
have been proposed for either regional or
global data sets, enabling the dating of
archaeological periods starting from the
Neolithic. Hence, during the last years
archaeomagnetic method is considered a
valuable dating tool, especially in cases
where other, more ‘traditional’ dating
methods failed to estimate the age of the
structures
In this contribution we present a
combined
archaeomagnetic
and
thermoluminescence
study
of
archaeologically dated structures. The
investigated area is as ceramic workshop
comprising several Early Byzantine
kilns, classified in all the known
subtypes. Based on (a) the archaeological
– anthropogenic – stratigraphy of the site,
(b) the structural characteristics of the
kilns and (c) the few ceramic findings,
revealed within their context, the
operation of this brick and tile factory is
approximately dated between the early
decades of the fifth until the late sixth
century.
Three of the well-preserved kilns of the
workshop
have
been
studied
archaeomagnetically. The full vector of
the geomagnetic field, accompanied by
rock magnetic analysis of the studied
material, has been defined. Several
thermoluminescence calculations were
obtained on material from the three
studied kilns. The dating of the site was
performed using both methods. The
calculated ages with their standard
deviations are convergent for the first
kiln, while for the other two the results

seem to be incompatible. The possible
factors that provoked this divergent
estimation are proposed. Finally the
necessity of a multidisciplinary approach
in order to define more accurately the last
use of the fired structures is highlighted.

O-64. Chronometric studies of
charred
food
residue:
Chemical processing vs. Rote
Reservoir correction
Linda Scott Cummings(1), R. A.
Varney(1), Thomas W. Stafford, Jr.(2),
Robert J. Speakman(3) and Donna C.
Roper(4)
(1) PaleoResearch Institute, 2675 Youngfield
St., Golden, CO 80401, USA
(2) Stafford Research, LLC, 200 Acadia Ave.,
Lafayette, CO 80026, USA
(3) Center for Applied Isotope Studies,
University of Georgia, Athens, GA 30602,
USA
(4) Deceased, formerly Kansas State
University, Manhattan, KS USA

Charred food residues should produce
14
C ages that most directly and accurately
date human occupation. For some areas,
this is true. However, concern over Fresh
Water (or Marine) Reservoir Effects
(FRE) casts doubt on this method [1, 2].
Analogous to the Marine Reservoir
Correction, some scientists want a
geographically defined absolute offset
(correction) value [3]. Due to differences
in local geology, water chemistry and
aquatic biology, quantifying old carbon
content in freshwater systems is complex
and presently produces mediocre results.
We have explored different chemical pretreatments prior to dating charred food
residues paired with associated annual
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[1] Donna C. Roper, Evaluating the reliability
of AMS dates on food residue on pottery
from the late prehistoric Central Plains of
North America. Radiocarbon 55(1), 151-162,
2013.
[2] A. Fischer and J. Heinemeier. Freshwater
reservoir effect in 14C dates of food residue
on pottery. Radiocarbon 45(3), 449-446,
2003.
[3] J.P. Hart, A model for calculating
freshwater reservoir offsets on AMS-Dated
charred, encrusted cooking residues formed
from varying resources. Radiocarbon 56(3),
981-990, 2014.

plant remains, and dated different
chemical fractions to produce a protocol
for global application. Chemical pretreatment uses both polar (de-ionized
water) and non-polar (chloroformmethanol) solvents, variable vacuum
purging times, and traditional acid-alkaliacid chemical pre-treatment. This
approach produces residue dates
concordant with associated annual plants
and that are younger than dates on
untreated residues from the same sherds.
Residues derive from carbohydrates,
which carbonize at lower temperature;
proteins, which carbonize at higher
temperatures; and fats/oils/lipids, which
do not carbonize and can be extracted.
Chemical
fractions
soluble
in
14
chloroform-methanol produce C ages
considerably older than those on either
annual plants or solvent-insoluble food
residues. Use of a non-polar solvent
effectively separates these components,
and to some degree plant from animal
compounds, removing the 14C-depleted
portion of the residue.
Following the success of these extraction
methods, which indicate it is possible to
remove old carbon from charred food
residues prior to dating, we have
expanded our testing to include dating
humates removed during the alkali step.
We compare variations in the non-polar
solvent extraction procedure and study
the organic residue signatures to
understand the different fractions
comprising
food
residues.
This
presentation relies heavily on graphics
displaying concordance between dated,
matched pairs of samples, differences
between treated and untreated residue
from the same sherd, and differences in
dates on the multiple chemical fractions
that comprise charred food residues.

O-65. Timing the migration of
the “Sea Peoples” in the 2nd
millennium
BC
in
the
Southern Levant:
A
radiocarbon
based
chronology
Yotam Asscher(1,2)
Boaretto(2,3)

and

Elisabetta

(1) Kimmel Center for Archaeological
Science, Scientific Archaeology Unit,
Weizmann Institute of Science, Rehovot
76100, Israel
(2) Weizmann Institute-Max Planck Center
for Integrative Archaeology and
Anthropology, Weizmann Institute of Science,
Rehovot 76100, Israel
(3) D-REAMS Radiocarbon Laboratory,
Weizmann Institute of Science, Rehovot
76100, Israel

The Late Bronze Age to the Iron Age
transition
involves
an
important
historical-political change in the southern
Levant. Locally made pottery, influenced
by the Aegean world and associated with
the “Sea Peoples” arrival, is found while
Egyptian dominance is gone. The
transition is dated to the 12th century BC,
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a conclusion based on a small number of
archaeological and historical indicators
that are not found in every site. In
addition, radiocarbon dates make it hard
to determine a clear transition since they
differ greatly between sites. Furthermore,
because of the plateau in the calibration
curves, the dates lack precision and
accuracy. To increase the accuracy of
radiocarbon dates within the plateau, a
new approach was used in Qubur ElWalaydah and Tell es-Safi/Gath. A large
set of radiocarbon samples were
collected only from well defined
contexts, which were assessed as a
primary depositional context based on
associated materials and mode of
deposition. Analytical techniques such as
Fourier Transform Infra-Red (FTIR),
micro-morphology,
phosphates
and
phytoliths analysis were integrated in the
sampling strategy. Radiocarbon dates
from identified primary contexts were
introduced into a Bayesian model
according to their stratigraphic order. The
model demonstrates that it is possible to
achieve high precision dating even within
a plateau in the calibration curve. The
new radiocarbon chronology shows that
the “Sea Peoples” appeared in Tell esSafi/Gath and Qubur el-Walaydah in the
13th century BC. This high resolution
chronology influences the narrative of
the "Sea Peoples" arrival, showing
coexistence between the “Sea Peoples”
and the Egyptians before the Egyptian
withdrawal.

O-66. Radiocarbon dating of
cocciopesto and lean mortars:
Optimization
of
the
Cryo2Sonic method
Addis A.(1,2), Secco M.(1), Preto N.(3),
Marzaioli F.(4,5), Passariello I.(5), Brogiolo
G.P.(2), Chavarria Arnau A.(2), Artioli
G.(1,3) and Terrasi F.(4,5)
(1) Inter-Departmental Research Center for
the Study of Cement Materials and Hydraulic
Binders (CIRCe), University of Padua (IT)
(2) Department of Cultural Heritage:
Archaeology and History of Art, Cinema and
Music, University of Padua (IT)
(3) Department of Geosciences, University of
Padua (IT)
(4) Department of Mathematics and Physics,
Second University of Naples (IT)
(5) Centre for Isotopic Research on Cultural
and Environmental Heritage (CIRCEINNOVA), Second University of Naples (IT)

Mortar binders harden through the
absorption of atmospheric CO2 by
portlandite, incorporating the 14-carbon
signature of the setting time. In order to
date a mortar, the carbon of the binder
must be separated from other sources of
14
C, such as geologic limestone,
recrystallized calcite and non-carbonate
C-bearing phases. Such sources could
invalidate the dating process. In order to
separate and purify the binder, several
approaches have been proposed, among
which
the
physical/mechanical
purification (Cryo2Sonic) is one of the
most reliable methods. During recent
years, the Cryo2Sonic has been improved
and optimized, involving an initial
minero-petrographic characterization of
the mortar, separations of highly purified
binder
fractions
by
gravimetric
sedimentation,
and
isotopic
and
mineralogical characterizations of the
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separate binder in order to verify its
purity.
The Cryo2Sonic method was used to date
the religious complex of Lomello (Pavia)
in Northern Italy, constituted by the
baptistery of San Giovanni and the
church of Santa Maria Maggiore. The
complex was built during different
construction phases, from early Roman to
Late Medieval time, employing different
types of mortars, from cocciopesto to
lean mortars, thus it is an ideal case study
to test the method. The mineropetrographic characterization of the
mortars showed the presence of calcium
carbonates into the cocciopesto matrix of
the baptistery mortars and as aggregates
into the lean mortars of the internal walls
of the church. The separation procedure
allowed to obtain binder fractions richer
in 14-carbon of the construction time,
giving an excellent correspondence
between radiocarbon dates and the
archaeological records. The radiocarbon
dates measured from the separated
fractions were also compared with those
resulting from the measurement of lime
lumps and charcoal fragments extracted
from the same samples. The comparison
between lime lumps, charcoal residues
and purified binders indicated that the
latter are the most reliable materials to be
dated.

The time and pattern by which the
“Neolithic Revolution” appeared and
spread in the Aegean after its first
appearance in the Levant has been the
focus of our research in the recent years.
The issue of its appearance in this area
has a special significance not only
because it completes an important early
chapter of the history but because it is
related with the spread of the farmingstockbreeding mode in Europe. The
farming settlements in the European
territory appear first in Greece and then
to the rest of Europe and for this reason
are of particular concern to research.
Previous studies have suggested that the
Neolithic phase has moved progressively
in time by migration of people from NW
Turkey to Greece, either via the
Bosporus canal to Thrace and then to
Greece, the Balkans and Europe or
through the sea from the west coast of
Turkey, crossing the Aegean to Thessaly
and then to North Greece, the Balkans
and Europe.
In the previous ISA in 2014 we presented
new radiocarbon evidence from early
Neolithic sites in North Greece showing
that the first human settlements in west
Macedonia Greece and especially around
the Yannitsa plain (then filled with sea
extending the Thermaic Gulf inland)
were established in 6600/6500 BC. This
is about 100 years earlier than NW
Turkey (6500/6400 BC) and closely
contemporaneous with the West coast of
Turkey, which is now placed in around
6600 BC). This proves that the model of
spreading through land via Turkey
cannot be sustained.

O-67.
The
spread
of
Neolithization in the Aegean:
Modelling with radiocarbon
Yannis Maniatis(1) and Kostas Kotsakis(2)
(1) Laboratory of Archaeometry, Institute of
Nanoscience and Nanotechnology, NCSR
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Since then we have obtained a series of
new radiocarbon dates which complete
the evidence by enriching the
stratigraphic sequences of the earliest
settlements in West Macedonia and also
by extending it to other settlements in
Macedonia, North West Greece, Thessaly
and Albania.
Based on this accumulated evidence now,
we propose a maritime model for the
spreading of Neolithization in the
Aegean. This model suggests that the
early farmers from southeast Anatolia
sailed along the Aegean northbound,
landing on both sides, Greece and
Anatolia and accords well with the new
evidence available from coastal sites of
W. Turkey. The maritime network, active
in the Aegean from the preneoltithic
times, extended as far north as the
Thermaic Gulf where some of the earliest
settlements were established probably in
two or more waves separated by 200
years.

shapes, sizes, colours, etc., were defined
by their function, their exquisiteness only
depended on the goldsmith’s ability and
how he expressed his art.
The study of goldwork provides
information on the art of the goldsmith.
The casting, shaping, joining, decoration,
and finishing techniques applied to the
construction of an object can be often
described by 2D and 3D reconstruction
imaging, at different scales and depths,
which can be associated to elemental and
structural analysis. The development of
appropriate analytical protocols, which
may also include isotopic analysis and be
applied to the other remains of the
“chaîne opératoire”, can be used to
obtain information on the metallurgical
skill of a society, as well as on the origin
of gold and its trade routes. It must
nevertheless be considered that gold and
gold objects could be stored and
recycled, and were frequently remelted.
Objects are also quite often too precious,
rare and small to be sampled, and their
surfaces are sometimes enhanced to
change their aspect, colour, texture, or
may present signs of corrosion.
Based on data recently obtained for
Bronze Age goldwork from the
Mediterranean area and the Atlantic
façade, for pre-Columbian goldwork
from the Andean area, among other
examples, the aim of this presentation is
to review the major analytical challenges,
and to point out the techniques nowadays
available to follow the “life” of a gold
item: from the ore to the production of
the alloy, from the fabrication of the
object to its use, changes in function and
reuse, and its possible abandonment and
conservation after discovery.

This research has been supported by the
Institute for the Aegean Prehistory
(INSTAP).

O-68. Beyond gold: Openended questions and analytical
challenges
Maria Filomena Guerra(1)
(1) ArchAm – UMR 8096 CNRS and
Université Panthéon-Sorbonne, MAE, 21
allée de l’Université, 92023 Nanterre,
France

More than simple metallic objects, gold
items have symbolic meanings. They
were produced to express wealth, power,
artistry, mysticism, etc., and were often
associated with important events. If their
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O-69.
Long
–
term
developments
in
the
technology of iron craft
production: A case study in
the territory of Sagalassos,
SW-Turkey

material however, is recovered from
excavation layers dating between the 1st
and 7th century AD [2]. Based on textural
analysis, two main smithing techniques
could be identified. A first, dominant
group of slag is associated with the
production of simple bulk material. A
second, minor group of slag is related to
the production of more complex objects,
e.g. swords. Based on mass balance
calculations, it can be concluded that the
exchange of raw or finished products has
been limited, as has been the scale of
production and the impact of iron making
on the local environment. These
observations contradict the previous
hypothesis of Sagalassos as an important
iron production centre.

Kim Eekelers(1), Patrick Degryse(1) and
Philippe Muchez(1)
(1) KU Leuven, Department of Earth and
Environmental Science, Celestijnenlaan
200E, 3000 Leuven, Belgium

The 1200 km² territory of the Hellenistic
to Early Byzantine city of Sagalassos is
located in the Taurus Mountains (SWTurkey). It has been suggested that
Sagalassos was an important iron
production centre during the Imperial
period, in service of the Roman Parthian
and Persian campaigns undertaken by the
Roman emperors [1]. The current
overview study aims to reconstruct the
iron production technology used in the
territory, unravel ancient exchange/trade
patterns, establish the economic and
social-political importance of Sagalassos
as an iron production centre and
determine the ecological impact of the
production on the local environment.
Several iron smelting sites are present in
the Sagalassos territory, identified on the
basis of the metallurgical waste found
(furnace cooled and tap slag).
Differences in ore used and in the
production efficiency and technology
(furnace type, use of fluxes) can be
deduced by geochemical (ICP-OES and
HH-pXRF in the field) and mineralogical
(optical microscopy, XRD and SEMEDS) analysis of the slag. In the
administrative centre of Sagalassos itself,
no traces of smelting are found. Smithing

[1] Talloen, P., Stroobants, F., and Degrys, P.
(2015) Hephaistos in Pisidia: establishing the
importance of coin type. In Revue Belge de
Numismatique et de Sigillographie p. 18.
Societe Royale de Numismatique de
Belgique.
[2] Kellens, N., Degryse, P., Martens, F., and
Waelkens, M. (2003) Iron production
activities and products at Roman to EarlyByzantine Sagalassos (SW Turkey). In
Archaeometallurgy in Europe p. 11.
Associazione Italiana di Metallurgia.

O-70. Iron oxide reduction
process (IORP) for lead and
silver smelting: A modern
innovation or a long-lasting
tradition
Siran Liu(1), Rehren Thilo(2), Changqing
Xu(3) and Jianli Chen(4)
(1) Institute of Historical Metallurgy and
Materials, USTB
(2) UCL Qatar
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be used to retrospectively examine
published data, making it possible to
search for more evidence of this
technology in the pre-modern period
world-wide.

In 1870, John Percy [1] reported in his
“The Metallurgy of Lead” an innovation
of lead and silver smelting in Upper
Harz, Germany introduced during the
19th century. This used ‘protoxide of
iron’ (e.g. iron fining slag, burnt matte)
in place of metallic iron to extract lead
and silver from galena. According to
Percy [2], in this process protoxide of
iron was first reduced to metallic iron insitu and then reacted with lead sulphide
following the established iron reduction
process (IRP) in which iron replaces lead
from its sulphide. However, in the same
book, Percy also noted that ‘tribasic
silicate of protoxide of iron’ (fayalite)
can also react with lead sulphide directly
without the help of carbon monoxide [3].
Percy did not provide much more
information about this reaction, but a
recent research project on the precious
metal and lead production in imperial
China has shed new light on it [4]. In this
paper, we report the results of technical
studies on the smelting remains from two
large scale lead and silver production
sites in Jiangxi Province, Central South
China dated to the Tang (7th-10th century
AD) and the Yuan Dynasties (13th-14th
century AD). It is demonstrated that iron
oxide rich materials were used at these
two sites to react directly with lead
sulphide rather than being reduced first
in-situ. We tentatively name this process
as iron oxide reduction process (IORP) to
distinguish it from the direct IRP, and
argue that this process had been
employed by the smelters in imperial
China mainly in the large scale
production of lead and silver. The newly
identified features of IORP slag can also

[1]John Percy, The Metallurgy of Lead
Including Desilverization and Cupellation,
London: John Murray, 368 1870.
[2]John Percy, The Metallurgy of Lead
Including Desilverization and Cupellation,
London: John Murray, 58, 357, 1870.
[3]John Percy, The Metallurgy of Lead
Including Desilverization and Cupellation,
London: John Murray, 59, 1870.
[4]Siran Liu, Gold and Silver Production in
Imperial China: Technological Choices in
Their Social-economic and Environmental
Settings, UCL Unpublished PhD Thesis,
2015.

O-71. Analysis of niello inlay
in Roman silver- and copperbased alloy metalwork found
in the Pannonian provinces
V. Mozgai(1), I. Fórizs(1), B. Bajnóczi(1),
L. Csedreki(2), Zs. Kertész(2), Z. May(3),
M. Szabó(1), Zs. Mráv(4) and M. Tóth(1)
(1) Institute for Geological and Geochemical
Research, Research Centre for Astronomy
and Earth Sciences, Hungarian Academy of
Sciences, H-1112 Budaörsi út 45. Budapest,
Hungary
(2) Section of Ion Beam Physics, Institute for
Nuclear Research, Hungarian Academy of
Sciences, H-4026 Bem tér 18/c. Debrecen,
Hungary
(3) Institute of Materials and Environmental
Chemistry, Research Centre for Natural
Sciences, Hungarian Academy of Sciences,
H-1117 Magyar tudósok körútja 2. Budapest,
Hungary
(4) Hungarian National Museum, H-1088
Múzeum körút 14-16. Budapest, Hungary
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Niello is a blue-black lustrous material,
which was used to decorate silver-, goldand copper-based alloy objects. It is
composed of one or more metal sulphides
inlaid or fused into a recess in metal.
Though there are several analyses on
niello inlays, the origin of niello work is
still obscure, because it is often mistaken
with other inlaying materials. Niello
became very popular from the first
century in the Roman Empire and was
used to decorate a wide range of artifacts.
The Roman niello examined in the
previous works was generally composed
of one metal sulphide (silver sulphide for
silver objects and copper sulphide for
copper, brass and bronze objects).
However, there are some exceptions
where copper content was detected in
silver sulphide niello inlays. It is not
clear whether copper was added
intentionally or it is an unintentional
contamination (use of scrap material).
We have analysed niello inlays in several
Roman silver- or copper-based alloy
artifacts, among them belt fittings,
brooches, which were found in the
Pannonian provinces and now being kept
in the Hungarian National Museum. The
objects were analysed with nondestructive methods (pXRF, PIXE, SEMEDX and micro-XRD) in order to study
the
chemical
and
mineralogical
composition and the microstructure of
their niello inlay.
One spectacular group of objects is a late
third century niello inlaid silver belt set
from the Budapest-Pasarét weapon grave
and a silver augur-staff (lituus) with
similar decoration system from Brigetio
(Komárom-Szőny). The other remarkable
objectives of this work are the Hunting
and Geometric platters of the Seuso
Treasure. Besides the Cesena and
Kaiseraugst platters, the niello inlaid

decoration applied extensively in the
Hunting platter offers a great opportunity
to examine comprehensively the late
Roman niello technique.
Our preliminary results indicate that
Roman niello was made from one metal
sulphide, the same from which the
artifact was made. Other metals were
detected only in trace amount and could
origin from the scrap material. However,
in some parts of the niello inlay of the
silver belt set and the silver augur-staff,
much higher copper content (around 2025 wt%) was measured. The origin of the
elevated copper content needs further
investigation:
two-metal
sulphide
(intentional use) or more debased silver
(unintentional use) was used for making
the niello.

O-72. A thousand years of
iron production:
Reconstructing
smelting
practices at Meroe through
slag heaps
Thomas Birch(1) and Jane Humphris(2)
(1) UCL Qatar, PO Box 25256, 2nd Floor
Georgetown Building, Hamad Bin Khalifa
University, Doha, Qatar; t.birch@ucl.ac.uk
(2) UCL Qatar, PO Box 25256, 2nd Floor
Georgetown Building, Hamad Bin Khalifa
University, Doha, Qatar;
j.humphris@ucl.ac.uk

Since initial excavations in the 1960s,
primary in-situ furnace remains at Meroe
have been elusive. Renewed excavations
at the Kushite Kingdom capital have
implemented innovative slag sampling
methods, sub-sampling slag contexts and
slag heap contents through their
chronological development. This paper
presents the preliminary results from the
123

KALAMATA, 15-21 MAY 2016
initial investigation of the three main slag
heaps,
ranging
in
date
from
Napatan/Early Meroitic to Post-Meroitic
(c. 800 BCE – 600 CE).
Excavations at Meroe have adopted a
strategy of careful archaeological subsampling and sorting of metallurgical
residues of slag units documented across
slag heap profiles. Such sampling has
proved
invaluable
in
monitoring
similarity and differences in material
contents through the development of the
slag heaps.
The slag sampling methodology has
made it possible to target and prioritise
units of interest, with the aim of
understanding continuity and change in
smelting practices at Meroe. Using a
combination
of
macroscopic
observations, optical microscopy and
chemical analyses of the metallurgical
remains, this paper presents preliminary
results, as told through slag heaps, about
the development of iron smelting
practices at Meroe.
Smelting systems are reconstructed by
assessing choice of raw materials,
operating conditions and material
balances, with preliminary interpretations
on the organisation and scale of
production. These are contextualized
within the local geological and
environmental setting, highlighting the
development of smelting practices at
Meroe with time. The results are not only
paramount
to
understanding
technological choices involved in the
organisation and production of iron at
Meroe,
but
are
significant
in
understanding
the
history
and
development of iron production in East
Africa, as well as its relationship to
neighbouring regions.

O-73. West Mexican copper
metallurgy: A case study from
Teuchitlán, Jalisco
Blanca Maldonado(1) and Peter Tropper(2)
(1) Center for Archaeological Studies, El
Colegio de Michoacán, A.C. Cerro de
Nahuatzen 85, Fracc. Jardines del Cerro
Grande C.P. 59370, La Piedad, Michoacán,
México
(2) Institute of Mineralogy and Petrography
University of Innsbruck Innrain 52f, A-6020
Innsbruck, Austria

Metallurgy is considered one of the most
characteristic
socio-technological
developments in Pre-Columbian Western
Mexico [1]. Based primarily on copper
and its alloys, this technology largely
focused on the creation of sumptuary
objects, which were used as symbols of
social and political elite status, as well as
in religious ceremonies and other rituals.
Some utilitarian implements such as
needles
and
hooks
were
also
manufactured [2]. West Mexican
metallurgy therefore represents a
valuable reference for understanding the
cultural context in which it developed.
The aim of the present paper is to discuss
recent (and still in progress) research
pertaining to the West Mexican site of
Teuchitlán, Jalisco, framed in the general
context of mining and metallurgy in the
region. This work represents the first
systematic attempt to characterize the
metallurgy associated with the Teuchitlán
Tradition, a pre-Hispanic complex
society whose rise and development have
been generally dated from the end of the
Formative period (200 CE) to the end of
the Classic era in Mesoamerica (ca. 900
CE) [3, 4].
Thus far, it has been possible to analyse
twenty-four metal samples, including
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adornments such as lost–wax-cast bells
and cold-worked rings, as well as
implements, including needles and awls,
by
wavelength-dispersive
electron
microprobe (WD-EM). Preliminary
results indicate that most of the samples
are almost pure copper with trace
amounts of silver. Further analysis will
be required to determine a more specific
composition.

heralded as an ingenious gold-saving
strategy but also as a cultural practice
that fitted Andean value systems, as it
allowed the gold ‘essence’ of the
artefacts to be manifest on their surfaces.
An implicit, unquestioned assumption in
most subsequent studies is that depletion
gilding was a positive and desirable
technical innovation, irrespective of the
cultural context – but was it?
This paper concentrates on the evolution
of goldworking at the Sierra Nevada of
Santa Marta, a high peak in the northern
Andes in Colombia, where over 10,000
gold-alloy artefacts have been recovered
[2].
Typological
and
stylistic
examination together with analyses by
pXRF, SEM-EDS and EPMA have
allowed us to characterise the Nahuange
metalworking tradition (ca. AD 1001000), which preceded the emergence of
the more famous Tairona in the same
area (ca. AD 1000-1600). We document
material and aesthetic choices that
challenge long-held generalisations about
Pre-Columbian metallurgy and Andean
value systems.
Nahuange metalsmiths used tumbaga to
manufacture both cast and hammered
personal adornments, although the latter
predominate. In most of the hammered
objects, repeated hammering and
annealing inevitably led to depletion
gilding of the surfaces. However, the
front surfaces of these objects were
meticulously burnished and polished to
remove the golden layer and exhibit the
orange colour of the copper-rich alloy. It
seems copper, and not gold, was the main
metal that had to be seen. During the
later Tairona Period, in contrast, there
was a deliberate and prominent choice of
gilded artefacts made out of comparable
copper-rich alloys. This work thus
illustrates the accidental, inevitable

[1] Beekman, Christopher S., Recent
Research in Western Mexican Archaeology,
Journal of Archaeological Research 18, pp.
41-109, 2010.
[2] Hosler, Dorothy, The Sounds and Colors
of Power, MIT Press, Cambridge, 1994.
[3] Weigand, Phil C., Jorge Herrejón y Sean
M. Smith, Proyecto Arqueológico “Los
Guachimontones”,
2001-2002,
Informe
Técnico de las Unidades de Excavación
Talleres 1 y Talleres 2, 2002.
[4] Smith, Michael E., Form and Meaning in
the Earliest Cities: A New Approach to
Ancient Urban Planning. Journal of Planning
History 6 (1), pp. 3-47, 2007.

O-74. New but not good:
Technological
innovation,
rejection
and adoption in
Pre-Columbian goldwork
Marcos Martinón-Torres(1) and Juanita
Sáenz-Samper(2)
(1) UCL Institute of Archaeology, 31-34
Gordon Square, London WC1H 0PY, UK
(2) Museo del Oro, Banco de La República,
Calle 16 #5-41, Bogota DC, Colombia

Depletion gilding is often highlighted as
a key technical achievement of PreColumbian goldsmiths in the Andes.
Since the pioneer work of Heather
Lechtman [1], this technique has been
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discovery of depletion gilding but also
the initial cultural rejection of this
technique, which took several hundred
years to be widely accepted.

thousands of artefacts, most dating to the
local Iron Age II period (c. 1100-600
BC), including more than 7000
copper-base artefacts, many hundreds of
gold artefacts, and complete bi-metallic
and iron swords and daggers. Saruq alHadid offers the unique possibility for
multi-material research around the wider
topic of archaeometallurgy. The site
brought a wide range of material groups
to light, which stand in puzzling contrast
to the sites environment and its (recent)
location in the desert. Among those are,
for example, slag or fish bones. The new
project at the Saruq al-Hadid offers a
chance to develop the first detailed
understanding of this perplexing site.
This paper will discuss cutting edge
compositional, LIA and TLD analyses of
copper based artefacts, production debris
and slag in relation to the study of animal
bones and archaeobotanic remains.
Copper production debris evidenced
casting activities and the production of
metal artefacts, of which astonishingly,
many remained on site. Slag, on the other
hand, may have accumulated for various
reasons, such as smelting, recycling or
landscape marking. In addition, Saruq alHadid provides the exceptional evidence
for the intensive use of iron artefacts in
the region. The paper will discuss the
various reasons for not only the specific
location of Saruq al-Hadid but also its
importance in relation to metal
production on the cross-road between the
mountains and the sea.

[1] H. Lechtman, Andean value systems and
the development of prehistoric metallurgy.
Technology and Culture 25(1), 1-36, 1984.
[2] J. Sáenz Samper, Inscrito en metal:
Tecnología metalúrgica en la Sierra Nevada
de Santa Marta, Colombia. De Nahuange a
Tairona, 100 a.C. – 1600 d.C. Fundación de
Investigaciones
Arqueológicas, Bogotá,
2015.

O-75. Metals of the Desert Analytical evidence from
Saruq al-Hadid/Dubai
Kristina A. Franke(1), Tom Eley(1), Ivan
Stepanov(1), Charotte M. Cable(1), Lloyd
Weeks(1), Claire Newton(2), James
Roberts(3), Naomi Sykes(3), Steven
Karacic(4), Rashad Bukhash(5), Shaikha
Obaid AlAbbar(6) and Mansour Boraik(6)
(1) University of New England, Australia
(2) Université du Québec à Rimouski,
Canada
(3) University of Nottingham, UK
(4) Bryn Mawr College, USA
(5) Dubai Municipality, UAE
(6) Archaeology Section, Dubai Municipality,
UAE

This paper reports on the new research
programme at the site of Saruq al-Hadid,
Dubai, UAE. The project is an
international
collaboration
between
Dubai Municipality, the University of
New England, Australia, International
Conservation Services, and additional
scholars from a range of institutions.
Excavations by several teams since 2003
have producing an array of tens of
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different reflectance in UV region
demonstrated a surface compositional
difference in two samples. Accordingly,
it was demonstrated how tinned copper
artefacts are skillfully made by heating to
a temperature approximately near the
melting point of tin, wiping, and then
quenching.

O-76. An analytical approach
to the study of historical
Wipe-Tinning method in Iran
Mohammad Mortazavi(1)
(1) Art University of Isfahan, P. O. Box 1744,
Isfahan, Iran; m.mortazavi@live.com

Tinning, as a decorative and utilitarian
coating on copper artefacts, has been
used in the ancient world. Archaeological
evidence has demonstrated that the use of
tinned copper goes back at least to about
1000 years ago (Seljuq period) in Iran.
Tinning after several hundred years is
still performed in some parts of Iran as a
common traditional wipe-tinning method.
The aim of this paper is to investigate the
tin coating and Cu-Sn intermetallic
compounds (IMCs) formed in Iranian
traditional tinning. Using optical
microscopy (OM) and scanning electron
microscopy-backscattered
electron
(SEM-BSE) images, the cross-sections of
historical samples and of samples
prepared by the traditional method were
studied. Compositional analysis of each
layer was determined using scanning
electron microscopy combined with
energy dispersive X-ray spectroscopy
(SEM-EDS). In addition, regarding water
quenching in the traditional method, the
effects of different heat treatments
(water-quenched and air-cooled) on the
appearance of the artefact were studied
by spectrophotometer (UV-Visible).
Results indicated the presence of η and ε
intermetallic compounds which are
formed between Sn coating and Cu
substrate. In this case, air-cooled samples
showed dull appearance compared to the
silver-like lustrous appearance of
quenched
samples.
Moreover,
spectrophotometer (UV-Visible) with

O-77. For whom the Vendôme
Column tolls: Investigation of
one of the world’s largest
bronze monument
Aurélia Azama(1), Annick Texier(1),
Benoît Mille(2,3), David Bourgarit(2,3),
Jessica Legendre(1), Nathalie Gandolfo(2),
Elisabeth Lebon(4) and Christophe
Bottineau(5)
(1)Laboratoire de recherche des monuments
historiques, Champs-sur-Marne, France
(2)Centre de Recherche et de Restauration
des Musées de France, Paris, France
(3)Préhistoire et Technologies, CNRS,
Nanterre, France
(4)PhD in History of Art, XIXth/XXth bronze
art foundry specialist, Paris
(5)Architect in chief for Historical
Monuments, 2BDM company

Erected at the center of the Vendôme
Place in Paris in 1810 to commemorate
Napoleon’s greatest victory at Austerlitz
(1805), the Vendôme Column (44 m
high, 3.8 m max diameter) is one of the
largest bronze sculpted monuments of the
world. Inspired on Trajan’s Column in
Rome, it is constituted of a stone column
on which more than 400 cast bronze basrelief panels, spiral it up. On top of the
column, a statue depicts NapoleonBonaparte in classical dress [1]. Its
restoration campaign (2014-2015) [2]
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[1] De Lanzac de Laborie L, 1915. La
colonne de la Grande-Armée, "colonne
Vendôme", H. Laurens (ed), Paris, 32 p.
[2] Bottineau Ch., Texier A., Bouichou M.,
Guinamard C., Brunet-Imbault B., Levanu
M., 2014. Toute la subtilité d’un épiderme:
approche pour une conservation-restauration
de la Colonne Vendôme, in Open air metal.
Outdoor metallic sculpture from the XIXth to
the early XXth century : identification,
conservation, restoration : 15th study days of
the SFIIC, 4-5 December 2014, Paris /
Aurélia Azéma, Annick Texier, eds, p 196205.
[3] Francoeur L.-B., Payen M., Robiquet P.J., 1839. Nouveau dictionnaire universel des
arts et métiers, de l’économie industrielle et
commerciale : contenant l’exposition des
procédés usités dans les manufactures, les
ateliers d’industrie et les arts et métiers,
Paris, p 222-224.

offered a unique opportunity to
investigate the metal composition of
more than 300 pieces using ICP-AES.
The present paper aims to report on the
results thus obtained and to discuss them
in the light of archives.
According to the 19th c. archive data, the
panels (representing a surface near
500 m² and a weight near 180 tons) have
been cast from cannons captured during
Napoleon’s wars. Cannons used to be
made of binary bronze with tin content
ranging from 9 to 11% wt [3]. However,
mostly leaded tin bronzes (Cu, Sn, Pb)
have been put into light, with lead
content from 1 to 21% wt. Brass (Cu, Zn)
appear on later casting after the 1871 fall.
Various element (alloy elements and
impurities) patterns revealed using
multivariete
statistical
approach
confirmed the existence of three different
steps in the casting of the monument.
How is it possible to link them with the
difficulties
encountered
by
the
condemned foundry man Launay? Are
there any cannon metals in the
monument? Why the Vendôme column
was considered as a bad foundry work by
these contemporaries, although it finally
represents the first monumental sand cast
bronze? The analytical data does not only
explain why three kinds of patina have
developed, but adds valuable input to the
understanding of this highly political and
extraordinary project.

O-78. To the problem of the
sources of silver supply in VIVII centuries in the European
part of Russia: Results of the
study of isotopic composition
of silver by the Pb-Pb method
I. Saprykina(1), A. Chugaev(2) and L.
Pelgunova(3)
(1) Institute of archaeology RAS, Moscow,
Russian Federation
(2) Institute of ore geology, petrography,
mineralogy and geochemistry RAS, Moscow,
Russian Federation
(3) A.N. Severtsov Institute of Ecology and
Evolution RAS, Moscow, Russian Federation

One of the crucial problems for the
European part of Russia is the problem of
sources of silver supply in VI-VIII
centuries, because the area in question is
equally separated from all known silver

Figure 1: The Vendôme column erected at the
center of place Vendôme in Paris, ©LRMH.
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deposits that were developed at this time
in the Byzantine Empire. The study of
the chemical composition of silver
objects from the treasures, that has been
done by different researchers (O. M.
Pryhodniuk, A. N. Egorkov, O. A.
Shcheglova etc.), allowed to tentatively
identify one of the main sources of silver
and associate it with the Balkans.
However, until the present time there is
no clear correlation of the Balkan and
Asia Minor silver in the Byzantine
Empire market. We do not know what
kind of silver was intended to satisfy the
inner needs of the Empire, and what
enriched the external markets. Solution
of these problems will allow, in
particular, to reconstruct the extent of
economic and resource connections with
the territories situated in the Empire
contact zones.
We are conducting the study of the
isotopic composition of high-grade silver
(using Pb-Pb method) for belt sets of
heraldic type originated from the early
Slavonic treasures of the VI-VII
centuries from the Dnieper territory (socalled "antiquities of antes"; SudzhaZamostie treasure). According to
preliminary results, one can suppose that
these items were produced with silver
obtained from the Carpathian basin’s
deposits. The comparison of the data
obtained by the Pb-Pb methods with the
data from the Baia Mare, Bansko
Stiavnicka and Rosia Montana deposits
showed the coincidence of the isotopic
composition of silver of the belt plates of
heraldic style from the Sudzha-Zamosc
treasure with the isotopic composition of
ore province, to which the well known
deposit Rosia Montana (Western
Romanian Carpathians) is inclined [1].
However, the fragments of the Byzantine
dish with the irregular brand of

Constantine the II or the IV in the
Sudzha-Zamostie treasure are perplexing.
The isotopic composition of this brand
“is out of the picture”. Available data
from typological studies and analyses of
the chemical composition of the metal
structure point to the possibility of
receiving the silver for its production
from the ore province, located in Asia
Minor. To test this hypothesis, we are
currently running a study of isotopic
composition of the silver of the belt
plates of heraldic style of the VI-VII
centuries
that
were
found
in
Kushnarenkovo burial ground (The
Southern Urals). Hypothetically, one of
the most probable ways the silver was
delivered to the Urals, are Asia Minor
deposits, and in particular the ones in
Sasanian Iran. Thus, the results of this
study make it possible to outline the main
deposits, from which the silver was
brought in the European part of Russia in
the VI-VII centuries.
[1] Baron S., TămașC.G., Cauuet B., Munoz
M., 2011. Lead isotope analyses of goldsilver ores from Roșia Montană(Romania): a
first step of a metal provenance study of
Roman mining activity in Alburnus Maior
(Roman Dacia) // Journal of Archaeological
Sciences, 38 (5). Pp. 1090–1100.

O-79. Practice less than
perfect:
How workshop
activities
modified
the
composition of ancient glass
Ian C Freestone(1)
(1) Institute of Archaeology, UCL, 31-34
Gordon Square, London WC1H 0PY
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If glass compositions are to be
interpreted in a robust fashion, it is
necessary
to
understand
the
compositional changes that resulted from
craft practice at the secondary stage of
production. This paper illustrates these
effects through the analysis of new data
and the re-analysis of published material.
Additions of colourants, opacifiers and
decolourisers resulted in obvious changes
in the concentrations of the active
components, but their incidental effects,
such as the modification of isotopic
composition, are not always recognised.
Similarly, additions of reducing agents
such as fuel ash or slag are not always
allowed for, resulting in confusion
between natron and plant ash glasses.
Recycling could have a significant effect
by mixing glasses of contrasted
composition, but commonly the changes
were more subtle. Besides the wellknown incorporation of colourant
elements due to imperfect separation of
coloured cullet, a number of other
changes are apparent when glass has
been
intensively
recycled.
Contamination by fuel ash particles and
vapour, loss of volatiles, and reaction of
the glass with furnace or crucible ceramic
are all demonstrable in archaeological
assemblages.
Counter-intuitively,
alumina, strongly associated with
ceramic, is unlikely to be a good
indicator of contamination, whereas iron
oxide is more sensitive, because
Fe2O3(ceramic)/Fe2O3(glass)
was
significantly
greater
than
Al2O3(ceramic)/Al2O3(glass).
Some glass assemblages which show
strong evidence for recycling show little
evidence of compositions intermediate
between primary production groups. The
mixing of primary glass types depended
upon the glass supply and prevailing

economic conditions and frequently a
single primary glass type dominated a
region at a particular time. Hence,
primary production groups are readily
recognisable in many assemblages in
spite of compositional modifications
indicating
intensive
recycling.
Paradoxically, Levantine I glass products
in the Levant often show particularly
strong evidence of recycling, in spite of
their relative proximity to the raw glass
making furnaces.

O-80.
Addressing
the
invisible: Experiment, ‘data
mining’ and the archaeometry
of glass recycling in the first
millennium AD
Chloë N. Duckworth(1)
(1) University of Leicester

In recent years, there has been a veritable
boom in the study of archaeological
glasses, with much of the increased focus
coming from the enormous potential of
compositional analysis as a tool for
reconstructing primary glass production
and trade. Most studies focus upon
linking new data to already-defined
compositional groups; others offer the
definition of new groups and previously
un-recognised glass types.
At the same time, we are developing an
increasing awareness of the effects of
secondary
production
on
glass
composition, with factors such as furnace
atmosphere, fuel, tool and crucible type
having potentially profound influence on
the
readings
we
obtain
from
compositional analysis of glass.
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My project, which began in September
2015, uses the large compositional
databanks of first millennium AD glass
in the Mediterranean and surrounding
regions, coupled with experimental
reproduction of glasses, in order to
address the effects of secondary
production, and to start to quantify the
scale of glass recycling. The initial
results, which I shall present here, reveal
interesting patterns in glass composition
over time and space, and shed some light
on the biases in data collection. In this
talk, I shall consider how these results
feed into our current understanding of the
technological development of glass
production. I shall also discuss some of
the
theoretical
underpinnings
of
compositional analysis, what we hope to
achieve by undertaking it, and how we
might modify our expectations.

contexts of Mycenaean Greece (ca. 14001100 BC). By identifying production
modes of allied vitreous technologies this
paper aims to trace interactions amongst
them and further to define their
specialization within the milieu of
developments in vitreous industries of
the Late Bronze Age Mediterranean.
This is the first comprehensive corpus of
analyses of securely dated faience and
vitreous materials from Mycenaean
contexts. Earlier studies focused on
Minoan faience [1] whilst more recent
attempts were based on limited samples
of faience allegedly defined as
‘Mycenaean’ [2]. Given that faience and
related vitreous materials occur in a
considerably
smaller
number
in
Mycenaean Greece when compared to
the abundant blue relief
glass
jewellery [3], the results illuminate
significant aspects of the operation of
Mycenaean glass industry [4].
One hundred samples of Mycenaean and
Egyptian materials were exposed to
chemical
and
micro-structural
characterisation by EPMA. LA-ICPMS
was used to detect trace elements in
faience glazes. The materials examined
comprise
typical
Mycenaean
monochrome faience, frit and Egyptian
blue beads from Thebes, Phokis and
Lokris. The study also included analyses
of faience ornaments from the 18th
Dynasty Egypt that were found in
Mycenaean Thebes.
The results yielded a wealth of
information about the techniques and raw
materials of faience manufacture.
Following a comparative study with
published analyses the discussion focuses
on cobalt and copper blue colorants
employed in their production and
circulation amongst production zones in
the broader area of the Mediterranean.

O-81. Faience and vitreous
materials
in
Mycenaean
Greece: Interactions amongst
allied production technologies
in the Late Bronze Age
Mediterranean
Kalliopi Nikita(1) and Simon Chenery(2)
(1) University of Nottingham, School of
Cultures, Languages and Area Studies,
University Park, Nottingham NG7 2RD,
United Kingdom;
kalliopi.c.nikita@gmail.com
(2) British Geological Survey,
Nottinghamshire, Keyworth, United Kingdom

The paper presents and discusses the
results of scientific investigation of
faience, frit and Egyptian blue artefacts
that were found in archaeological
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Finally, microstructure and composition
of cobalt blue frits (including their glassy
phases) from a jewellery workshop at
Mycenaean
Thebes
suggest
experimentation with raw materials for
glass production of the plant ash
technology.

work blue decoration, found in Serdica
(present-day Sofia, Bulgaria). The
analytical data was obtained by laser
ablation ICPMS measurements on minute
fragments from the two layers of the
vessel – the main body and the external
open-work ornamentation. The main
objective of this research is to integrate
the scientific data as decisive evidence in
a wider discussion of the technological
traditions which characterized this elite
level of the late Roman glass industry.
The results show that the cup is made of
antimony-decolourised glass and the
decoration is cobalt-blue glass. The
interpretation of these two compositions
as a deliberately formed technological
assemblage, in comparison with other
published diatreta analyses, strongly
suggests that only one base glass was
used to produce these high-status objects:
colourless for the main body of the
vessels, and coloured for the decorative
layer. Although our new LA-ICPMS data
is for only one vessel so far, a review of
published analyses from other such
vessels indicates that quite possibly same
approach was also taken for most other
diatreta. The presentation discusses the
reasons for such a particular way of
manufacturing in an attempt to
reconstruct the working practices of the
cage-cup artisans, choices of raw
materials and decisions for their
processing.
The research hypothesizes the likely
existence of an established modus
operandi for this highly-specialized glass
working. Such an insight into the diatreta
glass manufacture is possible entirely
thanks to the archaeometric approaches
to archaeological materials, combined
with an interpretative perspective
informed by the broader context of the
late Roman glass production.

[1] Foster, K. P. and Kaczmarzyck, A., 1982.
‘X-Ray fluorescence analysis of some
Minoan faience’, Archaeometry 24, 143-157.
[2] Maniatis, Y., Panagiotaki, M. and
Kaczmarzcyck, A. 2008. ‘Faience Production
in the Eastern Mediterranean’, pp. 112-128 in
M. S. Tite and A. J. Shortland, Production
Technology of Faience and Related Vitreous
Materials, Oxford: Oxford University School
of Archaeology: Monograph 72.
[3] Foster, K. P. 1979. Aegean Faience of the
Bronze Age, Yale University Press, New
Haven.
[4] Nikita, K. and Henderson, J. 2006. .
‘Glass analyses from Mycenaean Thebes and
Elateia: compositional evidence for a
Mycenaean glass industry’, Journal of Glass
Studies 48: 71-120.

O-82. Compositions of a cagecup from late Roman Serdica
and the colouring of diatreta
glass
Anastasia
Rehren(2)

Cholakova(1)

and

Thilo

(1) National Institute of Archaeology with
Museum – Bulgarian Academy of Sciences –
2 Saborna Str., Sofia 1000, Bulgaria
(2) UCL Qatar, a partner of Hamad bin
Khalifa University, PO Box 25256, Doha,
Qatar

We present unique main and trace oxide
data for a fourth-century AD glass cagecup with figured and geometric open-
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very homogeneous. Concentrations of
potassium, magnesium and phosphorus
oxides are higher than in typical “natron”
glass
and
demonstrate
positive
correlation. It is probably due to the
addition of wood ashes during the
colouring process - intentional as a
reducing agent or deliberate through
fuel [3]. Red and orange glass was
coloured by copper accompanied by tin
and antimony. Among specific features
of red opaque enamels is a very constant
concentration of lead oxide (9-10% on
average).
Combination of a sophisticated technique
of the champlevé enamelling and glass
working methods allows to assume a
provincial Roman rather than a Barbarian
origin of craftsmen who produced
enamelled objects of the Bryansk hoard.
Possible versions of the origin of items in
this style, apparently custom-made for
East-European Barbarians, are to be
discussed regarding various methods of
colouring glass and distribution of
objects related to the type of attire in
question.

O-83. A hoard of enamelled
objects from the Bryansk
region,
Central
Russia:
chemical composition and
production technology
Olga Rumyantseva(1) and Alexander
Trifonov(2)
(1) Institute of Archaeology, Russian
Academy of Sciences, D. Ulianov st. 19,
117036, Moscow, Russia
(2) Kazan National Research Technical
University named after A.N.Tupolev - KAI
(KNRTU-KAI), K.Marx St. 10, 420111,
Kazan, Tatarstan, Russia

The aim of our project (RFH, № 14-0100269a) was to study the production
technology and the composition of glass
of East European enamelled objects.
Ornaments made in this style appear in
Baltic, Upper and Middle Dnieper region
in the mid-2nd century A.D. They were
usually considered to be influenced by
provincial Roman enamels and made by
local or possibly itinerant craftsmen
using glass beads as raw materials [1, 2].
Examined objects make part of a hoard
from the Bryansk region (south-western
part of Central Russia), dated to the late
2nd - 3rd c. A.D. [2]. They have enamelled
decoration of red opaque or polychrome
glass
in
champlevé
technique.
Polychrome decoration was made using
different methods: powdered enamel,
juxtaposed blocks of glass, applying of
pre-formed drawn rods. It appears that
craftsmen payed particular attention to
different melting temperature of enamels
and to some specific features of colour
formation in red and orange opaque
glass.
Composition of enamels, examined by
SEM-EDS and SEM-WDS analyses, is

[1] A. Bitner-Wróblewska, T. Stawiarska,
Badania
technologiczne
wschodnioeuropejskich
zabytków
zdobionych emalią, Bałtowie i ich sąsiedzi,
A. Bitner-Wróblewska, G. Iwanowska, eds.,
303−352, 2009.
[2] И.Р. Ахмедов, А.М. Обломский, О.А.
Радюш,
Брянский
клад
вещей с
выемчатыми эмалями (предварительная
публикация), Российская археология 2,
146-166, 2015.
[3] N. Schibille, P. Degryse, M. Corremans,
C. G. Specht, Chemical composition of glass
mosaic
tesserae
from
sixth-century
Sagalassos (south-west Turkey): chronology
and production techniques, Journal of
Archaeological Science 39, 1480-1492, 2012.
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(ED-XRF) was used to retrieve, in a noninvasive way, elemental information of
the coloring agents present in the yellow,
green, light-purple and red overglaze
enamels. The underglaze-blue pigment at
the base mark and the transparent glaze
were also studied. The obtained data
have been supported by compositional
data provided by portable and noninvasive
FT-IR
and
Raman
spectrometers. Comparison was made
with the compositions of both
polychrome decorated porcelains (Wucai,
Falangcai, Fencai, Nankin Akae) and
blue and white wares (including KoSometsuke) fired at Jingdezhen form the
Ming dynasty to the Republic and
modern
periods.
The
successful
identification of antimony, imported in
Japan from Europe in the 17th century to
obtain yellow-colored glasses and
enamels, as the chromophore for the
yellow pigment (antimonate yellow) on
the present mukozuke dish, points to a
new
hypothesis
regarding
the
introduction of overglaze enameling in
Japan. Antimony had been a common
source of bright-yellow pigment in glass,
glaze and oil paint in Europe and became
the principal yellow pigment on majolica
and ceramics since late 14th century. It
had not yet made its appearance at
Jingdezhen during the Ming dynasty
when the present mukozuke dish was
fired.
To conclude, experimental results
indicate that the earliest attempts at firing
overglaze enamels on the already glazed
and high-fired body in the Arita kilns
involved the use of antimony as the
coloring agent for the low-fired yellow
enamel. In all probability firing of
polychrome porcelains was started as
early as the 1630s through significant

O-84. Non-invasive analyses of
the only known Kan'ei-perioddated polychrome mukozuke
dish
provides
a
new
hypothesis
over
the
introduction of overglaze
enameling in Japan
Riccardo Montanari(1), Maria Francesca
Alberghina(2),
Monica
Galeotti(3),
(4)
Emanuela Massa , Anna Pelagotti(5) and
Salvatore Schiavone(2)
(1) Independent Researcher, Expert Witness;
ckrm97@yahoo.com
(2) S.T.Art-Test, via Stovigliai, 88 – 93015
Niscemi (CL), Italy; info@start-test.it
(3) Opificio delle Pietre Dure – Laboratori di
restauro, Viale Strozzi, 1 -Florence, Italy;
monica.galeotti@beniculturali.it
(4) Art-Test, Via del Ronco 12, Florence,
Italy; massa@art-test.com
(5) CNR-INO, L.go E.Fermi 5, 50125
Florence, Italy; anna.pelagotti@ino.it

A non-invasive approach to identify the
materials used often represents the only
way to date and authenticate artworks.
Sampling a precious surface could in fact
affect the value of the artefact under
analysis. On the other hand, with noninvasive methods it is often possible to
reach valuable conclusions concerning
the detected materials to the benefit of art
historians and scientists alike. The
present work was aimed at investigating
the elemental composition of the
overglaze enamels which decorate the
only known polychrome mukozuke dish
(to be used in the tea ceremony) bearing
the early Japanese date mark 'Kan'ei Nen
Sei', made in the Kan'ei period (16241644). A number of non-invasive
techniques were used [1, 2]. EnergyDispersive
X-Ray
Fluorescence
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interaction between Japanese, European
and Chinese potters and craftsmen.

The Great East Window (1405-1408) of
York Minster comprises 311 glass
panels, each of which contains hundreds
of individual coloured glass pieces. The
scale of the 23 m high artefact means that
it is not practicable or economic to
unravel
its
construction
using
conventional elemental analysis, but a
comprehensive analytical study of seven
panels from across the window
demonstrates the potential of handheld
portable x-ray fluorescence spectrometry
(pXRF) to provide insights. An extensive
conservation project, entailing the
dismantling of the window and the unleading of most of the glass, has allowed
the analysis of a subset of the glass by
electron microprobe (EPMA-WDS),
which serves to inform and validate the
pXRF data.
Although the analytical configuration
excludes the analysis of light elements,
heavy elements strontium and rubidium
were found to serve as proxies for
calcium and potassium, showing the
same compositional groups as detected
by EPMA. Furthermore, since the
method is relatively rapid and
inexpensive, the larger sample allowed
small compositional groups to be mapped
across the panels. Spatial analysis of
these groups, which reflect different
sheets (or batches) of glass, allow us to
piece together how different panels were
put together and to suggest the work of
different craftsmen, both masters and
apprentices. This presentation discusses
the new evidence for the organisation of
production in John Thornton’s glasspainting
workshop,
which
was
commissioned to create the window.

[1]
Portable
X-ray
Fluorescence
Spectrometry. Capabilities for In Situ
Analysis. Edited by Philip J Potts and
Margaret West, The Royal Society of
Chemistry 2008.
[2] J. Miao, B. Yang, D. Mu, Identification
and differentiation of opaque chinese
overglaze yellow enamels by Raman
spectroscopy and supporting techniques,
Archaeometry 52 (1) 146–155, 2010.

O-85. Elemental composition
and craft practice in a
Medieval
window
glass
workshop
Laura Ware Adlington(1),
Freestone(1) and Nick Teed(2)

Ian

C.

(1) UCL Institute of Archaeology, 31-34
Gordon Square, London WC1H 0PY
(2) York Glaziers Trust, 6 Deangate, York
YO1 7JB

A stained glass window represents a
complex chaîne opératoire, from glassmaking and acquisition, through design
and planning, to cutting the glass and
construction of the window. Medieval
windows therefore have the potential to
deepen our understanding of medieval
craft workshops, in particular through a
materials science approach. However,
this is impeded by the need to take
samples for laboratory analysis (made
difficult by an architectural context) or
alternatively to rely on non-destructive in
situ methods that yield lower quality
data.
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TECHNICAL SESSION (ISA GOLD LEVEL SPONSORS)
O-86. Allegory of the cave:
Quantification, XRF, and
cultural heritage

O-87. Precise, non-destructive
and fully mobile FTIR
analysis tools for art and
historical object conservation

Lee Drake(1)

Jan Wuelfken(1)

(1) Bruker

(1) Agilent Technologies SA

The Quantification of XRF data is a
notoriously difficult process due to a
number of factors, including sample
heterogeneity, layering, and obtaining
representative samples/values for a given
matrix. The physics of the x-ray beam are
key to understanding why quantification
is challenging. We will examine the
physical properties of an elemental
fluorescence line, such as depth of
analysis and fluorescent yield, along with
the units of weight % and ppm with a
discussion of how these relative
concentrations
relate
to
atomic
abundance as measured by XRF.

FTIR spectroscopy has long been used
for the analysis of art and historical
objects in support of efforts to conserve
restore and validate authenticity of these
rare objects. The value of the technique
for this application lies in its inherent
sensitivity,
specificity
and
nondestructive
capabilities.
Typical
applications include analysis of paint
pigments and binders, lacquers and
finishes. FTIR can analyze the degree of
oxidation of protective coatings used to
protect objects, and the efficacy of those
coatings. Measurement of chemical
changes that result from aging is also a
significant area of use for FTIR in
support of art conservation efforts. Now
analysis of fine art and historical objects
can be performed non-destructive using
innovative, truly mobile, light, ultrarobust and versatile FTIR Systems giving
unparalleled results, wherever the objects
reside.
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material used for the construction of one
of the most characteristic column bases
of the Palace of Knossos.
Within the context of this ongoing
project, specimens from all the ophiolite
outcrops on the island of Crete have been
analyzed with several methods (powder
XRD,
microdiffraction, SEM-EDS,
FTIR). The common factor for the
analyses of the geological samples and
the archaeological objects is Raman
spectroscopy. This method has been used
as the main analytical tool exploiting the
characteristic Raman bands of the
polymorphs of the serpentine group of
minerals creating a mineralogical
database for the said materials for the
island of Crete.
By comparing the analytical data from
the geological specimens and the
archaeological objects acquired through
this non-invasive and non-destructive
method, we attempt to provide
information regarding the provenance of
the serpentines used in Minoan
architecture. This information might
augment the development of knowledge
regarding the cultural networks among
the agricultural areas, where the
serpentine outcrops are located towards
the center of the Minoan civilization.

P-1. The characterization and
provenance of ophiolites used
as raw materials in the
Minoan palatial architecture.
The case study of the column
base located at the “Court of
the Stone Spout” in the Palace
of Knossos
I. Grammatikakis(1,3), K. D. Demadis (1),
E. Kyriakidis(2,3) A. Cabeza(4) and L.
Leon-Reina(5)
(1) Crystal Engineering Growth & Design
Laboratory, Department of Chemistry,
University of Crete, 71003-Voutes Campus
Heraklion, Crete Greece
(2) Classical and Archaeological Studies,
School of European Culture and Languages,
University of Kent, Canterbury, Kent, CT2
7N, United Kingdom
(3) Initiative for Heritage Conservation,
Kimonos 11 and Pangalou 19200-Elefsina,
Greece
(4) Departamento de Química Inorgánica,
Cristalografía y Mineralogía, Universidad de
Málaga, 29071-Málaga, Spain
(5) Servicios Centrales de Apoyo a la
Investigación, Universidad de Málaga,
29071-Málaga, Spain

Οphiolites have been widely used as a
raw material in a huge repertoire of
shapes during the Minoan period, for the
construction of artefacts both for
domestic use as well as for religious
purposes. However, the utilization of the
said materials is extremely limited in the
Minoan palatial architecture. The aim of
this study is the identification of the raw
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well as the restoration approaches that
followed, concerns the analysis of the
materials and methodology used: can this
analysis provide information about the
way the original materials were used?
This question is particularly intriguing
specifically about the use of wood,
because it is one of the main aspects of
the Minoan architecture but it is not
preserved since it is very susceptible to
weathering.
Within this context several samples of
restoration mortars replicating wood
surfaces were collected, mostly from the
royal chambers of the palace of Knossos.
The specimens were analysed with
emphasis to spatial information from
each different stratus. For that purpose
Raman microspectrocopy (μ-Raman) and
microdiffraction
(micro-XRD)
complemented by scanning electron
microscopy and energy dispersing
spectroscopy (SEM-EDS) were utilized.
Through the examination of the
stratigraphy of the restoration layers we
are aiming to distinguish the materials
and methodology of the excavator and its
correlation to the restoration attempts
that followed, while at the same time to
acquire information regarding the form
of the original wooden architectural
elements.

P-2. Investigating the use of
wood in the Minoan palace of
Knossos
following
the
subsequent traces from the
analysis of the restoration
materials used throughout
time
I. Grammatikakis(1), E. Kavoulaki(2), K.
D. Demadis(1), A. Cabeza(3) and L. LeonReina(4)
(1) Crystal Engineering Growth & Design
Laboratory, Department of Chemistry,
University of Crete, 71003-Voutes Campus
Heraklion, Crete Greece
(2) Ephorate of Antiquities of Heraklion,
Hellenic Ministry of Culture and Sports,
Aretes Nioti and Skordilon 24, 71202Heraklion, Crete Greece
(3) Departamento de Química Inorgánica,
Cristalografía y Mineralogía, Universidad de
Málaga, 29071-Málaga, Spain
(4) Servicios Centrales de Apoyo a la
Investigación, Universidad de Málaga,
29071-Málaga, Spain

After the Minoan palace of Knossos was
brought to light, several issues occurred
regarding the preservation of all the
fragile aspects of the monument.
Therefore, the efforts of Sir A. Evans and
his collaborators were focused towards
the imminent restoration of all the
architectural elements. In cases where a
small fraction of the original material
was preserved, they chose to reconstruct
it in order to consolidate the structural
integrity of the monument. According to
the excavator, the “reconstructions” were
performed within the context of imitation
of the original materials, while the choice
of colors was made conventionally.
A question of crucial importance
regarding the doctrine of the excavator as

P-3.
Mineralogical
and
isotopic analysis of the
building materials in a Late
Bronze settlement of KastroPalaia in Volos, Greece
Markos Vaxevanopoulos(1), George
Economou(2), Vasilios Melfos(1) and
Evangelia Skafida(3)
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(1) Department of Mineralogy, Petrology and
Economic Geology, Faculty of Geology,
Aristotle University of Thessaloniki,
Thessaloniki, 54124, Greece
(2) Institute of Geology and Mineral
Exploration, Olympic Village, 13677,
Acharnes, Athens, Greece
(3) Department of Prehistoric and Classical
Antiquities (head, emerita), Ephorate of
Antiquities of Magnesia, Hellenic Ministry of
Culture and Sports

material, scanning electron microscopy
(SEM) for the study of the
micromorphology of the plasters, X-ray
diffractometry (XRD) to identify the
mineral composition and C-O isotopic
study on carbonate rocks and plasters for
provenance purposes.
The main goal of the present research is
the understanding of the wall building
techniques, the selective use of the raw
materials and the mixtures used in the
plaster at the stone matrix of the walls
and on their surfaces.
The results of the analysis imply an
advanced wall building technique during
Mycenaean times. A variety of rocks
were used as raw materials for building
the walls sourced from an adjacent
stream mouth. The C-O isotopes of the
carbonate material also enable us for a
sufficient determination of building
material provenance. Four main types of
plasters were found and studied during
this work. Among them a noteworthy
lime coating encompassing the wooden
beams of the wall constructions, a
technique employed in palaces and
luxurious buildings of the CretoMycenaean world.

Kastro Palaia hill in the modern city of
Volos (Thessaly, Greece) presents a
diachronical stratigraphic continuity
since the middle of the 3rd millennium
BC till today. It constitutes an artificial
hillock created by the accumulation of
ancient habitation debris. In this study we
focus on the analysis of the raw materials
which were used for the wall
construction in the excavated Mycenaean
administrative centre at the western part
of the hill. Most scholars identify the site
with Iolkos, an important Bronze Age
centre. During the Late Bronze Age
(1,600-1,100 BC) it constitutes the
northernmost
administrative
and
commercial centre of the Mycenaean
world, with an archive of Linear B tablets
and a palatial type infrastructure, in
contrast with Aigina, the Argolid, Crete,
Cyprus, the Syro-Palestinian coast and
the Black Sea.
Stone material and wall plasters were
sampled at the Late Bronze Age
settlement in trench III where the Greek
archaeologist D. Theocharis revealed part
of a two-storey building complex.
Twenty five thin sections were prepared
in order to investigate the mineralogical
composition and the petrographic
features and verify the different rock
types of the materials used. The applied
analyses included optical microscopy for
the examination of the petrography of the

P-4. Geo-materials selection
and procurement strategies in
Copper
Age
menhirs
production at Allai (centralwestern Sardinia, Italy)
Marco Serra(1,2), Valentina Mameli(3,4)
and Carla Cannas(3,4)
(1) LASP-Laboratorio di Antichità Sarde e
Paletnologia, Università degli Studi di
Cagliari, Piazza Arsenale 1, 09124 Cagliari,
Italy
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(2) AUSI-Consorzio per la Promozione delle
Attività Universitarie del Sulcis-Iglesiente;
C.R.E.A.TE- Centro di Ricerca per l’Energia,
l’Ambiente e il Territorio, Palazzo BellavistaMonteponi, 09016 Iglesias, Italy
(3) Dipartimento di Scienze Chimiche e
Geologiche, Università degli Studi di
Cagliari, Cittadella Universitaria, 09042
Monserrato
(4) INSTM-Consorzio Interuniversitario
Nazionale per la Scienza e Tecnologia dei
Materiali (Cagliari Unit)

to evaluate its chemical intra-source
variability. On the three menhirs from
Arasseda,
in
accordance
with
preservation of archaeological heritage,
visual inspection and non-destructive
pXRF measurements were achieved only.
By means of a comparison between
pXRF data collected on artefacts and
geological samples, it was possible to
indicate the Monte Ironi unit as the geosource of two out of three Arasseda
menhirs.
Powder X-Ray Diffraction (PXRD)
measurements were useful to recognize
the technological properties of the Monte
Ironi stone and to reconstruct the criteria
adopted during Copper Age in selecting
geo-materials for sculptural purposes.
To the knowledge of the authors, this is
the first research study on the Arasseda
menhirs by means of chemical and
physical methods (the second one on
Sardinian menhirs [2]), and one of the
few archaeometric studies recently
developed on European megaliths.

In the 1990s a group of anthropomorphic
menhirs were found into the walls of the
Nuraghe Arasseda, in Allai (centralwestern Sardinia, Italy). They probably
belonged to a Copper Age sanctuary of
III millennium BC, and were reused as a
building material by nuragic people
during the II millennium BC. In modern
times three of these megaliths were
removed from the Nuraghe Arasseda and
exposed at the Sardinian archaeological
museum of Laconi.
After testing the reliability of a nondestructive archaeometric approach, a
study concerning the source provenance
and the technological properties of the
raw materials employed for the menhirs
production were carried out. On eight
geological samples (two of which come
from an ancient quarry) collected from
the Monte Ironi volcanic outcrop of
Allai,
visual
examination
and
instrumental
measurements
were
performed. Chemical analyses by
portable
X-Ray
Fluorescence
spectrometry
(pXRF),
Inductively
Coupled
Plasma-Optical
Emission
Spectrometry (ICP-OES) and Inductively
Coupled Plasma-Mass Spectrometry
(ICP-MS) were carried out to determine
the coherence between the analytical data
collected by the different techniques [1],
to characterise the stone raw material and

[1] D. Mitchell, P. Grave, M. Maccheroni, E.
Gelman, Geochemical characterisation of
north
Asian
glazed
stonewares:
a
comparative analysis of NAA, ICP-OES and
non-destructive
Pxrf,
Journal
of
Archaeological Science 39, 2921–2933,
2012.
[2] M. Serra, V. Mameli, C. Cannas,
Eneolithic menhirs of Laconi (central
Sardinia, Italy): from provenance to
technological
properties,
Journal
of
Archaeological Science: Reports 5, 197-208,
2016.
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The aim of this work is to study the
composition of the stones used in
Pasargadae buildings.
For this purpose, some stone samples
from different buildings of the
archaeological complex were selected
and were analyzed by means of polarized
optical microscopy (POM), scanning
electron microscopy with energy
dispersive X-ray spectroscopy (SEMEDS) and X-ray diffraction (XRD)
methods.
The results confirmed that three different
types of stone were used in the
construction of Pasargadae buildings. All
of them are rich in calcite and can be
classified as limestones. “Beige stone”
also shows low rates of dolomite, while
the “green gray” and the dark gray stones
have low amounts of quartz.

P-5. Identification of stones
composition
used
in
Pasargadae World Heritage
site,
Achaemenid
period,
South of Iran
Atefeh
Shekofteh(1,2),
Giuseppe
(2)
(2)
Cultrone , Anna Arizzi , Hossein
Ahmadi(1) and Mehdi Yazdi(3)
(1) Art University of Isfahan, Faculty of
Conservation
(2) University of Granada, Faculty of
Science, Mineralogy and Petrology
Department
(3) University of Isfahan, Faculty of Science,
Geology Department

Pasargadae archaeological complex is the
first capital of Achaemenid period dated
to about 550 BC and is located 135 km
north east from Shiraz, in Fars province
(South of Iran). There are several royal
buildings in this archaeological site,
which are ruined as time goes by and
only some stone parts of these buildings
are now left standing. Pasargadae
buildings were made of various stone
blocks which differ in color and texture.
Macroscopically, two different stones
can be distinguished: (a) one light
colored, used in the construction of
different parts of the buildings such as
pillars, floors and foundations, and (b)
another darker that was used only in
some areas such as the base of pillars and
in some gateways. Nevertheless, after a
more detailed observation, some
differences appear in the texture and
appearance of the bright stone that allow
us to consider two light stone types
named as “beige stone” and “green gray
stone”.

P-6. Stone provenance studies
in the Anahita Temple,
Kangavar, Western Iran:
From quarries to building
Omid Oudbashi(1), Atefeh Shekofteh(2)
and Farhad Nazari(3)
(1) Faculty of Conservation, Art University of
Isfahan, P.O.Box: 1744, Isfahan, Iran;
o.oudbashi@aui.ac.ir
(2) Faculty of Conservation, Art University of
Isfahan, P.O.Box: 1744, Isfahan, Iran;
shekofte.as@gmail.com
(3) ICHTO, Tehran, Iran;
fnazari54@gmail.com

The Anahita temple is one of the most
important historical complexes in Iran,
dated to about two thousand years ago. It
is located in the west of Iran inside the
Kangavar city. The building was made of
stone pieces over a natural rock. A large
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[1] O. Oudbashi, Ancient Stone Quarry in
Chehel Maran Closed by Kangavar
Archaeological Complex (Anahita Temple),
West
of
Iran,
Proceeding
of
INTERNATIONAL
CONFERENCE
AMiTEM 2008, 371-381, 2008.

building was made on the natural rock by
numerous raw stone blocks and gypsum
mortar and this huge building was
covered by carved, smooth stones as final
surface of the structure. The original
structure was consisting of three distinct
floors. Now only the lower floor, some
columns of the second floor and the main
stair case remain from the original
building.
There are some small evidences from
stone quarrying near the Anahita Temple
in Kangavar region. These include
Chehel Maran [1], Bagh Melli, Helal-e
Ahmar, Allah Daneh, Rostam Abad and
some other small stone quarries that
could have been extracted to provide
stone blocks for the construction of
Anahita Temple. The aim of this paper is
to characterize the relationship between
the stone quarries in Kangavar region and
the stones used in the Anahita temple.
To study the provenance of the stone
blocks in the Anahita Temple, an
archaeological
and
geochemical
investigation was established. This
research was done by characterization
and documentation of the quarrying
evidences, as well as analysis of stone
samples from the building and the
quarries. The analysis was performed
with petrographic and chemical analysis
of stone samples by X-ray diffraction
methods.
Results showed that some of the stone
quarries may have been extracted to
provide stone blocks for constructing the
Anahita Temple. Also, the process of
stone extraction and preparation in these
quarries was very similar to stone blocks
used in the temple. In fact, the local stone
resources were used to obtain raw
materials in this archaeological complex.

P-7. The project
‘Enhancement of the ancient
theatre of Melos’. The works
of conservation-consolidation
and
restoration
of
the
monument. Aims, problems
and findings
Ioannis P. Staikopoulos(1,2)
(1) Conservator of antiquities – Museologist.
Head of the Department of Restoration of
Antiquities of the Ephorate of Antiquities of
the Cyclades (Ministry of Culture and Sports)
(2) Archaeological Museum of Andros, 84500 Chora-Andros, Greece

The marble theatre of Melos is located on
the eastern side of the ancient city and in
a commanding position on the hillside
above the ancient harbour, modern
Klíma. It is a construction of the Roman
period (1st – 4th century AD) with
features corresponding to those of the
Roman and Romanised theatres of the
eastern provinces of the Roman Empire.
The first excavations in the theatre were
carried out in 1816 and 1817 by the
German architect Carl Haller von
Hallerstein, bringing to light parts of the
koilon (auditorium) and the proscenium.
Systematic excavations were conducted
in the years 1990-1995 by the 21st
Ephorate of Prehistoric and Classical
Antiquities, in the course of which were
uncovered the orchestra-arena, parts of
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the scene building, and the side entrance
at the western retaining wall.
The monument presented serious
problems due to various kinds of damage
caused in the passage of time and the
now essential conservation-consolidation
and restoration became possible with the
incorporation
of
the
project
‘Enhancement of the ancient theatre of
Melos’ in the Operational Programme
‘Crete and the Aegean Islands 20072013’. This was put into effect in the
years 2010-2015.
However, during the project and in the
context of the work involved, some
limited excavations were carried out. In
these, the proscenium was completely
revealed, and the greater part of the scene
building. The new evidence which
resulted caused readjustment of the aims
of the project, requiring supplementary
studies
as
well
as
additional
conservation-consolidation work. All the
interventions, which were carried out in
accordance with the approved studies and
on the basis of physico-chemical
analyses of the materials, were completed
within a severely restricted timescale and
budget.
In this communication are presented the
stages of implementation of the complex
and multi-layered work of conservationconsolidation and restoration of the
ancient theatre of Melos, and the
methodological approach to the choice of
the most suitable interventions and
corresponding materials - also findings
resulting from the change of original aim
and the divergencies of the theoretical
approach from that on the ground.

P-8. Mineralogical and C-O
isotopic characteristics of the
oolitic limestone of Perachora,
Tyrnavos, Thessaly, Greece.
The ancient quarries and
some particular uses during
antiquity
Vasilios
Melfos(1),
Markos
(2)
Vaxevanopoulos , Maria Tsivilika(1) and
Marianthi Valiou(3)
(1) Department of Mineralogy, Petrology and
Economic Geology, Aristotle University of
Thessaloniki, Thessaloniki, 54124, Greece;
melfosv@geo.auth.gr
(2) Volos Natural History Museum,
Mikrasiaton 1, Volos, 38333, Greece
(3) Kontaratou 1 str., Volos, 38221, Greece

The present research focuses on the
oolitic limestone at Perachora of
Tyrnavos in Thessaly of Greece, the
ancient quarries and the uses of this rock
in antiquity. Oolitic limestone is a porous
carbonate rock composed mostly of
ooids, which are small spheres formed by
the concentric precipitation of calcium
carbonate around sand grains or shell
fragments. They are usually formed in
supersaturated,
shallow,
aquatic
environments agitated by wave action or
currents.
Τhe οolitic limestone of Perachora
belongs to the Pliocene-Miocene
sedimentary formation of Tyrnavos and
varies in color from white to brown,
which is affected by the impurities
included in the ooids. The mineralogical
composition consists mainly of calcite,
with minor quartz and traces of
oligoclase, epidote and Fe oxides. The
core of the ooids may consist of fossil
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fragments or clastic particles of calcite or
rarely quartz.
Carbon and oxygen isotopes were
measured in 6 samples of the oolitic
limestone from Perachora and the values
for δ13C range between -4.89 and
-7.25 ‰ (average -6.56 ‰) and for δ18O
from -5.63 to -7.95 ‰ (average
-6.84 ‰).
The oolitic limestone was extensively
extracted during antiquity and numerous
small and large ancient quarries are
spread in the area of Perachora, named as
Podariko
covering
an
area
of
approximately 0.25 km2. The stone was
quarried from the open pits with the
technique of straight rock faces, in large
massive slabs and monoliths. The
techniques were connected to the
geological and structural features of the
rock. The tool traces, especially marks of
pickaxes, on the rock and the rectangular
stone blocks found in situ, show the
extraction methods. The quarrymen used
to put iron wedges in cavities and by
hammering them they split off the rock
slab. The extracted blocks were
processed by carving on the spot, so as to
give to the blocks the proportions which
would allow to be transported with less
effort.
Some unique applications of the oolitic
limestone from Tyrnavos are found in
many archaeological sites of Thessaly,
especially at the Archaic Temple of
Artemis Iolkia in Volos city, at the
ancient theatre of ancient Dimitrias (3rd c.
BC), at the ancient theater of Larisa (3rd
c. BC) and at the Early Christian Temple
in Phthiotic Thebes in Nea Anchialos.

P-9. Diversity of calcarenites
in
the
Hellenistic-Roman
architecture
Michalina Dzwoniarek-Konieczna(1) and
Małgorzata Mrozek-Wysocka(1)
(1) Institute of Geology, ul. Maków Polnych
16, 61-606 Poznań, Adam Mickiewicz
University, Poland; michdzw@amu.edu.pl

Stone as a building and decorative
material was very significant in the
Hellenistic-Roman world. An interesting
example of the use of stone is calcarenite,
both in terms of its form of application
due to its properties, as well as local
availability and prevalence.
It is a limestone with the characteristics
of sandstone, built with detrital carbonate
allochems (e.g., bioclasts, ooids or
fragments of older carbonate rocks,
sometimes with an admixture of quartz)
of sand fraction (0.0625 - 2 mm) with
carbonate ortochem. Calcarenites can
clearly vary within the same formation
due to their fabric and diagenetic
processes. These rocks may have
different petrographic compositions
which influence their mechanical
properties.
The aim of this paper is to present
petrographic-chemical
diversity
of
calcarenites used in the cities of the
Greco-Roman period around the coast of
the Mediterranean.
In this region outcrops of calcarenites are
very common. In antiquity it was a
popular material very often used to
construct, both as a construction material
of buildings (e.g., ashlars or columns),
but also as a decorative material (e.g.,
capitals and elevations), as well as reused architectural elements used as
utilitarian, e.g., mortaria. In calcarenite
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basements around the sites, chamber
tombs or other underground structures
were also forged.
Due to granulation calcarenites are
relatively soft and porous rocks
susceptible to environmental processes of
damaging the stone (e.g., oozing salt
water or sea spray on the sea coast and
aqueous dissolution), which recently lead
to the powdering or alveolization on its
surface. This significantly affects today's
reception of the remains of the former
glory of ancient cities.

Stone in Paphos was used both as
building (e.g., walls and building
structures) and decorative material (e.g.,
pavements, mosaics, capitals) and
utilitarian objects (e.g., mortaria or
querns). Within the site were identified
both sedimentary rocks, such as
limestone or sandstone, and crystalline
rocks, e.g., granite, basalt, gneiss or
marble. In this work the preliminary
study of use and provenance of marbles
from Villa of Theseus will be discussed.
In this research many modern
archaeometric methods were used,
ranging from geological, based on
petrographic study on thin section (e.g.,
MGS and GBS description), to the
physico-chemical instrumental methods.
The most precise characteristics and
diversification of marble were assigned
using oxygen and carbon isotopic ratio
and SEM-EDS morphological and microchemical on XRF analysis and also XRD
investigation.
The preliminary results indicate that
marbles were imported from the area of
present-day Greece and Turkey. Many
types of marble were identified from very
fine crystalline white marbles, through
coarse crystalline gray or with gray
streaks (e.g., Proconessos marble), and
foliated green (e.g., cipollino verde of
Euboea) to the red varieties and breccia
marble (e.g., breccia corallina).

P-10. Marbles from the Villa
of Theseus (Nea Paphos) in
the archaeometric studies preliminary results
Michalina Dzwoniarek-Konieczna(1)
(1) Institute of Geology, ul. Maków Polnych
16, 61-606 Poznań, Adam Mickiewicz
University, Poland; michdzw@amu.edu.pl

Nea Paphos (Kato Paphos) is located in
the south western part of Cyprus. In the
Hellenistic- Roman period it was one of
the main towns on the island. Due to the
large size of the site and its exceptional
uniqueness, within its area several
foreign archaeological missions are
working. Abundant in decoration, the
mosaic Villa of Theseus is located within
the Polish concession from the Warsaw
University, which is present since the
discovery of the site more than 50 years
ago by prof. K. Michałowski. This is one
of the most impressive buildings in
Paphos of a palace character, rebuilt
several times as a result of damage
caused by earthquakes.
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grout injection, and chemical treatment
with potassium sulphate solution for the
transformed gypsum component to
anhydrite as well as chemical treatment
by a consolidant.

P-11. Technical examination
and restoration of some
architectural stuccoes of the
minaret of Shams El Din El
Wasty, Bulaq, Egypt

[1] Abdullah M.A. Kamel, Hassan A.H.
Marie, Hala A. Mahmoud, Mona F. Ali
Mineralogical characterization of Islamic
stucco: Minaret of Shams El-Deen El-Wasty,
Bulaq, Egypt” Construction and Building
Materials, 101, 2015.
[2] Abdullah M.A. Kamel, Hassan A.H.
Marie, Hala A. Mahmoud, Mona F. Ali
,Evaluation of sulphate activators as
consolidants for the transformed gypsum in
historic stucco, International Journal Of
Conservation Science,Volume 6, Issue 3,
July-September 2015: 299-312.

(1)

Abdullah M.A. Kamel , Hassan A.H.
Marie(2), Hala A. Mahmoud(1) and Mona
F. Ali(1)
(1) Department of Conservation, Faculty of
Archaeology, Cairo University, 12613 Giza,
Egypt
(2) National Center for Housing and Building
Research, Giza, Egypt

Architectural stucco decorations in
Islamic buildings suffer from many
causes of deterioration, mainly variations
in temperature and humidity rates, as
well as many harmful man-made
deterioration aspects, which have caused
complete loss of some stucco decorations
and have left others in need of restoration
and conservation. Therefore, finding a
solution for this problem becomes ever
more urgent. The mosque of Shams ElDeen El-Wasty stucco minaret is an
important monument. It is in serious need
of restoration and conservation, which
should be done in the light of
examination and chemical analysis of the
stucco material, support and degree of
deterioration. The conservation and
restoration of the stucco decoration
involves the historical documentation of
Shams El Din El Wasty stucco minaret, a
condition survey, a measured survey,
examination of the stucco decoration, the
support and deterioration aspects. In
addition, the following are needed:
mechanical cleaning of new lime layers,
revealing of the obliterated stucco
decorations, completion of lost parts of
stucco with a suitable stucco mortar,

P-12. A study on the structure
of the stones of Jolfa historical
public
bathroom
by
Instrumental Analysis and
determining a consolidation
Parvin Soleimani(1)
(1) Young Researchers and Elite club,
Central Tehran Branch, Islamic Azad
University, and Tehran, Iran;
soleimani.parvin@yahoo.com

The
factors
of
environmental
circumstances and the type of material
play an important role in the erosion and
destruction process of art works. The
stones of Jolfa historical public bathroom
(Aras region) have undergone destruction
to a great extent due to the environmental
circumstances and also their material.
Restoration and conservation of these
historical stones were relegated to the
author in 2015. This historical building
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[5] Price, C.A. (1996). Stone Conservation:
An overview of current Research. Los
Angeles: Getty conservation institute.
[6] Selwitz, C. (1992). Epoxy Resins in stone
conservation,
Los
Angeles:
Getty
Conservation Institute.
[7] Weber, H., (1985), Conservation and
Restoration of Natural stone in Europe,
Bulletin of the Association for preservation
technology vol.17, No.2, Masonry: 15-23.

has been greatly damaged and destroyed.
The whole parts of the sample stone have
become brittle and stratified. Firstly, the
type of stone was identified by XRDXRF instrumental analysis, petrography
and SEM-EDS, According to this data
we identified Calcite, Dolomite and
Quartz phases and we could therefore
categorize this stone in the carbonated
limestone family. Secondly, we had to
determine a proper consolidation for
these stones taking into consideration
their material and the environmental
circumstances. As a result of related
studies, limewater was chosen as the
most proper consolidation. In order to
ensure the veracity of this choice, after
the consolidation process of the
bathroom's stones was over, a second
sampling was done from these stones,
and by using new petrography pictures,
we reevaluated these stones after being
consolidated. The data of this study are
gathered from library sources and
laboratory techniques, and they are
processed analytically.

P-13. Geological materials of
exotic origin in the urban
pavements of the old quarters
of the city of Cádiz, Spain:
Analytical
characterization
and history
S. Domínguez-Bella(1) and L. Criach
Fernández(2)
(1) Dept. Earth Sciences. UGEA-PHAM,
Cadiz University. Puerto Real, Cádiz, SPAIN
11510; salvador.dominguez@uca.es
(2) Dept. Earth Sciences. Cadiz University.
Puerto Real, Cádiz, SPAIN 11510

[1] Amoroso, G.G. & Fassina, V. (1983).
Stone decay and conservation: Atmospheric
pollution- cleaning, consolidation and
protection, (Materials science Monographs,
11). New York: Elsevier science publishers.
[2] Ashurst, J. (1998). The Cleaning and
Treatment of limestone by the lime Method,
in conservation of building and decorative
stone, Ashurst, J.& Dimes, F.G.(Eds), Vol. II,
London: Butterworth-Heinemann, 169- 176.
[3] Delgado Rodrigues, J. & Mimoso, J.M.
(Eds.). (2008). Stone Consolidation in
Cultural Heritage – Research and Practice,
Proceedings of the international symposium,
6-7 May 2008, Lisbon: LNEC Publication.
[4] Doehne, E. & Price, C.A. (2010). Stone
Conservation: An overview of current
Research, (Second Edition), Los Angeles:
Getty Conservation Institute.

The archaeometric study of the materials
used as paving stones in the Cádiz old
city (El Pópulo and Santa María quarters)
is presented. The origin of these
materials is related with the reuse of the
ballast stones from ships that had docked
in the Cadiz harbour and bay, at least
from the sixteenth to the nineteenth
century. Their source areas could be from
very different parts of the Atlantic Ocean
and perhaps the Mediterranean Sea. A
bibliographic search in the main archives
of the Cadiz city and the Indias Archive
in Seville was made, as well as with a
systematic sampling of pavement
materials of the city [1, 2] and the sites
with ballast (saburra) dumped in the Bay
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de Cádiz. Tutor: Salvador Domínguez-Bella.
34 pp. (unpublished work)
[3] Gutiérrez Mas, J.M.; Martín Algarra, A.;
Domínguez-Bella, S. & Moral Cardona, J.P.
(1991) Introducción a la geología de la
provincia de Cádiz. Ed. Servicio de
Publicaciones Universidad de Cádiz.

of Cadiz. The main objective of this work
is to determine the present lithologies and
the possible source areas of these
materials and the sites of dumping of
these stone residues in the Bay of Cadiz,
especially in this period of time.
A representative selection of different
stones from the urban pavements of the
historical center of Cadiz city was
studied. Optical microscopy, XRD, XRF
and MS techniques are employed for the
mineralogical, petrological and chemical
characterization of these materials. The
mineralogical composition and the
petrological features of these rocks
suggest an exotic origin. The available
historical documentation and the
morphology of the pavement stones
indicate a provenance related to a ship
ballast reuse.
Chemical, mineralogical and petrological
analysis, paleontological characterization
of many of the lithologies may be used
for future comparisons with referenced
materials from the possible local
geological materials [3] or from different
Atlantic and Mediterranean coast areas.
A huge variety of lithologies are present
in the stones: massive and vacuolar
basalts,
gneisses,
serpentinites,
mudstones, flint, conglomerates, granite
type rocks are present.

P-14. Spectroscopic and TL
characterization of Moroccan
marbles
Salam Khrissi(1), Mustapha Haddad(1),
Lahcen Bejjit(1,2), Saadia Ait Lyazidi(1),
Mohamed El Amraoui(1), Christophe
Falguères(3), Niyazi Meriç(4), Eren
Şahiner(4), Georgios S. Polymeris(4) and
Valeria Giannoulatou(4)
(1) Laboratoire de Spectrométrie des
Matériaux et Archéomatériaux (LASMAR),
URAC11, Université MoulayIsmail, Faculté
des Sciences, B.P. 11201, 50000 Meknès,
Morocco
(2) Ecole Supérieure de Technologie,
Université Moulay Ismail, Meknès, Morocco
(3) Département de Préhistoire, Muséum
National d’Histoire Naturelle, UMR7194, 75
013 Paris, France
(4) Institute of Nuclear Sciences, Ankara
University, 06100 Beşevler, Turkey

Samples of marble from different regions
of Morocco have been characterized
using several spectroscopic techniques:
X-Ray fluorescence (XRF), X-Ray
diffraction (XRD), Raman spectroscopy,
optical
absorption
and
electron
paramagnetic resonance (EPR). One of
the primary objectives of this study is to
establish a method to trace the
provenance of marble used in ancient
buildings in Morocco. In this study
samples of marble from Italy and Greece
were used as references.

[1] Estévez Acuña, C. (2014) Elaboración de
un catálogo de lugares de interés geológico
en la ciudad de Cádiz y su entorno
periurbano. Trabajo Fin de Grado.
Universidad de Cádiz. Grado en CC.
Ambientales. Departamento de Ciencias de la
Tierra. Tutor: Salvador Domínguez-Bella.
(unpublished work)
[2] Criach Fernández, L. (2015) Patrimonio
geológico de origen exótico en el urbanismo
de la ciudad de Cádiz: caracterización
analítica e historia. TFG. Facultad de
Ciencias del Mar y Ambientales, Universidad
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The obtained results indicated that these
marbles are mainly composed either of
calcite or dolomite, and they contain
small amounts of other minerals such as
quartz, Kaolinite or mica. Ferrous and
ferric ions are also detected in all
samples. The EPR measurements showed
two types of Mn2+ spectra: Mn2+ in
calcite and Mn2+ in dolomite. In the
calcite CaCO3, Mn2+ ions substitute for
calcium atoms in the calcium carbonate
lattice. In the dolomite CaMg(CO3)2, they
substitute for both calcium and
magnesium atoms, thus generating an
intricate EPR spectrum consisting of a
superposition of two kinds of spectra:
Mn2+ ions in the Ca2+ sites and Mn2+ ions
in the Mg2+ sites. At low field the spectra
shows three various peaks at g = 5.9, 3.7
and 2.9 due to Fe3+ in the calcium
carbonate lattice and a peak at g = 4.3
due to Fe3+ in silicates and oxides.
Finally, towards provenance studies,
luminescence was also applied to all
marble samples, in terms of both
thermoluminescence (TL) and Infrared
stimulated luminescence (IRSL). A
secondary aim of the present study is to
examine whether characteristic features
of the luminescence emission of marbles
under various stimuli could be correlated
to crystal lattice, structure and eventually
origin and provenance. Specific TL and
IRSL properties, such as glow curve
shape and sensitivity, anomalous fading,
bleaching ability and internal fitting
parameters were studied in order to
achieve a correlation between the
macroscopically luminescence features
with the microscopically structural state
of the samples.

P-15. Contribution to the
petroarchaeological study of
radiolarites in the Carpathian
Basin
Katalin T. Biró(1), Zsolt Kasztovszky(2),
Sándor Józsa(3) and András Markó(1)
(1) Hungarian National Museum, H-1088
Budapest, Múzeum krt. 14-16
(2) Nuclear Analysis and Radiography
Department, MTA Centre for Energy
Research, H-1121 Budapest, Konkoly Thege
u. 29-33
(3) Department of Petrology and
Geochemistry, Institute of Geography and
Earth Sciences, Eötvös University, H-1117
Budapest, Pázmány Péter sétány 1/c

Radiolarites comprise an essential
element for the lithic raw material stock
in Hungary. Most of the knappable
quality radiolarites crop out in
Transdanubia. The systematical field
survey of the Hungarian sources and the
description
of
the
macroscopic
phenotypes took place in the last
century [1]. The known distribution areas
were delineated within Hungary and
beyond in the form of a series of isoscale
distribution maps [2].
The recent petroarchaeological studies of
lithic assemblages close to the today’s
borders and in the neighbouring countries
raised the possible existence of
interacting phenotypes that should be
considered in the evaluation of
archaeological distribution data. As a
first step, archaeological assemblages
from Croatia and Serbia were
investigated [3]. Dedicated field surveys
for possibly interacting siliceous rocks
were made in Croatia in 2009 and,
recently, in Bosnia (2015).
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The objects from the field surveys were
analysed
by
petrographical
and
geochemical methods, and the results
have
been
integrated
into
the
comparative raw material collection of
the Hungarian National Museum. Parallel
studies
on
archaeological
lithic
assemblages from the southern parts of
Hungary as well as from Northern Serbia
and Croatia were made. As a result, we
have a better understanding of the
possible sources of origin and
provenance of radiolarites and related
rocks in the Carpathian Basin.

conservation of historical buildings.
However, recent works showed that the
applications of cement and organic
polymer had also led to numerous
adverse effects on historical building
because of their drawbacks. For example,
cement has a higher thermal expansion
coefficient and compressive strength than
most masonry and it can produce soluble
salts [1]. Disadvantages of organic
polymers include microbial breeding,
incompatibility the of physicochemical
properties
with ancient building
materials and weak durability [2].
Therefore conservators have recently
increased the scientific interest in uses of
lime-based mortars due to their greater
compatibility and durability. Lime-based
building materials are starting to be more
commonly applied in the restoration of
historical building, and traditional lime
technology has become an important
subject of cultural relic conservation.
The influence of admixtures (natural
pozzolana, brick power, prepared
calcium silicate) on the properties of
traditional sticky rice-lime mortar and
their scientific mechanism are discussed
by means of SEM, XRD, and FTIR.
Results show that these admixtures
increase
the
surface
hardness,
compressive strength, freezing‐thaw
resistance and water resistance of sticky
rice-lime mortar significantly. Among
the sticky rice-lime mortar with different
admixtures, overall properties of the
prepared calcium silicate-sticky rice-lime
mortar are the best. Compared with pure
sticky rice-lime mortar, the 66d
compressive strength of prepared calcium
silicate-sticky rice-lime mortar is
1.45MPa, the freeze‐thaw resistance
and water resistance increase by 133.3%
and 43.8% respectively. It is suggested
that the 6% prepared calcium silicate can

[1] Biró, K. T., Distribution of lithic raw
materials on prehistoric sites. Acta Arch.
Hung. 40(2), 251-274, 1988.
[2] Biró, K. T. Stones, Numbers- History?
The utilization of lithic raw materials in the
Middle and Late Neolithic of Hungary.
Journal of Antropological Archaeology 17, 118, 1998.
[3] Halamić, J. and Šošić-Klindžić, R.
Radiolarites and radiolarian cherts in
Northern Croatia - possible sources for the
production of artifacts. Archeometriai
Műhely 6(3), pp. 19-24, 2009.

P-16. Influence of hydraulic
materials on properties of
traditional sticky rice-lime
mortar
Guofeng Wei(1), Hu Zhou(1) and Bingjian
Zhang(2)
(1) Department of History, Anhui University,
Hefei 230039, P.R. China
(2) Department of Cultural relics and
Museology, Zhejiang University, Hangzhou
310027, P.R. China

Cement and organic polymer materials
have been widely used in the
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(1) Department of Architecture and Urban
Studies, Politecnico di Milano, Milan 20133,
Italy

be added as the additive for conservation
of historical masonry buildings.
The good mechanical properties of sticky
rice-lime derived from its compact
microstructure due to the control of the
carbonation reaction of lime from the
amylopectin of sticky rice. The ground
bricks and natural pozzolana are two
kinds
of
materials
with
good
pozzolanicity.
Pozzolanic
reaction
between lime and the amorphous
substances from the natural pozzolana
and ground bricks could take place in the
presence of water. This could produce
calcium silicate hydrate with the
hydraulic character. Prepared calcium
silicate could also convert into calcium
silicate hydrate that gives the hydraulic
character to the mortars. Therefore, the
formation of hydraulic compound could
be the reason that modified sticky ricelime mortars have good water resistance.

Nowadays, analyzing the organic
additives in building materials has
become a crucial but very difficult task,
requiring more specific and sensitive
methods.
China has had a long tradition of adding
organic matters into inorganic materials
such as lime, earth and “tabia” (mixture
of lime, sand and clay). Therefore,
altogether 120 types of mortar specimens
were made in laboratory, with 5 organic
additives (egg white, pig blood, brown
sugar, sticky rice and tung oil) and 6
concentrations, and then mixed with 4
inorganic binders (Ca(OH)2, CaCO3,
earth, Ca(OH)2+earth). As a start,
chemical analyses were conducted, and
the results proved sufficient for detection
of pig blood and tung oil. However, for
egg white, brown sugar and sticky rice,
mortars containing earth yielded
interfered results, demanding further
study on the issue.
FTIR was performed on egg white
mortar, brown sugar mortar and sticky
rice mortar, yet it failed for mortars
containing earth.
Then enzymatic methods were applied.
ELISA was applied for detecting egg
white in mortars, and enzymatic UV test
for brown sugar and starch. (1) ELISA
delivered satisfying results for all the
mortars except for those with Ca(OH)2
binder. (2) For the enzymatic UV test on
brown sugar mortars, it has lower
detection limit, more sensitivity as well
as specificity compared with chemical
analysis. For the enzymatic UV test on
sticky rice mortars, however, the overall
detection limit was higher than that of the
chemical analysis, but the advantage

[1] M. P. Seabra, H. Paiva, J. A. Labnincha,
et al. Admixtures effect on fresh state
properties of aerial lime based mortars,
Construction and Building Materials 23(2),
1147-1153, 2009.
[2] Bingjian Zhang, Guofeng Wei, Fuwei
Yang, et al. Challenges and future trends in
conservation material research for immovable
objects of cultural heritage, Sciences of
Conservation and Archaeology 22(4), 102109, 2010.

P-17. Chemical and enzymatic
detection methods for organic
matters in Ancient Chinese
mortars
Kun Zhang(1)
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being that the result remained unaffected
by the color of the earth in the mortars.
The paper discussed both chemical and
enzymatic methods for detection of
organic additives in mortars, and found
that these methods can supplement each
other. It is worth noting that enzymatic
methods were specific, sensitive, laborand time-saving, therefore is hopefully
recommended as a protocol in ancient
mortar analysis.

The Yuzhen Palace, an imperial
construction built under the order of
Yongle Emperor during the Ming
dynasty, is one of the 9 palaces in the
Ancient Building Complex, a UNESCO
world heritage site in the Wudang
Mountains. The buildings were built with
black bricks dressed with exterior earthen
plasters. As a result of the planned
national South-North Water Diversion
project implemented by the Government
of China, the water level in the
Danjiangkou Reservoir that surrounds the
Yuzhen Palace will rise approximately
15 m. To avoid submersion of the site
three gates were elevated by 15 m in
2013 and other buildings dismantled, to
be re-erected in the near future. The
analysis of the earthen plasters has
therefore become of primary importance,
not only to better understand the ancient
imperial construction technique and the
raw materials used, but also to assist in
the future re-erection and conservation of
the buildings.
This
paper
focuses
on
the
characterization of materials from
fragmented pieces of an earthen plaster
sample from the Taoism temple Longhu
Hall, from Yuzhen Palace. Various noninvasive
and minimally invasive
techniques were performed including
optical microscopy, electron microscopy,
XRF, Raman spectromicroscopy, FTIR,
XRD and TGA. The earthen plaster
consists of a four-layer structure, which
includes (from top): a white wash made
out of aerial lime and fine sand, an
intermediate clay-rich layer with possible
addition of a proteinaceous binder, a fine
earthen plaster layer and a coarse earthen
plaster layer consisting of a soil rich in
goethite, quartz, lime lumps, Fe-oxides,
mica and plagioclase. In addition, ramie
fibers were found in both earthen plaster

P-18. Analytical studies of
historical earthen plasters: A
case study on the earthen
plasters on the inner-wall of
the Longhu Hall in Yuzhen
Palace of Ancient Building
Complex in the Wudang
Mountains
Xiao Ma(1,5), Guofeng Wei(2), Celestino
Grifa(3), Yuhu Kang(4), Herant Khanjian(5)
and Ioanna Kakoulli(1,6)
(1) Department of Materials Science and
Engineering, University of California at Los
Angeles, Los Angeles, CA 90095-1595
(2) Department of History, Anhui University,
Hefei 230039, Anhui, China
(3) Department of Science and Technology,
Università degli Studi del Sannio, via Dei
Mulini 59/A, 82100, Benevento, Italy
(4) Hubei Provincial Institute of Cultural
Relics and Archaeology, Wuhan 430077,
Hubei, China
(5) Science Department, The Getty
Conservation Institute, 1200 Getty Center
Drive, Suite 700, Los Angeles, CA 900491684
(6) Cotsen Institute of Archaeology,
University of California at Los Angeles, Los
Angeles, CA 90095-1510
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layers, whereas, straw fibers were
identified only in the coarse plaster layer.
The plant fibers were added to reduce the
shrinkage and cracking during drying and
to improve the flexural and tensile
strength of the earthen plaster.

material types like marl-clay-, lime- or
gypsum mortars and plasters of the predynastic cemeteries at Hierakonpolis and
Abydos, the Dahshur-Pyramids, the
Great Aten Temple and floor and wall
paintings of the palaces at Amarna and
Malqata or the El-Kab and Deir-el
Medina rock cuttombs. A mobile field
laboratory with portable photographic
and analytical equipment allowed the
performance of Cyclododecane cross
section and thin section analysis by
stereo and polarized light microscopy,
histochemical staining techniques, digital
image analysis, multispectral imaging
and partially pXRF on site or in nearby
excavation houses.
The results show an extensive variety of
Ancient Egyptian mortars and plasters
processed for architectural construction
and surface design from the Pre-dynastic,
Pharaonic towards the Greco-Roman
period, prepared with sophisticated
technological and material knowhow,
individually chosen for mudbrick-, stoneand rock-cut architecture. Beyond the
chemical and mineralogical analysis,
primary objectives are the classification
and technological features assessment of
a representative mortar and plaster type
spectrum with different binders and
functions focussing on the Egyptian lime
and
high-burnt
gypsum
plaster
technology. The scientific output
simultaneously provides a knowledge
base for futureconservation of the
investigated objects and essential
information for the development
ofindividualized conservation concepts
and materials.

P-19. Mortars and plasters in
Ancient
Egyptian
wall
painting and architecture - In
situ analysis of a vast material
variety with a mobile field
laboratory
Alexandra Winkels(1)
(1) Heinrich-von-Gayling-Weg 8, 79117
Freiburg, Germany

Mortars and plasters from ancient
Egyptian wall paintings and architecture
are to thos day rather underestimated,
although extensively preserved as an
essential element of Egypt’s cultural
heritage. To obtain detailed knowledge
about the original materials and the
applied
wallpainting
and
plaster
technology, considering the export ban of
samples from Egypt, an inter-disciplinary
and multi-institutional project was started
taking conservation science in situ. An in
depth comparative analysis of Ancient
Egyptian mortars and plasters using
conservationand
natural-scientific
methods was implemented at significant
archaeological sites in Egypt, excavated
by leading archaeological institutions
(German ArchaeologicalInstitute, British
Museum,
Metropolitan
Museum,
McDonald-, Cotsen Institute (Cambridge,
UCLA).
The paper presents analytical results
from recent projects covering main
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the landscape. For this project, a selected
group of archaeological mortar samples
were collected from different areas, dated
from the archaic to the late hellenistic –
early roman periods and characterized by
a wide variety of functions. The mortar
analysis, which was conducted using
SEM and optical microscopy aimed at
identifying the mortars composition, the
raw materials, including the pigments
used, as well as the technology related to
the specific function throughout the
different
archaeological
periods.
Microscopic examination of the mortars
revealed the use of aerial and pozzolanic
lime with quartz aggregates sieved in
different gradations, used to design
mortars and plasters for different
structural purposes. Moreover it was
possible to determine the degradation or
healing mechanisms in the mortar
samples, which were correlated with their
function and/or their location on the site.

P-20. Technological study of
archaeological mortars from
the site of the sanctuary of
Poseidon on Kalaureia
M. Tziotziou(1), M. Amenta(2), A.
Penttinen(3), I. Karatasios(2) and V.
Kilikoglou(2)
(1) The American School of Classical Studies
at Athens, 54 Souidias Street, GR-10676,
Athens, Greece
(2) Institute of Nanoscience and
Nanotechnology, National Center for
Scientific Research “Demokritos”,
Patriarchou Grigoriou & Neapoleos 27, GR15310, Agia Paraskevi, Athens, Greece
(3) Swedish Institute at Athens, Mitseon 9,
GR-11742, Athens, Greece

The present study is part of the Kalaureia
research program: The Sea, the City and
the God, conducted by the Swedish
Institute at Athens, from 2007 to 2011,
and supervised by the 26th Ephorate of
Prehistoric and Classical Antiquities of
the Greek Ministry of Culture (now,
Ephorate of Antiquities of West Attica,
Piraeus and Islands). This program
concerned the site of the sanctuary of
Poseidon, situated on Kalaureia, (one of
the two islands that make the island of
Poros). In the antiquity the site of the
sanctuary of Poseidon had many
important functions, being the seat of an
early amphictyony already from the
archaic period, an important cult center
in the Saronic Gulf as well as an asylum.
The objective of the Kalaureia research
program was the study of the daily life in
the site, the development and the
functions of the site through time, as well
as the interaction of the sanctuary with
the local community, the environment of
it and the placement of the sanctuary in

P-21. On the provenance of
coarse crystals used as
aggregate of Roman plasters
Roberto Bugini(1) and Luisa Folli(1)
(1) CNR-Instituto Conservazione e
Valorizzazione Beni Cultarali, Via Robero
Cozzi 53 – 20125, Milano, Italy

Calcite crystals (“marble powder”) were
widely utilized by the Romans as mortar
aggregate and Vitruvius (De Arch. 7,3)
prescribed them in the finish coat of
plaster.
Calcite crystals came from the grinding
of “marble” or “lumps containing
transparent grains like salt” or “splinters
thrown down by the marble workers” (De
Arch. 7,6).
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The study of this kind of aggregate is
focused on wall plasters of Roman sites
of Lombardy (Italy) using optical
microscopy on thin section.
The morphology of crystals is crucial to
identify the provenance: (a) sub-rounded
crystalline clasts containing few calcite
crystals (size 0.1 - 2 mm) often with
polysynthetic twinning; (b) single, clear,
angular crystals (up to 5 mm) without
twinning. The first comes from the
grinding of marbles; the second from the
grinding of calcite veins occurring in
marble or limestone. The last provenance
may be local as confirmed at “Villa di
Catullo” (Sirmione, 2nd century): plaster
aggregates contain dusty calcite crystals
identical to the fibrous calcite of the
veins into the marly limestone (Scaglia Cretaceous); this limestone forms the
bedrock and it was used to build the
“Villa”. However the provenance may be
allochthonous: calcite veins were
detected in quarries of “coloured
marbles” used everywhere by the
Romans as Giallo antico (Tunisia),
Settebasi (Greece), Breccia Corallina
(Turkey) and white (Paros, Carrara), grey
(Lesvos), veined marble (Himittus) etc.
Samples coming from these quarries
(Italy and Mediterranean) were ground
and compared in thin section with
aggregates of Lombard plasters. The
drusy fabric, the clear appearance, the
size of calcite crystals of these veins is
almost identical to features of calcite
crystals found in the aggregate, at least in
sites far from stone quarries. This detail
suggests a specific trade of both coloured
marbles and ground crystals from calcite
veins originated in the same quarry.

P-22. Lime mortars and
plasters in the Forum area of
Egnazia:
Technological changes in
Roman Age
Giacomo
Eramo(1),
Gianluca
(2)
Mastrocinque , Annarosa Mangone(3),
Lorena
Giannossa(3),
Fabrizio
(3)
Mastrorocco , Angela D'Elia(1) and
Raffaella Cassano(2)
(1) Dipartimento di Scienze della Terra e
Geoambientali, Università degli Studi di Bari
“A. Moro”, Via Orabona 4, 70125 Bari, Italy
(2) Dipartimento di Studi Umanistici
(DISUM), Università degli Studi di Bari “A.
Moro”, Palazzo Ateneo
Piazza Umberto I, 1, 70122 Bari, Italy
(3) Dipartimento di Chimica, Università
degli Studi di Bari “A. Moro”, Via Orabona
4, 70125 Bari, Italy

The petrographic, mineralogical and
chemical analysis of 69 samples of lime
mortars and plasters from Egnatia
(Fasano, Brindisi), provide for the first
time information on compositional
characteristics
and
technological
processes in Roman Age. The large
sampling allows us comparing between
public buildings, such as the thermal
baths of the Forum, and rich residences,
and verifying continuity and changes of
craft skills during periods of increased
building activity between the Roman
imperial and Late Roman period.
Four main petrographic groups account
for different aggregates locally available.
Petrographical
(OM,
SEM/EDS),
mineralogical (XRPD) and chemical
(XRF) data, treated with multivariate
analyses, suggest the use of of the same
limestone to produce lime through times,
although the quality of lime putty is quite
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different. The stratigraphic sequences of
plaster in the thermal baths allowed to
distinguish up to three building phases,
matching with the horizontal stratigraphy
and the stratigraphy of the walls. These
new data allow to understand the
evolution of the Roman town and to
outline the technological transformations
associated with the political and
economical changes.

century and its surviving wall paintings,
that were constructed in 1758, are located
only in the side chapels, due to two major
catastrophes by fire, one in 1868 and the
other in 1943 [1]. In addition to the
characterization of the materials applied,
the purpose of this study is to determine
the existence of a sole pictorial phase of
the mid 18th century or the occurrence of
partial overpaintings.
Numerous wall painting samples were
collected from the chapels of Prothesis
and Diaconicon during the works of
restoration and certainly after the
stabilization of the painting and plaster
layers. The samples were analyzed by
means of spectroscopic techniques, e.g.
micro Fourier Transform Infrared
Spectroscopy
(μ-FTIR),
Raman
Spectroscopy, and Scanning Electron
Microscopy with Energy Dispersive
Spectroscopy (SEM-EDS) [2]. Plaster
samples were additionally studied by
means of Thermogravimetry and
Differential Scanning Calorimetry (TGDSC) [3].
From the comparative evaluation of
spectroscopic and thermal analyses was
confirmed that fresco technique was most
likely applied to the examined wall
paintings, due to the main contribution of
calcite, the participation of quartz and the
lack of organic binders. As far as the
painting layers, the spectroscopic
techniques
revealed
that
mostly
traditional pigments were used, such as
earth pigments (ochres, sienna and green
earth), alongside with cinnabar, Naples
yellow, Ultramarine, lead white and bone
black.
The pigment analysis does not reveal
overpainting, due to the absence of
modern pigments. Also, the use of
binding media cannot be ascertained
because of the consolidants that were

P-23.
Saint
Demetrius
Monastery of Stomion:
Comparative
analysis
of
pigments and plasters of the
Catholican wall paintings
L. Malletzidou(1), T.T. Zorba(1), P.
Beinas(2), T. Ganetsos(3), T. Katsaros(4),
V. Touli(5), E. Pavlidou(1), K. Chrissafis(1)
and K.M. Paraskevopoulos(1)
(1) Solid State Physics Department, Aristotle
University of Thessaloniki, GR-54124,
Thessaloniki, Greece
(2) Painting Conservator, ‘Esaeitechnon’
Artwork Conservation Laboratory, GR60100, Katerini, Greece
(3) Department of Automation Engineering,
Piraeus University of Applied Sciences, GR12244, Athens, Greece
(4) Byzantine & Christian Museum, 22
Vasilisis Sofias St., GR-10675, Athens,
Greece
(5) Ephorate of Antiquities of Larissa, GR41500, Larissa, Greece

Saint Demetrius of Stomion (Tsayezi) is
a historical monastery placed in the
geographical area of Larissa town,
Greece, with a unique, remarkable,
presence from its founding until
nowadays. The present catholicon of the
monastery has been dated in the 16th
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(4) Philadelphia Museum of Art, 2600
Benjamin Franklin Parkway, Philadelphia,
USA

applied during the stabilization process.
The use of fresco technique is implied by
the major participation of calcium
carbonate in all of the painting layers and
its main contribution in the plaster layers.

This study focuses on the technological
and scientific analysis of polychrome
painted, gypsum plaster figural and nonfigural imagery attributed to Iran, in the
centuries of the Great Seljuqs and their
successor states.
Large figural bas-reliefs and panels, now
detached from their original context and
housed in different museum collections,
were probably meant to adorn the walls
of reception areas of residential
complexes, possibly connected to a royal
court.
The majority of the studied figures
appeared on the art market between the
mid-1910s and early 1930s, when
overpainting and filling in of missing
parts were customary and extensively
practiced in the antiquarian market
milieu.
As a result, modifications to their
original iconography and polychromy
may convey an altered representation of
the visual language of the Seljuq period,
and their authenticity has often been
questioned by scholars.
By combining detailed visual observation
of fragments, both excavated at Rayy and
unprovenanced, with scientific analysis
of their plaster constituent materials, this
study aims at enriching the understanding
of Seljuq-period plasterwork, focusing on
the overall structure of the sculptures,
and on the texture and mineralogy of the
plaster.
Observations include the identification of
common technological practices, such as
the combination of coarse, poorly sorted
inner layers and more refined, worked
external layers.
In most cases, the gypsum plaster bears
traces of a poorly controlled firing. Such

[1] S. Sdrolia, Paintings in the Catholicon of
the Stomion Monastery. In Saint Demetrius
of Stomion, Tasiopoulos Press, 107-119,
2010.
[2] E. Pavlidou, M. Arapi, T. Zorba, M.
Anastasiou, N. Civici, F. Stamati, K.M.
Paraskevopoulos, Onoufrios, the famous
XVI’s century iconographer, creator of the
‘Berati School’: Studying the Technique and
Materials used in wall paintings of inscribed
churches, Applied Physics A, 83, 709-717,
2006.
[3] M. Anastasiou, Th Hasapis, T. Zorba, E.
Pavlidou,
K.
Chrissafis,
K.M.
Paraskevopoulos, TG-DTA and FTIR
analyses of plasters from byzantine
monuments in Balcan region, Journal of
Thermal Analysis and Calorimetry, 84(1),
27-32, 2006.

P-24. Characterization of
materials and production
technologies of gypsum plaster
decoration from twelfth thirteenth century Iran
Federico Carò(1), Elena Basso(1), Martina
Rugiadi(1), Jean-François de Lapérouse(1),
Vicki Parry(1), Victor Borges(2), Paula
Artal-Isbrand(3), Philip Klausmeyer(3) and
Melissa Meighan(4)
(1) The Metropolitan Museum of Art, 1000
Fifth Avenue, New York, USA
(2) Victoria and Albert Museum, Cromwell
Road, London SW7 2RL, UK
(3) Worcester Art Museum, 55 Salisbury
Street, Worcester, USA
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technology produced plaster containing
unevenly fired gypsum relics with
different degrees of calcination, as well
as characteristic contaminants from fuel,
kiln surfaces and surroundings, and
impurities from the original gypsum
rock.
Differences in the morphology of
gypsum crystals and in the typology and
amount of added aggregate fraction, as
well as accessory minerals in the
mixture, can assist in distinguishing
among
objects
from
different
productions, as well as in spotting
modern additions.

identify all materials used in the
manufacture of various mortars and
especially their implementation. The
information has been confronted with
experiments on site, by selecting samples
which have been the subject of
observation and description. An approach
specified by the implementation of
various laboratory tests and petrography
study allowed the characterization of
mortars studied by the determination of
their
physical
and
chemical
characteristics and their mineralogical
composition.

P-26.
Identifying
a
technological style in the
making of lime plasters at
Teopancazco
(Teotihuacan,
México)

P-25.
Petrography
and
characterization of mortars of
Ottoman buildings in Algiers
1515 - 1830
Naima Abderrahim Mahindad(1) and
Messaoud Hamiane(2)

Alessandra
Pecci(1,2,3),
Domenico
(2)
Miriello , Donatella Barca(2), Gino M.
Crisci(2), Raffaella De Luca(2), Agustin
Ortiz(3), Linda R. Manzanilla(3), Jorge
Blancas(3) and Luis Barba(3)

(1) University M’Hamed Bougarra,
Faculties of Engineering, Boumerdes,
Algeria, research unit of the mineral and
composite materials, Algeria
(2) University M’Hamed Bougarra, Faculties
of Engineering, Boumerdes, Algeria

(1) Equip de Recerca Arqueològica i
Arqueomètrica de la Universitat de
Barcelona (ERAAUB). Departament de
Prehistòria, Història Antiga i Arqueologia,
Facultat de Geografia i Història.
c/Montealegre 6-8, 08001 Barcelona
(2) Department of Biology, Ecology and
Earth Sciences (DiBEST). University of
Calabria, Via Bucci, cubo 12B, Arcavacata
di Rende (Cosenza), Italy.
(3) Laboratorio de Prospección
Arqueológica, Instituto de Investigaciones
Antropológicas, Universidad Nacional
Autónoma de México, Circuito Exterior,
Ciudad Universitaria, Coyoacán México, DF
04510, Mexico

This research aims to study the mortars
used in the buildings of the Ottoman
period. These mortars have specific
characteristics of their compositions,
their
preparation
and
technical
implementation as well as in relation to
their
physical,
chemical
and
mineralogical characteristics.
Through
a
specific
historical
documentation consisting of ancient
treaties and previous work related to the
study of the administrative archives of
the Ottoman period in Algiers, one could
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The aim of this paper is to focus on the
technology of archaeological plasters at
Teotihuacan (Central Mexico), from the
Classic Period (200 – 650 AD), focusing
in the study of Teopancazco, a
neighborhood center in the city [1, 2].
Petrographic and chemical analyses by
OM, SEM-EDS and LA-ICP-MS were
conducted to characterize plaster samples
from the neighborhood center, to
determine the provenance of the raw
materials employed in the manufacturing
(e.g. volcanic glass shards) and to assess
whether a shift occurred in the
manufacturing of plasters and in the
procurement strategies of raw materials
during the different phases.
Samples were recovered from different
constructive phases and different sectors
of Teopancazco.
The results of the analyses show that all
the plasters were made mixing lime with
volcanic glass shards, and that almost no
changes occurred in the making of the
plaster during more than four centuries.
During all this time span glass shards
were derived from the Altotonga
(Veracruz) magmatic system.
This allows us to consider the presence
of a technological style in their
manufacture of plasters at Teopancazco.
The data provided by other projects at
Teotihuacan [3] suggest that this style
was later introduced throughout the city
of Teotihuacan in the Early Xolalpan
phase (AD 350), although we still do not
know whether the provenance of the
shards is the same. The wide distribution
of this technological tradition could be
due to the technological properties of the
materials and/or the influence of the
intermediate elite who ruled over
Teopancazco.
The paper confirms how the study of
material culture and technology sheds

light on broader cultural aspects of
ancient societies.
[1] L. R. Manzanilla (ed.), Estudios
arqueométricos del centro de barrio de
Teopancazco en Teotihuacan, UNAM,
Mexico, 2012.
[2] L.R. Manzanilla, Cooperation and
tensions in multiethnic corporate societies
using Teotihuacan, Central Mexico, as a case
study, PNAS 30, 9141–9490, 2015.
[3] T. Murakami, Power relations and urban
landscape formation: a study of construction
labor and resources at Teotihuacan.
Unpublished PhD thesis, Arizona State
University, 2010.

P-27. Stone under fire: Lime
production
seen
through
chemical
residues
and
Infrared Spectroscopy from a
Golden
Age
Henequen
Hacienda
Hector Hernandez Alvarez(1) and Soledad
Ortiz Ruiz(2,3)
(1) Facultad de Ciencias Antropologicas,
Universidad Autonoma de Yucatán, Km. 1
Carr. Mérida-Tizimin, Cholul, C.P. 97305,
Mérida, Yucatán, Mexico
(2) Posgrado en Estudios Mesoamericanos,
UNAM, Circuito Interior, Ciudad
Universitaria, S/N, C.P. 04510, México, D.F.
Mexico
(3) Instituto de Física, UNAM, Circuito de la
Investigación Científica, Ciudad
Universitaria, S/N, C.P. 04510, México, D.F.
Mexico

Hacienda San Pedro Cholul was a
henequen plantation that flourished from
the second half of the 19th to the first half
of the 20th century. During the course of
our archaeological research at the site we
159

KALAMATA, 15-21 MAY 2016
[1] Chu Vikky, Lior Regev, Steve Weiner
and Elisabetta Boaretto, Differentiating
between Anthropogenic Calcite in Plaster,
Ash and Natural Calcite Using Infrared
Spectroscopy: Implications in Archaeology,
Journal of Archaeological Science 35, 905911, 2008.
[2] Regev Lior, Kristin M. Poduska, Lia
Addadi, Steve Weiner and Elisabetta
Boaretto, Distinguishing between Calcites
Formed by Different Mechanisms Using
Infrared
Spectrometry:
Archaeological
Applications, Journal of Archaeological
Science 37, 3022-3029, 2010.
[3]
Ortiz
Ruiz
Maria
Soledad,
Caracterización de las estructuras anulares de
la región del occidente de las Tierras Bajas
Mayas, Tesis de Maestría, El Colegio de
Michoacán A. C., La Piedad, 2014.
[4] Hernández Alvarez, Hector, Corrales,
chozas y solares: estructura de sitio
residencial de la Hacienda San Pedro Cholul,
Yucatán, Temas Antropológicos 36(2), 129152, 2014.

registered the presence of an abandoned
kiln, supposedly used to prepare lime for
construction. On this paper we seek to
determine if lime was produced at
hacienda San Pedro Cholul and if this
was destined for self-consumption or to
be commercialized outside the state. We
will try to characterize the materials
recovered during the kiln excavation at
San Pedro Cholul to distinguish the lime
productive processes following the
methodological standards set by Chu et
al. (2008) [1] and Regev et al. (2010) [2].
This study will allow us to analyze the
adoption of lime technology, stablish the
production processes and its usage in the
context of a henequen fiber production
settlement from the beginning of the
twentieth century. Also, it will be useful
to make comparisons with previous
results obtained from a Yucatan
peninsula pre-Hispanic lime production
data base [3]. The research procedure
used in this study consisted in the
characterization of soil, stone and stucco
historical samples through Infrared
Spectroscopy (IR), X-Ray Fluorescence
(XRF) and chemical residues analysis
from sediments recovered in the lime
production kiln. One of our goals is to
calculate the exposure temperatures of
limestone materials and the presence of
ash and lime production splinters in kiln
sediments. Finally, what we want to
know is whether the manufacture of lime
and stucco resulted in homogeneous
material quality or if the manufacture of
those materials was not standardized and
of variable quality. We think that the
owners were using standardized high
quality construction materials on
principal buildings and the workers were
using poorer quality material for their
houses [4].

P-28. The microscopic study of
the mortar’s binders
Emma Cantisani(1), Elena Pecchioni(2)
and Fabio Fratini(1)
(1) National Research Council, Institute for
the Conservation and Valorisation of
Cultural Heritage, Via Madonna del Piano,
10 Sesto Fiorentino Italy;
e.cantisani@icvbc.cnr.it
(2) Earth Science Department University of
Florence, Via G. La Pira, 4 50121 Florence
Italy

The study of some artificial materials
constituting the historic buildings, such
as mortars, is very interesting because
they maintain and transmit to us, not only
the aspect of an artifact, but also the
constitutive material. These studies allow
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us to draw information on the ancient
technologies used to realize the artifact
itself. The information that we may
obtain from the study of these materials
contributes to the knowledge of our past
and our history, and also provides useful
data for the conservation of Cultural
Heritage.
The mortars are materials used in
architecture with very different functions:
as bedding mortars of bricks and stone
blocks, as filling of the nucleus of the
walls themselves, as rendering of walls,
support for mural paintings, up to
material to join decorations etc. All these
kinds of mortars can display different
structure and composition.
The purpose of this study is to
characterize, through observations of thin
sections under optical microscope in
transmitted light, several typologies of
mortars which differ regarding the type
of binder: air hardening lime (calcic,
magnesian), air hardening lime with
addition of materials providing hydraulic
characteristics, gypsum binders, natural
hydraulic lime, Portland cement, Roman
cement. Petrographic thin sections of
mortars from different types of binders
were observed under optical microscopy
in transmissed light. The main
characteristics such as texture (micritic,
sparitic, sparitic or amorphous), structure
(homogeneous, with lumps, in plagues,
oriented, etc), reaction rims, formation of
new crystalline phases were described for
each type of binder.

P-29. Detection and chemical
characterization of organic
surface finishes on mortars by
Reflectance
FTIR
Microspectroscopy
Vasiliki Kontogianni(1) and Panagiota
Manti(1)
(1) Dept. of Archaeology & Conservation,
Cardiff University, School of History,
Archaeology and Religion, Cardiff
University, John Percival Building, Colum
Drive, Cardiff, CF10 3EU

Ancient historical texts describe the use
of organic components such as oil and
animal glue for the preparation and
maintenance of mortars. However,
scientific evidence of organic molecules
in mortars or surface coatings on ancient
mortar constructions is rare. A systematic
scientific investigation of ancient mortars
is necessary to evidence use of this
ancient technology.
This paper offers a preliminary
evaluation of Reflectance FTIR Microspectroscopy to detect and identify
organic components within or on
inorganic mortar matrices. The method is
successfully used in portable FTIR set
ups mainly for the in situ analysis of wall
paintings and polychromy. This work
utilizes the advantage of a microscope to
obtain spatially resolved data and
includes data collected from a range of
relevant laboratory prepared standard
samples in order to develop a reference
database and to assess peak overlap
between the organic components and the
mortar matrix.
Results show that the mortar matrix does
not affect detection and identification of
the tested organic components. Data
interpretation relies both on the
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development of the database and the
comparative assessment of the obtained
spectra, where reflectance distortions are
encountered as characteristic spectral
patterns aiding identification. The option
for
spatially
resolved
obtained
information benefits the analysis of
multi-layered samples offering a strong
ability to check for contamination
making the method suitable for the
characterisation of organics in mortars.

Hellenistic and Byzantine mortar layer
and to provide weathering gradients
using isotopic analysis. The samples
were characterized in terms of their
isotopic, chemical and mineralogical
composition. Stable isotope analysis (13C
and 18O) provided information relative to
the origin of CO2 and water during
calcite formation making possible to
distinguish different mortar technologies
and degradation gradients. Compositional
and morphological analyses were
achieved using energy dispersive X-ray
analysis in the scanning electron
microscope while the mineralogical
phases were detected using petrographic
(polarised optical microscopy) analysis.
The isotopic values comprise a range of
δ13C and δ18Ο values from -17.6 ‰ to
3.6 ‰ and -25.9 ‰ to 0.4 ‰ very
different from that of local limestones
used for mortar production. The ideal
layers from Hellenistic and Byzantine era
are expressed, by the regression lines
δ18O calcite matrix =0.61 δ13C calcite
matrix -1.9 and δ18O calcite matrix =0.63
δ13C calcite matrix -2. This study
indicated that stable isotope analysis is an
excellent tool to fingerprint the origin of
carbonate and therefore indicate the
variations in mortar’s technology, the
environmental setting conditions of
mortar, origin of CO2 and water during
calcite formation and to determine the
weathering depth and the potential
secondary degradation mechanisms.

P-30. 13C and 18O applied to
detect the technology and
degradation
of
historic
mortars
D. Kyropoulou(1,2), D. Andrikou(3), V.
Christaras(2), V. Melfos(2) and E.
Dotsika(1)
(1) Institute of Nanoscience and
Nanotechnology, National Center for
Scientific Research, ‘Demokritos’, Stable
Isotope Unit, Agia Paraskevi 15310, Attiki,
Greece; d.kyropoulou@inn.demokritos.gr
(2) School of Geology, Faculty of Sciences,
Aristotle University of Thessaloniki,GR5412
(3) Ephorate of Antiquities of Corinth

123 bulk samples of mortars were
examined as part of a PhD research. The
main aim of this work is to investigate
the technology and degradation of mortar
samples. The samples were collected
from funerary monuments dated from the
Hellenistic to the Byzantine period,
affected by environmental degradation.
The samples were collected in sections
6 cm towards the surface using a drillcore material. The first sample was
collected from the external layers, while
the internal samples were collected 1 cm
below, in order to create an ideal
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was found that compression strengths (3
... 4.9 MPa) are higher than a normal
lime mortar (max. 1 MPa), being
comparable with some lime mortars with
pozzolan [2, 3]. The flexural strength is
also improved compared with a usual
lime mortar. These resistance values are
due to the presence of the hemp tow in
the composition of mortars. After the test
of resistance to biodeterioration, on the
surface of all mortars was found to
increase atypical hyphae, provided by the
tip of the main hypha, and branching
hyphae appears to be inhibited. The
adherence to the wooden support of the
mortars was improved by using smaller
tow (0.5 cm). These optimized mortars
were characterized in terms of physicomechanical properties and it was found
that, compared with similar mortars made
with hemp tow 1.5-2 cm, mechanical
resistance shows a slight decrease, but
remains higher than a typical mortar lime
and close to a mortar with pozzolana,
which suggests that they have a good
durability.

P-31.
Mortars
for
conservation an atypical case.
Fresco painting in the wooden
churches
Ileana Mohanu(1), Dan Mohanu(2), Ioana
Gomoiu(3), Adriana Moanţă(1), Ionela
Petre(1) and Liliana Radu(1)
(1) SC CEPROCIM SA, 6 Preciziei Blvd, 6Bucharest, 062203, Romania;
ileana.mohanu@ceprocim.ro
(2) National Arts University, 19 General
Budişteanu, 1-Bucharest, 010773,
Romania;dan_ileana_m@yahoo.com
(3) Institute of Biology, Romanian Academy,
296 Spl Independentei, 1-Bucharest, 060031,
Romania; gomoiu@hotmail.com

The research, initiated by a national
project, came out in support of a unique
heritage which is in accelerated process
of destruction: the wooden churches
painted in fresco. The incompatibility
between the wood planks and beams of
the church and the minerals composing
the frescoes has generated specific
degradations, exacerbated by the absence
of a conservation program [1]. This
reality was the starting point of the
present research, aiming to obtain new
mortars to remake adherence of the
fresco to the timber walls of the church.
Mortars from hydrated lime, river sand
and hemp tow (size 1.5-2.0 cm) were
obtained and characterized. In the
composition of the mortars various ratios
lime / sand and various grain sizes of
sand were used. An additive was used for
improving the adherence. All mortars
have a sulphate content below the
detection limit of the analytical method
and low content of alkali and chlorine.
Also, the mortars have a low apparent
density, specific to the lime mortars. It

This work was carried out by Partnerships in
Priority Areas—PN II—developed with the
support of MEN–UEFISCDI, Romania,
Project No. PN–II–PT–PCCA–2013–4–1311
[1] I. Mohanu, D. Mohanu, I. Gomoiu, O.H.
Barbu, R.M. Fechet, N. Vlad, G. Voicu, R.
Truşcă, Study of the frescoes in Ioneştii
Govorii wooden church (Romania) using
multi-technique
investigations,
Microchemical Journal, available online 24
December 2015.
doi:10.1016/j.microc.2015.12.020
[2] I. Mohanu, M. Georgescu, D. Mohanu, L.
Radu , Physical, mechanical and aesthetic
characteristics of some mortars based on the
lime-limestone-meta-argilite system, UPB
Scientific Bulletin, Series B: Chemistry and
Materials Science 01/2012; 74(2).
[3] I. Mohanu, M. Georgescu , D. Mohanu,
L. Manolache, C. Drăgănoaia, Physical-
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mechanical and aesthetic characteristics of
some mortars based on lime-limestonevolcanic tuff, Revista Română de Materiale
2011, 41, (4), 332-345.

human activity in Kapova cave in the
Upper Palaeolithic.
[1] V.S. Zhitenev, A.S. Pakhunov, A.
Margarian, T.E. Soldatova, Radiocarbon
dates of the Upper Paleolithic layers of
Kapova cave (the Southern Urals), Russian
Archaeology 4, 5-15, 2015.
[2] V.S. Zhitenev, New researches of the data
on artistic activity in the Kapova cave,
Kratkiye soobshcheniya Instituta arkheologii
– KSIA (Brief Communications of the
Institute of Archaeology) 227, 306-314,
2012.
[3] A.S. Pakhunov, V.S. Zhitenev, New Data
on Upper Palaeolithic Paint Recipes:
Scientific Examination of Massive Paint
Remains from Kapova Cave, Southern Ural,
Russia, Stratum plus 1, 125-135.

P-32.
Upper
Palaeolithic
pigments from Kapova cave
(the Southern Urals, Russia)
Vladislav Zhitenev(1)
(1) Department of Archaeology, History
Faculty, Moscow State University, Russia

The study of prehistoric cave art in
Europe plays an important role in our
knowledge of the Upper Palaeolithic
human culture from the Atlantic to the
Urals. Kapova cave in the Southern Urals
is one of the Eastern European sites with
Upper Palaeolithic wall paintings. The
cave is a system of halls, galleries and
corridors, located at three hypsometric
levels, the lower of which is occupied by
the river Podzemny Shulgan. The cultural
layers have been radiocarbon-dated from
13930±300 (GIN-4853) to 16010±100
(KN-5023) [1]. The new phase of
research in the cave began in 2009. New
points of dissemination of cultural layers
and traces of Upper Palaeolithic artists’
activity were discovered [2]. New data
from the study of cultural layers show
that the artistic activity in Kapova cave
had begun long before 16,000 years ago.
An important part of the research results
was the discovery of palettes and large
accumulations of pigment, hidden among
the limestone blocks [3]. The results of
complex analysis of pigments from the
wall paintings, cultural layers, palettes
and
accumulations allow tracing
important patterns of development of

P-33.
Characterization,
sourcing and processing of
Palaeolithic
ochre
from
Fumane Cave (Italy)
Giovanni Cavallo(1,2), Marco Peresani(3),
Federica
Gonzato(4),
Damiano
(5)
Monticelli , Maria Pia Riccardi(1),
Roberto
Zorzin(6)
and
Francesca
(5)
Sanvito
(1) Dept. of Earth and Environmental
Sciences, University of Pavia, Italy
(2) Institute of Materials and Construction,
University of Applied Sciences and Arts,
Canobbio, Switzerland
(3) Dept. of Humanities, University of
Ferrara, Italy
(4) Soprintendenza of Archaeological
Heritage, Unit of Verona, Italy
(5) Dept. of Science and High Technology,
University of Insubria, Italy
(6) Civic Museum of Natural History,
Verona, Italy
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Fumane Cave is a key site in
Mediterranean Europe for the study of
the first Anatomically Modern Humans,
bearers of the Protoaurignacian culture
and its associated archaeological record
of symbolically mediated behaviour like
art, ornaments and pigments. This cave
lies in the Lessini Mounts, the Veneto
Pre-Alps, is currently in course of
excavation by the University of Ferrara
and has produced portable art,
ornamental objects on bone and marine
shells, and abundant red ochre in the
Protoaurignacian layers [1]. Previously
subjected to preliminary investigations,
these mineral pigments are now the focus
of a large study aimed to characterize
their composition, identify their sources
and reconstruct processes of preparation.
Ochre fragments were selected and
analysed in order to highlight the
mineralogical and chemical composition,
textural and microstructural features by
means of PLM, SEM/EDS, XRPD and
ICP-MS. The same analytical program
was developed for Fe-rich geomaterials
occurring in an area surrounding the
archaeological site for about 20 km.
Most of the 20 ochre samples are red in
colour and composed of dolomite
surrounded by an irregular hematite rich
thin layer. Textural analysis allowed to
understand if hematite was anthropogenic
(intentional application) or connected
with the diagenesis of the cave
sediments; both the situations were
recognized. Two samples exhibiting
similar textural features (the former
composed mainly by goethite and the
latter by hematite) have fragments of
bones composed of apatite and microcrystals of euhedral K-Feldpars as
confirmed comparing mineralogical and
geochemical data. According to [2], the
mix of ochre with bone fragments and

other organic ingredients was a common
practice during Prehistory.
Finally, the mineral assemblages and the
geochemistry of the samples from
Fumane archaeological site were
compared with those from the potential
geological sourcing areas [3] allowing
the procurement areas to be inferred in
the Mesozoic dolomitised Oolite di San
Vigilio Formation.
[1] Broglio A., De Stefani M., Gurioli F,
Pallecchi P., Giachi G., Higham T., Brock F.
L’Anthropologie, 113 2009:753-761.
[2] Henshilwood C. H., d’Errico F., van
Niekerk K. L., Coquinot Y., Jacobs Z.,
Lauritzen S., Menu M., Garcia-Moreno R.
Science, 334, 2011:219-222.
[3] Cavallo G., Riccardi M. P., Zorzin R.
Powder Diffraction Journal, 3(2) 2015:122129.

P-34. The Great Ceiling of
Rouffignac cave (Dordogne,
France) under portable X-ray
fluorescence
spectrometry:
New insight into the reading of
the
composition
of
its
drawings
Marine Gay(1), Katharina Müller(1),
Frédéric Plassard(2) and Ina Reiche(3)
(1) Laboratoire d’Archéologie Moléculaire et
Structurale, UMR 8220 CNRS UPMC, 4
place Jussieu, 75005 Paris, France
(2) SARL Grotte de Rouffignac, 24580
Rouffignac-Saint-Cernin et Université de
Bordeaux, PACEA, UMR 5199, avenue des
Facultés, 33400 Talence, France
(3) Rathgen-Forschungslabor, Staatliche
Mussen zu Berlin, Schloßstr. 1a, 14059
Berlin, Germany
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[3] S. Lahlil, M. Lebon, L. Beck, H.
Rousselière, C. Vignaud, I. Reiche, M. Menu,
P. Paillet, F. Plassard, Journal of Raman
Spectroscopy, 43, 1637-1643, 2012.
[4] F. Plassard, J. Plassard, special issue of
PALEO, in press.

The understanding of Palaeolithic
graphic expressions is one of the key
issues of prehistoric research and in situ
XRF spectrometry analysis has became
fundamental in such work. It provides
non-invasive study, respectful of the
integrity of rock art, and allows accessing
to
significant
physicochemical
information about the pigment used,
which is essential in the quest of the
comprehension of the technical skills of
prehistoric artists and the “chaîne
opératoire” of the painting activities. The
Rouffignac cave (UNESCO World
Heritage), Périgord, South-West France,
holds important Palaeolithic art panels
where black drawings and engravings
form remarkable compositions, as the
famous ten mammoths Frieze, the
Patriarch panel and the Great Ceiling.
The Great Ceiling impresses with its 65
animal drawings (ibex, horse, mammoth,
bison and woolly rhinoceros).
First, in situ analyses of the black
drawings by XRF and XRD showed that
the figures were exclusively executed
using manganese oxides [1] and two
types of manganese oxides (barium rich
or not) could be distinguished [2, 3].
The aim of this work is the systematic
study of the “Great Ceiling” drawings in
order
to
obtain
a
general
physicochemical vision of the whole
ceiling. The obtained physicochemical
signature of the drawings will be opposed
to a classification based on stylistic
observations [4]. Thus, new light will be
shed on the relationship between the
Palaeolithic figures on the Great Ceiling.

P-35.
Understanding
red
pigments in Late Neolithic
funerary
contexts
from
Alentejo, Portugal
Lucija Soberl White(1), Cristina Dias(1),
Jose Mirão(1), Tiago Nunes(2) and
Antonio Valera(2,3)
(1) HERCULES Laboratory, Évora
University, Largo Marquês de Marialva 8,
7000-809 Évora, Portugal
(2) NIA - ERA Arqueologia, Calçada de
Santa Catarina, 9 C, 1495-705 Cruz
Quebrada, Portugal
(3) ICArEHB, University of Algarve, Campus
Gambelas, 8005-139 Faro, Portugal

Cultural and funerary uses of red
pigments are frequently discovered in
Neolithic and Chalcolithic contexts
across the Iberian Peninsula. While ferric
pigments (like ochre) usually indicate a
locally-obtained raw material, a far less
abundant cinnabar (mercury sulphite) can
be used as a marker for long distance
exchange networks. Reported uses of
cinnabar include metallurgy, medicinal
purposes, preservative, body painting and
ceramic decoration. This study undertook
a multi-analytical approach to investigate
red pigments discovered in funerary and
ritual contexts from two Late Neolithic
sites in the Alentejo region: Vale de
Barrancas hypogeum cemetery and the
Perdigões circular enclosure.

[1] J. Sanoit (de), D. Chambellan, F.
Plassard, ArchéoSciences, 29, 61-68, 2005.
[2] L. Beck, H. Rousselière, J. Castaing, A.
Duran, M. Lebon, B. Moignard, F. Plassard,
Talanta, 129, 459-464, 2014.
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A.C. (ed.), Sobreira de Cima. Necrópole de
hipogeus do Neolítico (Vidigueira, Beja), p.
101-108, 2013.
[2] S.D. Emslie et al., Chronic mercury
exposure in Late Neolithic/Chalcolithic
populations in Portugal from the cultural use
of cinnabar. Sci. Rep. 5, 14679; doi:
10.1038/srep14679, 2015.

As a result of differing preservation state
and pigment quantity, two types of
analytical strategies were employed:
destructive
and
non-destructive.
Powdered samples of red pigments found
in abundance on human bones buried at
Vale de Barrancas hypogea were
investigated using μ-Raman and SEMEDS. Animal bones from the Perdigões
enclosure, displaying trace pigment, were
analysed in-situ using μ-XRD and SEMEDS to obtain information on elemental
composition and crystaline structure.
Both analyses were complemented by a
preliminary portable-XRF screening.
Sulphur stable isotope analysis (δ34S)
provided further insight into the origin of
the cinnabar pigments.
With the application of several analytical
techniques it was possible to identify
pigments as mixtures of ochre and
cinnabar. The biggest and closest
cinnabar mine is Almaden in Spain,
where ore has been extracted for
millennia and distributed throughout the
Iberia. The use of cinnabar has also been
confirmed at various sites in Alentejo [1],
while a recent study proved that
contemporaneous precious red pigments
had various sources [2]. The results
obtained here were compared with
published
contemporaneous
sites
(Sobreira de Cima, Monte Canelas,
Perdigões)
to
indicate
regional
differences in ritual pigment use. δ34S
values obtained for analysed cinnabar
pigments were also compared to
published information from other
European cinnabar deposits.

P-36. The on-site analytical
study, photographic
documentation and
conservation treatment of an
Egyptian New Kingdom child
coffin
Nicole Peters(1), Jiuan Jiuan Chen(1),
Rainer Gerisch(2), Dr. Corina Rogge(3),
Lucy Skinner(2) and Alexandra Winkels(4)
(1) Buffalo State College Art Conservation
Graduate Program, 1300 Elmwood Ave
Buffalo, NY 14222
(2) Amarna Project Archaeological Site, Tel
el-Amarna, Egypt
(3) The Museum of Fine Arts Houston, 1001
Bissonnet Street, Houston, TX 77005
(4) Konservierung + Restaurierung von
Wandmalerei Architekturoberflache,
Freiburg, Germany 79117

The
caveats
associated
with
archaeological conservation often include
the provision of optimal photographic
documentation techniques and the
presence of analytical equipment and
expertise required for in-depth material
analyses on site. These tools can
influence and inform an intensive
conservation treatment in a limited
period of time. A team of five
conservators and specialists were
assembled to aid in the on-site
conservation treatment of an Amarna

[1] C. Dias and J. Miraõ, Identificação de
pigentos vermelhos recolhidos no hipogeu da
Sobreira de Cima por microscopia de Raman
e micrscopia electrónica de varrimento
acoplada com espectroscopia de dispersão de
energias de Raios-X (MEV-EDX). in: Valera,
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Period decorated child coffin. During
which time, complete photographic
documentation,
wood
species
identification, plaster composition and
pigment analysis, X-Ray Fluorescence
spectrometry, polarized light microscopy,
and conservation treatment commenced
amongst an international team of
conservators, scientists, botanists, and
Egyptologists. Collaborative research and
examination resulted in a holistic and
comprehensive technical and analytical
study of the artifact; aiding in
conservation treatment and expediting
access to full disclosure of information
regarding the technological and art
historical significance of the Amarna
Period coffin.
The goal of the project was to stabilize
and to conserve the wooden coffin and to
preserve the human remains inside while
simultaneously extracting as much
information about the coffin as possible.
Findings from these investigative and
analytical processes revealed the use of
ficus sycomorus in coffin construction,
the presence of both orpiment and
realgar, amongst other pigments used for
painting, and a high calcium carbonate to
gypsum ratio within the plaster.
Discoveries from analytical research and
material analysis of the coffin have much
wider implications in terms of the
archaeological and anthropological study
of the Amarna population. This research
also
informed
the
prescribed
conservation treatment of the artifact and
can potentially influence the preservation
efforts of similar relics. This paper
describes the equipment, preparation, and
findings observed throughout the
completion of the project.

P-37. Colour of Latène and
Hallstatt period fibulae beads
K. Bente(1), C. Berthold(1), M. Keuper(1)
and R. Wirth(2)
(1) Universität Tübingen, Angewandte
Mineralogie, Wilhelmstr. 56, 72074
Tübingen; bente@rz.uni-Leipzig.de;
christoph.berthold@uni-tübingen.de;
melanie.keuper@uni-tuebingen.de
(2) GFZ Telegrafenberg 14473 Potsdam;
richard.wirth@gfz-potsdam.de

Decorations on Hallstatt and La Tène
period were studied in order to examine
the
technology,
properties
and
provenances of white coral material.
Following archaeological suggestions,
white fibula decorations are typical for
red corals bleached by deposition. In
order to understand the discoloration
processes, coral decorations and original
red and white corals were studied.
Corallium rubrum were submitted to
experimental
procedures
regarding
morphology, phase existences and
transformations, microstructure, chemical
compositions
and
pigments.
Experimental parameters were deduced
from sea water and coralline detritus
transformation: Oxidizing and reducing,
acidic and alkaline solutions, thiourea,
urine, soil material and mud, H2S and
NH4+ solutions. The products were
characterized by optical microscopy,
XRD, micro-CT (A. König Leipzig),
TEM, SEM (D. Hirsch Leipzig), UV-Vis
and Raman spectroscopy. In contrast to
recent corallium rubrum with ~11%
MgCO3, white fibulae beads from
Langenau
(South
Germany)
and
Dürrnberg (Austria) showed ~8 %
MgCO3 in agreement with minima of
Mg-calcites. Both imply polyenes with
8<Neff.<12, while fibulae beads from
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Hänichen,
Kleinkorbetha,
Gräfenhainichen (Central Germany)
contain neither MgCO3 nor polyenes.
The latter should therefor derive from
fossil corals, biogenetic lime or calcites
transformed from aragonite corals. Red
corals treated at temperatures ~200°C
showed discoloration by polyene
degradation. Red corals reacting with
NH4Cl and NH4NO3 solutions contain
polyenes and the material becomes white,
because of the loss of complete
orientation of the calcite nanocrystals
within the primary mesocrystals leads to
opacity. Contradicting archaeological
suggestions, white coral decorations are
proposed to derive from red corals
changed by early diagenetic processes
implying nitrogene circulation.

The present study focuses on a set of
non-destructive analyses of three fresco
fragments from Iklaina, in order to
identify their materials and their
manufacture technique. The results of the
analyses will make possible the
preparation of the replicas that will be
exhibited alongside the originals in the
Pylos Archaeological Museum using
similar composition mortars, pigments,
and manufacture techniques.
During the 2009 excavation by Michael
B. Cosmopoulos, numerous fragments of
frescoes came to light in three rooms of
the “Cyclopean Terrace Building”. The
fresco fragments are dated to Late
Helladic (LH) IIB - (LH)IIIA1 [1].
Three of them have been analyzed: The
ship fresco (2273), the female hand
(SF211), and the female face (SF134).
The fragments were initially observed
using a fiber optic microscope consisting
of an array of LED optical lenses. Their
chemical composition was studied using
a portable XRF set. Moreover, the small
fragments SF211 and SF134 underwent
further analyses using SEM/EDS without
taking any microsamples. The analyses
suggest the use of Egyptian blue pigment
for the backgrounds. The wavy black coil
of hair was painted with an organic black
pigment. The use of inorganic pigments
has been revealed on the upper layers on
the basis of the identification of minerals
and rocks. The substrate of the wall
paintings is made of aluminosilicate lime
mortars.

Artifacts were provided by H. Wendling
(Salzburg), R. Schlatter (Leipzig), Th. Hoppe
(Stuttgart), R. Mischker (Halle) and U. Holz
(Bitterfeld).

P-38. Reproducting three
fresco fragments from Iklaina,
Pylos, using non-destructive
analysis
G. Tsairis(1), E. Palamara(2),
Zacharias(2) and M. Cosmopoulos(3)

N.

(1) Ephorate of Antiquities of Messinia,
Ministry of Culture and Sports, 24100,
Kalamata, Greece
(2) Department of History, Archaeology and
Cultural Resources Management,
University of the Peloponnese, 24100,
Kalamata, Greece
(3) Department of Anthropology and
Archaeology, University of Missouri, 63121,
St. Louis, U.S.A.

[1] Cosmopoulos, M.B. “A group of new
Mycenaean frescoes from Iklaina, Pylos”. In
Hariclia Brecoulaki, Jack L. Davis, and
Sharon R. Stocker (eds.), Mycenaean Wall
Painting In Context. New Discoveries, Old
Finds Reconsidered. ΜΕΛΕΤΗΜΑΤΑ, 72.
Εθνικό
Ίδρυμα Ερευνών,
Ινστιτούτο
Ιστορικών
Ερευνών-National
Hellenic
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Research Foundation, Institute For Historical
Research. Athens 2015, pp. 249-259.

earthquake debris that preceded the
eruption of Thera, outside the Northwest
monumental building. The building,
which is partially revealed in max.
dimensions of 16.10 x 13.80 m, recalls in
mind the well known ashlar masonry
luxurious houses of Akrotiti on Thera,
known as Xestae. The pigment was most
probably placed in a fabric or container
which was eroded and lost.
A small portion of this pigment
catalogued no. AU 698, was sampled in
order to perform physicochemical
analyses. The aim of this study is the
identification and the understanding of
the manufacturing technology used for
this pigment. For this purpose optical and
electron microscopy (SEM-EDX), X-rays
diffraction (XRD), Fourier Transform
infra-red spectroscopy (FT-IR) and high
performance liquid chromatography
(HPLC) with ultraviolet detector were
performed. Our results show that the
violet pigment is a shellfish purple,
which was manufactured in the form of
lacquer by mixing crashed murex shells
with bones and a natural resin, possibly
Chios mastic. A thick layer consisting of
intact and broken pieces of mollusks of
murex trunculus, found in a Middle
Bronze
Age
layer
further
South/Southeast of the above excavation,
provided evidence for early purple dye
processes in the prehistoric settlement of
Ialysos dated to the beginning of the
second millennium BC [3].

P-39.
Identification
and
manufacturing technology of a
Late Bronze Age IA shellfish
purple pigment from Ialysos,
Rhodes
Yorgos Facorellis(1), Stamatis Boyatzis(1),
Toula
Marketou(2),
Ariadne
Kostomitsopoulou-Marketou(3)
and
(3)
Euphoria Tsatsaroni
(1) Department of Antiquities and Works of
Art Conservation, Faculty of Fine Arts,
Technological Educational Institute of
Athens, Aghiou Spyridonos St., 12210
Egaleo, Athens, Greece; yfacorel@teiath.gr
(2) Ephorate of Antiquities of the
Dodecanese, Hippoton str., 851 00 Rhodes,
Greece
(3) Laboratory of Organic Chemical
Technology, Faculty of Chemistry, Aristotle
University of Thessaloniki, 54006, Greece

A large amount of violet colored pigment
lumps was found at Paraskeva’s plot, in
the southwestern sector of the Late
Bronze Age settlement of Ialysos, on
Rhodes, during the 1988 excavation
campaign. The excavation brought also
to light two monumental and impressive
buildings of ashlar masonry occupying
two distinctive insulae, which were
divided by a stone paved street. Each
building included a room with pier-anddoors partitions (polythyron) [1]. The
pigment was collected in a depth of
3.40 m below the surface of the modern
street, found among characteristic LB IA/
LM IA pottery [2]. A fresco fragment
bearing a running spiral was found above
the pigment, within a layer of the

[1] Marketou T., 1998, Excavations at
Trianda (Ialysos) on Rhodes: New Evidence
for the Late Bronze Age I Period, Rend. Mor.
Acc. Lincei, s. 9, v. 9, 39-82.
[2] Μarketou T., Karantzali E., Mommsen
H., Zacharias N., Kilikoglou V. and Schwedt
A., 2006, Pottery Wares from the prehistoric
settlement at Ialysos (Trianda), Rhodes, BSA,
101, 1-55.
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[3] Marketou T., Facorellis, Y. and Maniatis.
Y., 2001, New Late Bronze Age Chronology
from the
Ialysos
Region,
Rhodes,
Mediterranean
Archaeology
and
Archaeometry, 1, 19-29.

energy dispersive X-ray spectroscopy
(SEM-EDX), X-ray diffraction (XRD),
and
Fourier
transform
infrared
spectrophotometric (FTIR) techniques.
The aim of the analyses was to identify
the artist pallet (pigment) and to obtain
information about the background layer
and binding medium used in the samples.
The samples were taken from decorative
pieces, the surface of the limestone
reliefs, glazed bricks and architectural
remains which were excavated in
Persepolis.
According to the obtained results,
Egyptian blue, quartz, calcite, lead
silicate, lead antimonite (naples yellow),
copper compound, lead oxide, lead-tin
yellow, feldspar, and hematite were used
in the samples. It was also demonstrated
that Egyptian blue has been used as
pigment as well as raw material in the
manufacture of the objects [1].

P-40.
Identification
of
pigments used in objects and
architectural decoration in a
pre-Historic site in Iran by
analytical methods
Roya Bahadori(1) and Seyed Hamid
Ahmadi(2)
(1) Research Center of Iranian Organization
of Cultural Heritage and tourism, Tehran,
Iran; r.bahadori@richt.ir
(2) Chemistry & Chemical Engineering
Research Center of Iran, Tehran, Iran;
ahmadi@ccerci.ac.ir

[1] Razmjou, Sh., Glazed Bricks in the
Achaemenid
period,
Persias
Ancient
Splendour;
Mining,
Handicraft
and
Archaeology, Deutsches Bergbau-Museum
Bochum, Germany, 382-393, 2004.

In the history of the evolutions, the use of
color is very important, so that the part of
the civilization of the progressive
differentiation of architectural and
decorative elements, the result was the
use of color. This study concerns the
identification of archaeological materials
taken from Persepolis, one of the most
important cities of the ancient world
(520-330 BC). Persepolis (called Taḵt-e
Jamshid “Jamshid’s Throne” in Persian),
the ruined monuments of the acropolis of
the city of Parsa, the dynastic center of
the Achaemenid Persian kings, is located
in the plain of Marvdasht, some 57 km
northwest of Shiraz and is one of the
best-known sites of the ancient world.
All samples were selected and collected
from painted areas of Persepolis. These
materials were studied and identified
using a combination of optical (OM) and
scanning electron microscopic with

P-41. Archaeometrical
investigation
of
polished
decorative fields in Thracian
fresco
tombs
from the
Hellenistic period
D. Guirdzhiiska(1), B. Zlateva(2) and Z.
Glavcheva(3)
(1) Sofia University “Sv. Kliment Ohridski”,
Department of Archaeology, 15 Tzar
Osvoboditel blvd, Bulgaria
(2) Sofia University “Sv. Kliment Ohridski”,
Faculty of Chemistry and Pharmacy, 1
J.Bauchier blvd, Bulgaria
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P-42. Non-invasive materials
analysis using Portable X-ray
Fluorescence (XRF) in the
examination of three frescoes
depicting
Greek
myths
(Oedipus, Electra, Troy) from
the second century A.D.

In order to gather information on the
technological characteristics of the
monochrome decorative wall plasters in
some Thracian fresco tombs (4th-3rd
centuries BC) found in South Bulgaria,
several types of analyses have been
carried out.
Samples of red, yellow and white large
wall-painted
fields
in
different
monuments, have been investigated using
a combination of Attenuated Total
Reflectance Fourier Transform Infrared
Spectroscopy
(ATR-FTIR)
and
Differential Scanning Calorimetry (DSC)
to identify the organic components of the
paint layer. The nature of the pigments
has been determined by X-ray diffraction
(XRD)
and
portable
ED-XRF
spectrometer.
The obtained results, together with the
microscopic observations of the prepared
cross-section
samples
and
the
information from ancient written sources,
point towards the recognition of final
polishing processes performed on still
wet plaster. This technique of creating
polished wall painted surfaces in
combination with organic coatings
(known as ‘stucco lustro’) is traditionally
associated with the Pompean frescoes
and the work of roman painters.
Based on this technical examination, it
can be assumed that even in pre-roman
time in Thrace inland, the Hellenistic
paint-craftsmen were also familiar to this
technique of preparing wall decoration
with high visual and mechanical
qualities.

Moamen Othman(1), Eman Zidan(2),
Mohamed
Abdel-rahman(3),
Eid
(4)
Mertah and Ahmed Tarek(5)
(1) moamenino@yahoo.com
(2) eman.hanafy86@gmail.com
(3) mohamedabdelrohman@gmail.com
(4) eid.mertah@yahoo.com
(5) ahmed_tarek@gem.gov.eg

The three frescoes were found in 1934
the necropolis of Tuna el-gebel
(Hermopolis) in middle Egypt and date
back to the second century A.D. The
style is that of the Alexandrian school of
painting and representing humans. The
Greek painters of the Classical and early
Hellenistic
periods
developed
revolutionary methods of representation
that are fundamental to the Western
pictorial tradition, such as threedimensional perspective, the use of light
and shade to render form, These stylistic
developments were intimately related to
Greek advances in the materials and
techniques of painting. This object was
published by Sami Gabra in 1934, and
shows the fresco in situ, showing the
condition upon discovery and helping
with conservation. These three frescos
were subjected to intensive deterioration
aspects such as deposited encrustation,
salt efflorescence, cracking, surface
pitting, and discoloration. And deattached from the site and moved display
to the Egyptian Museum.
172

41st INTERNATIONAL SYMPOSIUM ON ARCHAEOMETRY
(4) eman.hanafy86@gmail.com
(5) mohamedabdelrohman@gmail.com
(6) ahmed_tarek@gem.gov.eg
(7) eslam_shaheen@hotmail.co.uk

Through complementary non-invasive
techniques, a preliminary imaging and
analytical
serves as the first
scientific documentation of the state of
conservation of the fresco.
The aim of this work is the material
characterization of three Frescos. The
methodology
was
applied
X-ray
fluorescence spectroscopy analysis was
carried out using handheld XRF, to study
of frescoes , for identifying such
techniques with a non-destructive
method, based on the analysis of the
pigments, The nature of the pigments, the
compositional elements, and
the
thickness of the fragment layers have
been studied. The identification of
pigments in three Frescos artworks is of
great interest to obtain a deep Knowledge
of the raw materials and the painting
technique applied, as well as to provide
useful information to conservators to
select the proper conservation procedures
and correctly define restoration plans.
Finally, this work has been conducted
within the context of a wider research on
the Roman age Fresco.

Fayum portraits are funerary paintings
from the Roman period and one of the
oldest human representations of cultural
heritage. These portraits were widespread
in Egypt from the 1st century to the 4th
century. Pictures of the dead, they were
inserted inside the sarcophagi between
the wrapping of mummies, over the face.
The Egyptian climate enabled their
preservation. Commonly called “Fayum
portraits,” from one of their discovery
locations, some of these portraits have
been excavated from other Egyptian
sites. These portraits were painted on a
thin or thick wood plank. They could also
have been painted on linen wrappings
that enveloped the head of the mummy.
The support was coated with a thin layer
of a dark and granular ground, a mixture
of calcium sulphate, charcoal, and a little
ochre. The paint matter used as a binder
was beeswax, which was mixed with the
pigments and dyes according to a
technique surviving from Ancient
Greece. Beeswax was worked when hot
with different tools that have left their
marks: cauteria, cestra, brushes. Pliny’s
texts indicate that the wax could undergo
treatment based on seawater and sodium
salts. The substance obtained, called
“Punic wax,” was apparently partially
saponified and could be “cold” worked.
The Greco-Roman collection in the
Egyptian museum is unique and attracts a
lot of scholars. The paintings are the
products of a multicultural society, one in
which Romans mixed with native
Egyptians and with Greeks to produce
remarkable pieces of art. The collection
of the painted mummy portraits was
displayed out of the original context for

P-43.
Fayum
mummy
portraits of the Collection of
Egyptian museum database:
Archaeometry technical study,
condition assessment
Moamen Othman(1), Eltoukhy Kamal(2),
Basem
Gehad(3),
Eman
Zidan(4),
(5)
Mohamed
Abdel-rahman ,
Eid
Mertah(6), Ahmed Tarek(7) and Eslam
Shaeen(8)
(1) moamenino@yahoo.com
(2) kemotkd@hotmail.com
(3) basemgehad2013@gmail.com
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(2) Laboratory of Archaeometry, Institute of
Nanoscience and Nanomaterials, National
Centre for Scientific Research “Demokritos,
15310 AghiaParaskevi, Attiki,
Greece;y.maniatis@inn.demokritos.gr

decades, with no information or relation
to the original provenance or dating as
well as the typology.
This contribution presents a preliminary
Database of mummy portraits classified
according to archaeological/historical
data; this is a running database numbered
in chronological order with a date range
of 1CE - 400CE; Provenance and
construction of these portraits is taken
into consideration also. Different
analytical
techniques
have
been
performed to characterize pigments,
grounds, and binding media used in
Fayum portraits. The Encaustic Painting
technique encaustic media, Tempera
media, mixed tempera, identify Wooden
support. And finally, the Database
presents initial condition and final
structural conservation.
The Database is used to collect and
organize all data and to reduce the
useless data, increasing consistency and
improving data integrity. Databases can
be extremely important tools for
managing large amounts of data. Using
FileMaker is a cross-platform relational
database application from FileMaker.

In Roman times the painting technquies
used were: (a) Buon Fresco involving the
application of the pigment mixed with
lime water on still damp fresh plaster,
and (b) Fresco Secco on dump that also
on partly dried plaster in which cases the
pigment was mixed with an organic
binder or slaked lime. All the methods as
well as the fourth Roman styles were
employed all over the Roman Empire.
The colours in some cases were mixed
with intonaco and spread on the wall,
then polished to get a surface smooth.
A series of painted wall plasters from
various important sites in Libya dating
from 2nd to 5th c. AD are scientifically
investigated using optical microscopy, XRay Powder diffraction, Scanning
Electron Microscopy with an energy
dispersive x-ray microanalysis system in
order to identify the composition of the
pigments and application techniques
used. Several analytical methods were
used in the investigation of the painted
plasters
collected
from
various
archaeological sites, mainly: Hunting
Baths, Sabratha, Villa Silin and Mithraic
tomb.
The mineralogical analysis provided
information on the main mineralogical
phases present in the pigments. The
differences and/or similarities found in
the composition of the pigments were
due to the geological sources of the
materials and their impurities. The range
of colours was the traditional ones used
in Roman times. The pigments were
applied on the plaster whilst it was still
damp and adhered to it by chemical
reaction.

P-44. Characterization and
identification of colours and
pigments materials used on
wall paintings in Roman times
in Libya:
A comparative scientific study
Safaa Abd El Salam(1) and Yannis
Maniatis(2)
(1) Faculty of Fine Arts, Department of
Painting, Conservation of Wall Painting,
University of Alexandria, Egypt 108, Abd El
Salam Aref, Mazloom; saas17@yahoo.co.uk
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The analytical results provided also
information on the deterioration factors
and alterations that have affected the
materials of the wall paintings and
present quite interesting challenges for
conservation science.

P-45. The
Maya Blue

lightfastness

Measurements were made on ancient
ceramics painted with Maya blue,
contemporary Maya blue and different
blue pigments. The ceramic objects were
ancient Maya figurines from Yucatán
Mexico and Guatemala from the
collection of the ethnological museum in
Berlin (see figures below).
Our results indicate a high stability of the
Maya blue compared to all other studied
blue pigments (natural indigo, synthetic
indigo, Prussian blue, Egyptian blue, han
blue, etc.) even when exposed to
ultraviolet radiation. Observations made
on numerous ancient objects, like the
famous wall paintings at Bonampak and
Cacaxtla, where Maya blue displayed an
extraordinary durability over hundreds of
years of exposure under extremely
weathering conditions confirm this
stability.

of

C. Morales-Merino(1), Stefan Röhrs(1), Ina
Reiche(1) and Maria Gaida(2)
(1) Rathgen Forschungs-Labor, Staatliche
Museen zu Berlin, Schloßstraße 1a, 14059
Berlin Germany
(2) Ethnologisches Museum, Staatliche
Museen zu Berlin, Lansstraße 8, 14195
Berlin Germany

Maya blue was first produced by the
Mayas around the 8th century AD and
extended considerably into the Spanish
colonial time. Due to its attractive
turquoise color it was widely used by
pre-Columbian societies in mural
paintings, ceramics, textiles and codices.
The Maya blue pigment is a composite of
organic and inorganic constituents. The
chemical composition was found to be a
synthesis of indigo dyes derived from the
leaves of añil plants combined with the
natural clay palygorskite [1]. Because of
its crystalline structure, Maya blue is
considered to own an especially high
resistivity to fading when exposed to
light.
The degree of lightfastness of Maya blue
in the visible spectral region was
determined in this work by micro fading
testing. The color change (ΔE) was
calculated and compared to the
performance
of
fading reference
standards (ISO blue-wool standards).

[1] Van Olphen, H. (1966). Maya Blue: A
Clay Organic Pigment? Science 154, pp. 645646.
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of organic and inorganic materials, used
in the creation process of an art work,
makes the study and investigation of
painting materials very complex and
complicated.
It was concluded that the main inorganic
components of the paint layer were
calcite, natural red and yellow ochre,
charcoal black, etc. The study of organic
components in the samples is ongoing.
The obtained results give useful
information for scientists, conservators
and society.

P-46. FTIR and Raman
Spectroscopic investigation of
mural Medieval paintings
from
Serdika
Antique
Cultural and
Communications
Complex,
Sofia, Bulgaria
Zornitza Glavcheva(1), Dieter Fischer(2),
Albena Lederer(2), Denitsa Yancheva(1),
Bistra Stamboliyska(1) and Valentin
Todorov(3)

The authors are grateful for financial support
by the National Science Fund of Bulgaria
(Contract K02-15).

(1) Institute of Organic Chemistry with
Center of Phytochemistry, Bulgarian
Academy of Sciences, Acad. G. Bonchev Str.,
build. 9, 1113 Sofia, Bulgaria
(2) Polymer Separation Group, Department
Analytics, Institute of Macromolecular
Chemistry, Leibniz-Institut für
Polymerforschung Dresden E.V., Hohe Str.
6,D-01069 Dresden, Germany
(3) National Academy of Art, Faculty of
Applied Arts, 73 Tzarigradsko Shose blvd,
1113 Sofia, Bulgaria Sofia, Bulgaria

P-47. Multi-analytical study
on the frescoes of Kurilo
Monastery “St. Ivan Rilski”,
Bulgaria
Evelina
Velcheva(1),
Zornitza
(1)
Glavcheva , Nikifor Haralampiev(2),
Denitsa
Yancheva(1),
Bistra
(1)
Stamboliyska and Stefan Tapanov(2)

In order to provide a study of immovable
cultural riches possessing high scientific
and exhibiting value, mural painting
fragments were investigated by FTIR and
Raman spectroscopy. The fragments,
which have been removed from a
medieval church dating back to the 6th
century AD, belong to Serdika Antique
Cultural and Communications Complex
in Sofia, Bulgaria. These mural paintings
are
amongst
scanty proves
of
ecclesiastical
monumental
arts
development
in
medieval
urban
environment of Bulgarian capital.
Mural paintings are multilayered: mortar
on which paint is deposited, preparatory
drawing, and first coat of paint and
primary hue, medium hue and sometimes
retouching of painting. The wide variety

(1) Institute of Organic Chemistry with
Center of Phytochemistry, Bulgarian
Academy of Sciences, Acad. G. Bonchev Str.,
build. 9, 1113 Sofia, Bulgaria
(2) National Academy of Art, Faculty of
Applied Arts, 73 Tzarigradsko Shose blvd,
1113 Sofia, Bulgaria Sofia, Bulgaria

This contribution describes the results
obtained from the characterisation of
paint samples from Kurilo Monastery
“St. Ivan Rilski”, Bulgaria. The Kurilo
Monastery is a part of the Sofia Sveta
Gora complex of cloisters, founded in the
10th century. It was destroyed in the 14th
century, but it was rebuilt by monks and
painted in 1596 by the famous artist and
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writer Pimen Zograf. The only thing left
from the old monastery to this day is the
single-nave double-apsed church with
two narthexes. Pimen Zografski's
frescoes urgently need restoration.
Fourier Transform Infrared Spectroscopy
(FTIR), Raman Spectroscopy (RS),
Scanning Electron Microscopy coupled
with
Energy
Dispersive
X–ray
Spectroscopy (SEM-EDS) and X-Ray
Powder Diffraction (XRD) were used for
the inorganic content determination.
Organic materials in the paint samples
were analyzed based on Attenuated Total
Reflectance (ATR) IR spectra. A spectral
database of paint materials was built and
used to enable fast and reliable
identification of the pigments and binders
used by the local artists.
Via these complementary techniques and
by the help of the spectral database, we
were able to identify the mineral
pigments and organic binders in the paint
samples. Green earths containing
celadonite and goethite were used as
green pigments. Red colored paint
samples showed cinnabar and red ochre
content. Calcite and gypsum were also
present in the paint samples. Extraction
by various organic solvents and ATR-IR
spectral
analysis
enabled
the
identification of resin in the golden
colored samples.

P-48. Characterization of wall
painting materials from Rila
Monastery
(Bulgaria)
by
Raman
and
ATR-FTIR
Spectroscopy
Denitsa Yancheva(1), Dieter Fischer(2),
Albena Lederer(2), Zornitza Glavcheva(1),
Evelina
Velcheva(1),
Nikifor
(3)
Haralampiev and Stefan Tapanov(3)
(1) Institute of Organic Chemistry with
Center of Phytochemistry, Bulgarian
Academy of Sciences, Acad. G. Bonchev Str.,
build. 9, 1113 Sofia, Bulgaria
(2) Polymer Separation Group, Department
Analytics, Institute of Macromolecular
Chemistry, Leibniz-Institut für
Polymerforschung Dresden E.V., Hohe Str. 6,
D-01069 Dresden, Germany
(3) National Academy of Art, Faculty of
Applied Arts, 73 Tzarigradsko Shose blvd,
1113 Sofia, Bulgaria Sofia, Bulgaria

Rila Monastery is the largest Eastern
Orthodox monastery in Bulgaria,
founded in the 10th century by the first
Bulgarian hermit St. John of Rila. As
national historical monument and
UNESCO World Heritage Site, it
constitutes great cultural, artistic and
religious value. The main monastery
church "The Nativity of the Virgin" is
painted by the best zographs of the
Bulgarian Revival - Dimitar Zograph,
Zahari Zograph and Ivan Obrazopisov.
Analytical study on the frescoes on
different parts of the church, executed in
different time periods, would allow
characterization of the used materials,
defining the possible evolution of
techniques over time. With this aim, we
carried out Raman and ATR-FTIR
investigation on samples from the
frescoes, painted by Zahari Zograph in

The authors are grateful for financial support
by the National Science Fund of Bulgaria
(Contract K02-15).
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1844.
ATR-FTIR
and
Raman
spectroscopies provide molecular and
structural information for the organic as
well as for inorganic materials in a fast
and non-destructive way without any
sample
preparation
steps.
These
advantages make them very suitable for
the characterization of mineral pigments
and organic binders in artworks. Our
spectral studies showed that the color
palette of the frescoes comprises of
pigments such as calcite, minium,
azurite, smalt and charcoal black.
Organic material used for execution of
the glided halo in the frescoes was also
analyzed. The obtained results provide a
useful basis for comparison with the
frescoes in the church "The Nativity of
the Virgin", executed in later periods.

of Saspol in this region hosts a cultural
site that incorporates a castle from the
8th-9th century, chortens, five temples and
seven meditation caves. The latter
include an impressive group of wall
paintings ascribed to the 15th century or
an earlier period; their dating is still
under debate.
The Saspol caves are of significant
importance to Ladakh, and an invaluable
part of the cultural heritage of the area.
Their current conservation state is,
however, highly delicate, the natural
erosion of the conglomerate layer being
the main concern [1]. The treatment of
the site is being carried out after an
exhaustive condition assessment is
implemented. To support this, a number
of paint samples were extracted from the
wall
paintings.
The
materials
characterization of the samples aims to
unravel the technology used in the
preparation of these wall paintings,
including the availability and application
procedures of pigments and binders.
Only few studies have been previously
undertaken in this area, and thus the
results generate much needed data for the
broader region. A comprehensive
analytical methodology was followed
including in situ documentation of the
wall paintings and representative
sampling, as well as study of cross
sections to unravel the stratigraphy of the
wall paintings. The latter were studied
with optical microscopy, XRF, SEMEDX, and FT-IR combined with
microscopy. Pigment dispersions were
further studied with polarised microscopy
to support the identification of pigments,
which include vermillion, orpiment, and
azurite. More than half the colours
appear to be organic lakes.

The authors are grateful for financial support
by the National Science Fund of Bulgaria
(Contract K02-15).

P-49. Examination of 14th-15th
century
Buddhist
wall
paintings from a cave complex
in Saspol, Ladakh
M. Pinto(1), M. Georgakopoulou(1), M.S.
Gill(2), S. Menon(2) and T. Angchok(3)
(1) UCL Qatar, Qatar Foundation, PO Box
25256, 2nd Floor, Georgetown Building,
Hamad bin Khalifa University, Doha, Qatar
(2) Art Conservation Solutions, LG-42, Ansal
Fortune Arcade, Sector-18, Noida-201301,
India
(3) Indian National Trust for Art and
Cultural Heritage, Ladakh Chapter, Opp.
J&K Bank, Leh-194101, India

Located in Northern India, Ladakh valley
was part of the old silk route and its
cultural heritage belongs to the tradition
of Western Tibetan art. The small village
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[1] INTACH, Proposal: Conservation of
Gon-Nila-Phuk meditation caves and fort.
Saspol, Ladakh, 2015.

Electron Microscopy (SEM-EDX), X-ray
Diffraction
(XRD)
and
FourierTransform IR spectroscopy (FTIR) in
order to investigate the materials and
techniques of the wall painting
decorations.
Results showed that prior to the
application of the paint layers, walls had
been prepared by applying three
successive, differentiated as regards
composition, mortars. A more or less
limited pigment palette has been used in
all the painting phases, while gold leaves
were employed to a limited extent.
Nevertheless, differences among the
various paint-phases do exist, especially
as regards the gold leaves’ mordants and
the green painted areas. Moreover,
analytical data indicate that a mixedpainting technique has been used:
preparatory sketches and large areas
(such as backgrounds) have been mostly
painted by applying pigments on wet
plaster. Subsequent paint layers have
been painted by mixing the pigments
with lime (and possibly organic
mediums) while in a few instances final
(uppermost) paint layers consist of
pigments mixed solely with organic
binders. Findings are more or less in
agreement with the results obtained by
previous studies of Greek post-Byzantine
wall paintings [2, 3].

P-50. Two post-Byzantine,
wall painted monuments from
Epirus:
Materials
and
techniques
Georgios P. Mastrotheodoros(1,2), Eleni
Filippaki(1), Varvara Papadopoulou(3),
Konstantinos G. Beltsios(2), John
Christodoulakis(1), Maria Kazantzaki(1)
and Evangelos Tsakalos(1)
(1) Laboratory of Archaeometry, INN, NCSR
‘Demokritos’, Aghia Paraskevi, Attiki, 15310
(2) Department of Materials Science and
Engineering, University of Ioannina,
Ioannina, 45110
(3) Ephorate of Antiquities of Arta, Arta,
47100

In the Pamvotis lake of Ioannina (SW
Greece) lies a small island which used to
be a monastic centre during the late
Byzantine and post-Byzantine period.
During the 16th century the monastic life
on this islet flourished as the nearby town
of Ioannina further did [1]. The churches
of
the
monasteries
were
then
(re-)embellished with high quality wall
paintings, many of which survive till
today.
Recently the wall paintings of the
Eleousa and Filanthropinon monasteries
(both on the Ioannina island) underwent
conservation
treatment.
In
this
framework, several mortar and painting
microsamples were collected from the
various painting phases of the
aforementioned monuments. The samples
were subjected to examination/analyses
by Optical Microscopy (OM), Scanning

[1] V. N. Papadopoulou, The monasteries of
the Island of Ioannina, Holy Monastery of
Eleousa, Ioannina, 2004.
[2] Sr. Daniilia E. Minopoulou, K. S.
Andrikopoulos, A. Tsakalof, K. Bairachtari,
From Byzantine to post-Byzantine art: the
painting technique of St Stephen’s wall
paintings at Meteora, Greece, Journal of
Archaeological Science 35, 2474-2485, 2008.
[3] A. Iordanidis, J. Garcia-Guinea, A. Strati,
A. Gkimourtzina, A comparative study of
pigments from the wall paintings of two
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Qajar (18th-19th century AD) periods,
showed that in manuscripts of Safavid
periods, indigo, lapis lazuli, azurite,
alizarin, cinnabar, red lead, verdigris,
white lead, calcite and quartzwere used.
In manuscripts of Qajar periods, in
addition to the above-mentioned,
Prussian blue, emerald green, orpiment,
metallic silver, saffron and manganese
compounds, were used. With the
exception of Prussian blue and emerald
green that were synthesized respectively
in 18th and 19th century AD in Europe,
the use of other pigments in decoration of
manuscripts was mentioned in literature.

Greek byzantine churches, Analytical Letters
47, 2708-2721, 2014.

P-51. A study on pigments and
dyes used in some illuminated
Quran
Manuscripts
by
analytical techniques
Roya
Bahadori(1)
Bahrololoomi(2)

and

Faranak

(1) Research Assistant, Research Center of
Iranian Organization of Cultural Heritage
and tourism, Tehran, Iran;
r.bahadori@richt.ir
(2) Research Assistant, Research Center of
Iranian Organization of Cultural Heritage
and tourism, Tehran, Iran;
bfaranak@yahoo.com

[1] Chaplin, T.D., etal,. Raman spectroscopic
analysis of selected astronomical and
cartographic folios from the early 13 th
century Islamic ‘Book of Curiosities of the
Sciences and Marvels for the Eyes’, J. Raman
Spectroscopic, 865-877, 2006.

Pigment, dye and ink characterization is
a crucial study in the field of manuscript
conservation/restoration as well as those
of other cultural heritage objects. The
wide gamut of colors used is expressed
through the materials used in different
centuries.
In this study, selected trace analytical
techniques are presented for the
identification of dyes and pigments used
in inks and illuminations of several old
Quran manuscripts. Polarized light
microscopy (PLM), scanning electron
microscopy with energy dispersive X-ray
spectroscopy (SEM-EDX), attenuated
total
reflectance-Fourier
transform
infrared spectroscopy (ATR-FTIR), and
Raman laser spectroscopy were used for
the chemical characterization of the paint
layers and inks of the selected samples
taken from illuminated manuscripts [1].
The analytical results of fifty samples of
nineteen Quran fragments, which belong
to Safavid (15th-16th century AD) and

P-52. In situ confocal micro XRay Fluorescence (CXRF)
analysis of XVI century
paintings
K. Laclavetine(1,2), F.J. Ager(1,3), M.V.
Muñoz(4), M. Vega(4) and M.A.
Respaldiza(1,2)
(1) Centro Nacional de Aceleradores (CNA),
Universidad de Sevilla-CSIC-Junta de
Andalucía, Seville, Spain;
kilian.lac@gmail.com
(2) Departamento de Física Atómica,
Molecular y Nuclear, University of Seville,
Seville, Spain
(3) Departamento de Física Aplicada I,
University of Seville, Seville, Spain.
(4) Museo de Bellas Artes de Sevilla, Seville,
Spain
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Non-invasive techniques are increasingly
developed and applied in the field of
cultural and historical heritage studies.
Among these techniques, confocal micro
X-ray fluorescence (CXRF) is gaining
considerable interest because it provides
compositional and spatial information
that are typically obtained using standard
micro-invasive and/or micro-destructive
techniques (e.g. SEM-EDX), without the
need of sampling [1, 2]. In particular, the
use of polycapillary X-ray lenses extends
the capabilities of the micro X-ray
fluorescence to the depth profiling of
multilayered materials [3].
This work focused not only on the
methodological application of this
technique but also on the mechanical
engineering
and
computing
developments too. A big effort was made
to provide an in situ working setup
capable of studying artworks directly in
the places of exhibition, without the
necessity of moving them. Only few
Museums have the opportunity to obtain
permission to move artworks for
scientific studies (large funding for
insurance rates, administrative capacity
to
solve
complex
administrative
requirements, high cost and delicate
transport logistics capacity, adequacy of
the facilities for the receipt and storage of
the artworks during the study, etc.). In all
other cases, the development of in situ
studies is crucial.
We present here the first in situ results
obtained in the Museum of Fine Arts of
Seville using a new transportable version
of the CXRF system named µXRFCONCHA from the CNA in Seville. The
aim of the CXRF analysis is to determine
the paint layer composition and
sequence. This study provides important
information in order to understand and

interpret the choice, palette and technique
of the artist.
The authors wish to thank Mr. J. Arquillo and
his students from the Restoration Workshop
of the Faculty of Fine Arts of Seville for the
elaboration of the experimental paint layers.
Thanks are due also to Ms. E. Arroyo and
Mr. V. Santos from the IIE of the UNAM for
their suggestions and invaluable help. Work
partially supported by the Junta de Andalucía
project P09-HUM4544.
[1] X. Ding, N. Gao, G. Havrilla, SPIE
Conference Proceedings 4144 (2000) 174182.
[2] B. Kanngießer, W. Malzer, I. Reiche,
Nuclear Instruments and Methods in Physics
Research Section B 211 (2003) 259-264.
[3] W.M. Gibson, M.A. Kumakhov, SPIE
Conference Proceedings 1736 (1992) 172189.

P-53.
57Fe
Mössbauer,
SEM/EDX, p-XRF and µ-XRF
studies on a Dutch painting
H.-J. Schmidt(1), Robert Lehmann(1), D.
Wengerowsky(1) and F. Renz(1)
(1) Leibniz University of Hannover, Institute
for Inorganic Chemistry, Callinstr. 9, D30167 Hannover, Germany

The painting of a rich Jewish merchant
“Bildnis eines jüdischen Kaufmanns”
from the Netherlands is dated
presumably to the 16th century. After a
vivid historical background, i.e. robbed
by Nazis on order of Hermann Göring, it
was recently discovered on an Austrian
flea market. Non-destructive MIMOS II
Fe-57 Mössbauer spectroscopy was
utilised for mesurements in selected
spots. This technique is a novelty in
pigment analysis. The analysis mainly
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IRD 237, University of Avignon, 33 rue Louis
Pasteur, 84000 Avignon, France

revealed haematite (Fe2O3) in the red
curtain. In spots of the brown jacket
Mössbauer spectra indicated the presence
of not only haematite but also metallic
iron and a large percentage (70-80% iron
species) of an orange/yellow Goethite in
superparamagnetic
nanoparticles.
Consecutive
SEM
measurements
revealed a restoration by partly overpainting. The elementary composition of
the pigments was examined with a
portable-X-ray fluorescence. µ-XRF
analyses for qualitative and quantitative
purposes at different spots were
performed. The insight of a crack showed
Zinc-white at the bottom of the crack.
Traces of Titanium-white could be found
within some locations of the surface of
the painting. In terms of dating, the
presence of Zink-white suggests that the
painting was created around the 19th
century. Titanium-white indicates a
reconstruction during the 20th century,
approximately between 1917 and 1958.

The knowledge of the chemical
composition of historical pigments and of
colour tubes is a fundamental diagnostic
tool for the definition of artists’ palette or
for the authentication of paintings. It is
well known that some pigments, like zinc
white and titanium white, are used as
markers of forgery of art works.
However it is quite difficult to recognize
diagnostic items in modern art by means
of scientific analysis. Generally this is
caused by the absence of good databases
of the chemical compositions of the
colour tubes or pigments commercially
available in the modern times.
In
this
work
we
report
on
archaeometrical analysis carried out on
twenty-six commercial oil colour tubes
used in the early 20th century by means of
Energy Dispersive X-ray Fluorescence
Spectroscopy (ED-XRF) and Fourier
Transform Infrared Spectroscopy (FTIR). The oil colour tubes included ancient
pigments, such as raw natural umber and
raw sienna earth and modern pigments,
such as cobalt violet and emerald green.
We observed that, despite the
replacement of lead white during the 19th
century due to its high toxicity, most
samples contain lead (Pb) either as lead
white or as lead chromate or lead oxides.
In most samples we detected barium (Ba)
as barium sulphate, also in dark hue, such
as Prussian blue. The oil colour tubes
labelled
“vermiglione”
are
not
constituted by mercury (Hg) but they are
characterized by barium sulphate and
minium. Amounts of zinc (Zn) are
contained in almost all the colours, in
some cases as zinc oxide (zinc white).
Titanium (Ti) is detected only in two

P-54. Archaeometrical
analysis of early 20th century
oil painting colour tubes
Lucilla
Pronti(1,2,4),
Margherita
(2)
Vendittelli , Domenico Poggi(3), Anna
Candida Felici(2) and Mario Piacentini(2)
(1) Department of Earth Science, Sapienza University of Rome, Piazzale Aldo Moro 5,
00185, Rome, Italy
(2) Department of Basic and Applied
Sciences for Engineering, Sapienza University of Rome, via Antonio Scarpa 14,
00161, Rome, Italy
(3) Artelab s.r.l, via Federico Nansen, 102,
00154 Rome, Italy
(4) Ecological Restoration of Ecosystems and
Cultural Heritage, IMBE UMR 7263 CNRS –
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samples: silver white and light
ultramarine blue.
We also detected metal soap due to the
degradation of the binder (oil) by the
metallic pigments.

complexity of the drawing and the lights
and the diversity of the pigments used.
The analysis gave a global vision of the
distribution of pigments and their
possible changes, as well as reporting on
the state of the object (losses of pictorial
material) or chemical changes.
Two new Goya paintings (“Extasis of
San Antonio Abad”, 1771; “La letra con
sangre entra”, 1780) and a possible 19th
c. copy of the Goya’s “Portrait of Don
Ramon de Pignatelli y Moncayo” were
analyzed and compared from the point of
view of the coloring materials used.
These paintings date the youth of Goya
between 1771 and 1792. The oldest was
painted when Goya was still in
Saragossa. The two more recent paintings
are portraits dating 1790 while Goya was
a painter in the court, in Madrid, before a
serious illness left him deaf.
The availability of a relatively quick
procedure would allow a larger number
of Goya’s paintings in the museum to be
surveyed, increasing the possibility of
obtaining
significant
results
and
providing a chance for extensive
comparisons, which are relevant from the
point of view of art history issues.

P-55. Goya’s pigments. Noninvasive methods applied to 5
paintings in the Museum of
Zaragoza (Spain)
F. Daniel(1), A. Mounier(1), J. PérezArantegui(2), C. Pardos(2), N. PrietoTaboada(3), S. Fdez-Ortiz de Vallejuelo(3)
and K. Castro(3)
(1) IRAMAT-CRP2A UMR 5060 CNRSUniversité Bordeaux Montaigne. 33607
Pessac (France)
(2) Instituto Universitario de investigación en
Ciencias Ambientales de Aragón (IUCA) and
Dep. Química Analítica. Universidad de
Zaragoza. 50009 Zaragoza (Spain)
(3) Department of Analytical Chemistry,
Faculty of Science and Technology,
University of the Basque Country
(UPV/EHU), 48940 Leioa (Spain)

In a previous study [1] the analytical
suitability of hyperspectral imaging was
evaluated on two paintings (“Portrait of a
young man”, Francisco Bayeu (Goya’s
brother-in-law), 1773; “Juan Martin de
Goicoechea”, Goya, 1790) kept in the
Museum of Zaragoza (Spain) combined
with non-invasive punctual techniques
(Raman, XRF). The main pigments used
in Goya’s paintings were identified and
mapped
by
imaging
reflection
spectroscopy. Hyperspectral imaging can
be applied to fragile paintings, without
damage,
for
the
location
and
identification of materials. Moreover, this
system allows the highlighting of the

[1] F. Daniel, A. Mounier, J. PérezArantegui, N. Prieto-Taboada, S. Fdez-Ortiz
de vallejuelo, K. Castro, 2015, Hyperspectral
imaging applied to the analysis of Goya
paintings in the Museum of Zaragoza
(Spain),
Microchem.
Journal,
2015,http://dx.doi.org/10.1016/j.microc.2015.
11.044.
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detected. These contain gypsum, leadwhite, zinc-white, cinnabar and titaniumwhite.
The elementary composition was
examined with the portable X-rayfluorescence analysis for qualitative
analysis at different points.

P-56. Klimt artwork:
Material investigation by
backscattering
Fe-57
Mössbauerand
Ramanspectroscopy,
SEM
and
p-XRF

[1] B.F.O. Costa, M. Blumers, A. Sansano,
G. Klingelhöfer, F. Rull, R. Lehmann, F.
Renz, Klimt artwork: Material investigation
by backscattering Fe-57 Mössbauer and
Raman spectroscopy, Hyperfine Interactions
(226), 621-627, 2014.

D. Wengerowsky(1), H.-J. Schmidt(1),
Robert Lehmann(1) and F. Renz(1)
(1) Leibniz University of Hannover, Institute
for Inorganic Chemistry, Callinstr. 9, D30167 Hannover, Germany

In
a
rediscovered
Klimt-artwork
“Trompetender Putto” material tests have
been conducted. We report studies on
different points of the painting. The spots
are of different colors, mainly taken in
areas of the painting not restorated.
MIMOS
II
Fe-57
Mössbauer
spectroscopy (novelty in pigment
analysis [1]) revealed mainly haematite,
nano particle oxides and akaganeite in
red and red/brown colors. Brown colors
also contain crystallized goethite. In
brown/ochre colors the same pigments as
in brown colors are observed, but there is
less quantity of goethite and more
quantity of haematite. The green colors
show Fe-rich clays, like celadonite or
glauconite as well as lepidocrocite.
Raman spectroscopy revealed cinnabar in
red colors of the Scarf; and massicot in
brown/ochre points, i.e. in the right wing
of the “Putto”.
With scanning electron microscopy,
various layers of the original and the
over-painting could be recognized. The
investigation shows in one sample three
layers of colored materials, which were
identified as zinc-white, cinnabar and
galena as well as carbon compounds. In
another sample four layers could be

P-57. Effects of illuminants on
the colour perception of
paintings.
Application
of
hyperspectral imagery
F. Daniel(1), A. Mounier(1), F. Ammari(1),
S. Brockbank-Chasey(2) and S. Delord(2)
(1) IRAMAT-CRP2A, Institut de Recherche
sur les Archéomatériaux - Centre de
Recherche en Physique Appliquée à
l’Archéologie, IRAMAT UMR 5060Université Bordeaux Montaigne/ CNRS;
fdaniel@u-bordeaux-montaigne.fr
(2) Laboratoire de Psychologie, Santé et
Qualité de Vie, EA4139, Université de
Bordeaux

The last decades saw the widespread
acceptance
and
application
of
environmental guidelines designed to
protect museum collections. The type of
illuminant (incandescent, fluorescent
lamps, Light Emitting Diodes) and light
levels have known effects on the
degradation
of
cultural
heritage.
Irreversible damage caused by light can
include colour fading, yellowing and
embrittlement. Besides, its influence on
the perception of colours of the artworks
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is obvious and has to be taken into
account
for
museographic
or
conservation purposes and for virtual
restitution of polychromies with the
development of models applied to
heritage interpretation.
Virtual reconstructions of polychromies
have to consider ancient modes of
lighting which can be simulated using the
spectral distribution of an illuminant
according to its colour temperature. The
application of the spectral distribution of
a standard illuminant allows recalculating
the hyperspectral data (HSI) of paintings.
Hyperspectral imaging, a non-invasive
technique was used to characterize the
reflectance properties of paintings in
different environments, in terms of
colour temperature and light levels. HSI
experiments allow identification of
pigments [1]. One of the applications
concerns the definition of a faithful
setting which enables reproduction of
images that are colorimetrically identical
to the actual colours shot under different
standard conditions and guarantees the
relevance of the laboratory tests (images
displayed on screen) on colour
perception. An example of the use of HSI
for the visual perception of colours has
been done on mural paintings of NotreDame d’Entrevignes chapel (Sigale, 16th
c., France).
Two psychophysical experiments aiming
at evaluating color perception of targets
in the paintings under different light
source conditions were proposed to 20
young and 20 older adults, with normal
or corrected to normal vision, excluding
color perception deficit (assessed with
HRR). Results showed that color naming
and color matching to a standard
(Munsell) were significantly deviated
depending on the type of illuminant and
on age.

[1] A. Mounier, F. Daniel, 2015,
Hyperspectral imaging for the study of two
mediaeval Italian miniatures (XIIIth c.) in the
MARCADE
Collection,
Studies
in
conservation, Vol. 60, Supplement 1, 200209, 2015.
DOI:10.1179/0039363015Z.S200000000000
225

P-58. Analytic capabilities and
detection limits of X-ray
emission spectrometry on
paint pigments
Boglárka Maróti(1), Imre Kovács(2) and
András Kocsonya(1)
(1) Hungarian Academy of Sciences Centre
for Energy Research
(2) Hungarian Academy of Sciences Wigner
Research Centre for Physics

Composition of pigments of paintings
contains information that can be used to
estimate age and provenance of
paintings. X-ray emission spectrometry
(XRS) is an effective tool for elemental
analysis of these pigments. XRS is nondestructive and it can provide fast,
sensitive results on various types of
pigments with the same experimental
setup
and
settings.
The
paper
demonstrates the capabilities of XRS
analysis of various types of pigments. It
compares three different experimental
setups: a laboratory based XRF setup, a
hand-held XRF analyser and an external
beam PIXE (particle induced X-ray
emission) setup. Elemental sensitivities
and detection limits will be compared for
a set of widely used pigments.
XRS is usually regarded as a multielemental tool, which can resolve even
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complex elemental compositions in a
single run. However, there are a few well
known line overlaps which restrict this
multi-elemental character. One of them
unfortunately
coincides
with
an
important case of pigment-analysis.
Titanium-white (TiO2) is the most
frequently used white pigment since the
1920's. Barium-white (BaSO4) is also
applied as white pigment both in pure
form and as the component of Lithopone.
Moreover Lithophone is also applied as
base layer of paintings. However X-ray
lines of Ti strongly overlap with the most
intense lines of Ba, which restricts the
resolving capability. The paper discusses
the possibilities of resolving of this
complex case.

cherts and the Montsaunès-Ausseing
cherts. The first one constitutes an
important turbiditic system from the
Turonian to the Santonian with several
workshop places detected [1]. The
Montsaunès-Ausseing cherts, however,
are inserted in the Nankin limestones
dating from the Middle Maastrichtian.
Both chert types possess similar
characteristics at the binocular and the
petrographic microscope. Nevertheless,
some differences have been observed in
several
samples.
Thus,
at
the
macroscopic level benthic foraminifera
such as Orbitoides and Siderolites have
been identified in Montsaunès cherts. At
the petrographic scale, length-fast
chalcedony has only been observed in
some samples of Montgaillard cherts.
Despite these variances detected, the
differentiation
between
both
silicifications remains difficult.
For this reason, we have characterized
geochemically the Montgaillard cherts as
well as the Montsaunès cherts with the
aim to obtain the elemental composition
of both silicifications and to detect
differences.
For
the
chemical
characterization of both geological
formations two main techniques have
been considered. First, we have
developed a geochemical analysis by
Energy Dispersive X-Ray Fluorescence
(ED-XRF). After that, we have applied
the analysis by Laser Ablation
Inductively Coupled Plasma Mass
Spectrometry (LA-ICP-MS). Several
samples for each type of chert have been
considered.
After the geochemical characterization of
both geological chert types we have tried
to define the provenance of several
archaeological
samples from the
Magdalenian site from SW Europe of
Parco Cave (Alòs de Balaguer, Catalonia,

P-59. First geo-chemicals
results of pyrenean chert
analyses by ED-XRF and LAICP-MS. Implications for
Magdalenian human mobility
in the Pyrenees (SW Europe)
M. Sánchez de la Torre(1,2), F.X. Le
Bourdonnec(1), S. Dubernet(1), B.
Gratuze(3), X. Mangado(2) and J.M.
Fullola(2)
(1) IRAMAT-CRP2A (UMR 5060). Maison de
l’Archéologie. Esplanade des Antilles. 33607
Pessac Cedex
(2) SERP. Universitat de Barcelona.
Montalegre St. 6-8. 08001 Barcelona, Spain
(3) IRAMAT-CEB (UMR 5060). 3D rue de la
Férollie. 45071 Orléans Cedex 2, France

Two geological formations, outcropping
in the french Pyrenees and containing
nodular chert, have been considered in
this study: the Hibarette-Montgaillard
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Spain). Results allow us to infer the
provenance strategies carried out during
the Magdalenian in the Pyrenees and the
importance those cherts had in the
procurement for these hunter-gatherers
groups.

with increasing amount toward SE
direction. The source of this raw material
was unknown for long time.
Our research was aimed to characterize
these artefacts based on their petrological
and geochemical properties. Also, it was
aimed to determine their geological
source and provenance. The hornfels
artefacts have been investigated mainly
by non-destructive methods, avoiding
any damage to the complete pieces. After
macroscopic description and magnetic
susceptibility
measurements,
we
employed non-destructive analytical
methods. In particular, we experimented
with the “original surface investigation”,
a type of SEM-EDX analysis that allows
to determine the chemical composition of
rock
forming minerals
and
to
characterize the texture of the rocks.
Prompt Gamma Activation Analyses was
used for determination of major elements
and some traces in the bulk.
Hornfels is a very fine grained, massive,
hard but tenacious rock type, very good
for producing polished stone axes/adzes
blades due to its resistance to mechanical
stress. The main constituents are diopside
and basic plagioclase, moreover they
may contain K-feldspar, scapolite, biotite
and accessories. Other important feature
that the rock has high Ca-content.
During fieldwork research, several
natural samples have been collected and
analysed. Two localities have been
discovered where rocks found to be
similar to the raw materials of the
artefacts occur: one in the south-western
Rusca Mts., and the other in the southern
Apuseni Mts. Hornfels formed at the
contact zone of subvolcanic rocks so
called Banatite and high Ca-content
Gosau facies sediments. This research is

[1] J. Barragué, E. Barragué, M. Jarry, P.
Foucher R. Simonnet, Le silex du flysch de
Montgaillard et son exploitation sur les
ateliers du Paléolithique supérieur à Hibarette
(Hautes-Pyrénées), Paléo 13, 29-51, 2001.

P-60.
Occurrences
and
provenances of Prehistoric
hornfels polished stone tools in
Hungary
György Szakmány(1), Zsolt Bendő(1),
Sándor Józsa(1), Zsolt Kasztovszky(2),
Elisabetta
Starnini(3)
and
Ferenc
(4)
Horváth
(1) Department of Petrology and
Geochemistry, Eötvös L. University,
Pázmány P. sétány 1/c, H-1117 Budapest,
Hungary
(2) Hungarian Academy of Sciences, Centre
for Energy Research, Konkoly Thege Miklós
út 29-33, 1121 Budapest, Hungary
(3) University of Torino, School Humanistic
Sciences, Department of Historical Studies,
via S. Ottavio 20, I-10124, Torino, Italy
(4) Móra Ferenc Museum, Roosevelt tér 1-3,
H-6720 Szeged, Hungary

Hornfels is a fine grained contact
metamorphic rock type widespread used
as raw material for polished stone
artefacts in Prehistory in the Carpathian
Basin and its environs. Although hornfels
stone tools are distributed on the whole
territory of the Carpathian Basin, they
dominate
in
the
archaeological
assemblages mainly in its eastern part,

supported
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and

distribution studies of this material on
archaeological finds from several sites
(mostly from the collections of the
Hungarian National Museum).
We want to thank the Hungarian Scientific
Research Fund OTKA Grant No. K 100385
and the Geological and Geophysical Institute
of Hungary and the municipality of the
village Domoszló for their support.

P-61. Grinding- and millstone
exploitation and production
center in Domoszló (Hungary)
Bálint Péterdi(1), Katalin T. Biró(2) and
Zoltán Tóth(3)

P-62. Application of non
destructive multiparametric
protocol
for
flint
characterisation: Preliminary
data from Apulian Neolithic
sites

(1) Geological and Geophysical Institute of
Hungary, Stefánia út 14, H-1143 Budapest,
Hungary; peterdi.balint@gmail.com
(2) Hungarian National Museum, Múzeum
körút 14-16, H-1088 Budapest, Hungary
(3) University of Miskolc, Sámuel Mikoviny
Doctoral School of Earth Sciences

Chipped stone tools and polished stone
artefacts are traditional fields for both
archaeological and petrographical studies
of prehistoric lithic assemblages. Beyond
these tool categories, however, there is a
range of lithic products found on
archaeological sites, transported from
smaller or larger distances showing
variable traces of processing and use.
The petroarchaeological investigation of
these ‘other stone utensils’ is in initial
phase as yet.
Near the village of Domoszló (Mátra
Mountains, North-Hungary) a multiperiod exploitation site for millstones and
grinding stones was located and
systematically studied by non-invasive
field
survey
and
documentation
techniques. The locally processed stone
tools and unprocessed raw material
(andesite bombs and boulders) were
studied with destructive methods (thin
section microscopy and ICP-OES,
ICP-MS). Petrographic and geochemical
characterisation will be presented in this
communication together with the first

Giacomo
Eramo(1),
Italo
Maria
(2)
(3)
Muntoni , Sandra Sivilli , Alessandro
Monno(1),Ignazio
Allegretta(4)
and
Emanuela Delluniversità(1)
(1) Dipartimento di Scienze della Terra e
Geoambientali, Università degli Studi di Bari
“A. Moro”, Via Orabona 4, 70125 Bari, Italy
(2) Soprintendenza Archeologia della Puglia,
Centro Operativo per l’Archeologia della
Daunia, Via de Nittis 7, 71121 Foggia, Italy
(3) Università del Salento, Via Dalmazio
Birago. 73100 Lecce, Italy
(4) Dipartimento di Scienze del Suolo, della
Pianta e degli Alimenti - Università degli
Studi di Bari “A. Moro”, Via Orabona 4,
70125 Bari, Italy

In the last decades, archaeometric
research of obsidian sources and
circulation in Central Mediterranean area
reached good results, despite what
happened for other knappable materials.
In much detail, archaeometric literature
on cherty materials is poor and
discontinuous in time and space.
Difficulties
in
the
unambiguous
188

41st INTERNATIONAL SYMPOSIUM ON ARCHAEOMETRY
characterisation to identify distinguishing
features of chert for sourcing, makes it
relatively hard to compare materials from
different regions and retrace ancient trade
routes. Current archaeological knowledge
about the circulation of chert in central
Mediterranean Sea identifies Gargano
Promontory as one of the main sources.
In addition, the Gargano is located along
one of the supposed ways of the spread
of the Neolithic in Southern Italy, which
is the “bridge” of Adriatic islands
connecting the Southern Croatia to the
north of Apulia.
Our previous study based on the
macroscopic and chemical analysis of a
selection of 151 samples of chert from
mining districts and geological outcrops
throughout
Gargano
Promontory
(Northern Apulia) provided a reference
dataset to compare with new data
obtained from flint tools and debitage
from archaeological excavated contexts
at Scaloria, Masseria Candelaro, Monte
Aquilone
(Tavoliere
area),
and
Balsignano and Madonna delle Grazie
(Murge area).
New colorimetric (CIELAB) and
chemical (portable XRF) data on 80
samples showed that most of the flints
from the Tavoliere settlements share the
same chemical/colorimetric features with
few samples from Murge. Further, the
flint from Madonna delle Grazie and
Balsignano show different compositional
groupings, not compatible with those of
the mining districts of Gargano. The
relatively small size of most of these
artefacts points to the use of secondary
flint sources, associated with the
continental deposits from the Tavoliere
area, wich are not yet characterised.

P-63. Walking around the
rocks: Prehistoric use of stone
materials in inner western
Anatolia
Ali Umut Türkcan(1), Aydın Doğan(1),
Ferhat Erikan(1), Ayşe Gül(2) and Mert
Gül(1)
(1) Anadolu University
(2) Afyon Kocatepe University

The lithic has been the most important
technological artefact as well as an
indicator of cultural change throughout
the human history. Thus, raw material
and its trading has also been other face or
hidden face of this process.
In this study, a pilot field Project has
been arranged to trace the raw material
sources around the site-catchment areas
of related settlements and figure out
likely ways to transfer these stone
resources. The project stemmed from
Kanlıtaş Survey research in 2008 and
continued until 2015 in Kanlıtaş
Excavation Research with systematic
expeditions around the raw materials.
Kanlıtaş
and
its
contemporary
settlements are mainly located near
Porsuk River between Eskişehir and
Kütahya provinces in Inner Western
Anatolia. The other sites are Orman
Fidanlığı, Kes
Kaya,
Asmainler,
Aslanapa, which are located on areas
where the settlements rested on rock
slopes near the river or streams of Porsuk
River. Many of them are dated to Early
6th mill. BC.
During the years of research, the raw
materials around Kanlıtaş settlement are
noteworthy with many types of flint,
opal, radiolarite, chalcedon. The site gave
good evidence of consuming many
varieties of raw materials. Therefore,
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determining which sites and which
sources were used by contemporary
settlements, especially from Kanlıtaş
Area, became a research question. Did
they consume all the resources around
Kanlıtaş or were they in relation of
import of these resources among them?
Actually, the research has been designed
to visit the sites, collect materials (as
samples) and look for resources around
these sites by permission from Ministry
of Culture. The surveys were completed
in 2015. Two sites gave contrasting
results with the type site Kanlıtaş. The
relative comparison of materials and
tools in Kanlıtaş displayed that raw
materials were consumed for lithics as
well as marble. Marble, which was
consumed, for bracelets is posing another
raw material. The chaine repertoire of
bracelet industry has already been
documented.
The second step is analysing the
materials and related tools with XRF and
EDS techniques to trace the raw material
sources around the site-catchment area
based on chemical composition. This
process is still under investigation and its
results will be shared.

One of the early efforts of human kind to
alter materials was the thermal treatment
of rocks to improve their quality for tool
knapping. Heat treatment of silica rocks
is known from the European Upper
Palaeolithic, the North American PaleoIndian period or the South African
Middle Stone Age (MSA). The
experimental finding of improved
knappability after heat treatment is
archaeologically well documented but the
mineralogy and materials science of the
process is debated. Only recently, the
loss of silanol (SiOH) and the creation of
new Si-O-Si bonds according to the
reaction:
Si-OH HO-Si → Si-O-Si + H2O
was identified as a main reaction in flint,
starting at temperatures between 200°C
and 300°C.
We present results on
comparable studies on South African
silcrete, the local alternative to flint.
Silcrete is a quartz cemented sedimentary
rock with quartz clasts. We determined
mechanical properties like elastic
modulus, four-point bending strength,
Weibull modulus, Vickers hardness and
fracture toughness before and after heat
treatment with temperatures up to 600°C.
Mineralogical changes were monitored
by µ-XRD, Raman
and
FTIR
spectroscopy. Despite the loss of silanol,
similar to that of flint, we observed a
process in silcrete that is different than in
flint: a decreasing elastic modulus value
with an increasing temperature of the
heat treatment. We discuss these findings
in the context of the hardness, toughness
and porosity changes and their
implications for early stone tool
production. Further research should now
concentrate
on
correlating
these
transformed material properties with the
improvement of quality for silcrete
knapping.

P-64. Lithic heat treatment in
the Middle Stone Age: the
transformation of material
properties in silcrete
Gerald Buck(1), Isabel Zutterkirch(1),
Patrick Schmidt(2), Christoph Lauer(1),
Christoph Berthold(1) and Klaus G.
Nickel(1)
(1) Applied Mineralogy, University Tübingen,
Wilhelmstrasse 56, D-72074 Tübingen
(2) University of Tübingen

190

41st INTERNATIONAL SYMPOSIUM ON ARCHAEOMETRY
Additionally, artificially-induced crack
propagations were observed. The results
showed that restricted types of shale with
higher hardness and lower fracture
toughness were selectively used for
manufacturing blades. In addition, cracks
tend to propagate rather straight and long
in shale used for blade. These material
properties are supposed to have highly
affected
flaking
difficulties
in
manufacturing process and cutting
performance of completed tools. Thus,
selection of specific materials with
certain mechanical properties and
fracture behavior for the production of
Paleolithic blades might have been made
on the basis of accurate prediction of the
workability of shale and material
influence on cutting ability of finished
tools.

P-65. Fracture property of
lithic raw materials and
material
utilization
in
Paleolithic Japan
Kaoru Yonekura(1)
(1) The University of Tokyo, Bldg 4, room
221, 4-6-1 Komaba, Meguro-ku, Tokyo, 1538904, Japan

In Upper Paleolithic age in the northeastern region of Japan, shale was one of
the
major
materials
used
for
manufacturing flaked stone tools. Shale
is known to have a wide range of
characteristics and in fact a large variety
of shale artifacts were excavated from
Paleolithic sites. Therefore, detailed
analyses of shale materials used for
artifacts have a potential to provide
valuable information on the practical
material selection and utilization in
Paleolithic age. In the present study, in
order to reveal the criteria of material
selection from a viewpoint of intrinsic
characteristics of lithic raw materials,
mechanical properties and fracture
behavior of shale were analyzed. For the
analyses, shale artifacts excavated from
Ueno-A site in Yamagata prefecture in
north-eastern Japan were selected. The
total number of flaked artifacts found in
this site was more than 70000 and among
them, more than 99% were identified as
shale. As mechanical properties, Vickers
indentation hardness and fracture
toughness were measured. Because test
specimens
selected
from
among
excavated flaked artifacts were small and
could not be applied to commonly-used
fracture toughness test, IF (IndentationFracture) method was employed. The
fracture toughness measurement was
carried out based on JIS R1607-2015 [1].

[1] Japanese Industrial Standards Committee,
JIS R1607-2015 Testing methods for fracture
toughness of fine ceramics, (2015).

P-66. An experimental study
of lithic use-wear multi-stage
formation
Hong Chen(1), Chen Shen(2) and Xiaoling
Zhang(3)
(1) Department of Cultural Heritage and
Museology, Zhejiang University, Hangzhou,
China, 310028
(2) Royal Ontario Museum, Toronto,
Canada, M5S2C6
(3) Key laboratory of Vertebrate Evolution
and Human Origin of Chinese Academy of
Sciences, Institute of Vertebrate Paleontology
and Paleoanthropology, Chinese Academy of
Sciences, Beijing, China, 100044

Use-wear analysis has become an
essential method for the functional study
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of lithic artifacts from archaeological
assemblages [1, 2, 3]. However, research
concerning
multi-stage
use-wear
formation is poorly developed. In this
paper, we report an experimental study
focusing on scaring patterns and
rounding/polish formation in multiple
stages. The objective of this experiment
is to understand the formation of usewear in scarring patterns as well as
development of rounding and polish.
In this study, nine cases of single
working tasks were undertaken on
scraping bone with Onondaga chert from
Ontario Lake [4]. Each case is observed
in three different working stages [5]. The
concept of Functional Unit [6] was used
to count the number of use-wear
indications. Appearance of scarring and
abrasive
attributed
are
observed
separately
in
each
stage
and
photomicrograph were taken and
compared for the visuals of changing
trajectory of use-wear formation. A
stereomicroscope
of
low-power
technique [7] was used for use-wear
observation, and the digital photos have
been processed by specifically. Then, the
resulting flake scars and abrasive wear
were observed separately in each stage
and photomicrograph were taken and
compared to compare the changing
trajectory of use-wear formation.
This experiment clearly demonstrates
that flake scar formation does not
correspond to the rate of usage over time
and we propose that the formation of scar
patterns and rounding become diagnostic
attributes for use-wear observation. Flake
scar fractures occur most frequently in
the early stages. During later stages, flake
scars stopped developing while rounding
and polish became more apparent. The
study also examines the changing
trajectory and rate of scar invasiveness

and length of use. The results are
informative as it is suggested that scar
invasiveness grew as the use time
increased at a given working angle.
[1] L. Keeley, Experimental Determination of
Stone Tool Uses, Chicago: The University of
Chicago Press, 1980.
[2] J. Kamminga. Over the Edge: Functional
Analysis of Australian Stone Tools,
Occasional Papers in Anthropology No. 12,
1982.
[3] J. Shea, On accuracy and relevance in
lithic use-wear analysis, Lithic Technology
16(2-3), 44-50, 1987.
[4] W. Fox, Southern Ontario chert sources,
Paper
presented
at
the
Canadian
Archaeological Association Meeting, Quebec
City, 1978.
[5] H. Lerner, X. Du, A. Costopoulos, M.
Ostoja-Starzewski, Lithic raw material
physical properties and use-wear accrual,
Journal of Archaeological Science 34(5),
711-722, 2007.
[6] G. Odell, Stone Tools and Mobility in the
Illinois Valley: From Hunter-Gatherer Camps
to
Agricultural
Villages,
Michigan:
International Monographs in Prehistory,
1996.
[7] G. Odell, Toward a more behavioral
approach
to
archaeological
lithic
concentrations, American Antiquity 45, 404431, 1980.

P-67. Provenance of lithic
arrowheads from Central
Alentejo (Portugal).
A multi-analytical approach
M. Costa(1,2), P. Barrulas(1), L. Dias(1), J.
Oliveira(3,4), L. Rocha(3,4) and J. Mirão(1,5)
(1) HERCULES Laboratory, University of
Évora, Largo Marquês de Marialva 8, 7000809 Évora, Portugal
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(2) Ghent University, Department of
Archaeology, Sint−Pietersnieuwstraat 35,
B−9000 Ghent, Belgium
(3) Department of History, School of Social
Sciences, University of Évora, Colégio do
Espírito Santo, Largo dos Colegiais, 2, 7000803 Évora, Portugal
(4) CHAIA – Center for Art History and
Artistic Research, University of Évora, Largo
Marquês de Marialva 8, 7000-809 Évora,
Portugal
(5) Geosciences Department, School of
Sciences and Technology, University of
Évora, Colégio Luís António Verney, Rua
Romão Ramalho, 59, 7000-671 Évora,
Portugal

is essential to establish the sources of
chert raw materials and to compare or to
cluster the different artefacts. Due to the
high
variability
of
macroscopic
characteristics that can be found in a
single chert outcrop and the complexity
of the material, a multi-analytical
approach is required. Thus, in this study,
the
chemical
and
mineralogical
composition
of
siliceous
lithic
arrowheads recovered from the two
megalithic
was
determined
by
noninvasive and minimally invasive
analytical techniques, such as in-situ
XRF, LA-ICP¬MS, SEM-EDS and
μ-XRD.
The results show that the raw materials
used to manufacture the arrowheads
found in the two funerary monuments are
different. Whether this difference is
related to distinct availability of raw
materials,
different
procurement
strategies, or simply by choice, remains
unknown. The trade routes associated to
the Mitra 2 dolmen also seem to have a
greater extension than those associated to
the Zambujeiro dolmen.

The Zambujeiro dolmen and the Mitra 2
dolmen are two closely related
megalithic structures, located in the
Alentejo
region,
Portugal.
The
Zambujeiro dolmen (built between the
beginning of the 4th millennia BC and the
middle of the 3rd millennia BC) was
found and excavated by Henrique Leonor
Pina between 1964 and 1968 [1], and has
since underwent second phase of
interventions between 1985 and 1987,
and a final phase of interventions in the
early 1990's. The Mitra 2 dolmen was
built in the Middle-Final Neolithic and is
one of the several dolmens identified by
the Leisners (two German archaeologists
that studied the Megalithism of the
Iberian Peninsula in the first half of the
20th century) in the Alentejo region [2].
This dolmen was first excavated in the
1960’s by a group of amateur
archaeologists from Évora, and has since
then
underwent
five
different
interventions, starting from 2000 until
2011.
This study focuses on the chemical and
mineralogical analysis of 115 lithic
siliceous arrowheads recovered during
the excavation of both prehistoric sites. A
geochemical and mineralogical approach

[1] J. Soares, C. T. da Silva, Anta Grande do
Zambujeiro – arquitectura e poder.
Intervenção arqueológica do MADES, 198587. Musa. Museus, Arqueologia e Outros
Patrimónios, 3, 83-159, 2010.
[2] G. Leisner, Antas dos Arredores de
Évora. A Cidade de Évora, 6 (15-16), 4-40,
1948.
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P-68. Characteristic features
of lapis lazuli from different
provenances revised by µXRF
and ESEM

P-69. Non-destructive
characterization of ancient
Egyptian and Medieval-period
Persian turquoise artifacts in
The Metropolitan Museum of
Art

Renate Nöller(1) and Ines Feldmann(2)
(1) Renate Nöller, Niebuhrstr. 65a, 10629
Berlin, Germany; re.noeller@web.de
(2) Ines Feldmann, Federal Institute for
Materials Research and Testing, 4.2
Materials and Air Pollutants;
ines.feldmann@bam.de

Brunella
Santarelli(1),
Deborah
(2)
(1)
Schorsch and Federico Carò
(1) Department of Scientific Research, The
Metropolitan Museum of Art, New York, NY
10028
(2) Department of Objects Conservation, The
Metropolitan Museum of Art, New York, NY
10028

The objective of this study is to find out
how far geochemical characteristics of
the blue mineral pigment can be
confirmed in respect to its provenance. In
dependence of the quantity of samples
analysed from a special geological region
and the methods applied, a range of
variation is taken into consideration. To
provide
clues,
a
multi-technique
analytical approach with µXRF and
ESEM is applied to samples from the
most famous deposits. Special elements
determined as fingerprint are related to
the textural features corresponding
directly to the geological conditions of
forming. The results and the statistical
output allow a differentiation that enables
an optimized local classification of the
blue stone. To be aware of the limits of
analysis is an absolute requirement for
each geo-tracing implemented on blue
coloured cultural objects of unknown
provenance. For testing the possible
sources of lapis lazuli, the blue pigment
used as paint on murals and as ink on
manuscripts from the Silk Road is
analysed in an exemplary way.

Turquoise, a hydrated copper aluminum
phosphate, was widely used and greatly
valued in antiquity, and scientists and
archaeologists have been interested in the
possibility of sourcing this mineral since
as early as the 1970s. The majority of
these studies have focused on turquoise
from the American Southwest and
Mexico, with the goal of reconstructing
the trade and interactions between these
regions. Turquoise was also a valued
commodity in the ancient Old World,
where some of the oldest known
turquoise mines, in the southwest Sinai
(Egypt) and in eastern Iran, near
Nishapur, are located. The two primary
mines in the Sinai were Wadi Maghara
and Serabit el-Khadim, and both had
remains of pharonic mining tools, work
camps, and inscriptions. The mines of
Nishapur were known for their turquoise
deposits, and this turquoise was
extensively traded throughout the Middle
East and into Europe and Asia.
This project presents the results of a
research study aimed at characterizing
turquoise used for objects such as beads
or amulets, and as inlays, in the Egyptian
194

41st INTERNATIONAL SYMPOSIUM ON ARCHAEOMETRY
and Islamic collections of The
Metropolitan Museum of Art. The
artifacts range in date from the late first
millennium B.C. to the 13th century AD,
respectively. Because most of the objects
examined are quite small, it was not
possible to sample them for analysis
using methodologies previously applied
to source turquoise. The goal of this
research is to characterize turquoise from
ancient Egyptian and medieval Persian
contexts through a non-destructive
approach using X-ray Fluorescence
(XRF)
spectroscopy
and
Raman
spectroscopy. Comparison of these
materials to raw turquoise from mines in
Iran and Egypt provides information
regarding compositional and geological
variability, which can be used to address
questions of sourcing.

Nephrite is mainly known in prehistoric
context as raw material for polished stone
tools. It occurs among archaeological
finds in Hungary only in small numbers.
The general aim of our investigations is
the
detailed
petrographic
and
geochemical examination of the nephrite
artefacts found on Hungarian sites, in
order to locate the origin of the raw
materials. The material was investigated
by non-destructive methods (PGAA,
non-destructive SEM-EDX). We have
already built a database of the possible
nephrite raw material sources of
Europe [1].
Based on their chemical composition,
most of the artefacts measured so far
belong to the serpentinite-related nephrite
deposits. On the basis of their
microscopic
and
mineral-chemical
features, the artefacts investigated so far
can be divided into five raw material
types [2]: (1) almost pure tremolitenephrite with only a few fine grained
magnetite or ilmenite grains and some
pseudomorphs after pyroxenes; (2)
almost pure actinolite-nephrite with only
a few very fine grained magnetite or
ilmenite grains; (3) almost pure
tremolite-nephrite with a few chlorite and
some pseudomorphs after pyroxenes; (4)
actinolite-nephrite, with chlorite, relict
clinopyroxenes
(diopside),
pseudomorphs after pyroxenes, spinels
and garnets. Magnetite, limonite, apatite
and titanite also occur. There is a typical
association of chromite spinel and
grossular garnet in this type; (5)
actinolite-nephrite – sometimes also
tremolite - with chlorite, relict
clinopyroxenes and spinel (chromite), but
garnet is missing.
On the basis of our investigation the most
probable raw material sources are the
following: type (1) and (3) belongs to

P-70. Nephrite artefacts in
Hungary – the present state of
knowledge
Bálint Péterdi(1), Zsolt Bendö(2), György
Szakmány(2),
Zsolt
Kasztovszky(3),
(4)
Katalin T. Biró and Grzegorz Gil(5)
(1) Geological and Geophysical Institute of
Hungary, Stefánia út 14, H-1143 Budapest,
Hungary; peterdi.balint@gmail.com
(2) Department of Petrology and
Geochemistry, Eötvös L. University,
Pázmány P. sétány 1/c, H-1117 Budapest,
Hungary
(3) Centre for Energy Research, Hungarian
Academy of Sciences, Konkoly Thege Miklós
út 29-33, H-1121 Budapest, Hungary
(4) Hungarian National Museum, Múzeum
körút 14-16, H-1088 Budapest, Hungary
(5) University of Wrocław, Institute of
Geological Sciences, Pl. Maksa Borna 9, 50205 Wrocław, Poland
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Jordanów, Poland. The provenance of the
other types is not so clear, but we have
candidates from the Swiss Alps.

Although serpentinite was widely used as
a raw material of polished stone tools
across the entire territory of the
Carpathian Basin, only a few artefacts of
this rock have come to light on each
particular site, except for the western and
north-western
territories
where
serpentinite finds are greater in number.
There are several areas in the environs of
the Carpathian Basin [e.g. the Eastern
Alps (primarily the Penninic tectonic
windows); Lower-Silesia (the inner and
the fringe territories of the Sowie Góry
Gneiss Block, Poland); the Vardar Zone
in the Dinarides; the Maros Valley,
Romania etc.] where serpentinite can be
found in large quantities on the surface.
The distinction of the possible sources is
difficult because of the fact that the
mineral and chemical compositions of
“harzburgitic” serpentinites are very
similar. However, some raw material
sources are possible to identify by some
characteristic textural and/or mineralchemical features.
The general aim of our recent research is
the
detailed
petrographic
and
geochemical characterisation of the
serpentinite artefacts found on Hungarian
sites. We use preferentially nondestructive methods (PGAA and
“original surface investigation” method
which is a special type of SEM-EDX
analysis).
In this study we are focusing on only one
serpentinite artefact from the MiháldyCollection (an old surface collection of
the Laczkó DezsőMuseum, Veszprém,
Hungary). On the basis of the texture,
mineral
and
mineral-chemical
composition, e.g. the frequent presence
of relict clinopyroxenes interlaced by
serpentinite
minerals,
and
the
characteristic association of relatively
large magnetite grains and clinochlore

We want to thank the Hungarian Scientific
Research Fund OTKA Grant No. K 100385
for financial support.
[1] B. Péterdi, Gy. Szakmány, K. Judik, G.
Dobosi, Zs. Kasztovszky, V. Szilágyi, B.
Maróti, Zs. Bendő, G. Gil. Petrographic and
geochemical investigation of a stone adze
made of nephrite from the Balatonőszöd Temetői dűlő site (Hungary), with a review
of the nephrite occurrences in Europe
(especially in Switzerland and in the
Bohemian Massif), Geological Quarterly
58(1), 181-192+ sp., 2014.
[2] B. Péterdi, Gy. Szakmány, Zs. Bendő, Zs.
Kasztovszky, K. T. Biró, G. Gil, I. Harsányi,
V. Mile, Sz. Szilágyi. Possible provenances
of nephrite artefacts found on Hungarian
archaeological sites (preliminary results),
Archaeometry Workshop, 11(4), 207-222,
2014.

P-71. Serpentinite from the
Möll Valley (Austria) as the
raw material of an artefact
found in NW-Hungary
Bálint Péterdi(1), Zsolt Bendö(2), György
Szakmány(2), Zsolt Kasztovszky(3) and
Katalin T. Biró(4)
(1) Geological and Geophysical Institute of
Hungary, Stefánia út 14, H-1143 Budapest,
Hungary; peterdi.balint@gmail.com
(2) Department of Petrology and
Geochemistry, Eötvös L. University,
Pázmány P. sétány 1/c, H-1117 Budapest,
Hungary
(3) Centre for Energy Research, Hungarian
Academy of Sciences Konkoly Thege Miklós
út 29-33, H-1121 Budapest, Hungary
(4) Hungarian National Museum, Múzeum
körút 14-16, H-1088 Budapest, Hungary
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(“penninite”)] the raw material of this
artefact originates from the Möll Valley
(Möll-tal, Hohe Tauern, Austria [1]).

differentiated. However, the worldwide
occurrence of quartz and chalcedony and
their composition, frequently lacking in
characteristic
fingerprints,
deeply
undermine the possibility of tracing their
origin with an acceptable level of
accuracy.
Ongoing research on agate and
chalcedony aims (a) to collect and
organize all information passed by
ancient
Authors,
(b)
to
find
discrimination parameters for provenance
investigations and (c) to enlarge the poor
data collection available so far on both
archaeological objects and natural
geosources. New data on two possible
ancient geosources (southern Tuscany in
Italy and Idar-Oberstein in Germany) are
further presented, in order to better
clarify the overall issue regarding agate
and chalcedony studies.

[1] F. Bernardini, A. De Min, D. Eichert, A.
Alberti, G. Demarchi, A. Velušček, C. Tuniz,
E. Montagnari Kokelj, Shaft-hole axes from
Caput Adriae: Mineralogical and chemical
constraints about the provenance of
serpentinitic artefats, Archaeometry 53(2),
261-284 (2011).

P-72. Chalcedony and agate in
archaeometry and geology
Elisabetta Gliozzo(1)
(1) Department of Earth, Environmental and
Physical Sciences, University of Siena

Silica-based materials occur in very
different colours and forms and many of
them have been given their own name,
“quartz variety”, although they are
indistinctly related to amorphous
materials, minerals and rocks (e.g. agate,
carnelian, chalcedony, chert, flint,
hornstone, moganite, opal, and quartz),
formed in different ways. The
terminology usually adopted for their
characterisation is a potential source of
confusion, as it combines wellestablished but somehow vague terms
(e.g. carnelian, sard), technical terms
(e.g. chalcedony and quartzine) and
commercial terms (e.g. fire opal).
Among archaeological findings, agate
has received the widest attention but, also
in this case, the total number of
investigated samples hardly exceeds one
hundred. In particular, samples from
several known supply areas (e.g.
Afghanistan, India, Iran, Thailand and
Turkey) were investigated, demonstrating
how different sources could be

P-73. Archaeometric studies of
archaeological and modern
corals and molluscs to
reconstruct Iron Age trade
routes: Preliminary results
Sebastian Fürst(1), Katharina Müller(2),
Céline Paris(3), Ludovic Bellot-Gurlet(3)
and Ina Reiche(2,4)
(1) Institute of Ancient Studies, Johannes
Gutenberg University Mainz, Schillerstrasse
11, 55116 Mainz
(2) Laboratoire d‘Archéologie Moléculaire et
Structurale, UMR 8220 CNRS UPMC, 4,
Place Jussieu, 75005 Paris
(3) De la Molécule au Nano-objets:
Réactivité, Interactions et Spectroscopies,
UMR 8233 CNRS UPMC, 4, Place Jussieu,
75005 Paris
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(4) Rathgen-Forschungslabor Staatliche
Museen zu Berlin, Schloßstraße 1a, 14059
Berlin

analyzed using Raman spectroscopy
yielding a total of 620 spectra.
A correction of the in literature reported
material, or at least a confirmation for
uncertain materials could be made for 13
out of 95 (=13.7%) archaeological
objects [1].
Our studies have shown that a
considerable amount of incorrect material
information is published or can be found
in inventory lists of museums.

During the Central European Iron Age
period, and more specifically between
600 and 100 BC, red corals (Corallium
rubrum) became very popular in many
regions of Europe, often associated with
the so-called (early) Celts.
Corals are ideally suited to investigations
of intra-European cultural contacts and
exchange relations, as – in comparison
with other kinds of imports from the
Mediterranean – they were imported
during the whole period from the 7th to
the 2nd century BC, the find distribution
is denser compared with other imported
goods, and furthermore the coral finds
allow a relatively precise chronological
definition, because coral was normally
used as decoration on well dated items of
jewellery, and are often found in graves
with other dateable finds.
While it is fairly easy to distinguish
modern C. rubrum from bone, ivory,
chalk, or shells, archaeologists are
confronted with the problem of
decomposition. Due to ageing processes,
archaeological corals lose their intensive
red colour and shiny surface, and can
easily be confused with these other lightcoloured materials. This difficulty of a
reliable material identification may be
one reason why a comprehensive study
of the numerous Mediterranean coral
imports has so far remained a research
desideratum.
We have developed a reliable and
efficient strategy to identify C. rubrum
and other biominerals with focus on
Raman spectroscopy as well as optical
and
microscopic
examination
of
structural features. Until now, 95
archaeological artefacts and 39 modern
corals and other biominerals have been

[1] S. Fürst, L. Gianni, K. Müller, C. Paris, L.
Bellot-Gurlet and I. Reiche, Raman
Investigation of Pigments and Carbonate
Phases in Iron Age Corals, Minerals,
submitted.

P-74. A contribution to Pacific
archaeology using museum
collections and pXRF
Michelle Richards(1)
(1) The Australian National University, 2.18
Sir Roland Wilson Building, Building 120,
Canberra ACT 2601, AUSTRALIA; Laureate
Fellow Project, The Collective Biography of
Archaeology in the Pacific – A Hidden
History;michelle.richards@anu.edu.au ARC

Archaeological objects from the Pacific
have been studied in museums for over a
century. This makes it possible to
historically review the archaeological
interpretations of these collections in
order to track the development of Pacific
archaeology. However many collections
may still have more to offer once
reunited with field notes that have often
been held in separate institutions. More
recently the availability of portable
analytical equipment such as pXRF
means these museum collections may
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“Demokritos”, 153 10 Aghia Paraskevi,
Attiki, Greece
(2) Anthropological Research Team, Vergina
Excavations, Aristotle University,
Department of History and Archaeology,
Thessaloniki, Greece

become the target of new archaeological
research that could enhance existing
narratives, fill in research gaps or cause
us to completely rethink what we thought
we knew.
This paper discusses the issues and
challenges surrounding the development
of suitable archaeological research
questions that might be answered using
non-destructive pXRF analysis on objects
held in Pacific museum collections.
Some preliminary results from my PhD
research in the Royal Geographical
Society archives and the Pacific
collections held in the British Museum,
Cambridge Museum of Archaeology and
Anthropology and the National Museums
Scotland will be discussed and
considered for their impact and
contribution to archaeological knowledge
in the region. The overall aim is to reconsider what the objects collected in the
Pacific by aspiring scientific explorers
and archaeological pioneers at the turn of
the 20th century up until the pre-WWII
period, can still offer archaeological
researchers equipped with modern
scientific methods.

This research aims to shed light on Greek
funeral practices of the 4th-3rd century
BC. Materials of various colors and
characteristics were found adhered on
cremated bones in Royal and other highstatus Macedonian burials from Vergina,
Derveni, Aghios Athanasios, Pella and
other places are scientifically examined
in order to identify their nature and
manner of deposition on the bones. The
materials adhered on them are not likely
to originate from the ground as the bones
were found in un-looted tombs and
carefully placed and sealed in special
urns, so they are either the result of an
unknown funerary custom or from
environmental processes in the tombs.
The materials and bone fragments are
delicate and precious. Hence, the
methodology developed was intended to
extract the maximum amount of
information with the least possible
invasion. This involved mainly the use of
SEM coupled with EDXA under
environmental operating conditions so no
sample removal or preparation was
necessary.
In
addition,
FTIR
spectroscopy using 2 mg of sample
identified the mineralogical composition.
Moreover, Optical Microscopy was
valuable for the study of the morphology
and color range of the samples. XRD was
also applied selectively.
One of the materials identified quite
often is gypsum. It is usually found in
smaller or larger nodules or lumps
adhered to the bone’s surface. They are
composed of small crystals of elongated
or flat polygonal shapes, ranging in size

P-75.
Investigation
of
materials
deposited
on
cremated bones in Royal and
High-Status
Macedonian
burials: Revealing ancient
unknown funerary customs?
Theodora Arvaniti(1), Yannis Maniatis(1),
Laura Wynn-Antikas(2) and Theodore G.
Antikas(2)
(1) Laboratory of Archaeometry, Institute of
Nanoscience and Nanotechnology, NCSR
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from 5 μm to 100 μm. The question
raised is if these gypsum depositions
were formed naturally during in situ
burial and under what conditions or if
gypsum was spread on top of the bones
during some funeral practice and in what
original form? Experiments with raw
gypsum and plaster were conducted so as
to study the transformations and the
behavior of gypsum under similar
conditions. Both raw gypsum and plaster
were examined to understand the initial
state and origin of these depositions.
Other materials, such as calcite, huntite,
etc., have been identified in some rare
cases.
Identifying the nature and origin of
materials adhered on cremated bones
may lead to revealing unknown ancient
burial customs or unknown chemical
processes taking place on cremated bones
in the tomb’s environment.

discovered in un-looted Macedonian
tombs in Northern Greece that date from
the Classical to the Hellenistic periods It
usually appears as localized globules or
more flattened depositions with good
adhesion to the bones. It is of
microcrystalline nature appearing as
elongated crystals of sizes varying from 5
to 100 μm. The origin, formation and
conditions of this “archaeological”
gypsum on cremated bones is the subject
of this scientific study. The techniques of
X-Ray Diffraction, FT-IR spectroscopy
and SEM-EDXA as well as Optical
Microscopy were employed.
The main questions to be answered are:
(a) Are the gypsum depositions formed
naturally on the bones by some
environmental chemical mechanism
which occurred during burial? (b) Is it
some unknown funerary custom whereby
gypsum was spread on the top of the
bones after they were placed in the urn or
ossuary? οr (c) Is it a result of some other
human intervention during the cremation
or after that?
In order to answer these questions and
understand the conditions of gypsum
formation on cremated bones a series of
laboratory simulation experiments were
performed. Raw gypsum from three
modern quarries, two at Altsi, Crete and
one at Katouna, Aitoloakarnania, were
used for the simulation experiments. Raw
gypsum and anhydride were studied as
received and pulverized without any
other treatment. They were also studied
after their dilution in water and recrystallization, and also in the form of
gypsum plaster after heating in various
temperatures and crystallization in
various environmental conditions. The
effect on the crystal shapes and sizes of
gypsum
after
dehydration
and
rehydration in different temperatures was

P-76. Study of gypsum
detected on ancient cremated
bones in Greece: An unknown
funerary custom or natural
mineralization?
Theodora Arvaniti(1), Yannis Maniatis(1),
Laura Wynn-Antikas(2) and Theodore G.
Antikas(2)
(1) Laboratory of Archaeometry, Institute of
Nanoscience and Nanotechnology, NCSR
“Demokritos”, 153 10 Aghia Paraskevi,
Attiki, Greece
(2) Anthropological Research Team, Vergina
Excavations, Aristotle University,
Department of History and Archaeology,
Thessaloniki, Greece

The presence of gypsum has been
detected on the surface of cremated
bones found inside different types of urns
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also studied and compared to the gypsum
found on the cremated bones.

Athens, proceeded to the study of the two
Pyxides. The importance of this study lay
not only on the application of a non
destructive
methodology
on
archaeological findings but also in
understanding the ancient
Greek
technology.
The hyperspectral camera MuSIS HS,
together with the necessary equipment,
was transferred from Athens to the
Museum of Ancient Corinth. The method
was applied in situ, so that the objects
would be protected and handled with
care. Images of all sides of the pyxides
i.e. inner and outer side of both the body
and the cover were acquired at specific
wavelengths in visible and infrared
reflected and transmitted light. Images in
False Colour Infrared were also obtained.
The images taken at the different
wavelengths revealed many important
details about the decoration of each
object that were invisible to the naked
eye. The pigments used in each case were
compared to the each other in order to
check similarities in the use of colours of
ancient times. In Pyxis ΜΚ 10905 two
different pigments of reddish hue were
used. Both the cleaned and the untouched
area yielded important information on the
pigments and the decoration patterns.
Pyxis MK 10866 was decorated using
one pigment. Both pyxides had geometric
patterns such as rays and rosettes as well
as floral prints.

We would like to thank Mr.S. Koukariotis of
Knauf Gypsopiia SA, Mr. A. Atzolidakis of
Lava SA, Lafarge and Mr. G. Zervakis of
Zervakis SA for kindly providing the gypsum
quarry samples for this study.

P-77. The study of two
marble pyxides from the
Archaeological Museum of
Ancient
Corinth
using
hyperspectral imaging
Athina Alexopoulou(1), Agathi Anthoula
Kaminari(1), Angeliki Kandri(2) and
Dimitra Balafa(2)
(1) Department for conservation of
Antiquities and Works of Art, TEI of Athens,
Ag.Spyridonos, 12210 Egaleo
(2) Ephorate of Antiquities of Corinth,
Ancient Corinth, 20007

A couple of luxury pyxides were found
during an excavation conducted by the
former LZ’ Ephorate of Antiquities in
Ancient Corinth have revealed numerous
artefacts from the ancient times. Two
marble pyxides were amongst the objects
inside the conservation laboratory that
needed more and careful study. Previous
conservation treatments were applied at
half of the surface of one of the Pyxides,
revealing bright colours, so further study
was imperative. The team responsible for
these objects decided that non destructive
examination had to take place before
continuation
of
the
conservation
procedures. The Ephorate of Antiquities
of Corinth in collaboration with the
Laboratory of Non Destructive Testing,
Department
for
Conservation
of
Antiquities and Works of Art, TEI of

Figure: Pyxis ΜΚ 10905, outer side of the cover,
photomicrography at 520nm.
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analysis,
and
Scanning
Electron
Microscopy (SEM). The results were
used supplementary to the marble
provenance investigation of the same
samples using EPR spectroscopy, carbon
and oxygen stable isotope analysis, and
Maximum
Grain
Size
(MGS)
measurements
performed
at
the
Laboratory of Archaeometry, NCSR
“Demokritos”, which indicated that the
marble for practically half of the anchors
studied comes from Thasos island (Aliki
quarry) and the other half from
Proconnessos [2].
The chemical analysis for major and
trace elements and mineralogical analysis
of the anchors performed at METU
reinforced the provenance results for
Thasos and Proconnesos and showed that
the purity in calcite of the Thasian
marble from Aliki is quite high compared
to Proconnessos that contains variable
amounts of dolomite. Also the trace
element Ytrium has a different range of
values in the two quarries and can be
potentially used as a further provenance
indicator.
The combined results provide unique
information about the origin of these
shipwrecks and the ancient trade routes
in the Byzantine period. Moreover, since
the anchors come from one of the biggest
harbour of Constantinople, the results can
reveal the connections between the
Byzantine Imperial Capital and other
cities in the Greek islands, mainland and
Asia Minor. This study will help the
collaborative
work
between
the
archaeologists and scientific researchers
to learn details of marble use in antiquity.
The results will be refined statistically
and compared with the existing marble
provenance databases.

P-78. From the depths of the
earth to the depths of the sea.
A journey story of marble
anchors
Orhan
Serdar(1),
Asuman
G.
Turkmenoglu(2),
Dimitris Tambakopoulos(3) and Yannis
Maniatis(4)
(1) Middle East Technical University,
Archaeometry Dep. Dumlupınar Bulvarı
No:1 06800 Çankaya Ankara/Turkey;
orhanserdar@hotmail.com
(2) Middle East Technical University,
Geology Dep. Dumlupınar Bulvarı No:1
06800 Çankaya Ankara/Turkey;
asumant@metu.edu.tr
(3) Laboratory of Archaeometry, Institute of
Nanoscience and Nanotechnology, NCSR
“Demokritos”, 153 10 Ag. Paraskevi,
Greece; d.tambakopoulos@inn.demokritos.gr
(4) Laboratory of Archaeometry, Institute of
Nanoscience and Nanotechnology, NCSR
“Demokritos”, 153 10 Ag. Paraskevi,
Greece; y.maniatis@inn.demokritos.gr

The underwater excavations at Yenikapi,
Istanbul, Turkey brought to light 37 well
preserved shipwrecks, dating between 7th
– 11th c. AD [1]. Amongst the valuable
objects excavated from the shipwrecks
there were more than 300 stone anchors.
Although stone anchors were made of
non-valuable materials such as limestone
or sandstone, most of the Yenikapi
anchors were surprisingly made of
marble.
This study presents the archaeometric
analysis of the marble stone anchors from
shipwrecks excavated at Yenikapi,
Istanbul, Turkey. The analysis was
performed at the Laboratory of
Archaeometry Department in Middle
East Technical University involving
X-Ray
Diffraction,
Geochemical
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purposes. In reality this has not happened
in the past especially if the interventions
are more than 50 years old. The lack of
information causes serious difficulties to
modern conservation aspects and specific
approaches to these objects. On the other
hand, the progress of the technologies
today has become enormous and
provides to conservators additional tools
to fulfill this gap.
An innovative tool adapted to objects,
using the Ground Penetrating Radar
(GPR) method of geophysics was
developed by GEOSERVICE Ltd and
applied to ancient sculptures in order to
locate with the maximum accuracy the
metal dowels used in the past for joining
the statues. The tool has been applied to
the important marble sculptures from the
Antikythera shipwreck collection at the
National Archaeological Museum of
Athens and specifically to the statues:
Wrestler, Hermes, Ulysses and Achilles.
The main purpose was to evaluate their
structural capacity prior to the transfer of
the above statues to Antikenmuseum
Basel und Ludwig Museum in
Switzerland for temporary exhibition.
The success of the method was
unexpected and reached the percentage
of 90% into the selected targets.

Figure 1: Photos of marble & stone anchors and
one shipwreck of Yenikapi – Constantinople.

[1] Cemal Pulak, Rebecca Ingram, Michael
Jones, Eight Byzantine Shipwrecks from the
Theodosian Harbour Excavations at Yenikapı
in Istanbul, Turkey: an introduction,
International
Journal
of
Nautical
Archaeology Volume 44, Issue 1, pages 39–
73, March 2015.
[2] Serdar, O., Tambakopoulos, D.,
Turkmenoglu, A., and Maniatis, Y.,
Archaeometric analysis of marble anchors
from shipwrecks found in the Theodosian
harbour at Yenikapi, Istanbul, 6th
Symposium of the Hellenic Society for
Archaeometry, May 16-18, 2013.

P-79. Ground Penetrating
Radar for non - destructive
structural imaging of ancient
sculpture
K. Dimitriadis(1), I. Konstantakis(1), S.
Avlonitou(1), I. Panagakos(2) and G.
Moraitou(2)
(1) GEOSERVICE Ltd www.geoservice.gr
(2) National Archaeological Museum of
Athens

The effective conservation of cultural
heritage requires a continuous record of
all interventions for documentation
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raw material and not carrier of
technology and knowledge.
This paper presents the results of two
projects carried out within the context of
the GeObs program. Using a newly
developed geological database on eastern
Anatolian obsidian outcrops, this paper
firstly attempts to improve the
methodology of PXRF analysis on
obsidian by presenting the results of
several experiments conducted over the
course of 2015. It especially emphasizes
the interaction between thickness,
elements, and surface effects during the
analytical process and makes suggestions
as to how to account for them both
practically and statistically. Furthermore,
introducing a new, more comprehensive
model to obsidian studies, this paper also
presents the analysis of obsidian
assemblages from major Near-Eastern
Neolithic sites and presents new elements
of answer regarding the nature and role
of inter-community contacts and
exchange in the development of the
Neolithic sphere. It especially insists on
the existence of different networks that
may overlap, some dedicated to
movement of raw material and some to
movement of technology. The existence
of those different networks impacts our
understanding of how the Neolithic
landscape was organized in the Near East
and may provide some insight as to how
such a large territory maintained some
degree of socio-cultural coherency.

P-80. Making New From Old:
Geochemical (PXRF) and
typo-technological analysis of
Near Eastern Obsidian
Bastien Varoutsikos(1)
(1) VEPMO, ArScAn, UMR 7041, CNRS, 21
allée de l'université F 92023 NANTERRE
cedex

Since the 1960s, obsidian studies have
been at the forefront of archeometric
analysis. Indeed, because of its cultural
and analytical interest, obsidian is
perceived nowadays as a category of
artefact that has been broadly studied,
especially in the context of Near Eastern
Neolithic. However, this perception is
limiting our understanding of the scale
and
nature
of
inter-community
interactions and raises several issues.
The first issue is methodological. Despite
numerous efforts to develop proper
protocols for PXRF analysis on obsidian,
several questions regarding the limitation
of the methods remain. The second issue
is the quantitative significance of the
analysis carried out. Indeed, if the overall
number of geochemical characterization
that have taken place on Near Eastern
assemblages over the past 60 years is
important, it is not statistically significant
and most likely biases our understanding
of the phenomenon at stakes. The final
issue is the selection of the sample itself.
As pointed out in Carter et al. 2013 [1],
due to the destructiveness of some
analytical methods, the large majority of
artefacts sampled were debitage.
However, characterizing the origin of a
single type of artefacts does not allow us
to fully grasp the complexity of
processes, as obsidian is seen solely as

[1] T. Carter, S. Grant, M. Kartal, A. Coskun,
V. Özkaya Networks and Neolithisation:
Sourcing obsidian from Körtik Tepe (SE
Anatolia), Journal of Archaeological Science,
40, 556-569, 2013.
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another from a Late Minoan settlement.
These assemblages served both to
provide additional regional and temporal
context for the Early Cycladic findings
and to advance obsidian sourcing efforts
in the Aegean as a whole.
The results display clearly that the Early
Cycladic artifacts are overwhelmingly
made from Melian obsidian, and
approximately 88% derive from the Sta
Nychia source. How far-reaching this
procurement bias is throughout the Early
Bronze Age Aegean is currently difficult
to say, though contemporary data from
previous studies, as well as the results
obtained from the two Cretan
assemblages in this study, seem to show
a similar pattern. Future research
integrating regional traditions of obsidian
source selection with previously defined
regional distinctions in pressure-blade
technology is necessary in order to begin
to map communities of practice across
the broader Aegean.

P-81.
Obsidian
source
selection in the Early Bronze
Age Cyclades
Jessica A. Morgan(1), Tristan Carter(2) and
Robert H. Tykot(3)
(1) Pensacola Lighthouse & Museum,
Pensacola, FL 32508 USA
(2) Department of Anthropology, McMaster
University, Hamilton, Ontario L8S4L8
Canada
(3) Department of Anthropology, University
of South Florida, Tampa, FL 33556 USA

While the obsidian used by southern
Aegean prehistoric communities has long
been known to derive primarily from the
Cycladic island of Melos, there has been
little investigation into the relative
importance of Melos’ two quarries – Sta
Nychia and Dhemenegaki. This study
employed portable X-ray fluorescence
spectrometry as a means to address this
question and begin to map regional
traditions of obsidian source selection
during the 3rd millennium BC.
The study assemblage represents eleven
Early Bronze Age Cycladic cemeteries
(c. 3000-2200 BC), with 713 total
artifacts analyzed. Structurally, these
assemblages are dominated by pressureflaked blades manufactured for funerary
consumption, but also include a small
number of blade cores and pieces of
flaking debris.
Contextually,
the
assemblages
reflect
the
social
significance of body modification
amongst these islanders, with the blades
themselves likely used for depilation,
scarification, and tattooing, and the cores
reemployed as pestles in the grinding of
pigments. Two additional assemblages
from settlements on Crete were analyzed,
one from a Late Neolithic cave site and

P-82. Provenance
characterization of obsidian
artefacts from Clenia cave,
Corinthia, Greece
Artemios Oikonomou(1) and Dimitrios
Chadjiangellou(2)
(1) Department of Archaeology, University of
Nottingham, University Park, Nottingham,
NG72RD, UK
(2) Directorate of Prehistoric and Classical
Antiquities, Ministry of Culture

Obsidian is an ideal material for the
investigation of prehistoric social
interaction, trade and exchange networks
between ancient civilizations. Artefacts
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made from obsidian can be usually linked
to their geologic source with a high
degree of reliability using analytical
techniques, such as X-ray Fluorescence
Spectroscopy (XRF). The aim of this
study is to investigate prehistoric social
interaction, migration and the dynamic
nature of group identification at the area
of Greece and especially Corinth.
In the present study 47 obsidian artefacts
were analysed by means of X-ray
Fluorescence non-destructively. The
obsidian artefacts under study were
excavated at Klenia cave which is located
at an altitude of 650 m in the area of
ancient Teneatida, in Corinth. The site
has a strategic position in a nodular route
connecting Corinth and Teneatida with
Argos,
Mycenae
and
central
Peloponnese. The cave exhibits great
archaeological,
speleological
and
topographical interest because it was in
use from late Neolithic to late Turkish
period.
The analytical data obtained by the
analysis indicate that the obsidian used
for the specific artefacts is attributed to
obsidian sources found on Milos Island,
Aegean Sea. It is interesting to see that
the Klenia samples are distinguished in
two major groups (Klenia 1 and Klenia
2) according to their Zr, Y, Rb and Sr
content (Fig. 1). Furthermore it was
possible to attribute these two groups to
different sources on Milos Island such as
Demenegaki and Adamas by comparing
our data with published analyses (Fig. 2).
The analytical data indicate connections
between the people of Corinth and the
Aegean in the Neolithic period which can
also be attested by the archaeological
data and justifies the importance and the
geographical strategic position of Klenia
cave in antiquity.

Fig. 1 (left): Klenia obsidian distinguished in two
groups; Fig. 2 (right): Klenia obsidian compared
with published data.

P-83.
Detecting
obsidian
exploitation in household vs
socially invested activities
from
Middle
Neolithic
Sardinia (Italy)
Carlo Lugliè(1), François-Xavier Le
Bourdonnec(2), Laura Fanti(3,1), Barbara
Melosu(1), Stéphan Dubernet(2), Salvatore
Sebis(4) and Alessandro Usai(5)
(1) LASP-Laboratorio di Antichità Sarde e
Paletnologia, Università degli Studi di
Cagliari, Piazza Arsenale 1, 09124 Cagliari,
Italy
(2) IRAMAT-CRP2A UMR 5060, Université
Bordeaux Montaigne-CNRS, Maison de
l’Archéologie, Esplanade des Antilles 33607
Pessac, France
(3) CEPAM-Cultures et Environnements.
Préhistoire, Antiquité, Moyen Âge, UMR7264
CNRS-UNS, 24 Avenue des Diables Bleus,
06357 Nice Cedex 4, France
(4) Museo Civico di Cabras, Via Tharros
121, Cabras, Italy
(5) Soprintendenza Archeologia della
Sardegna, Piazza Indipendenza 7, 09124
Cagliari, Italy

In the western Mediterranean, obsidian is
a rather constant component of the
Neolithic
lithic
assemblages.
Outcropping only in rare volcanic
occurrences, it is considered among the
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best indicators of group mobility and
long-distance socio-cultural interactions.
Therefore, recent research has mainly
stressed routes and intensity of raw
matter distribution from the four island
sources of Pantelleria, Lipari, Palmarola
and Sardinia.
Since the early 2000s we have followed
an approach of entire assemblages, from
the perspectives of their provenances and
chaînes opératoires. The aim is to
contribute to the understanding of socioeconomic organisations in Neolithic
production systems (VI-IV mill. BC). We
paid special attention to highlight
variability
in
raw
matter
selection/reduction between the direct
procurement zone around the Sardinian
Monte Arci source and its respective
contact/diffusion zone.
Recently we turned our attention to
explore obsidian consumption in
different categories of archaeological
contexts of the direct procurement zone.
We present here the results of our
analysis on entire series of the full
Middle Neolithic (San Ciriaco culture),
from two coeval sites, 19 and 22 km,
respectively, from Monte Arci. The 411
structure of Cuccuru is Arrius-Cabras is a
dwelling pit, backfilled from waste
including lithics. Around 400 obsidians
were analyzed, according to our protocol
that integrates visual, techno-typological
and elemental characterization [1, 2].
Similarly, we examined 139 obsidians
from 8 small pits over the 30 excavated
at Gribaia-Nurachi. These pits frequently
contained stacks of pottery vessels (up to
17 elements), both exclusive and
intermingled with few lithics and/or
fauna bones; two pits yielded only
obsidians. Due to their characteristics and
position, these pits are deemed to be a
consequence of a particular social

activity. The achieved results from the
two contexts support the shift occurred in
the selection criteria of obsidian inside
the direct procurement zone, towards the
almost exclusive preference of the named
SC geo-chemical group. That occurred
irrespective of the functional nature/value
of the context.
[1] Lugliè C et al., Early Neolithic obsidians
in Sardinia (Western Mediterranean): the Su
Carroppu case, Journal of Archaeological
Science 34,428-439, 2007.
[2] Le Bourdonnec et al, Obsidians artefacts
from Renaghju (Corsica Island) and the Early
Neolithic circulation of obsidian in the
Western Mediterranean. Archaeological and
Anthropological Sciences, 7. 4, 441-462,
2015.

P-84. Reconstructing obsidian
consumption
patterns
in
Neolithic Corsica: Insights
from the Listrella e Stabielle
site
Marie Orange(1), Pascal Tramoni(2),
François-Xavier
Le
Bourdonnec(3),
(4)
Sabine Negroni , Ana Ferraz(5), Maxime
Remicourt(5), Anja Scheffers(1) and
Renaud Joannes-Boyau(1)
(1) Southern Cross GeoScience, Southern
Cross University, Military Road, Lismore,
2480, NSW, Australia
(2) INRAP Méditerranée, UMR 5140,
Archéologie des Sociétés Méditerranéennes,
390 avenue de Pérols, 34970 Lattes, France
(3) IRAMAT-CRP2A, UMR 5060 CNRSUniversité Bordeaux Montaigne, Maison de
l'Archéologie, Domaine Universitaire,
Esplanade des Antilles, 33607 Pessac Cedex,
France
(4) INRAP Méditerranée - Aix-Marseille
Université, UMR 7269, Laboratoire
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Méditerranéen de Préhistoire Europe
Afrique, MMSH, BP 647, 5 rue du Château
de l'Horloge, 13094 Aix-en-Provence, France
(5) UMR 5608, Travaux et Recherches
Archéologiques sur les Cultures, les Espaces
et les Sociétés, Université Toulouse - Jean
Jaurès, Maison de la Recherche, 5, allée
Antonio Machado, 31058 Toulouse Cedex 9,
France

Mediterranean
area,
allowed
the
exhaustive geochemical sourcing of all
the artefacts in a limited amount of time.
Once combined with the typological and
technological characteristics of the
artefacts, the ED-XRF and the
LA-ICP-MS analyses have brought new
information on the obsidian economy of
the region. In particular, the Listrella e
Stabielle settlement allows us to discuss
the broader obsidian acquisition and
diffusion processes for the whole
duration of the late Neolithic in the
western Mediterranean.

In 2012 and 2015, preventive
archaeological excavations have been
conducted by the INRAP [Institut
National de Recherches Archéologiques
Preventives] on the Listrella e Stabielle
settlement, located in the north-western
part of the Corsican Island (municipality
of Monticello). The early occupation
phase of this settlement is dated from the
late 5th millennium B.C., and is
materialized by a small group of
structures circumscribed by a sturdy wall.
Obsidian is the main lithic raw material
found during this phase. From the middle
of the 4th millennium B.C. and over the
following centuries, the settlement is
highly structured, developing a local
copper metallurgy. For this most recent
phase, only a small proportion of the
lithic industries is made of obsidian.
The obsidians of Listrella e Stabielle
have been geochemically characterised
thanks two methods, ED-XRF and
LA-ICP-MS. The ED-XRF analyses have
been conducted at the IRAMAT-CRP2A,
featuring a SEA6000VX High Sensitive
X-Ray Analyzer from Seiko Instruments.
At
SOLARIS
(Southern
Cross
University), the LA-ICP-MS analyses
have been conducted with an ESI
NW213 Laser Ablation System coupled
to an Agilent 7700x ICP-MS. The
complementary use of both sourcing
techniques, as well as the application of a
newly conceived LA-ICP-MS protocol
tailored to obsidian sourcing in the

P-85. Magnetic sourcing of
obsidians from a Neolithic site
in Northern Italy
Enzo Ferrara(1), Elena Zanella(2), Evdokia
Tema(2), Francesca Miola(1) and Elena
Olivetti(1)
(1) Istituto Nazionale di Ricerca Metrologica,
Strada delle Cacce 91, 10135 Torino, Italy
(2) Dipartimento di Scienze della Terra,
Università degli Studi di Torino, Via
Valperga Caluso 35, 10125 Torino, Italy

The distribution of ancient obsidian
utensils is one of the few ways to trace
trades during the Neolithic. This material
is suitable for provenance investigations
due to the rarity of volcanic sources
where magmatic rocks solidify as
amorphous.
Although
obsidian
provenance investigations are based on
chemical analysis, also the chemicalphysical properties proved efficacious to
relate tool fragments and geological
deposits and during the last decades
several studies have demonstrated that
magnetic properties are useful too [1]. In
the amorphous matrix, crystal grains
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[1] E. Frahm, J. M. Feinberg, From flow to
quarry: magnetic properties of obsidian and
changing the scale of archaeological
sourcing, Journal of Archaeological Science,
40 (10), 3706–3721, 2013.
[2] M. Bernabò Brea, A. Ghiretti, C.
Polglase, V. Visconti, I siti neolitici lungo il
torrente Cinghio (Parma) Preistoria Alpina –
Museo Tridentino di Scienze Naturali, 24,
103-164, 1988
[3] E. Zanella, E. Ferrara, L. Bagnasco, A.
Ollà, R. Lanza, C. Beatrice, Magnetite grain
size analysis and sourcing of Mediterranean
obsidians, Journal of Archaeological Science,
39 (5), 1493–1498, 2012.

have
different
compositions,
distributions, and diameter dimensions.
Some contain iron and their magnetic
behaviour can be studied to highlight
differences in distribution and size of
ferrous particles through the associated
magnetic state.
The properties of 20 obsidian artefacts
found in the Neolithic site of Via
Guidorossi (Parma, Italy) have been
investigated [2]. Magnetic grain-size
analyses were performed including the
measurement of susceptibility (χ),
anhysteretic susceptibility (χa), and
saturation
isothermal
remanent
magnetizations at room (SIRM293), and
liquid nitrogen (SIRM77) temperatures.
The measurement of SIRM at two
temperatures allowed to estimate the
amount of smaller grains ferromagnetic
at low temperature, superparamagnetic at
room temperature. SIRM77 revealed
fundamental for provenance as the ratios
St = SIRM77/SIRM293 and Qa = χa/χ
discriminate
samples
from
most
Mediterranean sites [3]. Furthermore, the
anisotropy degree of susceptibility, P,
revealed useful to discriminate obsidians
coming from Lipari and Sardinia–SA.
Comparing magnetic properties of the
artefacts with geological samples from
outcrops in the Mediterranean suggests
they come from Lipari. Moreover, SEMEDS microanalyses were also performed
on geological samples. Inclusions were
mapped to relate the magnetic behaviours
to the morphology of the iron-oxide
particles. Obsidian from Lipari is
characterized by relatively abundant and
uniformly dispersed grains with diameter
d < 10 µm, while samples from Sardinia–
SA show less abundant crystallites with d
values up to 100 µm.

P-86. A comparative study of
Early Chinese lead-bariumsilica
and
potash-silica
vitreous materials industries
Lim Yi-Xian(1), Ian C Freestone(2), Paul
D. Fullagar(3) and Thilo Rehren(4)
(1) College of Applied Arts and Science of
Beijing Union University, No. 197, Bei Tu
Cheng Xi Road, Haidian District, Beijin, P.
R. China 100191
(2) UCL Institute of Archaeology, 31-34
Gordon Square, London WC1H 0PY
(3) Dept. of Geological Sciences, 107 South
Road, University of North Carolina, Chapel
Hill, NC 275993315
(4) UCL Qatar, PO Box 25256, Georgetown
Building, Education City Doha, Qatar

Chinese
unique
lead-barium-silica
glassmaking dates from the Warring
States Period. Over the past ten years
discoveries of vitreous materials since
Bronze Age to Iron Age are becoming
more frequent and rich in North-western
China [1, 2, 3]. These finds include
potash or mixed-alkaline faience, glassy
faience and lead-barium-silica vitreous

209

KALAMATA, 15-21 MAY 2016
materials, e.g. Chinese Blue, Chinese
Purple and Lead-White, and attest to the
importance and abundance of the
manufacture of these materials locally.
They offer a way to study the
developmental paths of two different
systems of vitreous materials in one
cultural area.
In this paper, scientific analyses on some
artefacts excavated in the recent years
from different sites in North-western
China of a context since Western Zhou to
Warring States have been carried out to
determine their chemical compositions
and production techniques. Microscopic
examination,
scanning
electron
microscopy combined with energy
dispersive X-ray analysis, as well as
strontium isotopic analysis have revealed
the overlap of these two industries during
the middle to late Warring States period,
especially concentrates in Ningxia,
Gansu and Shannxi provinces. Shortly
later the potash-silica glassy faience
industry died out while the lead-bariumsilica continued into Han Dynasty that
might later develope into a long
traditional lead-barium glassmaking.

P-87. The scientific analysis of
the glass beads excavated
from the Shi-ren-zi-gou Series
sites in Xinjiang China
Wen Rui(1,2), Zhao Zhiqiang(1,2), Ma
Jian(1,2) and Wang Jianxin(1,2)
(1) School of Cultural Heritage, Northwest
University, 229 Taibaibeilu, Xi’an, China
710069
(2) Key Laboratory of Ministry of Education
for Cultural Heritage and Conservation
Study, 229 Taibaibeilu, Xi’an, China 710069

The Shi-ren-zi-gou sites included five
sites: Hong-shan-kou site, Shi-ren-zi-gou
site, Xi-gou site, Da-hei-gou site and
Xiao-hei-gou site. All of them are located
in the northern foot of the Tianshan
Mountains，east part of Xinjiang area.
The sites were on the northern route of
the Silk Road, and on the boundary
between Agriculture and Nomadism
civilizations.
Glass beads were excavated in the tomb
M011 of the Shi-ren-zi-gou site and the
tomb M1 of the Xi-gou site. The two
tombs were of same period, which dated
around the 4th century BC to the 2nd
century BC, but the glass beads were
different.
Xi-gou
beads
were
monochrome and small, whereas Shi-renzi-gou beads were bigger monochrome
and compound eye beads. These beads
were analyzed through LA-ICP-AES and
3D optical microscope. The results
showed that the Xi-gou beads were
manufactured by winding technique and
the chemical composition was the Na2OCaO-SiO2 system; plant ash was used as
flux. Meanwhile, the Shi-ren-zi-gou
beads were shaped through casting
technique and the chemical composition
was PbO-BaO-SiO2 system.

[1] Yin Xia, Qinglin Ma, Zhiguo Zhang, et
al., Development of Chinese barium copper
silicate pigments during the Qin Empire
based on Raman and polarized light
microscopy
studies,
Journal
of
Archaeological Science 49, 500-509, 2014.
[2] Yong Lei, Yin Xia, Study on production
techniques and provenance of faience beads
excavated
in
China,
Journal
of
Archaeological Science 53, 32-42, 2015.
[3] Q.H. Li, J.C. Yang, L. Li, et al.,
Identification of the man-made barium
copper silicate pigments among some ancient
Chinese artifacts through spectroscopic
analysis, Spectrochimica Acta Part A:
Molecular and Biomolecular Spectroscopy
138, 609-616, 2015.
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The Xi-gou beads were similar to the
western composition system, but the
characteristics of these beads were
different with those manufactured in
northern Africa and Mesopotamia
contemporaneously. They might have
been manufactured in the Central Asia or
Xinjiang region since the similar glass
beads were found in several agriculture
sites in the south of Tianshan Mountains.
The Shi-ren-zi-gou beads were quite
close to typical central China beads so it
is highly plausible that they were from
the east.
The beads from the West and East were
found in the same large site, suggesting
that the eastern Tianshan Mountains were
a junction place for the glass beads
spread and the Nomadic people played an
important role for the object exchange
and culture communications.

three monochrome beads were recovered
from Kueishan, including red, orange,
yellow, green, blue and dark blue beads,
of tubular, oblate and biconical shape.
They resemble the typical monochrome
beads from contemporary southeastern
Taiwan and Southeast Asia, although a
few yellow biconical beads and the large
dark blue beads are not well reported in
Taiwan and Southeast Asia. This study
uses chemical analysis to understand the
relationship of these glass beads to those
from southeastern Taiwan and Southeast
Asia.
Sixty-four samples have been analysed
using LA-ICP-MS, and of these 13 were
also analysed with SEM-EDS and EPMA
to examine structural characteristics. The
results reveal the majority of samples are
m-Na-Al glass, but other compositions
such as v-Na-Ca, v-Na-Al and mineral
soda-lime-silica glass are represented.
Although all these compositional groups
are found around the South China Sea,
the results suggest that the types and
compositions of these beads from
Kueishan are more diverse than others in
contemporary southeastern Taiwan. All
the dark blue beads, except one, are vNa-Ca glass. The three v-Na-Al samples
are opaque red or yellow, and their
presence
slightly
pre-dates
the
dominance of v-Na-Al glass in Southeast
Asia. Two yellow biconical beads show
the presence of calcium phosphate and its
microstructure possibly suggests the
introduction of organic material. These
results have made a significant
contribution to developing a picture of
glass
bead
consumption/production
around the South China Sea.

P-88. Chemical composition of
glass bead in Kueishan site,
southern Taiwan (the late 1st
millennium AD)
Kuan-Wen
Yoshiyuki
Jackson(1)

Wang(1),
Iizuka(3)

Kuang-ti Li(2),
and Caroline

(1) Department of Archaeology, University of
Sheffield, Northgate House, West Street,
Sheffield S1 4ET, UK
(2) Institute of History and Philology,
Academia Sinica, 128 Academia Road,
Section 2, Nankang, Taipei 11529, Taiwan
(3) Institute of Earth Sciences, Academia
Sinica, 128 Academia Road, Section 2,
Nankang, Taipei 11529, Taiwan

Kueishan site is located in the southern
tip of Taiwan, dating to the late 1st
millennium AD. A hundred and twenty211
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manufacture and provide insights into
their probable provenance.
A multi-analytical approach of noninvasive
and minimally invasive
analytical techniques (in-situ XRF, LAICP-MS, VP-SEM-EDS, μ-XRD and
μ-Raman) was used. A handheld X-ray
fluorescence was used to determine bulk
chemical composition, while a variable
pressure scanning electron microscope
coupled with energy dispersive X-ray
spectrometry was used to determine
morphological features and perform point
analysis. Laser ablation inductively
coupled plasma mass spectrometry was
used to determine the trace element
composition, which is essential for
sourcing. Micro-X-ray diffraction and
micro-Raman were used to determine
microstructural aspects of the artefacts,
as well as to identify possible microinclusions present in the samples.
This study will contribute to a deeper
knowledge regarding the ancient glass
production technology. Moreover, it will
provide innovative insights into the 6th
century BP trade routes in the
Mediterranean and namely, into the
south-western Iberia contribution.

P-89. An archaeometric study
of the Iron Age glass beads
from the necropolis of Vinha
das
Caliças
(Beringel,
Portugal)
M. Costa(1,2), A.M. Arruda(3) ,
Barrulas(1),
R.
Barbosa(4),
(2)
Vandenabeele and J. Mirão(1,5)

P.
P.

(1) HERCULES Laboratory, University of
Évora, Largo Marquês de Marialva 8, 7000809 Évora, Portugal
(2) Ghent University, Department of
Archaeology, Sint−Pietersnieuwstraat 35,
B−9000 Ghent, Belgium
(3) UNIARQ – Archaeological Center of the
University of Lisbon, Faculdade de Letras,
Alameda da Universidade, 1600-214 Lisboa,
Portugal
(4) Arqueohoje, Rua da Escola, Lote 9, Loja
2, Santa Eulália, 3500-682 Viseu, Portugal
(5) Geosciences Department, School of
Sciences and Technology, University of
Évora, Colégio Luís António Verney, Rua
Romão Ramalho, 59, 7000-671 Évora,
Portugal

Pre-Roman glass artefacts, particularly
eye-decorated blue glass beads and small
glass vessels which are thought to have
contained oils or perfumes, have been
found in significant amounts in southwestern Iberia, especially in burial
contexts. Nonetheless, typology has been
the main focus of the research conducted
on these glass artefacts, with little or no
archaeometric analysis.
This study focuses on glass beads from
the necropolis of Vinha das Caliças
(Beringel, Beja, southern Portugal), dated
to the 6th century BP. The determination
of the chemical composition and
microstructural aspects of these artefacts,
through different analytical techniques, is
important in order to shed light on their

P-90. Portable XRF in the
study of Egyptian plantash
glasses from the Late Bronze
Age: A pilot study
Anna K. Hodgkinson(1) and Frank Kutz(2)
(1) Freie Universität Berlin, Ägyptologisches
Seminar, Fabeckstr. 23-25, 14195 Berlin
(2) Freie Universität, Fachbereich
Geowissenschaften, Malteserstr. 74-100,
12249 Berlin
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This paper presents the results of a pilot
study researching the usefulness of
chemical analysis using portable XRF
(pXRF) technology on Late Bronze Age
(LBA) plantash glasses from Tell elAmarna in Middle Egypt. 68 objects
from the Egyptian Museum, Berlin have
been analysed and the data evaluated in
preparation for a season of chemical
analysis of glasses at Amarna.
Since the beginning of the 20th century
excavations at Amarna have yielded
numerous glass-working related objects,
including glass rods, ingots and
cylindrical ingot moulds. The objects
from old excavations are mostly only
loosely provenanced and are kept in
museums worldwide, although finds
from modern excavations, stored on site,
can
be
referenced
to
specific
findspots [1]. For instance, recent
excavations at houses M50.14-16 have
produced over 300 glass objects,
including two ingots [2].
Amarna is one of the first sites in Egypt
to have produced glass from raw
materials. Therefore, it is of importance
to gather all possible information on the
chemical composition of the objects at
Amarna. Colourants, trace-, major-and
minor elements can help determine the
origins of these glasses and to chemically
relate these items to other LBA glasses.
For example, some of the glass ingots
from the Uluburun shipwreck may have
been made in Egypt [3]. Furthermore,
blue is the most prevalent colour of
Amarna glasses, being derived from
cobalt or copper, but it is not always
possible to tell the difference with the
naked eye.
Since it is impossible to export the
objects from Egypt, or to sample and
analyse such a large quantity of objects
using laboratory methods, and despite the

known issues in detecting natron and
magnesia, pXRF technology is the only
feasible solution. We conclude that
pXRF can be applied for the chemical
analysis of LBA plantash glasses from
Egypt to determine an object’s origin and
colourants.
[1] For example: P.T. Nicholson, Brilliant
Things for Akhenaten: The Production of
Glass, Vitreous Materials and Pottery at
Amarna Site O45.1, Egypt Exploration
Society Excavation Memoirs 80, London,
2007, and B. Kemp.
A. Stevens, Busy Lives at Amarna:
Excavations in the Main City (Grid 12 and
the House of Ranefer, N49.18). Egypt
Exploration Society Excavation Memoirs 90,
London, 2010.
[2] A.K. Hodgkinson, Archaeological
excavations of a bead workshop in the Main
City at Tell el-Amarna, Journal of Glass
Studies 57. The Corning Museum of Glass,
Corning, New York, 279–284, 2015.
[3] C.M. Jackson, P.T. Nicholson, The
provenance of some glass ingots from the
Uluburun
shipwreck,
Journal
of
Archaeological Science 37, 295–301, 2010.

P-91.
Materials
and
technology of glass core-vessel
at
TellAmarna,
New
Kingdom, Egypt
Neveen
Bearat(2)

Salim(1,2)

and

Hamdallah

(1) Glass Department, College of Applied
Arts, Helwan University, Cairo, Egypt;
nssalim@asu.edu
(2) School for Engineering of Matter,
Transport & Energy, Arizona State
University, Tempe, AZ 85287-6106, USA;
hamdallah.bearat@asu.edu;
hamdallah.bearat@najah.edu
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Glass core-vessel technique became
common in the New Kingdom Egypt
(from 18th Dynasty). It preceded the
discovery of blow-pipe technique. The
core was made out of a mixture of raw
materials to give the final glass ware
shape and size. Once the glass material
was applied and the wonderful vessel is
finalized and stabilized, after annealing
and cooling, the core material was
removed, without compromising the
integrity of the glass vessel itself.
Therefore, the success or failure of glass
production by this procedure depended
largely on the recipe of the core mix. As
the core material had to be removed in a
pulverized state, it has rarely been
recovered in archaeological excavations.
We present here analytical data for some
exceptional core samples from the 18th
Dynasty Tell Amarna, Egypt. This
included: compositional (elemental)
analysis with particle-induced X-ray
emission spectrometry (PIXE) and
occasionally
energy
dispersive
spectrometry
(EDX);
structural
(mineralogical or phase) analysis with
X-ray diffraction (XRD); textural
(morphological) analysis using scanning
electron microscopy (SEM); thermal
analysis using thermo-gravimetric and
differential
thermal
analyses
(TGA/DTA). These analyses show for
the first time that the core raw mix is
made of three main components: animal
bone, clay, and animal dung; sand might
have been added or present in the clay, as
well.
Laboratory
experiments
to
reproduce glass core-vessel technology,
using the discovered core mix, were
successful. This suggests that this recipe
discovered at Tell Amarna might have
been in common practice in New
Kingdom Egypt at large. To the best of
our knowledge, detection of animal bone

as a major ingredient for the core mix has
never been reported in archaeological or
archaeometric literature.

P-92. Egyptian glass inlays
from Tebtynis workshop:
First steps of the research
Cinzia Bettineschi(1), Ivana Angelini(1),
Gianmario Molin(1), Paola Zanovello(1),
Alessia Fassone(2) and Christian Greco(2)
(1) Department of Cultural Heritage:
Archaeology and History of Art, Cinema and
Music – University of Padova, Capitaniato
sq. 7, 35139 Padova
(2) Egyptian Museum of Turin, Accademia
delle Scienze st., 6, 10123 Torino

This contribution will present the
preliminary steps of a research project
aimed at the characterization and
contextualization of the glass inlays and
the production tools found in the
Ptolemaic workshop of Tebtynis (Fayum,
Egypt), which are currently preserved at
the Egyptian Museum of Turin.
The artifacts were discovered in the early
1930s during the excavations of the
Italian Archaeological Mission in Egypt
directed by Carlo Anti (University of
Padova) and include more than 800
fragments of finished, semi-finished and
waste materials in transparent and, more
frequently, opaque glass. After a global
survey of the collection, the glass inlays
were divided into 3 main categories
according to their color association:
monochrome, stratified and mosaic.
A proper selection of materials was
chosen for in depth archaeometric
analyses. The analytical protocol that we
are employing consists of three
sequential steps: (a) non-destructive OM
observations
to
identify
the
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morphological
and
physical
characteristics of the objects, the
conservation state and the technological
markers associated with the production
techniques; (b) SEM-EDS and EPMA
analyses are used for the textural and
chemical characterization of
glass
micro-samples; (c) XRD (possibly
performed in non-invasive mode) and
micro-Raman will be applied for the
mineralogical identification of the
coloring and opacifying agents and for
the investigation of the firing conditions;
The study of moulds, tools and weights is
also in progress to complement the
results of the analytical insights, since
they constitute a valuable indicator for
the study of the production processes and
operational sequences used in the
workshop.

analyses of Parthian and Sasanian glazed
ceramics and conducted new analyses of
glazes (EDS and EPMA) and ceramic
bodies (ICP-MS) from sherds in the
British
Museum
collection.
By
establishing compositional baselines,
expressed through log-ratios of the main
element oxides used to form and apply
glazes, potential standardisation of
practice has been identified. Sasanian
glaze producers used glass frits made
from low alumina quartz-sand to produce
reproducible base glazes to which
colorants, such as copper compounds,
could be added.
An unexpected outcome was that some of
the glazes recovered from Ain Sinu
(Zagurae) in Northern Iraq appear to
have been produced using a natron alkali
source, rather than plant ash. These
glazes have similar compositions to
Roman glass, including the presence of
antimony decolouriser, while the bodies
are
typical
Partho-Sasanian
compositions. As alkaline glazes are not
previously considered to have been
produced in the Roman Empire, where
natron glass was used only to produce
objects of glass, the application of this
material in a completely different
technology in the Parthian world is
significant, suggesting that Roman glass
was being recycled to produce ceramic
glazes by Parthian potters. This not only
suggests that glass and glaze were
regarded as the same material in
Mesopotamian production but also may
support the archaeological indications
that the Parthian glass/glaze industry was
much less developed than its Sasanian
successors and the potters therefore had
to rely on imported material.

P-93. Recycled vessel glass as
a raw material in the
production of Mesopotamian
alkali ceramic glazes
Jonathan Wood(1), Ian Freestone(1) and
Roberta Tomber(2)
(1) Institute of Archaeology, UCL
(2) British Museum

Alkaline glazes were first used on claybased ceramics in Mesopotamia around
1500 BCE, at the same time as the
appearance of the first glass vessels,
establishing a tradition of making glazes
with plant ash which continued through
to the early Islamic period. Although
compositional similarity is well known,
how pottery glaze and glass production
were related in terms of organisation is
less clear. We have re-examined legacy
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containing
surface
layers.
NT
experiments were conducted at SINQ/PSI
using NEUTRA (thermal neutrons) and
for three archaeological samples also
ICON (cold neutrons and therefore
higher contrast) with its higher
resolution.
For the laboratory experiment, sodalime-silicate glass melt was transferred
onto a borax covered gold sheet.
IRspectroscopy proved the formation of a
borosilicate-layer. According to Neutron
Tomography, this layer extends from the
gold sheet upwards on the sides of the
glass block. NT shows similar strong
absorbing outer layers for the Mycenaean
glass samples. IR mapping of these areas
will be conducted next, in order to
confirm the formation of borosilicate
layers on the archaeological samples.
Since hydrogen atoms possess a high
cross section for neutron-scattering, IR
spectroscopy will be used to distinguish
whether the high absorbing areas
detected by NT are caused by boron or
by corrosion products.
Boron might have been introduced by
gold workers as borax for its antioxidizing properties. Sources from
archaeo-metallurgy indicate that borax
was used by gold smiths. Possible
chemical reaction mechanisms for the
formation of borosilicate-layers will be
discussed.

P-94. Glass, gold and borax:
Borosilicate Layers on Late
Bronze
Age
Mycenaean
vitreous relief fragments
D. Möncke(1), F. Drünert(1), F. Lind(1), A.
Kästner(2), P. Vontobel(2), D. Palles(3), E.
I. Kamitsos(3), L. Wondraczek(1) and N.
Zacharias(4) and
(1) Otto-Schott-Institute of Materials
Research, Friedrich-Schiller-Universität
Jena, Germany; Doris.Moencke@uni-jena.de
(2) Paul Scherrer Institute, Villigen,
Switzerland
(3) Theoretical and Physical Chemistry
Institute, National Hellenic Research
Foundation, Athens, Greece
(4) Laboratory of Archaeometry, University
of Peloponnese, Kalamata, Greece

Glass samples from the Late Bronze Age
(Peloponnese, S. Greece) were studied
earlier by SEM/EDS and infrared (IR)
spectroscopy [Möncke, Phys. Chem.
Glasses B54 (2013) 52-59]. Chemical
analysis confirms that these are typical
soda-lime-silicate glasses. Of special
interest are original surface modifications
in Mycenaean relief fragments. IR
spectra show characteristic bands of
borate groups and the spectra resemble
closely those of low-alkali-borosilicate
glasses.
Such
duran-type,
fully
polymerized glass networks form only
very thin surface layers (<1 µm).
Only few methods are sensitive to the
light element boron and high energy
beams pass through thin layers. Neutron
Tomography (NT) is an extremely
sensitive tool since boron has a very high
cross section for the absorption of
neutrons. After testing model glasses
(laboratory-melts), Mycenaean glass
fragments were analyzed for boron-
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and relief plaques comprise the main
bulk of the material analyzed. A smaller
number of light blue, purple, yellow and
red glass beads, along with some faience
ones, was also examined with existing
corrosion
constraints.
Statistical
evaluation
to
draw
provenance
conclusions regarding the source of the
primary glass used for the production of
the glass artefacts is attempted. Results
are discussed.

P-95.
Typological
and
analytical examination of glass
finds from the Mycenaean
cemetery of Voudeni, Achaia,
Greece
M. Kaparou(1,2), N. Zacharias(1) and A.
Oikonomou(3)
(1) Laboratory of Archaeometry, Department
of History, Archaeology and Cultural
Resources Management, University of the
Peloponnese, Old Camp 2413, Kalamata,
Greece
(2) Institute of Materials Science, N. C. S. R.
Demokritos. 153 41, Agia Paraskevi, Attica,
Greece
(3) Department of Archaeology, University of
Nottingham, University Park, Nottingham,
NG7 2RD, UK

P-96.
Technology
and
provenance of Hellenistic glass
from
Thesprotia,
North
Western Greece
Artemios
Oikonomou(1),
Julian
(1)
Henderson , Simon Chenery(2) and
Nikolaos Zacharias(3)

Glass and faience beads were an integral
element of the Mycenaean material
culture in the Late Bronze Age. Seventyseven chamber tombs dating from LBA
IIB to LBA IIIC (1500-1050 B.C.) in the
cemetery of Voudeni, Achaia in NW
Peloponnese, yield evidence of the
wealth and prosperity of their occupants
and highlight the commercial and
cultural connections with areas both in
the vicinity, such as Messenia, Laconia,
Corinth in the Peloponnese and farther
away, such as Crete, Italy and SyroPalestine [1]. In this currently underway
study, eighty- five glass beads and relief
plaques from the bulk of the excavated
tombs have been subjected to scrutiny
with the aid of the combined application
of Led Optical Microscopy, Scanning
Electron Microscopy and X-Ray
Fluorescence [2], in an attempt to
allocate the Achaean glass tradition
within the thriving glass industry of the
era. Translucent dark blue glass beads

(1) University of Nottingham, Department of
Archaeology, University Park, Nottingham,
NG7 2RD, UK
(2) British Geological Survey, Keyworth,
Nottingham, NG12 5GG, UK
(3) University of the Peloponnese,
Department of History, Archaeology and
Cultural Resources Management, Old Camp,
24100, Kalamata, Greece

Thesprotia was inhabited from as early as
the Palaeolithic period. The particular
geomorphological terrain, with the
mountainous and fragmented landscape,
has been determinant in the formation of
economic
and
social
institutions
throughout antiquity. Thesprotia was
gradually developed into an important
node of communication and transport of
goods to the West and the mountainous
hinterland of Epirus.
During the second half of 4th c. BC socio
economic changes occur in the region
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and small villages were joined to form
the first organized settlements. Elea,
Gitana and Dymokastro were founded
within a few years from one another,
during the 4th c. BC. Built at
geographically crucial locations that
ensured the control of the valleys or the
riverside crossings and sea routes, they
evolved
gradually
into
political,
economic and administrative centres for
the surrounding areas.
Our primary research objectives were (a)
to suggest the raw materials used to make
the
glasses;
(b)
identify
any
compositional contrasts between middle
and late Hellenistic glass; (c) to suggest a
provenance for the glass by comparing
our results with other published datasets especially whether compositions suggest
both a Levantine and a non-Levantine
provenance.
In the present study 73 glass samples
were investigated using SEM-EDX and
LA-ICPMS. All samples were excavated
from the three major sites of ancient
Thesprotia and specifically in Elea,
Gitana and Dymokastro. They date to the
middle and late Hellenistic period (4th 1st c. BC) and are of various colours
(green,
blue,
brown
and
colourless/transparent). All samples are
fragments from glass vessels of various
types (core formed, ribbed bowls and
cast bowls).
Our results indicate that the glass from
Thesprotia is of a typical soda-lime-silica
natron type. However, we have identified
possible variations in the source of
natron. Variations in trace element
concentrations such as Cr, La, Ti, Zr, Nd
and Sr show that different sand sources
were used. This, in turn, suggests that the
glass derived from more than one source.
A comparison with Levantine glass,
including raw furnace glass from the late

Hellenistic furnaces in Beirut [1]
suggests this was one source; the second
source of Hellenistic glass will be
considered in detail in relation to other
analysed Hellenistic glass from Italy
[2, 3]. Therefore, this analytical study
using major, minor, and trace elemental
analysis provides new insights into the
nature of the glass used in Thesprotia and
into the provenance of the glass.
[1] Henderson, J., Ancient glass, an
interdisciplinary exploration, New York and
Cambridge: Cambridge University Press,
2013.
[2] Arletti, R., Rivi, L., Ferrari, D., Vezzalini,
G., The Mediterranean Group II: analyses of
vessels from Etruscan contexts in northern
Italy. Journal of Archaeological Science 38,
pp. 2094-2100, 2011.
[3] Gallo, F., Silvestri, A., Molin, G.,
Marcante, A., Guerriero, P., Iron Age vessels
from the Archaeological Museum of Adria
(North-Eastern Italy): a textural, chemical
and mineralogical study, Proceedings of the
39th
International
Symposium
for
Archaeometry, Leuven, pp. 198-207, 2012.

P-97. Archaeometric study of
late Hellenistic to early
Roman cast glass bowls from
Beirut
Dieter Brems(1,2) and Ian Freestone(2)
(1) KU Leuven, Department of Earth and
Environmental Sciences, Division Geology,
Celestijnenlaan 200E, Leuven, Belgium
(2) University College London, Institute of
Archaeology, 31-34 Gordon Square, London
WC1H 0PY, UK

Excavations in the Souks area of Beirut,
Lebanon, not only revealed large
amounts of glass artefacts from the
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Hellenistic to the Islamic period [1] but
also remnants of primary tank furnaces,
dating to the early 1st century CE [2]. We
determined
the
major
elemental
composition of 66 mid-2nd century BCE
– early 2nd century CE cast glass bowls
from Beirut via electron microprobe.
Results were compared to the
composition of glass from the tank
furnaces to investigate the possibility of a
local origin.
All glasses were soda-lime-silica in
composition, with natron as a flux. 18
bowls were made of strongly coloured
glass including yellow-amber, achieved
by manipulating furnace conditions, deep
blue glass coloured with CoO,
(accompanied by CuO and Fe2O3) and
purple by excess MnO. 30 pale coloured
glass bowls with shades of green, blue
and brown have varying MnO up to
1.9%, suggesting that they were intended
to be colourless. The remaining 18
colourless bowls can be divided into
three groups: Mn-decoloured, Sbdecoloured and mixed Mn-Sb-decoloured
glass.
All Mn-decoloured, pale and strongly
coloured vessels have closely similar
base glass compositions to glass from the
tank furnaces [3], suggesting local
production and working. While MnO was
used as a decolouriser throughout the
time period, Sb-decolourised glass is
restricted to the late 1st – early 2nd century
CE. The Sb-decolourised glass was made
using a different sand source (lower
Al2O3 and CaO and higher SiO2). Around
the same time as the introduction of the
Sb-decoloured glass, mixed Mn-Sbdecoloured glass is also used. As well as
their intermediate Sb2O5 and MnO
values, the concentrations of the base
glass elements also lie in between those
of
the
Sb-and
Mn-decoloured

endmembers.
This
suggests
that
recycling was common practice, but
glassworkers were unable to distinguish
between Mn¬and Sb-decoloured glasses.
[1] S. Jennings, Vessel glass from Beirut
(Bey 006, 007 and 045), Berytus
Archaeological Studies 48-49, 2006.
[2] I. Kouwatli, H.H. Curvers, B. Stuart, Y.
Sablerolles, J. Henderson, P. Reynolds, A
pottery and glass production site in Beirut
(BEY 015), Bulletin d’Archéologie et
d’Architecture Libanaises 10, 103-130, 2008.
[3] J. Henderson, Ancient glass: An
interdisciplinary exploration, Cambridge
University Press, pp. 423, 2013.

P-98. Nanoscale chemistry and
structure of Roman opaque
red glass
Monica Ganio(1), Sung Il Baik(2,3), Dieter
Isheim(2,3), Emeline Pouyet(3,4) and Marc
Walton(3,4)
(1) Getty Conservation Institute, 1200 Getty
Center Dr. Suite 700, Los Angeles CA,
90049, USA
(2) Northwestern University Center for AtomProbe Tomography (NUCAPT), 2220
Campus Drive, Evanston IL, 60208, USA
(3) Department of Materials Science and
Engineering, Northwestern University, 2220
Campus Drive, Evanston IL, 60208, USA
(4) Center for Scientific Research in the Art,
Northwestern University, 2145 Sheridan Rd.,
Evanston IL 60208, USA

Opaque red glasses were typically
colored by the presence of either a
dispersion of nano-sized metallic copper
(Cuo) particles, or dendritic crystals of
cuprite, Cu2O. To produce either of these
phases, the glass furnace conditions were
carefully controlled to avoid oxidizing
conditions that would otherwise cause
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dissolution of metallic copper and cuprite
into the molten glass leading to a
common and less desirable blue/green
colored glass. The presence of a number
of metallic elements beside copper, such
as lead, iron and tin, is considered to be
beneficial for the formation of the opaque
red color, promoting the nucleation and
growth of cuprite and enhancing the
formation of metallic copper. It is
believed that the knowledge needed to
achieve these specific furnace conditions
was highly specialized, thus confined to a
small number of secondary factories and
likely produced in small batches.
This
paper
focuses
on
the
characterization of metallic copper
nanocrystals (Cu0) by a combination of
techniques that can probe the nanoscale
chemistry and structure of these
dispersions: SEM, TEM, Synchrotronbased nano-XRF, and Atom Probe
Tomography (APT). Central to this study
is to use those nanoscale characteristics
to elucidate how the metallic copper
colorants were introduced into the sodalime silicate glass. Whether the particles
were added to the melt in a precursor
material or grown from the melt, remains
an open question. Also the furnace
environment coupled to the redox
chemistry in the glass is explored to
better understand how these colorant
phases formed and behave at different
temperatures. The overall aim is to show
how these formation processes relate to
the large archaeological context of
workshop
practice,
technological
transfer, and can be used to assess
technological style.

Figure 1. Atom-probe tomographic (APT) threedimensional atom-by-atom reconstruction of the
interfacial region between a copper particle (red)
and its surrounding soda-lime glass matrix (blue)
in roman opaque red glass. Individual atomic or
molecular ions are represented by colored dots, see
legend. The APT reconstruction allows for the
determination of local compositions and
composition profiles in any part of the
reconstruction. Only 5% of Cu atomic ions are
shown for clarity.

P-99.
Colouring
and
decolouring
glass:
An
experimental model of the
production of purple and
decoloured glass in Roman
times
A.-I. Bidegaray(1), A. Ceglia(2), P.
Cosyns(3), S. Godet(4), H. Thienpont(2), K.
Nys(3) and H. Terryn(1)
(1) SURF research group, Vrije Universiteit
Brussel, Pleinlaan 2, B-1050 Brussels,
Belgium; AnneIsabelle.Bidegaray@vub.ac.be
(2) Brussels Photonics Team B-PHOT, Vrije
Universiteit Brussel, Pleinlaan 2, B-1050
Brussels, Belgium
(3) Mediterranean Archaeological Research
Institute, Vrije Universiteit Brussel, Pleinlaan
2, B-1050 Brussels, Belgium
(4) 4MAT, Université libre de Bruxelles,
Avenue Paul Héger, 1000 Bruxelles,
Belgique
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time of melting and the raw materials
that would have been necessary. Indeed,
such parameters play a key role in the
intrinsic oxygen fugacity of the glass
melt which determines its final colour.

Glassmakers in the Roman Empire were
highly skilled craftsmen: not only did
they produce delicate vessels, but they
were also able to control the production
parameters to achieve certain colours.
The case of purple and decoloured glass
is particularly interesting. Indeed,
manganese in glass can either act as a
purple colourant or a decolourant to
cancel the blue-green colour of iron, the
latter being present as an impurity.
Chemical analyses of Roman glasses
have shown that purple and manganesedecoloured glasses have very similar
chemical compositions, only the redox
state of multivalent elements changes,
thus imparting various colours [1, 2].
How these colours were achieved in
Roman times remains unclear nowadays,
yet it has important implications on our
understanding of Roman glass production
and illustrates the proficiency of ancient
glassmakers [3].
To tackle this issue, a bottom-up
approach is adopted. Glasses with a
Roman chemical composition are first
synthesized under different controlled
atmospheres in a laboratory. This
production is fully controlled and
provides the first step to understanding
how glass containing manganese can
either become purple or colourless. The
second step consists of the production of
glasses in an archaeological furnace
reconstruction at the Villa Borg
(Germany). These glasses can then be
compared to archaeological glasses from
Roman times. The chemical composition
of the glasses is verified using WDSXRF, while the colour, transparency and
redox state are analysed using optical
spectroscopy.
These results give us some insight into
the shape of the furnace, the fuel, the

[1] R. Arletti, S. Quartieri, and I. C.
Freestone,
“A
XANES
study
of
chromophores in archaeological glass,” Appl.
Phys. A, vol. 111, no. 1, pp. 99–108, Apr.
2013.
[2] D. Möncke, M. Papageorgiou, a.
Winterstein-Beckmann, and N. Zacharias,
“Roman glasses coloured by dissolved
transition metal ions: redox-reactions, optical
spectroscopy and ligand field theory,” J.
Archaeol. Sci., vol. 46, pp. 23–36, Jun. 2014.
[3] A. Ceglia, G. Nuyts, S. Cagno, W.
Meulebroeck, K. Baert, P. Cosyns, K. Nys,
H. Thienpont, K. Janssens, and H. Terryn, “A
XANES study of chromophores: the case of
black glass,” Anal. Methods, vol. 6, no. 8, p.
2662, 2014.

P-100. Glass compositions of
the Early Roman period –
some examples from Bulgaria
Kristina Koseva(1)
(1) National Institute of Archaeology with
Museum – Bulgarian Academy of Sciences –
2 Saborna Str., Sofia 1000, Bulgaria

The aim of this poster presentation is to
demonstrate the circulation of particular
glass compositions of the Early Roman
period within the Balkan provinces of
Moesia/ Moesia Inferior and Thrace.
Fifteen fragments of vessels excavated at
three sites in present-day Bulgaria – the
legionary fortress of Novae and the
Roman
towns
of
Serdica
and
Philippopolis – were selected for the
present study. The finds belong to well-
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defined vessel types, manufactured using
a range of glass-working techniques
(mould-forming, mould-blowing, freeblowing, facet-cutting, etc.). Most of the
fragments were found in 1st – 2nd c. AD
contexts.
Major, minor and trace oxides were
determined by laser ablation inductively
coupled plasma mass spectrometry
(LA-ICP-MS). The results indicate that
certain glass compositions typical for the
Early Roman period were distributed to
the Balkan provinces of the Empire –
emerald-green plant-ash based, cobaltblue and common Roman blue-green
glass, and antimony decolourized glass.
The trace oxide pattern of the analyzed
samples is compared to other known
Roman
and
late antique
glass
compositions from the Balkans.

focused on translucent deeply coloured
vessels but, due the high aesthetic quality
of the exemplars that often does not
allow sampling, few of them combine
archaeological and archaeometric data
obtained on mosaic glass. The finding of
highly fragmented glass mosaic samples
in the Domus of Tito Macro in Aquileia
(Italy) is a valuable opportunity to
investigate the production technologies
of these complex artefacts, by means of
an interdisciplinary approach. Therefore,
this contribution reports the results of the
archaeological
and
archaeometric
characterisation of five mosaic glass
artefacts dated to the early Roman times.
In particular, the small assemblage is
composed of three high-status objects
dated to 1st half of the 1st century AD (a
banded pyxis with a network mosaic
pattern, a composite mosaic sections
inlay and a cup of unknown type,
respectively) and two bowls of more
common technical level (types Isings 3
[1], Isings 1/18 [1]), all made of
polychrome glass. The archaeometric
characterisation was conducted by means
of optical microscopy (OM), Scanning
Electron Microscopy, coupled with
Energy-Dispersive X-ray Spectrometry
(SEM-EDS) and Electron Probe Micro
Analysis (EPMA). In each fragment,
several coloured glasses (blue, green,
yellow, white, red, purple, colourless)
with different degrees of opacity were
identified and, to ensure the complete
investigation of all coloured glasses, each
component was analysed as an individual
sample for a total of 22 analytical
samples. The base glass composition and
the colouring and opacifying techniques
identified are comparable to those
reported in the literature for the early
Roman times, however some internal
differences evidenced in the chemical

P-101. Roman mosaic glass
from the Domus of Tito Macro
in Aquileia (Italy):
An
archaeological
and
archaeometric
characterisation
Jairo Boschiero(1), Sarah Maltoni(1,2),
Alessandra
Marcante(1),
Gianmario
(1)
Molin and Alberta Silvestri(2)
(1) Department of Cultural Heritage, piazza
Capitaniato 3, 35100 Padova (Italy);
sarah.maltoni@gmail.com;
sarah.maltoni@unipd.it
(2) Department of Geosciences, University of
Padova, via G. Gradenigo 6, 35100 Padova
(Italy)

Deeply coloured and opaque glass was
particularly fashionable in the early
Roman centuries and several studies
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composition allow to shed light on the
complexity of the operative chain of
these composite objects.

baths, which have remained visible since
antiquity, our team has identified and so
far explored the remains of an
amphitheater and of residential quarters.
Excavation has revealed an abundant
presence of costly imported marble and
thousands of colored glass tesserae that
once were part of the luxurious
decoration of the villa but now are found
scattered throughout the site.
Since 2013 we have been conducting
archaeometric analysis on different
artifact samples. We concentrated
particularly on the analysis of the glass
tesserae, which span many shades of the
chromatic spectrum, including gilded
specimens. The study, conducted with
several analytical techniques, such as
scanning
electron
microscopy
(SEM-EDS) and inductively coupled
plasma (ICP-OES/ICP-MS), has allowed
us to detect exact amounts of major and
trace elements, and to obtain bulk
chemical composition data useful for the
identification of key catalysts that
produce variability in the color and
opacity of the glass.
Our final research goal is to determine
the coloring and opacifying agents of the
tesserae, as well as possible provenance
of the raw materials. The ongoing
scientific investigation of the glass
tesserae found at the “Villa degli
Antonini” has so far confirmed what is
known about Roman glass production
showing the typical natron based glass
matrix, and therefore it indirectly
reinforces the dating of these artifacts to
the 2nd century AD. This paper discusses
the results of the analyses conducted
particularly on the blue and white
tesserae.

[1] C. Isings, Roman glass from dated finds,
1957, Groningen-Djakarta.

P-102. Archaeometric
investigation of the glass
tesserae from the 'Villa degli
Antonini'
at
the
Ager
Lanuvinus
Deborah Chatr Aryamontri(1,3), Gregory
A. Pope(2,3), Matthew Gorring(2), Laying
Wu(4) and Nicolas Zarro(5)
(1) Department of Classics and Humanities,
Montclair State University, 1 Normal
Avenue, Montclair, NJ07043, USA
(2) Department of Earth and Environmental
Studies, Montclair State University, 1 Normal
Avenue, Montclair, NJ 07043, USA
(3) Center for Heritage and Archaeological
Studies, Montclair State University, 1 Normal
Avenue, Montclair, NJ 07043, USA
(4) Microscopy and Microanalysis Research
Laboratory, Montclair State University, 1
Normal Avenue, Montclair, NJ 07043, USA
(5) Montclair State University, 1 Normal
Avenue, Montclair, NJ 07043, USA

During six years of archaeological
investigation at the imperial “Villa degli
Antonini” located eighteen miles southeast of Rome, the Center for Heritage and
Archaeological Studies (CHAS) at
Montclair State University has brought to
light, together with important new
architectonic structures, a large quantity
of flooring and wall decoration elements.
In fact, although most of this residence of
the Antonine dynasty (138-192 AD) is
still largely unknown, in addition to the
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During the Roman and Byzantine period
in particular, Cyprus played an important
role in the trade of goods and commodity
items between the Mediterranean and the
Near East [3]. However, despite its
significant position – both geographical
and political – within the Roman Empire
and the abundance of Roman glass
vessels in Cypriot museums and
collections, there are no known
archaeometric studies on Roman glass
from Cyprus, except from one on
corrosion mechanisms [4]. There are only
two published articles on origins and
distribution of Cypriot glass from coastal
cities, however these involve glass dated
to the Byzantine period [5, 6].
Here we present the first scientific study
on Roman glass recovered from a Late
Geometric-Roman
rural
sanctuary,
Archaic-Roman (750 BC-AD 330)
chamber tombs at Mağara Tepeşi, and a
Roman-Ottoman settlement in the
Malloura Valley, in Athienou (central
Cyprus). Twenty-one glass fragments
dated to the Roman and early Byzantine
periods were examined. Major and minor
elements were measured using a
wavelength dispersive spectrometer
(WDS), and trace elements by a
quadrupole-laser
ablation-inductively
coupled
plasma-mass
spectrometry
(q-LA-ICP-MS). Our results indicated a
soda-lime natron glass, characteristic of
Roman technology. The majority of the
samples were de-colorized through the
intentional addition of antimony and/or
manganese, a practice commonly applied
during the Roman period [7, 8]. Trace
element analysis suggested two different
sources of sand for the production of
these glasses as well as minor mixing or
recycling. Comparison with published
chemical analyses on post-Roman glass
from coastal regions suggests similar

P-103. Roman and Early
Byzantine glass from Athienou
Malloura, Central Cyprus:
Production technology and
origins
Yuan Lin(1,2), Tianchi Liu(2,3), Michael
Toumazou(4), Derek B. Counts(5) and
Ioanna Kakoulli(1,2,6)
(1) Materials Science and Engineering
Department, University of California, Los
Angeles, 410 Westwood Plaza, 3111
Engineering V, Los Angeles, CA 90095-1595,
United States
(2) Molecular and Nano Archaeology
Laboratory, Henry Samueli School of
Engineering and Applied Science (HSSEAS),
University of California, Los Angeles, 410
Westwood Plaza, 1230B Engineering V, Los
Angeles, CA 90095-1595, United States
(3) Chemistry/Materials Science
Interdepartmental Program, University of
California Los Angeles, 607 Charles Young
Drive East, Los Angeles, CA 90095-1569
(4) Classics Department, Davidson College,
Box 7117, Davidson, NC 28035, United
States
(5) Art History Department, University of
Wisconsin Milwaukee, 3203 N. Downer Ave,
Mitchell Hall, Room 151, Milwaukee, WI
53211, United States
(6) UCLA/Getty Conservation Program,
Cotsen Institute of Archaeology, University of
California, Los Angeles, 308 Charles E.
Young Drive North A210 Fowler
Building/Box 951510, Los Angeles, CA
90095-1510, United States

The identification of glass production
technology, origins, and function are
pivotal to the reconstruction of ancient
societies and intercultural interactions.
As a small island at the juncture of the
Eurasian and African tectonic plates,
Cyprus was a contact point between great
empires throughout its history [1, 2].
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sources of raw materials used in glass
making, which sheds new light in the
current understanding of mode of glass
production and consumption between
inland and coastal regions in Cyprus.

P-104.
Mosaic
tesserae:
Analyses of Levantine, late
Roman and Byzantine glass
and gold

[1] Toumazou, M.K., R.W. Yerkes, and P.N.
Kardulias, Athienou archaeological project:
Investigations in the Malloura Valley,
Cyprus, 1990–1995. Journal of Field
Archaeology, 1998. 25(2): p. 163-182.
[2] Toumazou, M.K., P.N. Kardulias, and
D.B. Counts, Crossroads and boundaries: the
archaeology of past and present in the
Malloura Valley, Cyprus. 2011: American
Schools of Oriental Research.
[3] Gomez, B., et al., The source provenance
of Bronze Age and Roman pottery from
Cyprus. Archaeometry, 2002. 44(1): p. 23-36.
[4] Laubengayer, A., THE WEATHERING
AND IRIDESCENCE OF SOME ANCIENT
ROMAN GLASS FOUND IN CYPRUS1.
Journal of the American Ceramic Society,
1931. 14(11): p. 833-836.
[5] Freestone, I.C., M. Ponting, and M.J.
Hughes, The origins of Byzantine glass from
Maroni Petrera, Cyprus. Archaeometry, 2002.
44(2): p. 257-272.
[6] Ceglia, A., et al., Late antique glass
distribution and consumption in Cyprus: a
chemical study. Journal of Archaeological
Science, 2015. 61: p. 213-222.
[7] Sayre, E.V., The intentional use of
antimony and manganese in ancient glasses.
1963.
[8] Jackson, C., MAKING COLOURLESS
GLASS IN THE ROMAN PERIOD*.
Archaeometry, 2005. 47(4): p. 763-780.

Elisabetta Neri(1,2), Philippe Colomban(2),
Isabel Tissot(3) and Maria Filomena
Guerra(4)
(1) Sorbonne Universités, Université Paris
04, UMR 8167, Orient & Méditerranée,
Centre d’Antiquité Classique et Tardive,
Paris, France
(2) UPMC Université Paris 06, UMR 8233
CNRS, MONARIS, 2 Place Jussieu, 75005
Paris, France
(3) LIBPhys – Universidade Nova de Lisboa,
2829-516 Caparica, Lisbon, Portugal
(4) ArchAm – UMR 8096 CNRS and
Université Panthéon-Sorbonne, MAE, 21
allée de l’Université, 92023 Nanterre,
France

Eighty gold leaf and coloured opaque
tesserae selected from archaeological
sites in France, Germany, Italy, Albania,
Turkey, Syria and Israel, and covering
the period that goes from the 4th to the
10th century, were analysed by optical
microscopy, SEM-EDS, PIXE-PIGE, and
Raman microspectroscopy to search for
the composition and the structure of the
glass, the nature of pigments and
opacifiers, and the composition of the
gold leaves. Gold leaves of different
compositions showing iridescent colours
were also analysed by SEM-FEG-EDS
and µXRF to identify the corrosion
products.
The Raman signatures and the
composition of the glass are typical of
soda-lime-silica glass and showed the
presence of several opacifiers. For the
opaque and coloured tesserae, the use of
soda ash matrix glass and the presence of
calcium antimoniates, pyrochlore solid
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solution and cuprite in many samples
showed the continuity in a Roman
technological tradition. However, the
presence of cassiterite and quartz in
samples from the beginning of the 5th
century allowed distinguishing new from
reused tesserae by narrowing the dating
range. For the gold leaf tesserae, the
good match of the gold leaf compositions
with circulating monetary alloys [1, 2]
provided criteria that could be used to
date the production of the tesserae and to
confirm the separation between new
productions and re-used tesserae. Since
after the 7th century the circulation of
gold in the Byzantine Empire was less
controlled, that relation is harder to be
established.
The use of different types of raw glass
and different recipes of opacification
suggests the existence of several
workshops in the Eastern and Western
part of the Mediterranean.

P-105. Classification analyses
of Byzantine glass tesserae
V. Nikolaidis(1), N. Zacharias(2), S.
Stavroyiannis(1) and A. Oikonomou(3)
(1) Department of Finance and Accounting,
Technological Educational Institute of
Peloponnese, Antikalamos, Greece
(2) Laboratory of Archaeometry, Department
of History, Archaeology and Cultural
Resources Management, University of the
Peloponnese, Old Camp 24 133 Kalamata,
Greece
(3) University of Nottingham, Department of
Archaeology, University Park, Nottingham,
NG7 2RD, UK

The use of mosaics in architectural
embellishment was a long standing
practice since the Prehistory but an
acknowledged turning point in their
technological evolution was the invention
of mosaics whose design consisted of cut
tesserae– a word originated from Ancient
Greek τέσσαρες (téssares, meaning
“four”- shaped cubes between 0.5 and
1.5 cm, during the third century BC. The
advantages of glass tesserae versus stone
or ceramic material was the ability to
offer a range of colours and a glittering
quality which could heighten bold
contrasts in pictorial representations and
their earliest evidence, even if with a
limited application, is from the island of
Delos, dating back to the second c. BC;
however, the predominating use of glass
tesserae started for wall mosaics in the
Late Roman Epoch.
Glass tesserae analytical data oriented
from Byzantine monuments of Early and
Late Byzantine Era monuments from
Greece, Italy and Syria were recently
evaluated [1] by means of standard
statistical tools (bi-plots and principal
component analysis-PCA) aiming at the

[1] E. Neri, M. Verità, Glass and metal
analyses of gold leaf tesserae from the 1st to
the 9th century mosaics. A contribution to
technological and chronological knowledge,
Journal of Archaeological Science 40, 45964606, 2013.
[2] E. Neri, M. Verità, I. Biron, M. F. Guerra,
Glass and gold: analyses of 4th-12th
centuries Levantine mosaic tesserae. A
contribution
to
technological
and
chronological knowledge, submitted to
Archaeometry, 2015.
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formation of chemically associated
groups
and
towards
drawing
technological
and
provenancing
assignments.
The aim of the present study is to
introduce for first time in chemometric
analysis, the use of clustering and data
mining algorithms [2] for assisting the
evaluation of large populations of
analytical data such as those resulting
from studies of large assemblages of e.g.
glass, ceramic and metal artefacts.
Initial results provide similar trends on
the formation of statistical groups and
highlighted differentiations are discussed
within the typological and historical
framework of the material.

Palestine was a major producer and
exporter of natron glass during the early
1st millennium. The Muslim conquest in
the 7th century saw major political and
economic
adjustment;
however
immediate changes to material culture
were slight. This paper examines the
impact
of
the
Byzantine-Islamic
transition on the natron glass industry of
Palestine from the 7th to 12th century.
A series of 133 well-contextualised glass
vessels from selected excavations in
modern day Israel have been analysed for
major, minor and trace elements using
ICP-MS. These glasses are assigned to
previously
established
primary
production groups. This allows the
elucidation of the chronology of key
changes in glass production in the region.
Results indicate a relatively abrupt
compositional change in the late seventh
– early eighth centuries, which marks the
end of “Byzantine” production and the
establishment of the furnaces at Bet
Eli’ezer. At about the same time there is
an influx of glass from primary furnaces
in Egypt. Production at Bet Eli’ezer
appears to have been limited to a short
time span, perhaps 50 years, after which
natron glass production in Palestine
ceased.
Plant ash glass is first
encountered in the late 8th century, likely
as a result of reduced local natron
production, while Egypt continued to
produce natron glass for up to a century
after its demise in Palestine. It is
reasoned that the change and then
collapse in natron glass production in
Palestine likely resulted from a reduction
in the quantities of available natron. This
effected Palestine first, and Egypt 100
years later. This suggests that the factors
affecting the reduction in natron supply
were long term and gradual, and not short
term events.

[1] A. Moropoulou, N. Zacharias, E.T.
Delegou, B. Maróti and Zs. Kasztovszky,
Analytical and Technological Examination of
Glass Tesserae from Hagia Sophia,
Microchemical Journal 125, 2016, 170-184.
[2] V.N. Nikolaidis, I.A. Makris and S.
Stavroyiannis, ANS-based preprocessing of
company performance indicators, Global
Business and Economics Review, 15, 2013,
49-58.
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supply in early Islamic
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(1) UCL Institute of Archaeology, 31-34
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(3) IRAMAT-CEB, UMR 5060, CNRS/Univ.
Orleans, Orleans, France
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P-107.
Colourants
opacifiers
of
tesseraefrom
the
Mosque of Damascus

textural, morphological and chemical
characterization of colourants and
opacifiers. XRD was also provided on
selected samples to allow a better
discrimination of the opacifying phases.
The identification of colourants and
opacifiers has, firstly, allowed obtaining
meaningful
information
on
the
production technology of the tesserae
through the comparison with data
reported in the literature [5-14].
Furthermore, a pilot cross-linked
matching between the detected opacifiers
and the presumable compositional groups
the tesserae belong to has permitted
formulating an intriguing hypothesis
concerning the attribution of the samples
to
explicit
chronological
and
geographical contexts.
Given the relevance of obtained data, the
set of samples is currently undergoing
new research in order to confirm the
formulated hypothesis through a more in
depth characterization of the tesserae.

and
glass
Great

Mariangela Vandini(1), Sara Fiorentino(1)
and Tania Chinni(2)
(1) University of Bologna – Department of
Cultural Heritage – via degli Ariani 1,
Ravenna
(2) University of Bologna – Department of
History and Cultures – piazza S. Giovanni in
Monte 2, Bologna

This poster will discuss the preliminary
results of scientific analyses performed
on a set of glass tesserae from the Great
Mosque of Damascus.
Masterpiece of the Islamic architecture,
the Mosque was committed by the
Umayyad caliph al-Walīd I and built
between 705 and 712 AD [1, 2]. The
surfaces of the building are decorated by
fine and sumptuous mosaics, originally
probably made by Byzantine artisans
[3, 4] and interested by several
restoration works from Medieval to
Modern times.
This study case, dedicated to a
preliminary characterization of 18
opaque coloured glass tesserae, roots its
relevance in the captivating story of the
Mosque itself. In fact, having they been
collected as “open-context” material
from the warehouses of the religious
building, it is quite challenging to
establish whether these tesserae belonged
to the original mosaic decoration or not.
In order to address this issue, the set of
samples was studied through a multianalytical approach. All tesserae were
preliminary observed and documented by
OM and VIS-RS. SEM-EDS analyses
were then performed, for a micro-

[1] R. Grafman and M. Rosen-Ayalon, ‘The
Two Great Syrian Umayyad Mosques:
Jerusalem and Damascus’, Muqarnas, vol.
16, p. 1, 1999.
[2] M. Hattstein and P. Delius, Islam: arte e
architettura. Koln: Könemann, 2001.
[3] J. Henderson, Ancient glass: an
interdisciplinary exploration. Cambridge:
University Press, 2013.
[4] S. Carboni and D. Whitehouse, Glass of
the Sultans. New York: Metropolitan
Museum of Art, 2001.
[5] A. Moropoulou, N. Zacharias, E. T.
Delegou, B. Maróti, and Z. Kasztovszky,
‘Analytical and technological examination of
glass tesserae from Hagia Sophia’,
Microchem. J., vol. 125, pp. 170–184, Mar.
2016.
[6] R. Abd-Allah, M. Arinat, and A. Shiyyab,
‘Byzantine glass mosaics excavated from the
“Cross Church”, Jerash, Jordan: an
archaeometrical
investigation’,

228

41st INTERNATIONAL SYMPOSIUM ON ARCHAEOMETRY
Medieterranean Archaelogy Archaeom., vol.
14, no. 2, pp. 43–53, 2014.
[7] A. Silvestri, S. Tonietto, G. Molin, and P.
Guerriero, ‘The palaeo-Christian glass
mosaic of St. Prosdocimus (Padova, Italy):
Archaeometric characterisation of tesserae
with copper-or tin-based opacifiers’, J.
Archaeol. Sci., vol. 42, no. 1, pp. 51–67,
2014.
[8] F. Marii and T. Rehren, ‘Levantine Glass
of Petra Characteristics’, in Annales du 18e
Congrès de l’Association Internationale pour
l’Histoire du Verre, Thessaloniki 2009, 2012,
pp. 277–83.
[9] N. Schibille, P. Degryse, M. Corremans,
and C. G. Specht, ‘Chemical characterisation
of glass mosaic tesserae from sixth-century
Sagalassos (south-west Turkey): chronology
and production techniques’, J. Archaeol. Sci.,
vol. 39, no. 5, pp. 1480–1492, May 2012.
[10] A. Silvestri, S. Tonietto, G. Molin, and
P. Guerriero, ‘The palaeo-Christian glass
mosaic of St. Prosdocimus (Padova, Italy):
Archaeometric characterisation of tesserae
with
antimony-or
phosphorus-based
opacifiers’, J. Archaeol. Sci., vol. 39, pp.
2177–90, 2012.
[11] R. Arletti, C. Fiori, and M. Vandini, ‘A
Study of Glass Tesserae From Mosaics in the
Monasteries of Daphni and Hosios Loukas
(Greece)’, Archaeometry, vol. 52, no. 5, pp.
796–815, 2010.
[12] M. Tite, T. Pradell, and A. Shortland,
‘Discovery, Production and Use of Tin-Based
Opacifiers in Glasses, Enamels and Glazes
From the Late Iron Age Onwards: a
Reassessment’, Archaeometry, vol. 50, pp.
67–84, 2007.
[13] M. Vandini, C. Fiori, and R. Cametti,
‘Classification and Technology of Byzantine
Mosaic Glass’, Ann. Chim., vol. 96, no. 9–
10, pp. 587–599, 2006.
[14] M. T. Wypyski, ‘Technical Analysis of
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P-108. Late Antique and
Medieval glass in northern
Apulia:
San
Giusto,
Montecorvino
and
San
Lorenzo in Carmignano
Elisabetta
Gliozzo(1),
Francesca
(2)
Giannetti , Roberta Giuliani(2), Anna
Ignelzi(2) and Maria Turchiano(2)
(1) Department of Earth, Environmental and
Physical Sciences, University of Siena
(2) Department of Humanities, University of
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In the framework of the archaeometric
research on Apulian glass, three new
collections have been investigated. The
first one includes 35 vessels, found in the
Late
Antique
phases
of
the
archaeological site of San Giusto. The
second and the third collections include a
total of 51 vessels, found in the Medieval
sites of Montecorvino and San Lorenzo
in Carmignano. The three archaeological
sites are all located in the actual province
of Foggia (Fig. 1) and have been the
objects of systematic archaeological
excavations, performed by the University
of Foggia.
All collections include both coloured
(red, yellow, green and light blue) and
colourless vessels, dated from the 4th to
the 15th century AD. Samples were
examined by means of scanning electron
microscopy
(SEM-EDS),
electron
microprobe (EMPA) and laser ablation
inductively coupled plasma mass
spectrometry (LA-ICP-MS). The results
are discussed in the light of the
researches completed for Apulian glass
collections from Canosa, Faragola,
Ordona and Siponto. With respect to
previous researches, the study of figure
engraved productions has surely provided
229

KALAMATA, 15-21 MAY 2016
an insight on these particular, valuable
and widely produced (Rome, Rhaetia,
Pannonia and Cologne) type of glass,
furthermore, the study of medieval
productions has surely increased our
knowledge of plant-ash based glass in
this territory. Moreover, the high number
of samples made of colourless glass
helped précising chronology and
diffusion of the different decolouring
techniques in northern Apulia. Lastly, the
red glass found at Montecorvino and San
Lorenzo in Carmignano has been studied
and discussed in the wider context of
available studies on ancient red glass.

Central Asia, as well as products of their
own workshops that have arisen under
influence of Glassware Central Asia to a
greater extent.
The whole complex of glass products of
monuments of the Golden Horde can be
seen as a consequence of the relocation
of masters in the Mongol conquest and as
a manifestation of the technological
expansion of the Silk Road and its lateral
branches - Volga Route from the Caspian
Sea to the Baltic.
These data are confirmed by the
geography of glass products, the same
style, shape, decoration and technology
of their performance, but, to a greater
extent, by the chemical composition of
the glass.
Scanning electron microscopy (SEM)
and X-ray fluorescence analysis (XRF)
were used to determine the chemical
composition of 192 products from the
cities of the Golden Horde - Sarai-Batu
(Tsarevo), Bulgar, Golden Horde Bilyar,
Majar, Samosdelka, Tandykskoe, Sakar
Chaga, Kunya Urgench and of burial
Golden time Western and Eastern
Siberia.
The results show technological links
between different production centers,
above all, the distribution of technical
ideas on the trade routes in the Middle
Ages. The most significant example of
this process is the glassmaking centers in
the capital of the Golden Horde - Sarai
Batu (Tsarevo) and in the city of Bulgars.

Figure 1. The geographical location of the
archaeological sites under investigation.

P109. Glass Golden Horde:
Morphology,
technology,
chemical composition
SvetlanaValiulina(1)
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One of the best components of the
Golden Horde Glass syncretic culture of
mid 13th – 14th c.: tableware, lighting,
decoration. These products are imports
from Egypt, Syria, China and cities in
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This work is devoted to studying the
chemical and isotopic composition of 14
glass bottles with stamps, discovered in
various archaeological layers. All
artifacts are lime – ash (potash) glass.
The objects can be divided into three
main groups. A first group has low iron
and sodium contents, a second group has
elevated iron, copper and silver contents
and a third group is characterized by an
increased content in sodium. Sr-Nd
isotopic analysis indicates the use of
various sources of silica and flux raw
materials for the manufacture of these
glasses.

P-110. Analytical studies of
post medieval glass bottle
marks from excavations at
Kazan Kremlin (Russia)
R. Khramchenkova(1,2), P. Degryse(3), A.
Sitdikov(1,2) and A. Kaisin(4)
(1) Kazan Federal University, Russia
(2)Institute of History of Tatarstan Academy
of Science, Russia
(3) KU Leuven, Belgium
(4) Vyatka State University of Humanities,
Russia

Post medieval glass artifacts are
interesting archaeological
materials
which provide historical information on
the life and culture of urban populations.
Archaeological excavations on the
territory of the Kazan Kremlin, a
UNESCO World Heritage site, revealed a
number of glass artifacts dating to
different periods. Among the finds were
glass adornments, fragments of windows,
bottles and glassware, of which many
bottles
were
stamped.
Russian
manufacturers began to put stamps on
packaging as of 1744, when the
Governing Senate issued a Decree on the
obligatory branding of all products. The
investigated finds from the Kazan
Kremlin excavations are dated from the
late 18th to 19th centuries. Two stamps
have the exact date of 1822 and 1884.
About half of the glass marks are clearly
of Russian origin. Among the artifacts is
one stigma with the sign "LONDO", a
fake from the territory of Western Russia
dating to the late 18th ¬early 19th
century. Two samples have an inscription
«HAUT / OMC / SAUTERNE», French
wine bottles with Sauterne branded in the
first third of the 19th century.

P-111.
Multi-technique
imaging
of
Medieval
decorated glass
David Dungworth(1)
(1) Historic England

Glass was widely used in northern
Europe for glazing churches. This glass
was sometimes colourless (or nearly
colourless) but often used deliberately
coloured glass (reds, greens, blues, etc)
to produce decorative effects. In addition
some glass was provided with a surface
decoration.
The
paint
usually
incorporated a range of metallic oxides
which was fixed to the glass by firing.
Ecclesiastical glass was painted with a
range of biblical subjects (Christ, angels,
apostles, etc) as well as contemporary
figures (patrons, monarchs, patrons, etc).
Much of this glass was produced in
northern Europe using plant ashes (forest
glass). Forest glass contains a wide range
of oxides and often contains such low
levels of silica that it is not durable. In
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mid-17th century when the industry
relocated with the transition to coal fuel.
Previously Chris Welch and Paul Linford
located and excavated fifteen furnaces in
the Bagots Park area for archaeomagnetic
dating [1]; the dates obtained spanned a
range from the 12th to the 16th centuries
AD. Surface finds were also collected,
comprising glass waste and the
fragmentary pots or crucibles in which
the glass was heated. The aim of this
study is to establish a compositional
chronology for the glass and the pots
used by the glassworkers in Bagots Park,
by analysing surface finds from each of
these dated sites using SEM-EDS. This
chronology can be used to:
• Better understand how the glass
industry developed in England, by
comparing the glass and crucible
chronology for Bagots Park with one
being established for the south of
England [2, 3].
• Investigate the supply of glass in
medieval England, by comparing the
glass from these production sites to
analyses of contemporary glass objects,
predominantly windows [4, 5].
• Estimate the date of furnaces by
examining surface finds, without the
need for excavation, so decisions can be
made about how to manage and protect
the remains in future.

extreme cases this glass can suffer from
extensive corrosion lose its translucency
as the glass corrodes. The effect of this
corrosion can obscure the original
decoration to varying degrees. This paper
will present the results of multi-technique
imaging of medieval decorated glass.
This
will
include
conventional
photography, x-radiography and scanning
X-ray fluorescence.

P-112. History, archaeology
and archaeometry: Tools for
characterising and protecting
the remains of the English
glass industry
Sarah Paynter(1), Paul Linford(1) and
Chris Welch(2)
(1) Historic England, Fort Cumberland, Fort
Cumberland Road, Eastney, Portsmouth,
PO4 9LD
(2) Historic England, Eastgate Court,195205 High Street, Guildford, GU1 3EH

Throughout the first millennium AD
there is ample evidence for glassworking
in England but little indication for glass
being made from the raw materials. By
the 12th century AD however, a
burgeoning industry was making glass
from plant ashes in wood-fuelled
furnaces,
particularly
in
central
Staffordshire in the north of England, and
the Weald in the south. Historical
accounts show that this glass was utilised
in significant buildings, including York
Minster and Windsor [1]. The remains of
these furnaces are threatened by changes
in land use. Many of them are of
unknown date, although they predate the

[1]
P.
Linford
and
C.
Welch,
Archaeomagnetic analysis of glassmaking
sites at Bagot’s Park in Staffordshire,
England, Physics of the Earth and Planetary
Interiors 147, 209–221A, 2004.
[2] S. Paynter, The Importance of Pots: The
role of refractories in the development of the
English glass industry during the 16th/17th
centuries. In D. Ignatiadou and A. Antonara
(eds) Annales du 18e Congrès de
l’Association Internationale pour l’Histoire
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du Verre (Thessaloniki 2009). Thessaloniki:
ZITI Publishing, 2012.
[3] D. Dungworth and C. Clark, SEM-EDS
Analysis of Wealden glass. English Heritage
Research Report 54/2004, 2004
[4] A. Meek, J. Henderson, J. Evans, Isotope
analysis of English forest glass from the
Weald and Staffordshire, Journal of
Analytical Atomic Spectrometry 27, 786-795,
2012.
[5] I. Freestone, J. Kunicki-Goldfinger, H.
Gilderdale-Scott and T. Ayers, Multidisciplinary Investigation of the Windows of
John Thornton, focusing on the Great East
Window of York Minster. In M. B. Shepherd,
L. Pilosi and S. Strobl (eds) The Art of
Collaboration: Stained Glass Conservation in
the Twenty-First Century. New York: Henry
Miller for the CVMA, 2010.

an ancillary structure, possibly for
annealing.
Most significantly there were a series of
floors within the cone, of compacted
earth, flagstone and brick. Each floor
contained glass working waste, which
appeared to be in-situ and vary
chronologically: the earliest material
being green, whereas the later material
colourless, pale purple and green. There
also appeared to be variation in the type
of vessel being made. However there
were no datable examples.
A large quantity of glass was found
adjacent to the cone but this appeared to
be dominated by broken vessels, as
opposed to waste, though the colours
were similar to the material in the
working floors.
The waste from the cone was prioritized,
characterising both form and composition
of the waste and the products from each
period, represented by the consecutive
floors. By chemical analysis of the waste
(SEM-EDS
and
EDXRF)
and
comparison with the fragmentary
products in the same colours, HLLA
(high lime low alkali) glass making for
bottles [1] was established from the earth
floor material [1]. A mixed alkali glass
was evidenced on the flagstone and brick
floors, possibly for the manufacturing of
phials and apothecary bottles [2], some
examples showing that lead glass may
have been used as cullet [3]. On the brick
floor, a high lead glass (<30 wt. %) for
the production of fine tablewares [4].
Documentary evidence states the cone
had a short working life, built in 1692
and collapsing in 1785 [5]. Analysis of
the glass shows bottle and flint
production in various forms until the
middle of the 18th century, when sheet
glass manufacturing and further change
of ownership leaves no evidence.

P-113.
HARLESTONE:
evidence from a lost 17th
century glasshouse cone
Vanessa
Castagnino(1)
(2)
Churchill

and

Kate

(1) The Department of Archaeology,
University of York, YO1 7EP, UK
(2) Nexus Heritage, Eastham, Cheshire,
CH62 0BJ, UK

In the heart of the Stourbridge
glassmaking industry, one of the earliest
examples of a late 17th century glass
cone, thought to have been destroyed by
a later dwelling, came to light during a
community excavation in 2014. The
initial trench revealed a stepped wall
delineating half of the perimeter of the
cone, with what appears to be a
supporting buttress and part of the
furnace foundations within the cone
structure. One end of an intact flue was
uncovered along with the foundations of
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[2] Charleston, R. J. English glass: and the
glass used in England, circa 400-1940. Allen
& Unwin. 1984.
[3] Brill, R.H and Hanson, V.F. ‘Chemical
analyses of the Amelung glasses’. Journal of
Glass Studies 18 216-37. 1976.
[4] Dungworth, D., & Brain, C. ‘Late 17 thcentury crystal glass: an analytical
investigation’. Journal of Glass Studies, 51,
111. 2009.
[5] Guttery, D. R. From Broad-glass to Cut
Crystal: A History of the Stourbridge Glass
Industry. Leonard Hill. 1956.

The assemblage consists of 41 glass
fragments of thick-walled vessels and
glasses. The vast majorityof the samples
is colourless or has a slight yellow tinge,
and only 7 have a blue or green hue. The
chemical composition of the samples was
estimated using SEM/EDS analysis. Iron
and copper are the main colourants for
green and blue glass respectively. The
colourless
glasses
contain
no
decolourizer, suggesting that the lack of
colour is a result of the very careful
selection of raw materials.
The preliminary results of the analysis
indicate
significant
variations
in
composition among the samples,
especially in regards to the alkali source:
mineral natron, plant-ash and mixedalkali samples are identified among the
assemblage. Moreover, one high-lead
glass has also been identified.
The chemical composition of the glass
fragments produces a complex image
with the presence of multiple glass types,
which can serve as an indication of the
use of the bathhouse for a long period.
The thorough analysis of the results can
lead to a more clear determination of the
construction time and period of use of the
bathhouse. Moreover, the identification
of the likely provenance of the glass can
provide with valuable information
regarding the production and trading
network of glass for the city of
Kyparissia, SW Peloponnese during the
Ottoman rule.

P-114.
Analysis
and
technology of glass finds from
an
Ottoman
bathhouse
(hamam)
in
Kyparissia,
Greece
E. Palamara(1)and N. Zacharias(1), Sophia
Germanidou(2)
and
Konstantina
Gerolymou(2)
(1) Laboratory of Archaeometry, Department
of History, Archaeology and Cultural
Resources Management, University of the
Peloponnese, Old Camp 24 133 Kalamata,
Greece
(2) Ephorate of Antiquities of Messenia,
Ministry of Culture, Papazoglou 6 &Benaki,
24 100 Kalamata, Greece

The current project focuses on the nondestructive chemical analysis of an
assemblage of glass samples, recovered
from an Ottoman bathhouse (hamam) in
Kyparissia, Greece. The construction
time of the bathhouse according to the
excavation data is estimated in the 17th c.
AD.

[1] S. Germanidou - K. Gerolymou, The
hamam of Kyparissia, western Messinia: an
unknown Ottoman bath and its structural
parts within the frame of local Ottoman
architecture and topography, (in) R.
Ousterhout – R. Holod -L. Haselberger (ed.),
Proceedings of the International Conference
“Against Gravity”. Building Practices in the
pre-industrial world (20-22 March 2015),
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University of Pennsylvania, Philadelphia
(forthcoming). [2]K. Gerolymou, Clay
tobacco pipes from two Ottoman baths in
Messinia, Peloponnesiaka 31 (2014), 499-516
(in Greek with English summary).

the archaeological site ClFi-10. It shows
that a combination of these methods
provides details about the manufacture of
beads (type of glass, introduction of
opacifiers and colorants, heating
temperature, etc.) and that it is possible
to differentiate between white beads
based on their major chemical elements
and then to subdivide them using trace
elements. These subgroups show a
correlation with stratigraphy and spatial
distribution of the beads within the site.
Following these results, the project was
extended to beads found in sites across
Quebec and in Europe, especially from
the Atlantic coast, with the aim to
reconstitute trade routes from Europe to
Canada and, through the First Nation
networks in Canada.
In this paper, we present the results
obtained in the pilot study and
preliminary results from the extended
project.

P-115. Small objects, big
potential:
Investigating
European trade glass beads
between Canada and Europe
Adelphine Bonneau(1), Réginald Auger(1),
Bernard Gratuze(3) and Jean-François
Moreau(3)
(1) Laboratoire d’archéologie historique,
Université Laval, 2325, rue de l'Université,
Québec (Québec) G1V 0A6 Canada
(2) IRAMAT UMR 5060 Centre ErnestBabelon, 3D rue de la Férollerie, F-45071,
Orléans Cedex 2, France
(3) Laboratoire d’archéologie, Département
des sciences humaines, Université du Québec
à Chicoutimi, 555 boul. de l'Université,
Chicoutimi (Québec) G7H 2B1Canada

P-116. Glass finds from the
territory of the Kazan
glassworks (18th-19th century,
Russia)

Hundreds of pounds of glass beads were
imported by European traders and used
as exchange “money” with First Nations
communities, during the 17th and the 18th
centuries. Once acquired, these beads
were used as bracelets, necklaces, cloths
ornament, etc., or bartered with other
Native groups.
Nowadays, these beads are found by the
thousands on archaeological sites in
Canada and can be a privileged tool to
determine the techniques used to make
them and, to investigate trade networks
in North America.
A pilot study combining microscopy,
Raman
spectroscopy,
instrumental
neutron activation and LA-ICP-MS was
conducted on ten white glass beads from

R. Khramchenkova(1,2) , P. Degryse(3), A.
Sitdikov(1,2), P. Kaplan(1) and A. Kaisin(4)
(1) Kazan Federal University, Russia
(2)Institute of History of Tatarstan Academy
of Science, Russia
(3) KU Leuven, Belgium
(4) Vyatka State University of Humanities,
Russia

The history of the Kazan glass factory
remained largely unexplored due to an
absence of archival information. Already
in 1808 there was an area called
"Glassworks" on the peninsula near the
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river port of Kazan. The approximate
time of creation of the factory was placed
no earlier than 1780 according to
historical research. Most of the peninsula
where the factory was situated, including
the factory itself, was flooded after the
construction of the Kuibyshev Reservoir
in 1957. Glass artifacts found in the area
are mostly fragments of glass containers
of different colors. Among the findings,
there are samples with labels that gave
the opportunity to determine the
approximate time of their production, all
during the second half of the 18th to the
19th century.
Chemical and isotopic analysis of the
glass fragments found on the territory of
the former glassworks are described in
this paper. According to the content of
potassium oxide all findings can be
divided into three main groups. A first
group is the largest and includes 68% of
all samples. The glass of this group
contains from 2.5 to 9% potassium oxide.
Glass of a second compositional group
contains
high
concentrations
of
potassium oxide of 13 -20% and arsenic
oxide 0.05-0.6%, and low concentrations
of iron oxide – less than 0.15%. The
samples of both groups were made of
potassium-calcium glass. Glass of a third
compositional group has a low content of
potassium oxide (less than 2.66%) and is
lime–sodium glass. There are also two
standalone samples, one of which has a
deep purple, almost black, color. In
addition to the great content of
manganese
oxide,
it
has
high
concentration of zirconium (0.13%
oxide). These chemical data show
differences in the glass used both in
terms of recipe and in terms of raw
materials used. The third glass
compositional group is most likely the
Kazan glassworks production, and is

basically container glass of average
quality. Around 20% of the finds belong
to this group. A fragment of a bottle with
lettering ‘Φ.ΓΡΦΧ(Ε)’ is part of it. Most
probably it is glass of the second half of
the 19th century, when Russia began to
produce soda ash. The rest of the findings
may be glass debris, collected at the
factory.

P-117. Developing the in situ
pXRF analysis of Medieval
stained glass
Laura Ware Adlington(1), Ian
Freestone(1) and Léonie Seliger(2)

C.

(1) UCL Institute of Archaeology, 31-34
Gordon Square, London WC1H 0PY
(2) The Cathedral Studios, 8A The Precincts,
Canterbury CT1 2EG

Stained glass windows are amongst the
most important and treasured features of
Medieval architecture, yet our knowledge
of their production and technological
history is limited.
Analytical techniques can be used to
better understand these, but unfortunately
the situation of most windows requires
the application of non-destructive in situ
methods such as pXRF, which can be
problematic in practice. While glass is
flat, therefore potentially offering
favourable geometry for surface analyses
by pXRF, the large area of the face of the
spectrometer (irrespective of the brand
and model used) frequently prevents the
spectrometer from touching the glass
surface due to the presence of the lead
cames connecting the individual glass
pieces. The resultant inability to control
the distance between the glass and the
detector severely limits the glass pieces
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(4) Synchrotron Light Research Institute, 111
University Ave., Muang District, Nakhon
Ratchasima 30000, Thailand
(5) LVR-LandesMuseumBonn, Colmanstr.
14-16, D-53115 Bonn, Germany

that may be analysed with an acceptable
degree of precision and accuracy.
We have experimented with a spacer,
which can be placed on the face of the
spectrometer to maintain a constant
distance between the glass surface and
the X-ray detector, bypassing the lead
cames to allow the analysis of nearly any
glass piece in a stained glass panel. Tests
confirm that, as anticipated from first
principles, the greater distance between
the spectrometer and the glass reduces
the measured intensity, limits the analysis
of the lightest elements analysed, and
increases the limits of detection.
However, counting times can be
extended so that calibrations using
reference standards can still be applied to
quantify the data.
Three panels from the 12th century
Ancestors of Christ series from
Canterbury Cathedral were analysed
using an Innov-X/Olympus Systems
Delta Premium DP6000CC pXRF
spectrometer fitted with the 5mm spacer.
The successful application of the spacer
demonstrates the potential of pXRF for
the characterisation of medieval stained
glass and the study of its technology and
production.

The corrosion of glass is a very complex
process as it depends on external
conditions (micro-climate, pollution) as
well as on the composition of the glass
(color, content of potassium etc.). While
the basic mechanisms of the degradation
process seem to be understood, there are
still several open questions that should be
answered for finding the “best” method
for restoration and conservation of
historic glass.
Because of its special properties (high
intensity,
collimation,
continuous
spectrum from the Infra-red to the hard
X-ray region) synchrotron radiation (SR)
based techniques allow the detailed and
(at least in principle) non-destructive
chemical
characterization
of
the
weathering crust but also of the “pristine
glass”. Two SR-based techniques have
been applied for this study: synchrotronradiation excited X-ray fluorescence (SRXRF) and X-ray absorption near edge
structure (XANES) spectroscopy. SRXRF allows the (semi-quantitative)
determination
of
the
elemental
composition of the samples incl. minor
and
trace
elements.
XANES
spectroscopy
provides
detailed
information
about
the
chemical
speciation of the elements of interest and
thus direct information about corrosion
processes. By focussing the incoming
X-ray beam and the fluorescence

P-118. High tech for old
shards: Synchrotron radiation
based techniques for the
investigation of stained glass
J. Hormes(1,2), M. Kleine(3), G.-L.
Bovenkamp-Langlois(2), W. Klysubun(4)
and R.W. Schmitz(5)
(1) Institute of Physics, Bonn University,
Nussallee 12, D-53115 Bonn, Germany
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radiation, both techniques can be used for
2d or 3d measurements (depth profiles!).
In this contribution, we present several
examples for the (also 3d-) applications
of SR-XRF and XANES experiments for
the analysis of pristine glasses and the
corresponding corrosion products from
different production times and origins:
starting from some Celtic glasses (~ 300
B.C.), glasses from the Cathedral in
Paderborn (~ 12th century), the Cathedral
in Chartres (~ 1230 A.D.) and glass from
a window from the Cathedral in Seville
(16th century). The Seville glass was
cleaned using 3 different techniques:
(a) mechanically using a spatula,
(b) “chemically” using EDTA, and
(c) mechanically using a diamond file
and corrosion products and the pristine
glass could be measured separately.

P-119. Biodeterioration
archaeological glass

analyzed to determine the presence of
this deterioration mechanism. The
archaeological glasses analyzed in this
research date to the Roman and
Byzantine periods. Analysis was
conducted to characterize the chemical
composition and topography of ancient
glass samples with the use of scanning
electron microscopy and portable x-ray
fluorescence spectroscopy. Imaging at
different scales and resolutions with
elemental characterization provided
meaningful results on the surface
morphology and chemistry of both the
bulk and weathered areas. Based on the
condition of some of the glasses they
seem to exhibit degradation patterns
similar to those described as biologically
induced deterioration. Overall three
distinct deterioration patterns were
observed in the archaeological samples.
The first pattern involved circular pitting
with concentric rings around a central pit
and semi-circular pits in consecutive
rows; the second pattern involved the
presence of etched lines; and the third
pattern showed the presence of
manganese in a dendritic shape.
Modern glass samples were also created
for this study based on ancient recipes
and were placed in petri dishes with
sulfuric and oxalic acid in order to
simulate potential corrosion from acids
produced by microorganisms. It appears
oxalic acid, in a dilute solution, has the
ability to corrode glass in similar circular
patterns as those found on the
archaeological glass samples. The results
from this study indicated the corrosion of
these archaeological glass samples is
possibly due
to biodeterioration.
However, the
research on the
biocorrosion of archaeological glass is in
its adolescence and future research in this
field is necessary to fully understand the

of

William Shelley(1), Nikolaos Zacharias(2)
and Ioanna Kakoulli(1)
(1) UCLA/Getty Master’s Program A210
Fowler Building 951510 308 Charles E.
Young Dr. North University of California,
Los Angeles, CA USA 90095
(2) Laboratory of Archaeometry, Department
of Hisotry, Archaeology and Cultural
Resources Management, University of the
Peloponnese, Old Camp 24133 Kalamata,
Greece

This research investigates the physical
manifestation and chemical mechanisms
and processes of biologically induced
corrosion of archaeological glass.
Archaeological glass samples from
Greece, Cyprus, and Egypt that showed
signs of biological corrosion were
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processes ofcorrosion of archaeological
glass due to microorganisms.
[1]
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N.,
et
al.
(2006).
"Biodeterioration of historic stained glasses
from the Cartuja de Miraflores (Spain)."
International
Biodeterioration
&
Biodegradation 58.3: 155-161.
[2] Koestler, R. J., E. D. Santoro, L. Ransick,
R. H. Brill and M. Lynn (1987). Preliminary
scanning electron microscopy study of
microbiologically induced deterioration of
high alkali low-lime glass. Biodeterioration
Research 1, Springer: 295-307.
[3] Mellor, E. (1924). The decay of window
glass from the point of view of lichenous
growths. Journal of the society of glass
technology, 8, 182-186.
[4] Piñar, G., M. Garcia-Valles, D. GimenoTorrente, J. L. Fernandez-Turiel, J. Ettenauer
and K. Sterflinger (2013). "Microscopic,
chemical,
and
molecular-biological
investigation of the decayed medieval stained
window glasses of two Catalonian churches."
International
biodeterioration
&
biodegradation 84: 388-400.
[5] Tennent, N. (1981). "Fungal growth on
medieval glass." Journal of the British
Society of Master Glass Painters 17: 64-68.

Since ancient times cobalt compounds
have been extensively used to obtain
deep blue colorations in glass [1]. Even
though the references about the first use
of cobalt in glass are not in
agreement [2], it could be attested during
the Egyptian Eighteen Dynasty [3].
Starting from the XVIII century, the
developments in chemistry introduced
the use of pure CoO and cobalt became
the most diffused coloring agent used to
produce blue glasses.
Optical spectroscopies are a useful and
non-invasive tool for the investigation of
glass and the present study aims to focus
on the application of Fiber Optic
Reflectance Spectroscopy (FORS).
As changings in glass manufacture along
the centuries (mainly concerning the use
of fluxes) are considered fundamental to
evaluate
the
period
of
glass
production [4], the effects of different
fluxes on the absorbance spectra of some
modern blue glasses have been studied.
The absorbance spectra in the visible and
near-IR regions of glasses containing
Co(II) complexes are characterized by
the peculiar absorption bands due to
ligand field d-d electronic transitions [4]
and the positive/negative band shifting
due to the presence of different fluxes
(potash or soda) have been discussed in
literature [5, 6].
The relationships between the silica
network, the different fluxes and
stabilizers and the cobalt complex has
been identified as the main reason for
some discrepancies in literature, and the
results suggested a relevant role of the
flux on the equilibrium between tetraand esa-coordinated Co(II). Moreover,
the influence of an important marker for

P-120. Glass characterization
through
spectroscopic
investigations of the Co(II)
complex
Cristina Fornacelli(1), Susanna Bracci(2),
Andrea Ceglia(3) and Isabella Turbanti(1)
(1) University of Siena, Department of
Physical sciences, Earth and Environment,
Siena, Italy
(2) Institute for Conservation and
Valorization of Cultural Heritage (ICVBC),
National Council of Research (CNR), Sesto
Fiorentino, Florence, Italy
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modern glass, such as zinc oxide, on the
intensity of the Co(II) sub-bands in the
visible region has been investigated.
In conclusion, the present work aims to
offer a more detailed investigation of the
spectroscopic features of cobalt glasses,
suggesting an improved tool to
discriminate between ancient, early
modern and modern glasses.

For centuries, copper-red was used as a
decorative element in glass art. Examples
for the use are widely spread – they range
from Roman to Chinese Sang de bœf
glass to medieval opaque-red and copper
ruby glasses. Although the methods of
production are empirically understood,
the chemical and physical cause of the
opaque color is still widely discussed.
Since W. Weyl offered different probable
explanations for the opaque red
coloring [1],
many
researchers
contributed mostly by adding scientific
evidence for the presence of cuprous ions
or metal copper particles in the opaque
red samples. The techniques employed
include
integrating
methods
like
EXAFS [2], XRD, SEM [3] etc., but also
Raman spectroscopy [4].
In this presentation we want to focus on
the optical spectra of different
transparent or semi-transparent Cu-red
glass samples. We examined medieval
opaque glass samples (hematinone glass),
transparent flash glass and modern
laboratory glass samples using UV/Vis
spectroscopy and SEM. The results were
compared with a commercial copper ruby
glass (LambertsGlas).
For the better understanding of the
absorption and scattering processes the
scattering and absorption parameter of
cuprous oxide and metallic copper
particles were calculated (using the
software MiePlot) and subsequently the
optical spectra were simulated in order to
obtain a size distribution of the particles.
Indeed, it could be shown, that the
different UV/Vis spectra of the glasses
fitting to simulated spectra of crystalline
particles of very different sizes. It could
be shown, that the simulations of samples
with metallic copper particles give
satisfying results for different particle
distributions in the <100 nm-range, but

[1] Morral, F.R., Chronology of cobalt, Wire
and Wire Products 32 (1957), 300-304.
[2] Weyl, W. A. (1959). Coloured glasses.
[3] Shortland, A. J., Tite, M. S., & Ewart, I.
(2006). Ancient Exploitation and Use of
Cobalt Alums from the Western Oases of
Egypt. Archaeometry, 48(1), 153-168.
[4] Bacci, M., & Picollo, M. (1996). Nondestructive spectroscopic detection of cobalt
(II) in paintings and glass. Studies in
conservation, 41(3), 136-144.
[5] Ceglia, A. et alii (2012). Cobalt
absorption bands for the differentiation of
historical Na and Ca/K rich glass. Surface
and Interface Analysis, 44(2), 219-226.
[6] L. R. Green, F. A. Hart, Colour and
chemical composition in ancient glass: An
examination of some roman and wealden
glass by means of ultraviolet-visible-infra-red
spectrometry and electron microprobe
analysis, J. Archaeol. Sci. 1987, 14, 271–282.

P-121. What causes the color
in Cu-red artifacts? Analysis
of Mie scattering from
particulate constitutents
F. Drünert(1), D. Möncke(1), M. Blanz(1),
Z. Pan(1) and L. Wondraczek(1)
(1) Otto Schott Institute of Materials
Research, Friedrich Schiller University Jena,
Germany
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that the opacity occurs in glasses with
µm large Cu-oxide crystals.

area contain large quantities of minerals
associated with mafic volcanic activity.
This results in high Al2O3 and Fe2O3
contents, making the sand unsuitable for
glass production. Turner [1] already
suggested that the sand of which Pliny
wrote might be discovered underneath
the layers of sand contaminated by
volcanic detritus. By exploring these
deeper sand deposits, we can at last give
a conclusive answer to whether or not
there ever was a suitable source of
glassmaking sand.
Three 30 m sediment cores from the
Volturno plain were systematically
subsampled to investigate the variation in
geochemical composition through time.
These cores were previously dated and
go back to at least 11000 a BP. The
elemental composition of 284 sand
samples was determined via ICP–OES
and compared to the known composition
of Roman natron glass.
The results show that sands from the
Volturno area were not suitable to
produce glass. There is some variation in
composition through time, but overall
they are just insufficient in SiO2 and
contain too much Al2O3, CaO, Fe2O3 and
K2O due to the abundant augite, feldspar
and volcanic lithic fragments in the sand.
Given the close relationship between the
composition of beach sands and the local
geology, it is very unlikely that there ever
was a source of suitable glassmaking
sand in this area. The Pleistocene–
Holocene volcanic rocks will have left
their mark on the composition of the
beach sands for at least 400,000 years.
Therefore, it must be concluded that the
writings of Pliny the Elder on this matter
are incorrect.

[1] W. Weyl, Coloured Glass (The Society of
Glass Technology: Sheffield 1951)
[2] I. Nakai, C. Numako, H. Hosono, K.
Yamasaki, Origin of the Red Color of
Satsuma Copper-Ruby Glass as Determined
by EXAFS and Optical Absorption
Spectroscopy, Journal of the American
Ceramic Society 82 (3) pp. 689-695, 1999
[3] N. Brun, L. Mazerolles, M. Pernot,
Microstructure of Opaque Red Glass
Containing Copper, Journal of Materials
Science Letters 10, pp. 1418-1420, 1991
[4] P. Colomban, The Use of Metal
Manoparticles to Produce Yellow, Red and
Iridescent Colour, from Bronze Age to
Present Times in Lustre Pottery and Glass:
Solid State Chemistry, Spectroscopy and
Nanostructure, Journal of Nano Research 8,
pp. 109-132, 2009

P-122. Why Volturno sands
were never used for glass
production
Dieter Brems(1,2), Rebecca Scott(1),
Daniela Ruberti(3) and Patrick Degryse(1)
(1) KU Leuven, Department of Earth and
Environmental Sciences, Division Geology,
Celestijnenlaan 200E, Leuven, Belgium
(2) University College London, Institute of
Archaeology, 31-34 Gordon Square, London
WC1H 0PY, UK
(3) Seconda Università di Napoli,
Dipartimento di Ingegneria Civile, Design,
Edilizia e Ambiente, Via Roma, 29, 81031
Aversa (CE), Italy

The coastal strip near the River Volturno
(Italy) was specifically mentioned by
Pliny the Elder as a source of sand for
glass production in the first century AD.
However, the present-day sands in this

[1] W.E.S. Turner, Studies of ancient glass
and glassmaking processes. Part V: Raw
materials and melting processes, Journal of
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the Society of Glass Technology 40, 276-299,
1956.

The objective of this study is to map the
distribution of suitable glassmaking
sands in SE Italy in detail and to provide
a geochemical characterisation of these
sands which may have been used for the
production of natron glass. 125 sand
samples were collected along the 700 km
long coastline and analysed for their
major and minor elemental composition.
The results indicate that suitable sands
are restricted to the northern part of the
Gulf of Taranto, between Metaponto and
Palagiano, and the strip of coast between
Brindisi and Torre Rinalda. The sands
from these two potential source areas
were further characterised using Sr and
Nd isotopic analyses. Glassmaking sands
from the Gulf of Taranto have 87Sr/86Sr
ratios between 0.71050 and 0.71140 and
εNd values between -9.3 and -8.3. Sand
deposits south of Brindisi have less
radiogenic signatures with 87Sr/86Sr ratios
between 0.70868 and 0.70933 and εNd
values between -3.4 and -2.5.

P-123. The mapping and
characterisation of sand raw
materials for the production
of natron glass in SE Italy
Dieter Brems(1,2), Maarten Diels(1) and
Patrick Degryse(1)
(1) KU Leuven, Department of Earth and
Environmental Sciences, Division Geology,
Celestijnenlaan 200E, Leuven, Belgium
(2) University College London, Institute of
Archaeology, 31-34 Gordon Square, London
WC1H 0PY, UK

Provenancing ancient natron glass
remains one of the most challenging
problems in archaeometry. During the
production of
natron glass all
crystallographical and mineralogical
features of the raw materials are lost and
only
some
bulk
geochemical
characteristics
remain
useful
for
provenance studies. More and more
elemental and isotopic data for
archaeological glass is being published,
but only a limited amount of data for
suitable raw materials is available for
comparison. In a regional study of the
glassmaking potential of sands from
Spain, France and Italy, Brems et al. [1]
identified two suitable sand deposits in
the Basilicata and Apulia Regions in SE
Italy. These sands are composed of the
eroded
material
from
Pliocene–
Pleistocene sedimentary rocks. Since
similar source rocks crop out in large
areas in SE Italy, other beaches along
these coasts may also contain sands
which are suited to make glass.

[1] D. Brems, P. Degryse, F. Hasendoncks,
D. Gimeno, A. Silvestri, E. Vassilieva, S.
Luypaers,
J.
Honings,
Western
Mediterranean sand deposits as a raw
material for Roman glass production, Journal
of Archaeological Science 39, 2897-2907,
2012.

P-124. Analysis of corrosion
products on the bronzes
unearthed at Lijiaba Site,
Yunyang County, Chongqing,
China
Xiaopan Fan(1), Xiongwei Zhao(1) and
Quan Yuan(1)
(1) Chongqing China Three Gorges Museum,
Chongqing, 400015, China
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the study, a catalog of archaeological
artifacts, signs and syllabograms of the
Linear B writing was created. The variety
of metal objects is significantly more
than the known to us ideograms and
syllabograms, which are interpreted as
equipment of a Mycenaean warrior [2].
Signs of Linear B writing probably show
only objects of interest in the Mycenaean
palace. The lack of some of the artifacts
in the signs of the Linear B writing may
be the result of a rare or symbolic
meaning of the object, production by
craftsmen independent from the palace,
or the incorrect deciphering of
ideograms / syllabograms.

The corrosion products from Warring
States bronzes unearthed at Lijiaba site,
Yunyang County, Chongqing, China
were analyzed in order to acquire a better
knowledge about the condition of these
bronzes and the possible conservation
and restoration in future. The results of
Raman spectroscopy showed that the
major products were cuprite, malachite,
libethenite (a kind of copper phosphates),
cassiterite and azurite. The X-ray
fluorescence spectroscopy results showed
that the highest value of phosphorus in
these corrosion products was 10%. It can
be deduced that these bronzes were
buried in an environment enriched in
phosphorus which might be produced by
human bones.

P-126. Creating interactive 3D
visualizations
of
archaeological data: A case
study on the Early Bronze Age
Helike Corridor House

P-125. Mycenaean warrior –
Linear B versus metal
artifacts

Mariza
Kormann(1),
Dora
(2)
Katsonopoulou , Stella Katsarou(3) and
Gary Lock(4)

Beata Kaczmarek(1)
(1) PhD student, Adam Mickiewicz University
in Poznań, Wieniawskiego 1, 61-712 Poznań,
Poland

(1) Communication and Computing
Research Centre, Sheffield Hallam
University, UK; m.kormann@shu.ac.uk
(2) The Helike Society and The Helike
Project, Athens, Greece; eliki@otenet.gr
(3) Department of PalaeoanthropologySpelaeology, Athens, Greece;
stella@stellakatsarou.gr
(4) The University of Oxford, UK;
gary.lock@arch.ox.ac.uk

The aim of the study is to compare signs
of the Linear B writing with metal
artifacts of Mycenaean culture, on the
components of the weaponry. Both
research objects relate to the same group
of products of Mycenaean culture
developed in Greece, between the
fifteenth and twelfth centuries BC [1].
Interdisciplinary research is based on the
artifacts, Mycenaean system of writing
and production techniques. Comparison
of objects from various fields enriches
the knowledge and helps broaden our
outlook on life of past civilizations. For

Recent
review
of
Geoinformatic
Technologies for landscape archaeology
[1] has highlighted methodological issues
concerning
state-of-the-art
digital
techniques available to archaeologists.
Virtual
environments
and
data
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visualization help the archaeologist to
explore, comprehend and explain data
and information acquired from vastly
diverse sources [2]. This paper advances
research by addressing interactive
visualization issues in archaeology [3, 4]
through a methodological approach for
fully geo-referenced, 3D interactive
visualizations using open source tools.
The method is focused on the generation
of 3D models, and on placing
archaeological datasets and artefact
representations over large landscapes
visualized on Google Earth (GE). A
time-line for each object is defined so
that relevant period data can be
displayed.
The Helike Corridor House (HCH) and
related archaeological and borehole data
are used here as a case study [5]. First,
we discuss how items from a
geoarchaeological
database
(e.g.
borehole and excavation data) organized
on a spreadsheet or on a MySQL
database are augmented by a tag-based
structure with attributes using the
XML-Extensible Markup Language for
conversion into KML file format for GE
display. Second, we examine the
methodology for creating geo-referenced
3D models using SketchUp by direct
manipulation of the geographic area
imported from GE into SketchUp. With
regards to this issue, we explore the
addition of textures and the exporting of
the final 3D model to KML format.
Finally, we submit our propositions on
how overlays and animations in GE are
created in the perspective of acquiring a
powerful interactive experience and easy
sharing of archaeological data.
Overall the paper wishes to enhance the
range of insights on the digital
relationships with archaeological data,
which would enable new inferences and

knowledge by the implementation of
universally shared low cost applications.
[1] A. Sarris, Best Practices of Geoinformatic
Technologies
for
Mapping
of
Archaeolandscapes, Archaeopress 2015.
[2] G. Lock, Using Computers in
Archaeology: Towards Virtual Pasts,
Routledge, London 2003.
[3] S. Jeffrey, Challenging Heritage
Visualisation:
Beauty,
Aura
and
Democratisation, Open Archaeology 1, 144152, 2015.
[4] P. Allen et al., Seeing Into the Past:
Creating a 3D Modelling Pipeline for
Archaeological Visualization, Proceedings of
the 2nd International Symposium on 3D Data
Processing, Visualization and Transmission
(3DPVT’04), 751-758, IEEE 2004.
[5] D. Katsonopoulou, A proto-urban Early
Helladic Settlement Found on the Helike
Delta,
in:
PROTOHELLADIKA-The
Southern and Central Greek Mainland,
Helike IV (D. Katsonopoulou, ed.), 63-88.
The Helike Society. Athens 2011.

P-127. Lambayanna: an Early
Bronze Age coastal settlement
in the Southern Argolid
Julien Beck(1), Patrizia Birchler Emery(1),
Despina Koutsoumba(2) and Ioanna
Kraounaki(2)
(1) Département des sciences de l’Antiquité,
University of Geneva, Switzerland
(2) Ephorate of Underwater Antiquities,
Greece

Until recently, the 1979-1982 Stanford
University
archaeological
and
environmental survey in the Southern
Argolid was our main source of
information on the Early Bronze Age in
this part of Greece. According to the
survey, the period was linked to an
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Sciences, Katholieke Universiteit Leuven,
Celestijnenlaan 200 E – box 2408, 3001
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increase in number of sites (up to 33, 28
certain), a trend that had started in the
Late (4 sites) and Final Neolithic (up to
13, 7 certain). The earliest sites were
small settlements, until bigger ones
appeared in Early Helladic II. The
biggest settlement was a large, inland
town close to the present-day village of
Fournoi. Specific activities, such as the
manufacture and use of obsidian blades,
were centred there. A two-or even threetier hierarchy of settlements would have
existed at that time.
Since then, new discoveries have altered
our understanding of the Early Bronze
Age in the Southern Argolid. Among
them is the submerged Early Helladic II
settlement at Lambayanna, a sizeable (at
least 1.2 ha) fortified coastal town about
4 km from Fournoi. Intensive survey in
2015 revealed buildings of rectangular,
circular or apsidal plan, as well as parts
of a defensive wall and at least three
massive horseshoe shaped constructions
(towers?) facing towards the sea. Surface
finds (more than 5,000) included a
majority of sherds, but also stone
implements, obsidian blades, and other
objects linked to specific activities.
Here we discuss Lambayanna in cultural,
spatial, and chronological relation to
other local sites such as Fournoi, but also
in the wider context of the Argolic Gulf,
or the Aegean in general.

Antimony has a long history of use in
metallurgy and glass making. The first
attestation of Cu-Sb alloys dates to the 5th
millennium BC (e.g. Nahal Mhismar),
while their widespread adoption started
around 3500 BC. Metallic antimony
objects are reported in Mesopotamia (e.g.
Tello, Tell Leilan, Assur, Hasanlu,
Carchemish) and more abundantly in the
southern Caucasus (e.g Chambarak) from
3000 BC onwards. Sb was also
commonly used as an opacifier and
colourant in glass from the late Bronze
Age onwards. Still, several questions
remain on the geographical location and
nature of antimony extraction and the
nature of its adoption in several
technological processes.
In this study, a characterisation of
different Sb ores (stibnite, native
antimony and other minerals) from
various
regions
is
performed.
Mineralogical and chemical data are
obtained by XRD and ICP-OES to allow
a full characterisation of the possible
mineral resources. For provenancing
purposes, antimony and lead isotopic
analysis
using MC-ICP-MS
was
developed [1, 2].
With this work, new data on the origin
and nature of the raw materials used in
early glass and metal working are
obtained, and new interpretations on the
relation between the spread of early glass
and the development of metallurgy can
be accomplished.

P-128. Provenancing antimony
in
metal
and
vitreous
materials
Sarah Dillis(1), Elisa Maupas(1) and
Patrick Degryse(2)
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[1] L. Lobo, V. Devulder, P. Degryse, F.
Vanhaecke, Investigation of natural isotopic
variation of Sb in stibnite ores via multicollector
ICP-mass
spectrometry
–
perspectives for Sb isotopic analysis of
Roman glass, Journal of Analytical Atomic
Spectrometry, 27 (8), 1304-1310, 2012.
[2] L. Lobo, P. Degryse, A. Shortland, F.
Vanhaecke, Isotopic analysis of antimony
using multi-collector ICP-mass spectrometry
for provenance determination of Roman
glass, Journal of Analytical Atomic
Spectrometry, 28, 1213-1219, 2013.

artefacts to their ores by using tin isotope
analysis as a provenancing tool. For this
approach, the tin isotopic compositions
of synthetic stannic oxide and natural
cassiterite ores from different locations
have been analysed with the MC-ICPMS Neptune Plus. For an effective
sample digestion for spectroscopic
analysis the cassiterite, which is insoluble
in acids, had to be reduced to tin metal
first. This motivated various experiments
in the laboratory and the field that
yielded important information on loss
and subsequent fractionation of tin as a
result of smelting procedures. Although
no measurable fractionation of tin was
found after reduction of synthetic stannic
oxide with graphite/carbon monoxide,
significant fractionation of natural
cassiterite ores was observed because of
higher tin losses due to evaporation
(δ124Sn ≥ 0.1‰). Heavy isotopes have
been enriched relative to the lighter ones
in the residual tin. For this reason, the so
called cementation technique (cassiterite
reduction in presence of copper) was
adopted for laboratory reduction and no
tin isotope fractionation effects could be
detected in the resulting bronze bead. In
contrast to laboratory reduction with
graphite/carbon monoxide, cassiterite
smelting experiments in the field under
prehistoric conditions did induce a rather
small fractionation (δ124Sn ≤ 0.1‰), even
though loss of tin into fume and slag was
generally large (recovery ≤30%). This
appears a promising observation since it
is a critical prerequisite for linking
bronze and tin artefacts with the tin ores.
The experiments do also suggest that
further approaches could be made in the
archaeometric field, since a better
understanding
of
material/isotopic
fractionation behaviours could in some

P-129.
Tin
isotope
fractionation
during
cassiterite smelting and its
implication for tracing the tin
sources of the Bronze Age
Daniel Berger(1), Gerhard Brügmann(1),
Elin Figueiredo(2,3) and Ernst Pernicka(1,4)
(1) Curt-Engelhorn-Zentrum Archäometrie,
D6, 3, D-68163 Mannheim, Germany
(2) CENIMAT/I3N, Faculdade de Ciências e
Tecnologia, Universidade Nova de Lisboa,
2829-516 Caparica, Portugal
(3) GEAAT, Facultade de Historia,
Universidad de Vigo, Campus de Ourense,
s/n 32004, Spain
(4) Institute of Geosciences, University
Heidelberg, Im Neuenheimer Feld 234–236,
D-69120 Heidelberg, Germany

The sources of tin for the production of
bronze artefacts during the Bronze Age
period are still a mystery because of the
scarce archaeological evidence of ore
exploitation and the lack of techniques
fingerprinting tin in artefacts and ores.
The recent multi-disciplinary research
project ‘Bronze Age Tin’, funded by the
European Research Council (ERC), has
the overall goal to trace bronze and tin
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cases
help to disclose
ancient
metallurgical operation conditions.

themselves to use as mirrors, (i.e.
soundness, polish, scratch resistance etc).
The variation in working and use
characteristics are presented within a
framework of technological choice and
cultural selection.

P-130. Reflections on the
properties of high tin copper
alloys: An experimental study
of casting Chinese high tin
Bronze Mirrors

P-131. Evidence of arsenical
copper smelting in Bronze Age
China: Recent results of
copper
slag
from
the
Laoniupo Site, Shaanxi

Ding Peisen(1), Ntaniela Georgiou(1),
Marcella Giobbe(1), Matthew Lester(1),
Michael Mlyniec(1), William Moody(1),
Jeska Pepermans(1), Ulrike Thuering(1),
Shushan
Xi(1),
Paloma
Zarzuela
(1)
(1)
Gutierrez and Roger Doonan

Kunlong Chen(1) and Yanxiang Li(1)
(1) Institute of Cultural Heritage and History
of Science and Technology, University of
Science and Technology Beijing, 30 Xueyuan
Road, Beijing, 100083, China

(1) The Department of Archaeology, The
University of Sheffield, Sheffield UK S1 4ET

This paper reports the results of a recent
experimental campaign that sought to
explore the feasibility of casting leaded
high tin bronzes of the type encountered
in China during the Bronze Age. The
study explored two main aspects; the
properties of different alloy compositions
and their suitability for use as mirrors,
and, the casting properties of different
alloys and the relationship with mould
fabric.
A campaign involving 18 bronze casting
episodes was undertaken that assessed
the relative characteristics of casting
different copper alloys (pure copper,
5% Sn, 10% Sn, 20% Sn and 17% Sn +
4% Pb) in a number of different mould
types (fired and unfired ceramic and with
a range of mineral and organic tempers).
The experimental campaign also
facilitated the preparation of mirrored
surfaces and allowed the assessment of
how different alloys types lend

Research into metalwork of the EarlyMiddle Bronze Age China (ca. 2000 BC
– 1000 BC) has made significant
progress in the past decades. However,
most of these studies are artefacts-based,
which only reflect information of the
final steps of ancient metallurgical châine
opératoire and, unavoidably, leave many
research lacunas. For example, the
selection and use of raw materials,
technological parameters of smelting
process, efficiency of production and
circulation of metal were rarely
addressed.
This paper presents for the first time
scientific analytical results of early
metallurgical remains from the site of
Laoniupo in the Guanzhong Plain. It is
identified that the Laoniupo slag were
derived from an operation of arsenical
copper smelting. Complex ores consists
of polymetallic ore with arsenic-rich
minerals had been used as the source of
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“alloying” element and smelted together
with copper ores or raw copper. The
existence of early metallurgy at the
Guanzhong Plain is significant for the
understanding of the regional metalwork
development
and
technological
communication between Northwest and
Central China in the Early Bronze Age.

culture and the Siba culture in the early
bronze age. Two new discoveries will be
introduced,
the
Mogousite
in
Southwestern Gansure presented the
latter stage of the Qijia culture and the
Xichengyi site in the middle of the Hexi
Corridor was recognized as the earliest
smelting site in Gansu. Both sites are
roughly dated to the first half of the
second millennium BCE. The discovery
of the Xichengyi site has revealed the
origins of the Siba culture and the
evidence of connection between the Qijia
culture and the Siba culture. The Shimao
site in Northern Shaanxi is the largest
city site dated from the late Longshan
age to the Xia dynasty in China, some of
the artifacts reflect the connection with
the Keshengzhuang culture and the Qijia
culture.
These recent discoveries give rise to a
number of challenge issues in current
studies, such as the significance of
searching for early smelting and
metallurgical production sites of Qijia
culture, the cultural connections between
the Qijia culture and other early bronze
cultures in surrounding areas, and the
route of cultural transmission between
north China and the Eurasian steppe.

P-132. Recent archaeology
and
archaeometallurgical
discoveries
on
early
metallurgy in China
Wang Lu(1), Mei Jianjun(1,2) and Chen
Kunlong(1)
(1) Institute of Historical Metallurgy and
Materials, University of Science and
Technology Beijing, 30 Xueyuan Road,
100083 Beijing, China
(2) The Needham Research Institute,
Cambridge, United Kingdom

In recent years, several important
archaeological discoveries have been
made in Gansuarea and Northern Shaanxi
area that shed new light on the early
development of bronze metallurgy and
cultural connection in these regions.
There are at least three major discoveries
that will be highlighted: the discovery
and examination of copper and bronze
objects at the Mogousite and the
Xichengyi site in Gansu, and the
discovery of the Shimao site in Shaanxi.
The Gansu area played a crucial role in
the early development of copper and
bronze in China. The earliest bronze
objects have been ascribed to the
Majiayao culture (ca. 3300-2600 BCE)
and the Machang culture (ca. 23002000 BCE), and recently more evidence
has been discovered from the Qijia
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P-133. A case study of triangle
zigzag pattern based on new
archaeological findings in
Gansu
Province,
China
concerning with Sino-West
technical
and
cultural
exchange

P-134. Metallurgical traditions
and metal exchange networks
in late prehistoric central
Myanmar, c. 1000 BC to c. 500
AD
Kalayar Myat Myat Htwe(1), Myrto
Georgakopoulou(2),
Thomas
Oliver
Pryce(3) and Rehren Thilo(2)

Yali Yun(1)

(1) University of Dagon
(2) UCL - Qatar
(3) Centre National de la Recherche
Scientifique

(1) School of History, Captical Normal
University 83 Xi San Huan, Beilu, Beijing,
China, 100089; yaliyun@cnu.edu.cn

The Eurasia Steppe is an artery of SinoWest exchange. Based on archaeological
findings, as far back as the Paleolithic
Era, the direct and indirect exchange
between the north of China and Central
Asia, East Asia even the Eastern Europe
which are the both ends of the Grasslands
Silk Road, have been conducted
throughout the Eurasia Steppe. In the
period of Warring States and Qin- Han
dynasty, the technical and cultural
connection between the eastern Gansu
Province as well as the Ordos Plateau
and the Eurasia Steppe has been
tightened up, reflecting some cultural
features in common. This paper starts
from the triangle zigzag pattern on gilt
bronze unearthed from mausoleums in
Warring States Period at Wangwa
village, Qin’an County, Gansu Province
of China summarizes all the utensils with
triangle zigzag pattern unearthed from
Gansu
Province
and
Xinjiang
Autonomous Region, aiming to supply
new evidences for Sino-West exchange
on the Eurasia Steppe by means of
studying craft and decoding cultural
connotation.

After a healthy start in the 1980s, the last
decade has seen a resurgence of
archaeometallurgical
research
in
mainland Southeast Asia. Bronze Age (c.
1000 BC to c. 500 BC), Iron Age (c. 500
BC to c. 500 AD), historic (c. 500 to c.
1500 AD), and recent ethnographic
primary and secondary production sites
for ferrous and non-ferrous metals have
received unprecedented attention, and
enormous progress has been made on
reconstructing regional metal exchange
networks. The country notably underrepresented in this coverage has been that
of Myanmar, which is highly problematic
because, like most of its neighbours, it is
rich in both mineral and cultural
resources. It is also Myanmar that,
unique amongst its neighbours, shares
borders with both modern day China and
India, and as such is an essential territory
for the understanding of long-range
technological transmissions; movements
of knowledge, objects and people that
may have been catalysts for major sociopolitical change in the region.
No ancient non-ferrous production sites
have, as yet, been reported in Myanmar
and less than 20 non-ferrous metal
artefacts have been subjected to
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laboratory analysis. Not only is this
database very small, there was also no
direct participation in the analyses by a
Myanmar scholar, which is essential for
capacity building in a developing nation.
In this paper we present original
technological, elemental and isotopic
data for copper-base artefacts from the
Bronze and Iron Age sites of
Nyaung’gan, Mon Htoo, Myin Oo Hle
and Kokkokhahla, all situated near the
junction of the Chindwin and Irrawaddy
rivers west of Mandalay. These data
more than double those currently
available for Myanmar and document the
presence of multiple local alloying and
working
traditions,
perhaps
chronologically differentiated, as well as
identifying possible links to primary
mineral sources across the region.

develop a fine, compact and durable
black patina.
The aim of the project was to produce
and test a set of patinated replica alloys
and to evaluate the tolerances within
which the artisans operated when
producing the patinas. This provides
insight into the technological choices that
were made to produce a material which
fulfilled the preferences of the
consumers. In turn this will allow
insights into the social significance of the
material and the transmission of the
technology, while providing reference
materials and protocols for analytical
studies of archaeological objects.
A series of 27 black bronze alloys with
controlled contents of tin, gold, and
silver, was produced to systematically
cover the range of compositions typically
seen in the ancient alloys. These were
treated with solutions that mimic those
used in traditional methods. Thermal
patination and simulation of natural
corrosion were performed on the same
alloys for comparison of a total of five
different production technologies.
The resulting patinas have been
examined with a range of invasive and
non-invasive
analytical
techniques,
including
UV-VIS
and
Raman
spectroscopies, colorimetry, XRD, SEMEDX and pXRF. Controlled abrasion
experiments on replica samples were
used to determine the relative adhesion of
the patinas. The results provide
information
on
composition,
microstructure, colour and appearance,
quality and durability of the different
patinas, and allow an understanding of
the relationship between production
technology, alloy composition and
physical-chemical characteristics of the
patina. They further allow the proposal of
an effective non-destructive analytical

P-135.
Material
and
technological constraints on
the generation of black
patinated copper alloys
Agnese Benzonelli(1), Ian Freestone(1) and
Marcos Martinón-Torres(1)
(1) University College London, Institute Of
Archaeology, 31-34 Gordon Square.
London, WC1H 0PY, United Kingdom;
agnese.benzonelli.12@ucl.ac.uk

The particular focus of this paper is a
type of intentional patination known as
“black bronze”, a class of alloys used for
high-status objects from ancient Egypt to
modern Japan. This material was
generated by adding small amounts of
gold and silver to the alloy before
treating it with chemical solutions to
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protocol for the investigation
archaeological patinas.

of

bearing minerals to molten nearly-pure
copper, while the second revolves around
the production of iron arsenide (speiss)
which was later co-smelted with copper
ore or alloyed directly with metallic
copper.
As an integral part of assessing the
viability of the alloying technology
proposed for Arisman, a series of smallscale speiss smelting experiments using
arsenopyrite minerals have also been
conducted and will be presented here.
These results will be contrasted with the
archaeological remains to highlight the
potential and limitations of synthetic
speiss as an alloying agent.

P-136. The earliest of alloys:
Arsenical copper production
remains
and
replication
experiments
Loïc Boscher(1) and Thilo Rehren(1)
(1) UCL Qatar, Doha, Qatar

As the dominant alloy in much of the Old
World for several millennia between the
Late Chalcolithic and Bronze Ages,
surprisingly little work has been
undertaken to understand how this
arsenical copper was produced and what
led to its ubiquitous appearance in the
archaeological record. Given that the two
metals often form paragenetic mineral
deposits and that several archaeological
sites were known to have exploited such
ores, the logical and foregone conclusion
has usually been that arsenical copper
was the serendipitous and unintentional
result of geology.
It is within this context that excavations
and archaeometric studies of production
remains at two sites in Southwest Asia,
Çamlıbel Tarlası in Turkey and Arisman
in Iran, have recently called into question
our understanding of the earliest modes
of arsenical copper production. Using the
SEM-EDS analysis of crucible, slag, and
furnace remains and lead isotope analysis
by MC-ICP-MS of slag, ore minerals,
and finished objects from both sites as a
starting point, this paper will discuss two
methods by which copper was
intentionally alloyed with arsenic in the
prehistoric period. The first consists of
the crucible-bound addition of arsenic-

P-137. Early Bronze Age
copper alloy artefacts from
Selenkahiye, Syria
David Dungworth(1) and Graham Philip(2)
(1) Historic England
(2) Durham University

The construction of the Tabqa dam and
the subsequent filling of Lake Assad in
northern Syria was accompanied by an
intensive programme of archaeological
survey and excavation. Between 1967
and 1975, a team from the Netherlands
directed by Prof. Maurits van Loon
carried out the excavation of Tell
Selenkahiye, an Early Bronze Age IV
(2300 – 2000 BC) defended settlement
on the right bank of the Euphrates,
between the modern cities of Aleppo and
Raqqa. The copper alloy artefacts
recovered include numerous everyday
objects used for personal adornment
(especially toggle pins), as well as small
fragments of wire, rod and sheet. The
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– der Universität Leipzig. Examined
artifacts have been found at several
important sites: Abydos, Abusir, Giza
and Aniba. They represent the
development of Ancient Egyptian
metallurgy in more than one and half
millennium, from the Dynasty 1 (ca.
3100 – 2900 BC) until almost the end of
the New Kingdom (ca. 1200 BC).
Analyzed set of 86 artifacts and almost
100 samples is covering different
typological groups of the artifacts, such
as full-size tools, their models, full-size
vessels and mirrors, etc.
Detailed technical analysis has been
carried out with the aim to obtain or
specify information about chemical or
structural artifact composition, using a
wide range of analytical techniques. All
artifacts have been documented by X-ray
radiography and more complex artifacts
by X-ray tomography. Selected artifacts
have been studied by metallographic
methods in combination with micro
hardness tests and SEM/EBSD analysis
for the better understanding of the
mechanical
and
heat
treatment
production
techniques.
Chemical
composition analyses were carried out by
methods of XRF, SEM/EDS and NAA
with the aim to characterize metals alloys
and present admixtures. The evolution of
the alloys use across the studied periods
and geographical areas is clearly visible
on the set of analyzed artifacts. All
obtained analytical data have been
statistically evaluated in the context of
spatial distribution, dating and function
of the studied artifacts, in order to
contribute to a more detailed and
accurate knowledge of metal production
techniques and materials used in the
Ancient Egyptian metallurgy.

chemical analysis (EDXRF) of the
available samples of copper alloy shows
the use of both copper and tin bronzes.
Although arsenic has been detected in
almost all cases, it is generally present in
minor quantities, and the tin bronzes do
not contain significantly less arsenic. The
metallographic examination of several
items has shown that a range of forging
techniques was used. Many of the objects
contain
recrystallized
grains
superimposed on relict distorted dendritic
coring. The reconstruction of the thermal
conditions required to produce such a
microstructure are used to inform the
likely chaîne opératoire and set the
manufacture of copper‐based material
culture in a wider social and economic
context..

P-138. Diachronic changes of
the Ancient Egyptian and
Nubian metallurgy: Case
study of the material from
Egyptian Museum of Leipzig
University
Jiri Kmosek(1) and Martin Odler(2)
(1) Department of Metals and Corrosion
Engineering, University of Chemistry and
Technology in Prague, Technická 5, 166 28
Prague, Czech Republic
(2) Czech Institute of Egyptology, Faculty of
Arts, Charles University in Prague, Celetná
20, 110 00 Prague, Czech Republic

This paper presents archaeometric and
archaeological study of a set of copper
and bronze artifacts found at the sites of
ancient Egypt and Nubia, which are
deposited
in
the
collection
of
Ägyptisches Museum – Georg Steindorff
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This integration of archaeological,
experimental and analytical work
produces the first detailed record of
Middle Kingdom Egyptian copper
smelting, both inside and outside the
furnace. The presentation of these first
results aims to show some possibilities
for such integrated approaches and
stimulate discussion on methodology as
well as ancient Egyptian metallurgy.

P-139. Experimental analysis
of Ayn Soukhna copper
smelting
Frederik W. Rademakers(1), Georges
Verly(2) and Patrick Degryse(1)
(1) KU Leuven, Division of Geology,
Celestijnenlaan 200e, 3001 Leuven (Belgium)
(2) Royal Museums of Art and History, Parc
du Cinquantenaire 10, 1000 Bruxelles
(Belgium)

[1] M. Abd el Raziq, G. Castel, P. Tallet, and
P. Fluzin, Ayn Soukhna II: les Ateliers
Métallurgiques du Moyen Empire, Cairo:
Institut français d’archéologie orientale,
2011.
[2] G. Verly: Archaeometallurgy of smelting
furnaces from Ayn Soukhna (Middle
Kingdom, Egypt), Archaeometallurgy in
Europe IV, 1-3 June 2015, Madrid, Spain,
forthcoming.

The archaeological excavations at Ayn
Soukhna (Egypt) have revealed extensive
Middle Kingdom workshops for the
smelting of copper ores imported by ship
from the Sinai Peninsula during royal
expeditions
[1].
The
excellent
preservation of these workshops and their
furnaces has allowed a highly detailed
reconstruction of their organisation and
purpose [2].
To understand the actual metallurgical
process in greater detail, extensive
experimental
reconstructions
were
conducted at Ayn Soukhna (Egypt),
Melle
(France)
and
Aubechies
(Belgium), and consecutively excavated.
A variety of conditions (e.g., fuel type,
ore loading) were tested and the furnaces
subsequently excavated to best approach
the archaeological reality, from which
samples could not be obtained due to
export restrictions.
The experimental products were then
analysed at the KU Leuven using
microscopic, chemical and Pb isotope
analysis to better understand changes
occurring within the Egyptian furnaces
throughout the metallurgical process.
These not only include ore and copper
metal, but a variety of slag types formed
in different areas of the furnace, which
illuminate the ancient reduction process
and, importantly, its variability.

P-140. A first look into the
ancient
Egyptian
bronze
collection at the RMAH,
Brussels
Frederik W. Rademakers(1), Georges
Verly(2), Luc Delveaux(2) and Patrick
Degryse(1)
(1) KU Leuven, Division of Geology,
Celestijnenlaan 200e, 3001 Leuven (Belgium)
(2) Royal Museums of Art and History, Parc
du Cinquantenaire 10, 1000 Bruxelles
(Belgium)

This poster presents the first results of
the analysis of the ancient Egyptian
bronze collection housed at the Royal
Museums of Art and History in Brussels,
Belgium. These collections were mostly
obtained during the late 19th and early
20th centuries, and have not been studied
in any detail since their acquisition.
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The EACOM project, funded by the
Belgian Science Policy Office, aims to
capitalise on the rich availability of
ancient Egyptian metalwork in this
collection to further the understanding of
object production methods such as lostwax casting, sheet hammering etc., for a
variety of ancient daily use objects.
Furthermore, it will characterise the
alloys used in their production, and
where possible the ores used to produce
them.
To this end, these several hundred
objects are first subjected to an
exploratory chemical analysis by
handheld XRF, to discover the main
copper alloy components (arsenic, tin,
lead, zinc) as well as their chief
contaminants, such as iron, nickel, cobalt
and antimony. This poster presents the
results of this exploratory stage of the
research, and looks ahead by showing
preliminary results of the next research
phase, where a broad selection of
samples are further analysed for their
chemical (ICP-OES) and Pb isotope
composition (MC-ICP-MS). This is
undertaken with the broader goal of
further
developing
chronological
frameworks of changing copper use and
supply in ancient Egypt, making use of
the well contextualised objects within the
collection and guided by results of the
exploratory work.
This poster therefore presents the first
stage
of
collaborative
research
undertaken within the EACOM project at
the KU Leuven and Royal Museums of
Art and History, and aims to generate
debate on the viability for archaeometric
approaches to ancient metal collections
in museum contexts worldwide.

P-141. Enkomi: A new
perspective in old material
Demetrios Ioannides(1)
Kassianidou(1)

and

Vasiliki

(1) Department of History and Archaeology,
Archaeological Research Unit, University of
Cyprus, P.O. Box 20537, Nicosia, CY1678,
Cyprus

Enkomi, which is located in the east
coast of Cyprus, is considered to be the
most important settlement of the Late
Bronze Age. The excavations at Enkomi,
especially those directed by Dikaios in
the mid 20th c. in the northern edge of the
town, revealed evidence of a buzzing
metallurgical industry dating already
from the earliest phases of the
settlement’s occupation [1]. The presence
of workshops within the urban
environment of Enkomi and at a
significant distance from the rich ore
deposits of the Troodos Mountains
triggered multiple discussions regarding
the organisation of the metal industry and
the chaine opératoire for the production
of the prominent Cypriot copper ingots
and their distribution across the
Mediterranean.
However the metallurgical assemblage
(refractories and slag fragments) has not
yet been studied thoroughly with the
exception of a very small number of slag
samples [2]. Therefore, a reassessment of
the bulk of the metallurgical evidence
was conducted with emphasis on the
technical ceramics. All the finds were
examined macroscopically, photographed
and catalogued in a digital database.
Consecutively, a fast screening and an
initial evaluation of the elemental
compositions of the refractories was
performed with the application of an
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(4) Department of Classical Studies,
University of Michigan, 2144 Angell Hall,
435 S. State St., Ann Arbor, MI48109, USA

HHpXRF. The analytical data were
compared with a pXRF study on
metallurgical ceramics from Kition,
Cyprus [3]. The significance of the
comparison lies on the common urban
features of the two settlements and is
expected to provide an insight into the
chaine opératoire of copper production.

The
Cycladic
islands
and
the
southeastern coast of Attica have been
shown to be major producers and
suppliers of copper, lead, and silver for
the Early Bronze Age Aegean (3rd
millennium BCE), with a number of
large and small-scale smelting sites
identified and studied. The earlier phases
of metal production, probably the
predecessors to this industry in the southcentral Aegean, are far less known and
understood. The problem partly lies in
the fact that earlier remains of metal
production,
most
likely
lie
stratigraphically beneath extensive slag
heaps, dating primarily to the later Early
Bronze Age phases, and are thus difficult
to distinguish. An important exception is
the site of Kephala on the western
Cycladic island of Kea, which lies off the
southeastern coast of Attica, home to the
major ore deposit of Lavrion. Excavated
in the 1960s, the Final Neolithic
settlement- cemetery complex, that has
given its name to the cultural phase of
Attic-Kephala, had brought to light a few
slags and metallurgical ceramics, which
were only preliminarily studied at the
time [1]. A systematic recovery of
metallurgical and other cultural material
from the site has been undertaken
recently in the context of the Kea
Archaeological Research Survey. Slags
were
also
recovered
from the
neighbouring site of Paouras, which also
has evidence for FN occupation, possibly
slightly later than at Kephala, as well as
later phases. A large number of
representative samples from both sites
have been selected for chemical,
microstructural and lead isotope analysis.
They testify to small-scale, but

[1] P. Dikaios, Enkomi. Excavations 19481958, Volume I, 1969.
[2] A. Hauptmann, Slags from the Late
Bronze Age Metal Workshops at Kition and
Enkomi,
Cyprus,
in
Metallurgy:
Understanding How, Learning Why, 189202, 2011.
[3] D. Ioannides, V. Kassianidou, O.
Bonnerot, A. Charalambous, A preliminary
study of the metallurgical ceramics from
Kition, Cyprus with the application of pXRF,
Journal of Archaeological Science: Reports,
in press.

P-142. Cycladic Metallurgy at
the Transition to the Bronze
Age: Kephala and Paouras on
Kea Island
Myrto
Georgakopoulou(1),
Joanne
(2)
Murphy , Margarita Nazou(3) and
Natalie Abell(4)
(1) UCL Qatar, Qatar Foundation, PO Box
25256, 2nd Floor, Georgetown Building,
Hamad bin Khalifa University, Doha, Qatar
(2) Department of Classical Studies, The
University of North Carolina at Greensboro,
1104 Moore Humanities and Research
Administration Building, PO Box 26170,
Greensboro, NC 27402-6170, USA
(3) Honorary Post-Doctoral Fellow,
Archaeology Department, Ghent University,
Sint-Pietersnieuwstraat 33-35, 9000 Ghent,
Belgium
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technologically relatively advanced,
copper smelting, producing unalloyed
copper metal; although arsenical and
leaded copper metal fragments were
found on the site. The results are
considered in the light of data emerging
from the subsequent EBA copper
smelting sites in the region, as well as
from contemporaneous sites from the
western Anatolian coast. They offer a
unique opportunity to understand the
currently earliest known phases of metal
production in the southern Aegean dating
to the beginning of the Bronze Age.

made from gold alloys containing
variable silver and copper contents.
With mobile XRF equipment, it was
possible to analyse non-destructively and
in-situ several museum gold objects and
foils found in Mycenaean sites situated in
Thessaly (Lamiospito and Kapakli) and
in the Peloponnese (Dendra, Prosymna
and Mycenae). Some of them were only
funerary others had several functions. In
general, a rather large range of gold
colours was used. Beads of the same type
(particularly the papyrus-shaped gold
beads) contained in single items were
produced in different gold colours
obtained by addition of increasing
quantities of copper to gold-silver
(certainly natural) alloys.
Data obtained for the Mycenaean items
was compared with Egyptian jewellery
from the same period studied in the
three-year multi-disciplinary project
CNRS PICS 5995 [1, 2, 3]. It could be
shown that even if the same colouring
technique was used in both areas, the
gold palette is less rich in Mycenae than
in Egypt. The joining techniques and the
gold sources exploited in both sides of
the Mediterranean Sea are also distinct.

[1] J. E. Coleman, Keos I: Kephala. A Late
Neolithic Settlement and Cemetery, 1977.

P-143. High tin bronze
mirrors from the Mycenaean
tholos tombs of Pylia in
Messenia
(Greece).
Polychrome
alloys
in
Mycenaean goldwork
Maria Filomena Guerra(1)
(1) ArchAm – UMR 8096 CNRS and
Université Panthéon-Sorbonne, MAE, 21
allée de l’Université, 92023 Nanterre,
France

[1] L.G. Troalen, J. Tate, M.F. Guerra,
Goldwork in Ancient Egypt: workshop
practices at Qurneh in the 2nd Intermediate
Period, Journal of Archaeological Science 50,
219-226, 2014.
[2] I. Tissot, L.G. Troalen, M. Manso, M.
Ponting, M. Radtke, U. Reinholz, M.A.
Barreiros, I. Shaw, M.L. Carvalho, M.F.
Guerra, A multi-analytical approach to gold
in Ancient Egypt: Studies on provenance and
corrosion, Spectrochimica Acta B 108, 75-82,
2015.
[3] Q. Lemasson, B. Moignard, C. Pacheco,
L. Pichon, M.F. Guerra, Fast mapping of gold
jewellery from Ancient Egypt: searching for
hard-solders and PGE inclusions, Talanta
143, 279-286, 2015.

The
construction
of
polychrome
jewellery including metallic parts in
diverse nuances of gold was recently
highlighted for Bronze Age Egypt [1, 2].
Skilled Mycenaean goldsmiths also
employed in their items different
coloured materials (gold, lapis lazuli,
glass, faience, chalcedony, etc.) and
might had enhanced the searched
polychrome effects by applying parts
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Among these studies, the ones related to
Sardinian silver metallurgy are still very
few, probably due to the limited number
of available finds.
Sardinian silver metallurgy appears to
originate from the last stages of
Neolithic, as shown by artifacts (hair
rings, necklace parts) and melting slags
yielded by settlement and burial sites
dating back to the Ozieri culture (first
half of the IV mill. BC). However, the
spread of such archaeological evidences
occurred during the eneolithic Sub-Ozieri
(last centuries of IV mill. BC) and,
especially, Filigosa and Abealzu (first
half of III mill. BC) cultural phases.
Following
this
tradition
of
archaeometallurgical studies, the authors
present the preliminary results of
investigations regarding a small group of
metal artefacts found in an Abealzu
burial excavated from 2010 to 2015 in Su
Forru de is Sinzurreddus cave (centralwest Sardinia). The typological and
morpho-metric characteristics of the
artefacts allowed to identify them with
some hair and finger rings, similar to the
silver ones already well known from
other eneolithic burials of the island. The
archaeometric investigation was entirely
carried out by means of non-destructive
methods. In addition to visual inspection,
chemical,
mineralogical
and
metallographic analyses were performed
by portable energy dispersive X-ray
fluorescence spectrometry (pXRF), XRay Diffraction (XRD) and polarizing
microscope. The analytical data draw us
to link these finds to silver metallurgy. In
addition, the chosen analytic approach
allowed to econstruct some aspects of the
eneolithic craftsmens’ behaviour in
selecting and processing geo-materials
for metallurgical purposes.

P-144. Silver remains from the
Eneolithic individual burial of
Su Forru de is Sinzurreddus
cave (central-west Sardinia,
Italy)
Marco Serra(1,2), Carla Cannas(3,4) and
Carlo Lugliè(1)
(1) LASP-Laboratorio di Antichità Sarde e
Paletnologia, Università degli Studi di
Cagliari, Piazza Arsenale 1, 09124 Cagliari,
Italy
(2) AUSI-Consorzio per la Promozione delle
Attività Universitarie del Sulcis-Iglesiente;
C.R.E.A.TE- Centro di Ricerca per l’Energia,
l’Ambiente e il Territorio, Palazzo BellavistaMonteponi, 09016 Iglesias, Italy
(3) Dipartimento di Scienze Chimiche e
Geologiche, Università degli Studi di
Cagliari, Cittadella Universitaria, 09042
Monserrato
(4) INSTM-Consorzio Interuniversitario
Nazionale per la Scienza e Tecnologia dei
Materiali (Cagliari Unit)

During the last decades, a number of
studies addressed issues related to the
metallurgical background of prehistoric
Sardinian communities from various
research fields such as archaeology,
chemistry and engineering. Credit is also
due to researchers who opened a
Sardinian
tradition
of
archaeometallurgical studies combining
archaeological methods of analysis with
those originating from basic sciences:
they applied effective procedures for data
acquisition, aimed to ensure the
reliability of the scientific results.
Generally, the research arising from this
methodological approach developed
chemical and physical studies on
artefacts aimed at characterizing raw
materials,
revealing
technological
properties and source provenance.
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To the best of the authors’ knowledge,
this is the second study developed on
prehistoric Sardinian silver artefacts by
means of chemical and physical methods.

used to analyze the artifacts, which
included nine small pins, four daggers,
and one axe. Each pXRF analysis was
conducted for 60 seconds, with voltage
and amperage settings of 40 kV and
1.5 μA. A filter was placed in the
machine to optimize precision for the
elements of interest, including Cu, Sn,
Pb, As, Fe, Ag, Au, Sb, and Zn. Since
XRF analyses are only of the surface,
multiple spots were tested on each object
in order to assess variation due to
original casting as well as postdepositional oxidation or contamination.
The X-ray beam analyzes an area of
5x7 mm. Calibration of the raw data was
done using the S1pXRF spectra program,
incorporating materials from National
Institute of Standards and Technology
(NIST) and other copper-based metal
standards.
The results of this study demonstrate
variability in both technology and in the
various metal “recipes,” which include
artifacts of pure copper, arsenical copper,
and
copper/silver
alloys.
When
contextualized within the broader
framework
of
island-wide
metal
production, these results have important
implications as it relates to debates about
the adoption and proliferation of
metallurgy on Sardinia and the central
Mediterranean more broadly.

P-145. Early copper - based
metallurgy at the site of Monte
d’Accoddi (Sardinia, Italy)
Kyle P. Freund(1), Luisanna Usai(2) and
Robert H. Tykot(3)
(1) Department of Anthropology, Indian
River State College, Ft. Pierce, Florida
(2) Independent Researcher, Sassari, Italy
(3) Department of Anthropology, University
of South Florida, Tampa, Florida

This poster presents data on early copperbased metallurgy at the prehistoric site of
Monte d’Accoddi on the Italian island of
Sardinia. Monte d’Accoddi has variously
been described as an altar, a temple,
and/or a step pyramid and provides
evidence of copper-based metalworking
as early as the late fourth millennium
B.C. During the summer of 2015, 14
metal artifacts from Monte d’Accoddi
were analyzed at the Museo Nazionale
G.A. Sanna in north-central Sardinia with
the goal of exploring the local factors
that informed early metal use at the site.
This included combining typological
classification
with
compositional
analyses to reveal sets of choices made at
multiple stages of the production process.
This type of integrated approach is
producing high quality data that allows
for the comparison of differences in the
form and function of various objects as
well as differences in the raw materials
being used to create them.
A portable Bruker Tracer III-SD X-ray
fluorescence (pXRF) spectrometer was
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permitted to obtain the quantitative
distribution of all phases (revealing
dendritic segregation of the bronze in
several parts of the samples) including
mineralization related ones.
Two of the analysed swords are from
Monte Sa Idda-Decimoputzu while the
third was found in the cave shrine of
Pirosu-Santadi. For the production of this
kind of swords, it was proposed a dating
between 930 and 750 cal. A.C., into the
III phase of the Atlantic Final Bronze
Age [3].
The obtained results show a very specific
procedure for sword forging: the bronze
composition, the presence of dendritic
segregation and the microstructure are
very peculiar. A comparison with microstructural characteristics of contemporary
bronze artifacts produced in the other
areas of the Mediterranean Sea will
permit to add important details about the
development and exchange of knowledge
in this geographic area.

P-146.
Non
destructive
compositional
and
microstructural
characterization of Sardinian
bronze
swords
through
Neutron Diffraction
Franceso Grazzi(1), Antonio Brunetti(2),
Anna Depalmas(3) and Antonella
Scherillo(4)
(1) Consiglio Nazionale delle
Ricerche,Istituto dei Sistemi Complessi,
Firenze, Italy
(2) Polcoming, Università di Sassari, Sassari,
Italy
(3) Dipartimento di Storia, Scienze
dell’Uomo e della Formazione, Università di
Sassari, Sassari, Italy
(4) Science and Technology Facility Council,
ISIS Neutron Source, Harwell, United
Kingdom

Sardinian bronze metallurgy represents
an important example concerning the
study of the development of Bronze
technology in an insular area located in
the centre of Mediterranean Sea thus
permitting to study the history of
metallurgy in a relatively insulated area
and the links with the surrounding
lands [1].
Three bronze swords pertaining to the
"Monte Sa Idda" type, named after the
important eponymous hoard found in the
early 1900s in Sardinia, were analyzed
through neutron diffraction using the
INES beam-line [2] at the ISIS spallation
neutron source. The obtained data
analysed through Rietveld refinement
allowed us to quantitatively determine
the bronze composition, the casting
procedure and the presence of thermal
and
mechanical
interventions.
Furthermore,
neutron
diffraction

[1] F. Lo Schiavo, La metallurgia sarda:
relazioni fra Cipro, Italia e la Penisola
Iberica. Un modello interpretativo, in
Celestino, S., Rafel, N., Armada, X. L.,
edited by, Contacto cultural entre el
Mediterráneo y el Atlántico (siglos XII-VII
BC). La precolonización a debate, Madrid,
417-436, 2008.
[2] F. Grazzi, M. Celli, S. Siano, M. Zoppi,
Preliminary results of the Italian neutron
experimental station INES at ISIS:
Archaeometric applications, Nuovo Cimento
C 30, 59-65, 2007
[3] D. Brandherm, Las espadas del Bronce
Final en la Peninsula Ibérica y Baleares, PBF
(A. IV) 16, Stuttgart, 2008.
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done in what seems at the moment a local
feature in Nuragic copper metallurgy.

P-147. A strange lead isotopic
signature:
The
Funtana
Coberta - Ballao hoard
(Sardinia)

This research has been funded by the Spanish
Government Projects (HAR2010 – 21105 02 - 01, HAR2014‐5298‐1‐Rand by an
agreement between the universities of
Cagliari (Sardegna, Italy) and Lleida (Spain).

Ignacio Montero-Ruiz(1), Paolo Valera(2),
Maria Rosaria Manunza(3), Nuria Rafel(4),
Fulvia Lo Schiavo(3) and Marco Bettelli(5)

[1] Begemann, F., Schmitt-Strecker, S.,
Pernicka, E. and Lo Schiavo, F. (2001):
Chemical composition and lead isotopy of
copper and bronze from Nuragic Sardinia.
European Journal of Archaeology 4 (1): 4385.
[2] Lo Schiavo, F., Giumlia-Mair, A., Sanna,
U,
Valera,
R.
(eds)
(2005):
Archaeometallurgy in Sardinia. From the
origin to the Early Iron Age. Monographies
Instrumentum, 20. Editions Monique
Mergail.
[3] Manunza, Mª R. (2008): Funtana

(1) Instituto de Historia-CSIC
(2) Faculty of Engineering - University of
Cagliari
(3) Ministero dei beni e delle attività culturali
e del turismo
(4) Universitat de Lleida
(5) Consiglio Nazionale delle Ricerche - CNR

Copper exchange in the western
Mediterranean reflects highly complex
patterns between 1500-500 BC due to
several interactions happening in an area
which acted as a crossroad between the
Atlantic and the Eastern Mediterranean
worlds.
The LIA data obtained from Funtana
Coberta-Ballao hoard (Sardinia), dated in
the 13th century BC, reveal an unknown
signature in the European and Near
Eastern Bronze Age metallurgy. The
main feature is the low content in the
208
Pb isotope (the end of the Thorium
series from 232Th). This strange signature
is clearly different of all LIA geological
data available from the Mediterranean
and European mainland deposits, but it is
not the first time that it was detected in
Sardinian objects. Oxalid database,
Begemann et al. 2001 and Lo Schiavo et
al. 2005 published only a few objects
with very low 208Pb, but in the Funtana
Coberta-Ballao hoard they are the
majority (25 of 47 samples).
The provenance of these metals is not yet
identified, but some suggestions could be

Coberta. Tempio nuragico a Ballao nel
Gerrei. Scuola Sarda Editrice.

P-148.
Contributions
to
Central
European
Early
Bronze Age metallurgy
Gabriella Kulcsár(1), Anna Endrődi(2),
Zsolt Kasztovszky(3), György Káli(4),
Zoltán Kis(3), Boglárka Maróti(3), Róbert
Patay(5), Géza Szabó(6) and Viktória
Kiss(1)
(1) Institute of Archaeology, Research Centre
for the Humanities, Hungarian Academy of
Sciences, 1014 Budapest, Úri street 49,
Hungary
(2) Budapest History Museum, 1031
Budapest, Záhony street, Hungary
(3) Centre for Energy Research, Hungarian
Academy of Sciences, 1121 Budapest,
Konkoly-Thege Miklós Road 29-33, Hungary
(4) Wigner Research Centre for Physics,
Hungarian Academy of Sciences, 1121
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Budapest, Konkoly-Thege Miklós Road 2933, Hungary
(5) Ferenczy Museum, 2000 Szentendre,
Kossuth Lajos street 5, Hungary
(6) Wosinsky Mór Museum, 7100 Szekszárd,
Szent István Square 26, Hungary

[2] M. B. Merkl, Bell Beaker Metallurgy and
the Emergence of Fahlore-copper Use in
Central
Europe,
Interisciplinaria
Archaeologica, 2010, I, 19-27; A. Endrődi, E.
Baradács, I. Uzonyi, A. Z Kiss, I. Montero ,S.
Rovira, Technological study of Beaker
metallurgy
in
Hungary.
In:
Archaeometallurgy in Europe, proceedings
Vol. 2. Associazione Italiana di Metalurgia.
Milan 2003, 29-38.
[3] I. Torma, A balatonakali bronzkori sír
(Das bronzezeitliche Grab in Balatonakali).
VMMK 1978, 13, 15-24; S. Schwenzer, Zur
Frage der Datierung der Melzer Stabdolche.
PZ 2002, 77, 76–83.

This work focuses upon the technological
and social historical backgrounds of the
Early Bronze Age metallurgy (2500–
2000/1900 BC) using the results of
various non-destructive neutron-based
methods [1]. At the beginning of this
period the appearance of the Bell Beaker
phenomenon
caused
considerable
changes in certain territories of
Europe [2]. The end of the investigated
period corresponds with the time when
the adoption of tin bronze technology
became widespread in Central Europe.
Larger metal implements and weapons
can be associated with this period,
including the burial of the high-status
individual from western Hungary with
his characteristic artefacts that were
interpreted as import finds from the
western part of Central Europe [3]. We
studied tanged daggers and some other
type of objects excavated from
cemeteries of Central Hungary. The raw
material
composition
and
the
technological
sequence
(chaîne
opératoire) taking place during the
production of the investigated metal finds
were studied. We attempt to shed light on
the emergence of fahlore-copper use in
Hungarian Early Bronze Age and also on
connections with the Central European
Bronze Age communities in the same
time period.

P-149. Lead and copper
isotope ratios of Neolithic
copper axes and Bronze Age
gold coils – hint at raw
material origin
Robert Lehmann(1)
(1) Leibniz University of Hannover, Institute
for Inorganic Chemistry, Archaeometry
group, Callinstr. 9, D-30167 Hannover,
Germany

By using fs laser ablation mass
spectrometry (fs-LA-ICP-MCMS), lead
and copper isotope ratios of Neolithic
copper axes and Bronze Age gold coils
from Northern Europe were determined.
The goal of the study was to get hints to
the origin of the raw materials. From
different German museums around 20
Neolithic copper objects (mainly axes)
were analysed. All these objects contain
> 98% copper; recycling can be excluded
for a period this early. The results for the
lead isotope ratios suggest that for the
copper axes found in Northern Germany
dating to the Early Neolithic period

[1] V. Kiss , K. P. Fischl , E. Horváth , Gy.
Káli , Zs. Kasztovszky , Z. Kis , B. Maróti,
G. Szabó, Non-destructive analyses of bronze
artefacts from Bronze Age Hungary using
neutron-based methods, J.Anal.At.Spectrom.,
2015,30, 685-693.
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(4200-3500 BC) copper from Serbia and
Bulgaria was used. In the Late Neolithic
period (3500-2800 BC) copper from the
Alps was used, too. By using copper
isotope ratios it is possible to distinguish
between Serbian and Bulgarian sources.
Many copper sources from Serbia have
δ65Cu -0,4 to +0,6 ‰. The results for
some copper axis show similar data.
The same technique was used to analyze
different gold objects from the Bronze
Ages [1]. For the most of these objects
native gold was used. The gold content is
in the range of 80 to 98 %.
For the Bronze Age objects found in
Germany and Austria the lead isotope
ratios suggest that gold from Bulgaria,
Serbia, the Eastern Alps and probably
Romania was used. The gold origin for
the gold coils seems to depend on the
style of the coils. The smaller coils show
a signature which is typical for
Bulgaria/Serbia, the large coils a
signature of Eastern Alps and the
Balkans. By using copper isotope ratios a
better differentiation of ore sources in the
Balkans can be realized. The data e.g. for
the
cup
of
Teerheide
show
δ65/63Cu +0,17 ‰. This seems to be a hint
for an origin from Serbia/Bulgaria and
not Eastern Alps and may verify the
results of the lead isotope ratio
measurements. A benefit of such
determination on popular gold objects of
the Bronze Ages is the possibility of
detecting forgeries. For instance, the
popular gold disc of Moordorf (found in
Northern Germany) shows trace element
fingerprints and isotope ratios, which are
typical for modern materials. The gold
solar disc of Moordorf seems to be a
nearly perfect forgery of the early 20th
century. For just about 100 years this
solar disc was rated as a historical
important and genuine artifact.

[1] R. Lehmann, D. Fellenger, C. Vogt,
Modern metal analysis of Bronze Age gold in
Lower Saxony by using laser ablation mass
spectrometry, in: H. Meller a.o., Metals of
power - early gold and silver, 237-246, 2014.

P-150. The colour
Possible use of
alloying in order
different colors in
Age

of bronze deliberate
to produce
the Bronze

Arne Jouttijärvi(1)
(1) Heimdal-archaeometry, Skovledet 30
DK-2830 Virum, Denmark;
heimdal@archaeometry.dk

A deposit of copper ingots and different
kinds of refuse from bronze casting was
found at Mariesminde on Funen in
Denmark. Analyses of the finds were
undertaken in order to determine if alloys
had been made on the basis of pure
copper and tin or if the production was
based on re-melting of scrap metal.
The ingots formed two groups. One had a
low content of tin and lead and very
uniform
compositions,
probably
representing pure copper. The other
group was more varied and was most
likely the result of remelting of scrap
metal.
Sprues connected to parts of failed
castings showed that large hollow ankle
rings had been made. The find also
contained a number of complete rings.
One of the rings was found to have a two
layered structure. The inner layer was an
ordinary, rather low tin bronze, while the
outer layer had a tin content around 30%.
The cross section of the outer layer still
had a silvery colour, and it is likely that
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dell'Informazione, Università di Sassari,
Piazza Università 21 – 07100 Sassaro
(3) HERCULES Laboratory, University of
Évora, Palacio do Vimioso, Largo Marquês
de Marialva8, 7000-809 Évora, Portugal
(4) Era-Arqueologia SA, Calçada de Santa
Catarina, 9C 1495-705 Cruz Quebrada

the alloy was deliberately used for its
colour. A part of a broken bangle also
had a silvery colour and the analysis
showed that it made from a 23% tin
bronze.
Another bangle also had a rather unusual
tin content (15%) and must have had a
golden colour different from the
brownish red colour of the normal 8%
tin-bronze. A similar alloy was used for
the very thin, cast Bronze Age belt
plates, and other types of decorative
objects might also have been made
deliberately from alloys intended to give
a special colour.
These are indications that not only the
mechanical properties were important for
the choice of alloy in the Bronze Age,
but also the golden, silvery or bronze
colour of the metal. This is somewhat
remarkable in a period where gold, but
not yet silver was known as a separate
metal. A focus on colour in metal work
thus seems to precede the widespread use
of coloured alloys known from the Iron
Age

In this study realistic Montecarlo
simulation using the XRMC code
package combined with EDXRF has
been tested to characterize non
destructively a collection of Cu-based
archaeological artefacts [1].
The collection of metals analyzed in this
study has been recovered in the
archaeological sites of ETAR de Vila
Nova de Mil Fontes (Odemira) and
Estácio 6 (Beja). It is composed by tools
(e.g. arrowheads) and weapons (e.g.
awls, chisels and a flat axe) belonging to
the first metallurgy from Southern
Portugal (III/first half II mill BC).
The analysis allowed to display a
multilayered structure made up of three
distinct layers: (a) brownish carbonate
soil-derived crust; (b) green oxidized
corrosion patina; (c) bulk metal. The
latter is composed by pure copper or
copper with variable As and low
concentrations of impurities such as Sb
and Fe.
In order to assess the reliability of
Montecarlo simulation to reproduce the
composition of the alloy substrate in
archaeological bronze artefacts without
removing the patina and the soil-derived
crust, portable EDXRF analysis were
performed on cleaned and patina/crust
coated areas of the artefact together with
SEM-EDS. Patina characterization of the
archaeological artefacts was determined
by means of X-ray diffraction and Raman
microscopy.
Results
suggest
that
the
EDXRF/Montecarlo protocol is well

P-151. Use of the Monte Carlo
simulation as a tool for nondestructive EDXRF analysis of
archaeological
coppers
fromearly
metallurgy
in
Southern Portugal
Carlo Bottaini(1), Antonio Brunetti(2), Rui
Bordalo(3), António Valera(4) and Nick
Schiavon(5)
(1) CIDEHUS/UE, Palacio do Vimioso,
Largo Marquês de Marialva 8, 7000-809
Évora, Portugal
(2) Dipartimento di Scienze Politiche,
Scienze della Comunicazione e Ingegneria
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suited particularly when only a two
layered model is considered whereas in
areas where the patina and crust coating
is too thick, x-rays from the bulk metal
substrate were not able to exit the
sample.

Bronze Age (LBA) communities of the
European Atlantic façade (c. 1300850 BC) through the study of metal
hoards. It seeks to determine the
similarities and differences expressed by
hoards in different spheres (economic,
technological, ideological and ritual) by
undertaking an intensive and comparative
study of the phenomenon in four selected
geographical areas. To achieve this aim,
we prioritise a standardised data
acquisition protocol in four focus areas of
the Atlantic façade.
From the analytical point of view,
ALBIMEH has built a new corpus of
chemical composition analysis of LBA
metal objects from the selected study
areas
using
a
handheld
XRF
spectrometer, although the compilation
of previous analytical data also makes
part of the project. The chemical data are
combined with other archaeological and
contextual information to identify
patterns that may be compared across the
various study regions.
This paper will focus on the results
obtained in two of the study areas,
located in the Beira Litoral Sul and Alta
Estrematura (Portugal) and the north of
Galicia (Spain). These results provide
new insights into the metal production
and deposition in the Atlantic façade of
Iberia, as well as their variation across
space and time. The reasons for these
regularities and differences will also be
addressed.

[1] Bottaini C., Mirão J., Figuereido M.,
Candeias A., Brunetti A., Schiavon, N.,
Energy dispersive X-ray fluorescence
spectroscopy/Monte
Carlo
simulation
approach for the non-destructive analysis of
corrosion
patina-bearing
alloys
in
archaeological bronzes: The case of the bowl
from the Fareleira 3 site (Vidigueira, South
Portugal), Spectrochimica Acta Part B
Atomic Spectroscopy 103-104:9-13, 2015.

P-152. A new corpus of
analytical data on Atlantic
Late Bronze Age metal
hoards:
The
ALBIMEH
project
Xosé-Lois Armada(1), Marcos MartinónTorres(2) and Raquel Vilaça(3)
(1) UCL Institute of Archaeology, 31-34
Gordon Square, London WC1H 0PY, UK
(2) UCL Institute of Archaeology, 31-34
Gordon Square, London WC1H 0PY, UK
(3) Instituto de Arqueologia, Universidade de
Coimbra, Palácio de Sub-Ripas, Rua de SubRipas 3000-395
Coimbra, Portugal

The aim of this paper is to present some
final results of the “Atlantic Late Bronze
Age interaction through metal hoards”
(ALBIMEH) project, a two-year IEF
Marie Curie project based at the UCL
Institute of Archaeology.
The project examines the nature and
extent of interaction between the Late
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variation of naipes within bundles are
significantly less than that between
bundles themselves, while inclusionary
chemical phases within the naipes of a
given bundle demonstrate considerable
variability
in
their
elemental
composition, as well as in their
presence/absence within the naipes of
separate bundles. Though sample size
currently
limits
the
potential
identification of separate production
units, interpretation of the preliminary
results suggest that naipes within a given
bundle were produced from variable ore
sources and compiled from multiple
production events based on their arsenic
content and morphology, demonstrating
that standardization practices were
employed by observationally skilled
artisans and that the material properties
of naipes conveyed important social
meanings embedded in much larger
Sicán value systems surrounding metal
alloys.

P-153. Naipes, standardized
Middle Sicán (ca. CE 1000)
sheetmetal
objects:
New
insights from SEM-EDXS and
metallographic analyses
Branden C. Rizzuto(1)
(1) Department of Anthropology, University
of Toronto, 19 Russell St., Toronto, ON,
Canada, M5S 2S2

This paper highlights emerging results of
the ongoing study that aims to further
characterize the technological strategies,
standardization practices, and social
relations associated with the production
of naipes – I-shaped arsenic bronze
sheetmetal objects hypothesized to have
served as media of exchange or ingots –
during the Middle Sicán (900 – 1100 CE)
period on the north coast of Peru.
Initially conducted as part of an MSc.
research at UCL Institute of Archaeology
under the supervision of J. Merkel,
SEM-EDXS
and
metallographic
(chemical etching, optical microscopy,
microhardness) analyses were carried out
on the polished cross-sections of three
naipe bundles containing ten naipes each,
and one additional now separated naipe –
excavated by the Sicán Archaeological
Project under the direction of I. Shimada
– from the sumptuous Huaca Loro East
Tomb at the Middle Sicán capital site,
north coastal Peru. Though prominent
among Middle Sicán mortuary contexts,
analytical investigations of naipes have
thus far been limited and either based on
the Sicán examples or wider surveys of
different contexts, the current study
representing
the
most
intensive
archaeometric and metallographic study
of naipes to date. Results demonstrate
that morphological and chemical

P-154. Reconstructing copper
production technology at the
Iron
Age workshop
of
Almyras
(Ayia
Varvara,
Cyprus)
Martina
Renzi(1),
Myrto
(1)
Georgakopoulou , Thilo Rehren(1),
Christina Peege(2) and Walter Fasnacht(3)
(1) UCL Qatar, Georgetown Building, PO
Box 25256, Education City, Doha, Qatar
(2) Universität Zürich, ARCH, FB
Prähistorische Archäologie, Karl-SchmidStr. 4, CH-8006 Zürich, Switzerland
(3) Director of Almyras Excavations, Cyprus
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Almyras is the only fully excavated Iron
Age copper smelting workshop known so
far in Cyprus. The chronological
sequence of the site spans from the
Cypro-archaic II to the Late Hellenistic
period. The site is situated next to a small
ore outcrop, 200 m to its northwest. This
consists of exposed gossan with
chalcopyrite and pyrite identified
dispersed or in discrete veins.
This paper focuses on the earliest phase
of the workshop to which three furnaces
have been attributed. A wealth of
metallurgical materials was unearthed
through a series of excavations in the
80’s and 90’s [1], including tap and
amorphous slags, furnace walls, metal
lumps and ore fragments. Representative
samples of these are now studied
consistently for the first time, using
chemical and microstructural analysis
aiming to reconstruct the technology
employed at Almyras to smelt sulphidic
copper ores.
This data are compared to other
contemporary sites in Cyprus and are
also considered in relation to current
understanding of previous Bronze Age
metallurgy addressing continuity and
change in technology.
Concerning the source of the ores used at
Almyras, there is evidence that the nearby outcrop was mined, although no
definitive datable evidence that links it to
the smelting workshop has been
found [2]. The question of localising the
ore sources is currently under
investigation through an extensive lead
isotope and trace element analysis
program that includes geological and
archaeological ore samples as well as
slags. The data are of wider importance
in understanding the complex nature of
the Cypriot lead isotopic field, a
significant resource through the ages.

Despite the prominence of Cyprus as a
copper producer in different periods of
antiquity, the Iron Age remained one of
the least understood periods in this
respect, a picture that the Almyras data
are now aiming to change.
[1] W. Fasnacht, Excavations at Agia
Varvara-Almyras: A review of twelve years
of research, Report of the Department of
Antiquities Cyprus, 179-184, 1999.
[2] V. Kassianidou, Almyras mine report, in:
Excavations at Agia Varvara-Almyras. Fifth
preliminary report, Report of the Department
of Antiquities, 114-116, Cyprus.

P-155. New insights on Early
Iron Age Metallurgy in
Southwest
Iberia.
The
monumental
sites
of
Extremadura
Charles Bashore Acero(1)
(1) Universidad de Granada, Facultad de
Filosofía y Letras, C/ Profesor Clavera
18011, Granada, Spain

Metallurgy has been one of the key
features of Late Bronze Age-Early Iron
Age archaeology in the Iberian
southwest. The arrival of the first eastern
Mediterranean people to the Iberian
Peninsula, and the later Phoenician
presence radically transformed the LBA
cultures of southern Iberia. The
development of the Tartessic Culture and
its expansion to the inlands of Iberia has,
in many occasions, been explained by the
control of the rich mining areas of
southeast Iberia and commerce with the
Phoenicians at their costal settlements.
But it is in the inlands, modern day
Extremadura
(Spain),
were
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archaeologists have excavated some of
the most characteristic sites belonging to
this period, known as monumental sites,
temples or palaces. Nevertheless, despite
the importance of metallurgy in this
culture, the role of the metallurgist and
the characteristics of the metallurgical
processes that had been carried out at
these sites have been overlooked. Our
current objectives are to characterize and
further understand the changes in
metallurgy and production organization
that took place between the LBA and
EIA, taking into account the radical
social transformations that occurred
within Tartesso and the presence of
foreign agents from the eastern
Mediterranean.
Therefore we will be presenting the new
archaeo-metallurgical information that
has been obtained from three different
monumental
sites
located
in
Extremadura, Cerro Borreguero, Cancho
Roano, and Casas del Turuñuelo. In order
to achieve a better understanding of the
role of metallurgy within these
monumental sites, we have studied both
the metal objects and the metallurgical
evidence (slags, technical ceramics, scrap
metal, etc.), using a different range of
techniques, to obtain as much
information as possible, such as XRF,
Metallography and SEM-EDS. Our
findings support new perspectives
regarding the role of metallurgy and
metallurgists within these monumental
sites.

P-156. Early Iron Age
Iapodean headdress: The
social
and
technological
context
Ana Franjic(1)
(1) Institute of Archaeology, University
College London, 31-34 Gordon Square,
London, WC1H 0PY, UK

This paper discusses the production and
meaning of
idiosyncratic
bronze
headdresses, a central piece of elaborate
female funerary dress of the Early Iron
Age Iapodean material culture, traces of
which are archaeologically attested in
present-day Croatia and Bosnia and
Herzegovina. These headdresses are
thought to be a local product as they are
without any close analogues, and have
hitherto been analysed only through
typological
and
chronological
parameters.
Through the application of qualitative
(ED-XRF) and quantitative (EPMA)
chemical
analyses
and
optical
microscopy, new information is provided
on these artefacts and the nature of the
technological choices that brought them
into being. This represents the first data
on the composition, microstructure, and
manufacturing
methods
of
the
headdresses, in order to assess the level
of technological know-how, the local
production hypothesis, and to locate its
possible centres and sources of raw
material. Compositional evidence for the
use patterns of the headdresses is
examined in order to determine whether
this item was used in everyday or
funerary contexts.
The results indicate sophisticated
metallurgical skill and knowledge. The
question of local production centres
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remains unanswered, but points to the
use of sulphidic copper ores. Tentative
trends in the decoration techniques
connected with different alloy types
suggest the possibility of different
workshops. Inconsistency of batches
within
grave
units
containing
headdresses, and various types of
composite headdress, reveal aspects of
the organization of production, and might
suggest a longer life-history of these
artefacts.
High tin levels of up to 20 wt% were
unnecessary from the perspective of the
mechanical behaviour of the alloys and
indicate that technological choices were
adjusted to meet specific aesthetic
demands. This reveals the reciprocity of
technological and social practices [1],
and shows how social demand influences
innovation, use, and the technological
process itself [2].

on selected samples - micro-PIXE. The
items are found in Dobroudja: IstrosHistria region (Histria, Tariverde, SinoeZmeica,
Golovita
and
Cogealac
settlements from Istros chora -external
area mainly destinated to contacts with
local
population)
and
Floriile
(autochtonous – Getae? -fortified
settlement on Danube near border with
Bulgaria). The most relevant result is that
for each finding place the same type of
alloy was used both for fighting
arrowheads and monetary signs. Our
analyses suggest three types of alloys:
Cu-Sn-Pb (“normal” bronze), Cu-Sn-MnPb and Cu-Sn-Sb-Pb. The big problem to
be solved is how antimony and
manganese can be components of a
copper alloy. As mentioned in [1],
antimony is a component of polymetallic geological deposits, its presence
being an indicator for the use of
secondary
enriched
sulfide
ores,
including copper, arsenic, antimony, and,
in small quantities, silver, nickel and
bismuth. Chernykh [2] suggests arsenical
and antimonal bronze in Southern Russia
are associated with pyritic copper mines
from Southern Caucasus. The analysis
performed on bronze items belonging to
British Museum collections [1] suggested
antimonal bronze is found mainly in
Kuban area (North-East to Black Sea), a
region with a strong Scythian presence.
The most credible hypothesis concerning
the use of antimonal bronze for some
“arrowheads” monetary signs found both
in Olbia and in Histria is its Scythian
provenance.
For
manganese,
an
explanation could be the use of
manganese oxides as flux necessary to
smelt oxidized ores [3]. Our hypothesis is
such a copper ores smelting in Ukraine –
in the region of Nikolaev, very rich in
manganese minerals – an area also

[1] Jones, A., Archaeometry and materiality:
material-based analysis in theory and
practice. Archaeometry 46: 327-338, 2004.
[2] Clark, G., Symbols of Excellence.
Cambridge: Cambridge University Press,
1986.

P-157. Bronze alloys of
monetary signs emitted by
Greek colony Histria – VII-VI
Centuries B.C.
Bogdan Constantinescu(1)
(1) National Institute for Nuclear Physics and
Engineering “Horia Hulubei”, 077125
Magurele-Ilfov, Romania

We performed compositional analyses on
250 Scythian-type arrowheads and
monetary signs using XRF method and 268
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known with a significant Scythian
presence. We must outline that copper
minerals from North Bulgaria and Serbia
do
not
contain
manganese
or
antimony [4].

museum fund, NE Bulgaria. A small part
of them is final products of a
metalworking ateliers. Prevailing part of
the samples are taken from metal objects
at different stage of processing from one
artifact into a completely different one.
Although many of them are with
unknown location of discovery, all,
except one, belong to a narrow time span
ІV - ІІ BC. Most of the samples were
analyzed with a portable XRF, only few
of them through ICP-AES. The quantity
of the following elements has been
defined copper (Cu), zinc (Zn), tin (Sn),
lead (Pb), arsenic (As), silver (Ag),
cobalt (Co), nickel (Ni), iron (Fe) and
antimony (Sb). The obtained data was
handled statistically with SPSS v.14.0
package. Thus, relatively homogeneous
groups of objects were identified.
Finally, the function of these objects was
assumed based on the metal alloy
features of the above set groups.

[1] J. Curtis, M. Kruszynski, Ancient
Caucasian and Related Material in The
British Museum, Occasional Paper Number
121, 2002.
[2] E. Chernykh, Ancient metallurgy in
USSR, Cambridge, 1992.
[3] N.H. Gale, Z. A. Stos-Gale, Bronze Age
Copper Sources in the Mediterranean: A New
Approach, Science 216 (4541), 11-19, 1982.
[4] V. Lyubomirova, R. Djingova, I. Kuleff,
Comparison of analytical techniques for
analysis
of
archaeological
bronze,
Archeaometry 57, 4677-686, 2015.

P-158. An archeometrical
research on copper alloy made
metal objects from Razgrad
museum fund, Bulgaria

P-159. About tin presence in
Geto-Dacian silver coins as
revealed by XRF and microPIXE

Velislav Bonev(1) and Boika Zlateva(2)
(1) Faculty of History, University of Sofia,
Bul. “Tzar Oswoboditel” 15, 1504-Sofia,
Bulgaria
(2) Faculty of Chemistry, University of Sofia,
Bul., “James Bouchier” 1, 1164-Sofia,
Bulgaria

Daniela Cristea-Stan(1)
Constantinescu(1)

This work represents an interdisciplinary
study attempting to answer a number of
questions directly related to the
archeological science. Part of the
methods used in it belong to exact
sciences, such as chemistry and statistics,
which add-up value to the knowledge
accumulated during many years of
research in the fields of archeology and
history. Forty-eight artifacts were
analyzed. All of them are from Razgrad

and

Bogdan

(1) Horia Hulubei National Institute for
Nuclear Physics and Engineering, P.O.Box
MG-6, RO-077125, Bucharest-Magurele,
Romania

Geto-Dacian silver coinage – “Celtic”
type starting with Philip II tetradrachms
imitations – is active from the end of IVth
to the begining of Ist centuries B.C. A
spectacular aspect is the presence of tin
in these coins starting with IInd century
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B.C. It is logic to suppose that tin was
deliberately and gradually introduced.
The average fineness and the average
weight of the issues corroborate the
supposition. There is a reduction of the
fineness with the time that is specific to
almost every Geto-Dacian coin issue. Tin
concentration in coin increased with the
time -at the beginning of IInd century
B.C. it was more or less proportionally to
copper concentration. This could suggest
that bronze was used instead of copper in
alloying silver. A very high correlation is
not expected because the ratio Sn/Cu in
ancient bronzes is far from being a
constant. The preference for adding tin in
Ag/Cu alloys is due probably to the fact
that tin attenuates the red color of copper,
resulting a silvery nuance of the alloy. A
similar situation is reported in C.
Sarthre [1]: coins from IInd Century B.C.
emitted by Coriosoliti having Ag=24%,
Cu=66%, Sn=9%, Au=0.1%, Pb=0.5%
(medium values); in M.F. Guerra and Ph.
Abollivier [2]: -Ag=60%, Cu=28%,
Sn=10%, Au=0.4%, Pb=0.6%; and in J.
Corsi et all. [3]: -Ag=27%, Cu=66%,
Sn=5% (medium values). Is it a Celtic
procedure generalized in IInd century
B.C. from Bretagne and Northern Italy to
Romania? This is the question.

P-160. The Sanctuary of
Hercules in Sesklo region,
Volos,
Greece:
An
archaeometric approach of the
archaic bronze objects
E.
Stamelou(1),
Intzesiloglou(2),
Tzoumerkioti(3)
Vaxevanopoulos(4)

A.
E.
and

DoulgeriAsderakiM.

(1) Hellenic Ministry of Culture and Sports,
Ephorate of Antiquities of Magnesia,
Athanassaki 1, 38001 Volos;
evageliastamelou@yahoo.gr
(2) Hellenic Ministry of Culture and Sports,
Ephorate of Antiquities of Magnesia;
bab.arg.intzesiloglou@gmail.com
(3) Hellenic Ministry of Culture and Sports,
Ephorate of Antiquities of Magnesia,
Department of Conservation (head,
emerita)/UCL-Qatar, honorary Research
Associate, Athanassaki 11, 38222
Volos; e.asderaki@gmail.com
(4) Aristotle University of Thessaloniki,
Faculty of Sciences, Department of
Geology; vaxevanopoulos@gmail.com
(http://www.volosmuseum.gr/)

The Sanctuary of Hercules, is located on
the northern slopes of the hill "Spartias"
in the region of Sesklo, Magnesia,
Thessaly, on the course of the ancient
road that connected the ancient city of
Pherai with its seaport, Pagasai. The
Sanctuary was identified through a votive
inscription on a bronze omphalos phiale
and it is the only confirmed excavated
site of Hercules worship, outside the city,
however, within the region of Pherai. The
cult of Hercules in this Sanctuary dates
back to the 6th century BC, a period that
Thessaly was organized into four main
regions (“tetrades”) and big cities, such
as Pherai, consolidate their power and is
still present during the 2nd century. B.C.

[1] C. Sarthre, «Autour des monnayages
d’argent et des monnayages cuivreux du
Centre-Ouest de la Gaule avant la conquete»,
2002, PhD thesis, Universite Paris -Sorbonne
[2] M.F. Guerra and Ph. Abollivier,
“Monetary alloys in Iron Age Armorica: the
singular case of the Osismi tribe”
[3] J. Corsi et all, “Compositional analysis of
a historical colletion of Cisalpine Gaul’s
coins kept at the Hungarian National
Museum”, J. Anal. Spectrom, 2015, 30, 730737
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Thessaloniki, P.O.B. 50619, 54013,
Thessaloniki, Greece; chkatsifas@culture.gr
(2) Department of Metalwork,
Archaeological Museum of Thessaloniki,
P.O.B. 50619, 54013 Thessaloniki, Greece;
annareta@yahoo.gr
(3) Lab. of Analytical Chemistry, Dept. of
Chemistry, Aristotle University, 54124
Thessaloniki; zacharia@chem.auth.gr

During the excavation works many
artifacts dated to the 6th century BC were
collected from pits covered with stone
piles, among the artifacts numerous iron
and bronze offerings are included.
In this paper we present the results of the
study of 26 bronze objects found in the
Sanctuary.
Using metallographic observation and
chemical analysis the fabrication
techniques of the objects were identified.
The
investigation
combined
non
destructive analysis with pXRF at the
Department
of
Conservation
of
Antiquities of the Ephorate of Antiquities
of Magnesia, optical microscopy, as well
as quantitative compositional analysis, of
selected samples, with Electron Probe
Microanalysis (EPMA-WDS) performed
at the Wolfson Archaeological Science
Laboratories of the UCL Institute of
Archaeology.
The results of the analyses contribute to
the understanding of the development of
the metalwork in archaic period in the
area as well as to discuss the possibility
of the use of local copper ores or if the
metal was imported. Samples have been
selected for Lead Isotope Analyses (LIA)
in order to determine the copper ore
sources.

The collection of the Archaeological
Museum of Thessaloniki (A.M.Th.)
includes among others numerous metal
artifacts that indicate the high level of
metalworking in ancient Macedonia. The
present
study
focuses
at
the
compositional study of bronze artifacts
from archaeological sites of Central
Macedonia, like the archaic cemetery of
Sindos in Thessaloniki, the classical city
of Olynthus in Chalcidice and the early
Hellenistic cemetery at Derveni, near
Thessaloniki. They were unearthed from
well dated contexts during controlled
excavations of the Archaeological
Service (Sindos and Derveni) and of
Prof. D.M. Robinson of Johns Hopkins
University (Olynthus).
Most of them are bronze vessels of
everyday or symposium use and belong
to a variety of shapes.
Since the option of sampling is limited,
the use of a non invasive analytical
technique is compulsory. In addition their
very good preservation does not impose
the removal of corrosion layers. Energy
Dispersive
X-Ray
Fluorescence
(EDXRF) spectroscopy was carried out
for the physico-chemical study of the
above artifacts. Where necessary and
feasible, destructive techniques like
Inductively Coupled Plasma – Atomic
Emission Spectroscopy (ICP-AES) were
implemented and complemented the
EDXRF spectroscopy analytical results.

P-161. Compositional study of
bronze
artefacts
from
archaeological sites of ancient
Macedonia
Chris
S.
Katsifas(1),
Annareta
(2)
Touloumzidou
and
George
A.
Zachariadis(3)
(1) Laboratory of Physico-Chemical studies
& Archaeometry, Archaeological Museum of
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The studied artifacts belong to three
different periods of time (Archaic,
Classic, Hellenistic) and therefore
enabling a comparison in the consistency
of bronze alloys in ancient Macedonia.
Some bronze vessels are considered,
according the archaeological criteria, as
products
of
Macedonian
metal
workshops, while others as imports from
workshops located in South Greece, like
Corinth and Athens. This consideration is
examined from the archaeometrical point
of view. The techniques of metal joining
are examined and the correlation between
the golden surface of many objects and
their chemical composition is, also,
discussed. It’s the first time that a
compositional study of a great number of
bronze artifacts from the ancient
Macedonia is presented, providing
significant information for the evolution
to metalworking at this area.

the earliest times, though not provable
until now.
Latest studies on the metal sources of aes
grave and provincial Greek copper
coinage like the Olbia dolphins prove an
intense trade-off and refute earlier
assumptions. The origin of the metals has
been determined by lead isotope ratios.
The method applied on about 50 aes
grave and 50 Olbia dolphins was the
semi-nondestructive laser ablation mass
spectrometry (fs-LA-ICP-MCMS). It
could be demonstrated that Etruskian
copper was not verifiably traded to Egypt
but that Laurion and the Greek islands,
primarily Cyprus, have dominated the
metal
supply.
Furthermore,
a
classification of difficult-to-assign aes
grave in associated groups was possible.

P-163.
Micro
X-ray
fluorescence
analysis
of
Roman Imperial Coins from
Nero

P-162. Early bronze coins and
bars from Italy and Greece
(aes grave) and their metal
origin

Adolfo Esposito(1), Astrik Gorghinian(1),
Marco Ferretti(2) and Fiorenzo Catalli (3)
(1) INFN-LNF National Laboratories of
Frascati-National Institute of Nuclear
Physics, via Enrico Fermi 40, 00044 Frascati
(Rome) Italy
(2) CNR-ITABC, via Salaria km 29.30, 00159
Monterotondo Rome, Italy
(3) Ministero per i Beni e le Attività
Culturali- Soprintendenza per i beni
Archeologici della Toscana, via della
Pergola 65, 50121 Firenze, Italy

Robert Lehmann(1)
(1) Leibniz University of Hannover, Institute
for Inorganic Chemistry, Archaeometry
group, Callinstr. 9, D-30167 Hannover,
Germany

It has already been frequently discussed
that Etruskian metal sources were
especially important for the development
of early Italian money (aes grave) and
that Italian metal may have also been
exported as far as Egypt. Also, the
copper influx from the Greek islands to
Italy has presumably taken place since

Nero (37- 68 A.D.) was the fifth Roman
Emperor and ruled from 54 to 68 A.D.
He did a monetary reform in 64 A.D.
after that of Augustus in 23 B.C.
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[4] I. Callinari et al, Microstructural analysis
and Compositional characterization of
Roman coins, X-Ray Spectrometry 28, 86-90,
1999
[5] A.M. Polland et al, Characterising
copper-based metals in Britain in the first
millennium AD: a preliminary quantification
of metal flow and recycling, Antiquity, 89,
Issue 345, June 2015, pp 697-713

Micro X-ray fluorescence analysis has
been applied to 396 Nero’s coins from an
important collection originally owned by
the powerful Medici family and now kept
at the National Archaeologic Museum of
Florence. This study has aimed at
characterizing and comparing the coinage
alloys used by different mints. The coins
examined include gold, silver- and
copperbased metals.
The spectrometer [1, 2] used at the
INFN-LNF
is
equipped
with
polycapillary optics [3], which are able to
focus the primary X-ray beam down to
80 .m. This feature allows performing
measurements on the small patina free
areas already present on the coin surface,
with no need for further cleaning. The
detected elements are Ti, Fe, Ni, Cu, Zn,
As, Br, Ag, Au, Pb, Sn, Sb, Hg,
depending on the type of coin
investigated [4]. Significant relationships
have been observed between the
composition and the different issues,
except for the coins issued in the year of
the reform, which are characterized by a
great compositional variability.
A deeper analysis of the main and trace
elements [5] has lead to hypothesize the
recycling of metal. Moreover, a few
coins, already considered suspicious
from the numismatic point of view, have
been confirmed to be fakes because of
their composition.

P-164.
Neutron
based
archaeometallurgical
investigation
of
RomanPicenan metal objects from
the
Academia
Georgica
Treiensis collection (Italy)
M. Rogante(1), L. Rosta(2), Gy. Káli(2), Zs.
Kasztovszky(3), Z. Kis(3), I. Kovács(4), B.
Maróti(3) and Z. Szőkefalvi-Nagy(4)
(1) Rogante Engineering Office, Contrada
San Michele, 61. 62012 Civitanova Marche,
Italy
(2) Institute for Solid State Physics and
Optics, Wigner Research Centre for Physics,
Hungarian Academy of Sciences, Konkoly
Thege str., 29-33, 1121 Budapest, Hungary
(3) Centre for Energy Research, Hungarian
Academy of Sciences, Konkoly Thege str., 2933, 1121 Budapest, Hungary
(4) Institute for Particle and Nuclear Physics,
Wigner Research Centre, Hungarian
Academy of Sciences, Konkoly Thege str., 2933, 1121 Budapest, Hungary

[1] R. Jenkins R.W. Gould D. Gedcke,
Quantitative X-ray Spectrometry Marcel
Dekker, Inc. - II Edizione 1995
[2] SOLÉ, V. A.; PAPILLON, E.; COTTE,
M.; WALTER, Ph.; SUSINI, J. (2007): “A
multiplatform code for the analysis of
energy-dispersive
X-ray
fluorescence
spectra”, Spectrochimica Acta B 62: 63-68
[3] C. A. MacDonald, Focusing polycapillary
optics and their application, of X-ray optics
and Instrumentation, ID 867049, 1-17, 2010

Prompt gamma activation analysis
(PGAA), neutron radiography (NR) and
high resolution time-of-flight neutron
diffraction (TOF-ND) have been used as
non-destructive techniques to investigate
metal archaeological artefacts belonging
to the Academia Georgica Treiensis
(AGT) collection.
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8 archaeological finds have been
analysed, most of them dating back
probably to the IX-IV century B.C. and
presumed to have been discovered in the
Marche Region, Italy. The primary goal
of the analyses was to advance the
correct technological and material
description of the objects, providing
scientific data for further and more
comprehensive comparative analyses
also covering the material found from
close archaeological sites.
The neutron investigations allowed
determining the bulk composition, also
providing either a qualitative and
quantitative assessment of the phase
composition and the structural properties
of the constituents, or radiographic
images, finally to identify possible
manufacturing techniques.
Additional examinations, carried out by
external milli-beam particle induced
X-ray emission spectroscopy (PIXE),
provided quantitative analyses of major
and trace elements (e.g., Fe, Pb and As)
in order to recognize the constitutive
alloys and to supply information on the
near-surface elemental composition
complementary to the data characteristic
for the bulk.
The obtained results, besides being useful
to set up a classification according to the
chemical composition, allow achieving
important information also related to the
possible provenance.

P-165. Look for the silver
lining. Evidence for silver
recovery
in
Roman
metallurgy: A case study
Elisa Grassi(1) and Lorna Anguilano(2)
(1) Università Cattolica del Sacro Cuore,
Milan
(2) Brunel University, London

A late Roman (mid-3rd to mid-4th century
AD) metalworking workshop, devoted to
copper and copper alloys has been
excavated in Vimercate (Milan).
In order to identify the metallurgical
activities carried out in the area,
archaeometrical analyses were performed
on various kind of debris. The initial
hypothesis was that the workshop was
devoted to the casting of large bronzes,
yet the analyses unveiled a more complex
situation.
In particular, one sample suggested that
an unusual side activity was carried out
on the site. On the surface of a spillage of
leaded copper was identified a bright-red,
glassy inclusion: the SEM analyses
revealed it to be a vitrified slag rich in
lead, with a few copper droplets trapped
within. The copper droplets contain
several microscopic silver prills. The
silver rate is very low, nonetheless it
shows that silver refining was probably
being carried out here. Traces of silver,
associated with copper and lead, have
been detected in other samples from the
site: the evidence just discussed suggests
that at times the local artisans were
attempting to recover it.
It is known that silver recovery and
recycling were rather widespread during
the Middle Ages, with well-established
practices: yet, the origins of these
techniques are still unclear. Recent
274

41st INTERNATIONAL SYMPOSIUM ON ARCHAEOMETRY
researches have been bringing to light
increasing evidence for early instances of
such activities: they became more
relevant during the Late Roman Age,
when they were probably prompted by
the economic crisis affecting the Roman
Empire. The archaeological evidence
suggests that they were performed with
varying, not always very effective
methods. The reconstruction of the
methodology used in Vimercate, and its
comparison with similar finds from other
sites, can shed light on the metallurgical
knowledge underlying this practice, as
well as on the transfer of technological
know-hows throughout Europe during
the Roman Age.

northern Britain, where access to supplies
of clay and specialist vessels may have
been
challenging.
Over
200
metallurgical ceramics from the four sites
have been identified as used crucibles.
Material properties are investigated using
petrography, SEM-EDS and XRF, along
with formal properties they are used to
investigate the choices and preferences of
the craftsmen. The following questions
will be considered; to what extent did the
metalworkers use domestic pottery, to
what extent were their crucibles made by
ceramic specialists and to what extent did
they make their own crucibles? Did they
prefer specific forms, wares and clays?
Was the choice of crucible related to the
metal alloy being melted?
Furthermore, a number of reasons have
been proposed for the adaptation of the
vessels by the addition of an external
clay layer, including improved thermal
properties and/or to adapt the shape of
the domestic vessels. Detailed technical
analysis demonstrates the relationship
between the clays of the outer layers and
those of the inner containers as well as
the advantages of the added clay,
allowing an assessment of this
technology.

P-166. Any old pot will do?
Metalworking crucibles on
theRoman Frontier
Carlotta Gardner(1) and Ian Freestone(1)
(1) Institute of Archaeology, University
College London

Crucibles are among the most demanding
of ceramics, having to retain strength and
toughness while being used at high
temperatures, which could be subject to
rapid change. Even so, Roman
metalworkers sometimes opted to use
domestic pottery vessels and these have
been associated with specific production
zones in the south of England. An extra
layer of clay was often applied to the
exterior surface and on occasion was
used to add a handle, lid, or a bar to the
rim of the original vessel.
The present paper addresses the crucibles
used on the very edge of the Empire,
from four sites along Hadrian’s Wall in

P-167. Metalworking crucibles
in Roman London
Carlotta Gardner(1), Ian Freestone(1) and
Michael Marshall(2)
(1) Institute of Archaeology, University
College London
(2) Museum of London Archaeology

This paper addresses the production of
Crucibles used in metallurgical processes
in Roman period London. These vessels
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A number of iron artefacts from a 2nd
century votive deposit (9 single edge
swords from Vimose on Funen), and
from the somewhat later (3rd to 4th
century) deposits at Ejsbøl (12 lance
heads) and Illerup Ådal (5 lances and 10
knives), was analysed metallographically
and by chemical analysis of slag
inclusions. Items from a contemporary
mass grave at Alken Enge were also
analysed. The purpose was to determine
the quality and smiting technology of the
weapons, and if possible, to see how the
geographical origin of the metal
compared
to
the
archaeological
interpretation.
Most of the swords from Vimose were
made from a combination of layers of
iron and steel, and were of a quite good
quality. The slag inclusions indicated that
the most probable origin of the metal was
somewhere in the eastern part of
Germany or in Poland. This is in good
agreement with the geographical
distribution of the sword type, centred in
present day Poland [1]. One sword
however was probably a copy, made by a
local blacksmith only using low carbon
iron of Danish origin.
Around half the 12 lances from Ejsbøl
seemed to have their origin in Norway
whereas the rest was most likely made
from iron produced within present day
Denmark. A somewhat similar division
between Danish and Norwegian metal
could be seen in the knives from Illerup
and the objects from Alken Enge. In both
cases knives and weapons thought to be
part of the military equipment seemed to
be of Norwegian origin whereas the more
personal objects was probably made from
iron produced within present Denmark.
The likely Norwegian origin of the
military equipment seems to support the
archaeological interpretation that an

have
particularly
demanding
requirements and previous work suggests
that they were made from a range of
materials; some were specially selected
and probably acquired over quite long
distances, while others were produced
close to the site. Furthermore, some
appear to have been made by the
metalworkers, while specialist potters
made others.
Detailed fabric and technical analysis has
been carried out on crucibles from sites
across London, using petrography,
SEM-EDS and XRF. It is clear from the
results that metalworkers in London were
choosing to use a standardized form and
fabric across the city. This paper will use
the results to determine how and why
these technological choices were made
and how consistent they were. The role
of the specialists in crucible production
will be explored and possible distribution
networks will be assessed.
This research provides an opportunity to
look at the distribution of metalworking
across Roman London and will further
allow the extent to which ferrous
metalworking was dependent on the
ceramic industry to be evaluated.

P-168. Foreign weapons and
local copies - The metallurgy
of swords, lances and knives
from the votive deposits in
Vimose, Illerup and Ejsbøl
Arne Jouttijärvi(1)
(1) Heimdal-archaeometry, Skovledet 30
DK-2830 Virum, Denmark;
heimdal@archaeometry.dk
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invading army came from Norway [2]. It
is however not clear how the origin of the
personal items can be explained. Were
the warriors of local origin or were the
knives and other objects stolen, bought or
made after the army arrived? The knives
and weapons with a likely Norwegian
origin was of a better quality, showing
deliberate combinations of iron and steel,
than the Danish objects in which only
low carbon iron was used.

pieces of the harness [1], faded away by
nowadays. This material was the subject
of our investigation, which focused on
the way of the ornamentation, which can
bring us closer to the problem of
approximate determination of the
analogies, provenance and the cultural
effects that might have had an influence
on the objects. To find out, we carried
out a non-destructive element analysis
with a Bruker’s XRF Tracer. According
to the first results, some new information
is available and a few earlier opinions
can be refined.
In the earlier documentation some
objects have been recorded as bronze, but
the Cu appears without any additional
material that means these plates were
made of copper. Furthermore, with the
component analysis we can refer to the
type of the decoration since the presence
of the mercury (Hg) in the gold material
suggests that the application of the fire
gilding technique.
Although the importance of the
archaeometrical methods is growing,
many archaeologists are afraid to use
them. But the component analysis can
provide the necessary data to refine our
morphological observations. Although,
the exposed results are preliminary, we
can state that these analyses could give
an additional base concerning the
comparison of the nearest 4th-5th century
analogies of the material in question.

[1] Jensen, Xenia Pauli, Våben fra Vimose,
Bearbejdning og tolkning af et gammelkendt
fund,
Ph.d.
Thesis,
University
of
Copenhagen, 2008.
[2] Ilkjær 1990 J. Ilkjær, Illerup Ådal. Die
Lanzen und Speere. Jutland Arch. Soc. Publ.
25, 1. 2 (Aarhus 1990).

P-169. Analysis of a gilded
silver bridle from Hungary
Réka Ágnes Piros(1)
(1) University of Szeged; 6722, Szeged,
Egyetem utca 2, Hungary

In this paper we introduce the
preliminary results of the archaeometrical
investigation of 4th-5th century AD
harnesses of the Vor- und Frühgeschichte
Museum in Berlin. The assemblage
originated from Hungary and included a
pair of axe shaped bronze/copper pendant
from the bridle, covered with pressed,
gilded silver plaque, as well as one piece
of spoke-shaped horse bit with the
similar type of ornamentation. The
research is important because of the
uniqueness of these objects: in the
Central and West European region there
is no exact analogy within the circa 20
known harnesses. However, information
presented by Holger Arbman about the

[1] H. Arbman, Ein ungarisches Zaumzeug,
Gandert-Festschrift zum 60. Geburtstag von
Otto Friedrich Gandert am 8. August 1958.
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Berliner
Beiträge
zur
Frühgeschichte 2, 9–11, 1959.

Vor-

und

In 2015 material studies on 13 precious
metal objects were performed. The study
focused on metallurgical technology used
to make selected artefacts. The
complementary instrumental techniques
were used. SEM/EDX (scanning electron
microscopy with X-ray microanalysis)
with XRF (X-ray fluorescence analysis)
gave information about elemental
composition of objects including
preserve condition of objects in microscale. Micro-sampling gave information
about types of used solders i.e. mercury
amalgam and indium binders were
reported what is untypical for this period.
The surface gold ornaments were made
in fire-gilding process. Furthermore the
niellum technique used in ornamentation
was basing on silver, copper and lead
sulphurs.
Further
the
preliminary
alloys
provenance study was conducted by lead
isotope ratios parallel; LA-ICP-MS (laser
inductively coupled plasma mass
spectrometry) technique was applied.
The results gave information that
generally most of these objects were
made in secondary process what makes
the indication of origin of the objects
more difficult. Still the results of the
analyses applied in this research are in
further elaboration.

P-170. Technology secrets of
precious metal artifacts from
Nidajno bog site in Poland
A.
Gójska(1),
A.
RzeszotarskaNowakiewicz(2), T. Nowakiewicz(3), E.A.
Miśta(1), P. Kalbarczyk(4) and J. Dudek(4)
(1) National Centre for Nuclear Research, A.
Sołtana 7, Otwock 05-400, Poland
(2) Institute of Archaeology and Ethnology
PAS, Solidarności 105, Warsaw 00-140,
Poland
(3) Institute of Archaeology Warsaw
University, Krakowskie Przedmieście 26/28,
Warsaw 00-927, Poland
(4) Institute of Nuclear Chemistry and
Technology, Dorodna 16, Warsaw 03-195,
Poland

Nidajno Project is being carried out since
2010 when this unique archaeological
site has been discovered within the area
of former lake Nidajno (north-eastern
Poland) [1]. The results of the fieldworks situate the site as one of the most
important offering-places (next to the
famous Jutlandic sacrificial bogs at
Illerup, Thorsberg and others), which is
proved by golden and silver artefacts of
probable
Eastern
Mediterranean
provenance (among them golden sword
fittings, figurine of vulture and the
others).
The
aim
of
the
archaeometallurgical research was to
recognize the execution method, the
ancient metallurgical workmanship:
conditions of ancient casting and
ornamentation techniques and the impact
environmental factors on the form and
texture of the objects observed at present.

[1]
Nowakiewicz
T.,
RzeszotarskaNowakiewicz A., Lake Nidajno near
Czaszkowo in Masuria: a unique sacrificial
site from Late Antiquity, Warsaw 2012,
ISBN: 978-83-89499-92-9.
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P-171. Slags and the Forum –
Preliminary
results
from
analyses of copper ally slags
from
the
Gorum
of
Grumentum

though they probably were not used for
the production of small objects. Among
the scrap, there is also a copper alloy
plate with a series of holes, most likely
an unfinished object. Archaeometric
research on this very interesting context
has just begun: our poster focuses on the
preliminary results of a set of analyses
which are currently being carried out on
the slags, in order to find out more about
their chemical composition and the
working process they can be ascribed to.

Giulia Bison(1), Lorna Anguilano(2) and
Lara Pozzan(1)
(1) University of Verona
(2) Brunel University

The University of Verona has been
investigating the Forum of Grumentum
since 2005. Traces of metallurgical
activity were detected since the first
campaign, with a relevant number of iron
and copper alloy slags coming from an
area nearby the C Temple, even though
no traces of structures connected with
metalworking could be found yet.
Finally, during the 2012 campaign, a rich
set of hearths was brought to light,
together with an even greater quantity of
slags, and some objects which can be
directly related to metalworking: all these
finds seem to be part of a consistent
ensemble which can be related to an
intense metallurgical activity, which took
place during the Vth century AD.
Investigation has brought to light at least
two productive phases. The first featured
two massive rectangular pits, showing
clear signs of heath exposure, probably
panelled by terracotta slabs: their
function is not yet clear, but they could
have been used for the annealing process
of bronze objects. The pits have yielded
not only a great quantity of copper alloy
slags, but also some terracotta fragments
which can be tentatively identified as
parts of moulds: from the fragments
conserved it was not possible to
reconstruct any shape whatsoever, even

P-172.
Complex
nondestructive
metallographic
study on Gepid bronze and
precious metal artefacts from
the Carpathian Basin (5th-6th
cent.)
Béla Török(1), Márton Benke(2), Valéria
Meringer(2), Péter Barkóczy(2), Árpád
Kovács(2), Krisztina Hoppál(3) and Péter
F. Kovács(3)
(1) Institute of Metallurgy, University of
Miskolc, 3515 Miskolc-Egyetemváros,
Hungary
(2) Institute of Physical Metallurgy,
Metalforming and Nanotechnology,
University of Miskolc, 3515 MiskolcEgyetemváros, Hungary
(3) János Damjanich Museum, 5000 Szolnok,
Kossuth tér 4, Hungary

This work presents a complex
metallographic examination of metal
artefacts from early medieval German
(Gepid) cemeteries. The paper focuses on
the finds from a cemetery in the vicinity
of Tiszapüspöki, Hungary. During the
summer of 2015 a total number of
ninety-five graves dated to the late 5th –
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early 6th century were unearthed. Like
other early medieval cemeteries in the
Great Hungarian Plain this site also lies
along a major river, namely the Tisza.
The site can be regarded as considerably
rich of metal finds: bronze and silver belt
buckles, sword belt buckles, a golden
ornament inlaid with almandine, a silver
and a gold ring, a bronze needle case, an
oversized bronze ring with rounded
bosses and bronze rivets and other metal
objects were discovered. The neighbour
region also provides some more notable
contemporary bronze and precious metal
assemblages.
Some of the metal finds were allowed to
only be subjected strictly by nondestructive examination. A newly
developed
non-destructive
X-ray
diffraction method, as a novel approach,
for
sampling-free
residual
stress
measurements was applied on the
artefacts for the first time. The
commonly used non-destructive surface
examining techniques such as stereo light
microscopy and scanning electron
microscopy combined with energy
dispersive spectrometry had also been
used. In addition to residual stress,
crystallographic texture and properties of
the reflections were analysed as well.
The combined application of these
methods was found to be an effective
tool to deduce on the production
technologies of the examined artefacts. In
addition to defining the characteristics of
the material structures and compositions
on the surfaces of the artefacts, the
typical traces of several technological
methods as casting, forming, coating
were detected which are typically used
for making of various types of artefacts.

P-173. Tradecraft of the
Avars’ metalworking - a
special early medieval multimetallic method
Béla Török(1) and Árpád Kovács(2)
(1) Institute of Metallurgy, University of
Miskolc, 3515 Miskolc-Egyetemváros,
Hungary
(2) Institute of Physical Metallurgy,
Metalforming and Nanotechnology,
University of Miskolc, 3515 MiskolcEgyetemváros, Hungary

The empire of Avars was a significant
military power in the Carpathian Basin
between the 6th and 9th centuries. Metal
finds that have been found, at
archaeological sites of Avar graves and
settlements, are signs of remarkable iron
and bronze cultures.
In recent years, a number of selected iron
tools of everyday life (knives, nails,
needles, etc.) of Avar settlements and
metallurgical workshops was examined
by the Archaeometallurgical Research
Group of University of Miskolc [1].
Metallographic analyses were also
performed on several types of iron
axes [2] and belt accessories (strap ends)
where scanning electron microscope with
energy
dispersive
spectroscope
(SEM-EDS) were used in 2015. The
analysis focused on defining structural
constituents,
determining
their
distribution and grain size. Moreover,
chemical compositions, structures and
shapes of the inclusions were also
investigated. On the basis of the results,
traces and characteristics of different
technological methods of forging,
heating and cooling could be detected.
Of particular interest is the thorough
analysis of belt accessories from the late
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Avar Period, besides the short
summarising
and
comparative
presentation of the results of the
metallographic examinations of the axes
and the mentioned iron tools.
Those belt accessories covered by iron
oxide layer, seemed less valuable than
the also examined tin-bronze strap ends
with relatively high Pb-content, found
near them in Nagyvenyim, Hungary.
However, the SEM-EDS investigation,
carried out on multidirectional sections,
revealed that these belt ornaments made
of various metals. This multi-phase
production process is a unique among not
only the Avars’ but also the early
medieval
methods.
Sandwich-type
iron-tin-iron plates, thin iron wires as
well as brass and bronze plates have been
used in the product. We were able to
reconstruct the steps of the production
process of these exclusive belt
ornaments. This process was difficult,
due to the relatively small size of these
artefacts.

P-174.
Manufacturing
technology of Ali bin Mamun
dirhams (997-1007) discovered
in the territory of Volga
Bolgaria
R. Khramchenkova(1,2),
E. Shaykhutdinova(1,3) and A. Sitdikov(1,2)
(1) Kazan Federal University, Russian
Federation, Kazan,
eugen.shaykhutdinova@gmail.com
(2) Institute of archaeology named after
A.Kh. Khalikov, Russian Federation, Kazan,
arheotat@mail.ru
(3) Kazan National Research Technical
University named after A.N.Tupolev - KAI,
Russian Federation, Kazan, tmp-tpd@mail.ru

Coins as historical and cultural artefacts
of Volga Bolgaria represent an indicator
of its extensive economic and trade
relations. Research of specifics of coin
manufacturing
and
historical
interpretation of artefacts facilitates the
determination of elemental composition
and technology characteristics depending
on the time period and location of
minting.
A hoard composed of dirhams
corresponding to various dynasties of the
10th-11th centuries was discovered in
excavations performed in the handicraft
complex.
The
researched
coins
discovered in the Bilyar settlement
territory dates back to the period of Ali
bin Mamun's (Khwarezm). Bilyar was
the capital of Volga Bolgaria in the PreMongol period. 8 coins were researched
with the use of various analytical
techniques in order to identify the
characteristics of their formulation and
manufacturing technology.
Coin’s
chemical
composition
is
represented by three groups of alloys:

This work belongs to the research project of
Hungarian Scientific Research Fund (OTKA)
titled “Ironworking of the Avar period in the
scope of interdisciplinary research”.

[1] B. Török, Á. Kovács, Zs. Gallina,
Ironmetallurgy of the Pannonian Avars
of the 7-9th century based on excavations
and
material
examinations,
Der
Anscnhitt, Beiheft 26, p. 229-237, 2015.
[2] F. Szücsi, Avar kori balták, bárdok,
szekercék és fokosok. Baltafélék a 6–8.
századi Kárpát-medencében – Axes and
hammer axes in the Avar period. Axes in the
6–8th century in the Carpathian Basin, Alba
Regia 42, p. 113-186, 2013-2014.
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(3) National Geological Institute-PIB,
Rakowiecka 4, 00-974 Warsaw, Poland
(4) Institute of Nuclear Chemistry and
Technology, Dorodna 16, 03-195Warsaw.,
Poland
(5) National Museum of Archaeology, Długa
52, 02-441Warsaw, Poland
(6) Institute of Electronic Materials
Technology, Wólczyńska 133, 01-919
Warsaw, Poland

bimetallic Cu-Ag; copper with Ag
content over 20%; Cu-Ag-Pb system. It
is characteristic that the latter group
comprises coins dating back to initial and
final periods of the Emir's rule.
Analysis of coins demonstrated that all
the coins have a cast nature, as the
structure of the inner layer bears no
traces of plastic deformation and features
shrinkage porosity, whereas certain coins
contain dendrite structures. Coins issued
in 998, 999 and 1001 have a uniform
highly dispersed structure, and coins of
1004 - a chaotic well-defined dendrite
structure. Surface layers of the coin
contain traces of etching and embossing.
In the heyday of his reign Ali bin Mamun
issued coins with a relatively high silver
content. Perhaps, he thereby attempted to
stimulate trade and economic relations
with Volga Bolgaria. All coins are
characterized by combined distribution of
lead and arsenic across the surface of the
fracture. However, lead is generally
present in large amounts on coin
surfaces, which probably indicates the
use of lead plates for minting.

Modern archeometallurgy is employing
many analytical methods which are able
to give answers concerning deposit and
technological provenience of objects.
The paper will present introductory
results obtained during the realization of
a research project which is devoted to the
studies of silver coins and jewelry from
Xth and XIth century in Poland. Figure 1
shows an example of a studied jewelry
deposit.
Until now there was no certain
knowledge of the likely sources of silver
for making those objects. Of great need is
data from ornaments which are a very
large material, one of the largest in
Europe, consisting of female earrings,
pendants and other pieces of various
types formally with origin in late antique
art and further development in the first
Slav state of Great Moravia in the ninth
century AD.
For the study of this material, at this
stage 60 pieces, coming from Polish
hoards, was used macro-invasion method
LA-ICP-MS (Laser Inductively Coupled
Plasma Mass Spectrometry), with
specially constructed statistical method
which allowed to obtain the isotopic [Pb]
composition. By using SEM/EDX we
could trace morphological changes and
obtain
quantitative
elemental
composition.

P-175. Origins of silver and
production of jewelry in early
medieval Poland
E.A. Miśta(1), W. Duczko(2), A. Turos(1,6),
S. Mikulski(3), P. Kalbarczyk(4), J.
Dudek(4),
A.
Kędzierski(2),
D.
(2)
Wyczółkowski , R. Czech(2), M.
Widawski(5) and J. Gaca(6)
(1) National Centre for Nuclear Research,
A.Sołtana 7, 05-400Otwock, Poland
(2) Institute of Archaeology and Ethnology
Polish Academy of Science, Al. Solidarności
105, 00-140Warsaw, Poland
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points of view [1]. Conversely, there is a
lack of archaeometric studies on the
Pisan exploitation of the Sardinian
copper and silver mines, despite the
availability of documentary sources [2].
Furthermore, the lack of analytical
studies on medieval assemblages
recovered from the Italian peninsula does
not allow an assessment of the extent to
which Sardinian metals could have
entered the markets of central Tyrrhenian
regions.
This research aims to provide insights
into the metal exploitation of Sardinian
sources by Pisans, as well as their role in
manufacturing and trade of non-ferrous
metal items, through the study of copperbased artefacts recovered from the small
town of Leopoli-Cencelle (North Latium,
Italy), and related to 13th-14th centuries
depositional contexts.
The assemblage includes three domestic
items and a sheet fragment made of
nominally pure copper; three small dress
buttons, a decorated frame, a decorated
strip, and a sheet fragment made of brass;
and
two finger-rings
made
of
copper-silver and copper-silver-gold,
respectively. These artefacts were
analysed by portable XRF, optical
microscopy, SEM-EDS, EPMA and LIA.
The manufacturing and stylistic patterns
point to Pisan metal workshops [3], or at
least reflect the broader regional
influence of Pisa in metalwork. The
chemical and LIA fingerprint point to the
Sardinian copper and silver mines as the
sources of the metal.
The triangulation of analytical data,
archaeological evidence and historical
records allows us to add new information
on the technology and cultural transfer
from Pisa to peripheral regional contexts.

Fig.1. Silver jewelry from archaeological site in
Słuszków dated to XIth century.

[1] Merkel S., Sverchkov L., Hauptman, A.,
Hilberg V., Bode M. and Lehmann R., 2013.
Analysis of Slag, Ore and Silver from the
Tashkent and Samarkand Areas: Medieval
Silver Production and the Coinage of
Samanid Central Asia. Archäometrieund
Denkmalpflege 2013. Metalla Sonderheft 6,
pp. 62-66.
[2] Kędzierski A., Ziąbka L., Miłek S.,
Wczesnośredniowieczny skarb z KaliszaDobrzeca. Informacja wstępna. Rocznik
Kaliski, 2011, t. XXXVIII, pp.219-222.

P-176. All roads lead to Pisa?
Sardinian copper and silver in
medieval central Italy
Mainardo Gaudenzi Asinelli(1), Marcos
Martinón-Torres(1) and Francesco Marco
Paolo Carrera(2)
(1) UCL Institute of Archaeology, London,
UK
(2) Università di Pisa, Dipartimento di
Civiltà e Forme del Sapere, Pisa, Italy

The exploitation of the Tuscan Colline
Metallifere during the Middle Ages has
been studied in depth from both the
archaeometallurgical
and
historical
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Studying the Colline Metallifere mining area
in Tuscany: an interdisciplinary approach,
IES Yearbook, 260-287, 2014.
[2] A. Blanchard, Mining, Metallurgy and
Minting in the Middle Ages 3, Stuttgard:
Steiner, 2005.
[3] S. Ducci, F. M. P. Carrera, D. Pasini, M.
Bonaiuto,
Pisa.
Archeologia
urbana:
l’intervento presso gli ex Laboratori Gentili
(2009-2010), Notiziario della Soprintendenza
per i Beni Archeologici della Toscana
6/2010, 336-340, 2011.

silvering as a technique deliberately used
to enhance the aesthetic of small dress
items - notably buttons -, rather than for
forgery purpose.
The study includes 44 small silvered
buttons
recovered
from
the
archaeological site of Leopoli-Cencelle.
Following the spread of a new fashion in
clothing, these kind of buttons became
very common in western Europe from the
13th century. Surface analysis with
portable XRF shows the presence of both
silver and mercury in most of the
buttons’ surfaces; optical microscopy,
SEM-EDS and EPMA analyses on three
samples confirm that the technique used
was the amalgam silvering.
Between the 13th and 14th centuries
sumptuary laws were enacted in all
Europe to restrict expanses on luxury
personal ornaments; in some Italian cases
the consumption of cheaper gilded and
silvered buttons was tolerated [4]. It is
therefore likely that the Leopoli-Cencelle
buttons – as well as those recovered from
regional contexts such as Pisa and
Miranduolo – were plated in accordance
to the law, and using the amalgam
silvering as a common technique.

P-177. Amalgam silvering in
Middle Ages. The dress
buttons of Leopoli-Cencelle
(Italy) between forgery and
deliberate choice
Mainardo Gaudenzi Asinelli(1)
Marcos Martinón-Torres(1)

and

(1) University College London, Institute of
Archaeology, London, UK

Amalgam silvering is a plating technique
that includes: applying a paste of silver
and mercury to a copper-based objects;
heating to facilitate the bonding with the
metal substrate and the evaporation of
mercury; and burnishing to obtain a
smooth and shiny surface. It is accepted
that this technique became common from
the 13th century [1]. Given the few
evidence available so far, it is considered
a method only marginally used for
aesthetic purpose, and mostly related to
coin counterfeiting and fraudulent
purposes [2, 3].
The aim of this research is to provide
evidence of the use of the amalgam

[1] S. La Niece, Silvering, in S. La Niece and
P. Craddock (eds.), Metal plating and
patination, Oxford: Butterworth-Heinemann,
201-210, 1993.
[2] K. Anheuser, Where is all the amalgam
silvering?, in P. B. Vandiver, J. R. Druzik, J.
F. Merkel and J. Stewart (eds.), Material
issues in art and archaeology V, Materials
Research Society symposium proceedings
462, 127-134, 1997.
[3] A. Arles, Un faux-monnayage
d'opportunité: la grotte de Lauradieu à Auriac
(Aude), Archéologie du Midi médiéval 28(1),
115-127, 2010.
[4] R. W. Lightbown, Medieval European
jewellery, London: The Victoria and Albert
Museum, 1992.
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bracelets, buckles, earrings, (wedding)
crowns, chains and combs. Despite the
variety of resource, they used gold,
bronze, lead, silver and steel for metallic
pieces and enamel, pearl, stones for other
objects.
In this research a review of literature data
about archaeometallurgical studies of
metallic Byzantian jewellery will be
presented. Raw material composition
smithing techniques, micro structure and
elemental analysis will constitute the
core of the study. As a result, we will try
to find out the specific and common
techniques of Byzantians. By means of
heritage science, a comprehension of
conservation and restoration methods that
have been used so far will be introduced.
And finally, as an overall conclusion, a
useful basic database will be created
about the archaeometric studies on
Byzantian accessorizes.

P-178.
Investigations
of
scientific studies on Byzantian
jewellery
Esat Sinan Altun(1), Selen Ezgi Çelik(1),
Oğuzhan Ergül(1), Mert Akın İnsel(1) and
Hanifi Saraç(1)
(1) Yıldız Technical University, Chemical
Engineering Department, 34210, Istanbul,
Turkey

Improvement of culture and art is a very
common thing for all civilized nations.
Smithing of jewellery as an accessory is
one of the most subjects in that field.
They not only indicate the cultural,
historical and specific symbols of
nations, but can also be a valuable source
of information about geographic state
and technology, by investigating the type
of raw materials and techniques applied
to create these objects.
Byzantian
Empire
created
really
beautiful, unique and valuable art pieces
thanks to its improved and civilized cities
like Constantinople, Egypt and Greek
city states. Furthermore by using the
heritage of Roman Empire by means of
art, culture, technology and smithing
techniques, they managed to create many
master pieces. By creating a harmony of
East and West, Byzantian craftsmen were
responsible to satisfy the luxury and
beauty demand of the noble families and
wealthy upper class. Some of these
samples can be found in British Museum,
The Metropolitan Museum of Art,
İstanbul Archaeological Museum, Athens
Byzantine & Christian Museum, Los
Angeles, The J. Paul Getty Museum,
Washington DC Dumbarton Oaks
Collection, Berlin Staatliche Museen, and
many other important collections. The
most common objects are crosses,

P-179. Factors influencing
silver leaves corrosion in
European gilt-leather wall
coverings (16th-18th c.)
M. Radepont(1,2), L. Robinet(1), C.
Pacheco(2), L. Pichon(2), B. Moignard(2),
Q. Lemasson(2) and C. Bonnot-Diconne(3)
(1) Centre de Recherche sur la Conservation
(CNRS USR3224 – MNHN – MCC), 36 rue
Geoffroy Saint –Hilaire 75005 Paris, France
(2) Centre de Recherche et de Restauration
des Musées de France, 14 quai François
Mitterrand 75001 Paris, France
(3) Centre de Conservation et de
Restauration du Cuir, 235 rue de Corporat
38430 Moirans, France

Gilt-leathers, ancestors of our wallpapers,
are luxurious decorations used all over
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Europe between the 16th and the 18th
century. Despite their name, gold is not
present in the composition of these
artifacts. Indeed, these decors were made
by applying a silver leaf to the leather
then covered with a yellow varnish,
which presents a gold-like appearance.
Stylistic studies to distinguish their
provenance or date of production exist
about these decors [1], however,
analytical studies on these decors remain
limited. In the recent analytical
methodology developed to study the
different components within gilt-leathers,
the analysis of the silver leaf gave the
most promising results [2]. For that
reason this silver leaf was characterized
on a corpus of over 45 historical samples
to try to clarify the question of the
provenance in these artefacts. These
analyses carried out with the AGLAE
facility combined two non-invasive ion
beam analyses: PIXE (Particle Induced
X-ray Emission) to determine the metal
composition and RBS (Rutherford
Backscattering Spectrometry) to get noninvasive depth profile of the different
elements.
In order to interpret the results obtained,
it was necessary to examine the effect of
the manufacturing of the decors on the
silver leaf characteristics. The first steps
of the chaîne opératoire were reproduced
on mock-ups with modern materials
following an ancient recipe [3]. During
these experiments, we observed that the
silver leaves showed corrosion after few
days in ambient air with different kinetics
depending on the type of the leaf.
Moreover, the degradation was more
important in areas of the model samples
where
mechanical
actions
were
performed (Fig. 1).
The present paper will present the effects
of the different factors influencing the

corrosion of silver, such as roughness
and porosity of the leaf and mechanical
actions such as burnishing. Their impact
on the results obtained and their data
interpretation will be discussed. The
information gained will help interpret the
data collected on historical gilt-leathers
and could be generalized to metal leaves
on other supports.

Fig. 1: Photograph of a modern silver leaf applied
on leather after 76 days in ambient air. Burnished
areas are highlighted in yellow.

[1] J.-P. Fournet, Mémoire de recherche
approfondie, PhD dissertation, Ecole du
Louvre, Paris, 2004.
[2] C. Bonnot-Diconne, L. Robinet, C.
Pacheco, M. Ioele, M. Paris, ICOM-CC 17th
Triennal Conference Preprints, 2014, art.
0701, 8 pp.
[3] A.D. Fougeroux de Bondaroy,
Description des arts et métiers, 1762, 42 pp.

P-180. Pewter from the wreck
of HMS Stirling Castle
David Dungworth(1)
(1) Historic England

The HMS Stirling Castle sank off the
east coast of Kent (United Kingdom) in
bad weather in 1703. A wide range of
artefacts have been recovered by divers
from the 1970s onwards and this has
included a collection of pewter. The
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pewter artefacts are mostly associated
with the consumption of food and
beverages and include plates, tankards
and spoons. A selection of the pewter has
been chemically analysed to determine
the constituents of the alloys used. Some
variation in alloy type has been found
which correlates with object form. The
two baluster measures (lidded pots used
to measure out rationed quantities of
alcoholic beverages) contain quite high
levels of lead compared to the plates and
spoons. Three of the spoons contain
appreciable levels of antimony. While
antimony is well known as an ingredient
of Britannia metal (or Vickers Hard
White metal) during the late 18th
century, its earlier use is largely
unknown. The results for other elements
(including copper and bismuth) will be
explored. The results are compared with
available data from other maritime sites
(eg the Mary Rose and the Punta Cuna
wrecks) as well as terrestrial sites
(London Thames-side sites).

The ironworks of Isallo (Liguria,
northern Italy), established in 1730 and
abandoned in 1860, witnesses with its
transformations the development of iron
production in this area during the preand early-industrial age.
The history of this production plant can
be tracked quite precisely, thanks to the
still existing archives and with the help
of the archaeological data.
From an archaeometallurgical point of
view, the most interesting information is
that, according to the documents, during
the first phase of activity the ironworks
operated with the local version of the
“Catalan forge” method. In 1832,
following a change of ownership, the
plant was renovated and turned into a
blast furnace producing pig iron.
The archaeological investigations carried
out in 2010 brought to light evidence of
both phases. The excavation revealed a
few structures (a funnel with highly
scorched walls and a sub-circular pit fort
the collection of cast metal) several
layers and a small amount of
metalworking debris were quite clearly
related to either one.
The comparative analysis of the slags
resulting from the two methods allows to
pinpoint geochemical markers and
specific features for each of them, thus
providing useful reference for future
studies of similar contexts.

P-181. Telling the difference:
Comparison of iron smelting
slags from different methods.
The case of Isallo
Elisa Grassi(1), Lorna Anguilano(2),
Francesca
Bulgarelli(3),
Stefano
(4)
Roascio and Elena Dellù(5)
(1) Università Cattolica del Sacro Cuore,
Milan
(2) Brunel University, London
(3) Soprintendenza Archeologia della
Liguria, Genoa
(4) Université Aix-Marseille, Aix en Provence
(5) Università Cattolica del Sacro Cuore,
Milan
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P-182.
19th
Century
Ornamented Metal Trays
from Greece and Turkey:
Metallurgy and Provenance

forming but rolling and simple or steam
hammer presses were used too.
Most of the trays were made of wrought
iron produced from cast iron with the
blast furnace. However the process of
refining cast iron, was not estimated for
the earlier‐dating trays. The study also
revealed iron smelting with fossil fuels
although charcoal was still in use in this
period, the deliberate incorporation of
manganese for its deoxidizing and
desulfurizing properties and in some
cases the alloying of cast iron for better
resistance to wear, corrosion and heat.
Finally the other parts produced in brass
or iron and ornamental features of
particular categories such as the copper
ring and plating techniques seem to
follow the industrial development of the
iron base.
Notwithstanding these data, a question
arose. Where such processes and
technologies developed in Greece and
Turkey where the trays come from?
Based on archaeometallurgical evidence,
historical information and scientific
examination especially of the slag, it was
concluded that the metals used for most
of the trays have been originally
produced in west Europe although the
supply of materials could have depended
on different sources.

D. Kotzamani(1), V. Kantarelou(2), I.
Karatasios M.(3) M. Zacharia(1) and G. D.
Chryssikos(4)
(1) Benaki Museum Conservation
Department, 6 Hesiodou Str. Athens, Greece
(2) Institute of Nuclear Physics, N.C.S.R.,
Patr. Gregoriou E and 27Neapoleos str.,
Agia Paraskevi, Attica, Greece
(3) Institute of Materials Science N.C.S.R.,
Patr. Gregoriou E and 27Neapoleos str.,
Agia Paraskevi, Attica, Greece
(4) Theoretical and Physical Chemistry
Institute, National Hellenic Research
Foundation 48 Vassileos Constantinou Ave,
Athens, Greece

Originating in the exhibition “Rituals of
hospitality: Ornamented trays of the
Nineteenth Century in Greece and
Turkey,” in 2012, the conservation
department of the Benaki Museum (BM)
had the opportunity to investigate the
metallurgical features of the metalware
substrate.
Twelve trays on loan from private
collections and the BM, were grouped in
five categories according to some early
date assessments and subjected to
macroscopic
and
microscopic
examination (stereoscopy, metallography
and Scanning Electron Microscopy) as
well as to XRF and SEM‐EDX
analysis.
The trays revealed one stylistic type
manufactured from two pieces of metal
and cut out handles and another made in
one piece with separately made handles.
Forging was the primary method for

P-183. The jewellery of René
Lalique:
Technology
vs
atmospheric corrosion
Isabel Tissot(1,2) and Maria Filomena
Guerra (3)
(1) LIBPhys – UNL 2829-516 Caparica,
Lisbon, Portugal
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identified
searched.

corrosion

products

was

[1] Y. Brunhammer (cord.), René Lalique:
bijoux d'exception, 1890-1912, Musée du
Luxembourg, Paris, France, 2007.
[2] H. Vever, French jewelry of the
nineteenth, K. Purcell (trad.), Thames and
Hudson, London, 2001.
[3] S. Barten, Materials and techniques in the
jewelry of René Lalique, in: The jewels of
Lalique, Y. Brunhammer (ed.), Flammarion,
New York, 1998.

The jewellery of René Lalique,
characterised by the use of less noble
materials along with gold and silver, is
representative of the art disruption of the
early 20th century [1, 2]. The relation
between the colours of the applied
materials and the gold palette is
unknown. The nuances of gold were
obtained by varying the composition of
the alloys and by applying specific
surface treatments [3].
The Calouste Gulbenkian Foundation
(Lisbon, Portugal) exhibits over eighty
René Lalique’s objects, created between
1899 and 1927. Some of them currently
show an accentuated gold surface
alteration caused by atmospheric
corrosion. The presence on their surface
of intentional patinas together with
corrosion
products
is
a
major
conservation challenge. The natural
corrosion products and the intentionally
developed compounds are chemically
similar.
By using non-destructive portable µXRF
and SEM-FEG-EDS, we could provide a
first approach to the fabrication
techniques used by René Lalique,
including the chromatic relation between
the alloys and the enamels and the
composition of the patinas. Data obtained
show the use of distinct alloys according
to the jewels typology and complexity.
The corrosion products correspond to an
increase of the silver and sulphur
contents, suggesting the formation of
gold-silver-sulphur complexes. The main
pollutants of the exhibition room were
also identified and their relation with the

P-184. A methodology for the
archaeometallurgical study of
corroded iron artefacts. An
example from the Iron Age
site of Saruq al-Hadid, U.A.E.
Ivan Stepanov(1), Lloyd Weeks(1),
Kristina A. Franke(1) and Peter Grave(1)
(1) Archaeomaterials Science
Hub/Archaeology, University of New
England, NSW, Australia

In Southeastern Arabia, the period from
1300-300 BC is conventionally known as
the Iron Age, despite the fact that the
evidence for the use and production of
iron in the region at this time is of both
small scale and rare. However, the recent
discovery of the site of Saruq al-Hadid in
the desert of Dubai has revealed
abundant remains of Iron Age ferrous
and bimetallic artefacts that challenge
previous understandings and raise many
questions about the adoption and use of
ferrous metallurgy in Arabia (and the
Near East more widely). All ferrous
remains from Saruq al-Hadid are
characterized by a very poor state of
preservation due to their age and the
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severe environmental conditions at the
site. Despite this fact, visual assessment
of 200 kg of ferrous remains, along with
detailed analysis of 50 artefacts through
optical microscopy, pXRF, and SEMEDS provided key insights into the
nature of the smelted semi-products,
artefact fabrication techniques, and
provenance. The major steps of this
approach
are
as
follows:
(a)
Identification of the best-preserved
artefacts on the grounds of their macro
characteristics and pXRF data. (b) Study
of object morphologies and detection of
welding lines in order to understand the
smithing techniques used for their
manufacture. (c) Comparative analysis of
remnant microstructures of carburized
areas through optical microscopy and
SEM to assess carbon content of iron. (d)
SEM-EDS elemental analysis of uncorroded slag inclusions to determine
representative compositional groups of
inclusions within each artefact and make
an attempt to assess provenance against a
database of iron ores from known
sources.

The bronze production from the Luristan
region is one of the most outstanding
phenomena from the Iron Age of
Western Iran: although the large quantity
of material is one of the noteworthy
features of this group of bronzes, only a
small percentage of this corpus has been
scientifically excavated and recorded.
The cultural context and provenance of
these objects is still unknown as the
Luristan Iron Age bronze production
remains understudied [1, 2].
For the present study, bronze artefacts
ranging from Iron Age IA to Iron Age III
West Iran were selected: they consist of
vessels recently recovered during
controlled excavations at the site of
Sangtarashan [3] along with various
objects excavated in the Pošt-e kuh
region by the Belgian Archaeological
Mission in Iran (BAMI).
This corpus was selected as a case study
to assess the effectiveness of combining
different isotopic systems to provenance
Copper-based artefacts. While perks and
limits of Lead isotope analysis for
provenance purposes are well known [4],
the use of non-conventional isotopic
system, such as Copper and Antimony,
might offer new perspectives to
differentiate between groups of artefacts
and metal sources [5, 6].
Results for isotopic and elemental
analysis obtained by MC-ICP-MS,
ICP-MS and ICP-OES provide insight
into the exploitation of Iranian copper
deposits and trade of raw material
between Luristan and neighbouring
regions.

P-185. Combining isotopes to
retrace Copper trade in Iron
Age Luristan, Iran
Elisa Maupas(1), Patrick Degryse(1),
Philippe Muchez(1), Omid Oudbashi(2),
Bruno Overlaet(3) and Frank Vanhaeke(4)
(1) Department of Earth and Environmental
Sciences, K.U.Leuven, Belgium
(2) Faculty of Conservation, Art University of
Isfahan, Iran
(3) Royal Museums of Art and History,
Brussels, Belgium
(4) Department of Analytical Chemistry, U.
Ghent, Belgium

[1] Begemann, F., Haerinck, E., Overlaet, B.,
Schmitt-Strecker, S., & Tallon, F., An
archaeo-metallurgical study of the early and
middle Bronze Age in Luristan, Iran. Iranica
antiqua, 43, 1-66, 2008.
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[2] Nezafati, N., Pernicka, E., &
Momenzadeh, M., Iranian ore deposits and
their role in the development of the ancient
cultures. Anatolian Metal IV, 77-90, 2008.
[3] Oudbashi, O., Emami, S. M.,
Malekzadeh, M., Hassanpour, A., & Davami,
P., Archaeometallurgical Studies on the
Bronze vessels from" Sangtarashan",
Luristan, W-Iran. Iranica Antiqua, 48, 2013.
[4] Rehren, T., & Pernicka, E., Coins,
artefacts and isotopes—Archaeometallurgy
and archaeometry. Archaeometry, 50(2), 232248, 2008.
[5] Lobo, L., Degryse, P., Shortland, A.,
Eremin, K., & Vanhaecke, F., Copper and
antimony isotopic analysis via multi-collector
ICP-mass spectrometry for provenancing
ancient glass. Journal of Analytical Atomic
Spectrometry, 29(1), 58-64, 2014.
[6] Klein, S., Domergue, C., Lahaye, Y.,
Brey, G. P., & Von Kaenel, H. M., The lead
and copper isotopic composition of copper
ores from the Sierra Morena (Spain). Journal
of Iberian Geology, 35(1), 59-68. 2009.

and fluorescence of the Second Kingdom
of Kush (ca. 800 BC to AD 350) – was
organised. This paper presents an attempt
to reconstruct part of this important
Kushite craft through the investigation of
the production of technical ceramics such
as furnace linings and bricks, and
tuyères, which are integral to the process
of iron smelting. A selection of technical
ceramics (n=133) was chosen from
various slag mounds located at two
archaeological sites: the Royal City of
Meroe, and Hamadab. These slag
mounds are dated to three broad phases,
namely early Meroitic, late Meroitic, and
post-Meroitic; thus making the selected
ceramic samples evidence representative
of a thousand years of iron production.
Thin-section petrography and SEM-EDS
were employed to characterise the raw
materials and technology used to make
technical ceramics. The resultant data, in
turn, has provided an insight into how the
production of technical ceramics was
organised and evolved through time; and
ultimately, has contributed to a better
understanding of the overall organisation
of iron production.
Our present findings revealed three major
trends: (a) There was little to no overlap
in the ceramic recipes used to produce
different types of technical ceramics
during the early and late
Meroitic periods, but such distinction had
become blurred during the post-Meroitic
times; (b) The ceramic recipes used to
produce early Meroitic technical
ceramics, regardless of their types, were
characterised by high degree of internal
homogeneity in raw materials and paste
preparation
techniques;
and
(c)
Increasing diversity can be observed in
the raw materials and paste preparation
techniques used to make technical
ceramics during the late Meroitic and

P-186. A thousand years of
iron production: A study of
the technology and craft
organisation
of
technical
ceramics from Meroe and
Hamadab, Sudan
Carmen Ting(1) and Jane Humphris(2)
(1) UCL Qatar, PO Box 25256, 2nd Floor
Georgetown Building, Hamad Bin Khalifa
University, Doha, Qatar; k.ting@ucl.ac.uk.
(2) UCL Qatar, PO Box 25256, 2nd Floor
Georgetown Building, Hamad Bin Khalifa
University, Doha, Qatar;
j.humphris@ucl.ac.uk

Little is known with regards to how the
production of iron – a craft that is argued
to have played a crucial role to the rise
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post-Meroitic periods. These findings
have highlighted that the organisation of
technical ceramic production transformed
through time, and we postulate that such
transformations might be attributable to
the rise and decline of the Second
Kingdom of Kush. The production of
technical ceramics seems to be more
specialised and standardised during the
early Meroitic period, a time when the
Kingdom of Kush was at the height of its
power and is said to have implemented
tighter control over iron production.
However, there was a significant
decrease in the level of specialisation and
standardisation
involved
in
the
production of technical ceramics,
following the waning of the Kingdom of
Kush from the late Meroitic period
onwards.

provided by the VOLPROTARS
excavations
related
to
archaeometallurgical activities of roman
period (II-III centuries AC). The
petrographic observations of these slags
show an iron rich matrix with some
grains of quartz and calcite. Some traces
of charred wood demonstrate the use of
wood for cooking drills. The x-ray
powder diffraction of these slags shows
the presence of iron oxyhydroxides
(wustite, goetite and magnetite), quartz
and calcite. The SEM observations
confirm the x-ray and petrographic
analyses. Chemical compositions by
ICP-AES show high content of iron
(98%) with little amounts of Pb and Zn.

P-188.
Archaeometric
investigation on some metal
objects from Ghaleh Guri
Palace,
Sasanian
Period,
Western Iran

P-187. Mineralogical and
chemical characterization of
ancient lead slags from
Volubilis, Morocco

Omid Oudbashi(1), Ata Hasanpour(2),
Azam Jahanpoor(3) and Zahra Rahjoo(4)

F. Hourri(1), A.Dekayir(2), L.Manfredi(3)
and M.Atki(4)

(1) Department of Conservation of Historic
Properties, Faculty of Conservation, Art
University of Isfahan, P.O.Box: 1744,
Isfahan, Iran; o.oudbashi@aui.ac.ir
(2) Department of Archaeology, ICHTO of
Lorestan Province, Khorramabad,
Iran/Department of Archaeology, Islamic
Azad University, Science and Research
Branch, Tehran, Iran;
atahasanpur@gmail.com
(3) Department of Archaeometry, Faculty of
Conservation, Art University of Isfahan,
P.O.Box: 1744, Isfahan, Iran;
azamjahanpour@gmail.com
(4) Department of Archaeometry, Faculty of
Conservation, Art University of Isfahan,

(1) Geotech Research Team, Faculty of
Sciences, BP. 11201, Zitoun, Meknes,
Morocco
(2) Geotech Research Team, Faculty of
Sciences, BP. 11201, Zitoun, Meknes,
Morocco
(3) ISMA, Consiglio Nazionale delle
Ricerche, Via Salaria, Montelebritti, Roma,
Italy
(4) Conservation of Volubilis, Moulay Idriss,
Meknes, Morocco

Volubilis is one of the most famous
Roman archaeological site in Morocco.
Many kind of Lead slags have been

292

41st INTERNATIONAL SYMPOSIUM ON ARCHAEOMETRY
P.O.Box: 1744, Isfahan,
Iran;niayesh.rahjoo@gmail.com

the bronze alloy has been used to
produce various metallic objects from 3rd
millennium BC in Iran, with different
functions, and it has continued during
Sasanian period to be used for routine
objects. The tin content in one sample is
significant. It may be classified as hightin bronze because it has been made of a
copper-tin alloy with about 20 percent of
tin. Other samples are made of low-tin
bronze and copper alloys. The
microstructure of the samples is variable,
depending on the amount of working and
heat treatment that the metal has received
during shaping process. Only, in the
high-tin object, a different microstructure
is visible including the alpha solid
solution islands surrounded with needles
of the high-tin beta phase (martensitic
structure). It obviously proves that a
quenching process has been used during
the shaping process of the object to retain
the high temperature beta phase and to
prevent brittleness in the high-tin bronze
object.

Recent excavations in Ramavand region
in western Luristan have led to the
discovery of a palace in the Ramavand
region beside the beach of the Seimarreh
River, so-called Ghaleh (Ghala) Guri.
The site includes a Sasanian palace
(dated to first half of the first millennium
AD) that is constructed with stone
masonry. The building was decorated
with stucco decorations, and in some
cases, these decorations were painted by
a red pigment. Many archaeological
objects were found from the site
including glazed and non-glazed
potteries, glass bowls and vessels and
metallic objects in which some copper
alloy
objects
are
also
seen.
Archaeometric
investigations
were
established to characterize and study
different archaeological materials found
at the Ghaleh Guri Sasanian site.
As a part of the archaeometric studies in
this site, a technical investigation was
carried out to identify chemical nature
and microstructure of some copper alloy
objects. For this purpose, five copper
alloy objects were selected. A cross
section from each sample was prepared
and studied with microscopic methods to
identify manufacturing process. The
prepared samples were analyzed with
scanning electron microscopy with
energy dispersive X-ray spectroscopy
method to determine alloy composition
and different phases present in the
metallic structure. Further, the samples
were observed with optical microscopy
method before and after etching. The
results showed that the samples are made
of bronze alloy. Different elements are
detected as minor constituents in the
alloy composition. It is interesting that

P-189. Islamic metalwork
from the medieval Iranian
world (10th-14th c. AD)
Vana Orfanou(1,2), Annabelle Collinet(1)
and David Bourgarit(2, 3)
(1) Département des Arts de l’Islam, Musée
du Louvre, France
(2) Centre de Recherche et de Restauration
des Musées de France (C2RMF), France
(3) Prehistoire et Technologies, UMR CNRSUniversité Nanterre, France

The ISLAMETAL project (2013-2017) is
jointly conducted by the Islamic Art
Department (DAI), Musée du Louvre,
and Centre de Recherche et de
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Restauration des Musées de France
(C2RMF) and kindly co-funded by the
Roshan Cultural Heritage Institute
(RCHI). The project deals with the
detailed technological investigation of
copper-based metal wares from the IndoIranian world currently kept at the
Louvre collection. Artefact types
examined date from the 11th to the 14th
centuries AD and include mostly
household and domestic objects of
secular and/or ritual use such as
candlesticks, lamps, ewers, plates, and
bowls.
Amongst
the
collection
characteristic qualities of production and
decoration can be discerned. For
example, well-manufactured objects have
been decorated with highly sophisticated
patterns including exquisite chasing,
engraving, champlevé, as well as copper,
silver and gold inlays.
In this paper, results of the technological
investigation of some 130 objects will be
presented. Metal analysis of the substrate
and inlays was conducted with both
particle induced X-ray emission (PIXE)
and inductively coupled plasma atomic
emission
spectroscopy
(ICP-AES).
Detailed macroscopic and microscopic
observation with a digital microscope, as
well as with X-radiography have been
carried out in order to characterise further
fabrication and decoration techniques.
Alloy recipes show a correlation between
artefact typology, quality of fabrication
and alloy recipes. The above has been
suggested by preliminary interpretation
of the elemental analysis and artefact
typology as, for example, presented in
2015 [1], while the present paper brings
together data from the detailed
microscopic
examination
of
the
collection too. Decoration techniques
show a clear evolution spanning the 10th
and 14th centuries with the notable

introduction of gold inlays and new
inlaying techniques at the end of the
13th c. Remarkable also is the steady use
of lost wax casting even for mass
produced objects where sand casting
would
seem
economically
more
appropriate
(see
also
[2,
3]).
Furthermore,
particular
production
centres in the region of Khorasan such as
Herat were possible to be discerned.
Finally, detailed investigation of this
huge corpus provides for the first time
key technical references for further
comparison with neighbouring Near
Eastern and Indian workshops.
[1] Z. El Morr, D. Bourgarit, A. Collinet,
Islamic metalwork from Iran, Paper presented
at Archaeometallurgy in Europe IV, Madrid
1-3 June 2015.
[2] S. La Niece, Sand casting in the Islamic
world, forthcoming.
[3] S. La Niece, R. Ward, D. Hook, P.
Craddock, Medieval Islamic copper alloys,
Scientific research on ancient Asian
metallurgy, 248-254, 2012.

P-190. A weapon between
science and mystery: An
Archaeometric Review on
Damascus Swords
Oğuzhan Ergül(1), Selen Ezgi Çelik(1),
Esat Sinan Altun(1), Mert Akın İnsel(1)
and Hanifi Saraç(1)
(1) Yıldız Technical University, Chemical
Engineering Department, 34210, Istanbul,
Turkey

Damascus steel (or wootz) is a type of
steel which is used for the production of
swords and knifes in Near East,
especially between the 3rd century and
17th century. It became known in Europe
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in 11th century. According to the
archeologists the process of crucible steel
started in The Land of Tamils before
Common Era. The manufacturing
process of Damascus steel is still a
mystery
today.
However,
an
experimental approach to manufacturing
Damascus steel was made by researchers
and it was found that the carbon content
of Damascus steel has to be 1 to 2%,
while the carbon content of ordinary steel
is 1%. Also, it has been stated that the
hammering temperature must be low
(about 900ᵒC). Then it must be heated to
starting temperature again right after the
shaping and then rapidly cooled in a
fluid. This mysterious fluid is so called
“dragon blood”.
Europe and Christian warriors met
Damascus steel in Middle East during an
attempt to reclaim Jerusalem from the
Muslims, in medieval times. Crusaders
was face to face with this very special
type of swords that could split a feather
in air. These Damascus blades were
extremely and extraordinarily strong, but
still flexible enough to bend from hilt to
tip. So these blades gain reputation in
west and manufacturing attempts was
started by Alexander’s time among
Romans.
Although
Mediterranean
blacksmiths discovered techniques that
could provide amazing strength and
toughness, they were never able to
produce the Damascus sword. There are
several theories about the reasons of their
failures, including inappropriate furnace
design and unreliable cementation
processes.
Re-constructing composition, mechanical
behavior and microstructure of Damascus
steel has been investigated in recent
experiments and studies. In this study, a
review of the recent examinations and
studies regarding Damascus steel and

Damascus swords will be presented. We
will
investigate
the
steps
of
reconstruction attempts today and in
history, the results of micro analysis that
have been done recently by micrograph,
XRD etc. and the behavior of Damascus
steel during different experimental
processes. Consequently, by synthesizing
these studies, a database will be prepared
in order to bring a current, available
source to literature.

P-192.
Investigation
of
properties of coins in Ottoman
Empire between 1828-1922
Mert Akın İnsel(1), Selen Ezgi Çelik(1),
Esat Sinan Altun(1), Oğuzhan Ergül(1) and
Hanifi Saraç(1)
(1) Yıldız Technical University, Chemical
Engineering Department, 34210, Istanbul,
Turkey

An economical shift has started to arise
in the world with the geographical
discoveries, political reforms and
scientific improvements in the Europe
after the 16th century. The discovery of
silver mines in America caused a
substantial inflation, new trade routes
were regulated between Asia and Europe,
the idea of nationalism was spread from
France - which considerably affected the
choice of commerce of people, industrial
revolution caused a sudden increase in
the rate of production etc. All these
reasons caused a great financial alteration
around the world.
At the same era, with these advances in
the west, the steady deterioration of
Ottoman Empire began. In order to deal
with the new global economic
circumstances, Sultans of 19th century
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(2) UCL Institute of Archaeology, London,
UK 31-34 Gordon Square London WC1H
0PY
(3) Institute of Historical Metallurgy and
Materials, USTB, 30 Xueyuan Road, Haidian
District, Beijing 100083 (P.R. China)

tried to make some reforms to regain the
power the empire once held. One of the
most important steps was to change the
metal composition of coins.
In an archaeometallurgical point of view,
there are only a few studies carried out in
this field. In a way, the lack of database
in this matter limits various further
research options. Therefore, this study
represents the metal composition of coins
which has been used between 1828-1922,
that has been known as “Decline and
Modernization of Ottoman Empire”
(1828-1908), “Defeat and Dissolution of
Ottoman Empire” (1908-1922) and
indicates the role of silver metal in coins.
Even though there were rare examples of
coins made of high percentages of gold
or copper, a large number of them were
made of mostly silver, and mainly used
by the merchants at that time. This
superficial observation of the study alone
holds the potential to increase the
understanding of why and how was
Ottoman Empire affected from the
discovered silver mines in America or the
financial reforms in Europe.
As
conclusion, this study aims to fill an
important gap on the late Ottoman
numismatics by creating a compositional
analysis and resulting this in a statistical
way.

This project investigates the copper and
iron producing industries in Daye
County, a substantial mining and
smelting area in Hubei Province with
activities well documented from the early
1st millennium BC [1]. Microstructural
and chemical analyses of ores, slags and
technical ceramics from nine smelting
sites indicate three different metal
smelting traditions: copper, bloomery
iron and cast iron; this is in contrast with
the traditional view that only copper was
produced in the area. Furthermore,
radiocarbon dates place some of these
activities in relatively recent periods
(17th-18th
centuries
AD),
again
challenging assumptions about 1st
millennium BC dates.
Of particular interest is the pervasiness of
bloomery iron smelting close to the core
of the Chinese Empire during historical
times. Widely deemed to be a rarity in
China due to the early development of
the blast furnaces [2], bloomery iron
smelting was usually regarded as an
isolated, small-scale practice of limited
scale, mostly in marginal areas [4].
The unexpected identification of this
‘bygone’ iron smelting technology
challenges established paradigms about
the iron production in China, particularly
regarding the exclusive production of
iron by blast furnaces and the role of the
imperial administration, which in
principle controlled the entire process
from the mining stage [1, 4]. A tentative

P-192. Beaten tracks in
technological
traditions:
Bloomery smelting after 2500
years of cast iron production
in Central China
David
Larreina-Garcia(1),
Marcos
Martinón-Torres(2) and Yanxiang Li(3)
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hypothesis could envision bloomery iron
developing as a regional tradition over
time, adapting the charcoal-fuelled
copper smelting furnaces to make iron
for the emperors, for whom collecting the
raw metal outputs was more significant
than controlling the means of production.

aesthetic and technological features of
the gold and silver parts in these chariots.
Comparing these to gold ornaments made
in the early Qin period (from Majiayuan
site, r.850-750 BC), we will discuss
knowledge
transfer,
technological
changes, and the growing appeal of gold
in China during the Warring States
period. Detailed observations and pXRF
were used to study the bronze chariots,
especially the gold and silver parts, when
they were moved out of their showcase
for conservation. Casting was the method
used in this period to create gold and
silver buttons, tubes, plaques, and rings
for the chariots parts. Gold and silver
inlays were employed to decorate the
bronze stand of the canopy and the
crossbow on the chariot. However, in
comparison with the forging, the filigree,
and granulation used to produce early
Qin gold products (techniques assumed
to derive from Western influences), the
casting technique employed here seems
more consistent with an indigenous
tradition manifest in cast weapons and
ritual bronzes produced for centuries in
the central plains of ancient China.

[1] Wagner, D.B., Iron and steel in ancient
China, 1996.
[2] Han, R., The East Asia Section. The
World of Iron. 331-332, 2013.
[3] Huang Q., Li Y., Preliminiary studies on
Western Han Dynasty iron smelting sites.
The World of Iron. 333-342, 2013.
[4] Cao, J., Mint metal mining and minting in
Sichuan, 1700-1900. 2012.

P-193.
Aesthetics
and
technology: Gold and silver
ornaments in the Qin First
Emperor’s bronze chariots
Xiuzhen Li(1,2), Marcos MartinónTorres(2) and Thilo Rehren(2,3)
(1) Emperor Qin Shihuang’s Mausoleum Site
Museum, China
(2) UCL Institute of Archaeology, UK
(3) UCL-Qatar, Doha, Qatar

P-194. Analysis of golden sheet
fragments belonging to the
funerary bundle of the Lady
of Cao

Among the most spectacular finds at the
Mausoleum of China’s First Emperor
(259 - 210 BC) are the Terracotta Army
built to protect him in the afterlife, and
the two sets of bronze chariots designed
and buried to facilitate his travel in his
underground kingdom. Hundreds of gold
and silver pieces decorate the horse
bridles, harnessing belts, canopies,
wheels, and the crossbow and crossbow
holder attached to the carriages. This
paper will present the compositional
analyses, as well as investigate the

S. Zambrano A.(1), Á. Bustamante D.(1),
Gabriel M. Ingo(2), C. Riccucci(2), A.
Fernández(3), R. Franco(3), R. Cesareo(4)
and G. Gigante(5)
(1) Universidad Nacional Mayor de San
Marcos, Ap. Postal 14-0149, Lima 14, Perú;
sandradelpilarza@gmail.com
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(4) Università di Sassari, Sassari, Italy
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pieces with similar characteristics.
Information has also been obtained
regarding the technological capacities
achieved by the ancient civilization of
mochica metal crafters.

The Moche culture developed in the
north of Peru between the years 0 and
700 AD. It is one of the most fascinating
cultures in South America due to its high
development regarding ceramics and
metal crafting, known now worldwide.
Due to the perseverant work of
archeologists Walter Alva and Régulo
Franco, great governors of the Mochica
civilization have become known to us.
Although initially thought to have been
ruled solely by males, the archeologists
proved this theory wrong. In 2005,
archeologist Regulo Franco and his team
found the first female Moche governor
and priest whom they called “Lady of
Cao”, due to the location where they
found it: the Cao Viejo tomb.
The Lady of Cao was found wrapped in a
funerary bundle that weighted nearly half
a metric ton and contained necklaces,
tiaras, crowns, 44 gold and silver nose
jewelry, wooden ritual staffs covered in
copper golden and 23 spear or dart
throwers, wrapped in 26 layers of fabric
that kept them in perfect conditions.
In between the fabric layers copper
golden sheets were found along with
cinnabar cotton. Fragments belonging to
these sheets were analyzed through
microscopic optics, a metallographic
microscope,
a
scanning
electromicroscope, and x-ray diffraction.
Information has been obtained regarding
the composition of the metal sheets, the
width of the golden coating and the
corrosive agents present. All of this will
help to preserve, restore and keep safe

P-195. A view of the evolution
of pre-Columbian
Metallurgy: The Analysis of
W.C. Root at the American
Museum of Nation History
Edith Ortiz-Diaz(1)
(1) Instituto de Investigaciones
Antropologicas, UNAM, Circuito Exterior
s/n, Ciudad Universitaria Mexico City,
Mexico, 04510

Between 1928 and 1960, William C Root
started to analyze pre-Hispanic metal
objects from different countries from
America. These materials were part of
the collections of the American Museum
of National History. In the course of
those years, Root analyzed almost 1000
pieces that let him to understand how
pre-Columbian
metallurgy
was
developed. Also, he made one of the first
correlations between the technology of
South-American Metallurgy and the
transmission of this knowledge to
Mesoamerican and the Southwest of the
United States. The goal of this paper is to
present his results and compare them
with
our
actual
interpretations.
Additionally to make a brief history
about the methodology and resources to
determine the composition and the
ancient technology employed by William
C. Root and how it has changed during
the last years.
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hierarchies or levels of observation at
which information can be obtained.
Then, for each scale of observation, there
were
selected
experimental
measurements and analytical tools to
interpret
the
information.
The
experimental section was focused on
chemical
and
micro-structural
characterization and some of the
techniques were: X-ray fluorescence,
X-ray diffraction, energy dispersive
spectroscopy, Raman spectroscopy,
optical, and electron microscopy. The
analytical part corresponds to the data
interpretation, with tools such as phase or
Ellingham-Richardson diagrams. Finally,
all the information is to be compared to
the general identification of MPCs.
The methodology proposed was tested on
two fragments. Both were subjected to
the methodology proposed that includes
chemical
and
micro-structural
characterization. For the two fragments
the corresponding functions were
determined, regarding the metallurgical
context, positively.

P-196. Ceramic identification
methodology for the preHispanic
metallurgy
in
Colombia
Natalia Rueda Guerrero(1) and Jairo
Escobar Gutiérrez(1)
(1) Universidad de los Andes. Cra 1 Este
19a-40, Bogotá, Colombia

In spite of the fact that archaeometallurgy
studies in Colombia started and surged
almost a century ago, many metallurgical
aspects of the technology developed by
the pre-Hispanic goldsmiths have not
been revealed. This can be attributed to
the extension of the artifact collections,
but also because of the lack of rigorous
analyses within systematic studies of
groups of objects. Moreover, not all
aspects of the metallurgical production
have
been
considered,
since
archaeometallurgy “deals with all aspects
of metal production, distribution and
usage” [1]. For example, metal
production ceramics (MPC) –ceramics
involved in metallurgical production
heating elements such as crucibles,
furnaces, tuyères, refractories, and
process products as slags– have not been
deeply analyzed even when their
remains,
properly
identified
and
characterized, may present evidence of
process parameters.
Consequently, a methodology based on
materials
science
characterization
techniques was established in order to
recognize main features of each of the
MPCs mentioned above for the preHispanic metallurgy developed in
Colombia. First, specific characteristics
of each of the MPC cited were
distinguished. The features can be
observed at different structural material

[1] Th. Rehren, E. Pernicka, Coins, artefacts
and isotopes – Archaeometallurgy and
archaeometry, Archaeometry 50, 2 (2008)
232-248.
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made from platinum were in fact
produced in silver-base alloys.
The analytical data obtained together
with
the
iconography,
some
technological details (such as the joins),
and the tools found in the looted graves
of Frías, tend to show that the gold
objects were not manufactured in the
Tumaco-La Tolita area, but could have
been made by Colombian and
Ecuadorian goldsmiths established in
Frías using local (Peruvian) metals.

P-197. Goldwork in the
Peruvian Andes: The Frías
(Piura) style
Luisa Vetter Parodí(1)
Filomena Guerra(2)

and

Maria

(1) Pontificia Universidad Católica del Perú,
Av. Manuel Villarán 192-302, Lima 18, Peru
(2) ArchAm – UMR 8096 CNRS and
Université Panthéon-Sorbonne, MAE, 21
allée de l’Université, 92023 Nanterre,
France

Among the objects from 1950s illicit
excavations in Lambayeque (northern
coast of Peru), about two hundred gold
items from a site called Frías, in the Piura
region, although typologically close to
Peruvian Vicús, northern Ecuador and
southern Colombia, were of unknown
style that was named “Frías style”. The
objects were acquired by several
museums and private collectors, but the
main items belong nowadays to three
Peruvian museums: Museo Oro del Perú,
Museo del Banco Central de Reserva del
Perú and Museo Municipal Vicus of
Piura.
The scarce research carried on those
objects did not provide information on
their
origin
and
manufacture
technologies. In order to obtain new
evidence on that group of gold objects
without archaeological context, about 50
items belonging to the collections kept in
Lima were studied non-destructively and
in-situ by mobile optical microscopy,
XRF, and radiography. The composition
of the alloys used in their different parts
showed a sporadic presence of platinum
in the gold alloys and revealed that the
objects of the same type, like the birds,
form a compositional group. The white
parts of several objects expected to be

P-198. A biography of copper:
Material investigations of
culture contact in the Pacific
Northwest during the Colonial
Era
L. Thompson(1) and R.C.P. Doonan(1)
(1) The University of Sheffield, Department
of Archaeology, Sheffield, S1 4ET

This study explores the potential of
copper metal artefacts to inform the
investigation of cultural contact amongst
the First Nations communties of the
Pacific Northwest and Europeans during
the late 17th and 18th century. Prior to and
throughout the contact period indigenous
communities considered copper metal
and artefacts to be powerful, animate,
and tied to wealth and social prestige.
Within this study traditional narratives
and ethnographic accounts of indigenous
copper artefacts, coupled with a detailed
investigation of individual objects, are
used to develop a biographical approach
to this material. Analyses include the
identification of fabrication, repair, and
maintenance strategies, and the material
characterisation of copper alloys.
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Comparative analysis is undertaken on
compositional data from individual
indigenous artefacts of copper native to
the Pacific Northwest, and European
copper alloy artefacts dating from the
colonial period, to establish patterns of
resource perception, material choice, and
use.
Artefact biographies place the object, and
the relationships in which it was and is
entwined, at the centre of the analysis.
Biographies constructed in this way
focus on the materiality of the object,
making it possible to note how particular
movements of and associations with
materials, objects, and assemblages are
bound up in the broader actions and
decisions
of
individuals
and
communities. It is argued that copper
provides the opportunity to narrate
changing social, economic, and political
aspects of Northwest Coast indigenous
culture through the contact period.

damaged in some way. We have been
studying neutron diffraction as a noninvasive technique for their analysis. It is
now possible to determine the carbon
content of steels (thus distinguishing the
best Indo-Persian steels from European
ones) as well as the phases present (thus
determining heat-treatment) and their
anisotropy (which may enable us to
determine the temperature of forging and
thus eventually identify workshops).

P-199. Non-invasive analysis
of arms and armour

In this work about 130 ancient silver
coins of unknown origin were
investigated. The dimensions of the coins
were:
- diameter 14.2-18.6 mm;
- thickness 1-2.5mm.
The weight of the coins was 1-6 g.
The main purpose of the investigations
was identification.
The following
characteristics were measured:
- weight, using analytical balances
Mettler Toledo (Switzerland);
- density, using balances with built-in
density measurement Sartorious AG
(Germany);
- chemical composition, using portable
energy dispersive X-ray spectrometers
PRIZMA-M
Au
(Russia)
and
InnovX-System Omega (USA);

P-200.
Non-destructive
investigations of set of silver
coins of unknown origin
G. Shuvalov(1), E. Nistratova(1) and D.
Galkin(1)
(1) State Institution Gokhran of Russia,
Laboratory for precious metals analysis and
examinations, 14, 1812 goda st., Moscow,
121170, Russia

Alan Williams(1), David Edge(1) and
Francesco Grazzi(2)
(1) The Wallace Collection
(2) CNR-ISC

The Wallace Collection is a national
museum in London which contains the
largest collection of (European) princely
arms and armour in London, as well as a
very important collection of Oriental
arms and armour, the analysis of which
poses unique problems.
Unlike plate armour, which generally
presents an edge, the cross-sections of
swords cannot be examined unless the
sword has been sectioned, or otherwise
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- parameters of crystal lattice, using
X-ray diffractometer Rigaku Ultima IV
(Japan);
- acoustic parameters, using Digor Test
System “Degussa” (Germany).
The results of the investigations are the
following: Chemical composition and
density of most coins were close to each
other, namely:
Ag – 91-94 %; Cu 5-8%; sum of Fe, Au,
Pb – 1-3%; density 10.2-10.4 g/cm3.
Nine coins had different characteristics:
Ag – 48-52%; Cu – 30-40%; Ni 5-7%;
Zn – 5-7%; sum of Fe, Au, Pb – 1-3%;
density 8.4-8.6 g/cm3.
For comparison, similar measurements
were carried out for silver coins of the
middle ages of known origin with similar
composition (German and Austrian talers
of XVI-XVII centuries, Indian coins of
several periods).
Nowadays, the investigations continues.
The obtained data will be used for
identification of the coins and included in
the database.

information
regarding
their
manufacturing technology, age, minting
places, and authenticity. Obviously most
of the ancient coins are subjected to
various degradation processes resulting
in different corrosion crust products,
which gradually alter their aspect, shape,
nature and resistance. Aiming at
advanced
knowledge
of
the
archaeological site history, it is necessary
to analyze the artefacts by using non
destructive techniques like Scanning
Electron Microscopy (SEM) and EDS
analyses. In this work it some data
obtained from a PhD research are given
based on recent 707 coins discovered into
the fortress site of Rocca Montis
Dragonis located in Campania region,
Italy. This site constitutes the
archaeological excavation studied by the
Postgraduate School of Archaeology in
Matera. Obtained results crossed with the
exact stratigraphic position provided a
comprehensive framework about the
historical deposition circumstances, and
the social, cultural and economic
environment in which these coins were
circulating.

P-201. Application of image
analysis in archaeology: The
case of the copper coins
recovered on Rocca Montis
Dragonis
B.Gargiulo(1),
F.
Sogliani(1),
(2)
Acquafredda and L. Scrano(1)

P-202. Ancient metals tracing
by iron isotopes analysis
Jean Milot(1,2), Franck Poitrasson(1),
Sandrine
Baron(2),
Marie-Pierre
(2)
Coustures
and Caroline RobionBrunner(2)

P.

(1) University of Basilicata
(2) Earth Sciences and Geoenvironmental
Department, University of Bari, Italy

(1) Géosciences Environnement Toulouse,
CNRS – Université de Toulouse III Paul
Sabatier – Institut de Recherches pour le
Développement, 14-16, avenue Edouard
Belin, 31400 Toulouse, France
(2) Travaux et Recherches Archéologiques
sur les Cultures, les Espaces et les Sociétés,

Coins are objects of great value not only
to historians and archaeologists but also
to numismatists, economists, and
conservators, because their chemical
composition
may
offer
valuable
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CNRS - Université de Toulouse Jean-Jaurès,
Maison de la Recherche, 5 allées Antonio
Machado, 31 058 Toulouse Cedex 09, France

composition of artefact of known
provenance correspond to that of the ore
from its production site. Iron isotopes
also allow to identify different regions of
iron production. Thus, the results
obtained so far suggest that iron isotopes
are a relevant tracer for archaeological
materials.

The development of precise and accurate
analytical techniques over the last
decades has allowed to expand the range
of methods for ancient metal tracing.
Elemental and isotopic analyses are now
widely used for this purpose. For a
relevant archaeological interpretation,
metallurgical processes must be taken
into account, and analyses must be
performed on both archaeological ore,
slag and metal. Isotopic methods were
rather employed for non-ferrous metal
tracing so far [e.g. 1] while elemental
analyses are used for ferrous metal
tracing [e.g. 2]. However, elemental and
isotopic methods show limitations which
underline the need to develop new tracers
as a complement to the existing ones [3].
We used Fe isotopes as a new tool for
ancient metal provenance studies.
Isotopic ratios 57Fe/54Fe and 56Fe/54Fe
were quantified using a Multiple
Collector Inductively Coupled Plasma
Mass
Spectrometer
after
sample
dissolution and Fe purification [4]. We
first developed this approach by
analysing materials from archaeological
experiments on iron ore reduction.
Isotopic analyses were also conducted on
archaeological materials from an
important Roman site whose provenances
were already known. Furthermore, some
materials coming from different regions
of iron production were analysed to
apprehend intra and inter-regional
variability of iron isotopes.
Our results show that the bloomery
process does not induce Fe isotopic
fractionation, i. e. the signature of metals
and slags reflect that of their
corresponding ores. Moreover, the results
obtained so far suggest that isotopic

[1] S. Klein, C. Domergue, Y. Lahaye, G.P.
Brey and H.-M. von Kaenel, The lead and
copper isotopic composition of copper ores
from the Sierra Morena (Spain), Journal of
Iberian Geology 35 (1), 59-68, 2009.
[2] M.-P. Coustures, D. Béziat, F. Tollon, C.
Domergue, L. Long and A. Rebiscoul, The
use of trace element analysis of entrapped
slag inclusions to establish ore–bar iron links:
examples
from
two
Gallo-Roman
ironworking sites in France (Les Martys,
Montagne Noire and Les Ferrys, Loiret),
Archaeometry 45, 599–613, 2003.
[3] S. Baron, M.P. Coustures, D. Béziat, M.
Guérin, J. Huez and L. Robbiola, Lingots de
plomb et barres de fer des épaves romaines
des Saintes-Maries-de-la-Mer (Bouches-duRhône, France) : Questions de traçabilité
comparée,
Revue
Archéologique
de
Narbonnaise 44, 71-98, 2011.
[4] F. Poitrasson and R. Freydier, Heavy iron
isotopes composition of granites determined
by high resolution MC-ICP-MS, Chemical
Geology 222, 132-147, 2005.
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medieval smithy from Klosterbakken in
southern Jutland was shown to have had
two forges with different functions, one
for primary- and the other for secondary
smiting.
Even movements of the craftsmen
between the different parts of the
workshop might in some cases be visible
due to the crushing of, for example,
charcoal, and the dragging of the smaller
fractions of debris such as hammerscale,
from the areas in which they originally
have been deposited [1, 2]. A number of
examples ranging from the organisation
of ore roasting and iron smelting sites in
the Iron Age to medieval smithies are
presented.
The changing use of the same space can
be interpreted on the basis of an adapted
type of soil morphology.

P-203.
A
space
for
metalworking
Spatial
analysis of workshops and
working areas on the basis of
systematic soil sampling
Arne Jouttijärvi(1)
(1) Heimdal-archaeometry, Skovledet 30,
DK-2830 Virum, Denmark;
heimdal@archaeometry.dk

Metalworking is often considered only in
terms of the primary technological
processes involved, but is in fact a
complex of processes taking place within
a more or less well defined "room" or
space. Instead of only focussing on what
is going on within the forge or furnace, it
is therefore important to see metal crafts
as a network of interdependent processes
that take place within a larger or smaller
workspace. The workspace can be
defined as a building with solid walls, but
may also be more undefined, or even a
network of independent functions going
on within a larger area.
A workshop might either be defined by
the process as “the place where you sit
down to work”, or by the room as seen in
medieval buildings serving as multipurpose workshops. The surrounding
landscape and the social context of the
“workshop” might also influence its
organisation.
New methods of systematic sampling and
analysis of workshop floors and working
areas
found
at
archaeological
excavations, together with analysis of
process waste, provide a picture of the
physical organization of work within
“workshop”. In this way the different
processes going on in a workshop can be
defined in detail, as well as the physical
place in which they took place. A

[1] Jouttijärvi , A. et al., ”Affald fra
metalbearbejdning”
og
”Værkstedets
funktion”, in: ”Viborg Søndersø II.
Arkæologi
og
naturvidenskab
i
et
værkstedsområde fra det tidlige 1000-tal.
Red.: Mette Iversen, David Robinson, Jesper
Hjermind og Charlie Christensen) Århus
2006.
[2] Jouttijärvi A, A workshop for the king. In:
RH Tykot (ed.), Proceedings of the 38th
International Symposium on Archaeometry –
May 10th-14th 2010, Tampa, Florida. Open
Journal of Archaeometry 2:5459 (2014).

304

41st INTERNATIONAL SYMPOSIUM ON ARCHAEOMETRY

P-204. Beyond archaeometry:
Archaeological evidences for
modes of air supply into ore
smelting furnaces in the
African Great Lakes region

P-205. Space craft: An
experimental study of the
formation, form and spatial
distribution of Hammerscale
Louis Olivier Lortie(1), Benoit Proulx(1)
and Roger C.P. Doonan(1)

Edwinus Chrisantus Lyaya(1)

(1) University of Sheffield, Western Bank,
Sheffield, South Yorkshire S10 2TN

(1) Department of Archaeology and Heritage,
University of Dar es Salaam
P.O Box 35050, Dar es Salaam, Tanzania;
edwinusl@yahoo.com

This study begins with the premise that
craft is not solely oriented towards
material outcomes but also involves the
working of space. This is important as
space and how it is created and used is
underrepresented in studies of craft
production. With this in mind, this study
seeks to review the importance of the
study of
hammerscales
in the
investigation of past iron production and
their utility in understanding how craft
activities work space.
The experimental campaigns sought to
identify and characterise the activities
and gestures of the blacksmith in an
experimental smithy by differentiating
types of hammerscales and their relative
distributions.
Three
smithing
techniques
were
explored: simple forging, fire-welding,
and the consolidation of an iron bloom
from an experimental bloomery furnace.
Each experimental campaign was
sampled by using a series of catch plates
located in the vicinity of the anvil. All
hammerscale debris collected was
returned to the laboratory where it was
characterised and quantified. The study
of
sampled
hammerscales
was
augmented with systematic magnetic
susceptibility survey that allowed sample
quantification to be verified. The results
from this study suggest that it is possible
to differentiate different smithing

Different from a few previous
publications on air supply mechanisms
(e.g. Crew 1991; Rehder 1994; Chirikure
et al. 2009), this paper discusses
archaeological evidence to determine
modes of air supply; forced draft versus
natural draft into ore smelting furnaces. I
argue in this paper that beyond (almost
none-existent) bellows and without lab
data, it is possible to suggest modes of air
supply into ore smelting furnaces using
tuyères, furnaces and slags. It is therefore
vital for archaeologists to search for the
air supply clues while doing fieldwork.
[1] Chirikure, S., Burrett, R., & Heimann, R.
(2009). Beyond Furnaces and Slags: A
Review Study of Bellows and their Role in
Indigenous African Metallurgical Processes.
Azania: Archaeological Research in Africa,
44(2), 195-215.
[2] Crew, P. (1991). The experimental
production of prehistoric bar iron. Historical
Metallurgy, 25(1), 21-36.
[3] Rehder, J.E. (1994). Blowpipes versus
bellows in ancient metallurgy. Journal of
Field Archaeology, 21(3), 345-350.
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activities from the different types of
hammerscales and as such confirms
previous studies undertaken by Mills and
McDonnell [1], Sim [2], Dungworth and
Wilkes [3], and Jouttijärvi [4]. It is
argued that while the spatial distribution
of hammerscale has been long
acknowledged in archaeological contexts
it remains an underexploited strand of
evidence mainly for reasons related to the
lack of a structured framework through
which spatial studies can be incorporated
in issues of technological choice. Here,
we offer a possible framework for how
such studies may be advanced.

Experimental iron smelting is a wellestablished practice within archaeology
yet the results of such undertakings are
rarely published in full nor exploited to
their full potential in the post-excavation
study of archaeological slags.
This paper presents the results of a recent
campaign of experimental work where a
series of iron bloomery smelts were
undertaken. The operating conditions of
the furnace were varied and carefully
monitored along with total slag samples
been taken throughout the course of the
smelt. All slags were characterised and
quantified and correlated to events of the
smelting process. The types of slag
recovered and the variation within and
among smelts are discussed with
recommendations
made
for
how
experimental smelts can be better used in
archaeological interpretation.

[1] Mills, A. And McDonnell, J G. 1992. The
Identification and
Analysis
of the
Hammerscale
from
Burton
Dassett,
Warwickshire. English Heritage. Ancient
Monuments Laboratory Report 47.
[2] Sim, D. (1998). Beyond the Bloom Bloom refining and iron artifact production in
the Roman world. (BAR International Series
725). Oxford: Archaeopress.
[3] Dungworth, D. and Wilkes, R. (2007). An
investigation on Hammerscale. Research
Department Report 26/2007, Portsmouth:
English Heritage.
[4] Jouttijärvi, A. 2009. The Shadow of the
Smithy. Materials and Manufacturing
Processes 24: 975-980.

P-207.
Conservation
of
archaeological iron objects
using plasma surface cleaning
and chemical methods: A
multi analytical evaluation
Eleni Filippaki(1), Michel Roggebucke(2),
Dionysios Mourelatos(2), Evangelos
Tsakalos(1),
Maria
Kazantzaki(1),
Georgios
P.
Mastrotheodoros(1),
Constantine
Xaplanteris(1),
Georgia
(2)
Kokkorou-Alevras , Sophia KalopissiVerti(2)
and
Maria
PanayotidiKesisoglou(2)

P-206. A study of slag type
variation from a controlled
series of experimental iron
bloomery smelts
Patrick Cropper(1), Wouter De Roeck(1),
Victoria
Halldorsdottir(1),
Emma
(1)
Harrison , Anneleen Stienaers(1), Yvette
Marks(1) and Roger Doonan(1)

(1) Laboratory of Archaeometry, INN, NCSR
‘Demokritos’, Aghia Paraskevi, Attiki, 15310
(2) Department of Archaeology & History of
Art, University of Athens

(1) The Department of Archaeology, The
University of Sheffield, Sheffield UK S1 4ET
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In the frame of the project entitled "The
Apollo Sanctuary and the Late Roman
Settlement in Halasarna (Kos). The
history of an ancient sanctuary, its
decline and its final transformation into a
Late Roman/Early Christian settlement",
a collection of archaeological iron
objects (nails and tools) found during the
excavation of an Early Christian
settlement located in Kardamaina area on
the island of Kos, Greece, has been
restored using different conservation
methods. The majority of the objects
were found to be covered by a thick layer
of iron oxides along with earthy material.
The cleaning and the stabilization of iron
objects bearing a partially mineralized
bulk of metal is a challenging task. In
order to provide tailored conservation
strategies for cleaning and protecting
valuable archaeological and historical
artifacts, a combination of methods was
employed.
Two
cleaning
and
stabilization methods were applied and
evaluated; the “plasma surface cleaning”
was either used alone, as the only method
of conservation (comparing treatments
using different parameters), or in
combination with “alkaline sulfite
treatment” using sodium hydroxide. The
aim was to exploit the existing
methodology and knowledge of the
advantages and disadvantages of these
methods and develop a conservation
strategy on a case by case basis,
according to the type, severity and extent
of damage.
The characterization of the surface of the
treated objects was examined at every
stage of treatment (before, between and
after the cleaning and the stabilization
procedures) using Optical Microscopy,
Scanning Electron Microscopy (equipped
with an attached Energy Dispersive
Spectrometer) and X-ray diffraction.

Emphasis was given on the chloride
content which is the main problem in the
corrosion process. “Before and after”
examination on the chloride content was
performed at every stage of each
treatment thus allowing to check and
monitor both the rate and the subsequent
elimination of the chloride content.
The evaluation of these conservation
methods,
according
to
their
physicochemical
principles
and
conservation ethics, resulted to the
development of restoration protocols
which incorporate a combination of
different techniques. Moreover, the effect
and the influence of each restoration
method were also determined.

P-208. The MoCaCu Project
for on-site and laboratory
characterization
and
analytical
studies
of
ecclesiastical artefacts from
remote areas in Greece: Case
studies from Allagonia and
Tzoumerka
N. Zacharias(1), A. Kamara(2),
Kouloumpi(3) and C. Karydis(4)

E.

(1) Laboratory of Archaeometry, Department
of History, Archaeology and Cultural
Resources Management,
University of the Peloponnese, 24133,
Kalamata, Greece
(2) Time Heritage Ltd. Greece
(3) Laboratory of Physicochemical Research,
National Gallery – Alexandros Soutzos
Museum, Athens, Greece
(4) ΑΤΕΙ of Ionian Islands-Direction:
Conservation of Cultural Heritage,
Zakynthos island, Panagoula 29100,
Greece
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The MoCaCu project (Mobile Care for
the Documentation, Characterisation and
Conservation of Movable Cultural
Heritage Artefacts from Remote Areas in
Greece), operating since 2014 aims at the
in situ documentation, characterisation
and conservation of ecclesiastical
collections from remote Greek areas.
The scope of the present study is to
present the analytical data resulted from
the on site (via Fiber Optics Microscopy
- FOM and X-Rays Fluorescence - XRF)
and laboratory analysis (Scanning
Electron Microscopy coupled with an
Energy Dispersive Analyser - SEM/EDS,
RAMAN and Gas Chromatography-Mass
Spectrometry - GC/MS) of metal alloys
objects and icons.
The above described non-invasive multianalytical approach which was applied
on 17th – 20th century objects from two
remote and culturally distinctive areas,
namely that of Allagonia in the S.
Peloponnese and Kalarrytes in Epirus,
NW Greece, led to the development of a
laboratory protocol tailored for analytical
characterisation of such composite
materials.

context and therefore lost its main
identification features.
Museums as authority institutions are
often asked to work on authentication. Ιn
this study an ancient small size bronze
statue of a standing man is examined.
The statue was identified by the police in
illicit activity and handed to the
Archaeological Museum of Thessaloniki.
It had lost its hands but was otherwise
complete. Its height is 60 cm.
The methodology used explores two
aspects: the manufacturing technique and
the corrosion products’ formation. The
statue is a hollow cast, made by the lost
wax technique as it is indicated by
certain technical characteristics that were
found. These characteristics were also
considered as typical features of the
ancient
bronze
statuary.
The
investigation of the corrosion products
uses the authentication criteria proposed
by Robbiola, who stresses that naturally
formed patinas on bronze are resulting
from the dynamic interaction between
three parts: the metal alloy, the corrosion
products
and
the
surrounding
environment [1].
Visual and analytical examinations were
performed and gave conclusive evidence
of this process. Specifically two types of
patina were identified: a coarse one that
destroys the original surface and a
smooth one that retains it even to a
microscopic scale. Features like the
dendritic patterns corresponding to an ascast bronze condition, or the finishing
lines that are preserved on the corrosion
layers, denote the complexity of the
patina’s
formation.
Chemical
composition of the alloy has been
determined by XRF, the corrosion
products and the soil deposits that cover
the surfaces were investigated and
analysed by SEM-EDS. The corrosion

P-209. A small bronze statue
from
the
Archaeological
Museum of Thessaloniki;
exploring its authenticity
Vasiliki Michalopoulou(1)
(1) Archaeological Museum of Thessaloniki,
6 M. Andronikou str. 546 21 Thessaloniki

Authentication is a positive action aiming
to restore the damage caused to an object,
usually an antiquity or a piece of art that
had been violently extracted from its
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mechanism shows the phenomenon of
decuprification, the penetration of soil
elements into the inner corrosion layers
and the corresponding contamination of
soil by copper ions.

improved, yet sustainable, photographic
documentation procedures in the field at
Amarna. An understanding of excitation
sources, specific camera filtration, and
associated software and tools was vital to
the assembly of proper equipment needed
in order to execute a wide range of
photographic procedures, including:
visible-light photography, UV- induced
visible fluorescence, reflected nearinfrared, and visible-induced infrared
luminescence.
The
photography
workload completed can be categorized
into two main groups: diagnostic
photographic documentation of two
detached wooden planks and treatmentrelated photography of the child coffin in
situ.
The conservation workroom had no prior
photography set up, minimal space to
move around and windows that limited
full control of illumination and
irradiation exposure. Even so, the breadth
of
range
in
the
photographic
documentation processes implemented
on site with minimal facilities was
remarkable. Yet, the time invested in
order to produce the images remained
practical within the available conditions
and proportionate to the overall workload
of the project at hand. With good
planning and clear understanding of what
each technique can potentially aid to the
examination of the object, we achieved
the goal of producing optimal results
with an efficient photographic routine.
An overview of the completed
photographic techniques, excitation
sources utilized, and camera filtration
used is featured in this poster.

[1] Luc Robbiola, Richard Portier, ‘A global
approach to the authentication of ancient
bronzes based on the characterization of the
alloy-patina-environment system’, Journal of
Cultural Heritage 7, 1-12, 2006.

P-210. Advanced analytical
photographic documentation
techniques applied on-site to
an Egyptian Amarna-Period
child coffin
Nicole Peters(1) and Jiuan Jiuan Chen(1)
(1) Buffalo State College Art Conservation
Graduate Program, 1300 Elmwood Ave.
Buffalo, NY 14222

The limitations of executing highresolution
archival
photographic
documentation
of
artifacts
at
archaeological sites often time include
the provision of expensive and
cumbersome photographic equipment
and challenging logistical spaces to work
within. These factors impede nondestructive analysis and examination of
excavated artifacts and mask the
potential of what advanced photographic
techniques can offer. Comprehensive
documentation on-site is crucial to fragile
objects, as only a timely and standardized
documentation program can help
conservators/archeologists to record
something that might disappear quickly.
This project involved the preparation and
planning of materials and equipment
necessary in order to implement
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document the various possibilities
provided by kappameter measurements
during the excavation of different
horizontal or vertical archaeological
situations (polycultural settlement layers,
production features, ditch enclosures,
ramparts or post hole structures).
The principle of detailed measurement by
kappameter is simple and fast. Due to the
possibility of quick on-site results during
excavation, this simple additional
geophysical method can provide helpful
information on uncovered features. In
unclear or complicated situations, it can
also offer some potential interpretations
on revealed situations or help direct the
continuation of subsequent excavations.
On the other hand, the disadvantages of
kappameter measurements remain the
very limited depth of measurement
penetration (first centimetres) and the
actual potential for the use of
measurements in the scale of individual
features or situations (common horizontal
or vertical measurements in meters). Also
frequently very important on is the high
density of data collection (up to 10x10
cm). Recently, some kappameter
companies have also begun testing coils
with deeper measurement penetration
(X0 cm).

P-211. A comparison of
archaeological results and
detailed
‘in
situ’
measurements of magnetic
susceptibility
during
archaeological excavations –
case studies from Bohemia
Roman Křivánek(1)
(1) Institute of Archaeology of the Academy
of Sciences of the Czech Republic, Prague, v.
v. i., Department of archaeology of landscape
and archaeobiology, Letenská 4, 118 01
Prague 1, Czech Republic;
krivanek@arup.cas.cz

Magnetometry, as the most intensively
applied
geophysical
method
in
archaeology, has many different and
specific methods of use. The large scale
of archaeological field prospection using
different
kinds
of
portable
magnetometers presents much new
information on subsurface remains at
many archaeological sites. Laboratory
observation of the magnetic properties of
uncovered layers or situations could
consequently offer also more specific and
detailed information on uncovered
archaeological
features
or
postdepositional processes. Also detailed
field
magnetic
susceptibility
measurements using kappameters during
the different stages of archaeological
excavation could provide quick answers
to some archaeological questions [1].
The application of detailed field
magnetic susceptibility measurements in
an open archaeological situation (in situ)
is a simple yet sometimes very efficient
magnetometric method [2]. The given
examples of case studies from on
different excavations in Bohemia could

[1] R. Křivánek, Contribution of detailed
measurements
of
apparent
magnetic
susceptibility in situ duting archaeological
excavations, in: S. Piro (ed.): Proceedings,
Extended Abstracts - 6th International
Conference on Archaeological Prospection,
Rome, Italy September 14-17, 2005, 418420, 2005.
[2] R. Křivánek, Detailní měření magnetické
susceptibility v odkrytých archeologických
situacích – Detailed measurement of
magnetic susceptibility in an open
archaeological
situation,
Archeologické
rozhledy LX/4, 695-724, 2008.
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preliminary, obtained through a multifaceted interpretation of data obtained
with state-of-the-art tools.
The magnetic method is very sensitive to
changes in soil susceptibility. Likewise,
it is very suited to environments that
display
a
high
contrast
in
thermoremanent magnetisation, specific
to burned archaeological remains such as
kilns, hearths or, in our case, habitation
structures.
Because
archaeological
excavations in Cucutenian sites almost
invariably produce dwellings that are
very strongly burnt, our results were
consequently very satisfactory. We
observed that the planimetries of the unistratified Cucutenian sites can vary from
one chronological phase to the other, or
according to the type of the settlement
itself. Nonetheless, for NE Romania, on
the basis of the available magnetic data,
we can distinguish at least two types of
internal organisation (in rows or in
groups),
often
accompanied
by
fortification works in the form of one,
two or three defensive ditches.
Though the present study was limited to
the presentation and interpretation of the
results obtained, especially, by means of
magnetic surveying, its continuation will
undoubtedly makes use of the other
archaeological prospecting techniques,
alongside input from older or newer
archaeological excavations, which are
mandatory for discerning the internal
organising system of the Cucutenian sites
located in Northeastern Moldavia or
elsewhere.

P-212.
Geophysical
prospecting in Chalcolithic
sites from North-Eastern
Romania. A number of
significant
considerations
about planimetry
Andrei Asăndulesei(1), Cristi Nicu(1),
Radu Balaur(1), Ștefan Caliniuc(1), Alin
Mihu-Pintilie(1),
Mihai
Mereuță(1),
(1)
Mihaela Asăndulesei
and Vasile
Cotiugă(2)
(1) Interdisciplinary Research Department –
Field Science, ‘Alexandru Ioan Cuza’
University from Iași, Romania; Lascar
Catargi, 54, 700107, Iași, Romania
(2) Faculty of History, ‘Alexandru Ioan
Cuza’ University from Iași, Romania; Blvd.
Carol I, 11, Iași, Romania

This work is based on a study conducted
by the Arheoinvest Platform from the
Interdisciplinary Research Department –
Field of Sciences within the “Alexandru
Ioan Cuza” University of Iași, Romania.
The main objective of this endeavour is
to produce by means on non-intrusive
investigation techniques an ample
characterisation of the Chalcolithic
archaeological sites from north-eastern
Romania. The paper tries to capture a
series of relevant elements for an
overview of a model of internal
organising of the Cucutenian settlements,
based, at this stage of research, only on
information obtained from interpreting
the geophysical data available for a
number of case-study sites from the
aforementioned area.
The methodology consisted primarily on
magnetic prospection combined with
archaeological topographic surveying.
The present paper presents the most
important results achieved so far, some
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cannot be observed, the method however
allows us at least to trace the
architectonic construction details of the
monument itself. In the periphery of the
kurgans we detected a multitude of
different structures such as satellite
burials, separate grave goods, secondary
burials, enclosures, offering pits,
cremations and associated finds. Here we
present case histories from the latest
findings on kurgan sites which not only
complete our knowledge but moreover in combination with geophysical surveys
¬reveal a multitude of new discoveries
and show the potential of this
interdisciplinary research approach.

P-213.
Magnetometer
prospecting of Early Iron Age
kurgans and their periphery:
New
findings
and
interpretations from sites in
the North-Caucasus, (Russia)
and Kazakhstan
Jörg W.E. Fassbinder(1), Anton Gass(2),
Hermann Parzinger(2), Andrei B.
Belinski(3) and Andrei Asandulesei(1,4)
(1) Department of Earth and Environmental
Sciences, Ludwig-Maximilians-Universität
München, Theresienstrasse 41, 80333
München, Germany
(2) Prussian Cultural Foundation Berlin ,
Germany
(3) GUP “Nasledie” of the Ministry of
Culture of the Stavropol Region, Stavropol,
Russia
(4) Alexandru Ioan Cuza” University
Research Department -Field Science, Iași,
Romania

[1] Parzinger, H., A. Gass, and J.W.E.
Fassbinder. Уподножия«царскихкурганов»,
Наукаизпервыхрук/// Science First Hand,
64(4), 86-101, 2015.

P-214.
New
prospects:
Geophysical and geochemical
survey at the 10th century city
of Madinat al-Zahra, Spain

Latest archaeological research and
magnetic prospecting of large kurgan
fields of the Early Iron Age period not
only sheds new light on these
monumental buildings but moreover
delivers extraordinary new perception of
the burial ceremonies [1].
According to a new definition of great
kurgans, this category of sites consists
not only of the burial chamber but also of
findings in the periphery. An essential
contribution to the investigation of the
circumference of kurgans can be
achieved by a large area geophysical
prospecting. Notably magnetometer
prospecting allows us a large scale, but
also highly sensitive prospecting of sites
combined with a high spatial resolution.
Although in depths of several meters,
further details of the burial chamber

Chloë N. Duckworth(1), Kate Welham(2),
Derek Pitman(2) and David J. Govantes
Edwards(3)
(1) University of Leicester, UK
(2) Bournemouth University, UK
(3) Universidad Nacional a Distancia, Spain

Geophysical and geochemical survey
techniques were combined in the
exploration of the 10th century Caliphal
capital of Madinat al-Zahra, near
Cordoba, Spain. Our aim was to identify
– and start to characterise – the locations
of high temperature production activities
at the site. The combination of
magnetometry and handheld portable
312

41st INTERNATIONAL SYMPOSIUM ON ARCHAEOMETRY
XRF (HH-pXRF) for in-situ analysis was
found to be optimal.
While previous methods have used HHpXRF as a means of characterising
pollutants within areas of industrial
activity, we used the technique primarily
as a tool for prospection. Doing so
allowed us to identify promising
locations and pursue their more detailed
characterisation using magnetometry.
With this method we were able to locate
a probable keyhole furnace associated
with high levels of lead and copper
pollutants, in addition to several other
probable production areas associated
with a massive building complex in the
south-west of the site.

modern agricultural activities contributed
to the discoveries, bringing to the surface
manufacts and scrapes of buried layers,
this kind of impact has also been
progressively
deteriorating
the
archaeological record, hence the protohistoric landscape is now discernible
through evanescent marks which can’t be
always detected using customary optical
sensors.
Lidar and radar data analysis has then
been considered as an alternative, noninvasive method of investigation on such
a vast area. Speckle noise in radar images
was deadened by combining spatial and
frequency filters, while lidar images were
processed applying some of the most
popular image enhancement algorithms,
such as mono and multi-directional
hillshading, Local Relief Model and Sky
View Factor. Data fusion techniques
were also tested in specific cases. All
data were inspected and compared to
each other and to different kinds of
information acquired during field
researches and photointerpretation. An
estimate based on quantity and quality of
detected features in each data type was
therefore attempted.
Radar analysis turned out quite effective
in revealing geomorphological elements,
especially buried paleochannels, but the
most interesting outcomes were achieved
through relief analysis, which brought to
light unknown archaeological features
both on small scale, like potential
settlements and connections, and on large
scale, like intrasite and offsite structures
attributable to human activity. Further
investigations of those evidences in the
future could contribute to a more
complete reading of this fossil landscape
and its history.

P-215. Image processing and
analysis of radar and lidar
data: New discoveries in
Verona southern lowland
(Italy)
Laura Burigana(1) and Luigi Magnini(1)
(1) Department of Cultural Heritage:
Archaeology and History of Art, Cinema and
Music, University of Padova

This contribution proposes an evaluation
of lidar and radar data processing and its
potential in revealing archaeological
features within a level plain environment,
the southern lowland of Verona (Italy),
focusing on evidences dating back to the
Bronze Age.
Many archaeological sites in the research
area, including some of the most
outstanding settlements of Terramare
Culture, were identified or at least
examined
through
aerial
photo
observation. Even if in several occasions
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of Auto-Correlation (SLLAC) index [2].
Identification of formerly maintained
agricultural terraces provides additional
information on past human-landscape
interactions and supplements analysis of
surface artifact distributions.

P-216. Automatic delineation
of
obscured
agricultural
terraces from remote sensing
imagery
Jennifer Glaubius(1)

[1] C. G. Karydas, T. Sekuloska, I.
Sarakiotis, Fine scale mapping of agricultural
landscape features to be used in
environmental risk assessment in an olive
cultivation area, IASME Transactions 2, 582589, 2005.
[2] G. Sofia, F. Marinello, P. Tarolli, A new
landscape metric for the identification of
terraced sites: The Slope Local Length of
Auto-Correlation (SLLAC), ISPRS Journal
of Photogrammetry and Remote Sensing 96,
123-133, 2014.
[3] R. Diaz-Varela, P. Zarco-Tejada, V.
Angileri,
P.
Loudjani,
Automatic
identification of agricultural terraces through
object-oriented analysis of very high
resolution DSMs and multispectral imagery
obtained from an unmanned aerial vehicle,
Journal of Environmental Management 134,
117-126, 2014.
[4] M. D. McCoy, G. P. Asner, M. W.
Graves, Airborne lidar survey of irrigated
agricultural landscapes: an application of the
slope
contrast
method,
Journal
of
Archaeological Science 38, 2141-2154, 2011.
[5] J.-S. Bailly, F. Levavasseur, Potential of
linear features detection in a Mediterranean
landscape from 3D VHR optical data:
Application to terrace walls, Geoscience and
Remote Sensing Symposium (IGARSS),
2012 IEEE International 7110-7113, 2012.

(1)
Department of Geography,
University of Kansas, 1475 Jayhawk Blvd,
213 Lindley Hall, Lawrence, KS 66045-7316,
USA

Agricultural terraces are anthropogenic
landforms that both reflect human
management of the landscape and impact
formation of the archaeological record by
altering
sediment
transport
and
deposition patterns. Despite difficulties
in identifying individual terraces due to
the relative small size of terrace walls
and tendency for vegetation to obscure
the walls [1, 2] terraces have been
automatically delineated from remotely
sensed using object-based image analysis
(OBIA) [1, 3] and by identifying changes
in terrain slope [2, 4, 5]. However, these
techniques have been evaluated only for
areas with maintained terraces, where
slope changes are distinct. These
methods have not been tested for regions
where terrace walls are obscured by
sediment due to lack of terrace
maintenance.
The goal of this research is to test
previously published techniques for
delineating agricultural terraces where
the majority of terrace walls are not
easily identified. Most terrace walls in
the study area in Messenia, Greece are
not currently maintained and have only
been delineated through field survey.
Among the techniques tested for terrace
delineation are OBIA [1, 3], slope
contrast mapping [4], topography
indices [5], and the Slope Local Length
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geological survey altogether with the
archaeological reconnaissance.
Thus we decided to use Landsat ETM+
since its potential has been widely
proved, as well as mentioned above
satellite imagery and SRTM. Remote
sensing in geoarchaeological mapping is
time and cost saving. It is especially
useful for the identification of the types
of rocks and soil, geological structures
and landforms. It allows to identify
archaeologically arid areas caused by the
force of erosion or layers of deposits,
e.g., landslides. This is especially
relevant for the preservation and
identification of prehistoric sites. Also
some archaeological sites can be visible
on Landsat imagery, mainly the tells.
Multispectral imagery has been used for
site detection in Syria and Egypt. Tells
are formed of clay which was a building
material for houses in the past. However,
houses in contemporary villages in Syria
and Egypt are constructed of mud bricks
as well and might be difficult to
differentiate from tells on satellite
imagery. In Kurdistan, a lot of modern
houses in villages are built of concrete,
thus they might look different on Landsat
imagery. We should also keep in mind
that detection of archaeological sites on
multispectral imagery depends on
different factors; like the density of
archaeological material, vegetation, size
of the site and time of the year.

P-217.
Possibilities
and
limitations of application of
satellite
imagery
in
geoarchaeological research in
Iraqi Kurdistan
Michalina Dzwoniarek-Konieczna(1) and
Joanna Mardas(2)
(1) Institute of Geology, ul. Maków Polnych
16, 61-606 Poznań, Adam Mickiewicz
University, Poland, michdzw@amu.edu.pl
(2) Institute of Prehistory, ul. Umultowska
89D, 61-614 Poznań, Adam Mickiewicz
University, Poland; mardas@amu.edu.pl

Iraqi
Kurdistan
has
been
an
archaeological terra incognita for a long
time. This region was inaccessible
because of the unstable political
situation. The Polish project Upper
Greater
Zab
Archaeological
Reconnaissance (UGZAR) is one of
several archaeological survey teams
presently working there. The mission
works in the north-eastern region of
Kurdistan, in the Upper Greater Zab
basin and to the north of Bastora Cay.
The survey area has ca. 3071 km2 (till
now 1844 km2 has been surveyed).
UGZAR's main aim is to study the
settlement history of the region on the
base of the field survey. The project uses
past satellite imagery from CORONA
program and also contemporary data
available through Bing Maps and Google
Earth. The second important element of
the project methodology is to place
settlements in the geological and
geomorphological context. Geological
and geomorphological data (e.g.,
information about rocks basements,
tectonics and types of sediments or soils)
is often used in settlement studies.
However, it is a difficult task to do the
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Different vegetation indices were
calculated from the multiband images to
enhance the grass and soil-marks in open
field, allowing the identification of
buried structures. Close range images
were acquired with a commercial DJI
Phantom 2 and a custom UAV designed
by the Center of Studies and Activities
for Space of the University, both
equipped with high-resolution digital and
IR cameras.
Structure from Motion was used on the
acquired data to create digital elevation
models (DEM) of sample areas with
Agisoft PhotoScan. Both satellite and
DEM data were processed in GIS
environment and Object Based Image
Analysis (OBIA) was tested on the most
informative layers.
The remote sensing analyses were then
bridged with fieldwork data, showing a
complex environmental model. The
houses found during the excavations
seem to be embedded in an impressive
framework of structures for space
organization, defence and territorial
control. Moreover the presence of a
dense network of terraces and buildings,
up to the south-eastern ridge, suggests
the existence of an intense human
occupation of the entire promontory.

P-218. Spatial organization of
a proto-historic settlement in
northern Italy: Combining 8
bands
satellite
images,
‘Structure from Motion’derived Digital Elevation
Models and fieldwork data
Luigi Magnini(1), Cinzia Bettineschi(1),
Armando De Guio(1), Alessio Aboudan(2),
Carlo
Bettanini(2),
Giacomo
(2)
Colombatti , Giulia Deotto(1), Luca
Toninello(2), Piero Benvenuti(2), Stefano
Debei(2), Alessandra Menegazzi(1), Paola
Zanovello(1) and the Horus Team(1)
(1) Department of Cultural Heritage:
Archaeology and History of Art, Cinema and
Music, University of Padova
(2) Center of Studies and Activities for Space
“G. Colombo”, University of Padova

This contribution will present the results
of the project “Horus: aerial visions of
the archaeological space”, funded by the
University of Padova as most innovative
student-proposed research, in the Iron
Age village of Bostel di Rotzo (VI,
Italy).
The site has been excavated in multiple
occasions since its discovery in the late
1700s; the investigations detected at least
six household units, but were not able to
determine the effective extension of the
settlement. This study therefore focused
on
the
use
of
remote-sensing
technologies in order to circumscribe the
inhabited area, identify the near-site
structures and the off-site region.
The applied methodology involves both
large scale and small scale analysis. In
fact, we coupled satellite multiband
images (WorldView with 8 bands) and
close range images recorded by UAVs.

P-219. Detecting
archaeological structures from
Space: A case study from
South Messenia, Peloponnese
George Malaperdas(1)
Zacharias(1)

and

Nikoloas

(1) Department of History, Archaeology and
Cultural Resources Management, University
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of the Peloponnese, 24 133 Kalamata,
Greece; envcart@yahoo.gr

identify the structures as potentially
tholos tombs based on their size and
shape.
The exact locations of the structures
(including their coordinates) were given
to the authorities of the Archaeological
Ephorate of Messenia for further
research.
The combined use of photogrammetric
and remote sensing applications stands as
an advanced and modern tool that can
add significant information to the
direction of identification and protection
of archaeological and cultural sites.

The present work demonstrates the
importance of remote sensing and
photointerpretation in archaeology, using
an area at Messenia, SW Peloponnese,
Greece as a case study. Messenia is
considered as a most significant
archaeological region in Greece, due to
the
great
number
of
studied
archaeological sites hosted therein, which
are spanning from Prehistory till recent
periods. The methodology followed was
the result of photogrammetric and remote
sensing applications and verification of
the results with ground control.
The study area is located on a hill
southeast of the town of Pylos where no
archaeological site has been reported or
identified by the archaeological survey in
the area so far.
Within the studied area, archaeological
remains were identified as a side effect of
a different project, with an initial
objective of satellite image analysis.
During the process of implementing
reinforcement to the infrared and nearinfrared channels, traces of shading along
with different color tones on specific
points were observed in the terrain.
These positions were digitized and
subsequently identified using various
backgrounds (aerial-photos, satellite
images). This process finally revealed a
network of 5 main spots of an average
dimension of a 5 m radius that were not
previously acknowledged in literature or
known
to
the
corresponding
archaeological services.
The first stage of the analysis was
detecting where the structure was
distinguished from the environment
based
on
its
morphological
characteristics. Then we were able to

P-220. Urban dynamics of
Greek
cities
through
Geoinformatics: The cases of
Mantinea and Heraia, Arcadia
Nikos
Papadopoulos(1),
Apostolos
(1)
Sarris , Jamie Donati(1), Tuna Kalayci(1),
Meropi Manataki(1), Gianluca Cantoro(1),
Anna
Karapanagiotou(2),
Evi
Argyropoulou(2) and Eleni Psathi(2)
(1) Lab of Geophysical Satellite Remote
Sensing and Archaeoenvironment
(GeoSatReSeArch), IMS, FORTH, Greece,
Nik. Foka 130, Rethymno, Crete, Greece,
nikos@ims.forth.gr
(2) Ephorate of Antiquities of Arkadia,
Kalavryton 211, 22100 Tripolis, Greece

The interest in studying the evolution and
the characteristics of the Greek ancient
city has been strong since the early years
of archaeological exploration in the
nineteenth
century.
The
large
excavations, known as “Big Digs”, which
were carried out at numerous Greek sites
comprised the main source of
information regarding the city-planning.
By the second half of the twentieth
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century, the focus switched to a more
methodological approach to the study of
past landscapes and the ancient city
where the city was no longer viewed in
isolation, but as a distinct feature among
a wider anthropogenic landscape.
Concurrent with the above developments
in
archaeological
research,
geoinformation methods, through innovative
satellite, aerial and global positioning
systems
(GPS), improved
image
processing methodologies and high
definition
geophysical
mapping
techniques
integrated
within
Geographical Information Systems (GIS)
have given a new dimension in the
archaeological research and the way of
managing the cultural heritage.
This work focuses on two different sites
situated in Peloponnese where the
archaeological sample included Mantinea
and Heraia in Arcadia. These settlements
were not greatly impacted by modern
villages
and
constructions,
thus
optimizing the benefits of geoinformatics
in conjunction with the archaeological
evidence in revealing the hidden urban
network. The Laboratory of Geophysical,
Satellite
Remote
Sensing
and
Archaeoenvironment (GeoSat ReSeArch)
of IMS-FORTH in collaboration with the
Ephorate of Arcadia conducted a
geophysical survey at the already known
Greek settlement of Mantinea during
2014. The geophysical exploration was
also expanded to Heraia in 2015, where
the present knowledge regarding the
outline and the organization of the city is
limited and almost non-existent. The
purpose of the surveys was to explore the
urban characteristics and map the nearsurface street system and the buried
architectural features of these two
settlements. Geophysics was successful
in identifying an extensive network of

orthogonal streets and city-blocks, as
well as near-surface buildings in
Mantinea. At the same time geophysical
prospection results in Heraia identified a
street system and structures forming a
relatively
well
preserved
built
environment. The geophysical mapping
added new and valuable information
about the wider urban dynamics of
Mantinea and Heraia thus placing them
within the framework of Greek planned
settlements in the Peloponnese and
beyond.
In general the application of novel geoinformation methodologies through an
integrated platform can be effectively
used to address specific archaeological
questions regarding the ancient Greek
urbanism. At the same time this initiative
can act as a model for other
archaeological projects across the eastern
Mediterranean by incorporating new
urban models in order to recalibrate the
traditional
narratives
about
the
development of the Greek city.

P-221. Deciphering the urban
topography of the harbourcity
of
ancient
Corfu.
Archaeological
and
Geoarchaeological investigations
Baika, K.(1), Vött, A.(2), Finkler, Cl.(2),
Fischer, P.(2), Metallinou G.(3) and
Rigakou, D.(3)
(1) Aix-Marseille Université, CNRS, CCJ
UMR 7299, 5, rue du Château de l’Horloge,
13094 Aix-en-Provence, France/ EAA, Greek
Ministry of Culture; kbaika@gmail.com
(2) Institute for Geography, Johannes
Gutenberg-Universität Mainz, Johann-
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Joachim-Becher-Weg 21, 55099 Mainz,
Germany; voett@uni-mainz.de;
c.finkler@geo.uni-mainz.de;
p.fischer@geo.uni-mainz.de
(3) Ephorate of Antiquities of Corfu, Armeni
Vraila 1, 49100 Corfu, Greece;
trigakou@gmail.com;
gmetallinou@gmail.com

conjunction with electrical resistivity
measurements and the development of
other innovative methodologies.
The ancient city developed in a fortified
peninsula and was served by multiple
harbour basins. First results demonstrate
that these basins were gradually altered
by a combination of geological changes
(uplift, siltation, relative sea-level
change, etc.) and human interventions
(dredging), which resulted in being in
part or completely concealed today under
the urban tissue. Moreover, in this highly
tectonic area of the Ionian Sea, the
coastal landscape reconstruction for
different periods of time is even more
complicated,
yet
essential
for
comprehending the layout of the first
settlement and the gradual transformation
of the urban space of this major
Mediterranean harbour-city throughout
the centuries.

The ancient harbour-city of Corfu in the
entrance of the Adriatic Sea was a
prominent Archaic thalassocracy and one
of the first Greek city-states to acquire a
substantial warfleet of triremes in the
beginning of the 5th c. BC. She was also
strategically located for controlling the
commercial sea-lanes that connected the
Greek world with the Adriatic Sea and
the west already from the Archaic period.
Geostrategical aspirations led to the
development of substantial harbour
infrastructure to support thriving
commerce and naval supremacy at sea
from early times. Yet, the evolution of
the harbour system and in general the
maritime facade of the ancient city is
today obscure ay altered due to important
geomorphological
changes,
severe
human impact and heavy urbanism from
antiquity, during the Byzantine Period to
modern times.
An interdisciplinary geoarchaeological
approach was initiated in 2013 (-2017) in
order to decipher this complicated
harbour and coastal environment. The
Project is led by the Ephorate of the
Antiquities of Corfu in collaboration with
the Institute of Geography, University of
Mainz, associated with the Centre
Camille-Jullian,
CNRS-Aix-Marseille
University.
The methodology combines the study of
the archaeological stratigraphy in the
harbour and coastal zones with
geological investigations as derived by
extended vibracoring conducted in

P-222. Geodetic technology
and archaeological research:
An
added
value
to
archaeological investigations
at the Kaconian Sanctuary of
Apollon Amyklaios in Sparta
Andreas Tsatsaris(1), Vasilis Pagounis(1)
and Stavros Vlizos(3)
(1) Technological Educational Institute of
Athens, Department of Civil, Surveying and
GeoInformatics Engineering, Sector of
Surveying and GeoInformatics, Head of the
Laboratory of GeoInformatics, Agiou
Spyridonos Str. & Pallikaridi St., GR 122 10
Athens, Greece; atsats@teiath.gr;
pagounis@teiath.gr
(3) Ionian University, Department of
Archives, Library Science and Museology,
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surveying of cultural heritage monuments
that allows to obtain the geometry of the
object easily, regardless of its
accessibility. The real possibility of
acquiring dense geometric information
by TLS allows the analysis through a
number
of
different
modelling
approaches.
Combined
geodetic
methodology integrated in the main
GeoInformatics System will be able to
provide much improved quality of
documentation to experts and interested
parties as well as to a large number of
scholars and members of the public.

The aim of this work is to demonstrate
through a specific case study, that of the
sanctuary of Apollon Amyklaios near
Sparta, the aspects of documentation and
recording of cultural heritage monuments
using state-of-the-art geodetic technology
including terrestrial laser scanning
(TLS), image-based
total
station
technology
and
photographic
documentation,
as
well
as
GeoInformatics
technologies,
for
different
needs
regarding
each
archaeological monument.
The hill of Haghia Kyriaki, where the site
of the central lakonian sanctuary of
Apollon Amyklaios has been located, lies
around 5 km south of Sparta. The
mention of Amyklae in the Homeric
catalogue of ships (Il. 2.584) reflects the
site’s importance as a Late Bronze to
Early
Iron
Age
settlement.
Archaeological remains and literary
sources bear witness to the great
importance of the sanctuary and the
related Hyakinthia festival to the people
of Lakonia during the Greek and Roman
antiquity. In the framework of the
Amykles Research Project, commenced
in 2005, a new exploration of the entire
surface of the site has being conducted.
The site is often under threat from
environmental conditions, structural
instability and development. Geodetic
techniques in combination with other
digital documentation techniques, which
aim at creating a 3D model of the site
and the structures and GIS, provide an
extremely useful way to document and
protect the spatial characteristics of the
site.
The project has demonstrated that TLS is
a viable technique for the integrated

P-223. Integrated prospection
methods for documenting and
monitoring
threatened
prehistoric
archaeological
sites from North-Eastern
Romania
Andrei Asăndulesei(1), Alin
Pintilie(1),
Cristi
Nicu(1),
(1)
Caliniuc , Andrei Enea(2),
Pîrnău(3),
Radu
Balaur(1),
(1)
Mereuță and Vasile Cotiugă(4)

MihuȘtefan
Radu
Mihai

(1) Interdisciplinary Research Department –
Field Science, ‘Alexandru Ioan Cuza’
University from Iași, Romania; Lascar
Catargi, 54, 700107, Iași, Romania
(2) Faculty of Geography, ‘Alexandru Ioan
Cuza’, University from Iași, Romania;
Address: Blvd. Carol I, 11, Iași, Romania
(3) Romanian Academy, Department of Iaşi,
Geography Group
(4) Faculty of History, ‘Alexandru Ioan
Cuza’ University from Iași, Romania; Blvd.
Carol I, 11, Iași, Romania

Available archaeological registries reveal
an extremely high density of (not only)
prehistoric sites for the north-eastern part
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of Romania. In this context, our field
investigations conducted in several
micro-zones of this area focused on
identifying on the ground and accurately
charting the sites listed in older or newer
archaeological
registries,
but
accompanied only by brief and lacunary
descriptions, or no longer corresponding
to current realities. Another aim was to
closely monitor the state of these
monuments by means of non-invasive
techniques and to collect as much
information as possible on the most
threatened
ones.
The
majority,
particularly the prehistoric ones, either
already known or newly identified, were
found to be immediately threatened by
natural or anthropic factors.
The paper focuses on the integrated use
of oblique air photography, cartography,
topographic survey, 3D laser scanning,
caesium
magnetometry,
electrical
resistance, and GPR methods for the
investigation and monitoring of the
prehistoric sites and makes a case for
generalising
such
practices
in
archaeological research, particularly for
the north-eastern area of Romania. The
study references, besides the elements of
archaeological interest, the component of
the landscape evolution with regards to
the identification, evaluation and impact
of natural and anthropic risks affecting
the sites. Work consisted of several
successive stages, starting with the
implicit documentation, during which
archaeological registries and specialised
works treating the sites were consulted.
Next we ascertained precise information
on them: precise location, limits of the
areas of interest, geomorphological and
soil characteristics of the areas they
occupy. An interdisciplinary approach
was employed, based on complementary
non-destructive prospecting.

The methodological line imposed before
the onset of the research was strictly
followed. The main goals (the
identification and analysis of the
archaeological evidence, and the
assessment of the level of damage
sustained by the sites and the rate of
advancement
for
active
hydrogeomorphological processes) were all
met. The archaeological characteristics
identified (referring, foremost, to
planimetry, fortification or boundaries
works) can serve to develop coherent
plans for mitigating or systematic
interventions in selected case-study sites.

P-224. A study case of a digital
and physical representation of
the dwarf elephant from Tilos
Island, Greece
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Michailidis(6), E. Theodorou(2), E.
Stathopoulou(1), M. Mallouchou(1), S.
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T.
(2)
Vasilopoulos , S. Isidorou(2), G.
Kaisarlis(2), S. Diplaris(2), D. Fotiou(7), T.
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precise estimation of the relative
proportions of the elephants’ skeletal
elements. Specifically, techniques such
as Computed Tomography and Laser
Scanning were put into action in order to
create 3D models adjusted to the
dimensions
derived
from
the
aforementioned mathematical analyses.
‘Dwarf elephants’ fore and hind limb,
carpal, tarsal, skull, vertebras and tusks
were modeled, mirrored and rescaled so
as to be adjusted to the appropriate
dimensions. The models were then 3D
printed
using
Rapid
Prototyping
technologies and specifically FDM and
LOM AM technologies. The results of
this research were used in the creation of
a museum exhibition which included a
physical actual-size representation of the
dwarf elephant. This research provides a
thorough insight to an extinct species
with the help of cutting edge digital
technologies. Both 3D models and 3D
printed replicas of this palaeontological
material will facilitate the development
of a digital library for educational
purposes. On the whole, this study
resulted in creating a working protocol
that could be applied to different
palaeontological and archaeological
studies with relative aims.

Charkadio Cave, on Tilos Island
preserves remains of the dwarf elephant
Palaeoloxodon tiliensis [1]. According to
some authors this taxon should be
referred to as Elephas tiliensis [2]. The
current study aims to present a working
protocol for the creation of a digital and
physical model of the dwarf elephant
remains. Biometric and allometric
analyses combined with mathematical
methods provided estimations of the
proportions
of
different
skeletal
elements. Allometric analysis was used
in an attempt to create a network of
mathematical equations leading to a more

This study is co-financed by the European
Union (European Social Fund - ESF) through
the Operational Program "Education and
Lifelong Learning" of the National Strategic
Reference Framework (NSRF) - Research
Funding Program: MIS380135 THALES:
Reinforcement of the interdisciplinary and/or
inter-institutional research and innovation
and Greek national funds of Special Account
of Research Grants of National and
Kapodistrian
University
of
Athens
(70/3/10323).
[1] Mitsopoulou, V., Michailidis, D.,
Theodorou, E., Isidorou, S., Roussiakis, S.,
Vasilopoulos, T., Polydoras, S., Kaisarlis, G.,
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Theodorou, G., 2015. Digitizing, modelling
and 3D printing of skeletal digital models of
Palaeoloxodon tiliensis (Tilos, Dodecanese,
Greece). Quaternary International 379, 4-13.
[2] Theodorou, G., Symeonidis, N.,
Stathopoulou, E., 2007. Elephas tiliensis n.
sp. from Tilos island (Dodecanese, Greece).
Hellenic Journal of Geosciences 42, 19-32.

(CWGC Cemetery, Padua, Italy) made of
a compact white limestone (Botticino
Stone, Italy). The chosen headstones
were characterized by medium decay and
were not surrounded by vegetation which
would have impeded a rigorous multiview image acquisition.
An APS-C Reflex camera (Nikon D-300,
equipped with a 24-85 mm F/2.4-4 lens)
set at 50 mm focal length was used and a
special holding rack has been designed in
order to minimize focusing error: for a
slate of about 76x38x7.6 cm, about 600
shots have been taken.
SfM images were then elaborated with
Photoscan software to obtain 3D models
with resolution of about 25 μm
(Figure 1), allowing measurement of
volume loss caused by surface recession
and the identification of small-scale
heterogeneities which are more prone to
recession. We have thus shown that this
innovative technique is an ideal tool in
the study of decay of carbonate rocks and
in the determination of surface recession
rates.

P-225. The application of SfM
µ-photogrammetry to the
understanding of material
decay and morphology
Silvia Salvini(1), Stefano Castelli(1),
Matteo
Massironi(1)
and
Claudio
(1)
Mazzoli
(1) Department of Geosciences, Via
Gradenigo 6, 35151, Padova, Italy

In Cultural Heritage studies the
documentation and 3D graphical
representation of the artefacts is an
important issue both for operative and
archiving reasons. Instruments such as
Laser Targeting Systems (LTS) have
been continuously improved, reaching
unprecedented resolution down to 1 mm,
becoming standard tools for fast 3D
acquisitions of vast volumes or objects
with complex shapes that couldn’t
otherwise be measured. Nonetheless,
LTS sensitivity can be not sufficient for
the study of material decay throughout
time and the description of the surface
morphology.
In order to fill this gap, in our research
we tested Structure from Motion µphotogrammetry, a completely noninvasive technique deepening the concept
of photogrammetry [1]. The method has
been applied on cemetery headstones

Figure 1: Detail of the photogrammetric 3D
reconstruction showing the surface topography as
caused by carbonate dissolution during decay over
the last 70 years.

[1] P. Tiano, D. Tapete, M. Matteini,
F.Ceccaroni, The microphotogrammetry: a
new diagnostic tool for on-site monitoring of
monumental
surfaces,
Proceedings
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International Workshop ‘In situ Monitoring
of Monumental Surfaces’, 97-106, 2008.

(11) Centre franco-égyptien d'étude des
temples de Karnak, CNRS USR 3172, – BP
63 – Louqsor, République arabe d'Égypte

As an approach to support the
communication
of
archaeological
institutions established in Egypt, the
“International
Network
of
Archaeological Institutes in Egypt” has
been founded in the summer of 2015
through an initiative of the IFAO in
Cairo. Archaeometry in Egypt appears as
one of the main issues because of the
growing interest in this area and the
specific
(both
legislative
and
environmental) conditions under which
such studies have to be conducted in
Egypt. It implies to develop a wide
methodological,
analytical
and
instrumental platform for scientific
exchange and to open the way to finer
studies. All institutions are now working
together and through a collaborative
presentation on this subject the Network
is herewith for the first time stepping out
into public.
Who performs archaeometrical research
in Egypt, which laboratories are
involved, which studies could actually be
done and what are the main limitations?
Answers to these questions are presented
here, based on an ongoing online survey,
addressed to heads of excavations from
any nation and archaeometrists working
on Egyptian material. In order to give an
overview over the current state of
archaeometrical work in Egyptian
archaeology and its potentials we will put
a special focus on how archaeometry is
applied and expected to function by
archaeologists
and
archaeometrists.
Furthermore, we will show attempts to
deal with the situation of archaeometrical
work in Egypt, the establishment of
collaborations with Egyptian institutions

P-226.
Archaeometry
in
Egypt: State-of-the-art and
future perspectives
A. Quiles(1), J. Sigl(2), G. Capriotti(3), M.
De Meyer(4), W. Müller(5), C. Naunton(6),
L. Peloschek(7), V. Pichot(8), J. Smythe(9),
J. Then-Obluska(10) and C. Thiers(11)
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Midan Simon Bolivar Garden City, Cairo,
Egypt
(10) Polish Centre of Mediterranean
Archaeology, University of Warsaw 11,
Mahalla St., Cairo – Heliopolis, Egypt
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as well as the development of foreign
laboratories in the country.
Finally, we will discuss the future of our
discipline and how to broaden our scope
of analyses. The “Network” provides a
high scientific potential, which can be
further
developed
in terms
of
archaeometry through collaborations.
Working closely together, we plan to
improve archaeometrical studies in Egypt
and contribute to better insert Egypt in
the wider scientific landscape of
archaeometry.

combining the archaeological result in
thestudy region. Then the analyzed
spatial pattern and its evolutional
characteristic ofprehistoric settlements
size-grade. The results showed that the
size-grade of Peiligangsettlements didn’t
give the obvious character that the low
level settlements embracedthe high one.
And its spatial pattern was relatively
simple. Not until the Yangshao Period,
the character that the low level
settlements embraced the high one began
to appear. And it was further developed
at the Longshan Period. At last, the sizegrade pattern of settlements expressed
the complex combinational character at
Xiashang Periods. This article also
thought that the size-grade pattern of
prehistoric settlements and its evolution
were the results that the human culture
development continued to adapt and
choose
the
certain
environment
foundation.

P-227. Prehistoric Settlements
Size-grade Pattern and Its
Evolution： A Case Study of
Songshan Mountain Region in
China
Dong Jianguo(1), He Yang(1), Lu Peng(1)
and Chen Panpan(1)

P-228. Environmental and
social interactions during the
Neolithic expansion in SouthEastern Europe

(1) Henan province academy of sciences
institute of geography

The size-grade of settlements has its
special spatial pattern. It behaves as the
spatial characteristic that the low level
settlements embrace the high one. But
this spatial characteristic was not always
existed. It gradually appeared after the
human society evolved to a certain phase.
Choosing the Songshan Mountain region
of China as study area, this article
respectively divided the size-grade of
prehistoric settlements according as
Peiligang （9000 7000aBP，Yangshao
7000-5000aBP,
Longshan
(50004000aBP) and Xiashang （40003000aBP） four periods through
quantitative analysis (SOFM Model) by

Florica Matau(1,2), Ioana Persoiu(1),
Viorica
Nagavciuc(1)
and
Aurel
(1,3)
Persoiu
(1) Stefan cel Mare University, Suceava,
Romania
(2) Alexandru Ioan Cuza University, Iasi,
Romania
(3) Emil Racovita Institute of Speleology,
Romanian Academy, Cluj Napoca, Romania

The problem of how and when Neolithic
cultures spread towards mainland Europe
represented the main issue of numerous
studies. Over the last decade, most of the
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researchers agree on a synthesis between
demic and cultural processes which
explains the type of dispersal, especially
once Southern Europe has been
colonized, by either one of the two
proposed routes [1].
To what extent the spread of the
Neolithic populations was influenced by
environmental
factors
is
still
controversial, one of the issues being
whether climatic conditions influencing
agricultural practices, could have
determined the dispersal rhythms,
“blocking” some of the Neolithic
societies in front of ecological
barriers [2]. Data from Neolithic sites in
South-Eastern Europe shows that a
continuous stream of people flowed
through the Danube’s Iron Gates towards
Central Europe, while in the eastern part
of Europe this process was significantly
delayed, people and cultures “moving”
around the Carpathians and crossing it
with a delay of ca. 1000 years [3].
The aim of the present study is to
investigate the environmental conditions
and the possible constraints they have put
on the spread of Neolithic populations
across the Carpathian Mountains in the
process of neolithization in Central
Europe. In order to do this, we have
combined climate, vegetation, hydrology
and floodplain geomorphology data to
create a spatial reconstruction of climatic
and environmental conditions during the
neolithization of the Carpathians.
Then, the environmental reconstructions
were used in combination with
archaeological data extracted from the
greater Carpathian region to trace the
degree of interactions between the social
and
environmental
factors
for
understanding the human population
dynamics and their response to climatic

and environmental changes during the
neolithization.
[1] E. Fernández, A. Pérez-Pérez, C. Gamba,
E. Prats, P. Cuesta, J. Anfruns, M. Molist, E.
Arroyo-Pardo, D. Turbón, Ancient DNA
Analysis of 8000 B.C. Near Eastern Farmers
Supports an Early Neolithic Pioneer
Maritime Colonization of Mainland Europe
through Cyprus and the Aegean Islands,
PLOS Genetics, 10(6), e1004401, 2014.
[2] D. Borić, T.D. Price, Strontium isotopes
document greater human mobility at the start
of the Balkan Neolithic, Proceedings of the
National Academy of Sciences of the USA,
110(9), 3298e3303, 2013.
[3] C. Bonsall, M.G. Macklin, A. Boroneant¸
C. Pickard, L. Bartosiewicz, G.T. Cook,
T.F.G. Higham, Holocene climate change
and prehistoric settlement in the lower
Danube valley, Quaternary International,
378, 14-21, 2014.

P-229.
The
medieval
settlement of Torre Satriano:
A multidisciplinary approach
Gargiulo B.(1), Montinaro L.(3), Scrano
L.(2), Sasso S.(3) and F. Sogliani(2)
(1) University of Basilicata
(2) School of archaeology Matera and (3)
Department of Science, University of
Basilicata, Italy

The medieval settlement fortified
Satrianum (Basilicata region) was subject
since 2006 to an intense, detailed
archaeological survey conducted by the
Postgraduate School of Archaeology in
Matera. Until now some portions of the
inhabited village have been investigated
and, recently (2015), the investigations
were concentrated in the
area
immediately outside the Episcopal
complex, to discover the systems of
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Torino, Piazza Statuto 10, 10122 Turin, Italy
(6) CRiSSMA, Catholic University of the
Sacred Heart, Largo A. Gemelli 1, 20123
Milan, Italy
(7) Studio 3R, Viale Marco Polo 80, 00154
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accesses to the buildings and of waste
disposal. A system of floors, stairs and
ramps, along the east side of the Bishop’s
complex, has been brought to light. In
particular it was examined a stairwell,
attributed firstly to the access to the
"residential" rooms of the complex,
perhaps for the exclusive use of
important
ecclesiastic
men,
and
converted, in the second half of the 13th
century, in a garbage dump.
Chemical analysis of soil has evidenced a
high content of organic carbon, which
indicates the presence of organic
materials. These results were confirmed
by the discovery of a large number of
animal bones (probably belonging to
sheet-goat race) in the investigated site.
The intersection of soil data with
archaeological ones represented an
important multidisciplinary attempt to
determine the function of some areas of
these buildings, as the system used for
the waste disposal and the food habits of
people that was there during the 13th and
14th centuries.

Banbhore is an important archaeological
site on the Indus Delta, Sindh, Pakistan.
Several scholars have suggested to
identify Banbhore with Debal [1], a
trading harbor quoted in many historical
sources, which fell to the Arab General
Mohammad bin Qasim in 712 A.C.
Banbhore flourished as an important
harbor at least from the 1st century B.C.
to approximately the 13th century A.C.,
when it was abandoned. It was located in
a really favorable position on the
maritime commercial routs connecting
India to the Persian Gulf and the Red
Sea; from Banbhore the central Asia
territories could be reached either by land
or by fluvial transportation along the
Indus river.
Recent new excavations have been
performed for learning more on this
important site within a French-ItalianPakistani collaboration [2]. A number of
workshops and storing buildings have
been found with a wealth of different
types of artifacts, indicating a lively town
with a consolidated local handicraft
activity. In addition, several imported
items have been unearthed. In this
contribution
we
present
studies
performed in situ with the transportable
instruments of LANDA, or in the
CISTeC Laboratory in Rome. Several
copper-based coins of the 11th-12th
century A.C. have been found, that differ

P-230. Banbhore, a trading
harbor on the Indus delta:
Archaeometric evidence
Anna Candida Felici(1), Agnese Fusaro(2),
Asma Ibrahim(3), Morena Iorio(4),
Kaleemullah
Lashari,
Niccolò
Manassero(5), Mario Piacentini(1), Valeria
Piacentini Fiorani(6), Maria Laura
Santarelli(4) and Alessandro Tilia(7)
(1) LANDA, Dipartimento SBAI, and
CISTeC, Sapienza Università di Roma, Via A.
Scarpa 16, 00161, Rome, Italy
(2) Dipartment of Classics, Sapienza
Università di Roma, Piazzale A. Moro 5,
00185 Rome, Italy

327

KALAMATA, 15-21 MAY 2016
Katakouta(5),
Argyro
DoulgeriIntzesiloglou(4) and Fotini Tsiouka(6)

from other coins found on the site for
their alloy composition and for the cast
on their surfaces [3], probably of Multan
origin. Many ceramic fragments, covered
internally with a thin layer of a black
substance, and a lump of yellowish resin
were found in different stratigraphic units
approximately dated to the 6th-7th and the
10th-11th centuries A.C. FTIR analysis
performed at CISTeC showed that the
black substances and the yellowish lump
are vegetal resins, not original of the site,
probably shellac and/or colophony. All
the findings will be discussed according
to the analysis performed to identify the
materials and then within the historicalarchaeological context, considering their
possible origin places.

(1)
Groningen Institute of Archaeology,
University of Groningen, Poststraat 6,
9712ER, Groningen, the Netherlands
(2) Department of Archaeology, Durham
University, South Road, DH1 3LE, Durham,
UK
(3) Department of Earth Sciences, Durham
University, Science Laboratories, South
Road, DH1 3LE, Durham, UK
(4) Ephorate of Antiquities of Magnesia,
Athanasaki 1, 380 01, Volos, Greece
(5) Ephorate of Antiquities of Larisa,
Diachronic Museum of Larisa, Mezourlo,
415 00, Larisa, Greece
(6) Ephorate of Antiquities of Karditsa,
Loukianou 1, 431 00, Karditsa, Greece

There has been a long-standing
discussion about population movements
in Greece during the Early Iron Age in
order to explain the diversity in the
mortuary practices [1]. The goal of this
project is to examine such a theory by
interdisciplinary means and test possible
mobility within the region of Thessaly,
central Greece. The method we employed
is strontium isotope analysis of human
tooth enamel [2]. We measured the
87Sr/86Sr ratios of 36 skeletons from the
cemeteries at Pharsala, Chloe and Halos
and
integrated
them
with
bioarchaeological and archaeological
data.
The study targeted the region of Thessaly
due to its strategic geographic
importance: as the northern border of the
old Mycenaean Civilization, it was
directly affected by the latter’s
disintegration [3]. In the period following
the Mycenaean collapse, the inhabitants
of Thessaly had to adapt to new
circumstances. The aim of this study is to
investigate whether the diversity in

[1] F. A. Khan, Banbhore, Preliminary report
on the recent archaeological excavations at
Banbhore, Department of Archaeology and
Museums, Government of Pakistan, 3d
edition 1969.
[2] A. C. Felici, A. Fusaro, N. Manassero, M.
Piacentini, V. Piacentini Fiorani, and A.
Tilia, Preliminary report of the Pak-Italian
2014 and 2015 field seasons, officially
submitted to the Pakistani and to the Italian
Authorities.
[3] P. T. Nasir, Coins of the early Muslim
period
from
Banbhore,
Pakistan
Archaeology, VI, pp.118-181, 1969.

P-231.
Investigating
population mobility in PostMycenaean Thessaly, central
Greece:
Evidence
from
strontium isotopic analysis
Eleni
Panagiotopoulou(1),
Janet
Montgomery(2), Geoff Nowell(3), Joanne
Peterkin(3), Polixeni Arachoviti(4), Stiliani

328

41st INTERNATIONAL SYMPOSIUM ON ARCHAEOMETRY
mortuary practices can be explained by
population movements.
The isotopic composition of strontium
entering the biosphere of the Thessaly
region is influenced by both geological
and environmental factors, such as
lithological age and type, and water
source variability. We conducted a
targeted collection of environmental
samples to represent all lithologies and
water sources of the Thessaly region.
This enabled us to establish the local
strontium isotope biosphere composition,
within which we can place and interpret
the human isotopic values.
The data show 5 individuals fall outside
the biosphere strontium isotope range for
Thessaly. These samples represent nonlocal individuals within the local
communities. The archaeological data
indicated that these individuals also
comprise a group with a number of
common mortuary features, which
distinguish these individuals from the
rest of the community. By combining
isotope analysis with archaeological
evidence our study demonstrates that
there was population movement in the
post-Mycenaean period in Thessaly.

P-232.
investigation
mobility of
populations
Portugal

Multi-analytical
of the diet and
late Antiquity
from southern

Cristina Barrocas Dias(1,2), Anne-France
Maurer(1), Lucija Šoberl(1), Patrícia
Saragoça(1), Maria
da Conceição
Lopes(3,4), Rafael Alfenim(3,3), Inês
Leandro(6), Cláudia Umbelino(8,7), Teresa
Fernandes(6,8), Maria João Valente(3,9),
José Francisco Santos(10) and Ana Isabel
Janeiro(11)
(1) HERCULES Laboratory, University of
Évora, Largo Marquês de Marialva 8, 7000809 Évora, Portugal
(2) School of Technology Sciences,
Department of Chemistry, University of
Évora, Rua Romão Ramalho 59, 7000-671
Évora, Portugal
(3) Research Center in Archaeology, Arts
and Heritage Sciences, University of
Coimbra, Palácio de Sub-Ripas, 3000-395
Coimbra, Portugal
(4) Department of History, Archaeology and
Arts, Faculty of Arts and Humanities,
University of Coimbra, Largo da Porta
Férrea, 3004-530 Coimbra, Portugal
(5) Regional Directorate of Culture of
Alentejo, Rua de Burgos 5, 7000-863 Évora,
Portugal
(6) Research Centre for Anthropology and
Health (CIAS), University of Coimbra,
Apartado 3046, 3001-401 Coimbra, Portugal
(7) Department of Life Sciences, Faculty of
Sciences and Technology, University of
Coimbra, Calçada Martim de Freitas, 3000456 Coimbra, Portugal
(8) School of Technology Sciences,
Department of Biology, University of Évora,
Apartado 94, 7002-554 Évora, Portugal
(9) Faculty of Human and Social Sciences,
University of Algarve, Campus de Gambelas,
8005-139 Faro, Portugal

[1] I. Lemos, The Protogeometric Aegean,
191-225, 2002.
[2] R. A. Bentley, Strontium Isotopes from
the Earth to the Archaeological Skeleton: A
Review, Journal of Archaeological Method
and Theory 13 (3), 135–87, 2006.
[3] B. Feuer, Being Mycenaean: A View
from the Periphery, American Journal of
Archaeology 115 (4), 507-536, 2011.
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(10) Geobiotec, Department of Geosciences,
University of Aveiro, Campus de Santiago,
3810-193 Aveiro, Portugal
(11) Institute Dom Luiz, Faculty of Sciences,
Universidade de Lisboa, 1749-016 Lisboa,
Portugal

studied villae, but their individual´s diet
was mainly based on C3 plants
complemented with meat of terrestrial
herbivores and their by-products and
perhaps with some little input of C4
plants. The observed differences are
probably partially due to different
agricultural practices, already observed
in the domesticated animal isotopic data.
Carbon isotopic apatite-collagen spacing
(δ13Capa-col) for the Monte da Cegonha
individuals suggest some consumption of
low trophic fish products. The Mirtilis
individuals’ present wider values δ13Cco
and δ15N, suggesting a more varied diet,
with increasing amounts of fish based
products. Mirtilis is located closer to the
river and the sea cost, being an important
trade port for the region. Strontium
isotopic data for the individuals of Monte
da Cegonha suggest that that they were a
relatively sedentary population.
Within the studied archaeological sites
there are no obvious differences in diet
related to sex and age, apart from an
infant which was still breastfeeding. The
anthropological study revealed that the
rural populations studied were smaller in
height than the Mirtilis individuals,
which can be partially attributed to the
differences in their diet.

This study examines for the first time the
diet and mobility of Late Antiquity
populations from southern Portugal
(Civitas of Pax Julia), using human and
faunal remains from the Roman villae of
Monte da Cegonha, São Cucufate and
Alpendre dos Lagares and from the
Municipium of Mirtilis (Mértola).
After
anthropological
and
archaeozoological study, 122 human and
62 wild and domesticated animal samples
were selected for isotopic analysis.
Collagen isotopic analysis (δ13Cco and
δ15N) and apatite analysis (δ13Capa and
δ18Oapa) were done by EA-IRMS and
KIEL-IRMS
respectively.
Isotopic
composition might be diagenically
altered and bone apatite integrity was
evaluated by XRD and FTIR. Strontium
isotopic composition of teeth and bone of
selected individuals was measured by
TIMS.
Contemporaneous
local
vegetation and water samples were
analysed to get the biological background
87
Sr/86Sr signal.
The collagen and apatite animal isotopic
data showed that there are differences in
animal management practices between
the different archaeological sites, and
large (cattle) and small (ovicaprines)
domesticated mammals were also fed a
different diet. The enriched δ13Cco and
δ15N values of domesticated in
comparison to wild animals, is likely due
to consumption of different C3 plants, of
plants subject to irrigation and manuring,
or to C4 plant dietary input.
The collagen and apatite human isotopic
data showed some differences among the
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analysis, that were carried out at the
Faculty of Chemistry, University of
Latvia.
With several burials being sampled for
both the trace element and stable isotope
analysis, an opportunity for comparison
between the two approaches has been
enabled.

P-233. Palaeodietary research
in Zvejnieki Stone Age
cemetery,
Latvia:
Trace
elements and stable isotope
analysis
Dardega Legzdiņa(1), Gunita Zariņa(1),
Vita Rudoviča(2) and Arturs Vīksna(2)
(1) Institute of Latvian History, University of
Latvia; Kalpaka bulv. 4, Riga, Latvia, LV1050
(2) Faculty of Chemistry, University of
Latvia; Jelgavas str. 1, Riga, Latvia, LV-1004

P-234. Using stable isotope
and elemental analysis for the
study of dietary habits of a
Greek community in Archaic
Siracusa (Sicily)

The archaeological site Zvejnieki, a
complex that consists of two settlements
and a burial site, is located in the NorthEast Latvia, near lake Burtnieks. A
systematic research started in 1960s with
several excavation seasons that altogether
revealed more than 300 burials dating
from the Late Mesolithic (6000 BC) up
to the Late Neolithic (2000 BC).
Considering the amount of the
bioarchaeological
material
from
Zvejnieki
and
several
important
questions regarding the archaeological
problems of Stone Age in Latvia,
research of the site is ongoing and
promising. With the remarkably good
preservation of the skeletal material,
Zvejnieki has been of a great interest for
bioarchaeological research.
This presentation will give an insight in
the archaeological context of the
Zvejnieki burial site and familiarize with
some problems regarding Stone Age in
Latvia that can be approached with
palaeodietary research. However, the
focus will be on the results of new stable
isotope analysis, that were carried out at
the Research Laboratory for Archaeology
and the History of Art, Oxford University
and previously unpublished trace element

Stephan Hassam(1), Rosa Lanteri(2)
Davide Tanasi(3), Robert H. Tykot(4) and
Andrea Vianello(5)
(1) University of Wisconsin, Milwaukee,
shassam@uwm.edu
(2) Soprintendenza BB.CC.AA. di Siracusa,
U.O. 5, soprisr.uo5@regione.sicilia.it
(3) Arcadia University, The College of
Global Studies, tanasid@arcadia.edu
(4) University of South Florida,
rtykot@usf.edu
(5) Independent researcher,
a_vianello@hotmail.com

The study and reconstruction of ancient
dietary habits has become a very
significant topic in archaeological
research. Unfortunately most chemical
analysis studies are limited to prehistoric
time periods, with only one prior Greek
period isotope study having been carried
out. Our project is the first in Sicily and
the western Greek world.
During an infrastructural work in a plot
of land between Viale Scala Greca and
Viale Santa Panagia, the Superintendence
of Cultural Heritage of Siracusa
discovered portions of a large Archaic
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cemetery, mainly composed of rock cut
fossa graves. The exploration, carried out
between November 2010 and March
2011, led to the identification of 135
burials, 118 of which were rock cut
fossae. Seventy-two untouched tombs
produced skeletal remains and grave
goods represented by one or two items,
four of them included skeletons and
objects up to 10 in number, while 28
tombs had just skeletal remains without
any goods.
On the basis of the funerary assemblages
and of some tomb features, a distinction
has been preliminary made between
rich/average/poor tombs on a more
diagnostic sample of 15 tombs. In order
to further test this hypothesis, both
elemental and stable isotope analyses
have been conducted at the University of
South Florida on samples of cranial and
post cranial bones and on teeth in order
to ascertain if there were differences in
the dietary habits of individuals believed
to belong to different social and
economic levels.
Elemental analysis was conducted nondestructively using a Bruker III-SD
X-ray
fluorescence
spectrometer,
specifically
measuring
calcium,
phosphorus, barium, strontium, and other
elements to measure the importance of
aquatic food in the diet. This was
followed by carbon and nitrogen isotope
analysis of bone collagen and tooth roots,
and carbon and oxygen isotope analysis
of bone apatite and tooth enamel. Results
of this study are provided.

P-235.
Palaeodiet
reconstruction through stable
isotope analysis of bone
collagen: New data from Late
Prehistoric Cyprus
Caterina Scirè Calabrisotto(1), Paola
Ricci(2), Maria Elena Fedi(3) and Carmine
Lubritto(2)
(1) Ca’Foscari University of Venice,
Department of Humanities, Dorsoduro
3484/D, 30123 Venice, Italy
(2) Department of Environmental Science
and Technology, Second University of
Naples, Via Vivaldi 43, 81100 Caserta, Italy
(3) INFN Sez Florence, Via Bruno Rossi 1,
50019 Sesto Fiorentino (Fi), Italy

Palaeodietary reconstructions by means
of stable isotope analysis have become a
well-established
technique
for
strengthening the investigation of food
supply and subsistence strategies, both at
the individual and community level. With
reference to Cypriot Prehistoric contexts,
applications of stable isotope analysis for
dietary studies are practically absent in
the current literature, and hypotheses on
dietary patterns mainly derive from the
analysis of environmental, faunal and
archaeological remains [1, 2, 3], thus
possibly underestimating all those
organic remains with low survival rates,
such as plant or marine foods.
Here we present the preliminary results
of a research project focused on the
reconstruction of the palaeodiet of the
population of Cyprus through isotopic
analyses of archaeological skeletal
material pertaining to the later Prehistory
of Cyprus (c. 3900-1450 BC). The main
goals of the research are: (a) to provide
information on individual patterns of
consumption, (b) to clarify whether the
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pre and proto-historic communities of
Cyprus also relied on marine food and in
what percentage.
Isotopic measurements (δ13C and δ15N)
have been conducted on human and
animal collagen from bone samples
collected from archaeological sites
pertaining to the later Prehistory of
Cyprus. The samples were prepared and
analysed at the DiSTaBiF Laboratory of
the Second University of Naples
(Caserta, Italy) following the procedure
described in [4]. With few exceptions,
the new dataset of stable carbon and
nitrogen isotopic values seems quite
homogenous, pointing to a terrestrial diet
mainly based on C3 plants and animal
proteins, with no evidence of seafood
consumption.

P-236. Reconstructing diet in
Argos (Greece) from Middle
Helladic to the Ottoman
Period: A diachronic stable
isotope analysis
Laurence Hapiot(1,2), Christine Hastorf(3)
and Gilles Touchais(2)
(1) King Abdullah University of Science and
Technology, 23955-6900, Thuwal. Saudi
Arabia
(2) ArScAn, UMR7041, Université Paris 1
Panthéon-Sorbonne, 21 allée de l’Université,
92023, Nanterre Cedex. France
(3) Anthropology Department, University of
California, Berkeley 232, Kroeber Hall,
Berkeley, CA 94720-3710. USA

Argos is one of the major sites of Greece
whose occupation has continued since
theNeolithic to the present. This
continued occupation results in a rich
anthropological heritage, partly revealed
by the excavations of the French School
of Athens. Since the first excavations
conducted by Wilhelm Vollgraff in 1902,
Argos has revealed hundreds of graves
scattered in the modern city. We adopt
here a bio-archaeologicalapproach of the
burials from the Middle Helladic to the
Ottoman period, which delivered
anthropological remains, with the
intention to shed new light on what could
have been the living conditions in Argos.
An identification work is first performed
to make usable this collection, which
largelyresults from earlier excavations.
For the 341 individuals listed, sex, age
and stature could be determined through
anthropological study.
A crossover study was then carried out
using a variety of disciplines such as
dental anthropology, the study of stable
isotopes or tribology. This provides us

[1] P. Keswani, The social context of animal
husbandry in early agricultural societies:
ethnographic insights and an archaeological
example
from
Cyprus,
Journal
of
Anthropological Archaeology 13, 255-277,
1994.
[2] M. Spigelman, Investigating the faunal
record
from
Bronze
Age
Cyprus:
diversification and intensification, in A.
McCarthy (ed.), Island Dialogues: Cyprus in
the Mediterranean Network, University of
Edinburgh Archaeology, Occasional Paper
21, 119-129, 2006.
[3] J. M. Webb, D. Frankel, Fine ware
ceramics, consumption and commensality:
mechanisms of horizontal and vertical
interaction in Early Bronze Age Cyprus, in
L.A. Hitchcock, R. Laffineur and J. Crowley
(eds), DAIS, The Aegean Feast, Liège,
Belgium, Austin: Université de Liège,
University of Texas at Austin, Aegaeum 29,
287-295, 2008.
[4] P. Ricci, V. Mongelli, A. Vitiello, S.
Campana, C. Sirignano, M. Rubino, G.
Fornaciari, C. Lubritto, The privileged burial
of the Pava Pieve (Siena 8th century AD),
Rapid Communication in Mass Spectrometry
26, 2393-2398, 2012.
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(3) Universidad de Castilla-La Mancha,
Spain

with a unique description of the
individuals of this collection.
Our synthesis illustrates the value of this
type of multidisciplinary approach
byrevisiting our perception of the Middle
Helladic
period
(2000-1600 BC).
Comparison of bio-archaeological and
bu-rial practices data confirms or
sometimes nuances, our knowledge of
mesohelladic Greece sometimes called
the “third world” of the Aegean. It
envisions a world that is certainly
difficult, but in which Argos finally
seems to be in a relatively comfortable
position compared to neighboring sites.
Our synthesis illustrates the value of this
type of multidisciplinary approach
byrevisiting our perception of the Middle
Helladic
period
(2000-1600 BC).
Comparison of bio-archaeological and
bu-rial practices data confirms or
sometimes nuances, our knowledge of
mesohelladic Greece sometimes called
the “third world” of the Aegean. It
envisions a world that is certainly
difficult, but in which Argos finally
seems to be in a relatively comfortable
position compared to neighboring sites.

In this presentation, the geochemical
composition of medieval skeletons,
namely bones of Muslim and Christian
individuals buried in Montiel (11th-15th,
Spain), is studied for analyzing and
exploring their diets, mobility and, in
fine, for accessing their identities.
The nature and location of dietary
foodstuffs determines their specific
geochemical composition which passes
on through the food chain and is archived
in the bones of consumers. The Muslim
and Christian skeletons therefore
witnessed their dietary habits and
preferences, at least for the last years to
decades before their death, because of
bone remodelling throughout life. The
mineral part of their bones (bioapatite)
registered the geochemical composition
of all the dietary constituents (lipids,
carbohydrates and proteins) while the
composition of the organic component of
bones
(collagen)
reflects
the
geochemistry of the protein ingested. The
geochemical analysis of both bone
bioapatite and collagen therefore
provides a detailed picture of the
subsistence strategies adopted by the late
medieval populations at Montiel.
These strategies are discussed in terms of
type of plant resources, inferred from
bone carbon isotopes (d13C), water
supply, deduced from bone oxygen
isotopes (d18O), as well as trophic level
position, provided by bone nitrogen
isotopes (d15N). While these isotopic
tools are routinely applied in past dietary
studies and measured using an IRMS,
bone Sr/Ca and Ba/Ca ratios are also
analysed
to
provide
additional
information on the trophic level, the
consumption of marine food, and

P-237. Diet and dynamics of
Muslims and Christians in
Montiel (11th-15th, Spain)
Anne-France Maurer(1), Pedro Barrulas(1),
Lucija Soberl(1), Cecilia Laurita(2), Jose
Mirao(1), Antonio Candeias(1), Cristina
Dias(1), David Gallego Valle(3) and Jesús
Manuel Molero Garcia(3)
(1) HERCULES Centre, Sciences and
Technology School, University of Évora,
Portugal
(2) School of Sciences, University of
Bologna, Italy
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potential mobility. Bone Sr, Ba and Ca
contents are measured using a cuttingedge technique (LA-ICPMS) that enables
to create high spatial resolution maps of
bone trace element concentrations and
choose targeted bone histological
features a priori preserved from post
mortem alteration.
This study also investigates the
geochemical composition of faunal
skeletons from contemporaneous and
neighboring settlements, for establishing
an environmental geochemical baseline
for each proxy applied, which is required
for discussing the economy of the
Muslims and Christians buried in
Montiel.

Basin. About 3500 BP, the environment
near Xiaohe cemetery worsen seriously,
which should cause the disappearance of
Xiaohe Culture.
In the development of Xiaohe culture,
ancient people tried to adapt the hostile
desert environment in terms of the
research of diet structure reconstruction
and organic residue analysis. In early
Gumugou site, just wheat was used as
staple food and may be not ground into
flour, and no solid milk products were
found. In Xiaohe site, although millets
were found in a large number, the
proportion of millet in human diet is
small; meantime, solid dairy products,
kefir cheese and curd were found. For
Beifang people, wheat and millet floor
food were identified, and millet plays a
major role in Human’s diet; moreover,
solid dairy products were still consumed.
Thus, since the climate became drier and
colder during the time period from 4000
BP to 3500 BP, the worsen climate
forced the people living in the desert
environment to expand their activity
region and to explore new portable foods,
including solid dairy products and dough
foods, to better adapt the environment.

P-238. The human adaptation,
rise and collapse of Xiaohe
Culture in Taklimakan desert,
Northwestern China
Yimin Yang(1)
(1) Department of Archaeology and
Anthropology, University of Chinese
Academy of Sciences, Yuquanlu 19A,
Shijingshan District, 100049 Beijing, China

Xiaohe Culture (3500-4000 BP) is one of
the earliest cultures in Bronze Age,
Xinjiang, China, and includes three
cemetery sites: Gumugou cemetery,
Xiaohe cemetery and Beifang cemetery,
located in Taklimakan desert, Tarim
Basin. In this study, we used the climate
change data from 5000-3000 BP in
Xinjiang to explore the external factor of
the rise and fall of Xiaohe Culture. It’s
found that the cold event about 4000 BP
may drive the people of Afanasevo
culture to immigrate to the South, Tarim
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Emphasis is placed on archaeobotanical
material systematically collected from ca.
2000 samples dated from the Late Bronze
Age (ca. 1300 BC) through the Iron Age
levels (6th cent. BC), and representing a
variety of indoor and outdoor contexts
such as floors, pits, postholes, clay- and
stone-made constructions, pithoi and
other vessels, hearths and burnt “lenses”,
rubbish pits, fill and street deposits. This
extensive representation of deposits both
in space and through time at Toumba,
combined with different lines of
archaeological evidence (e.g. pottery,
chemical analysis, etc.), provide valuable
tools towards a diachronic reconstruction
of storage and disposal strategies at the
settlement.

P-239.
Exploring
the
archaeobotanical visibility of
surplus production and use of
intra-settlement
space:
Storage and disposal strategies
at
Thessaloniki
Toumba,
Northern Greece, during the
Late Bronze and Iron Ages
Angeliki
Karathanou(1),
Eugenia
(1)
Gkatzogia
and
Soultana
Maria
Valamoti(1)
(1) Department of Archaeology, School of
History and Archaeology, Aristotle
University of Thessaloniki, Greece

Preservation and recovery methods are
amongst the crucial taphonomic factors
forming archaeobotanical assemblages
and affecting the quality and quantity of
the material that ends up under the
stereomicroscope. On the basis of
archaeobotanical assemblages
from
several Late Bronze and Iron Age
settlements of mainland Greece, this
paper examines the role of two specific
aspects of these factors, destruction by
fire and sampling strategy, before
analyzing
and
synthesizing
archaeobotanical data in broader level
discussions such as surplus production
and use of intra-settlement space.
Focusing on the archaeobotanical
material from Thessaloniki Toumba, a
long-lived tell settlement in Central
Macedonia with pretty much continuous
stratigraphy of ca. 1500 years (end of
3rd/beginning of 2nd mil. BC to 4th cent.
BC), it is shown that the availability of
archaeobotanical data representing stored
and discarded plant remains, basic
elements for such a discussion, is greatly
affected by these two parameters.

P-240. The faunal remains
from Saruq al-Hadid: An
insight into human-animal
interactions in Prehistoric
Arabia
James Roberts(1) and Naomi Sykes(1)
(1) University of Nottingham, UK

The faunal assemblage from Saruq alHadid, a prehistoric site located within
the emirate of Dubai, U.A.E., is one of
the largest collections of animal remains
excavated within the Arabian peninsula.
The remains date from the Wadi
Suq/Late Bronze Age (2000-1300 BCE)
and Iron Age II periods (1100-600 BCE),
a hugely transformative time in this area.
They have been studied using
conventional zooarchaeological methods,
with the taxa and skeletal elements
present being recorded. Information
regarding other aspects of the
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assemblage, such as burning, butchery,
mortality profiles and pathology has also
been recorded, as well as evidence of
bone working. This poster will display
the results of this study, demonstrating
their role in establishing how the human
population of Saruq al-Hadid interacted
with the animals in their environment, in
order to utilise this hostile landscape and
prosper within it.
Our
preliminary
zooarchaeological
analysis shows a high level of wild
animal exploitation, with a large amount
of oryx (Oryx leucoryx), gazelle (Gazella
sp.), reptilia and lagomorph being
identified within the assemblage. Camel
remains have also been identified within
the assemblage, from both 2nd
Millennium and Iron Age II contexts.
Furthermore the assemblage also
contains a significant amount of fish
remains, a notable aspect due the site
location 70 kilometres away from the
nearest modern coastline.
These results demonstrate that the
inhabitants of Saruq al-Hadid exploited a
range of environmental zones, from the
coast, to the desert interior; the fish
remains uncovered are from saltwater
fish, suggesting that they have been
brought to the site from coastal
settlements. The camel remains are
indicative of the animals’ importance for
moving between these areas and will also
provide crucial information regarding the
domestication of this animal; the remains
from Saruq al-Hadid cover the
conjectured time frame of domestication.
Lastly, the worked bone fragments show
that these animals had an importance
beyond food, and their remains
functioned as a craft material for the
humans at Saruq al-Hadid. These results
provide insight into human activity in the
region, highlighting the importance of

animals in this activity, and undoubtedly
will contribute to wider understanding of
Arabian prehistory.

P-241. Chemical
fingerprinting of
archaeological
speleothems
and fish otoliths by LA-ICPMS for reconstruction of the
paleoenvironment
P. Barrulas(1), A. Maurer(1), R. Dias(2), C.
Ribeiro(3) and J. Mirão(1,3)
(1) HERCULES Laboratory, University of
Évora, Largo Marquês de Marialva 8, 7000809 Évora, Portugal, pbarrulas@uevora.pt
(2) ICArEHB -Faculdade das Ciências
Humanas e Sociais, Universidade do
Algarve, Campus Gambelas, 8005-139, Faro,
Portugal
(3) Geosciences Department, School of
Sciences and Technology, University of
Évora / Institute of Earth Sciences, Colégio
Luís António Verney, Rua Romão Ramalho,
59, 7000-671 Évora, Portugal

The climate changes is one of the hottest
science topics nowadays due to its direct
impact on the life of every organism. The
human implications and interactions with
the environment plays a key role in some
climatic changes and this effect has
shown to be reciprocal. One of the ways
to predict and to avoid some severe
changes of the present and future
environment
is
to
reconstruct
paleoenvironments and the past climate,
by the study of selected samples. This
approach can also allow us to identify
and understand the extreme changes in
the past and its consequences on human
history.
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As irreplaceable tool to study different
samples that can hold paleoclimatic
information, LA-ICP-MS has become
one of the most attractive and popular
techniques in archaeological research due
to its exceptional characteristics, as for
instance,
high
sensitivity,
fast
multielemental analysis, minimal sample
preparation and high spatial resolution.
The elemental distribution through
compositional maps on major, minor and
trace elements, can provide important
information about the past environmental
changes over the years and seasonal
variations, and can also reveal the impact
of the ecosystem in humans.
In this communication, besides the
potentialities of
the LA-ICP-MS
technique, we will also present some case
studies
in
paleoclimatology
and
paleoecology that are being done in
HERCULES Laboratory, in cooperation
with other institutions, for the “chemical
fingerprinting” by LA-ICP-MS of some
samples, such as speleothems and fish
otoliths.
For that, the speleothem sample was
prepared as thin-sections of about 30 µm
thickness. Fish otoliths were mounted in
epoxy resin, cut and polished. No more
preparation of these samples was needed
before the analysis by LA-ICP-MS. The
samples were also analysed by
VP-SEM-EDS and µ-XRD in order to
support LA-ICP-MS data and to study
their mineralogy, respectively. Past
seasonality recorded in the otoliths was
performed in complement through the
determination of the oxygen isotopic
composition (δ18O value) of aragonite.
These studies, together with near future
studies, will contribute actively to the
reconstruction of paleoenvironments and
to a better understanding of the

consequences and their interactions with
the human societies.
Financed by the European Fund FEDER
through the Program COMPETE and
National
Funds
FCT:
PTDC/CTEGIX/117608/2010,
FCOMP-01-0124FEDER-022634.

P-242.
studies:
successes
challenges

Archeointensity
State-of-the-art,
and
future

Miriam Gómez-Paccard(1)
(1) Institute of Earth Sciences Jaume Almera,
ICTJA-CSIC, Sole i Sabaris s/n, 08028,
Barcelona, Spain

Archeomagnetism is the study of the
thermoremanent magnetization (TRM)
acquired
by
some
archeological
materials. This technique is based on the
fact that the Earth’s magnetic field varies
in space and time and on the capacity of
certain archaeological materials heated to
high temperatures to acquire a stable
TRM which is parallel and proportional
to the ambient magnetic field. Therefore,
measurements of TRM acquired by welldated materials allow the reconstruction
of past changes of the direction and
intensity of the Earth’s magnetic field.
The archaeological structures suitable for
this kind of studies include kilns,
furnaces, domestic ovens, thermal baths,
burnt walls or any heated material
containing ferromagnetic minerals. The
direction of the ancient geomagnetic field
can be obtained from structures found “in
situ” since their last firing. Displaced
baked clays objects (like ceramics or
bricks) can only inform about the past
geomagnetic
field
strength
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(1) Istituto di Geoscienze e Georisorse –
Area della Ricerca CNR di San Cataldo,
Consiglio Nazionale delle Ricerche, via
Giuseppe Moruzzi 1, 56124 Pisa, Italy
(2) Servicio Arqueomagnetico Nacional,
Instituto de Geofisica - Campus Morelia,
Universidad Nacional Autonoma de Mexico,
Ciudad Universitaria, Morelia, Mexico
(3) Provincia di Pisa – Settore Bonifiche
Ambientali, Pisa Italy
(4) M. Nodia Institute of Geophysics, Ivane
Javakhishvili Tbilisi State University, Tbilisi,
Georgia
(5) Institut de Physique du Globe de Paris,
Laboratoire de Geomagnetisme, Saint Maur
des Fossés, France
(6) Dipartimento di Scienze della Terra,
Università degli Studi di Torino, Italy

(archeointensity).
The
study
of
geomagnetic field intensity changes is,
however, a crucial topic of research with
important implications for life and
society. As such, these studies have
undergone a significant progress in the
recent years and some reference regional
archeointensity curves are now available
(e.g., Western Europe, the Near East).
Once determined, these reference curves
provide a new and complementary dating
tool that can be used to improve the
chronological framework of different
archeological contexts. The aim of this
communication is to present the state-ofthe art of archeointensity research, to
perform a critical review of the available
data, to illustrate how intensity secular
variation curves can be used for dating
purposes and, finally, to highlight the
most important issues and future
challenges. A stable, close cooperation
between archeologists and geoscientists
is essential to increase our current
knowledge of past geomagnetic field
strength fluctuations at regional (and
global) scales and, therefore, to improve
the
archeointensity-based
dating
technique.

The Copper Age marks the first stage of
human’s use of metal. Eneolithic in Italy
is commonly assumed to span between
3400 and 2200 BC. This study provides a
chronological contribution to this matter.
By using archaeomagnetic techniques we
dated metallurgic furnaces discovered in
the archaeological site of Croce di Papa,
near Nola (NA, Italy), and positioned
between the deposits of the Vesuvian
eruption of Avellino (1995 ± 10 yrs BC)
and the deposits of the Phlegraean
eruption of Agnano Monte Spina (2800 ±
200 yrs BC).
Magnetic properties of Nola samples
were revealed trough the systematic
measurements of thermomagnetic curves,
hystresis loops and corresponding
isothermal
remanence
acquisition
experiments.
These
rock-magnetic
experiments indicate that the main
magnetic
carrier
is
Ti-poor
titanomagnetite
(almost
magnetite
phase). The carriers of remanence seem
to be composed of mixtures of
multidomain and a significant amount of
single domain grains. The determination
of intensities was performed using the

P-243.
Archeomagnetic
investigation of Eneolithic
furnaces under the Ancient
Bronze age village of Croce di
Papa, Nola, (Italy)
Claudia
Principe(1),
Avto
(2)
Gogichaishvili , Simone Arrighi(3,1),
Marina Devidze(4,1), Maxime Le Goff(5),
Sonia La Felice(1), Daniele Giordano(6,1)
and Juan Morales(2)
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Thellier method in its modified form [1]
version. Heating and cooling were
performed in air and the laboratory field
was set at 50 µT. Eleven temperature
steps were chosen and distributed evenly
between 200 and 560 ºC. PTRM-checks
were included at each third double
heating step throughout the process. The
archeointensity values obtained in this
study vary from 41.3 ± 0.8 µT to 53.5 ±
1.2 µT. This corresponds to an average
intensity of 47.2 ± 4.3 µT.
Directional analyses (D=-5.6, I=43.9,
a95=1.91) were also performed on Nola
oriented samples with the large cell
induction magnetometers available at the
IPGP Laboratoire de Geomagnetisme in
Saint Maur des Fossés (Paris, France)
and at the IGG-CNR ARCHAEO_Lab of
Villa Borbone, Viareggio (LU, Italy),
according to current experimental
procedure [2]. Directional and Intensity
data combination define an age (with the
95% confidence limit) of 2815-2769 yrs
BC, according with the SVC of the last
14.000 yrs [3]. So, our finding allows
dating the use of metal in the Campanian
plain at the early centuries of the third
millennium BC.

P-244. Developing
archaeomagnetic dating in the
Scottish
Neolithic:
Interpreting
geomagnetic
variation at the Ness of
Brodgar, Scotland
Harris S.E.(1), Batt C.M.(1), Outram Z.(2)
and Card N.(3)
(1) University of Bradford, Bradford, BD9
5BN, UK
(2) Historic England, 24 Brooklands Avenue,
Cambridge CB2 8BU
(3) University of Highlands and Islands
Archaeology Institute, Kirkwall, Orkney
Isles, UK

This poster discusses the ongoing
developments into archaeomagnetic
dating of the Scottish Neolithic,
presenting an integrated case study which
focusses on the phases of burning within
a single structure. Fired archaeological
materials and sediments can be dated by
comparing their magnetic characteristics
to known variations in the past
geomagnetic field. The hindrance for
archaeomagnetic dating of the UK
Neolithic has been the lack of data
defining the geomagnetic field. This PhD
research seeks to address this by using
archaeomagnetic
measurements
on
material from ongoing excavations, in
addition to radiocarbon dates, to better
define changes in the geomagnetic field.
The Ness of Brodgar lies in the midst of
the ‘Heart of Neolithic Orkney’ World
Heritage Site [1]. This unique Neolithic
complex consists of a deeply stratified
sequence of large structures within a
monumental walled enclosure. The
research presented here illustrates the
potential of archaeomagnetic studies in
combination with other archaeological

[1] Coe, 1967.
[2] Tanguy Jet al, 2003.
[3] Pavon Carrasco et al, 2014.
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evidence. Recent excavation has revealed
seven superimposed phases of burning
within one hearth in a single structure
(Structure 14) providing the opportunity
to study the variation of the geomagnetic
field over the life of the hearth. Structure
14 is one of a number of large buildings
at the Ness of Brodgar which is divided
internally by two pairs of piers and has
revealed some exceptional examples of
Neolithic artefacts including polished
stone axes and complete Grooved Ware
vessels.
Archaeodirectional
measurements of 166 samples are
presented in this case study in
combination with radiocarbon dates,
diagnostic artefacts and stratigraphic
relationships. The data is united within a
Bayesian statistical framework and
demonstrates
the
potential
for
excavations of this type to reveal
geomagnetic variation in the Scottish
Neolithic.

Archaeomagnetic studies provide an
effective and increasingly popular
method of dating archaeological fired
materials and sediments. The technique
has been used in Britain for the last 50
years, but its application in prehistoric
periods has been hindered by the lack of
studies of independently dated material
from early sites.
The research presented in this paper
addresses
that
lacuna
using
archaeomagnetic results obtained from
ongoing excavations at the Neolithic site
of Ness of Brodgar, Orkney, Scotland.
Extensive archaeological investigations
of this internationally significant site
have yielded a large number of iconic
stone-built structures. Most of the
structures excavated thus far contain
formal hearth settings and other burnt
deposits,
with
well-established
stratigraphic relationships, and associated
radiocarbon and typological dates. Stable
magnetic directions have been obtained
from 21 archaeological contexts and
these have been used to delineate
changes in the Earth’s magnetic field
around 3300BC- 2300BC. Comparison is
made
between these
data
and
archaeomagnetic studies for this period
elsewhere in Europe, and with global
models
of
geomagnetic
change.
Additionally, measurements of magnetic
mineralogy are used to determine the
origin of the magnetic signal and
therefore
determine
past
firing
temperatures.
The outcomes of this research will allow
archaeomagnetic dating on other early
sites in Britain and more widely. They
also contribute to our understanding of
the behaviour of the Earth’s magnetic
field in this period and Earth systems
more generally.

[1] Card N (2013) The Ness of Brodgar.
British Archaeology 128: 14 – 21.

P-245. Telling the time in the
Neolithic:
Developing archaeomagnetic
dating in Britain
C.M. Batt(1), Z. Outram(2), S.E. Harris(1)
and N. Card(3)
(1) University of Bradford, Bradford, BD7
1DP, UK c.m.batt@bradford.ac.uk
(2) Historic England, 24 Brooklands Avenue,
Cambridge CB2 8BU
(3) University of Highlands and Islands
Archaeology Institute, Kirkwall, Orkney
Isles, KW15 1LX, UK
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artifacts or dendrochronology. We
collected only red-or partly red-colored
sherds
in
order
to
minimize
mineralogical
alteration
during
laboratory experiments. Rock magnetism
analyses show that the remanent
magnetization is mainly carried by
titanomagnetite. Archaeointensities were
determined using the Thellier-Thellier
protocol on one to three specimens per
sherd. ∼75 per cent of the sherds provide
reliable results, allowing the computation
of 25 mean archaeointensity values.
Because
sherds
giving
different
archaeointensities
cannot
be
contemporaneous, the results provide
relative chronology information at the
site scale and even at the feature scale for
the Grünwald-Gymnasium Bronze D
settlement. This work allows us to refine
the dating of sites previously dated in the
same typochronological phase, especially
for Hallstatt B, C and D that show the
strongest secular variation. Finally, the
acquisition of the 25 new mean
archaeointensities is a significant step to
build a reliable secular variation curve of
the geomagnetic field strength in WestCentral Europe. This will provide an
improved absolute dating tool to the
archaeologists, together with the already
available directional secular variation
curves [2].

P-246. Intensity of the
geomagnetic field as a relative
and absolute dating tool:
Archaeomagnetic study of
Bavarian potteries from 1300
to 400 BC
Gwenaël Hervé(1), Jörg Fassbinder(2),
Stuart Gilder(1), Carola MetznerNebelsick(3) and Imke Westhausen(3)
(1) Department für Geo- und
Umweltwissenschaften, Ludwig-Maximilians
Universität, Theresienstrasse 41, 80333
München, Germany
(2) Bayerisches Landesamt für
Denkmalpflege, Hofgraben 4, 80539
München, Germany
(3) Institut für Vor- und Frühgeschichtliche
Archäologie und Provinzialrömische
Archäologie, Ludwig-Maximilians
Universität, Geschwister-Scholl-Platz 1,
80539 München, Germany

Archaeomagnetic dating is usually based
only on the directional parameters
(declination and inclination) of the
geomagnetic field. The intensity is not
commonly used because the data and
thus the reference secular variation curve
are more difficult to recover. Worldwide
archaeointensities suggest that the period
from 1300 to 400 BC is characterized by
the greatest variability in geomagnetic
field strength over the entire Holocene
epoch. In West-Central Europe, the
potential to use archaeomagnetic dating
remains limited by the few available
reference data (e.g. [1]) during the Late
Bronze and Early Iron Ages. Here, we
present new results obtained on ∼200
pottery sherds from 30 graves and pits
from 12 sites in southern Bavaria. The
features are dated from Bronze D to La
Tène A phases by ceramic and metallic

[1] G. Hervé, A. Chauvin, P. Lanos,
Geomagnetic field variations in Western
Europe from 1500 BC to 200 AD. Part II:
New intensity secular variation curve,
Physics of the Earth and Planetary Interiors
218, 51-65, 2013.
[2] G. Hervé, A. Chauvin, P. Lanos,
Geomagnetic field variations in Western
Europe from 1500 BC to 200 AD. Part I:
Directional secular variation curve, Physics
of the Earth and Planetary Interiors 218, 113, 2013.
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performed on 120 samples allow
determining
mean
directions
of
magnetization on four of the six studied
structures.
Detailed
archeointensity
determinations (following the Thellier
protocol) were also obtained on 80
samples.
Finally, these new archaeomagnetic data
are compared with predictions of
different globalgeomagnetic field models
at the studied sites. The combination of
the new archaeomagneticresults and 14C
dating at the same sites allow to discuss
the ages proposed for the last heating of
the studied archeological structures.

P-247. Archaeomagnetic study
of pre-Hispanic sites in
Michoacán Mexico
Annick Chauvin(1), Grégory Pereira(2) and
Miriam Gómez-Paccard(3)
(1) UMR 6118 Géosciences-Rennes CNRS
Université de Rennes 1, 35042 Rennes cedex
France
(2) UMR 8096 ArchAM, MAE, 21 allée de
l’Université, 92023 Nanterre Cedex, France
(3) Institute of Earth Sciences Jaume Almera
CSIC, Lluis Sole i Sabaris s/n, 08028
Barcelona (Spain)

The main goal of the paper is to highlight
the possibilities of archaeomagnetism for
dating purposes in ancient Mexico over
the last millennia. Recent improvements
in
archaeomagnetism
applied
to
archaeological baked clay allow building
a data set composed at 80% by data
coming from the recent 0-3 ka [1].
Even if the overall data distribution is
dominated by mid-latitude northern
hemisphere data, extensive efforts led to
the development of different global
geomagnetic field models [2, 3, 4]. They
can be used to predict past directions and
intensity of the geomagnetic field all over
the world that can be compared to real
data, in a dating perspective.
We present preliminary results of our
archeomagnetic study of Malpaís Prieto,
a
Proto-tarascan
(pre-Hispanic)
archeological
site
in
Michoacán
(Mexico), together with a review ofthe
published archaeomagnetic data currently
available for Central America. The
studied archaeological “in situ” structures
include four hearths–of domestic and
ceremonial use-as well as two fired
pyramids sampled near the town of
Zacapu. Progressive thermal and
alternating
field
demagnetizations

[1] Korte et al.., 2009, Geochem. Geophys.
Geosyst., 10(6).
[2] Korte, M. & Constable, C.G., 2011, Phys.
Earth planet. Inter., 188(3-4), 247-259.
[3] Pavón-Carrasco, F.J., et al., 2014a, Earth
Planet. Sci. Lett., 388, 98–109.
[4] Licht, A. et al., 2013, Phys. Earth Planet.
Inter., 224, 38–67.

P-248.
Archaeomagnetic
investigations
in
Bolgar
(Tatarstan)
L.R. Kosareva(1), D.M. Kuzina(1), S.
Spassov(2), D.K. Nourgaliev(1), A.G.
Sitdikov(3) and D.I. Khasanov(1)
(1) Institute of Geology and Petroleum
Technologies, 420008, Kazan, Russian
Federation
(2) Centre de Physique du Globe de l’Institut
Royal Météorologique de Belgique, B-5670,
Dourbes (Viroinval), Belgium
(3) Khalikov Institute of Archaeology,
Tatarstan Academy of Science, 420008,
Kazan, Russian Federation

Several archaeological and geophysical
surveys were carried out during the last
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years at an archaeological site in the
ancient town of Bolgar (Republic of
Tatarstan, Russian Federation), where,
among other structures, a pottery kiln
was unearthed. From the latter, two
independently oriented block samples,
made of baked clay, were taken from the
kiln floor and cut into 59 specimens.
Because the age of the site was well
determined by coins to be between 1342
and
1361
AD,
the
present
archaeomagnetic study aims at providing
a well dated point to be included in the
future reference curve for European
Russia.
Standard archaeomagnetic analyses were
performed to determine the full
magnetisation vector, by alternating field
demagnetisation (AFD) of the natural
remanence
and
Thellier-Thellier
palaeointensity experiments [1]. These
analyses were
complemented
by
hysteresis measurements to estimate the
suitability of the specimens for
palaeointensity determinations. Rock
magnetic tests reveal the presence of two
remanence carrying coercive force
populations with a dominating 50 mT
component and a minor secondary
component of > 500 mT. The
characteristic remanence directions,
determined by both methods, AFD and
thermal, are fairly similar and give a
mean declination and inclination of
358.6° and 69.4°, respectively, with k
values of > 2000. The thermoremanence
direction
acquired
during
the
palaeointensity experiment was of similar
quality having a k value of 5450. This
and the absence of thermochemical
magnetic mineral alteration during
laboratory heating qualifies thus the
specimens
for
palaeointensity
determination. Both block samples give
somewhat different palaeointensities of

62.4 ± 0.5 µT (4 specimens) and 72.4 ±
0.8 µT (6 specimens) but have small
standard deviations. Finally, the cooling
rate corrected palaeointensity for all ten
specimens
was
determined
with
probability
densities,
following
propositions of [2]. It falls with a
probability of 95 % into the interval
between 53.0 and 59. 8 µT. Such rather
large interval was not expected and is
attributed to magneto-mineralogical
differences between both block samples
as evidenced from the variable
contribution of low and high coercivity
components across the samples. These
differences result most probably from
temperature variations along the kiln
floor at the time the kiln was functioning.
Despite the aforementioned differences,
the archaeomagnetic data of this study is
qualified as good reference point for the
future reference curve, because the age of
the site is well determined, because the
remanence directions are precisely
estimated and because the mean
palaeointensities of both block samples
have small standard deviations. However,
future additional analyses should reveal
which of both palaeointensity block
means can be considered as more
reliable.
[1] E. Thellier, O.Thellier, Sur l'intensité du
champ magnétique terrestre dans le passé
historique et géologique. Annales de
Géophysique, 15, 285-376, 1959.
[2] N. Suttie, personal communication.
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Emperor August (63 BC – 14 AD) to
supply water to the city of Tarraco.
From 2010, the monument benefited
from an integral restauration funded by
the Spanish ‘Ministerio de Fomento’ and
the Tarragona city council. The project
comprised
several
archaeometric
approaches to diagnose conservation
problems and to suggest solutions to
them, to clean the monument, to
investigate the stone provenance and to
date the monument.
Investigations revealed that small
quantities of lime mortar were actually
used to build the aqueduct. Mortar was
used for instance to cement ashlars that
lie on directly on the rock or to correct
imperfections of the stone blocks, also
mortar was intensively used to build the
water channel (specus) of the aqueduct.
Two dating techniques were applied in
the frame of the project: radiocarbon and
optical stimulated luminescence (OSL).
The first was applied to the lime and the
OSL technique to the mineral grains
within the mortar. The scarcity of mortar
and the heterogeneity of its components
add complexity to dating it using these
techniques. However, the obtained results
are quite consistent with the presumed
age of the aqueduct and they will be
published in the near future.
Another dating approach was suggested
for a cylindrical limekiln standing near
the bottom of the aqueduct, on its
northern flank. The archaeomagnetic
dating of the limekiln would produce the
age of the aqueduct assuming that the
kiln was used to produce the lime used in
the construction of the nearby aqueduct.
We present here the preliminary results
of this archaeomagnetic dating that has
produced a quite unexpected age.

P-249.
Archaeomagnetic
dating approach to date an
element of Les Ferreres
Aqueduct (Tarragona, Spain)
Ll. Casas(1,2), S. López(1), J. L. Prada(2),
N. Guasch-Ferré(2), À. Pitarch(2,3),
M.Badia(1,2), J. Sanjurjo(4), M. Díaz(5) and
J. Menchon(6)
(1) Universitat Autònoma de Barcelona,
Facultat de Ciències, Departament de
Geologia, Campus UAB, 08193, Bellaterra,
Catalonia, Spain
(2) Grup de Recerca Aplicada al Patrimoni
Cultural-Centre de Tecnologia per a la
Conservació del Patrimoni, Campus UAB,
08193, Bellaterra, Catalonia, Spain
(3) UMR 5199 PACEA, CNRS / Université de
Bordeaux, B18, Allée Geoffroy Saint Hilaire,
CS 50023-33615 Pessac, France
(4) Instituto Universitario de Xeoloxía
“Isidro Parga Pondal”. Edificio Servizos
Centrais Investigación. 15071 Universidade
da Coruña. A Coruña, Spain
(5) CODEX Arquelogia i Patrimoni, Plaça
Sant Fructuós, 1, 43002 Tarragona,
Catalonia, Spain
(6) Tarragona city council, Plaça de la Font,
1, 43003 Tarragona, Catalonia, Spain

The ‘Les Ferreres’ Roman aqueduct, also
called ‘Pont del Diable’ is a significant
part of the Archaeological Ensemble of
Tarraco, a Word Heritage Site since
2000. The aqueduct is 217 meters long
and reaches a maximum height of 27
meters, it was built to overcome the ‘Els
Arcs’ valley. It is composed by two
levels of stone arches: the upper section
has 25 arches, and the lower one has 11.
The ashlars are stacked apparently
without mortar (opus quadratum).
Historical
and
archaeological
interpretations point to the construction
of the aqueduct under the rule of
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alterations occurred during thermal
treatment at Crestelos and Castelinho
kilns and hearths.
Archaeomagnetic dating was conducted
in all sites by using six reference
Palaeosecular Variation (PSV) curves
provided by local studies (from Iberia
and
France)
and
by
regional
(SCHA.DIF.3k) and global models
(ARCH3k.1 and SHA.DIF.14k). The
master curve that provides the most
accurate dating is the French curve. The
new archaeomagnetic dating results
suggest that the Crestelos site was active
since 265±87 BC up to 252±138 AD,
with a mean occupation period between
198 BC-43 AD, in agreement with recent
radiocarbon ages and archaeological
information. There could have been a
previous occupation of the site but it
could
not
be
precisely
dated.
Distributions of the directions from
Crestelos and Castelhino describe a
consistent PSV trend, suggesting that the
archaeomagnetic dating tool could be
improved in Iberia in the near future. A
PSV curve for Iberia for the Iron Age is
presented.

P-250.
Archaeomagnetic
dating in Iberia for pre-roman
structures. A case study from
Portugal
María Luisa Osete(1,2), Saioa A.
Campuzano(1,2), Alicia Palencia(1), Gregg
McIntosh(3), José Sastre(4) and Javier
Larrazabal(5)
(1) Universidad Complutense de Madrid.
Dpto. Física de la Tierra, Astronomía y
Astrofísica I. Madrid (Spain). Avda
Complutense s/n, 28040 Madrid, Spain
(2) Instituto de Geociencias, CSIC – UCM.
Madrid (Spain)
(3) School of Human and Life Sciences.
Canterbury Christ Church University.
Canterbury (The United Kingdom)
(4) Asociación Científico-Cultural Zamora
Protohistórica (Spain)
(5) Lab2PT, Universidade do Minho
(Portugal)

Archaeomagnetic investigations have
been carried out on 25 combustion
structures from Portugal and Spain, along
the Duero River Valley at the
archaeological sites of Castelinho,
Crestelos and Olival poço da Barca (NE
Portugal). The age of most of the
investigated structures ranges from the
3rd century BC up to Roman times
according to archaeological information.
Stepwise thermal and alternating field
demagnetization isolated a single, stable,
characteristic remanence component with
very well defined directions. Mean site
directions were well grouped in most
sites. Only the two most poorly preserved
structures showed a relatively high
directional dispersion. Classical Thellier
palaeointensity
experiments
were
conducted on pilot specimens. Successful
results were obtained in specimens from
Olival poço da Barca. In contrast,

P-251. Inclination shallowing
in Iberian kilns and hearths.
Effects on archaeomagnetic
dating
Alberto
Molina-Cardin(1,2),
Alicia
(1)
Palencia , José Rodriguez-Aranda(1),
Fátima Martín-Hernández(1,2) and María
Luisa Osete(1,2)
(1) Universidad Complutense de Madrid
(Spain)
(2) Instituto de Geociencias (Spain)
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Archaeomagnetic studies can either be
used to construct and improve
palaeosecular variation curves (PSVC)
with new data from well dated
archaeological sites or be used to date
archaeological structures comparing the
measurements of remanent magnetization
with the evolution of the geomagnetic
field by means of existing PSVCs for that
region. In both cases some investigations
about the samples behaviour should be
carried out in order to correct the
measurements and get reliable values,
curves and dates. A major correction is
that of anisotropy of thermoremanent
magnetization which has been observed
to produce an important underestimation
in the inclination (effect called
inclination shallowing).
Combustion structures from 3 different
archaeological sites (Crestelos and Olival
poço da Barca in NE Portugal and El
Castillón in NW Spain) have been
analysed.
The
anisotropy
of
thermoremanent
magnetization
has
produced variations of about ±5º in
declination and up to +13º in inclination
of site means. Palaeointensity values
have been obtained from El Castillón,
showing anisotropy corrections between 1% and -15%. The effect of these errors
in dating has been analysed finding that it
can lead to age differences between -1
and +5 centuries. That highlights the
importance of systematically including
the anisotropy correction in any
archaeomagnetic study of this kind of
materials even when only directions are
investigated.
Due to the time cost of calculating the
anisotropy
of
thermoremanent
magnetization we have also measured the
anisotropy of magnetic susceptibility,
anhisteretic remanent magnetization and
isothermal remanent magnetization. The

suitability of these alternatives to correct
the anisotropy effect is discussed.

P-252. Determining mean
archaeomagnetic
directions
from demagnetization data:
Optimal demagnetization step
vs.
principal
component
analysis
Rob Sternberg(1), Grace
Gibble(2) and Egon Lass(3)

Ni(1),

Pat

(1) Dept. of Earth and Environment, Franklin
& Marshall College, Lancaster.
Pennsylvania, USA
(2) Historic Schaefferstown, Inc.,
Schaefferstown, Pennsylvania, USA
(3) Wheaton College, Wheaton, Illinois, USA

An archaeomagnetic secular variation or
dating study needs: a well-defined
problem; an adequate number of
samples; proper laboratory procedures;
and suitable interpretation. The purpose
of this paper is to show that for lab work
and interpretation, archaeomagnetic
average directions based on partial
demagnetization data of well-behaved
samples
will generally not
be
significantly different from averages
based on complete demagnetization data.
These results are for alternating field
demagnetization, although the same
principles would hold true for thermal
demagnetization.
Paleomagnetic studies typically utilize
“complete
demagnetization”
by
demagnetizing and measuring samples at
a number of demagnetization steps, using
modern automated magnetometers. The
best fitting direction for each sample’s
data can then be determined from
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multiple steps by fitting directions using
principal component analysis (PCA), and
Fisher statistics can then be applied to
these best-fitting directions to determine
the averages. Archaeomagnetists working
in smaller labs have used different
demagnetization strategies. One approach
is to use a few (or even one) pilot
samples for complete demagnetization at
several steps, and then demagnetizing the
remaining samples at one or two steps as
suggested by behavior of the pilot sample
directions. Averages can then be
calculated for each step for which all
samples were demagnetized. From these,
an optimal demagnetization step (ODS)
is selected, typically the step (besides the
natural remanent magnetization step)
where dispersion of directions is least.
This approach is reasonable because
archaeomagnetic samples carry a
geologically recent remanence, with less
time and possibilities for magnetic
overprints found in geologic samples.
Here, we examine archaeomagnetic
averages for groups of samples that have
been
completely
demagnetized,
comparing results of the two approaches.
We have so far analyzed demagnetization
data from bricks and tiles from the
historic
site
of
Schaefferstown,
Pennsylvania, USA, dating to 1800 CE.
Oriented samples were collected intact
from two fireboxes of an alcohol
distillery, then cut and measured in the
laboratory. A total of 52 specimens from
6 samples were demagnetized and
measured. For each feature, we tested the
null hypotheses that the precision
parameters of the averages were the same
for both PCA and ODS treatments, and
that mean directions were the same using
both approaches. For each sample,
neither null hypothesis could be rejected,
suggesting that the average directions

were unaffected by the treatment process.
We hope to further analyze other data
from older sites, including directions that
change more upon demagnetization, for
presentation at the symposium.

P-253.
Archaeomagnetic
research through the eyes of
palaeomagnetists:
Possible
impact on the study of baked
clays in various geological
environments in Greece
Despina
Kondopoulou(1),
Irene
(2)
Zananiri , Elina Aidona(3) and Christina
Rathossi(4)
(1) Department of Geophysics, School of
Geology, Aristotle University of Thessaloniki,
P.O. Box 352-1, Thessaloniki 54124, Greece;
despi@geo.auth.gr
(2) Institute of Geology and Mineral
Exploration, 1 Spirou Loui str., Olympic
Village (Entrance C), Acharnae 13677,
Greece; izanan@igme.gr
(3) Department of Geophysics, School of
Geology, Aristotle University of Thessaloniki,
P.O. Box 352-1, Thessaloniki 54124, Greece;
aidona@geo.auth.gr
(4) Institute of Geology and Mineral
Exploration, 1 Spirou Loui str., Olympic
Village (Entrance C), Acharnae 13677,
Greece; c.rathosi@upatras.gr

During the last decades archaeomagnetic
research has increasingly developed at a
large number of ceramic kilns,
workshops and pottery throughout
Greece. This large-scale research
provided Secular Variation Curves which
allowed to improve monitoring of the
Geomagnetic Field Variations in Greece.
The studied sites show an uneven
distribution, partly as the result of the
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available archaeological record and
rescue excavations, which nevertheless
covers the majority of the geological
zones in the broader, continental part, of
the country as well as Crete. Given the
variability of the outcropping formations,
a problematic has developed according to
which a connection could be searched
between the magnetic properties of the
raw clays and their heating products.
While such correlations have already
been
suggested
through
various
disciplines, in the present contribution we
investigate, for the first time, the input
provided by the abundant palaeomagnetic
data accumulated in Greece since the
early 1980s. Such measurements
performed on volcanics, granites, and
sediments
are
systematically
accompanied by rock magnetic properties
providing a valuable database likely to
optimize the success of archaeomagnetic
studies, strongly dependent on material
preselection. We document our approach
by presenting three case studies of
Neolithic,
Hellenistic
and
Early
Byzantine workshops, situated in
different geological contexts from which
palaeomagnetic measurements were
obtained prior to the archaeomagnetic
research. This information, when
carefully exploited, and combined to
existing protocols, can be a valuable tool
in order to reduce the failure of
archaeomagnetic
measurements,
especially for the time consuming
archaeointensity calculations.

P-254. Post-fire displacement
of ancient bricks and its effect
on the geomagnetic field
vector determination: A case
study from a Roman kiln
excavated at Dispilio, Greece
E. Tema(1)
(1) Dipartimento di Scienze della Terra,
Università degli Studi di Torino, via
Valperga Caluso 35, 10123, Torino, Ital;
evdokia.tema@unito.it

Archaeomagnetic analysis was carried
out on ancient bricks collected from a
Roman kiln excavated at the locality of
Dispilio, Kastoria, Northern Greece. A
total of 11 brick samples were collected
from different parts of the kiln, all of
them oriented in situ with a magnetic
compass and an inclinometer. Rock
magnetic analysis identified the presence
of magnetite together with a high
coercivity magnetic carrier, most
probably hematite. Both thermal and
alternative field (AF) demagnetization
procedures were applied to isolate the
direction of the geomagnetic field vector
registered by the bricks during their last
firing.
The results show a very stable and well
defined magnetic component, with
excellent agreement between the thermal
and AF determinations. Nevertheless,
equal area plots of the Charasteristic
Remanent Magnetization at sample level
show important dispersion, indicating a
clear post-firing displacement of the
bricks coming from the kiln's walls,
while the bricks from the central pillar
show very consistent directions. The
mean
archaeomagnetic
direction
calculated based only on the bricks with
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are well defined with small α95 angles of
confidence and are very similar with each
other.
The
corresponding
archaeointensities were determined by
the multi-specimen procedure (MSPDSC).
Successful
archaeointensity
determinations were obtained for two of
the three studied ovens giving intensity
values around 28±1 μT. The clear, well
defined, low intensity values obtained
suggest that the intensity of the Earth's
magnetic field around 5500 BC was
almost 20 μT lower than today's field in
Italy. Such low intensity seems to be an
interesting feature of the geomagnetic
field in Neolithic period and it is worth of
being further investigated by obtaining
new data for Europe from the same
chronological period.
The new results are the first contribution
of full geomagnetic field vector data for
Neolithic in Italy. They are compared
with other contemporaneous data from
Europe and with global geomagnetic
field
models.
Independent
archaeomagnetic dating of the three
ovens was also performed by means of
the SCHA.DIF.8k model. The obtained
results are in good agreement with
available radiocarbon dates and confirm
that all ovens belong to the Neolithic
period
and
were
almost
contemporaneously used. These new data
importantly enrich our knowledge of the
geomagnetic field during the Neolithic
period that is poorly covered by data, not
only in Italy but also in the whole Europe
and show that archaeomagnetic dating
can provide precise results even for
prehistoric periods.

no displacement evidence was used for
the archaeomagnetic dating of the kiln.
The obtained dating is in very good
agreement
with
available
thermoluminescence analysis and the
new directional data can be used as
reference points for the Greek directional
secular variation curve.

P-255. New full geomagnetic
field vector data from Italy:
Evidence of low intensity
values during Neolithic times
E. Tema(1), E. Ferrara(2), P. Camps(3), C.
Conati Barbaro(4), S. Spatafora(2), C.
Carvallo(5) and T. Poidras(3)
(1) Dipartimento di Scienze della Terra,
Università degli Studi di Torino, via
Valperga 35, 10125, Torino, Italy,
evdokia.tema@unito.it
(2) Istituto Nazionale di Ricerca Metrologica,
Strada delle Cacce 91, I-10135 Torino, Italy
(3) Géosciences Montpellier, CNRS and
Université Montpellier, Montpellier, France
(4) Dipartimento di Scienze dell'Antichità,
Sapienza Università di Roma, Roma, Italy
(5) Institut de Minéralogie, de Physique des
Matériaux et de Cosmochimie (IMPMC),
Sorbonne Universités, Paris, France

We present new, full geomagnetic field
vector results from three Neolithic ovens
discovered at the archaeological site of
Portonovo (Marche, Italy). The ovens
were built by digging a kind of small
cavities into the colluvial layer and
represent a rare example of very well
preserved underground ovens from the
Early Neolithic period. Standard thermal
demagnetization procedures were used to
isolate the Characteristic Remanent
Magnetization. The obtained directions
350

41st INTERNATIONAL SYMPOSIUM ON ARCHAEOMETRY
Examples of archaeomagnetic dating of
kilns from Italy and Spain are also
reported in order to investigate the dating
precision when dealing with real data
coming from experimental laboratory
geomagnetic
field
determinations.
Results show that in several cases dating
can be very precise with uncertainty
errors limited to some decades.
Archaeomagnetic
dating
is
also
compared with thermoluminescence
results. Both archaeomagnetic and
thermoluminescence dating techniques
have the advantage to date exactly the
same event that is the last firing of
ceramics and last use of pottery kilns and
can be therefore considered as the most
appropriate techniques for dating of such
materials.
Archaeomagnetic dating based on the full
geomagnetic field vector is the best
approach. However, recent results from
two pottery kilns at Osterietta (Italy)
show that for the last 700 years,
archaeointensity results do not improve
dating due to the smooth variation of the
Earth's magnetic field intensity in this
period.

P-256.
Archaeomagnetic
dating of ancient kilns: A
promising dating tool for
archaeological research. How
precise can it be?
E. Tema(1) and Ll. Casas(2)
(1) Dipartimento di Scienze della Terra,
Università degli Studi di Torino, via
Valperga Caluso 35, 10125, Torino, Italy;
evdokia.tema@unito.it
(2) Departament de Geologia, Universitat
Autònoma de Barcelona, Campus UAB,
08193, Bellaterra, Catalonia, Spain;
lluis.casas@uab.cat

Dating is a significant part of
archaeological research and in the cases
that age diagnostic artefacts and
chronological evidences are missing, the
use of laboratory scientific dating
techniques
is
very
important.
Archaeomagnetic dating is a promising
dating technique, based on the ability of
baked clay archaeological structures and
artefacts to acquire a thermal remanent
magnetization (TRM) when heated at
high temperatures and cooled in the
presence of the Earth’s magnetic field.
The accuracy of archaeomagnetic dating
depends on several factors, among others
the availability of a detailed reference
secular variation (SV) curve for the given
territory. Nowadays, the establishment of
well constrained SV curves for several
European countries and the development
of geomagnetic field models make
archaeomagnetism a powerful dating
tool.
In this study, the precision of
archaeomagnetic dating at different time
periods is exploited using artificial data
and reference SV curves calculated by
regional geomagnetic field models.

P-257. On the use of different
databases
for
global
geomagnetic modelling and its
effect on archaeomagnetic
dating
S. A. Campuzano(1,2), M. GómezPaccard(3), F. J. Pavón-Carrasco(4) and M.
L. Osete(1,2)
(1) Dpto. de Física de la Tierra, Astronomía
y Astrofísica I, Universidad Complutense de
Madrid (UCM), Avd. Complutense s/n,
28040-Madrid, Spain
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(2) Instituto de Geociencias (IGEO) CSIC,
UCM, Ciudad Universitaria, 28040-Madrid,
Spain
(3) Institute of Earth Sciences Jaume Almera
CSIC, Lluis Sole i Sabaris s/n, E-08028Barcelona, Spain
(4) Istituto Nazionale di Geofisica e
Vulcanologia (INGV), Via Vigna Murata,
605, 00143-Roma, Italy. From 01/02/2016:
Dpto. de Física de la Tierra, Astronomía y
Astrofísica II, Universidad Complutense de
Madrid (UCM), Avd. Complutense s/n,
28040-Madrid, Spain

models based on different databases
(SHA.DIF.14K,
ARCH3K.1,
CALS3K.4b, pfm9k.1a).
The effect of using different models on
dating of archaeological structures will
be discussed.

P-258.
Comparison
of
luminescence (TL, IRSL and
OSL) dating results from
selected archeological various
ceramic materials obtained
from fault trench from
Aegean Anatolia region

The knowledge of geomagnetic field in
the past is crucial to understand its origin
and future evolution. Palaeomagnetism
studies the Earth’s magnetic field
registered in rocks, sediments or
archaeological materials. All these
provide directional (declination and
inclination) and intensity information of
the past geomagnetic field. The temporal
and spatial improvement of the
palaeomagnetic database during the last
decade has allowed the generation of
global geomagnetic field models which
can be used for archaeomagnetic dating.
However some recent studies have
pointed
out
that
the
recent
archaeointensity database might not be
reliable enough.
We present different global geomagnetic
models for the last 2000 years by using
spherical harmonic analysis (SHA) in
space and cubic b-splines in time testing
different palaeomagnetic databases: (a)
archaeomagnetic
data
(SHA2K.A
model), (b) archaeomagnetic data that
passed a selection quality selection
criteria (SHAQ2K.A model), (c)
directional archaeomagnetic and volcanic
data
with
a
quality
selected
archaeointensity database (SHAQ2K.AV
model). These new models are compared
with other published global geomagnetic

E. Şahiner(1),
N.Meriç(1),
Polymeris(1) and T.Y. Duman(2)

G.S.

(1) Institute of Nuclear Sciences, Ankara
University, Beşevler 06100, Ankara, Turkey
(2) General Directorate of Mineral Research
and Exploration (MTA), Department of
Geological Research, 06800, Ankara, Turkey

Anatolia is the heart of many ancient
civilizations, hosting one of the most
important places for arheo/geological
sciences. The Aegean shore of Anatolia
particularly, is a region where scientific
as well as philosophical ideologies were
born. Luminescence dating has been
commonly applied recently, mainly for
archaeological artefacts and geological
sediments of all types and origins.
Geological surveys and studies in the
area are very common, due to the various
numbers of earthquakes that took place in
the past.
In this work, ceramic materials collected
from Anatolian fault trench were studied
towards age assessment. At the same
time, sedimentary samples of the
corresponding trenches were also
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obtained [1]. Ages were discussed
comparing TL and IRSL dating protocols
applied for potteries with corresponding
OSL ages of the same sedimentary
layers. Towards direct dating purposes, a
number of features, such as plateau test,
preheat tests, glow curve shape,
sensitization after repeated cycles
including irradiation and measurement
were studied for both cases of TL as well
as OSL. Moreover, the application of
alternative signals, such as IRSL
measured at 175 °C [2] and thermally
assisted OSL (TA-OSL) [1] has been
exploited
for
dating
of
these
aforementioned sediments.
According to age results and prediction
of archeological perspective dates from
sampling layer dates from different
historical period. Comparison indicates
that all ages from sediments are in good
arrangements
with
geological
expectations. We believed that the results
obtained in this study may contribute to
establishing the luminescence dating
techniques
and
supply
valuable
information for further studies in Aegean
Anatolia. Finally, the feasibility of new
these new luminescence signals is
discussed.

P-259. Dating mortars and
brick
surfaces:
A
new
approach
in
building
chronology
Anna Galli(1,2,3), Marco Martini(2,3),
Francesco
Maspero(3,4),
Laura
Panzeri(2,3) and Emanuela Sibilia(2,3)
(1) CNR-IFN, Piazza L. Da Vinci, 32, 20133
Milano, Italy
(2) Dipartimento di Scienza dei Materiali,
Università degli Studi di Milano Bicocca, via
R. Cozzi 55, 20125 Milano, Italy
(3) INFN, Sezione Milano Bicocca, Italy
(4) CUDAM, Università degli Studi di
Milano Bicocca, Piazza della Scienza 1,
20125 Milano, Italy

Luminescence techniques are a powerful
tool to date archaeological and geological
materials. In particular TL is used for
brick dating, to reconstruct the building
chronology of
urban
complexes.
However, it can be sometimes
inconclusive, since TL assesses the firing
period of bricks that can be reused in
different structures. This problem can be
circumvented by using a dating technique
whose resetting event is different from
the last heating: an ideal candidate is
OSL, exploiting the last exposure to sun
light of natural dosimeters (quartz and
feldspars). In very recent years new
dating methods were attempted: mortar
dating and surface dating. Compared to
all other datable materials, mortar has the
great advantage of existing in abundance
in every stage of construction, and cannot
be recycled. The application of OSL to
mortar dating is possible because the
quartz crystals contained in the
aggregates are exposed to daylight during
the mixing and laying of the mortar itself,
and could therefore be used as

[1] Şahiner, E., 2015. TL/OSL and ESR
methods used in paleoseismology studies:
Kütahya-Simav and North Anatolian fault
zone. Physics Engineering Department,
Ankara University, Turkey. PhD Thesis.
[2] Şahiner, E., Meriç, N., & Polymeris, G. S.
(2014). Assessing the impact of IR
stimulation at increasing temperatures to the
OSL signal of contaminated quartz. Radiation
Measurements, 68, 14-22.

353

KALAMATA, 15-21 MAY 2016
dosimeters, recording the natural dose
since the end of the exposure to sunlight,
which coincides with the edification.
Another
innovative
luminescence
methodology has been developed: the socalled surface dating. It dates events
resulting in the permanent covering of
surfaces of buildings previously exposed
to the light, like construction,
deconstruction or land-slides covering.
This advanced application has been
successfully attempted on rocks, marble
and stone artefacts, but not routinely on
bricks.
In this work TL and OSL were applied to
bricks and mortars belonging to a portion
of the perimeter wall of the Certosa di
Pavia dated by historic sources to XVIIXVIII century and fallen down in 1995.
Bricks were dated applying TL and OSL
on bulk and surface portions of the
samples. The results showed that the bulk
OSL ages well matched the TL ages. For
two bricks they were however
systematically higher than the surface
ones. This was a strong evidence of the
reuse of the material: the bulk date is
associated to firing in kiln, while the
surface date was in agreement with the
known age of the wall. As mortar, data
obtained from multi-grain and singlegrain aliquots are both highly dispersed,
which indicates that the samples were not
well-bleached during their last exposure
to sunlight. Different statistical models
were applied in order to select grains that
were completely emptied by sunlight
during the preparation of mortar. The
obtained ages from well bleached grains
matched the historical ones.

P-260.
Testing
Optically
Stimulated
Luminescence
dating of sand-sized quartz
and feldspar sediments from
an archaeological site in
Petroto – Trikala, Greece
Maria Kazantzaki(1), Eleni Filippaki(1),
Maria
Vaiopoulou(2),
Evangelos
(1)
Tsakalos , Georgios Mastrotheodoros(1,3)
and John Christodoulakis(1)
(1) Laboratory of Archaeometry, INN, NCSR
‘Demokritos’, Aghia Paraskevi, Attiki, 15310
(2) Ephorate of Antiquities of Karditsa,
Karditsa, 43100
(3) Department of Materials Science and
Engineering, University of Ioannina,
Ioannina, 45110

We present results of Optically
Stimulated Luminescence (OSL) dating
of quartz and feldspar derived from
geological samples collected from an
archaeological site in Petroto – Trikala,
Greece. We showed that using the single
aliquot regenerative protocol (SAR), the
derived quartz OSL ages are in fair
agreement with IR-OSL ages however,
feldspar ages are slightly overestimated
and scattered compared to quartz ages,
something that may be due to incomplete
bleaching of feldspar.
Luminescence dating yielded ages
ranging from 5.3 ± 0.6 ka to 5.9 ± 0.8 ka,
indicating a depositional period during
the Late up to Final Neolithic period
when extensive pedogenetic processes
were taking places in mainland Greece.
While independent chronometric control
is missing, the results are within the
expected age range while the agreement
of calculated ages using both quartz and
feldspar provided evidence on the
applicability of both minerals in
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establishing accurate ages. However,
when feldspar is the mineral of choice,
problems associated with incomplete
bleaching
may
lead
to
age
overestimation. In such cases statistical
treatment may help choose the most
representative palaeodose and thus
provide reliable ages.

of the late Holocene Sperchios delta plain
has been outlined by Pechlivanidou et al.,
(2014), who used sedimentological,
palaeontological,
geochemical,
and
mineral magnetic properties approaches
to detect the palaeoenvironmental signal
of Sperchios deltaic deposits [2].
However, little effort has been made so
far to reconstruct the comprehensive and
sequential history of the upper part of the
delta plain based on numerical ages, with
the available ages mainly based on
archaeological and radiocarbon dates
which bear a range of limitations and
uncertainties. Previous chronological
studies in the delta remain limited in
literature [2, 3]. Thus, a systematic
application of dating techniques is
required, which would provide an insight
into the Holocene geomorphologic
history of the study area by establishing
the chronology of the region.
This study reports on the first
investigations into the potential of
luminescence dating to establish a
chronological framework for the
depositional sequences of the Sperchios
delta plain. Here we present a new
chronology for the delta and provide
sedimentation rates of its depositional
sequences during the Holocene.
A series of three boreholes, up to 20 m
deep, and two shallow cores, up to 4 m
deep, from across the delta plain, were
extracted and samples were collected for
luminescence dating. The luminescence
ages of sand-sized quartz grains were
obtained from small aliquots of quartz,
using the single aliquot regenerative
(SAR) protocol. Taking into account that
limited light exposure prior to deposition
and burial of the quartz grains may result
in incomplete resetting of the OSL
signal,
equivalent
dose
(De)
determination included a series of tests

P-261. Luminescence dating of
deltaic
deposits
from
Sperchios delta plain, Greece
Evangelos
Tsakalos(1,2),
Elias
(1)
Dimitriou , Maria Kazantzaki(2) and
Christos Anagnostou(3)
(1) Hellenic Centre for Marine Research,
Institute of Inland Waters, Anavissos, Greece
(2) Laboratory of Archaeometry, Institute of
Nanoscience and Nanotechnology, National
Centre for Scientific Research, N.C.S.R.
“Demokritos”, Athens, Greece
(3) Hellenic Centre of Marine Research,
Institute of Oceanography, Anavissos, Greece

During the last few decades, many
studies have been conducted regarding
the Holocene stratigraphic configuration
of several deltaic successions around the
Mediterranean. The majority of the
research is confined to seismic profile
interpretations,
geochemicalsedimentological studies, and tectonics
and geodynamics.
The Sperchios delta plain is located in
central Greece and covers an area of
121.5 km2. Previous studies in the area
have mainly been conducted regarding
the palaeogeography of the battle terrain
in ancient Thermopylae, particularly
concerning the reconstruction of the
shoreline position at the time of the battle
[1]. More recently, the palaeogeography
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(4) Ephorate of Antiquities of Laconia,
23100, Sparta, Greece
(5) Department of Archaeology, University of
Nottingham, University Park, Nottingham,
NG72RD, UK

and the employment of statistical
approaches for obtaining reliable De
estimates.
This work has been funded by GSRT through
KRIPIS project: 'Development of an
integrated management framework of river
basins and associated coastal and marine
zone', ESPA 2007-2013.

During the construction (2012-13) of the
motorway connecting Arcadia and
Laconia (Peloponesse, Greece), a large
part of an unknown prehistoric site was
excavated. This site named Nerakia
(Poroia), is located at the fertile plain of
the Eurotas river in the vicinity of
Pellana, approximately 18 km North of
Sparta and was controlling the passage
from the Megalopolis basin at the heart
of the Peloponnese to Sparta and finally
to the Gulf of Laconia. The rescue
excavation, undertaken by the E Ephorate
of Classical and Prehistoric Antiquities
revealed habitation horizons and
numerous storage pits dated from Late
Neolithic and Chalkolithic to Early
Helladic I and II periods. Among the
above constructions sediment layers of
varying thickness were found, which
were probably attributed to the nearby
stream called “Viros”. Stone tools both
polished and flaked, animal bones, metal
artifacts and great quantities of pottery,
forming a very good chronological
sequence, were retrieved during the
excavation.
To establish a definite chronological
picture, core samples from different
archaeological layers were sent for dating
to the Archaeometry Center of the
University of Ioannina. Small quantities
of soil were extracted from the corers,
under subdued light, were chemically
treated and measured for luminescence
and natural radioactivity. The Optically
Stimulated Luminescence (OSL) method
was used for dating of the samples.
Results revealed that the upper layer of
the archaeological site has an average age

[1] K. Vouvalidis, G. Syrides, K.
Pavlopoulos, S. Pechlivanidou, P. Tsourlos,
M-F. Papakonstantinou, Palaeogeographical
reconstruction of the battle terrain in Ancient
Thermopylae, Greece, Geodinamica Acta
23(5-6), 241-253, 2010a.
[2] S. Pechlivanidou, K. Vouvalidis, R.
Løvlie, A. Nesje, K. Albanakis, C. Pennos,
G. Syrides, P. Cowie, R. Gawthorpe, A
multi-proxy approach to reconstructing
sedimentary
environments
from
the
Sperchios delta, Greece, The Holocene 24,
1825-1839, 2014.
[3] K. Vouvalidis, G. Syrides, K.
Pavlopoulos,
M.
Papakonstantinou,
P.Tsourlos, Holocene palaeoenvironmental
changes in Agia Paraskevi prehistoric
settlement, Lamia, Greece, Quaternary
International 216, 64-74, 2010b.

P-262. Defining the time frame
of a prehistoric site near
Sparta, using OSL dating
method
K.C. Stamoulis(1,2), A. Papadimitriou(3),
L. Souchleris(4), A. Papayiannis(4), A.
Oikonomou(5) and K.G. Ioannides(1,2)
(1) Department of Physics, University of
Ioannina, 45110, Ioannina, Greece
(2) Archaeometry Center, University of
Ioannina, 45110, Ioannina, Greece
(3) Ephorate of Antiquities of Argolid,
Plateia Syntagmatos, 21100, Nauplion,
Greece
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of 4300 ± 1150 years before present
(2300 ± 1150 BCE) that matches to the
Early Helladic I and II period. Also two
samples from other deeper layers have
shown mean ages that correspond to
4400 ± 1600 BCE and 3800 ± 1200 BCE
which match to the Late Neolithic and
Chalkolithic period in Greece.

the promontory dates to the early
Hellenistic period (late 4th / 3rd century
BCE). For this purpose small stones from
the inner part of the walls of the relevant
complexes were collected, taking care
not to be exposed to daylight. The outer
2-4 mm layer of the stones was extracted
for OSL measurements.
This sampling was justified by the
assumption that during construction the
stones were exposed to sun light and thus
the outer part was bleached, setting the
chronological clock to “zero”. Then the
stones were included into the wall and
began to absorb dose from natural
radioactivity of surrounding soil and
stones.
The results show that the investigated
wall of the tower complex has a mean
age of 9 ± 250 CE which is consistent
with the assumption that it was built in
the Hellenistic period. The results for the
boulder-built wall of the prehistoric
acropolis showed a mean age of 5300 ±
1300 BCE, providing evidence that the
investigated wall was constructed in the
Final Neolithic / Early Bronze Age.

P-263. OSL dating of Final
Neolithic/Early Bronze Age
wall remains at Vathy,
Astypalea
A. Vlachopoulos(1), K.C. Stamoulis(2,3),
A. Oikonomou(4), I. Tsodoulos(2), C.
Papachristodoulou(2)
and
K.G.
Ioannides(2,3)
(1) Department of History and Archaeology,
University of Ioannina, Ioannina, 45110,
Greece
(2) Departmenet of Physics, University of
Ioannina, Ioannina, 45110, Greece
(3) Arcahaeometry Center, University of
Ioannina, Ioannina, 45110, Greece
(4) Department of Archaeology, University of
Nottingham, University Park, Nottingham,
NG72RD, UK

P-264.
Towards
dating
portable
paintings
using
colour pigments; preliminary
luminescence measurements
and study
of the
influence of heat to their
optical properties

In this study we present the preliminary
results from the dating of surface
architectural
remains
from
the
archaeological site at Vathy, Astypalea,
Greece. The remains were dated to
establish a time frame, using the
Optically Stimulated Luminescence
(OSL) method. Based on construction
techniques and surface pottery the
boulder-built circuit walls and retaining
walls of the acropolis is thought to date
to the Final Neolithic / Early Bronze Age
(c. 4th / 3rd millennium BCE), while the
tower complex that was built at the top of

V. Giannoulatou(1), L. Malletzidou(2), S.
Dimitriadis(2), B. Angeli(3),
T.T.
Zorba(2), N. Meriç(1), E. Şahiner(1), K.
Chrissafis(2), G. Kitis(3),
K.M.
Paraskevopoulos(2) and G.S. Polymeris(1)
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(1) Institute of Nuclear Sciences, Ankara
University, Beşevler 06100, Ankara, Turkey
(2) Solid State Section, Aristotle University of
Thessaloniki, GR-54214, Thessaloniki,
Greece
(3) Nuclear and Elementary Particle Physics
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Towards direct dating purposes, a
number of luminescence features, such as
sensitivity,
glow
curve
shape,
sensitization after repeated cycles
including irradiation and measurement,
bleaching ability as well as thermal
stability were studied for both cases of
TL as well as OSL. Nevertheless, since
the stimulation for luminescence
measurements includes either heating or
visible light, the influence of heating to
the corresponding optical properties has
been also included among the main aims
of the present study. The influence of
heating has been studied by applying
UV-Vis spectroscopy before as well as
after the application of differential
thermal analysis (TG-DSC); this latter
technique was applied in order to indicate
any possible phase transformation
induced by heating.
Most among the materials subjected to
the present study present TL glow curve
with shape that corresponds to natural
luminescent
materials
already
established, such as quartz, calcium
sulphate, etc. Preliminary results indicate
that blue pigments stand as very
promising
candidates
towards
luminescence
dating
of
portable
paintings, with the most prominent one
being the lapis lazuli.

A typical painting stratigraphy consists
of the substrate, the ground layer, the
painting layer(s) and eventually, in most
cases, the varnish layer. The ground layer
could be a very helpful tool for indirect
dating. Moreover, recently, specific
ground layer materials have been
reported as very promising tools towards
direct dating by luminescence [1]. The
present study follows on directly this
citation,
presenting
preliminary
luminescence measurements on colour
pigments of various basic colours, used
for painted artefacts since antiquity.
Sixteen different pigments were studied,
and their selection was based on their
chemical composition as well as their
colour tone; therefore mainly˙ pigments
consisting of silicate, aluminosilicate,
and carbonate content were preferred.
Preliminary measurements regarding
basic thermoluminescence (TL) as well
as optically stimulated luminescence
(OSL) properties were obtained, in order
to evaluate their potential use in dating as
well as authenticity testing.
The
chemical composition of these colour
pigments, which has been confirmed by
means of Fourier Transform Infrared
Spectroscopy (FTIR), in combination
with their wide spread use in artistic
laboratories
throughout
centuries,
constitute two powerful motivations for
further investigation of these materials
for luminescent dating purposes.

[1] G.S. Polymeris, G. Kitis, D. Afouxenidis,
I.K. Sfampa, N.C. Tsirliganis, A. Rousaki, E.
Kouloumpi, K.M. Paraskevopoulos, On the
feasibility of dating portable paintings:
preliminary luminescence measurements on
ground layer materials, Mediterranean
Archaeology and Archaeometry 13(3), 93103, 2013.
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Lesotho and in the Maclear District,
South Africa.
First, a detailed characterization using a
multi-instrumentation
protocol
(microscope, SEM-EDS, Raman and
FTIR spectroscopies) reveals a large
diversity in the pigments used with
hematite/red ochre and magnetite for red
paints; gypsum, calcite, two kinds of clay
(kaolinite and hectorite), and cremated
bones for white paints; soot, charcoal and
carbon-blacks for black paints.
Second, the same characterization
protocol makes it possible to select the
best candidates for radiocarbon dating
providing 46 dates on 14 sites.
Coupling dates and characterization,
preliminary patterns of pigment use in
the two regions were obtained suggesting
that some recipes were used for several
thousand years in the same region and
that the same recipe was in use at the
same time in the two regions.

P-265. The San artist palette:
New
insights
coupling
characterization and dating on
Lesotho and South African
rock paintings
Adelphine Bonneau(1,2), David Pearce(2),
Peter Mitchell(3,4), Daniel Arsenault(5),
Thomas
Higham(6)
and
Michel
(1)
Lamothe
(1) Laboratoire Lux/Centre de recherche
Géotop, Département des Sciences de la
Terre et de l’atmosphère, Université du
Québec à Montréal, CP 8888 Succ. CentreVille, Montréal, Québec, H3C 3P8, Canada
(2) Rock Art Research Institute, GAES,
University of the Witwatersrand, Private Bag
3, 2050, South Africa
(3) School of Archaeology, University of
Oxford, St Hugh’s College, Oxford, OX2
6LE, United Kingdom
(4) GAES, University of the Witwatersrand,
Johannesburg, South Africa
(5) Research Laboratory for Archaeology
and the History of Art, University of Oxford,
South Parks Road, Oxford OX1 3QY, United
Kingdom
(6) Centre interuniversitaire d’Etudes sur les
Lettres, les Arts et les Traditions, 279, rue
Sainte-Catherine Est, Montreal,H2X1L4

P-266.
Dyes
as
dating
markers: the case of the
“Coptic” textiles collection of
the “Museo Egizio di Torino”

The Later Stone Age rock art of southern
Africa is one of the best understood
traditions of rock art in the world. This
understanding comes from detailed
interpretative work using the extensive
San ethnographies available. In contrast,
little is understood of how the paint itself
was made, what it was made from, and
the age of these paintings remain mostly
unknown. As part of a large project of
paint characterization and dating, red,
white and black paints were analysed
from 30 sites in the Phuthiatsana Valley,

M. Gulmini(1), A. Idone(1), P. Davit(1), M.
Moi(1), M. Carrillo(1), C. Ricci(1), F. Dal
Bello(2), M. Aceto(3), M. Borla(4), C.
Oliva(5) and C. Greco(6)
(1) UniTo – Dipartimento di Chimica, Via P.
Giuria 5, 10124 Torino, Italy
(2) UniTo – Dip. di Biotecnologie molecolari
e scienze della salute, Via Nizza 52, 10126
Torino, Italy
(3) UPO – Dip. di scienze e innovazione
tecnologica, Via Michel 11, 15121
Alessandria, Italy
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(4) Soprintendenza Archeologica del
Piemonte, Piazza S. Giovanni 2, 10122
Torino, Italy
(5) Studio restauro Oliva, via Vanchiglia 15,
10124 Torino, Italy
(6) Fondazione Museo delle Antichità Egizie,
via Accademia delle Scienze 6, 10123 Torino,
Italy

analysis by HPLC-DAD-MS was instead
necessary to elucidate the family of the
insect dyes. i.e.: cochineal, kermes or lac
dye.
The overall results would indicate the
need of revisiting the picture on the age
of the textiles that emerges from the
stylistic attribution by taking into
consideration also the information that
derives from the detection of the dyes. In
general, a systematic investigation of the
age of the textiles by means of physical
methods would also be helpful in
defining a more robust model for linking
the age with the dyeing materials.

The occurrence of specific dyes in 1st
millennium AD textiles found in Egypt
has been tentatively linked to their age in
previous investigations [1]. This aspect
was considered here by revealing the
dyes employed in the collection, which
encompasses fragments from tunics,
household
textiles
and
dressing
accessories. Each find was dated on
stylistic bases, and the presence of finds
distributed from the Roman to the
Islamic period was assessed. About 200
textiles (carrying monochrome or
polychrome decorations obtained with
dyed wool) were considered. They were
all analysed in situ by non-invasive
spectroscopic
techniques
(UV-Vis
diffuse reflectance spectroscopy and
fluorimetry, both employing fibre optics).
Then, 33 samples were taken from
selected textiles, treated for extracting the
dyes and the solutions were analysed by
high performance liquid chromatography
coupled with photodiode array detection
and mass spectrometry.
As previously highlighted, the most
significant information for dating
purposes derives from red and purple
hues. A preliminary picture was obtained
here by the non-invasive spectroscopic
investigation, which allows us to cluster
textiles dyed with red dyes from plants
(such as madder) and with dyes from
scale insects. Moreover, purple textiles
obtained by combining a red dye and a
blue one, and those dyed by true shellfish
purple were recognized. Micro invasive

[1] A. Verhecken, Relation between age and
dyes of 1st millennium AD textiles found in
Egypt, in: A. De Moor and C Fluck (eds.)
Methods of dating ancient textiles of the 1st
millennium
AD
from
Egypt
and
neighbouring countries, 2007, 206-217.

P-267. U-Th dating and
paleoenvironmental
reconstructions for the late
Pleistocene
sedimentary
sequence in Kalamakia Cave
(Greece)
Elisabeth Barbetsea(1), Hubert
Vonhof(2) and Andreas Darlas(3)

B.

(1) Vrije Universiteit Amsterdam, The
Netherlands
(2) Sedimentology & Marine Geology
Department, Faculty of Earth and Life
Sciences, VU Amsterdam, The Netherlands
(3) Ephoreia of Paleoanthropology and
Speleology of Northern Greece, Ministry of
Culture

This study was focused on material
yielded from the Middle Palaeolithic
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Neanderthal locality, the Kalamakia cave
in the Mani Peninsula, Greece. The
objectives of the study were twofold. We
first attempted to improve the age model
of the sequence, based on Uranium-series
dating of carefully-selected stalagmites.
The complication for this analysis is that
most of the stalagmites are diagenetically
altered, located in the entrance of the
cave and in close proximity to the sea.
We further attempted to reconstruct the
paleoenvironmental
conditions
that
prevailed during deposition of the cave
sequence, by analysing the carbon and
oxygen isotope composition of the better
preserved tooth enamel of different
animal taxa and the speleothems.
The speleothem material recovered was
investigated in detail under the
petrographic microscope. Three samples
provided a single age for the base of the
sedimentary sequence in Marine Isotope
Stage 5c, and two ages of a stalagmite
from the middle of the sequence dating
back to MIS 5a.
The δ13C and δ18O isotope values show
that a Mediterranean C3-dominated
ecosystem was dominant in the entire
time interval studied, with a slightly
colder climate than the present and
higher humidity levels and precipitation.
The isotope values from the speleothems
indicated also periods with mixed C3/C4
vegetation cover, possibly influenced by
oscillations in the summer-winter
rainfall. Based on the variation in the
δ13C values, the C3 plant habitat may
have varied from closed-canopy forests
to open woodlands with shrubs and
herbs.
Thorough investigation of the tooth with
the application of different pretreatment
techniques [1, 2], in comparison to non
pre-treated samples, shows the isotope

signal in the teeth to be diagenetically
robust.
This project highlights the importance of
diagenetic screening of material used for
isotope analysis in cave settings.
Minuscule pieces of speleothem can
provide robust ages, and a wealth of
environmental information.
[1] H. Bocherens, O. Sandrock, O. Kullmer,
F. Schrenk. ,Hominin palaeoecology in Late
Pliocene Malawi: First insights from isotopes
(13C, 18O) in mammal teeth, S. Afr. J. Sci.
107, Art. #331, 6 pages, 2011.
[2] D. Dettman, D. et. al., Seasonal stable
isotope evidence for a strong Asian monsoon
throughout the past 10.7 m.y, Geology 29,
31–34, 2001.

P-268. The life history of a
tomb: AMS Dating of the
multiple
levels
in
the
Mycenaean tholos tomb of
Petroto
Olivia A. Jones(1), Hans van der Plicht(2),
Lena Papazoglou-Manioudaki(3) and
Michalis Petropoulos(4)
(1) Groningen Institute of Archaeology,
Groningen University, Poststraat 6,
Groningen 9711 NA, The Netherlands (2)
Center for Isotope Research, Faculty of
Mathematics and Natural Sciences,
Nijenborgh 4, Groningen 9747 AG, The
Netherlands
(3) National Archaeological Museum, 28th
October 44, Athens106 82, Greece
(4) Ephorate of Antiquities of Achaea,
Ypsilantou 197, Patras261 10, Greece

Mycenaean tholos tombs have been a
focus in Greek archaeology from the
antiquarian age to the present day. The
multiple burials found in these tombs
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often contain dateable artifacts allowing
archaeologists to understand the timing
of burial deposits. However, burials are
also found without artifacts and instead
must rely on radiocarbon dating. To date,
only one other tholos has been
radiocarbon dated (Kazanaki in Thessaly)
but no tholos with multiple burials in
different levels has been systematically
dated until this study [1].
The tholos tomb of Petroto, located in
Achaea, possesses eight burial levels.
Petroto is a prime case study for dating
multiple burial levels because although
there are many levels of use they are all
sequential as later burials did not disturb
previous depositions. Primary burials
were excavated from the top level and a
few middle levels, while other burials
were found in piles (anakomidi) or small
pits and the floor was found covered with
fragmented human and animal remains
and artifacts. The floor burial level has
been dated by ceramic chronology to the
Late Helladic IIB-IIIA1 (ca. 1520-1370)
[2, 3] and represents the initial phase of
burial activity.
Radiocarbon dating of human bone
samples from each burial level produced
two dateable samples. Although many
samples failed to produce preserved
collagen, the data fortunately allow us to
reconstruct the tomb use. The 14C dates
were obtained by AMS in Groningen
(GrA-64716 and 64717). A middle burial
level (Taphi Theta) was dated to 3105 +/35 BP (calibrated 1420-1305 BC) and the
final burial level (Taphi Thikis) was
dated to 2965 +/- 35 BP (calibrated 12551120 BC). Combining the dates for the
initial use with these new radiocarbon
dates suggest that the tomb was used
over a period of approximately 400 years
during the Mycenaean period, and never
used again.

[1] V. Adrymi-Sisamin, S. Alexandrou,
“Mycenaean Tholos Tomb in Kazanaki”,
Archaeological Work in Thessaly and Central
Greece (2) ,133-149, 2006.
[2] L. Papazoglou-Manioudaki, “Dishonoring
the Dead: The Plundering of Tholos Tombs
in the Early Palatial Period and the Case of
the Tholos Tomb at Mygdalia Hill (Petroto)
in Achaea.” Honoring the Dead in the
Peloponnese: Proceedings of the Conference
Held at Sparta 23-25 April 2009, edited by
Helen Cavanagh, William G. Cavanagh, and
James Roy, CSPS Online Publication 2.
http://www.nottingham.ac.uk/csps/opensource/hounouring-the-dead. aspx, 501–520,
2009.
[3] C.W. Shelmerdine, “Review of Aegean
Prehistory VI: The Palatial Bronze Age of the
Southern and Central Greek Mainland.”
American Journal of Archaeology 101 (3):
537–585, 1997.
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Charcoal
from
different
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conditions in methodological
aspect of dating
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The aim of the study is to investigate the
influence of chemical pretreatment on
charcoal and wood from different
environmental condition and preservation
state, in context of radiocarbon dating.
The pretreatment methods for AMS
radiocarbon dating are focus on
contamination issues and quality control
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[3] GJ. van Klinken, REM. Hedges,
Chemistry strategies for organic 14C samples.
Radiocarbon 40(1), 51–56, 1998.
[4] KM. Goh, BPJ. Molloy, Reliability of
radiocarbon dates from buried charcoals,
Proceedings of the 8th International
Conference on Radiocarbon Dating, Vol. 2,
1972.
[5] NR. Rebollo, I. Cohen-Ofri, R. PopovitzBiro, O. Bar-Yosef, L. Meignen, P.
Goldberg, S. Weiner, E. Boaretto, Structural
characterization of charcoal exposed to high
and low pH: implications for 14C sample
preparation and charcoal preservation,
Radiocarbon 50 (2), 289-307, 2008.
[6] D. Nawrocka, J. Czernik, T. Goslar, 14C
dating of carbonate mortars from Polish and
Israeli sites, Radiocarbon 51(.2), 857-866,
2009.

[1, 2, 3]. Most types of organic samples
are pretreated according to acid-base-acid
purification procedure. This three-step
treatmet with solutions of acid and base
removes humic and fulvic acids, and
secondary carbonates deposited in
organic fractions of sediments [1, 4].
The presented research concerned the
natural depositional charcoal, as well as
wood and charcoal from archaeological
site. The stability and structure of
analyzed materials are controlled after
every step of pretreatment by different
methods
e.g.
scanning
electron
microscope, differential thermal analysis
and weight losses of the samples [5].
The analyzed material comes from the
area of Great Poland (Wielkopolska).
The charcoal and wood fragments were
identified and the conditions of
sediments e.g. pH were monitored. The
scanning electron microscope was
applied for identification purpose and
observation of preservation state of the
samples [6]. Beside the methodological
aspect and observations of samples after
different stage of purification ABA
protocol, the results of radiocarbon
dating of charcoal and wood fragments
were compared with the relative
chronology established by archaeologists,
mainly basing on the typology of artifacts
or pottery. The history of the region
spread from the 6th c. BC till the Early
Middle Ages.

P-270. Selection of samples
suitable
for
radiocarbon
dating by in situ nondestructive analysis in the
prehistoric cave of Villars
(Dordogne, France)
L. Beck(1), D. Genty(2), F. Tereygeol(3)
and H. Valladas(2)
(1) Laboratoire de mesure du carbone 14,
LSCE/IPSL, CEA-CNRS-UVSQ, Université
Paris-Saclay, F-91191 Gif-sur-Yvette,
France
(2) Laboratoire des Sciences du Climat et de
l’Environnement, LSCE/IPSL, CEA-CNRSUVSQ, Université Paris-Saclay, F-91191
Gif-sur-Yvette, France
(3) Laboratoire Archéomatériaux et
Prévision de l’Altération, IRAMAT, NIMBE,
CEA, CNRS, Université Paris-Saclay, CEA
Saclay 91191 Gif-sur-Yvette France

[1] F. Brock, T. Higham, P. Ditchfield, C.
Bronk Ramsey, Current pretreatment
methods for ams radiocarbon dating at the
Oxford Radiocarbon Accelerator unit
(ORAU), Radiocarbon 52(1), 103–112, 2010.
[2] C. Bronk Ramsey, TFG. Higham, F.
Brock, D. Baker, P. Ditchfield, Radiocarbon
dates from the Oxford AMS system:
Archaeometry datelist 33, Archaeometry
51(2), 323–49, 2009.

Direct dating of prehistoric paintings is
playing a major role in Palaeolithic art
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studies. Very few figures can be directly
dated by radiocarbon since the necessary
condition is that they contain organic
carbon.
Caves and shelters in the Dordogne's
Vézère valley (South West France)
contain some of the oldest artworks.
Unfortunately, contrary to the Chauvet
and Cosquer caves (South East France)
where charcoal black was used to
decorate the walls, most of the black
pigments of the Dordogne parietal art are
composed of manganese oxides. For
these prehistoric sites, only bones and
charcoals found on the floor are datable
by radiocarbon. For the walls and the
paintings, it is then necessary to screen
the black drawings and marks in order to
find possible datable materials. Because
sampling is limited for the preservation
of the rock art, we propose to target the
suitable samples with portable analytical
systems. A portable X-ray fluorescence
(XRF) spectrometer has been used in the
Villars cave which contains several
prehistoric
paintings
stylistically
attributed to the Magdalenian period. The
portable X-ray fluorescence analyzer is
very compact, uses rechargeable battery
and is consequently very well adapted to
cave environment. However, due to the
absorption of the C-K line in air, the
presence of carbon cannot be directly
detected. A specific approach has been
developed and will be presented. A total
of 22 XRF analyses were performed,
revealing that 10 dark spots could contain
carbon. Among them, 5 samples were
collected for the first radiocarbon dating
of the parietal materials of the Villars
cave. Radiocarbon age results spread
between 17.1-22.1 ka confirming the
Paleolithic occupation of the site.
Finally, the capabilities of the XRF
portable analyzer will be compared to

other portable systems such as Raman
and X-ray diffraction.

P-271. Archaeometric analysis
of masnry techniques: The
Castle of Pedres in Olbia (13th
century)
C. Giannattasio(1), S.M. Grillo(1) and M.S.
Pirisino(1)
(1) DICAAR, Department of CivilEnvironmental Engineering and Architecture,
University of Cagliari, Cagliari (Italy)

This study is part of a research in
progress, focused on the fortified
architectures (11th-16th century), situated
in the Northern Sardinia, Italy.
The research aims to investigate them
through a multidisciplinary approach
based on the history of the architecture,
the survey and graphic representation, the
analysis of masonry techniques by an
archaeometric point of view, i.e.
dimensional, material and a constructive
point of view, paying particular attention
to the mineralogical characteristics of
components. The Castle of Pedres, built
in the 13th century and situated in the area
of Olbia, is an application of this
methodology.
The main aim of this research is to
analyse its masonries, underlining the
executive peculiarities, for the definition
of valid chronological benchmarks,
starting from the analysis of dated
structures that, as fossil guide, can
identify, date and consequently preserve
those buildings that are not yet dated.
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light, and use of them to create equations
depend on the time.
This survey creates a literature overview
about the use of accelerated aging studies
on cultural heritage, deviations of
damage functions, and life-time relations.
Findings will be presented by different
material types: Stone, metal and wood.
The effects of external compounds
(coatings, cleaners, pesticides, anticorrosion agents etc.) on aging properties
will be introduced. As a result we aim to
give the sense of the importance of this
technique to museum experts, scientists
and conservators.

P-272.
Accelerated
aging
studies on cultural heritage
Selen Ezgi Çelik(1) and Hanifi Saraç(1)
(1) Yıldız Technical University, Chemical
Engineering Department, 34210, Istanbul,
Turkey

Conservation and restoration of cultural
heritage consists of various of different
operations such as cleaning, repairing,
stabilizing, maintenance, monitoring and
so on. Preventive conservation is one of
the most important branches of that huge
tree. The American Institute for
Conservation of Historic and Artistic
Works (AIC) defines this as “the
mitigation of deterioration and damage to
cultural property through the formulation
and implementation of policies and
procedures for the following: appropriate
environmental conditions, handling and
maintenance procedures for storage,
exhibition, packing, transport, and use;
integrated pest treatment, emergency
preparedness
and
response;
and
reformatting/duplication
[1].
Some
researchers
divide
preventive
conservation by three classes: Primary
prevention: to avoid the causes of the
unwanted effect; secondary prevention:
monitoring that allow an early detection
of the symptoms of the unwanted effects,
tertiary prevention: allow avoiding
further spread of the damage or the
generation of new unwanted effects [2].
One of the most important issues about
preventive corrosion is the challenge to
predict the effects of the treatments in
long-term. Accelerated aging is probably
the most useful technique to deal with
this problem. It consists creating harsh
environmental conditions by changing
temperature, humidity and effect of UV

[1] P. Brimblecombe, Effects of the cultural
environment, Cultural Heritage Conservation
and Environmental Impact Assessment by
Non-Destructive Testing and Micro-Analysis,
11, 2005.
[2] K. Van Balen, Preventive Conservation,
International context of the PRECOM3OS
network.

P-273. Accelerated ageing of
acrylic, cyclohexanone-based
and urea-aldehyde polymers
used in paintings conservation
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(1) Department of Chemical Engineering,
National Technical University of Athens,
Heroon Polytechniou 9, 15780 Zografou,
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(2) Institute Nanoscience and
Nanotechnology, National Center for
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two acrylic polymers and the aldehyde
resin were found highly stable with
regard to their molecular condition, as
compared to the cyclohexanone-based
polymer, while all four polymers
displayed changes in their colour and
film
thickness.
Morphological
examination with SEM revealed features
(such as cracking) on the polymer films,
which significantly limit their use under
unstable
environmental
conditions.
Furthermore, the role of common
inorganic additives (such as TiO2) in the
commercially available materials was
investigated
by
comparing
their
performance with the presence and
absence of TiO2.

Natural resins have been used for
centuries as varnishes on painted
artifacts. During the 1950’s, synthetic
polymers were introduced in paintings
conservation due to their superior
resistance
to
degradation,
while
presenting optical properties comparable
to those of traditionally used natural
resins . However, after prolonged service
times, these polymers also undergo
deterioration. The objective of this
research is to assess the durability and
workability of four commonly used
polymers after accelerated ageing, in
order to finally estimate their service life
using a combination of analytical
techniques.
Among the polymers which are
commonly
used
in
paintings
conservation, Paraloid B72, Primal AC33
(both acrylic resins), Ketone Resin N (a
cyclohexanone-based resin) and Laropal
A81 (a urea-aldehyde resin) were
selected for this study. Accelerated
ageing parameters involved relatively
high temperature levels, daylight
radiation and high humidity levels.
An
analytical
methodology
was
established aiming at the study of
molecular changes in the artificially aged
materials in the form of films (using
FT-IR and UV-vis spectroscopy), and the
impact of these changes on their film
surface morphology (Scanning Electron
Microscopy, SEM), on their solubility
(solubility and swelling tests) and on
colour changes (spectro-colorimetry).
The results provided information on the
polymers’ degradation mechanisms and
their possible products as a result of
accelarated ageing. More specifically, the

P-274. Investigation on the
development of the use of
Natron salt in the ancient
Egyptian embalming practices
Maria Grazia Bridelli(1), Chiaramaria
Stani(1), Elena Ginevra Foresti(1),
Giancarlo
Salviati(2),
Antonio
(3)
(4)
Cacchioli , Rosa Boano , Stephen A.
Buckley(5), Matthew Collins(5) and Joann
Fletcher(5)
(1) University of Parma, Department of
Physics and Earth Sciences “M. Melloni”,
Parma, Italy
(2) Institute of Materials for Electronics and
Magnetism (IMEM) of the National Research
Council (CNR), Parma, Italy
(3) University of Parma, Department of
Veterinary Science, Parma, Italy
(4) University of Turin, Department of Life
Sciences and System Biology, Turin, Italy
(5) University of York, BioArch, Department
of Archaeology, Biology and Chemistry,
York, UK
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Artificial mummification of the bodies in
ancient Egypt was practiced making use
of Natron as dehydrating agent. It is in
the New Kingdom, specifically the 18th
Dynasty (c.1500-1300 BC), when a
solution of Natron was used to preserve
the elite, rather than dry natron salt as
previously supposed.
To test this hypothesis we have treated
pig skin with Natron prepared following
Sandison [1].
The skin was treated with salt in dry
conditions (covered with salt) and in the
liquid formulation (immersed in a salt
saturated solution, 4M, pH 10.93). Both
samples were maintained in an oven at
about 40°C for total 70 days to mimic the
Egyptian environmental conditions.
Fourier Transform InfraRed (FTIR)
spectra of pig skin treated with Natron
were studied in the OH stretching band
range (3800-3000 cm-1) and in the Amide
I and II region (1700-1500 cm-1), the
peptide backbone absorption region.
Both the features change in dependence
on the treatment with salt. In pig skin
maintained in salt solution, the changes
in the ν(OH) shape and the dramatic
increase in the Amide II band amplitude
with respect to Amide I suggested the
amino-group involvement in the collagen
conformational modifications produced
by salt. In pig skin treated with dry
Natron a continuous and regular decrease
of the ν(OH) intensity was observed as a
consequence of the water removal by the
salt but Amide II band did not change
significantly.
Parallel
SEM
measurements,
accomplished
by
recording
the
cathodoluminescence emitted by the
samples submitted to both the treatments,
monitored the time kinetic of salt
penetration in the tissues.

The main results obtained were
compared with those collected from
measurements on the skin of a human
volunteer successfully embalmed in
recent times [2] and on the skin
fragments of Egyptian mummies
belonging to the IV-XI Dynasties [3].
[1] A. T. Sandison (1963) Journal of Near
Eastern Studies 22:259-267.
[2]
http://www.mirror.co.uk/news/weirdnews/mummifying-alan-taxi-driver-alan86266.
[3] C. Stani, A. Baraldi, R. Boano, R.
Cinquetti, and M. G. Bridelli (2014). J. Biol.
Res. 87: 2133, 26-28.

P-275.
Conservation
and
rewrapping of ibis mummy
from late period
Ahmed Abedellatif(1), Ahmed Tarek(1),
Akram Taha(1) and Sayed Gomaa(1)
(1) Conservator at Grand Egyptian Museum
– Conservation Center (GEM-CC)

The ancient Egyptians believed in life
after death and mummified their dead to
preserve the body for ‘eternity. They not
only mummified humans, they also
mummified a great variety of animals.
The ancient Egyptians mummified many
more animals than humans. The study of
ancient Egyptian animal mummies is
varied and extensive. The study of
ancient Egyptian animal mummies
informs us on: The animal world of the
ancient Egyptians, The relationship
between the ancient Egyptians and their
animals and the role of animals in ancient
Egyptian cult and religion. Animal
mummies basically fell into four
categories: (a) to allow beloved pets to
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[1] A. Ahmed Abdellatif, B. Ahmed Tarek,
C. Akram Taha and D. Sayed Gomaa,
Conservation and Rewrapping of ibis
mummy from late period, Journal of Journals
1(1), page 1, year 2016.

go on to the afterlife; (b) to provide food
in the afterlife; (c) animals with
connections to specific deities such as
baboons and ibises; and (d) votive
mummies, that served the same purpose
of votive candles burned in churches
except they lasted much longer.
The Sacred Ibis (Threskionis aethiopicus)
once lived in Egypt and is depicted in
many ancient Egyptian wall murals and
sculptures. The ibis cult was established
primarily during the Ptolemaic and
Roman periods and was dedicated to the
god of wisdom, Thoth. The number of
mummified ibises is extraordinary.
Saqqara alone is estimated to contain
nearly 500,000 of these mummies and is
also thought to have produced 10,000
mummified offerings per year. In
addition, approximately four million ibis
burials have been uncovered at the
catacombs
of
Tune
el-Gebel.
Mummification of the ibis included
desiccation and evisceration. Usually, the
head and neck of the bird were bent
backwards and pressed on the body. The
body was then dipped in tar and wrapped
tightly with linen.
The mummies showed different of
deterioration and degradation caused by
many factors such as, excavation
environment,
bad
storage,
microorganisms (bacteria, fungi and
insects) such as missing parts, gaps,
breaks, tears and thermal degradation in
the linen wrappings, and accumulated
dust.
This study is about conservation and
rewrapping one of ibis mummy in Grand
Egyptian Museum Conservation Centre
(GEM-CC) Human Remains Lab. This
ibis mummy was examined by visual
assessment and stereo microscope to help
us in conservation process.

P-276.
Interdisciplinary
assessment of an unknown
substance, found inside the
wood cells of the waterlogged
piles from the foundation
substructure
of
the
“Byzantine” sea fortification
of Thessaloniki
Dimitris Tsipotas(1)
(1) Technological Educational Institute of
Thessaly, Karditsa branch. Faculty of Wood
and Furniture Design and Technology; Pella
Archaeological Ephorate, Edessa;
dtsipotas@yahoo.gr

The sea fortification of Thessaloniki
imposingly rose across the sea front of
the city until 1870. The structure started
from the “Harbor Tower” and ended at
the renowned “White Tower”. During the
last decades, its remains are recovered
underneath the present urban fabric. In an
excavation in proximity to the present
pier under the supervision of the 9th
Ephorate of Byzantine Antiquities, a
large part of the wall’s initial phase
substructure, dated to the first half of the
7th century AD, was unearthed alongside
its successive phase. This second
reinforcing phase is bedded on wet,
sandy soil, founded on wooden piles
inserted vertically in the sediment. The
uncovered foundation of an adjacent
tower also preserves similar wooden
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the wood’s cell walls of the surface zone,
initiated thoughts about a preservative
application, prior to the piles’ initial use.
Thus, further analytical techniques
comprising
SEM,
molecular
spectroscopic analyses and a range of
GC-MS and HPLC analyses, were
applied,
in
order
to
facilitate
interpretation
of
the
unknown
“preservative” and further continuation
of the project.

piles and floor planks amongst its
masonry.
The study and preservation of the
wooden elements acquired unique
importance since, after the decision of
the Greek Ministry of Culture, all the
unearthed antiquities will be conserved
and displayed in situ. The revised
architectural
plans
propose
their
presentation in the constructed building’s
lower level, through openings and glass
screens.
An ongoing project for the complete,
interdisciplinary assessment, in order to
aid to the piles archaeological
interpretation, evaluate the natures and
degrees of their decay and thus assess
conservation applications and in situ
preservation
methodologies,
was
initiated. Optical microscopy techniques,
non
destructive
and
destructive
mechanical techniques and laboratory
chemical analyses were implemented at
the faculty of “Wood and Furniture
Design and Technology”, Technological
Educational Institute of Thessaly,
Karditsa branch. A range of innovative
imaging
techniques
were
also
implemented at the faculty of
“Management and Preservation of
Cultural and Ecclesiastical Objects”,
University Ecclesiastical Academy of
Thessaloniki. Accordingly, radiocarbon
dating was implemented at the National
research centre of natural sciences
“Demokritos”, Athens.
The preliminary results and discussion
are mentioned briefly in this article. The
superior macroscopic preservation view
of the surface zone as well as its better
physical and chemical properties [1],
rather than the other way round reported
in literature [2], as well as optical
microscopy
observations,
clearly
showing an unknown substance inside

[1] Tsipotas D., Chatzioannidis A., Skarvelis
M., Manoudis P. and I. Karapanagiotis.
(2013)
“Complete,
interdisciplinary
analytical study on waterlogged wood
samples from the wooden substructure of the
Byzantine sea fortification of Thessaloniki.
Preliminary results and discussion”. “2nd
International Conference on Biodeterioration
of Wood and Wood Products” (BWWP)
April 24-27, 2013, Tartu, Estonia.
[2] Gelbrich J., Mai C., Militz H. (2008).
Chemical changes in wood degraded by
bacteria. International
Biodeterioration & Biodegradation 61: 24-32.

P-277.
Technology
and
pathology of first wallpapers
imported into Iran during
Qajar period
Narges
Pedram(1)
Minoueipour(2)

and

Roxana

(1) Laboratory of Codicology Studies (Iran)
(2) University of Applied Arts Vienna

Wallpapers remained from Qajar period,
dating back to the years 1280 (Hejira)
corresponding to 1863 (A.C), may be
considered as the first wallpapers
imported into Iran which were used for
decorating and ornamenting houses of
noblemen and aristocrats. There are well369
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P-278. Characterization of 17th
century glues: Further studies
of mended ceramics from
George
Washington’s
boyhood home

grounded documents with regard to the
imports of these types of papers, in
documents related to Haj Mohammad
Hassan Amin Al-Zarb who is considered
as one of the outstanding and
distinguished
merchants
during
Nasereddin Shah and Mozafareddin Shah
Periods.
Therefore, regarding the longevity,
oldness and antiquity of papers, studying
their technology process can be very
fruitful.
Studying the type of fibers and colors by
chemical
wet
method,
optical
microscope, infrared spectrum equipped
with ATR (FTIR- ATR) and also
scanning electron microscope (SEM) will
provide more useful information on
manufacturing these types of papers.
Also, by studying used raw materials,
proper and appropriate methods can be
applied for preserving and repairing
wallpapers. Since a sample of these kinds
of wallpapers remained on the wall of a
house belonging to Qajar era up to the
present time, pathological studies of
these remnants can provide enough
information available for enthusiasts and
researchers due to the elapse of time and
their oldness. In this study, samples of
wallpaper remained from Qajar period
are examined meticulously. In the same
direction, type of fibers of paper,
pigments used in its imprints and also
glue applied for pasting wallpaper on
wall have been identified. By studying
separate parts of wallpaper and also
installed wallpaper, various paths
imposed on wallpaper have been studied
within the process of time.
At the end, a design or a scheme is
presented for repairing and preserving
wallpapers dating back to Qajar period.

Daniel Fraser(1), Mara Kaktins(2) and
Ruth Ann Armitage(3)
(1) Department of Chemistry and Physical
Sciences, Lourdes University, 6832 Convent
Blvd, Sylvania, OH 43560 USA
(2) George Washington Foundation, 268
Kings Highway, Fredericksburg, VA 22405
(3) Department of Chemistry, Eastern
Michigan University, 541 Science Complex,
Ypsilanti, MI 48197 USA

Excavations at Ferry Farm, which was
home to the Washington family from
1738-1772, uncovered ceramic fragments
that show evidence of having been
mended before they were discarded.
Some type of glue or cement was used to
make the mends. In the 18th century,
glues were prepared from a variety of
recipes that often incorporated animal
hide, resins, and dairy products. Replica
glues based on 18th century recipes were
prepared to create a comparative
database for the analysis. Minute portions
of the historic samples were investigated
by two different ambient ionization mass
spectrometry techniques – paper spray
ionization and direct analysis in real time
ionization – as well as Fourier transform
infrared spectroscopy to determine their
state of preservation and composition.
FTIR spectra of the glue residues show
that little organic material remains in the
historic glue samples. Acid hydrolysis
followed
by
DART-MS
shows
statistically
significant
traces
of
hydroxyproline in the historic glues,
which may be indicative of the presence
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of collagen. Further studies with paper
spray mass spectrometry seek to
determine if any traces of intact proteins
or peptides characteristic of casein or
collagen are ongoing.

bronze artifacts in Shang Dynasty and
Eastern Zhou Period, which were
excavated in Henan Province of China.
Analysis techniques applied include
pyrolysis gas chromatography and mass
spectrometry with thermal assisted
hydrolysis
and
methylation
(THM-Py-GC/MS), as well as GC/MS
with derivatization reagent of Meth Prep
II. Lacquer was found as binding agent in
Shang Dynasty Turquoise-inlay objects
due to the identification of marker
compounds of urushi including 1,2dimethoxy-3-pentadecylbenzene, methyl
6-(2,3-dimethoxyphenyl)
hexanoate,
methyl
7-(2,3-dimethoxyphenyl)
heptanoate
and
methyl
8-(2,3dimethoxyphenyl)
octanoate,
while
maker compounds of mastic resin
including 3-oxo-olean-18-en-28-oic acid,
3-oxo-olean-12-en-28-oic acid and ursa2,12-dien-28-oic acid were identified in
the samples from two turquoise-inlayed
bronze pots, indicating mastic resin was
used as the binding agent. However,
beeswax was identified as binding agents
to inlay turquoise onto a bronze sword
from Eastern Zhou Period.

P-279. The binding agents
used to inlay turquoise on
Bronze objects in different
periods of ancient China
Shuya Wei(1), Yuling He(2), Benxin Cui(3)
and Guoding Song(4)
(1) Institute of Historical Metallurgy and
Materials, University of Science and
Technology Beijing, 30 Xueyuan Road, China
(2) Institute of Archaeology, Chinese
Academy of Social Science, 27 Wangfujing
Street, Beijing, China
(3) Institute of Archaeology of Nanyang,
Changjiang Road, Nanyang city, China (4)
Department of Archaeology and
Anthropology, University of Chinese
Academy of Science, 19 Yuquan Road
Beijing, China

Turquoise is a hydrous phosphate of
copper and aluminum, (CuAl6(PO4)4
(OH)8 4H2O), which was highly valued
and used as ornaments in ancient time in
China due to its beautiful colour. In the
last decades, many precious turquoiseinlaid artifacts were found by
archaeologist from noble tombs. After its
presence to the public, the technique of
how the turquoise inlay was made highly
attracted the attention of the people. It
will be interesting to study the samples
from different times and areas to see
whether different binding agents were
used to inlay turquoise. This paper
presents the analyses results of the
binding agents used in Turquoise-inlay

P-280.
Experience
in
determining the origin of
refossil amber from the
excavations in Rusian towns
Inna N. Kusina(1), Olga V. Zhelentsova(1)
and Katarzyna Kwiatkowska(2)
(1) Institute of Archaeology, RAS, Moscow
(2) Museum of the Earth, PAN, Warsaw

In the Middle Ages amber trade was
widespread all over the Eastern Europe.
The major amber consumers in 12th –
371

KALAMATA, 15-21 MAY 2016
first third of 13rd с. were in cities. In
2008 a store of 207,4 kg of amber was
found by the expedition of IA RAS in the
capital of the northern-eastern Rus’
Vladimir-upon-Klyaz’ma. The collection
of amber, discovered in this Rusian town,
is the largest not only in Russia, but in
the whole Europe in Middle Ages in
general. This report is the result of the
Russian-Polish project, which was
carried out jointly by researchers from
the Museum of the Earth (PAN, Warsaw)
and the Institute of Archaeology (RAS,
Moscow).
The amber cluster whose size is 6 square
m and width up to 24 cm was recorded as
a blanket layer without any other
inclusions at the bottom of the pit. Most
of the amber undergone thermal effects.
The fire is connected with the tragic
events of 1238 when the town was
devastated by the Mongols. The
conclusion of the existing of the
construction in 13th c. has been approved
by radiocarbon dates.
Trasological evidence analysis showed
that raw amber was checked for quality.
There are traces of found on some amber
pieces. The natural oxides coverings
were ripped off by the instruments. Facts
confirm that amber was colored before
being sold, as described by Al-Biruni.
One of the main questions – from where
the amber could come to Rus` – from the
Baltics or from the Dnieper region.
Infrared spectroscopy of 74 samples of
amber from Vladimir finding was made
to address the problem of the Vladimir
amber source. The absorption bands
diagnostic for succinite (Baltic amber)
were registered in the IR spectra of the
samples. X-ray fluorescence analysis of
the
qualitative
and
quantitative
composition of trace elements was
carried out to determine the region where

the studied amber was mined. X-ray
fluorescence analysis show that the set of
trace elements of "Vladimir" amber is
similar to set of trace elements of Baltic
amber.
The morphological features
confirm this fact.
The conducted analysis of finds from
Gnezdovo, Smolensk, ancient Beloozero,
Bulgar hillfort, Novgorod, Kiev and Old
Ryazan` showed that all of them contain
such quantity of sulphur that is typical to
the Baltic deposits (according to the
published sources). Such research for the
monuments of Rus` was conducted for
the first time. The analysis of the
elemental composition led to the
conclusion that in the investigated amber
sulfur content corresponds to Baltic
amber.

P-281. Awls, needles, pins in
graves: Early Bronze Age
bone objects of personal use
under the microscope
Kinga Winnicka(1)
(1) Institute of Archaeology, University of
Wrocław; ul. Szewska 48, 50-139 Wrocław,
Poland

This paper aims to present the results of
microscopic evaluation of Early Bronze
Age bone artefacts coming from two
sepulchral sites in south-eastern Poland.
Those objects are associated with male
and female graves of the so-called epiCorded Ware cultural complex, an EBA
phenomenon distinctive for Central and
Eastern Europe. This research is
significant because personal objects
made of bone originating from this
context have not been studied
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extensively, yet they can provide many
insights into the past societies in which
they were manufactured and used. These
problems encompass e.g. raw material
economy and bone technologies, but also
more elusive problems such as identity,
social roles, beliefs and symbolism.
The main objective of the study was to
distinguish use-wear traces on the surface
of the artefacts and on this basis establish
how the objects were used – as tools
(awls, needles) or functional ornaments
(pins for hair or clothing). The artefacts
were examined microscopically, using
mainly metallographic microscopes (low
and high power approach; under a range
of magnifications ≥50×). Principal part of
the analyses was conducted at the
Laboratory for Artefact Studies, Leiden
University, Netherlands.
Main results of the microscopic anlysis
are as follows:
- Microwear traces differ between
working areas (distal end) and handling
areas (proximal end) of the object;
- Microwear on working areas differs
between objects;
- On some objects the degree of
microwear polish is substantial.
Using LU’s extensive experimental
reference collection, it was possible to
establish which of the artefacts were used
as tools (mainly for working of organic
materials) and which as functional
ornaments.
This study reveals the close relationship
between humans and objects made of
bone in the past. These artefacts
constituted as intrinsic element of human
life: they were used extensively – as tools
and ornaments and were placed in graves
with people whom they aided in daily
activities. It is also worth underlining that
use-wear analysis by microscopic
examination, a cheap, available and non-

destructive archaeometric method proved
to be a beneficial approach in regard to
this category of artefacts.

P-282. Characterisation and
analysis of a set of artefacts
from the Pylos Archaeological
Museum
Μ. Kylafi(1), T. Katakos(1), S. Boyatzis(2),
E. Palamara(3) and N. Zacharias(3)
(1) Ephorate of Antiquities of Messinia,
Ministry of Culture and Sports, 24100,
Kalamata, Greece
(2) Department of Conservation of
Antiquities and Works of Art, Technological
Educational Institute of Athens, Agiou
Spyridonos, 12242 Egaleo, Greece
(3) Department of History, Archaeology and
Cultural Resources Management,
University of the Peloponnese, 24100,
Kalamata, Greece

The present study focuses on the analysis
of four unique artefacts from the Pylos
Archaeological Museum. The items are
rod-shaped, with a varying length
between 10 and 25 cm and present
complicated
decorative
patterns
recovered from a tomb complex of the
Hellenistic period. Three of the rods have
a brown colour and one has a white
external surface. The microscopic
examination of these items suggested that
they are composite materials made by
both an organic and metal parts.
However, prior conservation attempts of
the objects further complicated the
identification of the materials used. Thus,
a more thorough analysis of the artefacts
was deemed necessary in order to
identify the materials used, the
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(2) Wiener Laboratory, American School of
Classical Studies at Athens ASCSA, 54
Souidias st., 106 76 Athens, Greece
(3) McDonald Institute for Archaeological
Research, University of Cambridge,
Cambridge CB2 3ER, UK
4Protohistoire Egeenne, Arscan-UMR 7041,
Paris, France
(5) Theoretical and Physical Chemistry
Institute, National Hellenic Research
Foundation, Athens, 11635, Greece
(6) Institute of Materials Science, N.C.S.R.
“Demokritos”, 15310, Aghia Paraskevi,
Attiki, Greece

technology applied and to suggest a
likely function for each artefact.
The rods were initially analysed in situ
using a portable XRF set. Moreover,
microsamples removed during the
restoration work were undergone further
analysed using SEM/EDS and Raman
spectroscopy. The analysis suggests that
the three brown rods are made of an iron
core, forming a characteristic cellular
network. Their external surface is
covered in a calcitic substance, which in
many areas forms well defined crystals.
The white rod shows distinctly different
chemical characteristics. The core is
made of a calcitic substance, most
probably animal bone, based on the high
concentration of phosphorus. The bone
core is covered by a thin layer of lead
mixed with silica.
The chemical analysis lead to a better
understanding of the properties of the
samples, which can in turn allow the
suggestion of hypotheses for the likely
function of these unique artefacts.

The identification of burnt bone through
the study of features such as colour has
been one of the most commonly used
methods in zooarchaeological research.
Nevertheless, the need for analytical
techniques is increasingly being called
for, since black coloring of skeletal
remains can be caused by burning,
mineral staining, decomposition of the
organic components of bone, or a
combination of any of the above [1, 2, 3].
Although numerous authors have
suggested the use of analytical
techniques in order to distinguish burnt
and un-burnt bone instead of their
identification based mainly on colour,
many such attempts have been made
without reaching yet a methodological
consensus. This project aims to offer a
protocol for the identification of burning
in osteological material, by combining
innovative techniques within a multidisciplinary perspective.
The Neolithic lake settlement of
Dispilio, NW Greece (5400 – 3500 BC)
provides a good case study. The
macroscopic analysis of the bones has
not been sufficient in identifying burning
from staining, given that the animal
bones have been recovered from a soilmatrix that is very rich in charcoal and

P-283. Fire in the lake?
Differentiating
between
burned and stained bones
within a lake environment:
The case of the Neolithic lake
settlement of Dispilio, Greece
Elizabeth Stathopoulou(1,2), Nellie Phoca
Cosmetatou(3),
Tatiana
Theodoropoulou(4), Myrto Mallouchou(1),
Georgios D. Chryssikos(5), Vassilis
Gionis(5) and Vassilis Psycharis(6)
(1) Department of Historical Geology &
Palaeontology, Faculty of Geology &
Geoenvironment, University of Athens,
Panepistimiopolis, 15784 Zographou, Greece
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ash, but at the same time waterlogged
and organic.
Numerous modern analytical techniques
were applied on a selection of Dispilio
bones (44 fish and 18 mammal bones),
including Optical Microscopy, Scanning
Electron Microscopy (SEM) combined
with X-ray Microanalysis (EDXA),
X-ray
Diffraction
(XRD)
with
complementary Rietveld Analysis and
Infrared Spectroscopy techniques (ATR
and NIR), bulk chemical analyses
(ICP-MS) in order to conclude on the
origin of their colouration. Chemometric
modelling has also been employed. The
results on the histology, mineralogical
and chemical composition, crystallinity,
structural parameters and the alterations
of all the above, due to diagenesis but
also due to possible burning, will be
presented and their correlation to the
archaeological context discussed.

P-284.
Recrystallization
pathways of fossil bones in
Sudan: An FTIR study using
the Grinding Curve method
Gregorio
Dal
Sasso(1,2),
Yotam
(1,2)
Asscher , Ivana Angelini(3) and
Gilberto Artioli(1,2)
(1) Dipartimento di Geoscienze, Università di
Padova, Padova, Italy
(2) CIRCe – Centro Interdipartimentale di
Ricerca per lo Studio dei Materiali Cementizi
e dei Leganti Idraulici, Università of Padova,
Italy
(3) Dipartimento di Beni Culturali:
Archeologia, Storia dell'Arte, del Cinema e
della Musica, Università of Padova, Padova,
Italy

The mineral fraction of bone, namely
carbonated hydroxyapatite, is an unstable
biogenic
nano-crystalline
material
including pervasive ionic substitutions
and vacancies within the crystal
structure. Together with the high surface
area this makes it very susceptible to
recrystallization. After burial the
structure and composition of bones alter
greatly, recrystallizing into a more
thermodynamically stable and ordered
structure. Assessing the preservation
state of bones provides valuable
information on the diagenetic history and
burial environmental conditions, as well
as on the suitability and significance of
samples for isotopic studies aiming at
migration, climate reconstructions, and
dating. Local and extended atomic
disorder differences between biogenic
apatite crystals can be identified using a
new infrared spectroscopy approach [1].
Here we show how repeated grinding of
the sample for Fourier transform infrared
(FTIR) spectroscopy changes the

[1] Chadefaux, C., Vignaud, C., Chalmin, E.,
Robles-Camacho, J., Arroyo-Cabrales, J.,
Johnson, E. & Reiche, I., Color origin and
heat evidence of palaeontological bones :
Case study of blue and gray bones from San
Josecito
Cave,
Mexico,
American
Mineralogist ,94: 27-33, 2009.
[2] Shahack-Gross, R., Bar-Yosef, O. &
Weiner, S., Black-coloured Bones in
Hayonim Cave, Israel: differentiating
between burning and oxide staining, Journal
of Archaeological Science, 24: 439–446,
1997.
[3] Stathopoulou, E., Theodoropoulou, T. &
Phoca-Cosmetatou, N., Black fish bones in
waterlogged deposits: the case of the
Neolithic lake settlement of Dispilio, Greece,
Archaeofauna, 22:51-74, 2013.
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particles size and therefore the width of
the peaks in the absorption spectrum. The
resulting changes can be monitored
through the splitting factor index (SF),
whose correlation trend with the grinding
procedure characterize the crystallinity of
the specimen. In this research we
compare
the
crystallinity
of
archaeological bones that were buried in
arid conditions in Sudan to modern and
archaeological bones that were buried in
arid to temperate climates in Israel. We
show that the recrystallization pathways
in Sudan bones differ greatly depending
on the local burial environments, and that
they correlate to regional climatic
changes between humid and drier
conditions. The proposed method to
assess
crystallinity
and
the
recrystallization
process
can
be
extensively applied to archaeological
bones as a pre-screening method to select
suitable samples for stable isotope
studies and radiocarbon dating.

cross-cultural analysis of the dietary
signatures of four coastal cultures of
prehistoric Peru. The methodologies
were a
combination of elemental
analysis based on portable X-ray
fluorescence
spectrometry
(pXRF),
testing trace elements presented in 209
individuals’ skulls representing the
Nazca (38), Cañete (33), Lima (40), and
Moche (98) valleys and/or cultures of the
first millennium AD, and those trace
elements were weighed in conjunction
with isotope ratio mass spectrometry
(IRMS) to analyze human bone collagen
and bone apatite derived from a portion
of the individuals represented in the
Nazca, Cañete, and Lima cranial
samples. The Smithsonian Institute’s
Museum Support Center provided the 98
Moche skulls which were analyzed using
only pXRF.
Evidence from the results of both tests
were weighed using descriptive statistics
supported with bivariate correlations and
linear regression to determine that the
pXRF data on the trace elements
strontium (Sr), barium (Ba), and iron (Fe)
could be used to present potential for
accurately portraying diet of those
Moche individuals represented in this
sample. Limitations to this research
included a paucity of samples made
available for the destructive analysis
necessary for assessing stable isotopes.
While relationships were demonstrated
based on the few (19) bone collagen
samples included, the bone apatite
samples (40) demonstrated a significant
improvement in achieving statistically
significant beta values for establishing a
relationship between standardized units
of trace elements and standardized units
of carbon isotopes.
Additional hypotheses tested in the
dissertation included the potential for

[1] Y. Asscher, S. Weiner, E. Boaretto,
Variations in Atomic Disorder in Biogenic
Carbonate Hydroxyapatite Using the Infrared
Spectrum Grinding Curve Method, Advanced
Functional Materials 21(17), 3308-3313,
2011.

P-285. Combining pXRF and
stable isotope analysis in
assessing
ancient
coastal
Peruvian diets
Theresa J. Gilbertson(1) and Robert H.
Tykot(1)
(1) University of South Florida

This presentation is on multi-method
archaeometric research which explored a
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practices prevalent during the 5th-8th
century AD in southern Portugal are
investigated using stable C and N
isotopic composition (δ13C and δ15N) of
faunal bone collagen. The animal
remains analyzed come from three
different archaeological sites, situated in
the north, middle and south Alentejo
region – while Horta da Torre and Monte
da Cegonha were villae with Roman and
Palaeochristian occupation, Mértola
represents an important religious and
trading centre located on the Guadiana
river.
Samples were taken from compact bones
of a suite of domestic and wild species,
ranging from adult animals of various
trophic levels, i.e., herbivores, omnivores
and carnivores. Carbon and nitrogen
isotopic ratios recorded in bone collagen
can provide information on the type of
plant ingested as well indication on the
trophic levels. Feeding and husbandry
strategies (grazing/foddering), as well as
agricultural practices (crop manuring)
used during the Late antiquity period are
addressed, combining bone collagen
δ13C and δ15N values in combination
with the results obtained through a
zooarchaeological study. Additional
information related to habitat types and
local nitrogen sources will also be
discussed.
The
results
of
this
study/comparison will be used for
establishing the isotopic ecosystem
baseline and variability which can be
used for further discussion of the
subsistence strategy of contemporaneous
humans from nearby sites.

preferential diets based on sex, age, and
status during the Early Intermediate
Period. While there was no significant
statistical difference in diet based on age
in any of the individual valley datasets,
there was one valley, Nazca, which
showed a considerable variation in diet
based on sex.

P-286. Decoding stable C and
N isotopes in domestic and
wild animals recovered from
Late Antiquity sites of
southern Portugal
Cristina Barrocas Dias(1), Anne-France
Maurer(1), Lucija Šoberl(1), Patricia
Saragoça(1), André Carneiro(2), Maria
Conceição Lopes(3), Susana Gomez(3,4)
and Maria João Valente(5)
(1) HERCULES Laboratory, Évora
University
(2) Departamento de História e Centro de
História de Arte e Investigação Artística
(CHAIA), Évora University
(3) Centro de Estudos de Arqueologia, Artes
e Ciências do Património (CEAACP),
Coimbra University
(4) Campo Arqueológico de Mértola, Mértola
(5) Departamento de História, Arqueologia e
Património, Algarve University

Traditional Roman animal husbandry and
agricultural
practices
are
well
documented in literary sources. In
practice their archaeological visibility
can
sometimes
be
limited.
Archaeozoological and palaeobotanical
studies from recent years have shown
that
the
Romans
developed
a
multifunctional system in which plant
and animal husbandry were intertwined.
In this study, animal management
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archaeological examples. In both stable
isotope and radiocarbon dating analyses
of collagen, the collagen fingerprints
from the acid-soluble fractions were of
good quality in successful samples and
appeared to be a useful screening
technique for the latter. Compatibility
with aDNA analysis was less straightforward but complementarity shown
through its ability to improve targets for
PCR primers. Results from combining
such techniques will be presented with
examples from across Eurasia and North
America dating back to the Middle
Palaeolithic, highlighting the value in
unlocking a wide range of information
from currently uninformative collections
of archaeological faunal remains.

P-287. Collagen fingerprint
analysis
for
species
identification in conjunction
with
other
bioanalytical
methods in archaeometry
Mike Buckley(1)
(1) Manchester Institute of Biotechnology,
131 Princess Street, University of
Manchester, M1 7DN, UK

Recent years have seen the uptake of
proteomic methods within archaeological
science, particularly focussing on the
species identification of organic tissues
such as bone, a technique we sometimes
refer to as Zooarchaeology by Mass
Spectrometry
(ZooMS).
Initially
developed to successfully separate
between domesticate animals such as
sheep and goat, our latest research into
the taxonomic resolution of ZooMS
indicates it to be a useful method for a
wide range of wild taxa, improving our
understanding of human-environment
interactions. Identification is usually to
the genus level but in some groups this
can also extend to the species level. The
main advantages of proteomic over
ancient DNA (aDNA) methods is the low
cost, amenability to high-throughput
analysis, potential for non-destructive
sampling, and the chronological range up
to several millions of years. Although
these advantages are widely appreciated,
one that is not commonly utilised is its
compatibility with other bioanalytical
methods in archaeometry such as
radiocarbon dating, stable isotope
analyses and screening prior to aDNA
research.
The goals of this research were to
explore the advantages and disadvantages
of each methodological combination with

P-288. The last European
elephant: The histological
approach
Mallouchou M.(1), Stathopoulou E.(1),
Mitsopoulou V.(1) and Theodorou G.(1)
(1) Department of Historical Geology &
Palaeontology, Faculty of Geology &
Geoenvironment, University of Athens,
Panepistimiopolis, 15784 Zographou, Greece

Palaeoloxodon tiliensis n.sp., previously
known as Elephas tiliensis, who lived on
Tilos island between 50.000 and 3.500
years BP, is considered to be the last
European insular elephant [1, 2]. Its
probable ancestor was the continental
Elephas (Palaeoloxodon) antiquus [3].
Continuous advances in the field of bone
microanatomy have permitted its
application in various scientific topics,
including those of palaeontology and
taphonomy. The study of bone histology
renders possible the examination of
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Dodecanese,
Greece).
Quaternary
International 2015. 379: p. 4-13.
[2] Theodorou G, et al., Elephas tiliensis n.
sp. from Tilos island (Dodecanese, Greece).
Hellenic Journal of Geosciences, 2007. 42: p.
19-32.
[3] Poulakakis N, et al., Molecular Phylogeny
of the extinct Pleistocene Dwarf Elephant
Palaeloxodon antiquus falconeri from Tilos
Island, Dodecanisa, Greece. Journal of
Molecular Evolution, 2002. 55: p. 364-374.
[4] Ezra H and Cook S, Histology of
Mammoth bone. Science 1959. 129(3347): p.
465-466.
[5] Rogoz A, et al., Diagenetic history of
woolly mammoth (Mammuthus primigenius)
skeletal remains from the archaeological site
Cracow Spadzista Street (B), southern
Poland. . Palaios, 2012. 27(8): p. 541-549.

fossils under the prism of ontogeny,
skeletal development and biomechanical
function, while diagenetic processes are
also reflected on a microstructural
level [4, 5].
The objective of this study is to assemble
the
aforementioned
histological
potentials and to apply them on
Palaeoloxodon tiliensis, in order to
conclude concerning bone growth, age
maturity, distribution of mechanical
stress and the observed histotaphonomic
alterations. To do so, only the compact
bone of hind limbs of Palaeoloxodon
tiliensis (Tilos, Greece) and Elephas
(Palaeoloxodon) antiquus (Megalopolis,
Greece) was selected. All samples were
studied both by optical and scanning
electron microscopy. In order to achieve
an holistic examination, specimens from
a modern elephant were chosen in means
of comparison.
Fossil bones from Tilos displayed
excellent preservation. Hence, the
detailed observation of microstucture
equally allowed
their
qualitative
histological
and
quantitative
histomorphological examination. As a
result the palaeohistological profile of
Palaeoloxodon tiliensis is provided.

P-289. Observations on the
inner morphology of os
petrosum of island endemics
with the use of microCT
Dionysia Liakopoulou(1), Anneke H. van
Heteren(2) and George E. Theodorou(3)
(1) University of Lille 1 Sciences and
Technologies-UFR Earth Sciences, Avenue
PaulLangevin 59655 Villeneuve d’Ascq
Cedex France, ntenia@gmail.com
(2) Universität Bonn Steinmann Institut
Bereich Paläontologie Nußallee 8 53115
Bonn Germany Anneke.vanHeteren@unibonn.de
(3) National Kapodistrian University of
Athens, Subfaculty of Geology and
Geoenvironment,Museum of Palaeontology
and Geology, Panepistimiopolis, 15784
Athens, Greece, gtheodor@geol.uoa.gr

The present research has been co-financed by
the European Union (European Social FundESF) through the Operational Program
"Education and Lifelong Learning" of the
National Strategic Reference Framework
(NSRF)- Research Funding Program:
MIS380135 THALES: Reinforcement of the
interdisciplinary and/or inter-institutional
research and innovation and Greek National
Funds of Special Account of Research Grants
of National and Kapodistrian University of
Athens(70/3/10323).

The aim of this study is to visualize and
quantify precisely the complexity of
insular mammal inner ear structures,
using
high
resolution
computed

[1] Mitsopoulou V, et al., Digitizing,
modelling and 3D printing of skeletal digital
models of Palaeoloxodon tiliensis (Tilos,
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tomography. This study focuses on
imaging the shape of the bony labyrinth
as well as its semicircular canals, based
on seven petrosal bones by Elephas
Tiliensisand Phanourios minor that were
imaged
using
microcomputed
tomography and processed with Avizo
8.1. Shape and size analysis of the
cochlea allow us to access morphological
differences between species and the
abilities that can offer to each one.
Complementing, the significance of the
semicircular canalscan be found on the
basis that as part of the vestibular
apparatus of the inner ear, are involved
with the detection of angular motion of
the head for maintaining balance and
movement
behavior.
Especially
measuring the angular distances and the
dimensions of inner ear components can
show as the variation in each species
abilities in balancing and in different
frequencies they were able to hear.
Comparisons with previous studies will
be made and we will comment on the
microCT approach. We are inclined
tobelieve that the approach presented
here has great potential in future studies
as there is little known in this subject.

P-290.
Peptide
Mass
fingerprinting
for
identification of wild silks in
archaeological contexts
Ruth Ann Armitage(1)
(1) Department of Chemistry, Eastern
Michigan University, Ypsilanti, MI 48197
USA

Visual identification, by either optical or
electron microscopy, is the most
commonly
applied
method
for
differentiating fibers prepared from
cocoons of the domesticated silkworm
(Bombyx mori) from what is called “wild
silk”, obtained from a variety of different
insects. These include the Eri, Tussah,
and Muga silks native to parts of India.
While the morphology of fresh silks can
readily distinguish between the various
types, archaeological fiber objects –
including textiles and cordage – are often
degraded and even coated with organic or
mineral contamination. Knowing the
origin of silks provides clues about the
trade and technology of ancient people.
Indeed, controversies abound concerning
the identity of fibers excavated from
Bronze Age tombs in Europe that have
been visually identified as silk.
Silk, like wool, is made up of protein
fibers, and the sequence of the fibroin
protein should be unique to the various
different insect sources. Peptide mass
fingerprinting by MALDI-MS of trypsin
digests prepared from silk fibers obtained
from a variety of different silkworm
species shows reproducibly significant
differences. Ongoing work seeks to use
LC-MS/MS to sequence the identified
peptides and correlate them to portions of
published silk fibroin sequences.
Preliminary results on historic silk textile

This research is financed by Greek national
funds of Special Account of Research Grants
of Nationaland Kapodistrian University of
Athens (70/3/10323).
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fibers showed peptide mass fingerprints
consistent with those obtained from
domesticated Bombyx mori silk. Future
work will investigate the effects of
sample size and soil or metal ion
contamination.

the paleo-climate of a region. Teeth and
bone are, also, frequently examined by
SEM-EDS
to
study
diagenesis
pathologies, and other phenomena.
In this work was evaluated the soil
composition of some archaeological soil
obtained by using this technique
correlating results with chemical soil
analyses and analyses of artefacts found
in the stratigraphic unity.
Results obtained showed a good
connection between all data confirming
the uniqueness of the excavation.

P-291.
SEM-EDS
and
chemical archaeological soil
analysis:
Analytic
collaboration for an accurate
data interpretation
Scrano
L.(1,2),
Bernardo
G.(1),
(3)
(3)
Acquafredda P. , Eramo G. , Laviano
R.(3) and Sogliani F.(2)

P-292.
Evaluating
the
potential of NPP advanced
statistical analysis for the
detection
of
human
palaeoecological
imprint
detection: The record of Lake
Orestias and Dispilio Lake
settlement (NW Greece)

(1) Department of European Cultures
(2) Archaeology School of Matera, University
of Basilicata
(3) Heart Science and Ge-oenvironment
Department, University of Bari, Italy

Scanning Electron Microscopy Energy
Dispersive Spectrometry (SEM-EDS) is
one of the most versatile analytical
techniques in archaeology, applicable to
the study of a wide range of inorganic
and organic artefacts and archaeological
materials. SEM imaging and analysis is
experiencing a renaissance in all fields of
archaeological studies: many researchers
use this technique to analyze rocks,
minerals
and
sub-millimetre-sized
fragments samples with only minimal
damage. Layers of mineral-based
pigments and plasters can also be studied
with an electron beam that can be
focused to microscopic sizes as also a
wide variety of biological materials ex.
pollen (Pilcher 1968). This continues to
be a popular application, especially to
reconstruct the vegetation history and/or

Panagiotis S. Adam(1,2) and Katerina
Kouli(3)
(1) Institut Pasteur, Department of
Microbiology, Unit Biologie Moléculaire du
Gène chez les Extrêmophiles, 75015 Paris,
France, panagiotis.adam@pasteur.fr
(2) Université Paris Diderot, Sorbonne Paris
Cité, Paris, France
(3)
Faculty of Geology and
Geoenvironment, National and Kapodistrian
University of Athens, Panepistimiopolis,
15784 Ilissia, Greece, akouli@geol.uoa.gr

Non-pollen palynomorphs (NPPs) are
used, in conjunction with pollen data, in
palaeoenvironmental studies providing a
robust
alternative
source
of
palaeoecological information, especially
when past human activity is considered.
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settlement of Dispilio, Kastoria, Northern
Greece. Geoarchaeology 26(1), 83-117, 2011.

NPPs include a wide variety of organicwalled microfossils like fungal, algal,
insect or small invertebrate remains and
plant tissues.
The present study explores the potential
for utilisation of advanced numerical
analysis of palynomorph data using the
G25 core record from Lake Orestias [1]
in the vicinity of the Dispilio Neolithic
lake settlement [2]. The pollen and NPP
record has been examined and discussed
in the framework of multiproxy
geoarchaeological studies [3] and in
comparison
of
on-site
off-site
archaeopalynological records [1]. To
complement previous studies, we
attempted an interpolation of available
data to evenly spaced. This allowed for
time-series analysis for each NPP type in
raw and interpolated data, as well as
cross-correlation for taxa with a mostly
consistent presence in the sediments.
This
combination
highlighted
a
previously unreported interplay in the
ecologies of algal taxa, and increased
resolution in human activities in the area,
particularly a putative presence before
the Middle Neolithic occupation, and
minor abandonment/destruction events in
more recent years.

P-293.
Unusual
plant
molecules
preserved
in
Neolithic and Protohistoric
ceramic vessels
L. Drieu(1), S. Mirabaud(2), P. Pétrequin(3),
A.-M. Pétrequin(3), D. Binder(1), K.
Peche-Quilichini(4), T. Lachenal(4) and M.
Regert(1)
(1) Université Nice Sophia Antipolis, CNRS,
CEPAM, UMR 7264, 06300 Nice, France
(2) INP, Institut National du Patrimoine,
93210 Saint-Denis, France
(3) Maison des Sciences de l’Homme et de
l’Environnement C.N. Ledoux, CNRS &
Université de Franche-Comté, 32 rue
Mégevand, 25030 Besançon Cedex, France
(4) ASM – Archéologie des Sociétés
Méditerranéennes, UMR5140, Univ
Montpellier 3, CNRS, MCC, 34000,
Montpellier, France

Organic residues analysis on 200 ceramic
vessels
from
sites
of
various
environmental
and
archaeological
contexts were achieved to understand the
exploitation of natural resources and
pottery use. At the Neolithic lacustrine
site of Clairvaux XIV and the
protohistoric Corsican site of Cuciurpula,
2/3 of the vessels displayed preserved
lipidic material while it was detected in
only 1/3 of the vessels from two
Neolithic sites in the south of France
(Grotte Lombard and Abri Pendimoun).
Where lipids were very well preserved
due to anaerobic conditions (Clairvaux
XIV) or acidity of the sediment
(Cuciurpula), classical biomarkers of
animal adipose and dairy fats, beeswax

[1] K. Kouli. Plant landscape and land use at
the Neolithic lake settlement of Dispilió
(Macedonia,
northern Greece).
Plant
Biosystems-An International Journal Dealing
with all Aspects of Plant Biology 149(1),
195-204, 2015.
[2] Y. Facorellis, M. Sofronidou, G.
Hourmouziadis. Radiocarbon dating of the
Neolithic lakeside settlement of Dispilio,
Kastoria, Northern Greece. Radiocarbon
56(2), 511-528, 2014.
[3] P. Karkanas, K. Pavlopoulos, K. Kouli,
M. Ntinou, G. Tsartsidou, Y. Facorellis, T.
Tsourou. Palaeoenvironments and site
formation processes at the Neolithic lakeside
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and plant exudates were recognized.
More surprisingly, detection of preserved
unsaturated
triacylglycerols
and
coexistence of both palmitate and
stearate esters demonstrate the use of oily
and waxy plant materials in some vessels
[1].
Only few ceramic vessels from sites of
south of France produced interpretable
data (mostly animal fats) due to the poor
preservation
conditions.
However,
uncommon alkane series were recognized
and tentatively identified as plants
residues submitted to high temperature
process [2]. Such alteration is thought to
happen during firing of ceramics with
organic temper or clay with heavy
organic content.
Because of their high susceptibility to
degradation processes, plant biomarkers
are
rarely
identified
in
usual
archaeological contexts [3]. This range of
analysis highlighted specific preservation
of plant material linked to environmental
contexts and pottery production.

P-294. A new approach for
functional study of Argaric
pottery (c. 2250-1950 BC)
through organic residues
analysis (GC/MS; GC-CIRMS)
and
volumetric
capacity estimation
Elena Molina-Muñoz(1)
Velasco-Felipe(1)

and

Carlos

(1) Department of Prehistory. Autonomous
University of Barcelona (Spain)

The Argaric Society was developed
during the Early Bronze Age (c.22001550 BC) in the south east of the Iberian
Peninsula, becoming one of the first
States societies in continental Europe [1].
They had such a characteristic pottery
repertory, with hightly standardized types
distributed in 8 elemental forms [2].
Nevertheless, the ceramic vessels have
been
always
studied
from
a
morphometric point of view, not from its
functional dimension.
In this context, we carried out an
interdisciplinar study focused on the use
of argaric vessels based on organic
residues
analysis,
by
gas
chromatography/mass
spectrometry
(GC/MS) and chromatography coupled to
isotope ratio mass spectrometry (GC-CIRMS) [3], and mesurements of its
volumetric capacities [4].
The combination of data generated from
these studies let us confirm that there's a
relation between volumetric capacities
and content.
In this sense, for example, there are many
300 ml standardized bowls which have
been analyzed, normally resulting not in
animal but vegetal content. It could be
interpreted as ration units related with a

[1] E. Ribechini, et al., Gas chromatographic
and mass spectrometric investigations of
organic residues from Roman glass
unguentaria, Journal of Chromatography A
1183(1), 158-169, 2008.
[2] G. Wiesenberg, E. Lehndorff, L.
Schwark, Thermal degradation of rye and
maize straw: lipid pattern changes as a
function
of
temperature,
Organic
Geochemistry 40(2), 167-174, 2009.
[3] R.P. Evershed, Experimental approaches
to the interpretation of absorbed organic
residues in archaeological ceramics, World
Archaeology, 40(1), 26-47, 2008.
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controlled distribution of cereals or its
derivatives between the population.

to food consumption would be found
from early to late phases at
Liangchengzhen. Rice and meat from
mammals,
especially
pigs,
were
hypothesized as the most likely types of
prestigious foods for daily and ritual
activities, while fish and marine foods
were hypothesized as foods that average
households
could
obtain
since
Liangchengzhen was close to rivers and
the sea.
Pottery was sampled from Early Phase
storage/trash and hypothesized ritual pits
as well as Late Phase storage/trash and
hypothesized ritual pits located in
Excavation Area One. Lipid residue
analysis on pottery types ding, guan, and
yan
was
performed
using gas
chromatography/mass
spectrometry
(GCMS) to quantify the amount of C15
and C17 alkane peaks in the pottery and
to compare these quantities to the amount
of C15 and C17 alkane peaks in
terrestrial and marine food reference
sources.
Results indicated that socially valued
food consumption transitioned from
marine food sources in the hypothesized
early phase ritual pits to rice and pig in
the hypothesized late phase ritual pits.
Millet and plant residues were
consistently present in storage/trash pits
from both early and late phases. Findings
also indicated that the use of pottery
types for cooking were not limited to one
food source. Results of the lipid residue
analysis provide partial support of
increasing social inequality with respect
to food consumption from early to late
phases at Liangchengzhen,

[1] V. Lull, R. Micó, C. Rihuete, R. Rishc,
The La Bastida fortification: new light and
new questions on Early Bronze Age societies
in the western Mediterranean, Antiquity,
88(340), 395–410, 2014.
[2] E. Siret, L. Siret, Las Primeras Edades del
Metal en el Sudeste de España, Vol. 2006,
1890.
[3] E. Molina-Muñoz, La Producción
Cerámica En El Sudeste de La Península
Ibérica Durante El III Y El II Milenio ANE
(2200-1550 Cal ANE): Integración Del
Análisis de Residuos Orgánicos En La
Caracterización Funcional de Los Recipientes
Argáricos, Doctoral Thesis Published, 2015.
[4] C. Velasco Felipe, Valoración Y
Viabilidad de La Estandarización de Las
Capacidades Volumétricas Argáricas a Partir
de Los Contextos Cerámicos de Los
Yacimientos de La Bastida Y La Tira Del
Lienzo (Totana, Murcia), Master Thesis
Published, 2012.

P-295.
Liangchengzhen
consumption patterns: A lipid
residue analysis
Rheta E. Lanehart(1)
(1) Department of Anthropology, University
of South Florida, 4202 E. Fowler Avenue,
Tampa, FL 33620

Patterns of food consumption are
intimately linked to economy, social
organization, culture, and identity. This
study investigated the different patterns
of food consumption across space and
time at Liangchengzhen, a Longshan (ca.
2600-1900 B.C.) site located in
Shandong Province, China. The primary
hypothesis contended that evidence of
increasing social inequality with respect
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ritual/feasting, and exploitation of plant
and animal resources in the region.
Preliminary findings from this ongoing
analysis will be presented.

P-296. Organic residue results
from Ayia Triada Cave,
Euboea: Further evidence for
feasting?
Rachel Vykukal(1)

P-297. Analysis of organic
residues on Sicilian prehistoric
pottery via SEM-EDX and 1H
NMR spectroscopy

(1) University of Tennessee, Knoxville

Details about the Early Bronze Age
inhabitants of Southern Euboea, the
island that flanks mainland Greece to the
east, have remained elusive to
researchers. Only scant settlement
remains dating to the Early Bronze Age
have been excavated in the region.
However, the site of AyiaTriada Cave
presents an exceptional opportunity to
expand what we know about these
inhabitants. Evidence for multiple burials
were found in the cave dating to the
Early Bronze Age II (EBII) period.
Curiously, the individuals were buried
atop burnt, but well preserved
macrobotanical and faunal remains,
smashed pottery, and bronze items.
Mavridis and Tankosic suggested that
feasting occurred in the cave prior to the
burials, but further evidence is needed.
This study explores possible food and
drink consumption at Ayia Triada Cave
through the chemical residue analysis of
its pottery. Samples of jars, storage pots,
and bowls were collected and analyzed to
determine their original organic contents
using gas chromatography and mass
spectrometry (GC/MS), a technique
which separates complex organic
mixtures into constituentcompounds for
identification. Absorbed residues were
confirmed in the samples. Organic
residue results were incorporated into
previous analyses of the plant and animal
remains. This study aims to shed light on
Early Bronze Age diet, funerary

Enrico Ciliberto(1), Donatella Capitani(2),
Enrico Greco(1), Valeria Di Tullio(2),
Domenica Gullì(3), Paolo Trapani(4) and
Davide Tanasi(5)
(1) University of Catania, Department of
Chemical Science, cilibert@unict.it,
egreco@unict.it
(2) National Research Council-Institute of
Chemical Methodologies,
donatella.capitani@cnr.it,
valeria.ditullio@cnr.it
(3) Soprintendenza BB.CC.AA. di Agrigento,
domenica.gulli@regione.sicilia.it
(4) Independent researcher,
trapanipaolino@gmail.com
(5) Arcadia University, The College of
Global Studies, tanasid@arcadia.edu

A growing trend in prehistoric
archaeological research is represented by
the attempt to reconstruct dietary habits
and ancient cuisine via the application of
different
archaeometric
approach.
Certainly successful is the analysis of
organic residues on ancient pottery,
possibly coming from secure and not
contaminated
contexts.
In
this
perspective, such study about prehistoric
Sicily is in its infancy due to the lack of
proper data.
This contribute aims for the first time to
chemical characterization of organic
residues on the evidence provided by two
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recent cases study: the assemblage of
containers from Bellitti and Di Milia
galleries within the Monte Kronio cave
(Sciacca Agrigento), dated to Late
Copper Age (second half of the 3rd
millennium
BC),
investigated
in
November 2012 and the set of cooking
vessels
from
Sant’Ippolito
hill
(Caltagirone, Catania), related to Early
Iron Age (11th – 9th century BC),
excavated in 1990 but studied just in
2015.
All samples were studied with a multianalytic approach. In the first phase
SEM-EDX has been used in order to
obtain images in a micrometric scale and
elemental mapping. Afterwards, through
an extraction procedure of the organic
residues, they are characterized using 1H
NMR liquid spectroscopy. The data
obtained were processed by one or twodimensional techniques, to get the
fingerprint of the organic molecules and
trace the original natural substances
contained in organic residues.

While the the Neolithic period is well
documented in the Balkans, the Aegean
and the Central Anatolia, much less was
known about this period in the
geographically
interjacent
Western
Anatolian region. It is only over the last
two decades or so that a number of
excavations of prehistoric sites in
Western Anatolia has started to shed light
on this hitherto elusive period. These
recent excavations have started to
provide archaeological sequences for
filling the ‘gap’, covering the Neolithic
period and its transition to the
Chalcolithic. To these belong the sites of
Ulucak, Limantepe, Gülpınar, ÇineTepecik, Yeşilova and Uğurlu, all of
which are included in an ongoing
TUBİTAK funded project covering the
time period beetween 5600/55004500/4000 BC (TUBİTAK 114K271),
This project, apart from establishing,
corroborating
and
synchronizing
chronologies, seeks to investigate this
crucial period in also in terms of craft
production and subsistence strategies. It
examines – between others – similarities
and variability in material culture and
technology, thus aiming to trace not only
networks of exchange, but also of ideas
and knowledge transmission.
Within the framework of the above, a
targeted investigation into the ceramic
production at the above sites has been
initiated. The analytical programme is
founded upon ceramic petrology, not
only to identify potential imports though
comparison with local geology, but –
importantly - also to investigate local
potting traditions. Scanning electron
microscopy is employed on selected
sherds aiming at the study of pottery
firing and decoration. Here we present
first results of our analyses of pottery
from the site of Ulucak Höyük, located

P-298. Pottery traditions and
innovation at Ulucak Höyük,
Western
Anatolia:
Investigating
the
Neolithic/Chalcolithic
transition through ceramic
analysis (c.6000-5400 calBC)
N.S. Müller(1), E. Kiriatzi(1) and Ö.
Çevik(2)
(1) Fitch Laboratory, British School at
Athens, Souidias 52, Athens 106 76, Greece
(2) Trakya University, 22030 Edirne, Turkey
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25km east of İzmir in west-central
Turkey. The pottery analysed includes a
range of open and closed shapes, plain
and decorated (burnished, pattern or
grooved burnished, incised and – rarely –
painted) ware. Analyses focus on pottery
from the Early Chalcolithic period (74
samples) but also included are
comparative samples from the Late
Neolithic period (26 samples), aiming at
shedding light on a short ‘gap’ identified
in the settlement’s sequence among these
periods. Ultimately, the integrated
analytical approach to the study of
ceramic technology from a number of
sites in this pivotal region will provide
the
background
for
a
better
understanding of the extent and nature of
social networks and connectivity within
and beyond the region, at a time of farreaching socio-economic changes.

system was used in the dating of
morphologically non-diagnostic material.
In each period, the surrounding coastal
settlements, which include Petras, Ayia
Photia,
Palaikastro,
Zakros
and
Makrygialos have well studied ceramic
sequences, many of which have been
studied by thin section petrography in
order to reconstruct exchange patterns
and production technology. The same
methodology has been applied to the
Ziros Survey, revealing familiar fabric
recipes from the Final Neolithic and clear
evidence of the mobility of ceramic
products over the landscape.

P-300.
Studying
ceramic
technology
from
inside.
Micro-CT scanning of a
pottery
assemblage
from
Middle
Neolithic
Sesklo
(Thessaly, Greece)

P-299. Once upon a time in the
East: Ceramics and the Ziros
Survey

Jannis Kozatsas(1), Kostas Kotsakis(1),
Dimitris Sagris(2) and Konstantinos
David(2)

Laure Van Grootel(1), Keith Branigan(1),
Martina Dalinghaus(1), Peter Tomkins(1)
and Peter M. Day(1)

(1) Department of Archaeology, School of
History and Archaeology, Aristotle
University of Thessaloniki, Greece
(2) Department of Mechanical Engineering,
Technological Education Institute of Central
Macedonia, Serres, Greece

(1) Department of Archaeology, University of
Sheffield, Northgate House, West Street,
Sheffield, S1 4ET, UK

The Ziros Survey, conducted between
1994 and 1996 produced a wealth of
ceramic and other material from the two
upland basins of Lamnoni and Katelionas
in the highlands of Eastern Crete. Three
main phases of occupation were detected,
broadly the Neolithic occupation of the
landscape, the Bronze Age (Minoan), and
Graeco-Roman. A macroscopic fabric

Pottery primary forming techniques have
remained
one
of
the
most
underdeveloped fields in ceramic studies.
The reason for that should not be simply
attributed to certain research biases but it
is essentially connected with the
difficulty of achieving highly informative
insights into the pots’ inner structures in
a non-destructive way.
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Macroscopic examination can offer
constrained and topologically restricted
information (mainly profile points) about
manufacturing traits of the pots. There is
thus a need for the application of a
systematic methodology which will add
invaluable new knowledge to primary
forming techniques.
The recent developments in industrial
Computed Tomography have opened an
innovative field for the ceramic
technology studies. The goal of our
current research is to investigate the
potential of building up an elaborated
determination of primary forming
techniques features, using as case study a
pottery assemblage from MN Sesklo,
Thessaly. Voids and inclusions analysis,
estimation of joins and cracks in the
ceramic material along with the
possibility of visualization of the total
inner microstructure of the pots in
limitless 2D virtual ‘thin sections’ as well
as in 3D representations of the entire
item’s volume offer powerful means for
specifying the characteristics of the
construction units of the pots (e.g. coils,
slabs, clay lumps etc.) and for decoding
the potters’ sequential gestures while
preparing the material and building the
roughout of the vessels.

This work presents the preliminary
results of an analytical study conducted
on domestic pottery and clayey
sediments from two Early Neolithic sites
of the Marche region (VI mill. BC).
Portonovo-Fosso Fontanaccia is located
on the Conero promontory, near the
Adriatic coast, while Esanatoglia-Piani di
Calisti in the piedmont hills of the
Apennine Mountains. The two selected
settlements are respectively dated to the
first and to the second phase of the
Adriatic Impressed Ware Culture.
Their analysis points to increase
understanding on pottery manufacturing
processes, which are almost unknown for
this period. This study aims in particular
to highlight the raw materials selection
and technological specialization and to
investigate synchronic and diachronic
variability in pottery technology,
identifying common traits and different
solutions
adopted in the
area.
Petrographical (OM), mineralogical
(XRPD) and chemical (XRF, SEM/EDS)
analysis were performed on 69 ceramics
and local/proximal clayey sediments
samples.
The petrofacies identified in pottery and
sediments account for the exploitation of
alluvial deposits available close to the
settlements, although the geological
complexity makes difficult to exclude a
priori other provenances in the same
region. The strong compositional

P-301. Raw materials and
technological choices in the
Early
Neolithic
pottery
production of the Marche
region (Italy)
Chiara La Marca(1), Giacomo Eramo(2),
Italo Maria Muntoni(3) and Cecilia Conati
Barbaro(1)
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variability shows a non-standardized raw
material selection system, suggesting low
selectivity for raw materials and
technological specialization, with the
exception of figulina pottery. The use of
sources located at various distances from
the settlements could suggest the
presence of possible local networks
between groups spread on a small
territory.

radiocarbon dated. The identification of
clay sources would allow us to gain
insights into Neolithic society and
movement/exchange
between
sites.
Amongst our questions: was the
manufacture of pottery under the control
of a few sites or did every site or group
of sites have its own local industry? How
widely did ceramics circulate during the
Neolithic of the Tavoliere? Was the
production of finewares a centralised or a
dispersed activity? How far are the clay
sources from the sites at which ceramics
made from that clay were found?
Portable XRF (pXRF) spectrometry was
used to analyse the trace elements (Rb,
Sr, Zr, Y, Nb) present in both clays and
ceramics non-destructively. Over 1200
sherds have been analysed, photographed
and recorded and the resulting data have
been integrated in a GIS environment.
These data can be statistically analysed to
show which clay sources were being used
at particular sites, and whether ceramics
made with particular clays can be found
at some distance from their source.
Discriminant function analysis of the
riverine clay sources has allowed the
identification of the likely clay sources
for more than 600 of the ceramic
samples. Together with typological data
in the GIS these source identifications
have allowed us to use network analytic
techniques to begin to identify sourcing
and exchange structures.
We have found that Passo di Corvo style
finewares are made from a limited
number of clays compared to other types
of pottery, indicating craft specialisation
and the movement of ceramics. We can
also show that sites have ceramics made
from a number of clay sources that are
not local. The movement of raw clays is
not considered likely -the movement of
finished ceramics and/or the movement

P-302. Pots and people of the
Neolithic Tavoliere: Insights
into ceramic production and
exchange from pXRF analysis
Keri A. Brown(1), Craig Alexander(2),
Kyle P. Freund(3), Italo M. Muntoni(4) and
Robert H. Tykot(5)
(1) Manchester Institute of Biotechnology,
University of Manchester, Manchester M1
7DN, UK
(2) McDonald Institute for Archaeological
Research, University of Cambridge,
Cambridge CB2 3DZ, UK
(3) Indian River State College, Fort Pierce,
FL. 34981
(4) Soprintendenza Archeologia della Puglia,
74100 Taranto, Italy
(5) Department of Anthropology, University
of South Florida, Tampa, FL 33620-8100,
USA

The Tavoliere plain in Puglia, SE Italy,
saw agricultural settlement a little more
than 8,000 years ago: almost certainly the
earliest Neolithic in Italy. Our aim was to
identify the clay sources used in the
manufacture of Neolithic pottery from
settlement sites in the Tavoliere. Over
800 Neolithic (c.6200-4000 BC) ditched
enclosures are known from this region,
but relatively few have been excavated or
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of potters with expert knowledge,
perhaps through exogamy, is a more
likely explanation for the presence of
non-local clays on most settlement sites.
Thus, pXRF spectrometry is able to give
insights into the movements of people
and/or finished products in the Tavoliere
Neolithic.

XRF, texture and pores by computer
tomographic and optical microscopy and
by phase analytics using XRD and
optical microscopy. The chemical data
are
statistically
processed
using
agglomerate hierarchical clustering and
calculated to normative mineral contents
implying the selection of temper
chemistry and Fe2+/Fe3+ ratios. The
interpretation of original and reduced
data are leading to characterizations of
raw materials, their treatment, and the
fabric, temper and firing conditions of
the pottery related to macroscopic facts
as e.g. sherd forms, colors and grain
sizes, thicknesses and caving. While the
stylistic signatures are unambiguous, our
studies do not show any interdependency
of stylistic and technological signatures.
Therefore the technology has to be
discussed due to the appliance for a
communication of cultural identity with
individual and collective agencies.
Corresponding
explanations
imply
questions of acculturation, acquisition
and hybridization delivering arguments
for autochthon and allochthon impulsions
respectively. Our multi-methodically
produced data are used to install
iconographical and technological theories
applied to the transition from linear to
stroked ornamented ware.

P-303.
Technological
signatures of the transition
from linear to stroked
ornamented ware from Eythra
(Central Germany)
K. Bente(1), Ch. Berthold(1),
Höbler(2) and G. Sobott(3)

H.-J.

(1) Universität Tübingen, Angewandte
Mineralogie, Wilhelmstr. 56, 72074
Tübingen, bente@rz.uni-Leipzig.de,
christoph.berthold@uni-tübingen.de
(2) Universität Leipzig, Institut für
Mineralogie, Kristallographie und
Materialwissenschaft (IMKM),
Scharnhorststr. 20, 04125 Leipzig,
hoebler@uni-leipzig.de
(3) Geozentrum Nordbayern, Schloßgarten 5,
91054 Erlangen, lfbd-sobott@t-online.de

Beside systematic archaeological studies
in the last years, archaeometrical
researches especially on neolithic
materilas were carried out on pottery
technologies
and
raw
material
provenances in different parts of Europe.
With respect to linear and stroked
ornamented ware (Stäuble et al. 1998) in
central Germany in Eythra (near
Leipzig), we studied sherds ( Landesamt
für Archäologie, Saxony) due to the
technological signatures of these two
styles (Bente et al. 2008). The resulting
data are basing on chemical analyses by

P304. Results from multi
technique investigation of
pottery from different Early
Neolithic sites in Albania
Erinda Ndreçka(1,2), Nikolla Civici(1) and
Ilir Gjipali(3)
(1) Institute of Applied Nuclear Physics,
University of Tirana, Albania
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characterization and classification of the
ceramic finds. In this context Optical
Microscopy (OM), EDXRF, micro-XRF
and XRD were used for the elemental
and structural characterization of ceramic
samples. Some data on the fabric texture,
inclusions, decoration materials and
elemental composition of the shards from
pottery samples belonging to the
mentioned Early Neolithic sites in
Albania will be presented.

Analysis of pottery from excavations
involves two main lines of inquiry. The
first, termed typological analysis consists
chiefly of detailed analysis of the rim
forms and decorative features of vessels.
The other line of inquiry involves the
examination of pottery fabrics – the aim
here being to determine the raw materials
and processes used in the manufacture of
pottery. The results of both fabric
analysis and typological analysis can
then be combined to establish definitive
pottery styles which will help in the
interpretation
of
archaeological
excavation.
The archaeological excavations of the
Neolithic sites in Albania show that this
area has been the center of the
confluence of different cultures with
various levels of development and social
organization. This is reflected in the
pottery manufacturing, which during
early Neolithic is classified in three
major groups. The pottery from the Early
Neolithic site at Kolsh, situated in north
east, show similarities with all the other
cultures of central Balkans, the shards
from the site Blaz in the north-west
region show an Adriatic-Mediterraean
character, while the south culture
represented by Vashtemi and Podgorie
sites appears to show cultural report with
early Neolithic in the area of
Thessaloniki.
During the last years, the Institute of
Applied Nuclear Physics of the
University of Tirana and the Institute of
Archaeology of the Center of Albanian
Studies have initiated a cooperative study
of the ceramic finds which aims a better

P-305.
Testing
models,
challenging
trajectories:
Archaeometric analysis of
Early Neolithic pottery from
Central North Bulgaria
Tanya
Dzhanfezova(1)
(2)
Doherty

and

Chris

(1) Department of Archaeology, Faculty of
History, ‘St Cyril and St Methodius’
University of Veliko Tarnovo, 2 T. Turnovski
str., 5003 Veliko Turnovo, Bulgaria;
dzhanfezova@gmail.com
(2) Research Laboratory for Archaeology
and the History of Art, Oxford, Dyson
Perrins Building, South Parks Rd, OX1 3QY
UK; chris.doherty@rlaha.ox.ac.uk

As a term the 'Neolithic package' has
always been applied to recognize
Neolithisation processes that result in the
establishment of a new way of life. Based
on the appearance of a specific grouping
of assemblages – a set of repeatedly
occurring items – it usually is considered
as a main tool that signals major cultural
and economic changes. Since the Balkan
Early Neolithic period is commonly seen
as introduced by groups of population
that have arrived on the Peninsula, the
main features of the 'Neolithic package'
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include, above all, the domestication of
plants and animals, as well as the
established sedentarism. Alongside these,
specific
ceramic
features
have
traditionally been established as a
hallmark of these processes – including
the presence of red-slip and the creamy
engobe on vessels, the dark- and white
painted decoration of the wares, the dark
burnished pottery, and the addition of
organic temper.
The results of a preliminary research on
the very early Neolithic North Bulgarian
pottery, however, set the following
question: how well we know and
recognise these otherwise broadly
accepted and very important features that
are established as signalling the new way
of life? Microscopic analysis that
includes
petrography
and
SEM
examination of pottery from the site of
Dzhulyunitsa, has actually shown that the
red engobe, traditionally accepted as one
of the major characterisation factors, is
missing, thus showing the presence of a
different technique applied for the redcolour effect of the surface. The same
refers to what was considered-to-be dark
paint, which actually proved to be only a
burnish effect. Here some of the other
mentioned 'characteristic features' are
further examined, showing that certain
conceptions established as solid grounds
for interpretation, along with certain
Neolithisation models, should in fact be
considered more carefully.

P-306.
Technological
characterization
of
the
Cucuteni C pottery from
eastern Romania
Florica Matau(1), Valentin Nica(2), Iulian
Breaban(3),
Mitica
Pintilei(4)
and
(2)
Alexandru Stancu
(1) Department of Sciences, ARHEOINVEST
Platform of Interdisciplinary Research in
Archaeology, “Alexandru Ioan Cuza”
University of Iasi, Lascar Catargi, 54,
700107 Iasi, Romania
(2) Faculty of Physics, “Alexandru Ioan
Cuza” University of Iasi, Carol I, 11, 700506
Iasi, Romania
(3) Department of Geography, Faculty of
Geography and Geology, “Alexandru Ioan
Cuza” University of Iasi, Carol I, 11, 700506
Iasi, Romania
(4) Department of Geology, Faculty of
Geography and Geology, “Alexandru Ioan
Cuza” University of Iasi, Carol I, 11, 700506
Iasi, Romania

The Cucuteni C pottery was mentioned
by the archaeologists starting with the
first half of the 20th century, being
considered as a ”foreign and inferior”
ceramic, representative for the contacts
of the Cucuteni- Trypillia communities
which evolved during the 5th-4th
millennia BC with the ones coming from
the steppe region.
The aim of this study is to determine the
technology used for the Cucuteni C
pottery
from
eastern
Romania.
Multielement analysis of 50 pottery
fragments sampled to represent the
stylistic and technological diversity of
the Cucuteni C shell tempered pottery
sherds was done for determination of
chemical composition in order to study
their provenance. The chemical analysis
was carried out by X-ray fluorescence
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(XRF) and by Laser Ablation Inductively
Coupled Plasma Mass Spectrometry
(LA-ICP-MS) and the data were
analyzed by using principal component
analysis (PCA) and hierarchical cluster
analysis (HCA) in order to define
grouping by obtaining information about
their similarity and clustering. The results
of the chemical analysis provided
persuasive evidence that the Cucuteni
shell tempered pottery sherds from
eastern Romania have different sources
of provenance.
In order to investigate the technological
attributes of the Cucuteni C shell
tempered pottery we have analysed the
mineralogical transformations caused by
the firing process and the microscopical
structure. The mineralogical composition
of the samples was determined by X-ray
diffraction (XRD) and the mineralogical
phase quantification was done by the
Rietveld method. Further scanning
electron microscope (SEM) studies on
potsherds have been carried for inferring
the
microstructural
transformations
caused by the firing process. The results
for the shell tempered pottery analysis
were compared with previous results
obtained on the Cucuteni painted pottery
[1, 2].

P-307. Potting Traditions and
Consumption Practices in
Third
Millennium
Southwestern
Peloponnese:
The case of Romanos Pylias
G. Kordatzaki(1), J. Rambach(2) and E.
Kiriatzi(3)
(1) Fitch Laboratory, British School at
Athens; gkordat@gmail.com
(2) Österreichische Akademie der
Wissenschaften; joergrambach@yahoo.gr
(3) Fitch Laboratory, British School at
Athens; e.kiriatzi@bsa.ac.uk

The paper addresses issues of pottery
technology and provenance during the
third millennium BC in SW Peloponnese,
a region with no previous background in
such studies. During the so-called
‘international spirit’ era, major social
transformations took place in the Aegean
reflected in the extensive occupation of
various landscapes, the reorganization of
settlements, the intensive interregional
and intraregional exchange networks,
evidence for technological mobility, and
common consumption practices. The
recently investigated site of Romanos is
unique in the context of this period, not
only because it has been excavated at a
great extent, but also because of its huge
size and complex, well-organised, intrasite plan, with streets and blocks of
buildings, workshops, storerooms, wells
etc.
The ceramic assemblage under study
comes from a well and covers a great
variety of shapes and surface treatments.
The high frequency of saucers and bowls
is striking, complemented by smaller
numbers of fruitstands, closed pots,
various types of cooking pots and storage
jars, possibly indicating the structured

[1] F. Matau, V. Nica, P. Postolache, I.
Ursachi, V. Cotiuga, A Stancu, Physical
study of the Cucuteni pottery technology,
Journal of Archaeological Science 40(2),
914-925, 2013.
[2] F. Matau, V. Nica, M. Pintilei,
Mineralogical and chemical characteristics of
the
Cucuteni
pottery,
International
Multidisciplinary Scientific Conferences on
Social Sciences and Arts SGEM, 381-391,
2014.
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deposition of feasting remains. The
repertoire of surface treatments is also
rich, including plain, monochrome
slipped and pattern painted pots. Yellowblue mottled ware is quite common,
associated with askoi, sauceboats, jugs,
and kraters, while Dark on Light (DOL)
and Light on Dark (LOD) decorated pots
also exist. The typology and style of
these pots find parallels in the
contemporary Attico-Cycladic traditions,
as well as in those of north-eastern
Peloponnese.
In order to investigate the provenance of
the pottery and shed light on aspects of
ceramic production and explore the
consumption
patterns,
an
interdisciplinary approach has been
adopted combining the typological and
stylistic
study
with
petrographic
examination, refiring tests, chemical
analysis (using Wavelength Dispersive
X-Ray
Fluorescence
Spectrometer
[W-D XRF]), geological prospection and
analysis of potential raw materials. The
first results indicate standardized
consumer preferences in terms of vessel
form and surface treatment, combined
with great variation in clay pastes,
potentially reflected products of a
number of production units. Comparisons
with contemporary assemblages in other
regions will definitely shed more light on
the social contexts of such technological
and consumption practices.

The rich ceramic assemblage excavated
from a well in the northeast quarter of the
palace at Knossos, Crete has become an
important chronological and typological
indicator for the Early Minoan I period
(very early third millennium BCE).
Published by the excavator [1]
commented on extensively in comparison
to other EMI deposits at Knossos [2], the
contents of the Palace Well comprises a
range of mainly large vessels that can at
once be divided clearly into different
ware groups and at the same time have
been suggested to represent a drinking set
involving group activity [3].
A range of raw materials are represented
in the production of what is taken to be
an assemblage of largely local
production. While some fabrics, such as
Wiped and Washed, Dark-on-Light,
Cooking wares and Pithoi (large storage
jars) seem to show the additional
tempering with sand and rock material,
many of the vessels are characterised by
grog temper.
This distinctive addition of crushed
pottery to the clay paste is a
characteristic of Final Neolithic and EMI
pottery in Crete, creating a bridge in
practice over this crucial transition.
Here we suggest a reconstruction of the
choice and manipulation of raw materials
in the production of the range of pottery

P-308. Grog in the Well: A
technological reconstruction
of the pottery assemblage
from the EMI Well at Knossos
Che-Hsien Tsai(1), David E. Wilson(2),
Vassilis Kilikoglou(3) and Peter M. Day(1)
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‘Aegean World’, on trade routes that
connect the Aegean, Western Greece and
the Southern Italian Peninsula. This study
focuses on pottery production on the
island of Kephalonia from Early Helladic
I to Late Helladic IIIC. Through thin
section petrography and scanning
electron
microscopy,
aspects
of
provenance and the technology are
examined, especially choices made in the
selection and manipulation of raw
materials, the addition of temper and the
conditions of firing.
The samples have been selected from
multi-period surface survey collections
from the Livatho Valley Survey, on the
South-Western coast of the island,
conducted by the Irish Institute for
Hellenic Studies in Athens and the 35th
Ephorate for Prehistoric and Classical
Antiquities, with comparative material
the LHIIIC settlement of Starochorafa.
Though there are a variety of fabrics
represented in the Early Bronze Age
(EBA) material, the majority are
characterised by the use of grog temper, a
common practice in the Aegean during
the Final Neolithic and Early Bronze I.
This is added to a low-calcareous
sediment which also has a range of
textural concentration features. In
contrast to other areas of the Aegean,
where grog tempering is short lived
phenomenon, this characteristic local
fabric continues in a variety of shapes
into the Late Bronze Age, Mycenaean,
period. New fabrics, familiar from the
Aegean world, are introduced in the
LBA. These are based on fine, calcareous
clays, fired at a higher temperature, often
in
table
wares
and
drinking
paraphernalia, such as the characteristic
kylikes. Yet the practice of grog
tempering continues into this later period,
showing the continuity of a distinctive

in the EMI Well through a programme of
thin section petrography, accompanied
by an investigation by SEM of firing
conditions, making comparisons with
contemporary pottery at Phaistos in the
Mesara Plain of Southern Crete, and
from sites in East and West Crete.
[1] Hood, S. and G. Cadogan, 2011. Knossos:
Excavations 19571961, Early Minoan. British
School at Athens Supplementary Volume 46.
[2] Wilson, D.E. and P.M. Day, 2000. EM I
chronology and social practice: pottery from
the early Palace tests at Knossos. Annual of
the British School at Athens 95: 2163.
[3] Day, P.M. and D.E. Wilson, 2004.
Ceramic change and the practice of eating
and drinking in Early Bronze Age Crete. In P.
Halstead and J.C. Barrett (eds.), Food,
Cuisine and Society in Prehistoric Greece.
Sheffield Studies in Aegean Archaeology 5,
4562.

P-309. The persistence of
pottery traditions in the
Bronze Age Ionian Islands:
The use of grog temper in
Kephalonia
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Sotiriou(3) and Peter M. Day(1)
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The Ionian islands lie on the NorthWestern boundary of the Bronze Age
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local tradition. The implications of this
practice are considered in light of recent
links in grog-tempered handmade
burnished pottery in the Mycenaean
world to peninsula Italy.

Liverpool, has recently initiated a
detailed science-based study of pottery
production, circulation and technology
transfer, using a range of analytical
techniques and material from over 20
sites in the Konya Plain.
This presentation will outline the aims of
this ongoing project, and also present and
discuss the preliminary findings. The
results from this project aim to contribute
significantly to our understanding of the
changing extent and influence of trade
networks between central and western
Anatolia and the Aegean during the
Chalcolithic and EBA.

P-310. Urbanism, networks,
and the dynamics of pottery
production and use in the
Konya Plain of south central
Anatolia, Turkey
John Gait(1), Noémi S. Müller(1),
Evangelia Kiriatzi(1) and Douglas Baird(2)
(1) Fitch Laboratory, British School at
Athens, 52 Souedias Street, 106 76 Athens,
Greece
(2) Department of Archaeology, Classics and
Egyptology, 12-14 Abercromby Square,
University of Liverpool, L69 7WZ, UK

P-311. Technological aspects
of
Mesopotamian
Uruk
pottery: Estimating firing
temperatures
using
mineralogical
methods,
thermal
analysis
and
luminescence

The Konya Plain of central Anatolia
represents one of the most important
regions for investigating the origins of
urban societies, as witnessed by the large
nucleated settlement of Çatalhöyük
during the Neolithic and the later
emergence of true urban sites during the
Early Bronze Age (EBA). However,
while much is known of Çatalhöyük’s
early development less is understood of
its final phases and its regional role and
interconnections, or the impact that long
distance trade routes that developed in
the EBA may have had on the Konya
Plain. In order to address these questions
of local diachronic developments, and
assess the varying extent to which long
distance exchange may have influenced
the Konya Plain, the Fitch Laboratory of
the British School at Athens, in
collaboration with the University of

Georgios S. Polymeris(1), Jorge Sanjurjo
Sánchez(2),
Juan
Luis
Montero
Fenollós(3)
(1) Institute of Nuclear Sciences, Ankara
University, Beşevler 06100, Ankara, Turkey
(2) Instituto Universitario de Xeoloxía,
Universidade da Coruña, A Coruña, Spain
(3) Facultade de Humanidades e
Documentación, Universidade da Coruña,
Ferrol, Spain

The Middle Uruk phase in Mesopotamia
(3800-3450 BC) has been characterised
by the
massive production of handmade pottery bowls, the so-called
“bevelled rim bowls” (BRBs). They are
characterised by the standardisation of
their shape and volume throughout entire
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Mesopotamia. The determination of the
temperature at which ancient pottery was
fired, has received considerable attention
in the last 20 years. Raw materials (clay
and temper) undergo several changes
during firing and although phase
transformation sequences have been
proposed, very little knowledge exists
about such transformations in mixtures.
The firing temperature is commonly
assessed from the observation of physical
and chemical properties and by studying
mineralogical characteristics, such as XRay Diffraction (XRD) and Fourier
Transformed
Infrared
(FTIR)
spectroscopy as well as differential
thermal analysis (DTA-TG). These
methods provide valuable information on
firing but imprecise temperature ranges
between 500ºC and 800ºC, as other
factors such as composition, firing time
or redox conditions during firing must be
considered.
As
an
alternative,
Thermoluminescence (TL) provides a
reliable tool to assess the maximum
firing temperature in the 200-900°C
range but different protocols exist. In this
work, the firing temperature of BRB
samples from two archaeological sites
located in the Middle Euphrates Valley
(Syria) have been studied using
mineralogical, chemical and thermal
analysis. The agreement of mineral
characterisation techniques (XRD and
FTIR) and thermal analysis (TGA-TDA)
indicates that the BRBs were probably
fired at mild temperatures, below 600700 °C. Results were compared with two
different TL protocols, including thermal
activation curve (TAC) characteristics
and TL predose, with the corresponding
Optically Stimulated Luminescence
(OSL) predose results, that provided
variable maximum firing temperatures
between
400
and
550°C.

Archaeothermometry
temperatures
yielded by luminescence stand in good
agreement with the corresponding
temperature ranges estimated by the
other methods but provide more precise
results. The feasibility of each method is
discussed.

P-312.
Experimental
Archaeology: A way of
exploring prehistoric ceramics
raw material provenance,
fabric composition and firing
conditions
Maria Giuseppina Gradoli(1)
(1) School of Archaeology and Ancient
History, University of Leicester (UK)
(2) University Road, Leicester

My research focuses on the relationship
between ceramic technology and social
organisation,
studying
under
the
petrographic microscope 480 ceramic
vessels selected from eight domestic
settlements in a micro-region of the
south-central Sardinia (Italy). They refer
to the time span starting around the
Middle Bronze Age, 1700 - 1365 BC,
and continuing to the Final Bronze Age,
1200 - 1000 BC. The principal research
question is whether a technological study
of a selected group of pottery coming
from archaic corridor nuraghi*, simple
tower nuraghi and complex nuraghi can
shed new light on the pattern of pottery
production, consumption and exchange at
an inter-site level within the region under
study. The study develops tracing,
spatially and temporally, continuity and
change in ceramics technology, using the
‘chaîne opératoire’ approach, the raw
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materials provenance analysis and the
experimental archaeology.
The landscape around the archaeological
sites was surface-surveyed and samples
of clay and/or parental rocks, part of the
local geological formations, were
collected. They underwent X-ray
diffraction analyses, were tested for
workability and linear shrinkage, and
were then fashioned into briquettes
which were fired in an electric kiln at
700, 800, and 900 °C.
Eventually, they were thin-sectioned and
compared with the prehistoric ceramics
under study.
The raw materials collected were also
fashioned in nuragic shapes and fired in
oxidizing atmosphere in an updraft kiln,
built for the occasion, and in reducing
atmosphere in a pit kiln.
In particular, this last methodology
permitted to reproduce vessels for storing
and drinking liquids in the typical
‘nuragic burnished grey ware’, thought to
have been of non-insular origin [1].
The homogeneity in the vessel external
characters contrasts with their high
compositional and textural variability:
nevertheless, the study permitted to
assign each fabric group recognized
under the microscope to the local
geology, while in some cases the
movement of pots from settlements
nearby or far away from the region was
asserted.

P-313. Characterising Bronze
and Early Iron Age ceramics
of Sovjan (SE Albania) with
the use of pXRF-scanning
Ole Aslaksen(1), Maja Gori(2) and Tobias
Krapf(3)
(1) University of Gothenburg
(2) University of Heidelberg
(3) Swiss School of Archaeology in Greece

The aim of the proposed poster is to
present ongoing research directed
towards understanding Bronze and Iron
Age crafting traditions at the Albanian
site of Sovjan, with the means of a
combined approach that includes
macroscopic and microscopic (Dynolite)
classification of ware groups and
examination of pottery technology and
portable XRF-scanning (pXRF).
Located in the Korçë Basin close to the
border between Greece, Albania and
FYRO Macedonia, Sovjan’s stratigraphic
sequence spans the Early Neolithic to the
Iron Age and thus holds an important
place in the archaeology of the Balkans.
The French-Albanian excavations from
1993 to 2006 (Institute of Archaeology in
Tirana and French School at Athens) at
Sovjan revealed the remains of wooden
pile dwellings dating to the Bronze and
Iron Age, similar to earlier structures
from the nearby site of Maliq.
The sample of objects analysed by the
means of pXRF consists of more than
170 Bronze- and Early Iron Age sherds
and vases from Sovjan. This method may
produce a coarse picture of the chemical
composition of clay pastes. At this
preliminary stage, we explore the
possibilities offered by scanning different
parts of each object, including fresh
breaks, brushed old breaks, surfaces

* Nuraghi are dry-stone towers closed by
corbelled vaults, unique to Sardinian Bronze
Age.
[1] Cossu, T., Campus, F., Leonelli, V.,
Perra, M., Sanges, M. La vita nel Nuraghe
Arrubiu. Comune di Orroli, 2003.
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(exterior and interior), decorated areas
(painted, slipped and encrusted) and
attached parts. These mostly comprise
local handmade wares, but also count a
small number of imported wheelmade
sherds. An aim is to see if tradition and
change can be defined as the sample
covers
several
periods,
although
primarily focused on the latter half of the
2nd millennium BCE. Comparing
different parts of a vessel, including
attached parts and painted areas (matt
painted and Mycenaean imported
pottery) can yield information regarding
the technical practices. The study here
presented explores the opportunities
offered by pXRF and can in the future be
enhanced with other methods like INAA.

eponym population of the Roman
province, Pannonia. On the basis of the
construction of the mound, supposingly
Central Asian traditions have followed
here. Furthermore, based on pottery
typology, close relationship can be
assumed with the Hallstatt and Etruscan
cultures, respectively.
The main aim of the project is to
recognize the distribution and the
relationship of cultures in the 7th century
BC in the Carpathian Basin and its
environs.
Thousands of potsherds were found on
the mound. According to macroscopic
observations (colour, grain size, mineral
composition) of 3046 inventoried sherds,
14 main types were defined. Firstly, the
two most abundant types - coarse and
thin-walled black ceramics -, daubs and
several local clayish sediments were
examined. The goals of the examination
were to characterize the composition of
the ceramics and compare with the local
potential raw materials in order to outline
their origin as local or imported. Until
now, polarizing microscopy and scanning
electron
microscopy
(SEM-EDX)
analysis were used.
According to the chemical composition
of the matrices of the collected and
analysed potential clayish sediments
around Regöly, the red clay is the most
similar to all types of the ceramics. The
non plastic components are similar to
each other in the almost all studied
ceramics, except the granitoide tempered
coarse sherds and one Cr-spinel bearing
black sherd which implying non local
origin.

P-314. Local and non local
potsherds from the Middle
Iron Age mound grave in
Regöly, SW Hungary
D. Kürthy(1), Gy. Szakmány(1), S. Józsa(1),
M. Fekete(2) and G. Szabó(3)
(1)
Department
of
Petrology
and
Geochemistry, Eötvös Loránd University;
Pázmány Péter sétány 1/C, Budapest, 1117
Hungary
(2) Department of Ancient History,
University of Pécs; Rókus utca 2, Pécs, 7624
Hungary
(3) Wosinsky Mór Museum, Szent István tér
26, Szekszárd, 7100 Hungary

Our research covers the study of ceramic
finds and rock fragments of a mound
grave in Regöly (SW Hungary) which,
according to archaeological data, was
built in the Middle Iron Age. The mound
is the heritage of a deficiently known
people, the Pannons, who were the
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commercial organization of the area
before the arrival of the Romans.
The petrographic analyses revealed a
homogeneous production dominated by
one fabric group (biogenic limestone
fragments associated to Aeolian quartz
sand, with considerable variability in the
biogenic fossiliferous component). The
results suggest a conscious control of the
high-temperature firing conditions with
alternation of oxidizing and reducing
atmospheres. Secondly, this assemblage
is markedly different from other
amphorae produced in contemporary
Punic settlements, possibly indicating a
different pottery tradition. Finally, the
composition of the sherds is compatible
with the local Geology, typical from the
Alcores hills area, revealing a mainly
local distribution pattern. Nevertheless,
some samples from Portugal stand as
possible evidence of interregional
importation.

P-315. A petrographic analysis
of Turdetan amphorae from
the Guadalquivir Valley. Pots
and
agricultural
surplus
exchange in SW Spain during
the Late Iron Age
Violeta Moreno Megías(1)
(1) Departamento de Prehistoria y
Arqueología, Universidad de Sevilla. C/
María de Padilla, s/n, 41004, Seville, Spain

During the Late Iron Age, the SouthWestern Iberian Peninsula was a region
of political and cultural complexity
where the Turdetan culture - a legacy of
the Orientalizing period - developed from
the end of 6th century BC to the Roman
conquest (2nd century BC).
This study analyzes the production and
distribution patterns of Turdetan
amphorae in the Guadalquivir Valley
(SW Spain), closely related to the
commercialization
of
agricultural
surplus. Our main goals are to understand
the potters’ technological choices, to
identify different fabrics and to analyze
the technological change and the
characterization of the Phoenician, local
and Roman pottery traditions, as well as
to define the distribution patterns of the
local amphorae, related to the exchange
of wine and oil in urban settlements
through the Guadalquivir River.
The methodology of this research is
based on the petrographic analysis of 86
samples along the Guadalquivir Valley,
as well as from Algarve (Portugal), in
order to study the scale of the Turdetan
export trade. Being the first time that
these amphorae are petrographically
studied, our research will contribute to
the understanding of the economic and

P-316. Pottery production in
the
Lower
Guadalquivir
region in the Early Iron Age:
A technological study
Michal
Krueger(1)
(1)
Bartkowiak

and

Marta

(1) Adam Mickiewicz University in Poznan,
Department of Prehistory, ul. Umultowska
89D, Poznan, Poland

The main aim of this research is to
recognize the technological process of
pottery production including: raw
materials acquisition, preparation of clay
paste, forming, firing and decoration of
Tartessian vessels (South-western part of
the Iberian Peninsula). Moreover, the

400

41st INTERNATIONAL SYMPOSIUM ON ARCHAEOMETRY
investigation raises an issue of local and
foreign origin of pottery. The special
attention will be paid to the different
technologies used in pottery production
(hand-made and wheel-made) as well as
to the morphological and typological
diversity within analysed ceramic
assemblages.
The proposed paper makes an attempt to
examine the Tartessian ceramics not
from a traditional typological posture
seeking the chronological sequences; the
dominant approach used in this research
is based on archaeometric up-to-date
methodology, and thereby shed a light of
these, still relatively weak recognized
aspects in the study of the Iron Age
pottery from the South-western part of
Iberian Peninsula.
To achieve this goal a non-invasive
X-ray spectrometer has been used in
order to determine to chemical
differences between ceramics from the
local sites of Lower Guadalquivir region.
This investigation has been also
supplemented by careful petrographic
analysis of sherds as well as local clay
samples and raw materials, which might
have been potentially used by local
potters.
Additionally,
set
of
archaeological experiments have been
undertaken to recognize the processes of
forming the particular types of vessels
and establish the condition and
temperature of the firing. The course of
firing was examined by re-firing both the
clay samples and sherds in oxidizing
atmosphere at several temperatures
increasing gradually, starting from 600ºC
and
ending
at
1200ºC.
The
physicochemical properties of samples
were measured after raising the
temperature up every 50ºC [1].
The principal component analysis and the
potassium-titanium test [2] permitted to

group the pottery sherds into the well
defined clusters which correspond to
local sites. What is more, the results
reveal a high complexity behind pottery
production. Different technologies, handmade and newly introduced wheel-made,
have been used in the Early Iron Age
Iberia to express different needs of the
local
population.
The
so-called
“imported” pottery in the Iberia’s
hinterland has so many chemical and
technological variants that should be
perceived as a result of dynamic hybrid
practices rather than imports from
Phoenician colonies.
[1] See also B. Hulthén, On thermal colour
test, Norwegian Archaeological Review 9, 1–
6, 1976; A. van As, How and Why? The
Neolithic Pottery from Teleor 003, Teleor
008 and Magura-Bran, Teleorman River
Valley, Southern Romania, Buletinul
Muzeului Judetean Teleorman 2, 29-43,
2010; Jordan, M.M., Montero, M.A.,
Meseguer, S., Sanfeliu, T., Influence of firing
temperature and mineralogical composition
on bending strength and porosity of ceramic
tiles bodies, Applied Clay Science 42, 266271, 2008.
[2] Y. Goren, H. Mommsen, J. Klinger, Nondestructive provenance study of cuneiform
tablets using portable X-ray fluorescence
(pXRF), Journal of Archaeological Science
38: 684-696, 2011.

P-317. Unique painted sherds
from Panticapaeum
V.P.Tolstikov(1) and N.S.Astashova(1)
(1) State Pushkin Museum of Fine Arts,
119019 Russia, Moscow, Volkhonka St., 12.
valkart@mail.ru

Attracting interest from the 1st half of the
19th century, excavations at the city-site
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of
Panticapaeum
(now
Kerch,
Autonomous Republic of the Crimea)
have been going on a regular basis since
1945 when the Bosporan (Panticapaeum)
Archeological Expedition of the State
Pushkin Museum of Fine Arts (BAE)
was founded by Professor Vladimir D.
Blavatsky.
The last field works headed by Professor
Vladimir P. Tolstikov, Head of the
Museum’s Department of the Art and
Archeology of the Classical World,
revealed widely for the first time a large
part of the earliest well preserved cultural
layers from the end of the 7th to the 1st
half of the 6th centuries B. C., connected
with the precisely dated architectural and
pottery complexes in the northern edge of
the upper plateau of the First Top
(Pervoe Kreslo) of the Mithridat Mount
(the Upper Mithridat square).
Among the finds including the ceramic
material from various production centers
some unique sherds with previously
unknown types of decoration have
aroused great interest.
The preliminary research bases on
generally
accepted
scientific
classification method of formal analyses,
specifically observing the shapes,
decorations and other artistic features.
Furthermore, through the selection of
analogies from other sites, we attempted
graphical reconstruction of the whole
form and part of the decoration scheme.
During the field seasons of 2013 – 2015
the uncovered specimens have been put
into research to consider the interaction
with Anatolian cultures. The appearance
of a new class of ceramic allows to
broaden the range of our comprehensions
about social and cultural history of the
region.
The field works and the subsequent
scientific research of BAE open a new

stage in the investigation of the ancient
Panticapaeum’ apoikia foundation and
the colonization of the North Pontic
Region.
This research was carried out within the
framework on the project «Ancient
Panticapaeum. From apoikia to polis» № 1531-10142 under the support of the Russian
Humanitarian Science Foundation.

P-318.
Archaeometric
characterization of Sicilian
Pre-and Protohistoric pottery:
The case study of Monte San
Paolillo (Catania, Sicily)
Davide Tanasi(1), Robert H. Tykot(2) and
Andrea Vianello(3)
(1) Arcadia University, The College of
Global Studies; tanasid@arcadia.edu
(2) University of South Florida;
rtykot@usf.edu
(3) Independent researcher;
a_vianello@hotmail.com

In the last decade, scientific research on
chemical characterization of Sicilian
prehistoric pottery has made important
progress especially for main classes of
certain chronological phases such as
Neolithic, Copper Age and Middle
Bronze Age. Other productions, less
attested or related to other periods have
not yet been considered.
The ceramic evidence provided by the
excavation of the multi-layered site of
Monte San Paolillo (Catania, Sicily),
consistently occupied between Neolithic
and Greek Archaic times, represents the
best case study to make tests in those
productions. In fact, the excavation of the
Early and Middle Bronze Age layers
produced a remarkable quantity of Rodì402
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Proektasi M. Alexandrou, enanti
Poseidoniou, 54646 Thessaloniki
(2) University Ecclesiastical Academy of
Thessaloniki, Greece, Plastira 65, 54250
Thessaloniki; y.karapanagiotis@aeath.gr.
3Ephorate of Antiquities of Chalcidice and
Mount Athos, Ministry of Culture, Greece,
Ippodromiou 7, 54621 Thessaloniki

Tindari Vallelunga (RTV) pottery, a high
quality class with black burnished
surfaces, attested just in a few sites of
central-eastern Sicily, the origin,
chronology and distribution of which is
still debated. Furthermore, Late Iron Age
ceramics (8th -7th centuries BC), both of
eastern (Pantalica South and Finocchito)
and western (Sant’Angelo MuxaroPolizzello) style, namely painted in dark
red/brown on white background with
geometric motifs and incised with linear
patterns, were also collected.
The aim of this contribution is to present
the preliminary data about the nondestructive analysis of 27 samples chosen
from the above mentioned classes via a
portable X-ray fluorescence spectrometer
to characterize the RTV pottery and
compare it with the data already available
for the other EBA and MBA classes and
to study how the Late Iron Age ceramics
of eastern and western style are
chemically divided into groups. Pieces
were tested using a Bruker III-SD and
samples were analyzed for 90 seconds on
both inner and outer surfaces, and on
broken edges, using a filter that provides
highly precise data for trace elements Rb,
Sr, Y, Zr, and Nb. Quantitative values in
ppm were produced using widely shared
calibration software for these elements.

The goal of the study is to investigate, in
a comparative basis, the pottery used in
vessels found in the archaeological areas
of Kanistro and Pefkochori in Chalcidice,
Greece. Microsamples from the objects
were studied using stereomicroscopy
(SM), polarized microscopy (PLM),
scanning electron microscopy (SEM) and
elemental analysis methods such as SEM
equipped with an energy dispersive Xray spectrometer (EDX) and micro X-ray
fluorescence spectroscopy (m-XRF).
Consequently,
morphological
and
chemical similarities and differences
among the investigated samples were
recorded.
Investigated fragments were categorized
into five (5) groups according to the
characteristics of the inclusions. This
grouping coincides with the typological
classification of the pottery, specifically
of these amphora types: LRA 1, LRA 2,
LRA 3, Almagro 54 and Agora M273.
The clay material of the amphora type
LRA 2 is most frequently represented.
Similar ceramic material is observed in
the majority of the samples under study
from
Kanistro
and
Pefkochori,
compatible with the clays attributed to
the Kassandra peninsula.

P-319. An archaeometric
study
of
pottery
from
Kanistro
and
Pefkohori
(Chalcidice)
S. Vivdenko(1), I. Karapanagiotis(2), S.
Vasiliou(3) and Ch. Tsangalidis(1)
(1) Ephorate of Antiquities of Thessaloniki
Region, Ministry of Culture, Greece,
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To clarify the place of origin of
terracotta,
authors
studied
the
composition of the two subjects from
Sicily and compared results to the
previous Cyprus ceramics data (Table).

P-320. Comparative study of
the Cyprus and the Sicily
ceramics
Elena Minina(1), Anna Mazina(2) and
Stanislav Sokolov(3)

Table. Average mineral composition of
ceramics (wt %)
Mineral
Cyprus Aphrodite Sicily
(n=7)
(n=5)
(n=2)
Quartz
17,4
24,4
26,5
Melilite
3,4
15,5
12,8
К-Feldspar
–
3,8
3,0
Plagioclase
18,0
4,7
5,0
Clinopyroxene 11,6
5,1
7,0
Calcite
8,8
11,8
7,7
Anhydrite
–
0,4
1,5
Hydromica
2,1
–
3,0
Hematite
2,4
–
–
Goethite
1,3
–
–

(1) Pushkin State Museum of Fine Arts, 12,
Volkhonka Str., Moscow, 119019 Russia;
e_minina@mail.ru
(2) Grabar Art Conservation Centre, 17,
Radio Str., Building 6, Moscow, 105005,
Russia; amazina@mail.ru
(3) All-Russia Scientific-Research Institute
of Mineral Resources; 31, Staromonetny per.,
Moscow, 119017 Russia; vimssokol@mail.ru

A large number of ceramic pieces have
been studied during the preparation for
the exhibition “Ancient Cyprus Ceramics
from the Pushkin Museum's collection”
in 2011-2014.
Several fragments
differed by the color of clay and unusual
shape have been found among shards. It
was doubtful, whether these fragments
belonged to Cyprus ceramics and
whether there were the parts of one and
the same terracotta. The mineral
composition of these ceramic fragments
has been investigated by optic
microscopy method, X-ray fluorescence
and
X-ray
diffraction
analyses,
previously used in the study of Cyprus
pottery [1]. The results showed that the
fragments could belong to one subject. It
provided the possibility of subsequent
conservation and helped to collect a
significant part of the piece. It was
sufficient for the understanding of the
shape of the terracotta. Thereby,
terracotta was defined as a figure of
Aphrodite (Berlin, Antiquarium 8259.),
presumably originated in Sicily at 4th-5th
BC [2].

The results of the study:
• fragments of terracotta of Aphrodite
were identified;
• high probability of its Sicilian origin.
[1] Minina, E., Mazina, A. and Sokolov S.
Restoration and study of the Cyprus ceramics
collection. EMAC 2015. 13th European
Meeting on Ancient Ceramics. September
24th to 26th 2015. Athens, Greece, p. 113,
2015.
[2] Winter, Franz. Die Typen der figürlichen
Terrakotten. Bd. II. Berlin und Stuttgart, 132
p., 1903.

P-321. Provenience studies of
the type B amphorae from
Greek colony Pharos on the
island of Hvar, Croatia
Maja Miše(1), Vincent Serneels(2) and
Branko Kirigin(3)
(1) Department of Geosciences, University of
Fribourg, Chemin du Musée, 6, 1700
Fribourg, Switzerland; maja.mise@unifr.ch
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(2) Department of Geosciences, University of
Fribourg, Chemin du Musée, 6, 1700
Fribourg, Switzerland;
vincent.serneels@unifr.ch
(3) Retired senior research fellow, Vinka
Prbojevića 4, 21 450 Hvar, Croatia,
branko.kirigin@st.t-com.hr

P-322.
Thermo-physical
characteristics of Hellenistic
ceramics from Laodike temple

Recent excavations at Pharos, the Greek
polis on the island of Hvar on the
Croatian side of the Adriatic Sea,
founded in 385/4 BC by the Parians from
the Aegean island, have revealed a great
number of ceramic finds from the late
Classical and Hellenistic periods. During
the excavations the overfired rim sherds
of B type amphorae have been found,
indicating the local production at Pharos.
However, they were never analysed
archeometricaly. Within the project
Connection Adriatic with Mediterranean:
tracing ancient ceramic workshops and
networks in the last centuries BC whose
aim is the identification of local ceramic
production in ancient Pharos (and other
Greek sites in the area) and the setting of
reference groups, the samples of the B
type amphorae of different fabrics were
analysed together with other coarse and
fine wares from the site, including raw
material collected in the vicinity.
The authors will present the results of the
petrographic and chemical analysis on
samples of B type amphorae from
Pharos. These analyses will also include
the comparative approach with, so far,
published results of analyses on the same
type of amphorae from Corinth, Sicily,
South Italy, Albania and Montenegro.
We hope that our analysis will give a
better insight into the regional and interregional trade in the Adriatic-Ionian
region in the late Classical and early
Hellenistic period.

(1) Department of archaeology, Tehran
University, Iran
(2) Iranian cultural Heritage, Handcraft and
Tourism organization

Maria Daghmehchi(1)
Rahbar(2)

and

Mehdi

Microstructural
characteristics
and
chemical reaction of minerals during
firing processes were examined through
various thermal measurements. Thermal
transformation of the minerals contribute
considerably to determine the firing
temperature of the Hellenistic ceramics
sampled from the Laodike temple (dated
to Seleucid period) in western Iran.
Thermal behavior of the Hellenistic
ceramics was characterized by hightemperature differential thermal analysis
(DTA) and thermogravimetric analysis
(TGA) techniques and then examined by
Fourier transform infrared spectroscopy
(FTIR).
The X-ray diffraction patterns show a
high content of crystalline phases
including Quartz, Diopside, Gehlenite,
Rutile, Augite, Dickite, Muscovite,
Fayalite, Calcite and Albite. Thermal
analyses suggest two different thermal
stages throughout of weight loss due to
dehydration, structural decomposition
and
new-crystallization
[1].
Decomposition, new-crystallization and
sintering processes have also been
confirmed by SEM-EDS. Mineralogical
transformation through firing indicates
the decomposition of calcite at the
highest rate of 767.5°C and formation of
high temperature phases such as diopside
at 1092.9°C and anorthite at 1050°C
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which has also been evidenced by XRD.
Decomposition of calcite started at
739.0°C and completed at 790.0°C which
is leading to the formation of calcium
aluminum silicates with increasing
temperature. CaO reacted with SiO2 and
Al2O3 to form Gehlenite and anorthite at
1050°C [2].
Fourier transform infrared spectroscopy
shows the absorption bands at 1030 cm–1
which indicate the increasing content of
SiO2 and alumino silicate up to 1100°C.
The new-crystallized phases like diopside
and
Gehlenite
were
completely
disappeared at 1175.5°C.

The literary and archaeological sources
confirm that Galilee was a wine-making
country, supplying both the local and
regional markets. In the area bordering
on southern Phoenicia, two formal types
of jars were used as containers: amphorae
of Phoenician origin (nicknamed
“waisted” or “shouldered” jars) and those
common at non-Phoenician sites
(“baggy” jars). Although both shapes
originated roughly at the same time
(early IA), the “classical” form of
Phoenician jar was used till 3rd /2nd c. BC
only, while the bag-shaped form
continued into 8th c. AD. While the
former changed into related “holemouth” jar (the predecessor of late
Roman “Gaza jars”) from 2nd c. BC on,
the latter developed its specific Roman to
Byzantine/Umayyad variety.
The primary research question relevant to
jar
production
in
western
Galilee/southern Phoenicia is the relation
between the formal types of jars and their
presumed manufacturing centres as
reflected by the fabrics, and supported by
tentative identification of raw material
sources. To this aim, ca. 200 samples
representing the four aforementioned
forms of jars (plus some “control”
samples of other pots in visually similar
fabrics) were collected from three sites
within the region: Shaar ha-Amakim
(westernmost Galilee: 150 samples, 4th
BC to 3rd/4th AD), Tell Keisan (shortly
inland from Akko: 74 samples, 6th BC to
5th/6th AD), Tel Akko (harbour site: 24
samples, 6th to 3rd BC).
The samples, classified by their
chronology and formal typology, were
submitted to physico-chemical analyses
embracing
petrography,
micropaleontology and ICPMS, INAA.
It has been established that in the Persian
and Hellenistic periods the Phoenician-

[1] R. Ravisankar, A. Naseerutheen b , A.
Rajalakshmi c , G. Raja Annamalai d, A.
Chandrasekaran,
Application
of
thermogravimetry–differential
thermal
analysis (TG–DTA) technique to study the
ancient potteries from Vellore dist,
Tamilnadu, India, Spectrochimica Acta Part
A: Molecular and Biomolecular Spectroscopy
129, 201–208, 2014.
[2] W. Hai-tao, K. Ling-xue, B. Zong-qing,
L. Dong-mei, L. Wen, Transformation of
minerals in direct coal liquefaction residue
under gasification atmosphere at high
temperatures, Journal of fuel chemistry and
technology, 43, (3): 257-265, 2015.

P-323. Petrography of the
Levantine jars from western
Lower Galilee as a marker for
their chronology and origin
Jacek Michniewicz(1)
Mlynarczyk(2)

and

Jolanta

(1) Institute of Geology, Adam Mickiewicz
University, Poznan, Poland
(2) Instutute of Archaeology, University of
Warsaw, Warszawa, Poland
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type amphorae collected at the three sites
were
made
mostly
of
Eocene
foraminiferous marl with sparse alga and
ferrougineous chalk rich in Globigerina
(“Petro Group 1A”), well-known from
coastal south Lebanon (e.g. Sarepta). In
the “baggy” jars of the Hellenistic period
two kinds of material prevailed: (a)
Paleogene/Cretaceous
marl
with
admixture of terra rossa or ferrugineous
argilaceous shale (“Petro-Group IV”:
Shaar ha-Amakim and Tell Keisan), and
(b) highly calcareous marl with
admixture of terra rossa, vitreous tefra
and 15-20% quartz sand (“Petro-Group
V”: Shaar ha-Amakim). In the Roman
and Byzantine period, beside some
continuation of Petro-Groups 1A1 and
IVd (both of them connected with the
coastal region of southern Phoenicia),
new groups appeared. The most
numerous among them was the one based
on red, most often highly silty soils
(Petro-Group II), used in manufacturing
of the “baggy” type of amphorae (Shaar
ha-Amakim and Tell Keisan).

production, usually close to the
production places of the commodities,
reached a high level of standardisation
with characteristic
vessel shapes
representing origin and content. During
transport in cargo ships they were stored
in several layers and they had to
withstand considerable mechanical loads.
In the present paper the performance of
different types of amphorae will be
assessed. On the basis of mechanical
tests on specimens of East Aegean
transport amphorae of the Hellenistic and
Roman Period the material properties of
the ceramics are estimated. These
properties are used in three-dimensional
models simulating the performance of
different amphora types under typical
loads by using the finite element method
(FEM). In this way specific design
features or vessel shapes can be
evaluated [1] or, on the other hand,
damages observed in archaeological finds
can be investigated towards an
interpretation of use and failure [2].
Eventually, the simulations allow for a
realistic assessment of amphora function
and the potential risk of its failure. The
present paper will provide an overview of
the approach combining material testing
and computer modelling.

P-324. Reverse cargo risk
assessment - Function and
performance of transport
amphorae

[1] A. Hein, V. Georgopoulou, E. Nodarou
and V. Kilikoglou, Koan amphorae from
Halasarna –Investigations in a Hellenistic
amphorae production centre, Journal of
Archaeological Science 35 (4), 1049-1061,
2008.
[2] A. Hein and V. Kilikoglou, Breaking Pots
–Simulating design failures of transport
amphorae by using the finite element method
(FEM), Proceedings 1st CAA GR conference,
187-190, 2015.

Anno Hein(1) and Vassilis Kilikoglou(1)
Institute of Nanoscience and
Nanotechnology, NCSR “Demokritos”,
15310 Aghia Paraskevi, Attica, Greece

At latest from the Hellenistic Period
onwards transport amphorae constituted
the standard containers for a large variety
of commodities, such as wine, oil, fish or
grains, on long distance transport. Their
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Torre di Satriano and analyzing shingles
and bricks from Montescaglioso to define
and determinate points of supply of the
raw material and the production
technologies in archaeological sites
where life kept going on from the archaic
age until the middle Age
Through the archaeometric analyses it
was possible to determine similarities
and differences between fragments as
well as from the neighboring productive
sites. More analyses are on going to
robustly address the problem of
circulation of raw material and finished
products as well as their technology in
the ancient Lucania district from archaic
to Hellenistic period.

P-325. Archaeometric analyses
to define provenance and
production of archaeological
artefacts in Southern Italy:
Two cases of study from
Satriano di Lucania (Potenza,
Basilicata)
and
Montescaglioso
(Matera,
Basilicata)
T. Giammatteo(1), M. Osanna(2), D.
Roubis(3) and P. Di Leo(4)
(1) T. Giammatteo CNR-IMAA Tito Scalo
(Pz), Scuola di Specializzazione in Beni
Archeologici, Università degli Studi della
Basilicata (Matera)
(2) M. Osann, Scuola di Specializzazione in
Beni Archeologici, Università degli Studi
della Basilicata (Matera)
(3) D. Roubis, Scuola di Specializzazione in
Beni Archeologici, Università degli Studi
della Basilicata (Matera)
(4) P. Di Leo, CNR-IMAA Tito Scalo (Pz)

P-326.
Roman
pottery
production in the Pontine
region, central Italy
B. Borgers(1), G. Tol(2) and T. de Haas(3)

Fifty five samples of pottery and roof tile
fragments from Satriano di Lucania
(Anaktoron of archaic period) and
Montescaglioso settlement (active from
archaic to medieval period with also
samples from Difesa S. Biagio, classical
archaeological site) have been analysed,
together with raw materials from some
productive areas. By investigating the
mineralogical assemblage of the sample
suite, it was possible to obtain
information about the provenance and the
production technologies adopted here. It
is likely that the studied samples were
manufactured using natural clays
outcropping in the area surrounding the
archaeological sites. The roofing sistems
have been analized studying architectonic
potteries of Anaktoron's painted plates in

(1) Groningen Institute of Archaeology,
Poststraat 6, 9712 ER Groningen, The
Netherlands; b.borgers@rug.nl
(2) Groningen Institute of Archaeology,
Poststraat 6, 9712 ER Groningen, The
Netherlands; g.w.tol@rug.nl
(3) Groningen Institute of Archaeology,
Poststraat 6, 9712 ER Groningen, The
Netherlands; t.c.a.de.haas@rug.nl

The Groningen Institute of Archaeology
has been conducting field surveys in the
Pontineregion, central Italy, since the
1980’s. Survey ceramics have been used
to date sites and to classify them into
broad
functional
categories,
and
extensive fabric research has provided
valuable insights into regional pottery
traditions between the Bronze Age and
the Republicanera. More recent research
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in the area, within the framework of the
Minor Centres project, hasidentified
evidence for pottery production at several
minor centres and small rural sites,
providing secure reference material for
local fabrics. The present study focuses
on the characterisation of local pottery
produced in the Pontine plain, central
Italy, dated between theRepublican and
Imperial periods.Accordingly, a program
of petrographic analysis has been carried
out on c. 100 diagnosticsherds from the
various production sites, varying in size
and scale. So far as possible thesamples
reflect a range of pottery wares (storage,
transport and cooking), and similar
shapes (tiles, cover tiles, amphorae,
cooking jars). In addition, replication
experiments
of
availablelandscape
resources in the Pontine region have been
carried out with the aim to place
theceramic compositional groups in their
landscape.The petrographic analysis has
permitted the reconstruction of Roman
ceramic manufacture atthe various
production sites in the Pontine plain. The
results show that the pottery at each ofthe
sites studied has distinct macroscopic and
microscopic signatures. These emerging
fabric groups will allow the identification
of local products at other sites in the
region, and will provide a firm basis with
which to interpret aspects of supply and
demand in this area of the Roman
Empire.

P-327. A combined multianalytical
approach
to
investigate the production and
distribution of imitations of
“Campaniense” ceramics in
SW Iberia
Massimo Beltrame(1), Nick Schiavon(1),
Ana Margarida Arruda(2), Vincenzo
Soria(2), Pedro Barrulas(1) and José
Mirão(1,3)
(1) HERCULES Laboratory, University of
Évora, Largo Marqués de Marialva 8, 7000809 Évora, Portugal
(2) UNIARQ, Centro de Arqueologia,
University of Lisbon, Alameda da
Universidade, 1600-214, Lisbon, Portugal
(3) Dept. of Geosciences, University of
Évora, Rua Romão Ramalho 59, 7000-671,
Évora, Portugal

In the South-West of the Iberian
Peninsula, during the late stages of the
Roman Republican Period (first century
BCE), the production of ceramic
tableware imitating the “Campaniense”
style produced in Italy is relatively well
documented, particularly in the area
along the Guadalquivir river valley (near
the modern town of Seville in
Andalusia). From an archaeological point
of view, the identification of other
Iberian production centres of imitations
of Campaniense pottery beside the
Seville ones is of topical importance.
Recent
non
destructive
micro
analytical/mineralogical analyses of
Campaniense-like tableware ceramic
sherds from Portuguese (Santarém, Faro,
Castro Marím and Monte Molião) and
Spanish
(Guadalquivir
area)
archaeological sites in SW Iberia,
belonging to the “Losanga” decorative
motif typology [1] did not completely
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clarify the production and raw materials
provenance of “Campaniense” pottery in
SW Iberia: this was due to the somewhat
limited number of samples included in
the above mentioned preliminary study
coupled with the fairly homogeneous
nature of the geological substrate, and
consequently of the raw materials
available, in the Portuguese and Spanish
sites. Aim of the current study was,
therefore, to expand the range of samples
investigated to include also non-Losanga
style and common ware sherds known to
have been locally produced in SW Iberia
and to compare their compositional data
with Quaternary alluvial sedimentary
deposits from selected rivers in Portugal
starting from the area of the river Tagus
near the city of Santarem. To this
purpose, the analytical methodological
approach was also extended to combine
micro-chemical
and
mineralogical
analyses by BSEM+EDS, XRF and XRD
with trace-element compositional data by
ICP-MS.

P-329. Application of a nondestructive testing mobile lab
for in situ analysis of
archaeological objects from
the “Late Antique House” in
Dion, Greece: Results and
data interpretations
G. Karagiannis(1), G. Apostolidis(1), S.
Sotiropoulou(1), K. Fragoulis(2), D.
Minasidis(2) and A. Mentzos(2)
(1) Ormylia Foundation, Art Diagnosis
Centre, 63071 Ormylia - Chalkidiki, Greece
(2) Aristotle University of Thessaloniki,
Department of Archaeology, 54124,
Thessaloniki, Greece

The present study is part of a broader
research programme entitled “Surgical
Excavation”,
undertaken
at
the
archaeological site of Dion, Macedonia,
Greece* [1]. Among other projects, this
programme included a case scenario
based on non-destructive analysis and
processing
of
multispectral
and
multidimensional data provided by in situ
measurements carried out on a wide
variety of artefacts. The objects presented
here come from the ongoing excavation
of a Late Antique villa (domus) situated
in the centre of the city of Dion.
The main objective of the abovementioned work was the application and
optimization of a modular mobile lab to
be
pertinent
to
the
complete
documentation of artefacts as an essential
part of the archaeological study in course
and after the excavation process [2]. A
bottom-up approach of the objects was
attempted, according to an integrated
methodology which incorporated several
scientific methods and corresponding
instrumentation and tools. The analytical

[1] N. Schiavon, V. Soria, A. M. Arruda, M.
Beltrame, J. Mirão, Losanga-style” Imitations
of Italic Late Republican black gloss
tableware from South-Western Iberia: a
multianalytical
/
microchemical
characterization, Microchemical Journal
(124), 712–718, 2016.

410

41st INTERNATIONAL SYMPOSIUM ON ARCHAEOMETRY
dei Benedettini, Catania, April 27-30, 2015,
Book of Abstracts, p. O-90.

protocol of the mobile lab included
multispectral photography, UV/Vis, near
IR, mid FTIR and micro Raman
spectroscopies, X-ray fluorescence, as
well as acoustic microscopy. All
measuring devices were implemented
and used in combination with each other
in order to optimize the complementarity
of each method.
A variety of different types of objects
were analysed, from coated ceramics and
glazed pottery to gold leaf coated
tesserae and pieces of jewellery. The
analyses generated a wealth of
information on the pathology of the
excavation finds, their materials,
construction techniques and ancient
technologies, contributing to their
interpretation and even opening up new
lines of research. Ultimately, this study
presents for the first time the results and
data interpretations of selected objects
with special interest.

P-329.
Spectroscopic
characterization
and
TL
dating of ancient ceramics
from Morocco
Lahcen
Bejjit(1,2),
Mohamed
El
(1)
Amraoui , Mustapha Haddad(1), Raja
Belaabed(3), Georgios S. Polymeris(4),
Eren Şahiner(4), Niyazi Meriç(4), Valeria
Giannoulatou(4), Abdelilah Dekayir(5),
Lorenza Ilia-Manfredi(6) and Mohamed
Rouai(5)
(1) Laboratoire de Spectrométrie des
Matériaux et Archéomatériaux (LASMAR),
URAC11, Université MoulayIsmail, Faculté
des Sciences, Meknès, Morocco
(2) Ecole Supérieure de Technologie,
Université Moulay Ismail, Meknès, Morocco
(3) CURI, Université Sidi Mohamed Ben
Abdellah, Fes, Morocco
(4) Institute of Nuclear Sciences, Ankara
University, 06100 Beşevler, Turkey
(5) Équipe géotech, Université Moulay
Ismail, Faculté des Sciences, Meknès,
Morocco. (6)ISMA-CNR, via Salariale,
Montelebretti, Roma, Italy

* Full title: Tomographic documentation in
time and in place of archaeological
excavations
using
micro-to-meter-level
“tomography” for specialized research and
wide-audience education purposes (code:
11SYN-10-848). Research project under the
Operational Programme “Cooperation 2011”,
co-financed by the European Regional
Development Fund (ERDF), European Union
and national funds (NSRF 2007-2013).

Ceramics occupy an important place in
the cultural heritage of Morocco. They
provide an indicator of the artistic and
technological advances reached by the
ancient cultures of the country.
Spectroscopic
studies
have
been
performed on recently excavated
archaeological ceramic samples from
Jbel Aouam (Khenifra, northern central
Morocco) which is a formerly known PbAg mining district operated from the 9th
century (dynasty of Idrissides).

[1] S. Pingiatoglou, G. Karagiannis (et al.),
Δίον
2014:
αναζητώντας
αρχαίες
τεχνολογίες. Μη καταστρεπτική, αναλυτική
και
τομογραφική
τεκμηρίωση
των
ανασκαφικών ευρημάτων, Το Αρχαιολογικό
Έργο στη Μακεδονία και στη Θράκη 28
(2015), forthcoming.
[2] G. Karagiannis, S. Sotiropoulou (et al.),
In situ analysis of archaeological objects:
application and optimization of a mobile lab,
in TECHNART 2015. Non-destructive and
microanalytical techniques in art and cultural
heritage, International conference, Monastero
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The present study presents an extended
characterization of several samples of
ceramics collected from this specific
archaeological site. Mineralogical and
chemical composition were determined
by multi-analytical investigations that
comprised X-Ray fluorescence (XRF),
X-Ray diffraction (XRD), Raman and IR
spectroscopies, as well as electron
paramagnetic resonance (EPR) methods.
Nevertheless, the absolute age of a
historical or archaeological ceramic
object is the most significant and useful
piece of information. Therefore, in the
framework of the present study, one
typical ceramic was dated by applying
thermoluminescence (TL). TL, being the
most appropriate technique for dating
kilns and pottery, is based on a radiationinduced charge population within the
ceramic artefact, and record the time
since the last event, when the charge
population was reset by their accidental
or intentional firing [1]. TL was also
applied for the assessment of the firing
temperature of the same sample [2].
Firing temperature of ancient pottery
provides important information to assist
in our understanding of various features
of an archaeological site, such as the state
of technology for the production of
ceramics. Such knowledge would also be
a useful input for the reliable
luminescence dating of the artefact.

P-330.
Pyrotechnological
production
of
artificial
millstones in Iran: New
approach to heating-cooling
regime estimation of melted
calcareous clay structures
Moslem
Milke(2)

Mishmastnehi(1)

and

Ralf

(1) Institute for Near Eastern Archaeology,
FreieUniversität, Berlin, Germany
(2) Institute of Geological Sciences,
FreieUniversität, Berlin, Germany

Here we present a new approach for
revealing the nature of a forgotten
pyrotechnology of producing artificial
millstones in Sistan, southeastern Iran.
We introduce the “diopside-quartzglass
thermometer”
based
on
reaction
kineticsand imagetextureanalysis as a
new method to estimate the heating and
cooling regime of high temperature
calcareous
clay
materials
in
archaeological contexts.
Several Persian authors from 12th to 17th
century A.D. wrote about the presence of
a specialized pyrotechnology for
producing artificial millstones in the
lowland of Sistan, where appropriate
natural stone for grinding purposes was
not accessible [1, 2]. During an
archaeological survey of two Islamic
sites in Sistan vast amounts of vesicular
glassy fragments of millstones have been
found. These samples are foreign to the
geological fingerprint of that region. This
observation fortified the probability of an
artificial origin of those millstones and
the accuracy of historical texts.
We
studied
the
chemical
and
mineralogical properties of synthetic
millstones
using
thin
sections

[1] M.J. Aitken, Thermoluminescence
Dating. Academic Press, London, 1985.
[2] G.S. Polymeris, N.G. Kiyak, D.K. Koul,
G. Kitis, The firing temperature of pottery
from ancient Mesopotamia, Turkey, using
luminescence methods; a case study for
different grain size fractions, Archaeometry,
Vol. 56, No 5, pp. 805-817, 2014.
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petrography, SEM, XRF, EMPA, XRD,
and image analysis. Our observation
showed an amorphous matrix enclosing
needle-like hollow to dendritic crystals of
diopsidic pyroxene plus remnant
unmelted quartz. To unravel the probable
heating-cooling regime of this forgotten
technology, experimental samples, with
the same composition of regional clay
and sand, were molten in a lab-furnace
and cooled at controlled ramps or by
quenching in water.
Evaluation of the results is based on
EMPA data, XRF analysis and image
processing. The minimum temperature
was 1170°C, where the system
(excluding quartz in surplus) consists of
98% melt and 2% blocky Cpx crystals;
further Cpx crystallizes during the
cooling process.
The morphology of diopside represents
the cooling rate and the amounts of
remnant quartz demonstrate the dwelling
time at maximum temperature.

P-331. Fabric diversity in
amphorae from the early
medieval village of Rocchicella
(Sicily):
A
petrographic
window on production and
exchange in 8th - 9th century
Sicily
Veronica Testolini(1), Lucia Arcifa(2),
Giuseppe Montana(3) and Peter M. Day(1)
(1) University of Sheffield, Dept of
Archaeology, Northgate House, West Street,
Sheffield S1 4ET, UK
(2) Università di Catania, Facoltà di Scienze
della Formazione, Via Biblioteca 49, 5100
Catania, Italy
(3) Università di Palermo, Dipartimento di
Scienze della terra e del mare, Via Archirafi
22, 90123 Palermo, Italy

History and archaeology traditionally
refer to the early medieval age as a
period of economic crisis in Europe.
However, recent finds of pottery
transport vessels in 8th-9th century
settlements have begun to illuminate the
movement of goods after the perceived
collapse of the Roman globalised
economic system. The presence of a
distinctive type of transport vessel, the
globular amphora, offers the potential to
reconstruct early medieval exchange in
the Mediterranean basin. This paper
presents analytical research on nineteen
globular amphorae, all found in a single
storeroom in the site of Rocchicella (east
Sicily). The assemblage provides an
opportunity to understand the provenance
and exchange of these vessels, as well as
the production of at least one of these
groups in Sicily itself.
All nineteen amphorae have been
classified macroscopically and analysed
by thin section petrography. Distinct

[1] M. Sīstānī, 1619, Iḥyā’ al-mulūk, ed: M.
Sutūdah,
Tehran.Shirkat-iIntishārātiʻIlmīvaFarhangī Press, 16, 2004 (in
Persian).
[2] M.A.J. Nayshābūrī, 1196, JavāhirnāmaNiẓāmī, ed: Ī. Afshār, M.R. Daryāgasht,
Tehran: Mīrāṯ-iMaktūb Press,67, 2004 (in
Persian).
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(3) Institut für Mineralogie, TU
Bergakademie Freiberg, Brennhausgasse
14, D 09599 Freiberg, Saxony, Germany
(4) Department of Anthropology, Stanford
University, Main Quad, Building 50, 450
Serra Mall, CA 94305, Stanford, United
States

petrographic
fabrics
have
been
characterised, showing variability in just
one room, suggesting a range of different
sources within Sicily and beyond. Absent
from this pattern are vessels of North
African origin which were dominant in
the 6th-7th centuries. While the very
nature of the amphorae suggests their
involvement in the movement of
commodities, it is of interest that one
characteristic fabric produced at a short
distance to Rocchicella is also found in
other classes of ceramics in Sicily, such
as table wares.
In an effort to understand the likely
provenance of the different fabrics
encountered, the petrographic data will
be made available through on-line open
access
(http://opencontext.org/),
enhancing
substantially
our
understanding of this relatively unknown
period in early medieval Europe.

This work aims to study the production
techniques, such as firing temperature, on
selected globular amphorae fragments
uncovered
during
the
2012-13
archaeological excavation at Torcello,
Venice. Particle packing, microstructure,
porosity and morphology, as well as
chemical-mineralogical composition of
ceramic matrix, are correlated with native
material
composition
and
firing
temperature [1, 2]. Considering these
physical and chemical properties, the
samples were investigated and the results
obtained through Mercury Intrusion
Porosimetry (MIP), Scanning Electron
Microscope (SEM-EDX) and FourierTransform
Infrared
Spectroscopy
(FT-IR) were compared.
We considered some selected fragments
of Early Medieval Globular amphorae,
dating from the 7th to the 10th century,
found in the 2012-13 archaeological
excavation in Torcello (one of the first
settled island on the northern Venetian
lagoon) [3].
The samples are rich in SiO2 and Al2O3
with varying amounts of CaO, Fe2O3,
MgO, K2O and TiO2. Calcite was
detected in some sherds, indicating Carich raw materials and low-firing
temperature. The presence of carbonaterich clay promotes high porosity over
600°C, as a result of CO2 exhaust.
Decomposition of calcite begins at
T>650°C and the phase disappears at
T>850-900°C. Hence, the presence of
calcite in ceramic fired at T>900°C could
be due to a secondary calcite, formed

P-332.
Early
Medieval
Globular amphorae from
Torcello: Microscopy, porosity
and chemical analyses for the
study
of
production
techniques
Giulia Ricci(1), Jan-Michael Lange(2),
Martin Kaden(2), Gerhard Heide(3), Diego
Calaon(1,4) and Elisabetta Zendri(1)
(1) Department of Environmental Sciences,
Informatics and Statistics, Ca’Foscari
University of Venice, Via Torino 155/b,
30174 Venice Mestre, Italy
(2) Sektion Petrographie, Senckenberg
Naturhistorische Sammlungen Dresden,
Königsbrücker Landstraße 159, D 01109
Dresden, Saxony, Gemany
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(1) University of the Basque Country,
Department of Geograpy, Prehistory and
Archaeology, Tomas y Valiente s/n, 01006
Vitoria Gasteiz, España
(2) University of Siena, Department of
Physical sciences, Earth and Environment,
via Laterina 8, 53100 Siena, Italy

from a reaction between CaO and
silicates [4]. Porosity results, obtained by
MIP, allowed an estimation of the open
porosity and pore size distribution of
meso and macropores. Furthermore, a
comparison between the MIP results and
those obtained by digital image analyses
of
SEM
micro-photographs
was
evaluated.
The combined use of chemical and
physical techniques have outlined the
information about the raw materials and
the technological–productive aspect. We
have collected new data in order to
estimate the firing temperature of the
ceramic samples.

Until today, the evidences about the
diffusion of coated bricks in Siena
reported to the late XV century [1]. Six
coated bricks from the Cathedral of Siena
have been thus extensively studied in
order to evaluate a possible older origin
of the manufacture of colored tiles in the
sienese context. The samples consist of
some monochrome tiles of different
colors (white, green and black) and were
excavated during previous conservation
works of some important buildings in the
Cathedral area. According to the
stratigraphic sequence, all the tiles were
dated back to the XIII-XIV centuries
[2, 3]. An extensive archaeometric study
has been carried out on both the ceramic
bodies
and
coatings
and
the
characterization of the chemical,
mineralogical and textural features has
been performed by optical microscopy
SEM-EDS and ICP-MS. The statistical
study of the chemical composition of the
ceramic bodies, mainly concerning minor
and trace elements, showed a very good
correlation with the data from other
sienese
pottery
from
different
contexts [4]. According to the PbO/SiO2
ratio (∼1%), all the coating could be
classified as enamels. White and green
samples show very high contents of
cassiterite (20% to 30%, mainly
dispersed as single crystals or very small
aggregates), while lower contents (≤1%)
are present in black manganese-colored
tiles. Homogeneous contents of copper
oxide (close 2%) have been detected in
green tiles. All coatings showed many

[1] M.P. Riccardi, B. Messiga, P. Duminuco,
An approach to the dynamics of clay firing,
Applied Clay Science 15, 393-404, 1999.
[2] G. Dal Sasso, L. Maritan, S. Salvatori,
et.al., Discriminating pottery production by
image analysis: a case study of Mesolithic
and Neolithic pottery from Al Khiday
(Khartoum,
Sudan),
Journal
of
Archaeological Science 46, 125-143, 2014.
[3] D. Calaon, E. Zendri, G. Biscontin,
Torcello Excavated. A shared Heritage,
Regione Veneto, vol. 2, 2014.
[4] K. Traorè, G.V. Ouèdraogo, P. Blanchart,
et.al., Influence of calcite on the
microstructure and mechanical properties of
pottery ceramics obtained from a kaoliniterich clay from Burkina Faso, Journal of the
European Ceramic Society 27, 1677–1681,
2007.

P-333. First example of coated
bricks from the XIV century
in Siena and their relation
with sienese archaic-majolica
Francesca Grassi(1), Cristina Fornacelli(2)
and Isabella Turbanti Memmi(2)
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analogies with contemporaneous sienese
archaic majolica [5] samples concerning
the amounts of fluxes (PbO, Na2O and
K2O),
glass-formers
(SiO2)
and
stabilizers (CaO, Al2O3). In conclusion,
the strong analogies of the Cathedral
samples with the sienese archaicmajolica manufacture evidenced by the
present study is an important evidence to
reconsider the origin of the coated bricks
production in Siena back to the XIII
century.

P-334. Aboriginal pottery
from Gran Canaria (Canary
Islands, Spain) (6th - 15th
centuries AD). New insights
from
archaeological
and
textual evidence
Miguel del Pino Curbelo(1,2), Amelia
Rodríguez Rodríguez(2), Jaume Buxeda i
Garrigós(3), José Mangas Viñuela(4) and
Peter Day(1)

[1] Lucarelli M., 1990, La maiolica senese
del Rinascimento, in Boiani G.C. (ed),
Ceramica Toscana dal Medioevo al XVIII
secolo, Monte San Savino, pp. 357-373.
[2] Castiglia G., 2014, Il Duomo di Siena:
Excavations and Pottery below Siena
Cathedral,
Archaeopress
Archaeology,
Oxford.
[3] Causarano M.A., Francovich R., Valenti
M., 2003, L'intervento archeologico sotto il
Duomo di Siena: dati e ipotesi preliminari, in
Guerrini R. (ed), Sotto il Duomo di Siena.
Scoperte archeologiche, architettoniche e
figurative, Silvana editoriale, Milano, pp.
153-169.
[4] Grassi F., Fortina C., Santagostino A.,
Memmi Turbanti I., 2003, La maiolica
arcaica senese: studio archeometrico del ciclo
produttivo, in R. Fiorillo, P. Peduto (eds), III
Congresso Nazionale di Archeologia
Medievale, pp. 665-671.
[5] Fortina, C., Santagostino Barbone, A., &
Turbanti Memmi, I. (2005). Sienese
‘Archaic’majolica: A Technological Study Of
Ceramic
Bodies
And
Coatings.
Archaeometry, 47(3), 535-555.

(1) Department of Archaeology, The
University of Sheffield. Northgate House,
West Street, Sheffield S1 4ET
(2) Departamento de Ciencias Históricas,
Universidad de Las Palmas de Gran
Canaria. c/ Pérez del Toro n.1, Las Palmas
de Gran Canaria 35004
(3) Departament de Prehistòria, Història
Antiga i Arqueologia, Universitat de
Barcelona, Carrer de Montalegre n. 6,
Barcelona 08001
(4) Departamento de Física. Edificio de
Ciencias Básicas. Campus Universitario de
Tafira. 35.017 Las Palmas de Gran Canaria

From the 4th century AD Gran Canaria
was inhabited by Paleo-Amazigh people,
who developed there a vernacular culture
until their conquest by the Castilian
Crown in 1483.
The only remaining descriptions of this
aboriginal population are European
documents (written between the 14th -17th
centuries). In these texts references are
made to its hierarchical organization and
to the division of the island into two
political units. The degree of labour
specialization and the extent and nature
of exchange networks developed within
the social and political organization
reported by Europeans have become key
topics in present archaeological research.
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Regarding ceramics, historical references
to a specific specialized group of potters
(portrayed almost as medieval guilds)
have been employed by archaeologists to
propose a highly specialized model
where a small number of workshops were
involved in wide distribution networks.
Moreover,
the
distribution
of
morphological and decorative traits have
been interpreted as a sign of
standardization, derived from these
centres.
In this paper 86 samples from five
archaeological sites are analyzed (La
Cerera, Cueva Pintada, El Tejar, San
Antón and Dunas de Maspalomas) to
explore production and distribution of the
aboriginal vessels. The techniques
employed are XRF, XRD, thin section
petrography and SEM.
The results point to the consumption of
different fabrics of local origin, along
with possible regular exchange between
neighbouring settlements within the same
posited political unit. A new model based
on local production patterns is proposed,
showing the necessity to re-interpret
archaeological and textual evidence,
especially the latter. We argue that
accounts of aboriginal societies by
Europeans attempted to adapt everyday
medieval European concepts to describe
the new reality that they encountered and
cannot be understood literally. This
combined analysis of sources opens new
lines of interpretations in the Canary
Islands and helps to understand both
aboriginal illiterate Atlantic populations
and the way in which they were
perceived
by
Europeans
during
colonization.

P-335. Pottery production of
the Village of Orduña (Basque
Country) from 17th to 19th
centuries: An archaeometrical
approach
J.G. Iñañez(1,2), E. Calparsoro Forcada(1),
G. Arana Momoitio(3), J. L. Solaun
Bustinza(1), S. Escribano-Ruiz(1), A.
Rodríguez Miranda(1,4) and J. M. Valle
Melón(1,4)
(1) Grupo de Investigación en Patrimonio
Construido - GPAC, Dpt. Geografía,
Prehistoria y Arqueología, Universidad del
País Vasco (UPV/EHU), Vitoria-Gasteiz,
Spain
(2) IKERBASQUE, Basque Foundation for
Science, Bilbao, Spain
(3) IBeA - Ikerkuntza eta Berrikuntza
Analitikoa, Dpt. Química Analítica,
Universidad del País Vasco (UPV/EHU),
Leioa, Spain
(4) Laboratorio de Documentación
Geométrica del Patrimonio, Universidad del
País Vasco (UPV/EHU), Vitoria-Gasteiz,
Spain

The village of Orduña is located in
Biscay (Basque Country), northern
Spain, and, due to its location and
topography, has served through centuries
as an important between the Spanish
plateau and the Basque coastline villages.
Furthermore, several trade agreements
converted the village into an important
exchange point of goods. In this
environment
the
pottery
activity
flourished in the village from the 13th
onwards.
Despite
the
historical
importance of this village and its potters,
little is known about its pottery activity.
In the present work an archaeometrical
study of pottery found in the village of
Orduña has been carried out. In several
excavations performed in the site a large
417

KALAMATA, 15-21 MAY 2016
quantity of ceramic shards has been
unearthed, in addition to the remains of a
kiln. An archaeometrical study of these
shards was performed in order to shed
light on the Basque pottery production
centres, technology and trading. A 3D
reconstruction was performed in order to
geometrically
document
the
archaeological site findings, enabling a
better interpretation of the archaeological
remains and the socialization of the
results.
For the archaeometrical study a sample
of 100 ceramics including different
typologies as, bowls, basins, plates, jars,
and different kiln furniture was selected.
The pieces were ascribed to the period of
17th-19th centuries. In order to assess the
pastes compositions and mineralogy
phases, ceramics were analyzed by
means of inductively coupled plasma
mass spectrometry (ICP-MS) and x-ray
diffraction (XRD). In addition a selection
out of these shards has been analyzed by
means of scanning electron microscopy
(SEM) in order to understand the glaze
technology used by the potters.
The results have enabled establishing
several chemical groups and the
characterization
of
the
main
technological features used by the potters
of Orduña. The historical implications
are discussed in relation to Basque and
Spanish trading activity according to the
archaeological
and
archaeometrical
results.

P-336.
Spectroscopic
characterization
of
the
ceramics from Santa Maria do
Castelo
Church
(Torres
Novas, Portugal)
I. Ferreira Machado(1,3), L.F. Vieira
Ferreira(1) and M. Varela Gomes(2)
(1) CQFM- Centro de Química-Física
Molecular and IN-Institute of Nanoscience
and Nanotechnology, Instituto Superior
Técnico, Universidade Técnica de Lisboa,
Av. Rovisco Pais, 1049-001 Lisboa, Portugal
(2) Instituto de Arqueologia e Paleociências
das Universidades Nova de Lisboa e do
Algarve. Departamento de História, Avenida
de Berna 26-C, 1069-061 Lisboa, Portugal
(3) Polytechnic Institute of Portalegre,
Portalegre P-7300-110, Portugal

An excavation in the 14th c. church of
Santa Maria do Castelo (at Torres Novas
town, about 100 km north of Lisbon),
provided lead glazed and green glazed
ceramic sherds, as well as tiles of
Spanish provenance, namely from the
Triana kilns of Seville [1]. All these
findings were archaeologically dated
from 14th c. to the 16th c.
The sherds from this excavation site were
studied with the use of non-invasive
spectroscopies, namely: Ground State
Diffuse Reflectance absorption, microRaman
and
X-Ray
Fluorescence
emission. X-Ray Diffraction experiments
were also performed.
In this
communication we present the results
obtained by this multidisciplinary
approach, already applied by our group
to the archaeometric study of 16th and
17th c. Portuguese ceramics [2-5].
The obtained results evidence three types
of pastes: type 1 with Quartz, Illite,
Muscovite and Microcline as the main
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earthenware from the 16th century: A
spectroscopic characterization of pigments,
glazes and pastes”, Appl. Surf. Sci. 285, 144152, 2013.
[5] L.F. Vieira Ferreira, D.S. Conceição, D.P.
Ferreira, L.F. Santos, T.M. Casimiro, I.
Ferreira Machado, “Portuguese 16th century
tiles from Santo António da Charneca’s kiln:
a spectroscopic characterization of pigments,
glazes and pastes” , J. Raman Spectrosc. 45,
838-847, 2014.

constituents, type 2 with Quartz, Calcite
and Gehlenite; and finally type 3 with
Quartz, Calcite and Diopside being the
major components. Type 1 pastes are
related to clay sources of Pliocene origin,
and all this pottery was most probably
made in Portuguese kilns. However,
types 2 and 3 spectroscopic trends are
remarkably different, indicating that
those ceramics were produced in Seville.
All the studied ceramics are lead glazed
and green glazed. Copper seems to be
responsible for the green pigment in the
studied samples, as results by XRF, but
no Raman signature was observed. In one
of the samples from the Seville kiln,
whitish/greenish cover exhibits a very
clear Raman signature from lead
carbonate, Cerussite.
The archaeometric analyses performed
indicate that most objects are in fact
Portuguese, chemically resembling to
productions of Santo António da
Charneca or Mata da Machada kilns,
both located in the south shore of the
Tagus river, region of Lisbon.

P-337.
Material
characterization
of
monumental
terracota
sculptures of the Monastery of
Alcobaça
M. I. Prudêncio(1), M. I. Dias(1), J.
Coroado(2), R. Marques(1), G. Cardoso(1)
and F. Rocha(3)
(1) Centro de Ciências e Tecnologias
Nucleares – C2TN. Campus Tecnológico e
Nuclear. Instituto Superior Técnico, Polo de
Loures. Portugal;
iprudenc@ctn.tecnico.ulisboa.pt
(2) Instituto Politécnico de
Tomar/GEOBIOTEC, Estrada da Serra,
Quinta do Contador, 2300-313, Tomar,
Portugal
(3) Universidade de Aveiro/GEOBIOTEC,
Campus Universitário de Santiago, 3810-193
Aveiro, Portugal

[1] J. Meco, O Azulejo em Portugal,
Publicações Alfa, Lisboa, 1989.
[2] L.F. Vieira Ferreira, A. Gonzalez, M.F.C.
Pereira, L.F. Santos, T.M. Casimiro, D.P.
Ferreira, D.S. Conceição, I. Ferreira
Machado,“Spectroscopy of 16th century
Portuguese tin-glazed earthenware produced
in the region of Lisbon”, Ceram. Intern. 41,
13433–13446, 2015.
[3] L.F. Vieira Ferreira, D.P. Ferreira, D.S.
Conceição, L.F. Santos, M.F.C. Pereira, T.
M. Casimiro, I. Ferreira Machado,
“Portuguese tin-glazed earthenware from the
17th century. Part 2: a spectroscopic
characterization of pigments, glazes and
pastes of the three main production centres”,
Spectrochimica Acta A, 149 285-294, 2015.
[4] L.F. Vieira Ferreira, I. Ferreira Machado,
A.M. Ferraria, T.M. Casimiro, Ph.
Colomban,
“Portuguese
tin-glazed

The monumental terracotta sculptures
from the Alcobaça Monastery were
mostly produced by Cistercian monks
during the last third of the 17th century,
being one of the most important
collections of works of art of this period
recognized by national and international
historiography.
The
monumental
terracotta sculptures are integrated in a
monument classified by UNESCO as
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014514) and the FCT project PTDC/HISHEC/111825/2009.

World Heritage Site since 1989, gaining
visibility both for this reason and by its
dimensions - about 2 meters high,
representing part of the significant
ceramic production performed over time
in the region. The sculptures are
generally in a very fragile state with loss
of cohesion, and polychrome, with partial
loss of sculpture fragments, and with
signs of conservation interventions in the
past, but unsuccessful.
The main aim of this work is to
contribute to the overall objectives of the
project related with the understanding of
the degradation processes of the terracota
monumental sculptures, in order to better
design a sustainable conservation plan,
particularly
by
determining
the
compositional variability of the raw
materials used in the ceramic body of
two selected sculptures (N. Sra.
Anunciação and a Reliquary bust). Also a
better
establishment
of
possible
relationships between the production of
the two objects and their workshops will
be ascertained.
Chemical and mineralogical composition
was obtained by instrumental neutron
activation analysis and x-ray diffraction.
The results obtained for the ceramic body
composition allowed to identify the type
of raw materials used (carbonate rich).
The chemical results contributes to
distinguish the analysed sets, with two
different types of raw materials, both
carbonate rich, but with different
geochemical signatures, being one more
enriched in heavy minerals (higher Zr,
La, Ce, Hf and Th contents). Within each
monumental sculpture a compositional
homogeneity was observed.

P-338. Characterisation and
restoration
of
an
archaeological finding from
the Rudolfine Prague
Alexandra Kloužková(1),
Hajmanová(2,5),
Mária
Martina Kohoutková(4)
Svobodová(6)

Doubravka
Kavanová(3),
and Ljuba

(1) Department of Glass and Ceramics,
University of Chemistry and Technology
Prague, Technická 5, 166 28 Prague, Czech
Republic; alexandra.klouzkova@vscht.cz
(2) doubravka.hajmanova@vscht.cz
(3) maria.kavanova@vscht.cz
(4) Central Laboratories, University of
Chemistry and Technology Prague,
Technická 5, 166 28 Prague, Czech Republic;
martina.kohoutkova@vscht.cz
(5) National Heritage Institute, Na Perštýně
12, 110 00 Prague, Czech Republic;
hajmanova.doubravka@npu.cz
(6) Institute of Archaeology of the CAS,
Prague, v.v.i., Letenská 4, 118 01 Prague,
Czech Republic; svobodova@arup.cas.cz

The presented work deals with
characterisation and restoration of
ceramic vessels which were found as
fragments in an archaeological pit of a
basement of a historical house “U
Mecenáše” in Malá Strana in Prague. The
pit was dated to the period from the end
of 16th century till the half of the 17th
century when the house was owned by
the family of Miseroni from Lisone
whose member Dionýsos worked as
custodian of the famous Rudolf's
collections at the Prague Castle.
Three
different
utility
vessels
representing the archaeological finding –

C2TN/IST authors gratefully acknowledge
the
FCT
support
through
the
UID/Multi/04349/2013 project, and the IPT
authors the support of the FEDERCOMPETE
(FCOMP-01-0124-FEDER-
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a decorated bowl on a pillar, a vessel for
side-heating and a big pot with two
handles (Fig. 1), were chosen for the
characterisation
and
subsequent
restoration.
The work was focused especially on
characterisation of ceramic bodies and
glazed surface layers by several method
such as XRF, XRD, µ-XRD and STA,
and evaluation of their stability.
Documented restoration actions – from
findings of fragments from the excavated
kitchen pit, followed by cleaning and
bonding
the
separate
fragments
(Dispercoll D3), till the final completion
and colour adjustment of plaster fillings,
are also described in the contribution.
Conditions for the deposition of the
restored vessels are proposed in the
conclusion.

P-339.
Clay
diversity,
processing and long distance
trade at Grossalmerode, 1200
to present
Detlef Wilke(1), Patrick Rauch(1),
Kornelia Stenzel(1) & Hans-Georg
Stephan(2)
(1) Dr. Wilke Management & Consulting
GmbH, D 30974 Wennigsen;
wilke@xrfarchaeometrics.com
(2) Institut fuer Archaeologie des Mittelalters
und der Neuzeit, Martin-Luther-Universitaet
Halle-Wittenberg, D 06120 Halle/Saale;
hans.stephan@praehist.uni-halle.de

Grossalmerode is a well known North
Hesse, Germany, pottery production
center with regional significance for high
and late medieval earthenware, supraregional supply of early modern
stoneware, and even international
distribution of Renaissance slipware and
clay pipes, as well as of technical
ceramics like crucibles and glass melting
pots. The
place
benefits from
extraordinarily rich and high quality,
Tertiary Period kaolinitic clay deposits.
The ceramic wares exhibit distinct trace
element patterns and have obviously
been made from different clay resources
reflecting their respective technological
profiles. We took almost 200 surface and
underground clay samples from the
village in order to get an understanding
of the relationship between the local
geochemistry of clay sediments, its
variability, and the compositional
patterns of the ceramic wares.
The greater region was also an important
late medieval and early modern
glassmaking area, and in 1537
Grossalmerode got the administrative
center of the glassmaker guild, covering

Figure 1: Three restored utility vessels
representing the archaeological finding – a bowl
on a pillar on the left, a vessel for side-heating in
the middle and a big pot with two handles on the
right.

[1] Podliska, J. Nálezová zpráva o
archeologickém výzkumu Praha 1 – Malá
Strana, Malostranské náměstí 10, Tržiště 14,
čp. 261, ppč. 17. Praha, 2014, s. 5 - 23.
[2] Skřivánek, F. Genealogie Miseronů z
Lisonu, in: Genealogie a Heraldika 2/1982,
str. 48-77.
[3] Blažková, G. The material culture of
Prague Castle in the Early Modern period in
light of archaeological finds, nepubl.
disertační práce, uložena na FF UK Praha,
2011, s. 354.
[4] Buys, S., Oakley, V. The Conservation
and Restoration of Ceramics. 2011. ISBN
978-0-7506-3219-5. s. 243.
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the extended territories of the Landgraves
of Hesse, the Dukes of Brunswick and
the Archbishop of Mayence. It has been
argued that the access to the
Grossalmerode pot clay was the major
economic vehicle for the enforcement of
the guild monopoly in the 16th and 17th
century. Indeed due to its high content of
microcrystalline
quartz
sand
Grossalmerode pot clay was exported via
the Weser River to Bremen and to North
America. We have analyzed numerous
glass melting pot fragments in order to
prove the validity of the archival
inferences concerning the effective
geographical scope of the Grossalmerode
pot clay monopoly through time.

Crown of Castile and at the Crown of
Aragon has been undertaken. The main
ceramic
artefacts
considered
are
majolica, glazed coarse ware and
transport jars, and the main objectives are
the definition of reference groups and the
study of their diffusion overseas,
considering several case studies at
Canary Islands, Canada, Panama,
Colombia and Argentina. In the latter,
one of the studied sites is that of Santa Fe
la Vieja.
This town of Santa Fe la Vieja was
founded by Juan de Garay in November
15th 1573 by the Quiloazas River
(nowadays San Javier River). However,
the town was moved, in 1661, to a new
emplacement 80 km southwards to the
present place of Santa Fe de la Vera
Cruz, the nowadays capital of the Santa
Fe province. The first settlement was
excavated in 1949 by Agustín Zapata
Gollán, who was the first to identify it as
the remains of Santa Fe la Vieja. The
materials recovered since then have
enabled
different
studies,
on
archaeological grounds, on subjects such
as cultural and ethnical identity of the
different human groups established at the
town, on the evidence of contact between
the Castilian colonization and the
indigenous peoples, on the distribution of
artefacts and social stratification, and,
finally, on the development of a ceramic
typology for the colonial period at the
Río de la Plata area.
A sample of 112 individuals has been
studied by X-ray fluoresecence (XRF)
and X-ray diffraction (XRD). Moreover,
according to the previous results, several
individuals
have
been
further
characterized by scanning electron
microscopy (SEM) in order to determine
the sintering state of the matrix, but also
to study the glazes and the pigments. The

P-340.
Colonial
ceramics
recovered at Santa Fe la Vieja
(Argentina).
An
archaeometric overview
Jaume Buxeda i Garrigós(1), Marisol
Madrid i Fernández(1), Gabriel Cocco(2)
and Leticia Campagnolo(2)
(1) Cultura Material i Arqueometria UB
(ARQUB, GRACPE), Departament de
Prehistòria, Història Antiga i Arqueologia,
Universitat de Barcelona, C/ de Montalegre,
6, 08001 Barcelona, Catalonia, Spain;
jbuxeda@ub.edu, mmadrid@ub.edu
(2) Área Arqueología, Museo Etnográfico y
Colonial "Juan de Garay", 25 de mayo 1470,
3000 Santa Fe, Argentina;
gabrielcocco@gmail.com,
leticz@hotmail.com

Within the frame of Tecnolonial research
project (HAR2012-33784) a large
program
of
archaeometric
characterization of ceramics produced
during the 16th -17th centuries at the
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results show the arrival of different
American and European products and,
among the latter, it must be highlighted a
huge number of Portuguese majolica
formerly classified as products from
Talavera de la Reina.

study, the Self-Organizing Maps were
applied to concentration data of chemical
elements measured in archaeological
ceramics from Central Amazon using
instrumental neutron activation analysis
(INAA). The main objective was testing
the chemical
patterns previously
identified using cluster and principal
component analysis, forming groups of
ceramics according the multivariate
chemical composition. It was verified by
statistical tests that the chemical
elemental data was not normally
distributed and did not present
homogeneity of covariance matrices for
different groups, as requested by
principal component analysis and other
multivariate techniques. The maps
obtained were consistent with the
patterns identified by cluster and
principal component analysis, forming
two chemical groups of pottery shards for
each archaeological site tested. Finally, it
was verified the potential of SOMs for
testing if failures in underlying
hypotheses of traditional multivariate
techniques might be critically influencing
the results and subsequent archaeological
interpretation of archaeometric data.

P-341.
Neural
Networks
(SOM) Applied to INAA Data
of Chemical Elements in
Archaeological Ceramics from
Central Amazon
R. Hazenfratz(1), C. S. Munita(1) and E. G.
Neves(2)
(1) Nuclear and Energy Research Institute,
Research Reactor Center, Av. Lineu Prestes
2242 - Cidade Universitária, Zipcode:
05508-000 - São Paulo, SP - Brasil
(2) University of São Paulo – Museum of
Archaeology and Ethnology, Av. Prof.
Almeida Prado 1466, Cidade Universitária,
Zipcode: 05508-900 - São Paulo, SP - Brasil

Artificial neural networks represent an
alternative to traditional multivariate
techniques, such as principal component
and discriminant analysis, which rely on
hypotheses regarding the normal
distribution
of
the
data
and
homoscedasticity. They also may be a
powerful tool for multivariate modeling
of systems that do not present linear
correlation between variables, as well as
to visualize high-dimensional data in bi
or trivariate structures. One special kind
of neural network of interest in
archaeometric studies is the SelfOrganizing Map (SOM). SOMs can be
distinguished from other neural networks
for preserving the topological features of
the original multivariate space. In this

P-342. Dilmun and Kassite
pottery from Bronze Age sites
in Kuwait (tell F3) and
Bahrain (NE Temple) using
non-destructive XRF analysis
Hasan Ashkanani(1)
Tykot(2)

and

Robert

(1) Department of Sociology, Social Works
and Anthropology, Kuwait University,
Kuwait
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P-343. Determination of the
composition
and
the
manufacturing conditions of
archaeological
ceramic
artifacts by combination of
physical-chemical techniques

The emergence of a Dilmun residential or
large complex in the F3 tell on Failaka
Island, Kuwait, is further evidence of
Dilmun cultural expansion in the early
2nd
millennium
BC,
which
is
characterized by the presence of Dilmuntype seals, red-ridged Barbar ware, and
burial mounds. The mass production of
Barbar pottery suggests the standardized
nature of this pottery in the early 2nd
millennium. This research project aims to
construct a chemical database of Dilmun
Barbar ceramic sherds from tell F3 in
Failaka Island, in particular from the
northern part, which dates back to 1850
BC, and Barbar ceramic samples from
Bahrain as well, using a non-destructive
portable X-ray fluorescence spectrometer
(pXRF). The trace element data obtained
from pXRF are subjected to examine the
provenance and a circulation of nonlocal
pottery and trade and exchange as well in
the Gulf’s Bronze Age. The preliminary
results show the instrument’s ability to
discriminate between and within site
collections. Also, the trace element
results significantly show that the
assumed imitated pottery should now be
considered Kassite tradition 'caramel
ware'.

T. Kazakou(1,2), T. Zorba(1),
Vourlias(1), E. Pavlidou(1) and
Chrissafis(1)

G.
K.

(1) Section of Solid State Physics,
Department of Physics, Faculty of Sciences,
Aristotle University of Thessaloniki, 541 24,
Thessaloniki, Greece
(2) Interdepartmental Program of
Postgraduate Studies “Protection,
Conservation and Restoration of Cultural
Monuments”, Faculty of Engineering,
Aristotle University of Thessaloniki, 541 24,
Thessaloniki, Greece

Ceramics are very complicated regarding
their
mineralogical
composition.
Moreover, they undergo physical and
chemical alterations during firing, which
depend on their original composition, and
on the highest temperature, duration and
conditions of firing. Therefore, the use of
a single analytical technique is not
sufficient for their study. In this work,
the supplementary techniques of Optical
Microscopy,
Scanning
Electron
Microscopy – Energy Dispersive
Spectroscopy
(SEM-EDS),
X-Ray
Diffraction (XRD), Fourier Transform
Infrared Spectroscopy (FTIR) and
Thermogravimetric Analysis (TGA) are
used in order to determine the main
components
and
manufacturing
conditions (firing temperature and
atmosphere) of ceramic artifacts.
Micro-morphological, elemental and
mineralogial analyses were conducted on
archaeological ceramic vessels from
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[1] O. S. Rye, Pottery Technology, principles
and reconstruction, Manuals on Archaeology
4, 31-34, 1981.

Cyprus. The minimum concentration of
CaCO3 in the original ceramic paste was
estimated
by
Thermogravimetric
Analysis. Mineralogical analysis with
XRD and FTIR was conducted again on
the samples after their thermal treatment.
By complementary processing all data,
an estimation of the composition and the
highest firing temperature was made. To
evaluate this estimation, the same
procedure was applied on ceramic
artifacts of present time manufactured in
Thessaloniki and Naxos, for which there
is information about the type of the
ceramic paste used and the firing
temperature. As far as the contemporary
ceramics are concerned, the resulting
conclusions are in agreement with the
information
provided
by
the
manufacturers.
The archaeological ceramics examined
are porous and friable. They were made
of calcareous clay, rich in Fe, by firing at
relatively low temperatures, 700° - 850°.
The original ceramic paste contained
high concentrations of quartz and calcite
inclusions.
The contemporary ceramics have lower
porosity, higher toughness and lower
brittleness. They were made of earthen
clay, rich in Fe, with minor or zero
concentration of Ca, by firing at high
temperatures, around 1000°. C, in an
oxidizing atmosphere. The ceramic paste
contained a very high concentration of
quartz inclusions, but not any calcite.
Quartz inclusions reduce clay plasticity,
so they are used in antiquity and in
modern times. Calcite inclusions were
used in antiquitiy to attain firing at low
temperatures, however, at the high firing
temperatures
applied
today,
decarboxylation of calcite constitutes a
problem [1].

P-344. Sr-Nd isotopes as a tool
for
ceramic
provenance:
Application
on
ceramic
replicas and raw materials
from the Bay of Naples
Ilenia Arienzo(1), Massimo D’Antonio(2),
Alberto De Bonis(2), Vincenza Guarino(2)
and Vincenzo Morra(2)
(1) Istituto Nazionale di Geofisica e
Vulcanologia, Sezione di Napoli
Osservatorio Vesuviano, Via Diocleziano
328, Napoli, Italy
(2) Dipartimento di Scienze della Terra,
dell’Ambiente e delle Risorse, Università
degli Studi di Napoli Federico II, via
Mezzocannone 8, 80134, Napoli, Italy

Radiogenic isotopes analysis has been
used in the study of diverse categories of
archaeological materials, such as
obsidian, glass, shells, wood, and human
remains. However, the potential of this
technique for the provenance studies of
ancient ceramic has scarcely been
explored.
In this study Sr and Nd isotopes were
applied to the investigation of ceramic
production in the Bay of Naples area,
which is known for its rich
archaeological record and for a peculiar
geological framework, characterized by
abundance of products of active
volcanoes (i.e., pyroclastic deposits).
This represents a pioneering study as the
method was tested on ceramic replicas
made with local raw materials, proved to
have been used in the past for ceramic
productions. Replicas were made with a
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Ca-rich marine clayey sediment from the
island of Ischia mixed with increasing
amounts of volcanic sand from the
Campi Flegrei area used as temper. The
test pieces were characterised from a
mineralogical and petrophysical point of
view [1] and compared with local
archaeological pottery in order to test
provenance and technological features
[2].
The 87Sr/86Sr and 143Nd/144Nd measured
on raw materials, synthetic mixtures and
ceramic replicas fired at 950°C,
individuate a well-defined binary mixing
curve. The results clearly show that both
clay and temper have an isotopic
fingerprint strictly related to their
geological origin, and that no significant
variations are induced by the heating
process. The sand from the Campi
Flegrei area used as temper plots in the
compositional field of the Neapolitan
Volcanoes, while the marine clay from
Ischia shows a distinct, more radiogenic
composition, as expected for continental
sedimentary
material.
Moreover,
synthetic mixtures with different temper
amounts plot exactly on the theoretical
mixing curve between the clay and
temper end-members.
The results of our experimental
investigation shows that the Sr-Ndisotopic signature of ceramics is
preserved
even
after
artificial
manipulation of raw materials and, thus,
might represent a valid tool for
provenance studies of ceramics. Isotopic
analyses on archaeological pottery from
the Bay of Naples and surrounding area
will possibly allow discriminating among
different productions and finding the
geological sources of raw materials, with
the aim of establishing a relationship
between the Sr-Nd-isotopic composition

of raw materials and that of the final
products.
[1] A. De Bonis, G. Cultrone, C. Grifa, A.
Langella, V. Morra, Clays from the Bay of
Naples (Italy): New insight on ancient and
traditional ceramics, Journal of the European
Ceramic Society 34(13), 3229-3244, 2014.
[2] A. De Bonis, C. Grifa, G. Cultrone, P. De
Vita, A. Langella, V. Morra, Raw Materials
for Archaeological Pottery from the
Campania Region of Italy: A Petrophysical
Characterization, Geoarchaeology 28(5),
478-503, 2013.

P-345.
Incorporating
experimental error in the
analysis of portable X-Ray
Fluorescence (pXRF) data
Craig Alexander(1) and Kyle P. Freund(2)
(1) McDonald Institute for Archaeological
Research, University of Cambridge, Downing
Street, Cambridge CB2 3ER, UK
(2) Department of Social Sciences, Indian
River State College, 3209 Virginia Avenue,
Fort Pierce, FL 34981, USA

All measurements are made with error trace element composition measured by
pXRF is no exception [1]. Such data are
typically examined by visual inspection
of the outputs of Principal Components
Anaysis (PCA), a Singular Value
Decomposition (SVD) based technique to
reduce the dimensionality of a dataset
whilst preserving the core structure.
Typically, only the first two components
are visualized, especially if the associated
eigenvalues account for a large share of
total variation in the data. Clusters of
samples are identified and are then
interpreted archaeologically. At this
point, one must ask “what is the impact
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of experimental error?” PCA will always
produce a scatter of points but to what
extent is that scatter influenced by the
inherent variability of the readings
analyzed? Might experimental error lead
to apparent groupings in the data that
really express only random chance?
Analysis by the authors of data relating
to multiple readings on a single sample
revealed the apparent presence of clusters
in PCA: we would thus argue that taking
account of experimental variation is
crucial in using PCA to look at pXRF
data.
In the case of another SVD based method
-correspondence analysis -a solution to
the creation of confidence intervals has
been found [2, 3]. The solution uses
bootstrapping, using the fact that the
contingency table-type data used in
correspondence analysis can be treated as
a multinomial sample. Unfortunately,
such a neat solution does not seem to
exist for PCA.
We present two approaches, both based
on repeated pXRF analysis of a single
spot on several ceramic samples that
yielded estimates of relative standard
error for each of Rb, Sr, Y, Zr and Nb
which are then applied to other ceramic
sample data. The first approach considers
the overlap between different pairs of
samples for each element when the
readings have error estimates added
(“error bars”). Do the two samples have
overlapping ranges on one, two, three,
four or five elements? Samples with a
high degree of overlap/similarity are
analyzed in a network framework to look
for structure. The second method -still
under development at the time of writing
-uses
Monte
Carlo/bootstrapping
approaches following the example of
research in other fields [4, 5].

The potential for false archaeological
interpretation produced by the failure to
account for experimental error renders
our work important for all in
archaeometry who use PCA on data
produced with experimental error.
[1] R.J. Speakman, S.M. Shackley, Silo
science and portable XRF in archaeology: a
response to Frahm, Journal of Archaeological
Science 40(2), 1435-43, 2013.
[2] K. Lockyear, Applying bootstrapped
Correspondence Analysis to archaeological
data, Journal of Archaeological Science,
40(12), 4744-53, 2013.
[3] T.J. Ringrose, Bootstrap confidence
regions for correspondence analysis, Journal
of Statistical Computation and Simulation,
82(10), 1397-1413, 2012.
[4] H. Babamoradi, F. van den Berg, Å.
Rinnan, Bootstrap based confidence limits in
principal component analysis -A case study,
Chemometrics and Intelligent Laboratory
Systems, 120, 97-105, 2013.
[5] S. Bailey, Principal Component Analysis
with Noisy and/or Missing Data, Publications
of the Astronomical Society of the Pacific,
124(919), 1015-23, 2012.

P-346. Establishment of a new
reference group of Keay 25.2
amphorae from Sidi Zahruni
archaeological site (Nabeul,
Tunisia)
S. Baklouti(1), L. Maritan(2), Ll.Casas(3),
N. Laridhi Ouazaa(1), R. Jàrrega(4), M.
Prevosti(4), B. Fouzaï(1), C. Mazzoli(2), S.
Larabi Kassaa(1) and M. Fantar(5)
(1) Département de Géologie,
UniversitéTunis El Manar, C.P. 2092 Manar,
Tunis, Tunisia

427

KALAMATA, 15-21 MAY 2016
(2) Department of Geosciences, University of
Padova, Via Gradenigo 6, 35131 Padova,
Italy
(3) Departament de Geologia, Universitat
Autònoma de Barcelona, 08193 Bellaterra,
Catalonia, Spain
(4) InstitutCatalà d'Arqueologia Clàssica,
Plaça d'en Rovellat, s/n, 43003 Tarragona,
Catalonia, Spain
(5) Institut National du Patrimoine, 4,
Placedu Château Bab Menara, 1008 Tunis,
Tunisia

Chemical data obtained by (XRF) were
statistically treated by multivariate
(principal component and cluster)
analysis in order to define chemical
homogenous groups. Comparison with
the literature data on 10 samples
attributed to the workshop of Sidi
Zahruni shows that the potsherds
analysed here are geochemically very
similar. Moreover, analogous trends in
the abundance and ratio of some trace
and rare earth elements indicates that the
amphorae found in Sidi Zahruni were
produced using a local clayey raw
materials collected from Upper Miocene
deposits, outcropping nearby. A new and
consistent reference group for the keay
25.2 amphorae production of Sidi
Zahruni site is now established and can
reveal new insights into archaeological
interpretations for identifying the centres
of production of Late Roman amphorae
in consumer’s sites. In this sense,
possible cases of exportation from Sidi
Zahruni to others sites in Hispania where
Keay 25.2 amphorae were found, can
better constrain the diffusion of this
amphorae type and possible centres of
imitation.

Here we report the results of the
archaeometric study of African Keay
25.2
amphorae
found
in
the
archaeological site of Sidi Zahruni
(north-eastern Tunisia), where this
pottery was massively produced. A total
of 43 amphorae were analysed using a
combined approach, consisting in thinsection petrography, X-ray powder
diffraction
(XRPD),
and
X-ray
fluorescence (XRF) analyses in order to
establish a homogeneous reference group
for this production. Petrographic analyses
indicate that studied amphorae are
compositionally very similar. However,
three petrographic groups were identified
in terms of grain-size distribution and
abundance of the various types of
inclusions. Furthermore, the digital
image analysis carried out on the SEMBSE images of some representative
samples for a quantitative description of
the different paste phases (quartz, matrix
and voids) confirmed the petrographic
results.
XRPD patterns were interpreted by
means of cluster analysis in order to
define homogeneous groups of samples
for which similar raw materials/paste and
firing conditions were used. Some
technological information (i.e. raw
materials processing and firing) were
also assessed.

P-347. Identification of clay
minerals in archaeological
ceramics
Alexandra
Kloužková(1),
Petra
(2)
Zemenová , Martina Kohoutková(3) and
Mária Kavanová(4)
(1) Department of Glass and Ceramics,
University of Chemistry and Technology
Prague, Technická 5, 166 28 Prague, Czech
Republic; alexandra.klouzkova@vscht.cz
(2) petra.zemenova@vscht.cz
(4) maria.kavanova@vscht.cz
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• a relief roman pavement –
hydrothermal treatment and subsequently
performed analyses proved the presence
of montmorillonite
The presented work shows that
identification of clay minerals by the
suitable hydrothermal treatmnet and
subseguently performed analyses can
considerably help in determination of
source materials and firing temperatures
of the studied archaeological findings.

(3) Central Laboratories, University of
Chemistry and Technology Prague,
Technická 5, 166 28 Prague, Czech Republic;
martina.kohoutkova@vscht.cz

Identification of sources of raw materials
is the principal issue of the most of
archaeological ceramic findings studies.
Correct interpretation of the performed
analyses is based on the knowledge of
processes
which
proceed
during
temperature treatment of assumed raw
materials. This work is focused on the
identification of clay minerals, especially
kaolinite a montmorillonite, in ceramic
bodies and also in original raw materials.
Clay
minerals
identified
in
archaeological ceramic samples can be
from a primary source or products of
ageing of a ceramic bodies, i.e.
rehydroxylation
of
meta-clays.
Accelerated rehydroxylation process can
be simulated in laboratory conditions in
an autoclave [1]. Fine grained sections of
ceramic bodies containing meta-clays of
selected archaeological findings were
treated in hydrothermal conditions (HT).
Qualitative and quantitative changes of
presented clay minerals were studied by
several method such as XRD, STA and
IR.
The rehydroxylation process was studied
in the following archaeological objects:
• a moon-shaped idol from the Bronze
Age – it was proved that kaolinite in the
border parts originated from raw material
and that its presence in the central part
was caused by the rehydroxylation
process [2, 3]
• a mosaic gothic pavement - it was
proved that white highly destructed parts
of tiles were made of kaolinite
• a medieval vessel – it was proved that
kaolinite presented in the rim was a
product of rehydroxylation

[1] A. Kloužková, P. Zemenová, M.
Kohoutková, Effect of Hydrothermal
conditions on of kaolinite rehydroxylation
studied by means of thermal analysis,
Ceramics-Silikáty 57(4), 342-347, 2013.
[2] A. Kloužková, M. Kohoutková, P.
Zemenová, Z. Mazač, Charakterisation of a
prehistorical ceramic object Moon-shaped
idol, by means of thermal analysis, J Therm
Anal Calorim, 116:641-645, 2014.
[3] A. Kloužková, M. Kohoutková, P.
Zemenová, Z. Mazač, Ageing of fired-clay
ceramics:
Comparative
study
of
rehydroxylation processes in a kaolinitic raw
material and moon-shaped idol from the
Bronze Age, Applied Clay Science Volume
119 (2), 358-364, 2016.

P-348. The Ancient Demetrias
figurines: New insights on
pigments
and
decoration
techniques used on Hellenistic
clay figurines
K. Tsatsouli(1) and E. Nikolaou(2)
(1) Ministry of Culture, Larisa
Archaeological Ephorate, Mezourlo, T.K.
41500 Larisa, Greece
(2) Ministry of Culture, Magnesia
Archaeological Ephorate, Athanasaki 1, T.K.
38001 Volos, Greece
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The 1995-1996 rescue excavation on the
north cemetery of Ancient Demetrias
(Volos, Greece) unearthed a relatively
large number of clay figurines. The
objects, dating from the 3rd to the 2nd
century B.C., exhibited a rich
polychrome surface and represent known
children and women figurine types of the
Hellenistic period used as grave gifts.
This presentation aims to present the
preliminary results of a new systematic
investigation on the study of the
materials used to create the polychromy
and decorate the figurines. Optical
microscopy, portable X-Ray fluorescence
spectrometry (p-XRF) and ultraviolet
illumination (UV) where employed for
the identification of the polychrome
layers and decoration elements.
Apart from the known pigments used on
the decoration of Hellenestic clay
figurines, such as red ochre, cinnabar,
calcite, lead white, madder and Egyptian
blue, the rare mineral conicalchite and
manganese black were also detected for
the first time on such objects. Pigment
mixtures and overlapping layers of some
of the above pigments were detected,
creating hues and shades. Of special
interest are the detection of tin foil and
the determination of its application as a
decoration technique. Lastly, an overall
trend is presented on the application of
each pigment on specific parts of the
objects.

P-349. Graphite or carbon
black - differentiation of
carbon based pigments in
artifacts using µ-Raman and
µ-XRD2
Christoph Berthold(1), Silvia Amicone(2),
Melanie Keuper(1) and Klaus Bente(1)
(1) Applied Mineralogy, University Tübingen,
Wilhelmstrasse 56, D-72074 Tübingen;
christoph.berthold@uni-tuebingen.de,
melanie.keuper@uni-tuebingen.de,
bente@rz.uni-leipzig.de
(2) Institute of Archaeology, University
College London, 31-34 Gordon Square,
London WC1H 0PY UK;
silvia.amicone.10@ucl.ac.uk

Black decoration and colouring of
ceramic artifacts is well known e.g. by
iron-reduction techniques or under
oxidising firing conditions by manganese
black technique. Another possibility is
the application of carbon containing
pigments using e.g. soot of different
origins, charcoal or by firing an organic
containing ceramic raw material in
reducing atmosphere. Such processes
result in graphites with a very fine
crystalline to almost amorphous structure
(carbon black). Painting with such
pigments could either performed after the
firing or before the firing process. In the
second case the control of the firing
atmosphere is of fundamental importance
to avoid oxidizing of the carbon black
decoration. A different way to produce
carbon containing decorations is the use
of well crystalline graphite from natural
deposits before or after the firing. This
black pigment appears with a noticeable
metallic luster which could be used
intentionally as an additional decorative
effect compared to a matt carbon black
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pigment, The characterization of these
different carbon modifications cannot be
carried out only by powder X-ray
diffraction, especially if a quartz
containing substrate or matrix typical for
a ancient ceramic is present. In this case
an overlap of the main quartz and
graphite information is impeding the
interpretation.
Therefore
µ-Raman
spectroscopy has to be added, which
gives the opportunity to discriminate in
detail between the above mentioned
types of graphite, ranging from bad
crystalline carbon black to perfect
crystalline natural graphite. Nevertheless
also X-ray microdiffraction using a
2-dimensional detector (µ-XRD2) reveal
important
additional
information
regarding crystallinity and texture of
these pigments. Only with those kinds of
a multimethological strategy, new
insights in carbon based black pigments
and their manufacturing techniques are
elucidated. Exemplarily these aspects
using carbon based pigments are applied
to ancient pottery.

structures were built by Nebuchadnezzar
II who reigned from 604-562 BCE. The
Ishtar Gate was a glazed-brick structure
depicting bulls and dragons. The gate
was reached via the Processional Way,
lined with figures of striding lions. The
Ny Carlsberg Glyptotek (NCG) in
Copenhagen is in possession of three
glazed-brick reliefs from the Babylonian
entrance complex, acquired by the
museum
in
1930
from
the
Vorderasiatisches Museum, Berlin. The
reliefs comprise one of each type of
animal.
Despite earlier studies of glazed bricks
from Babylonia, the nature of especially
the blue and turquoise pigments is still
debated.
The
only
published
investigations into the colored glazes of
the monumental gate complex were
carried out in the 1980’s by Fitz [1] and
Matson [2]. However, neither of the two
studies includes bricks from the Ishtar
Gate. Moreover, they are not conclusive
concerning the identification of the
pigments used for the blue and turquoise
glazes.
The three reliefs in the NCG offer a rare
opportunity to investigate the pigments
used for the monumental structure. The
blue and turquoise glazes on the reliefs
have been examined using optical
microscopy,
visible-induced
luminescence (VIL) imaging, X-Ray
Fluorescence
spectroscopy
(XRF),
Fourier Transfer Infrared Spectroscopy
(FTIR), and Raman microspectroscopy.
Besides
settling
the
discussion
concerning the nature of the pigments,
the identification of the constituents of
the glazes offers an important insight into
the trade of materials and crafts involved
in the embellishment.

P-350. Babylonian Blues:
Final identification of the blue
and turquoise pigments of the
glazed-brick reliefs of the
Ishtar Gate and Processional
Way
Cecilie Brøns(1)
Hedegaard(1)

and

Signe

Skriver

(1) Ny Carlsberg Glyptotek, Dantes Plads 7,
1556 Copenhagen, Denmark

The Ishtar Gate and Processional Way of
Babylon are among the most impressive
remains of the ancient world. Both
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[1] S.C. Fitz, The colored glazes of neoBabylonian wall facings. Ceramic Forum
International: Berichte der Deutschen
Keramischen Gesellschaft 59, 179-185, 1982.
[2] F.R. Matson, Glazed Bricks from
Babylon. Historical setting and microprobe
analyses, in W.D. Kingery (ed) Technology
and Style. Ceramics and Civilization II, 133156, 1986.

specifically analyze regions of varying
shades and tints on the porcelain sherd
such as the dark- and light-blue colored
areas. Our goal is to establish potential
correlations between spectral features
and pigment composition, in particular
with the relative amounts of iron,
manganese
and
cobalt
measured
previously
with
portable
X-ray
fluorescence (pXRF), a technique which
successfully permitted to distinguish
productions from the two aforementioned
kiln sites [4].
Specific absorptions have been also
tentatively attributed to the presence of
manganese–rich crystalline phases in the
dark-blue areas, which are most likely
related to both pigment composition and
firing conditions. Raman spectroscopy
and scanning electron microscopy (SEM)
have been used to further study these
crystalline phases in the dark-blue areas
as well as what appears to be a sort of
secondary product, of amorphous and/or
crystalline nature, which could be
connected to weathering phenomena.

P-351. Study of shades and
tints of the blue color in
export
blue-and-white
porcelain from late Ming to
early Qing dynasty
Roxanne Radpour(1), Ellen Hsieh(2) and
Christian Fischer(2,3)
(1) Materials Science & Engineering, UCLA,
Los Angeles
(2) Cotsen Institute of Archaeology, UCLA
(3) UCLA/Getty Conservation Program

During the late Ming and early Qing
dynasties, most exported blue-and-white
porcelain from China was manufactured
in the Jingdezhen and Zhangzhou folk
kilns [1]. For the blue decoration, potters
used a cobalt-based pigment obtained
from various Chinese cobalt ores. These
local ores, also referred to as asbolites,
are iron-poor but contain significant
amounts of manganese as opposed to the
Persian iron-rich cobalt-based pigment
used in earlier periods [2, 3]. This
research investigates the characteristics
of the blue pigment through the analysis
of
electronic
processes
related
absorptions in the visible and near
infrared using non-invasive fiber optic
reflectance spectroscopy (FORS). The
FORS instrument is equipped with a
narrow fiber optic cable that allows to

[1] Finlay, R., 2010. The Pilgrim Art:
Cultures of Porcelain in World History.
Berkeley, University of California Press. [2]
Wen, R., Wang, C.S., Mao, Z.W., Huang,
Y.Y. and Pollard, A.M., 2007. The chemical
composition of blue pigment on Chinese
blue-and-white porcelain of the Yuan and
Ming
dynasties
(AD
1271-1644).
Archaeometry 49, 1, 101-115.
[3] Wu, J., Leung, P.L. and Li, J., 2007. A
Study of the Composition of Chinese Blue
and White Porcelain. Studies in Conservation
52, 3, 188-198.
[4] Fischer C. and Hsieh E., 2016. Study of
overseas Chinese blue-and-white porcelain
with noninvasive portable X-ray fluorescence
(pXRF) and fiber optic reflectance
spectroscopy
(FORS).
Journal
of
Archaeological Science (Submitted).
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archaeometric examinations, mainly
dedicated to the glazed surfaces.
In order to obtain mineralogical and
chemical composition of glazed coatings,
which are generally very deteriorated, a
first set of analyses was performed on
samples in the past years, by means of
non-invasive
and
micro-invasive
analytical techniques. In 2015, the huge
amount of collected materials, as well as
the various kind of alterations observed
and the difficulty to take many samples
regarding the newly excavated inferior
part of the building, suggested to carry
out a large set of exams directly in situ,
during the excavations, using noninvasive methods like Energy Dispersive
X-Ray
Fluorescence
(ED-XRF),
Reflectance Spectrometry in the 360-740
nm range (vis-RS) and Colorimetry
(CM).
This study focuses mainly on this non
invasive section of the analyses,
comparing the data with the results
obtained by the previous campaign,
including
micro-invasive
analytical
techniques
(Optical
Microscopy,
Scanning Electron Microscopy with
Energy Dispersive Spectroscopy). The
differences with the glazed bricks found
in the Persepolis site, studied in the same
occasion, are also pointed out.
The foremost results regard the
possibility to reconstruct the original
colours of the glazing. For example, the
detection of cobalt in many areas now
generally grayish or black or yellow,
depending on the alteration occurred,
demonstrating they were originally blue
like in Ishtar Gate. Calcium antimoniate
was used for white, lead antimoniate for
yellow and orange, copper based
compounds for the green.

P-352. Colour and materials of
the new monumental gate
excavated around Persepolis
Maria Letizia Amadori(1), Gianluca
Poldi(2), Alireza Askari Chaverdi(3),
Pierfrancesco
Callieri(4)
and
Mohammadamin Emami(5)
(1) Department of Basic Sciences and
Fundamentals, University of Urbino, Urbino,
Italy
(2) Visual Art Centre, University of Bergamo,
Bergamo, Italy
(3) Shiraz University, Shiraz, Iran
(4) Department of Cultural Heritage
University of Bologna, Bologna, Italy
(5) Department of Conservation &
Archaeology, Art University of Isfahan,
Isfahan, Iran

The recent archaeological excavations of
the site of Tol-e Ajori, located 3.5 km
West of the Persepolis Terrace, ca. 40 km
to the North of Shiraz (Fars, Iran),
brought to light an important structure
covered with glazed bricks, representing
a particular variety of an architectural
type already known in the Achaemenid
architecture (6th-4th cent. BC), the
“monumental gate”. Glazed bricks are an
important element in Achaemenid royal
art and architecture. According to
archaeological evidences this technique
was widely used from the beginning of
the reign of Darius the Great, about late
6th century BC. In this building the
bricks, partially collapsed, show parts of
figurative motifs in reliefs that are very
similar to the glazed bricks from
Babylon’s Ishtar Gate.
The excavation, carried out by the
Iranian-Italian Joint Archaeological
Mission of the University of Bologna and
the Shiraz University since 2011, was
supported by a huge campaign of
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conditions and an interface developed
moderately. The average chemical
composition of these glazes show an iron
oxide content of about 5-6%.
The hematite crystals are found at the
ceramic-glaze interface. They exhibit
hexagonal
morphologies
and
a
brown/orange colour in thin section
(PPL). Although they are common
inclusions in the ceramic glazes, the
probability that this type of inclusion
passes unnoticed by SEM-EDS analyses
is very high. In effect, in the SEM the
hexagonal inclusions are not visible.
This work is devoted to the problems of
detecting the presence of this type of
inclusions with the routine analytical
methods and showing the appropriate
tools for their characterization. The
hematite inclusions were studied by
using a selection of analytical tools
including: Optical Microscopy (OM),
Scanning Electron Microscopy with an
Energy-Dispersive X-ray Spectroscope
attached (SEM-EDS), Focus Ion Beam
(FIB), Micro X-Ray Diffraction (µ-XRD)
and Micro-Raman (µ-Raman).
It is seen that the hexagonal inclusions
were found at a depth of about 20 µm in
respect to the surface layer and that its
thickness are about of 248 nm, from the
FIB cross section image.
Micro X-ray diffraction carried out on
polished thin section was able to detect
and identify the hexagonal inclusions. In
addition, we show how the laminar
sections of the hexagonal inclusions can
be identified by µ-Raman spectroscopy.

P-353. How to identify
hexagonal neo - formed
hematite
inclusions,
unnoticeable to the SEM, in
lead glazes
Roberta Di Febo(1), Judit Molera(1),
Trinitat Pradell(2), Oriol Vallcorba(3) and
Claudio Capelli(4)
(1) U Science Tech, MECAMAT group,
Universitat de Vic- Universitat Central de
Catalunya-, c/ de la Laura 13, 08500, Vic,
Catalonia, Spain; roberta.di @uvic.cat; judit.
molera@uvic.cat
(2) Departament de Física i Enginyeria
Nuclear, UPC- Universitat Politècnica de
Catalunya-, campus Baix Llobregat, ESAB,
Av. Canal Olímpic 15, 08860, Castelldefels,
Spain; Trinitat. Pradell@upc.edu
(3) Experiments Division - MSPD Beamline
(BL04) ALBA Synchrotron Light Source CELLS (www.cells.es), Crta BP 1413 Km
3.3, 08290 Cerdanyola del Vallès, Spain;
ovallcorba@cells.es
(4) Dipartimento di Scienze della Terra,
dell'Ambiente e della Vita (DISTAV),
Università degli Studi di Genova, Corso
Europa, 26, 16132, Genova, Italy;
capelli@dipteris.unige.it

Neo-formed
hematite
crystals
precipitated in the glaze mixture during
the cooling have been identified in thin
section of different lead glazed ceramics
dated from the 13th and the 18th-19th
century. They include green glazed wares
from North Africa and Italy (13th
century), Spanish polychrome wares (18th
century), Ligurian Taches Noires wares
(18th century), French and Catalan
imitations of the Ligurian Taches Noires
wares (18th century) and Catalan coarse
glazed wares (18th century). All the
ceramics exhibit a red/orange colour of
the body, which suggests oxidising firing
434

41st INTERNATIONAL SYMPOSIUM ON ARCHAEOMETRY

P-354.
The
origin
and
evolution of greenish white
wares in Jingdezhen Area

P-355. New development of Sr
isotopic analysis applied to
Chinese glazes

Changsui Wang(1), Chaofang Ming(1) and
Jian Zhu(1)

Hongjiao Ma(1), Julian Henderson(2) and
Jane Evans(3)

(1)University of Chinese Academy of
Sciences, Beijing, 100049, China

(1) Institute for Cultural Heritage and
History of Science & Technology, University
of Science and Technology Beijing, Beijing
100083, China
(2) Department of Archaeology, University of
Nottingham, University Park, Nottingham
NG7 2RD, UK
(3) NERC Isotope Geosciences Laboratory,
British Geological Survey, Keyworth,
Nottingham NG12 5GG, UK

It was found that the earliest greenish
white porcelain in Jingdezhen Area was
imitation product of white porcelain at
Ding kiln. Until the middle of the
Northern Song dynasty, the technique of
firing high-quality greenish white
porcelain was fully grasped at Hutian
kiln, and a huge "greenish white
porcelain kiln system" was formed.
Northern Song dynasty to early Southern
Song dynasty is the prosperous period of
greenish white porcelain. The typical
samples from Hutian kiln are analyzed
and found that the body material of the
greenish white porcelain is single
porcelain stone. The glaze is a kind of
transparent calcium glaze. According to
the three elements of color expression
quantitatively, the glaze feature of
greenish white porcelain are yellow
green or green hue, high lightness and
low saturation.
Late Southern Song dynasty to Yuan
dynasty is the declining period of
greenish white porcelain. At the same
time, Luanbai porcelain appeared as new
kinds of porcelain. This paper reveals
new insights on the coloring mechanism
of the two kinds of glaze and the
transition from greenish white of Song
Dynasty to Luanbai of Yuan Dynasty.

A new method of identifying the flux raw
material in ancient Chinese high fired
glaze by Sr isotopes is being developed,
and some successes have been reported
recently [1, 2]. This article presents the
understanding of this method so far, and
give the most recent update of the new
development of the method.
Chinese glaze test samples made by
traditional raw materials in different
recipes had been created in laboratory
condition in this study before these test
samples were analysed for their Sr
isotope compositions and bulk chemical
compositions. This analogue experiment
shows in an accurate manner how the Sr
isotope compositions in different raw
materials contribute to the Sr isotope
composition of the glaze made. Different
contributing factors have been identified
during the experiment, and different
fluxes involved in making ancient high
fired Chinese glaze could be identified
with higher confidence.
[1] H. Ma, J. Henderson, J. Evans, the
exploration of Sr isotopic analysis applied to
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Chinese glazes: Part one, Journal of
archaeological Science 50 (2014): 551-558.
[2] H. Ma, J. Henderson, J. Evans, the
exploration of Sr isotopic analysis applied to
Chinese glazes: Part two, Archaeometry, in
press.

(332-30 BC) and Roman Period (30 BC395 AD) faience.
Published analyses and replication
studies are used as a basis for the
formation of body and copper colourant
glaze recipes. The compositional batch
testing regimen is based on two criteria:
batch composition and firing parameters.
Compositional testing involves the
production of various body and glaze
mixtures formed from oxides and
carbonates that have been crushed
together using an agate mortar. Firing
parameters are tested by varying peak
temperatures of 800°C. 850°C and 970°C
at 1, 3 or 6 soaking hours. Three methods
of glaze application are tested using
suitable glaze and body mixtures as
determined by the compositional testing.
The
application
testing
includes
immersion of the body into a glaze
slurry, application of a glaze slurry to the
body with a brush, and application of dry
powder to a wetted body surface. Raw
and crushed prefired glaze mixtures are
applied on prefired and unfired bodies.
Fractionation of the glaze components
during firing are determined by weight
differences between pre- and post-fired
samples. Replicate faience samples are
compared to Late/Ptolemaic Period
faience specimens from Saqqara using
SEM-BSE.
Glaze samples were produced using
various temperatures and kiln soaking
times. Hard glazes on non-friable bodies
were achieved by application of crushed
prefired glaze slurry to a prepared body.
The replicated faience is similar to
faience from antiquity but there are
subtle differences including silica particle
size distribution and weathering.

P-356.
Replication
of
application - Glazed Ptolemaic
and Roman faience from
Egypt
Chris Wilkins(1), Panagiota Manti(1) and
Paul Nicholson(1)
(1) School of History, Archaeology and
Religion, Cardiff University, John Percival
Building, Colum Drive, Cardiff, UK, CF10
3EU

Egyptian faience is a highly technical
non-clay ceramic core with an alkalilime-silicate
glaze.
Application,
efflourescence and cememtration are
three techniques proposed to account for
glaze on faience cores [1]. The
application method is addressed in this
study.
The component materials of
faience react to form a gritty, sometimes
friable, silica core encapsulated in an
applied alkaline glaze. Egyptian faience
is a conservative craft that incorporated
greater changes in style and production
with increased migration of Greek, and
later Roman, craftsmen and ceramic
traditions starting in the Late Period
(525-332 BC) [2]. Previous replication
studies are mostly concerned with
pharaonic faience. The objective of this
study is to determine a suitable recipe,
glaze application and firing methodology
to replicate a faience body and blue
application glaze that is similar in colour
and chemical composition to Ptolemaic

[1] Vandiver, P., The Manufacture of
Faience. In A. Kaczmarczyk and R. Hedges,
Ancient Egyptian Faience: An Analytical
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Survey of Egyptian Faience from Predynastic
to Roman Times. Pp. A1-A137, 1983.
[2] Vandiver, P., Kingery, W., Egyptain
Faience: The First High Tech Ceramic. In W.
Kingery’s High-Technology Ceramics: Past,
Present, and Future. Pp. 19-34, 1986.

This work deals with the characterization
of the ceramic bodies and surface
finishing of the floor tiles. The
archaeological material was studied by
X-ray fluorescence (XRF), X-ray
diffraction (XRD), optical microscopy
(OM) and simultaneous thermal analysis
(STA). The main aim was to evaluate the
mineralogical composition and to
determine degradation effects on the
ceramic bodies and surface finishing. The
attention was also focused on the
dilatometry study (DIL) of the ceramic
bodies-glazes system.
Thermal analyses (STA and DIL) proved
the presence of clay minerals and organic
components in the ceramic bodies of
tiles. Glazes were severely degraded due
to mechanical stress evolved during the
pavement usage. XRF and XRD proved
the contamination of glazes by corrosion
products in the form of phosphates.

P-357. Characterization of 11th
century glazed floor tiles from
Prague
Mária
Kavanová(1),
Alexandra
(2)
Kloužková , Petra Zemenová(3), Martina
Kohoutková(4) and Jarmila Čiháková(5)
(1) Department of Glass and Ceramics,
University of Chemistry and Technology
Prague, Technická 5, 166 28 Prague, Czech
Republic; maria.kavanova@vscht.cz
(2) alexandra.klouzkova@vscht.cz
(3) petra.zemenova@vscht.cz
(4) Central Laboratories, University of
Chemistry and Technology Prague,
Technická 5, 166 28 Prague, Czech Republic;
martina.kohoutkova@vscht.cz
(5) National Heritage Institute, Na Perštýně
12, 110 00 Prague, Czech Republic;
cihakova.jarmila@npu.cz

A unique St. Wenceslas rotunda was
found in the premises of the building of
the Faculty of Mathematics and Physics
(Charles University) on the Lesser Town
Square in Prague, Czech Republic,
during an archaeological research
performed between 2000 and 2004.
Various fragments of Romanesque
Vyšehrad type tiles were found in their
original bedding within the rotunda. The
tiles were decorated by relief ornaments
and glazes. Part of the fragments forms a
ceramic mosaic made up of hexagonal
and triangular tiles. The pavement is
dated to the 11th century and is
exceptional on the global scale.

Fig. 1: Fragments of Romanesque terracotta tiles
from St. Wenceslas rotunda [1].

[1] Baalbaki, K. Photogallery of the
Romanesque Rotunda. St. Wenceslas
Rotunda in the Lesser Town quarter in
Prague.
http://www.naserotunda.cz/en/photogallery (accessed Dec 14,
2015).
[2] Čiháková, J. Dating and composition of
the Vyšehrad type Romanesque floor tiles.
Staletá Praha 2009, XXV (2), 16–25.
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The whiteware bodies belong to one well
defined fabric group, with the exception
of two stonepaste samples which form an
all together distinct group. Whiteware
glazed ceramics are generally considered
to be of an eastern origin, produced either
in Constantinople or in centers in Asia
Minor [3]. However, the results of the
present work do not agree with
previously published data from these
sites.
The use of fabrics changed significantly
through the largely spanned Byzantine
Era. Imported items prevailed until the
early 13th c. AD, when a clear shift
towards local production is noted. This
shift can be attributed to the 13th c.
political fragmentation, which also lead
to the predominance of smaller regional
workshops using local raw materials,
often of lower quality. Finally, there
seems to be no correlation of the clay
sources used with the production
technology, suggesting the presence of
common
recipes
throughout
the
Mediterranean region.

P-358.
Provenance
assignments on a large
assemblage
of
Byzantine
glazed pottery from Corinth,
Greece
E. Palamara(1), N. Zacharias(1) and M.
Xanthopoulou(1)
(1) Department of History, Archaeology and
Cultural Resources Management, University
of the Peloponnese, 24100, Kalamata,
Greece; el.palamara@gmail.com

A large assemblage of Byzantine glazed
pottery from ancient Corinth, Greece was
analyzed by FOM, SEM/EDS and XRF
in order to identify the provenance of the
clay used. The samples cover a long time
period (10th – 14th c. AD) and a wide
range of the most representative wares
and classes. The assemblage has
previously been studied extensively in
terms of manufacturing technology [1].
The main aims of the present study were:
(a) to provide with a detailed
mineralogical and chemical description
of all fabrics present among the
Corinthian assemblage; (b) to identify
when possible the provenance of the clay
sources; and (c) to examine the
correlation of the selection of raw
materials with time and with the
technological process applied.
The analysis of the redware ceramic
bodies lead to the formation of three clay
groups with distinct compositional and
mineralogical traits. One group is
attributed
to
local
(Corinthian)
production, whereas the other two groups
are considered imports. Of the two
imported fabrics, one is securely
identified as fabric from Chalkis [2],
while the origin of the second group
remains uncertain.

[1] E. Palamara, N. Zacharias, M.
Xanthopoulou, B.Z., Kasztovszky, I. Kovacs,
D. Palles, and E.I. Kamitsos, Microchemical
Journal (accepted).
[2] Y. Waksman, N.D. Kontogiannis, S.S.
Skartsis, and G. Vaxevanis, The annual of the
British School at Athens, 109, 2014, 379-422.
[3] S.Y. Waksman, A. Bouquillon, N. Cantin,
and I. Katona, Archaeometric and
archaeological approaches to ceramics
(papers presented at EMAC 2005), BAR
International Series 1691, Oxford, 2007, 129135.
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(XRF) of the ceramic body showed some
differences principally related to use of
alluvial clays or marine clays. Both clays
are calcareous and locally available and
probable clay elutriation occurred for
glazed pottery in Montecorvino. The
mineralogical assemblage detected by
XRPD, inferred maximum firing
temperatures between 700°C and
1050°C. Lower firing temperatures are
frequent for unglazed pottery from
Montecorvino.
The microstructures observed at the
boundary between the ceramic body and
the surface coating point to a single firing
to sinterise the body and to fix the
coating. The first results obtained show
some technological differences about the
choice of clay for the ceramic body and
the glaze. It supports the hypothesis of
several workshops, distributed among
towns, castra and large rural villages and
shows a gradual spread of use of glazed
pottery in this land, associated with an
increasing number of consumers.

P-359. Understanding glazed
pottery production in the
Tavoliere area (Foggia, 11th14th century)
Giacomo Eramo(1), Pasquale Favia(2),
Vincenzo Valenzano(2), Alessandro
Monno(1) and Rocco Laviano(1)
(1) Dipartimento di Scienze della Terra e
Geoambientali, Università degli Studi di Bari
“A. Moro”, Via Orabona 4, 70125 Bari, Italy
(2) Department of Humanities, University of
Foggia, via Arpi, 176, 71121 Foggia, Italy

This work presents the results of an
archaeometric investigation of 44
ceramic samples collected from four
medieval settlements (Montecorvino,
Corleto, San Lorenzo in Carminiano,
Ordona) in the Tavoliere area, integrated
by new data on local/proximal clayey
sediments, aimed to understand common
traits and different solutions adopted for
glazed pottery production.
The selected artifacts belong mostly to
the green monochrome lead glazed, the
lead glazed polychrome ware, and the socalled "protomaioliche" (i.e. polychrome
painted ware coated by tin glaze). The
archaeometric study offered a valuable
contribution to reconstruction of ceramic
production and material culture of
Northern Apulia in the Late Middle
Ages.
The glaze was analyzed by colorimetry
(CIELAB) and EDS to compare the color
characteristics through all the potsherds.
Optical microscopy and SEM/EDS
investigations on coating revealed a leadbased transparent glaze for most of
coated samples, except for those from
Ordona and Montecorvino.
Principal component analysis and cluster
analysis applied to bulk chemical data

P-360. Technological Features
of Iranian Glazed Ceramics
from the Golden Horde Bilyar
SvetlanaValiulina(1)
(1) KazanFederalUniversity, Kremlinstr., 18,
Kazan, 420008, Russia; svaliulina@inbox.ru

The ancient settlement Bilyarsk is known
in the history and archaeology - it is the
remains of one of the capitals of preMongol Volga Bulgaria. The city was
destroyed and never reborn within its
boundaries after the Mongol destruction
in 1236.
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At a distance of 1.5 km north of the
destroyed
city
fortifications,
the
conquerors established the administrative
and fiscal center - Golden Horde Bilyar,
where coins were made in the 70s - 80s
years of the 13th century.
The report focuses on the analysis and
attribution of the artistic glazed ceramics
collection obtained from excavations of
Golden Horde Bilyar by expedition of
Kazan University under the author's
direction.
Judging by the stratigraphic data and
excavations materials, this unfortified
town center existed at the beginning of
the Golden Horde period: in the second
half of the 13th - early 14th centuries.
Such a short chronology of the
monument opens up great opportunities
for study and dating of artifacts obtained.
The collection is particularly interesting
with its luster-painted Iranian ceramics,
vessels of ladjvardina type, and the
Central Asian wares with polychrome
underglaze painting and relief, the pitcher
with stamped ornament.
Study of clay and earthenware (stone
paste, fritt ware) bases of vessels and
glaze by scanning electron microscopy
(SEM) and comparison of obtained
results with materials of Iranian imports
of the second half of the 12th - early 13th
centuries from pre-Mongol Bilyar not
only confirms morphological changes in
the products of Iranian art centers in the
13th century, such as Kashan, but also
identifies technological innovations in
production, which is reflected in the
chemical composition of the glaze and
the molding material of the products.

P-361.
Chemical
and
mineralogical “fingerprints”
of the ceramic body of
Anabaptist-Hutterite
and
Haban faience
Bernadett Bajnóczi(1), Zoltán May(2),
Anna Ridovics(3), István Ringer(4), Jiři
Pajer(5), Máté Szabó(1) and Mária Tóth(1)
(1) Institute for Geological and Geochemical
Research, Research Centre for Astronomy
and Earth Sciences, Hungarian Academy of
Sciences, H-1112 Budaörsi út 45., Budapest,
Hungary; bajnoczi.bernadett@csfk.mta.hu,
szabo.mate@csfk.mta.hu,
toth.maria@csfk.mta.hu
(2) Institute of Materials and Environmental
Chemistry, Research Centre for Natural
Sciences, Hungarian Academy of Sciences,
H-1117 Magyar tudósok körútja 2.,
Budapest, Hungary; may.zoltan@ttk.mta.hu
(3) Hungarian National Museum, H-1088
Múzeum krt. 14-16., Budapest, Hungary;
anna.ridovics@gmail.com
(4) Kazinczy Ferenc Museum of the Petőfi
Literary Museum, H-3980 Dózsa György u.
11, Sátoraljaújhely, Hungary;
ringer.istvan@gmail.com
(5) Sadová 1211 CZ-696 62 Strážnice, Czech
Republic; pajer.jiri@seznam.cz

The spread of tin-glazed ceramics
(faience) in Eastern-Central Europe in
the 16th and 17th centuries is linked
largely to the activity of Anabaptists
(Hutterites), generally referred to in the
literature as Habans. Their faience
production started - alongside the
traditional lead-glazed ware - in Moravia
in the late 16th century. Hutterite-Haban
pottery production flourished in the
territory of the Hungarian Kingdom and
the Transylvanian Principality (presentday Slovakia, Hungary and Romania) till
about the mid-18th century. In the
440

41st INTERNATIONAL SYMPOSIUM ON ARCHAEOMETRY
museums lot of the Hutterite-Haban tinglazed ceramics are stored with unknown
or uncertain provenance. Since many
production centres existed in the region,
it is not easy to assign an object to a
certain
workshop.
Evaluation
of
historical
sources
and
stylistic
considerations, as well as archeometric
analyses are required. Therefore sherds
of well-known origin can provide useful
chemical
and
mineralogical
“fingerprints” helping to differentiate
among pottery production sites.
The present study focuses on the analysis
of selected reference materials, which are
archaeological
ceramic
artefacts
excavated at some Hutterite and Haban
settlements with known potter activity:
Tavíkovice and Vacenovice (Czech
Republic),
Szobotist
(Sobotište,
Slovakia), Sárospatak (Hungary) and
Alvinc (Vinţu de Jos, Romania).
Chemical and mineralogical analyses of
the ceramic bodies were performed by
ICP-OES
and
X-ray
diffraction,
respectively.
Faience sherds and unglazed biscuits
were made of calcareous raw material (8
to 21 wt% CaO content). The calcareous
ceramics of the studied archaeological
sites can be distinguished based on the
concentration of immobile major, minor
and trace elements, e.g. ceramics of each
production site form more or less
separate groups on the Zr/V vs.
TiO2/Al2O3 diagram or show different
normalized REE distribution patterns.
Gehlenite and diopside was detected by
XRD analysis in the ceramic bodies of
the faience products and the unglazed
biscuits. The K-feldspar/plagioclase and
gehlenite/diopside ratios, as well as the
amount of clay minerals in the ceramics
differ among the workshops.

P-362. Basque glazed pottery
through 16th-18th centuries: A
revisited
archaeometrical
approach
E. Calparsoro Forcada(1), G. Arana
Momoitio(3), K. Castro de Pinedo(3), S.
Escribano-Ruiz(1) and J.G. Iñañez(1,2)
(1) Grupo de Investigación en Patrimonio
Construido - GPAC, Dpt. Geografía,
Prehistoria y Arqueología, Universidad del
País Vasco (UPV/EHU), Vitoria-Gasteiz,
Spain)
(2) IKERBASQUE, Basque Foundation for
Science, Bilbao, Spain)
(3) IBeA - Ikerkuntza eta Berrikuntza
Analitikoa, Dpt. Química Analítica,
Universidad del País Vasco (UPV/EHU),
Leioa, Spain)

In the present work, part of the trade and
human dynamics of the Basque Country
during the 16th-18th centuries are studied,
based on the ceramics (earthenware,
glazed and unglazed, and tin-enameled
ceramics). For this purpose, an
archaeometrical and archaeological study
of a ceramic sample was performed by
means of chemical and technological
studies.
The characterization of the main ceramic
production centers in the Basque Country
is of great importance to contribute to the
study of their regional distribution and
occurrence in the Basque Country
reception centers. The aim of this work is
to provide an archaeological approach to
contribute the understanding of the
connections
between the
pottery
production and reception centers from
northern Spain. The sample is made out
of 105 ceramic pieces from the Basque
production villages of Galarreta and
Elosu (Alava) and Durango (Biscay).
Specifically, a sample of 26 ceramics
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from Galarreta, 28 ceramics from
Durango and 51 ceramics from Elosu,
including different typologies as, bowls,
basins, plates, jars, and kiln furniture has
been analyzed by means of inductively
coupled plasma mass spectrometry (ICPMS), x-ray diffraction (XRD), and a
selection amongst them by means of
scanning electron microscopy (SEM).
According to the results, it has been
possible to establish several chemical
groups and technological features
ascribed to the different
local
productions. The historical implications
are discussed in relation to Basque and
Spanish trading activity.

First example: faience tiles and tableware
found in a potter’s workshop excavated
in the townhouse Oberaltstadt 3 in Zug,
Switzerland. The exceptionally wellpreserved assemblage includes unfired
fragments, decorated and plain biscuits,
finished ware (tiles, tableware and other
ceramics) as well as some unformed clay.
While faience tile production is known
for this period also elsewhere in
Switzerland, the production of tableware
in this technique is the first known
example. The archaeometric study of 46
fragments (unfired, biscuits and finished
ware) and clay samples allowed to
characterize the local production and
confirmed that the faience found really
belongs to this workshop’s production.
Second example: a group of faience
tableware from the household debris of
the glassworks at Court, Paturage de
l’Envers, Switzerland, a particularly
well-dated consumer context (1699-1714
AD). The study was to confirm the nature
of the glaze and the possible Swiss
provenance. The analyses proved the
glaze to be tin-opacified, with a
cassiterite density similar to the first
example as well as to later faience, but
applied in a much thinner layer, the
property common to all the studied
sherds. Several subgroups of different
chemical body composition indicative of
different provenances were distinguished.
Some of the faience showed the same
body composition as simple lead-glazed
ware. While no precise production site
could
be
determined,
geological
comparisons corroborate the hypothesis
of a Swiss origin for several subgroups.
These examples show that the faience
manufactures founded later on in
Switzerland could have drawn on “local”
knowledge, as the technique was already
used commonly by potters before, and

P-363. Early faience tableware
(late 16th to early 18th century
AD) in Switzerland
Gisela Thierrin-Michael(1)
(1) Department of Geosciences, University of
Fribourg, ch. du musée 6, CH-1700 Fribourg

Two Swiss faience productions, the first
known tableware faience from the late
16th century and another ware common in
some parts of Switzerland about a
century later, are presented. Both date
before the “boom” in specialized faience
manufactures beginning in the 2nd half of
the 18th century. In both cases the faience
ware was produced along other types of
wares. Methods used were petrographic
and
mineralogical
analyses
by
polarization
microscopy,
X-ray
diffraction and SEM, chemical analyses
by XRF-WDS (quantitative, bulk) and
XRF-EDS coupled to the SEM
(semiquantitative).
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were not obliged to import the technical
know-how from abroad.

Christian basilicas in Bylis, Lin and
Elbasan,
The main objective of the study is the
characterization of the type of materials,
glass matrix and coloring and opacifying
agents, used for their production as well
as
the
investigation
of
the
microstructures of opaque coloured glass
mosaics tesserae.
The results obtained show that all the
samples analyzed have the typical
composition of natron-based glass,
typical for the Roman glass. Two
different blue colours have been
identified: (a) the light blue tesserae with
Cu and Fe; and (b) the blue tesserae with
Co, Fe and Mn.

P-364. An archeometrical
investigation of blue glass
tesserae from mosaics of Early
Christian basilicas in Albania
Esmeralda Vataj(1), Stefan Röhrs(2),
Nikolla Civici(1) and Elio Hobdari(3)
(1) Institute of Applied Nuclear Physics,
University of Tirana, Albania
(2) Staatliche Museen zu Berlin - Prussian
Cultural Heritage, Rathgen Research
Laboratory
(3) Institute of Archaeology, Centre of
Albanological Studies, Tirana, Albania

A group of opaque blue and light blue
glass tesseare dating to the V and VI
century AD has been analyzed using
reflective light microscopy, colorimetry,
environmental
scanning
electron
microscopy (ESEM) with energydispersive spectrometer (EDS), micro-X
ray fluorescence and micro-Raman
spectroscopy.
The
tesserae
were
recovered from the archeological
excavation of the mosaics at the Early
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