7th ARCH_RNT
Archaeological Research
& New Technologies

Conference Programme
& Book of Abstracts

6-8 OCTOBER 2022, KALAMATA

Organized by:

KALAMATA, 6-8 OCTOBER 2022

TABLE OF CONTENTS
SCIENTIFIC & ORGANIZING COMMITTEE

3

WELCOME NOTE

4

PROGRAMME OUTLINE

5

DETAILED PROGRAMME

6

ORAL SESSIONS ABSTRACTS

19

POSTER SESSIONS ABSTRACTS

109

LIST OF AUTHORS

245

2

7th SYMPOSIUM ARCH_RNT
Archaeological Research & New Technologies

SCIENTIFIC COMMITTEE
Nikolaos Zacharias (University of the Peloponnese)
Stamatis Boyatzis (Univresity of West Attica)
Yorgos Facorellis (National Centre of Scientific Research ‘Demokritos’)
Elisabetta Gliozzo (Università degli Studi de Siena)
Julian Henderson (The University of Nottingham)
Ioannis Iliopoulos (University of Patras)
Ioanna Kakoulli (University of California, Los Angeles)
Ioannis Karapanagiotis (University Ecclesiastical Academy of Thessaloniki)
Andreas Karydas (National Centre of Scientific Research ‘Demokritos’)
Vassilis Kilikoglou (National Centre of Scientific Research ‘Demokritos’)
Ioannis Liritzis (University of Aegean)
Doris Μöncke (Alfred University)
Antonia Moropoulou (National Technical University of Athens)
Apostolos Sarris (University of Cyprus)
Grigorios Tsokas (Aristotle University of Thessaloniki)
Despoina Tsiafakis (Research and Innovation Center “Athena”)
Andreas Voett (Johannes Gutenberg-Universität)

ORGANIZING COMMITTEE
Nikolaos Zacharias

Dimitrios Mitsos

Anastasios Kazolias

Nerantzis Nerantzis

Stelios Kesidis

Εleni Palamara

Aggeliki Kompoti

Vayia Panagiotidis

Gabriela Logothetou

Georgios Rigas

Georgios Malaperdas

Eleni Triantafyllidi

Elli Mantzana

Vasiliki Valantou

3

KALAMATA, 6-8 OCTOBER 2022

WELCOME NOTE
On behalf of the 7th ARCH_RNT – ARCHAEOLOGICAL RESEARCH AND NEW
TECHNOLOGIES Symposium Organizing Committee a Warm Welcome to all
participants at Kalamata, at the Faculty of Humanities and Culture Studies of the
University of the Peloponnese.
For the history of the organization, this 7th Symposium follows the initiation back in May
2008, with 12 invited participants, which eventually developed to a broader
scientific event, having today 145 announcements and over 150 registered participants.
ARCH_RNT aims at providing an academic forum for the presentation of new and up-todate research data from research undertaken in the fields of archaeology and cultural
heritage studies and involves technological practices and the use of applied sciences.
The collaboration with the Kalamata Municipality and the Prefecture of Peloponnese is
very much appreciated since it demonstrates the strong links between the university, the
city and the administration of Peloponnese, where the University of the Peloponnese is
situated.
The implementation of this year Symposium, having achieved such high numbers of
participation, where also live attendance prevails gives us gratification and highlights the
need by the community for scientific and personal correspondence.

With Cordial Wishes for a Happy, Safe and Fruitful Stay,
Nikos Zacharias, Chair of the 7th ARCH_RNT Symposium
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PROGRAMME OUTLINE
Thursday, October 6

Friday, October 7

9:00 - 9:40
9:40 -10:00

09:00-10:40
Session 4b
10:40-11:00
Coffee Break
11:00-13:40
Session 5
13:40-14:40
Lunch Break
14:40-15:40
Poster Session II (online)
15:40-16:40
Poster Session III (online)
16:40-19:00
Session 6
19:00-20:00
Costa Navarino – International
Archaeometry Award Ceremony

10:00-11:00
11:00-11:20
11:20-14:00
14:00-14:40
14:40-17:20
17:20-18:20
18:20-19:00
19:00-19:40
20:00

Registration
Welcoming Remarks and
Opening Ceremony
Session 1
Coffee Break
Session 2
Lunch Break
Session 3
Poster Session I (in-person)
Session 4a
Technical Session
Welcome Coctail at the
Campus of the University
of the Peloponnese

Saturday, October 8
09:00-11:40
11:40-12:00
12:00-14:00
14:40-14:20

Sponsors:
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Session 7
Coffee Break
Session 8
Closing Remarks
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Thursday, October 6
9:00 - 9:40
9:40 - 10:00
10:00 - 11:00

10:00 - 10:20

10:20 - 10:40

10:40-11:00

11:00 - 11:20
11:20 - 14:00
11:20 - 11:40

11:40 - 12:00

12:00 - 12:20

12:20 - 12:40

12:40 - 13:00

13:00 - 13:20

13:20 - 13:40

Registration
Welcoming Remarks and Opening Ceremony
SESSION 1: DNA / Isotopic analysis
Chairperson: Y. Facorellis
O1. The contribution of the innovative research program APOIKIA to
the study of the phenomenon of Corinthian Colonization in the area of
the modern city of Arta
(V. Papadopoulou, Ar. Vasios, D. Papakosta and K. Xanthopoulos)
O2. WEaning Age FiNder (WEAN): A tool for estimating weaning age
from isotopic data of dentine microsections
(E. Ganiatsou, A. Souleles and C. Papageorgopoulou)
O3. Geometric morphometric analysis of human skeletal material from
ancient Thessaloniki. Reconstructing the population history of an urban
center
(A. Aidonis, G. Lyras, S. Protopsalti, S. Tzevreni, S. Vasileiadou,
K. Konstantinidou, E. Kalliga and C. Papageorgopoulou)
Coffee Break
SESSION 2: Remote sensing and geophysical analysis
Chairperson: D. Tsiafakis and G.N. Tsokas
O4. GIS and Unity as analytical and methodological tools in
archaeology: Case studies from North Greece
(D. Tsiafakis and V. Evangelidis)
O5. Image Fusion: A superior tool for investigating archaeological sites:
Examples from N. Greece
(A. Karamitrou and G.N. Tsokas)
O6. Geophysical investigations at the site of Ancient Tenea
(G.N. Tsokas, S. Stampolidis, N. Diamanti, E. Korka, P. Evaggeloglou,
E. Fikos and G. Vargemezis)
O7. Digital Archaeology and Aegean Thrace: A multi-disciplinary
approach to the landscape of the Peraia of Samothrace
(A. Avramidou, J.C. Donati, N. Papadopoulos, A. Sarris,
Chr. Karadimas and Chr. Pardalidou)
O8. Communication networks in archaeology. The case of the
Mycenaean Messenia
(G. Malaperdas, A. Sarris and N. Zacharias)
O9. Between water and land – connecting and comparing underwater,
terrestrial
and airborne remote sensing techniques
(A. Pydyn, M. Popek, Ł. Janowski, A. Kowalczyk, L. Żuk and K. Lewe)
O10. Landscape reconstruction of the Shuanguaishu Site in the Yellow
River of China since 8.000 years
(R. Yang, G. Chen, L. Luo, P. Lu, P. Chenand W. Li)
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13:40 - 14:00
14:00 - 14:40
14:40 - 17:20
14:40 - 15:00

15:00 - 15:20

15:20 - 15:40

15:40 - 16:00

16:00 - 16:20

16:20 - 16:40

16:40 - 17:00
17:00 - 17:20
17:20 - 18:20
18:20 - 19:00

18:20 -18:40

O11. Remote sensing applied to archaeological site detection.
Poblational pattern
in right side of Guadalen River (Vilches, Spain) during Roman Empire
(A.A.J. Ortiz Villarejo and B.L.M. Gutiérrez Soler)
Lunch Break
SESSION 3: Digital applications
Chairperson: Ł. Miszk
Ο12. Monitoring of archaeological excavations using photogrammetric
techniques
(Ł. Miszk, J. Modrzewski, Ł. Wilk, W. Ostrowski and P. Lech)
O13. Digital Technologies and 3D printing for the communication of
Archaeological Discovery: The case of the Early-Archaic wreckage of
the Strait of Otranto
(B. Davidde Petriaggi and V. Ria)
O14. New insights into past agriculture: A modern experimental
cultivation project
that explores past agriculture with the aim of 3D Geometric
Morphometrics
(A.E.T. Kriti, A. Livarda, H.A. Orengo, I. Mylonas and E. Ninou)
O15. A computational design workflow towards the establishment of a
Digital Twin
in historic buildings
(S. Dimitriou and O. Kontovourkis)
O16. Hazards due to drought and extreme rainfall in Heritage
Landscapes: An analysis
of the last 30 years by satellite big data
(M. Moreno, Ch. Bertolín, R. Ortiz and P. Ortiz)
O17. Obsidian sourcing by combining SEM images and machine
learning
(M. Coisson, E.S. Olivetti, P. Ansalone, L. Martino and E. Ferrara)
O18. Promotion of Chios’ monuments and museums through interactive
digital services
(G. Nikou and A. Maniaki)
O19. History Alive
(A. Kamara and N. Pachtas)
POSTER SESSION I (In-person presentation)
SESSION 4a: Metals
Chairperson: V. Orfanou and N. Nerantzis
O20. Advantages and limitations of archaeometric analysis of
archaeological metals:
A focus on electron, proton and neutron techniques for studying silver
coins
(J.M. del Hoyo-Meléndez, M. Matosz and A. Walanus)
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18:40 - 19:00
19:00 - 19:40

19:00 - 19:20

19:20 - 19:30
19:30 - 19:40
20:00

O21. Neutron techniques employed to study objects from the Wallace
Collection
(A. Williams)
TECHNICAL SESSION
TS1. A Mobile Lab, with an holistic in-situ non destructive approach,
involving Spectroscopic Mapping Imaging - Tomogephic and Remote
Sensing techniques for the documentation from one hand and the support
of the optimal conservation of Cultural Heritage objects and monuments
from the other
(G. Karagiannis, S. Amanatiadis, G. Apostolidis and Th. Karagiannis)
TS2. Modern TEM Applications on Cultural Heritage Materials: How to
Access in Greece
(E. Palamara)
TS3. Complete solutions of high accuracy 3D mapping
(S. Georgoulopoulos)
Welcome Cocktail at the Campus of the University of the Peloponnese

Friday, October 7
09:00 - 10:40
09:00 - 09:20

09:20 - 09:40

09:40 - 10:00

10:00 - 10:20

10:20 - 10:40
10:40 - 11:00

SESSION 4b: Metals
Chairperson: V. Orfanou and N. Nerantzis
O22. Tools and jewels: An analytical study of copper-alloy artefacts
from Bronze Age Thassos
(N. Nerantzis and S. Papadopoulos)
O23. Understanding and reproducing cross-craft interaction in the Late
Bronze Age Carpathian basin
(V. Orfanou, S. Amicone, V. Sava, B. O’Neill, L.E.F. Brown,
C. Bruyère and B.P.C. Molloy)
O24. Geochemical study of hammerscale, a new tool to understand the
iron supply
of a workshop
(J. Rodier, V. Serneels and B. Gratuze)
O25. Casting, composition and microstructure of Roman bronze: A noninvasive neutron study
(F. Grazzi, F. Cantini, P. Pallecchi, Brini, S. Agnoletti, A. Patera,
G. Rotondi, A. Fedrigo and A. Scherillo)
O26. Materials procurement. The case of two Late Roman metallurgical
sites in Cyprus
(A.M. Sdralia, A. Sarris, V. Kassianidou and Th. Rehren)
Coffee Break
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11:00 - 13:40
11:00 - 11:20

11:20 - 11:40

11:40 - 12:00

12:00 - 12:20

12:20 - 12:40

12:40 - 13:00

13:00 - 13:20

13:20 - 13:40
13:40 - 14:40
14:40 - 15:40
15:40 - 16:40
16:40 - 19:00

16:40 - 17:00

SESSION 5: Pottery
Chairperson: E. Gliozzo
O27. Classification of Neolithic pottery clay from Bahçelievler in the
northwest Anatolia
(S. Sarialtun, E. Fidan and S. Ağaç)
O28. A study of pottery and obsidians from an Early Neolithic house in
the foothills:
A case study of the Biskupice Site 18 (Wieliczka Foothills, Southern
Poland)
(M. Moskal-Del Hoyo, A. Rauba-Bukowska, R. Kenig, M. RoffetSalque, C. Maule, D. Werra, M. Nowak, A. Czekaj-Zastaeny and M.
KorczyńskaI)
O29. Shell-tempered pottery: A case study of Tripolye cooking pots
(I.
Sobkowiak-Tabaka,
A.
Kurzawska,
M.
Szczepaniak,
M. Grześkowiak, M. Fleszar, A. Diachenko and Y. Levinzon)
O30. The shell-tempered pottery phenomenon in Neolithic Northeast
China A multidisciplinary approach
(P. Sebillaud, P.A. Duval and X. Liu)
O31. Interpreting pottery production in Roman and late Antique
Noricum An interdisciplinary approach
(M. Auer, B. Borgers and M. Daszkiewicz)
O32. Archaic Corinthian ceramics: preliminary study by optical analysis
and SEM/EDS
(E. Korka, P. Evaggeloglou and M. Ioannou)
O33. Preliminary study of east Aegean pottery production and clayey
raw materials:
The case of Lesvos
(A.-M. Pollatou, I. Iliopoulos, A. Hein and E. Kiriatzi)
O34. A Neutron Diffraction study of phase alterations during firing of
ancient pottery
(I.M. Siouris, M. Girkiza, S. Katsavounis and W. Kockelmann)
Lunch Break
POSTER SESSION II (online presentation)
POSTER SESSION III (online presentation)
SESSION 6: Glass and glassy materials
Chairperson: J. Henderson
O35. Islamic glazed ceramics in Gharb Al-Andalus (south-western
Iberia):
An archaeometric study of monochrome honey and bichrome honey and
black/brown glazed wares
(C.A. Camara, M. Beltrame, S. Gómez Martínez and J. Mirão)
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17:00 - 17:20

17:20 - 17:40

17:40 - 18:00
18:00 - 18:20

18:20 - 18:40

18:40 - 19:00
19:00 - 20:00

O36. Chemical composition of Early Medieval arsenic glaze beads as an
indicator
of the origin of the raw material
(R. Czech-Błońska, R. Siuda and E. Miśta-Jakubowska)
O37. The first trace element and isotope analyses of glasses from the
world heritage site of ChoghaZanbil, Iran
(O. Oudbashi, J. Henderson, S. Chenery and J. Evans)
O38. Compositional and provenance of Late Bronze Age glass from
Kefalonia, Greece
(V. Muros, N. Zacharias and J. Henderson)
O39. Frattesina glass: New analytical data
(J. Henderson, A. Oikonomou, S. Chenery and P. Bellintani)
O40. Fire and Sand: An archaeometric analysis of the Roman
architectonic glass
found during the excavation of Lamia’s Gardens
(M. Parasoglou, L. Medeghini, P. Barrulas and M. Botticelli)
O41. New data on Late Antique and Early Medieval glass from the
Adriatic
(E. Gliozzo, F. Giannetti, M. Turchiano and M. Ferri)
Costa Navarino - International Archaeometry Award Ceremony

Saturday, October 8
09:00 - 11:40

09:00 - 09:20

09:20- 09:40

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

10:20- 10:40

SESSION 7: Pigments
Chairperson: I. Karapanagiotis and S. Boyatzis
O42. Identifying pigments in unsigned panel paintings attributed to
Dionysius of Fourna
(Th. Mafredas, S. Boyatzis, D. Avramidis, Y. Facorellis, S. Amanatiadis,
G. Karagiannis and E. Kouloumpi)
O43. Revealing the materials and techniques of Post-Byzantine icons
through MA-XRF
(G.P. Mastrotheodoros, Th. Gerodimos, I. Georvasilis, A. Asvestas,
D. Chatzipanteliadis, A. Tzima, A. Likas and D.F. Anagnostopoulos)
O44. Shellfish purple: Composition, degradation, identification
(I. Karapanagiotis, A. Vasileiadou, A. Zotou and M.G. Nouira)
O45. The blue road: Provenance study of azurite samples from historical
locations through the analysis of minor and trace elements
(S. Capriotti, L. Medeghini, S. Mignardi, M. Petrelli and M. Botticelli)
O46. A multi-analytical study for the characterization of pigments from
an Egyptian artefact of the Late Dynastic Period
(V. Guglielmi, C.A. Pini, C.A. Lombardi, V. Comite and P. Fermo)
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10:40- 11:00

11:00- 11:20

11:20- 11:40
11:40 - 12:00
12:00 - 14:00

12:00 - 12:20

12:20 - 12:40

12:40 - 13:00

13:00 - 13:20

13:20 - 13:40

13:40 - 14:00
14:00 - 14:20

O47. Macro-Raman-Mapping of artefacts: A novel technique for the
study
of pigment distributions
(A. Rousaki and P. Vandenabeele)
O48. Resonant multiphoton ionization for archaeometry and cultural
heritage science
(T. Cohen, A. Parejo Vidal, A. Williams, J.A. Berenbeim, S.C. Owens,
N. Svadlenak, C. Schimdt Patterson, S. Tyson-Smith, A. Ford,
M. Gordon and M.S. De Vries)
O49. AFM PF-QNM and SHG: Two advanced techniques for the study
of archaeological textiles and artworks
(A. Melelli, J. Beaugrand, F. Jamme, O. Arnould and A. Bourmaud)
Coffee Break
SESSION 8: Mortars / Building materials
Chairperson: V. Kilikoglou
O50. Multianalytical characterisation of historic rendering mortars of
houses
from the Makrygianni excavation
(Y. Facorellis, N. Skoutaridis, S. Boyatzis, A. Stefanis and T. Vakoulis)
O51. Technological investigation of ceramics and mortars
from the coastal archaeological site of Kolonna Bay in Aegina, Greece
(N. Zacharias, P. Kalamara, G. Vlachos, Α. Zampetoglou and
E. Palamara)
O52. Non-destructive approaches to painted plaster: Combining
photogrammetry
and portable X-ray fluorescence spectroscopy
(A. Clinch, J. Pakkanen and M.C. Lentini)
O53. Novel, multifunctional consolidants for the mitigation of gypsum
stone deterioration at the Knossos Palace, Crete, Greece
(K.D. Demadis, I.E.Grammatikakis and E. Armakola)
O54. A New aqueous nanolime for eco-friendly and sustainable practice
in stone consolidations treatments. The case study of San Francesco
all’immacolata church
in Ortigia (Italy)
(G. Taglieri, V. Daniele, G. Rosatelli, L. Arrizza, O. Spadaro and
A. Ministeri)
O55. How the past can help the future
(L. Medeghini, L. Calzolari, M. Bernabale,S. Capriotti, C. De Vito and
S. Mignardi)
Closing Remarks
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Poster Session I (In person attendance)
P6. Application of modern technologies in ancient Epidauros (A. Kazolias,
V. Lambrinoudakis and V. Kazolias)
P8. Non-invasive investigation of submerged medieval harbour, a case study from the
puck lagoon (Ł. Janowski, A. Pydynand M. Popek)
P9. Sand & stones. Digitisation of the Armyrolakka wall structure within the frames of
the Pylos Geoarchaeological Program (N. Zacharias, M. Kylafi, V. Valantou, A. Kazolias,
A. Kompoti and V.V. Panagiotidis)
P10. The Pylos Geoarchaeological Program. Archaeometric and technological
approaches (N. Zacharias, E. Militsi, M. Kylafi, G. Malaperdas, V.V. Panagiotidis and
E. Mantzana)
P11. Landscapes of myth and digital Cultural Heritage: From ancient tales to modern
tourists’ needs (D. Tsiafaki, Y. Mourthos, N. Michailidou, D. Sarafopoulou,
A. Vacalopoulou and G. Stainhaouer)
P12. Roads of mysteries: The digital documentation of the road networks of three
contemporary villages in northern Messenia, Greece with the use of GIS, historical
aerial and high-resolution satellite imagery (E. Vallianatou, G. Malaperdas and
J.C. Donati)
P13. At the edge of a city. The digital storyline of the Brontochion Monastery of
Mystras (V.V. Panagiotidis, V. Valantou, A. Kazolias and N. Zacharias)
P16. Graph analysis on street network in a web browser (J. Modrzewski, P. Zachar,
A. Kubicka-Sowińska, Ł. Miszk and W. Ostrowski)
P17. Application of a stand-alone RTI measuring system with integrated camera in
Cultural Heritage digitisation (L. Wilk, M. Klebowski, M. Beldyga, W. Ostrowski and
P. Lech)
P23. Echoes – Building the osteobiographies of ancient Thessalonians (A. Aidonis,
E. Ganiatsou, P. Bantavanou, A. Souleles, M. Korelidou, G. Georgiou, I.Kompatsiaris,
S. Protopsalti, S. Tzevreni, C. Alagialoglou, M. Mavrokostidou, V.Kartsiakli, C.P. Vraka and
C. Papageorgopoulou)
P24. Digital 3D facial approximation of the Petralona skull. Methodological issue and
applications (A. Aidonis, D. Tzetzis, Ch. Achillas, A. Athanasiou, A. Darlas and
C. Papageorgopoulou)
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P26. Proposition of an innovative methodology coupling Structure from Motion (SfM)
Photogrammetry and Reflectance Transformation Imaging (RTI) as a standard
workflow tool for documenting and researching painted surfaces in 2.5D. The case study
of a mural painting from the Palace of Tiryns (G. Tsairis, N. Zacharias, I. Kakoulli and
A. Alexopoulou)
P27. Chemical analysis of bronze votives from the Minoan peak sanctuary at Ayios
Yeoryios sto Vouno, Kythera (Aik. Panagopoulou, A.G. Karydas, E. Banou and
N. Zacharias)
P28. Early signs of Mycenaean craftsmen’s innovation or initiative: The results of a
geometric morphometric analysis of the shaft grave bronze swords of Mycenae
(D.C.M. Brown)
P29. The alloying and metalworking technology of bronze votive objects from two
sanctuaries of Tegea, Arcadia, Greece, 9th-7th c. BCE (N.K. Kladouri, A.G. Karydas,
V. Orfanou, K. Tsampa, V. Kantarelou, A.V. Karapanagiotou and N. Zacharias)
P30. The armour of the Thracian warriors – An archaeometrical approach (B. Zlateva,
T. Stoyanov, D. Lesigyarski and V. Bonev)
P33. Amulets in a hoard from the Baltic coast in the era of Viking colonization.
A unique hoard from Dramino-Piaski (Poland) in the light of provenance and
technological research of goldsmithing art (E.A. Miśta-Jakubowaska, W. Duczko,
R. Czech Błońska, A.B. Kowalska, R. Mathur and A.M. Gójska)
P34. What jewellery were people wearing in the Middle Byzantine period?
A preliminary technological and analytical study (G. Logothetou, S. Metaxas,
N.K. Kladouri and N. Zacharias)
P35. Art and Technique of Cuojinyin: A Scientific Analysis on two Belt Hooks from
Luoyang of Eastern Zhou Dynasty (Y. Shi, Y. Wen, W. Li and C. Yang)
P36. Exploring the correlation between the metallic substances used on the gildings of
Russian icons from the Benaki Museum collection and their artistic backgrounds
(A. Boura, H.V. Farmakalidis and A. Sampatakos)
P44. Sounds from the PAST: a case study of a neolithic clay whistle (I. SobkowiakTabaka, A. Kurzawska, R. Gogol, A. Gruszczyńska-Ziółkowska and M. Krueger)
P49. Firing conditions of archaeological ceramic specimens characterized by Magnetic
Susceptibility measurements (D. Lesigyarsky, N. Jordanova, B. Zlateva, E. Vasileva and
V. Bonev)
P51. Inclusions in Late Bronze Age glass from Ialysos, Rhodes: Evidence for the use of a
third primary glass raw material (I. Worrall, J. Henderson, A. Meek and T. Kiely)
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P52. Α Multi-analytical approach for non-destructive quantitative investigation of
ancient mosaic glasses (G. Marcucci, Z. Kasztovszky, I. Harsányi, A. Scherillo, R. Smith
and D. Di Martino)
P54. Chemical characterization of glass tesserae from Zeyrek Mosque (Pantokrator
Monastery) in Istanbul (O. Ekinci, A. Akin Akyol and Ü. Özgϋmϋş)
P55. Insight into glass archeometry through replication techniques (C.H. Bellows,
B. Topper, L. Greiner, A. Powers, A.G. Clare and D.C. Möncke)
P57. Correlative microscopy for analysing archaeological samples – ase study of blue
glazed vessel attributed to Chai Kiln 950-1000 AD (T. Salminen, M. Hannula,
A.E. Barjesteh, R. Gradmann, W. Hang, M. He, A. Hein, D.V. Hill, A. Lϋttge, R. Ponte,
L. Petit and M. Zhang)
P60. Micro-residues on quartz tools: The example of Bronze Age Toumba, Thessaloniki
(O. Palli, I. Nazlis, S. Andreou, S. Triantafyllou and G. Kourtessi-Philippakis)
P61. Investigation and design of a non-destructive research protocol for the study of
easel paintings (E. Kouloumpi and N. Zacharias)
P68. A non-destructive assessment of the 13th century red church wall paintings
(G.P. Mastrotheodoros, A. Asvestas, T. Gerodimos, V. Papadopoulou, E. Filippaki,
D.F. Anagnostopoulos and K.G. Beltsios)
P71. Identification of lake pigments on Greek Post-Byzantine icons
(G.P. Mastrotheodoros, Z. Nikolaidou, A. Vasileiadou, I. Karapanagiotis and K.G. Beltsios)
P73. MA-XRF investigation of a 17th century icon by the renowned painter Poulakis
(G.P. Mastrotheodoros, T. Gerodimos, A. Asvestas, A. Tzima, A. Euthimiadou,
V. Papadopoulou and D.F. Anagnostopoulos)
P74. Analytical investigation of the 16th century St Demetrios church wall paintings
(Klimatia village, Epirus, Greece) (G.P. Mastrotheodoros, E. Vlachou, K.G. Beltsios,
E. Felippaki, S. Boyatzis, M. Chatzidaki, V. Papadopoulou and Y. Facorellis)
P78. Quantification of the impact of climate change on historical monuments in
Greece (I. Markantonis, D. Vlachogiannis, A. Sfetsos and I. Karatasios)
P80. A Superhydrophobic and oleophobic composite coating for the protection of
stone-built cultural heritage (P. Manoudis, Z. Chughtai, V. Tsiridis, S.P. Evgenidis,
I. Karapanagiotis, Th.D. Karantsios and P.K. Spathis)
P81. Design parameters and criteria for the conservation mortars of the “Hall of the
Double Axes” (“King’s Megaron”) at the Minoan Palace of Knossos (I. Karatasios,
A. Michalopoulou, E. Katsaveli, V. Kilikoglou, E. Politaki and E. Kavoulaki)
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P83. The analysis of floor mosaic mortar substrates of Ancient Messene, southern
Peloponnese, Greece. First results on raw materials identification and technological
characteristics (E. Mantzana, E. Zimi, A. Kazolias, I. Iliopoulos and N. Zacharias)
P84. A contribution to the study of byzantine mortars from the Aegean. Four
monuments from the island of Samos (G. Delli, E. Mantzana and N. Zacharias)
P86. Provenance studies of stone tools from the Mesolithic Kouvaras cave in Attica
(K. Theodorakopoulou, F. Mavridis, A. Papadea, M. Perraki, G. Polymeris, N. Zacharias,
E. Palamara and C.D. Athanassas)

Poster Session II (Online attendance)
P31. Preliminary characterisation of metallurgical slag from Pistyros, N. Greece
(I.M. Siouris, N. Nerantzis, F. Katsanevakis, S. Katsavounis and S. Papadopoulos)
P32. Precious metals from Augusta Raurica – Archaeological and archaeometrical
investigations using non-invasive X-rays (I.A. Megatli-Niebel)
P37. New set-up for Neutron Resonance Capture Analysis (NRCA) and Neutron
Resonance Transmission Imaging (NRTI) for Cultural Heritage at the Italian Neutron
Experimental Station INES (A. Scherillo, G. Marcucci, A. Fedrigo, F. Grazzi and
D. Raspino)
P38. Conservation abreast Restoration: The use of pXRF for the final decision
(A.P. Panagopoulou, A. Mandaliou, V. Papazikou, G. Rousouneli and M. Roggenbucke)
P39. Identification of corrosion phenomena on Roman iron finds from the battlefield
of Kalkriese Osnabrück (J. Materlik, A. Jeberien and S. Burmeister)
P40. The Kβ/Kα intensity ratios as a tool of examination and thickness measurements
of surface silver enrichment (A.M. Gójska, E.A. Miśta-Jakubowaska, K. Kozioł,
A. Wasilewski and R. Diduszko)
P41. Technical Examination of the Tiles used in Kaboud Dome belong to Seljuk period
in Maragheh, Iran (P. Soleimani and A. Mohtasham)
P42. Spectroscopic technique for the characterization of the potsherds from
Tigranakert in Artsakh (Y. Keheyan, G. Lanterna, H. Petrosyan and T. Vrtanesova)
P43. Imported pottery at the cemetery of Perati in light of current results of Neutron
Activation analysis (B. Lis, H. Mommsen and J.H. Sterba)
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P45. An insight into the suitability of West Cretan clayey raw materials for ceramic
manufacture in Chania area, Greece: Preliminary results (M.-V. Antonopoulou,
V. Xanthopoulou, E. Nodarou, P. Avramidis, Y. Papadatos, D. Papoulis and I. Iliopoulos)
P47. Tracing technology and provenance of Hellenistic-Roman fine wares from Ancient
Elis, Greece: A preliminary study using SEM/EDS and micro-XRF analysis
(E. Triantafyllidi, A.G, Karydas, K. Tsampa, E. Zimi and N. Zacharias)
P48. Ways to find the inner self: The case of cross-disciplinary pottery studies in
Pheneos (R.N. Klöckl)
P49. Chemical and mineralogical analysis to evaluate post-depositional diagenesis of
the shell-tempered ware identified in Eastern Romania (F. Mătău, I.-G. Breabăn,
M. Pintilei, O. Chiscan, A.-L. Vasiliu and A. Stancu)
P51. Adhesive based gap-filling materials: The future of ceramic stabilisation and loss
compensation? (A. Gürschner Vidart)
P54. Fragments of luxury: Opaque glass from the palace of Mystras (E. Palamara,
D. Palles, E.I. Kamitsos and N. Zacharias)
P57. The efficacy of laser cleaning in the restoration of a historical stained-glass from
Cuenca Cathedral, Spain (E.M. Maingi, M.P. Alonso Abad, L.A. Angurel, G.F. de la
Fuente, R. Chapoulie and St. Dubernet)
P59. Beyond the golden sky: Technical identification of Lajvardina ceramic from Rayy
and Alamut, Iran (M. Yazdani)
P60. Obsidian blades from Kurdistan (Iraq): A petrological approach for provenance
studies (M. Bernabale, A.M. Conte, L. Medeghini, L. Peyronel and C. De Vito)
P80. Preliminary study of particulate pollutants affecting monuments in different
atmospheric backgrounds (D. Mitsos and N. Zacharias)
P83. Beyond bleaching in OSL mortar dating: Statistical data treatment on Northern
Italy samples (M. Saleh, G.S. Polymeris, L. Panzeri, E. Tsoutsoumanos, G. Ricci, M. Secco,
G. Artioli, S. Dilaria, M. Martini and A. Galli)
P86. Structural and compositional variations of archaic marbles (I.M. Siouris,
M. Kokkaliari, S. Katsavounis and S. Papadopoulos)
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Poster Session III (Online attendance)
P1. Investigating dietary patterns in the ancient colony of Abdera (Aegean Thrace,
Greece). Stable isotope analysis (δ¹⁵N, δ¹³C) in human bone collagen (A. Georgiadou,
A. Zisis, E. Ganiatsou, K. Kallintzi and C. Papageorgopoulou)
P2. New histomorphological method for age-at-death on cremated and unburned
human bones (P. Bantavanou, E. Valakos, K. Moraitis and C. Papageorgopoulou)
P3. Archaeometric investigation and conservation of an ivory sword hilt from the
Derveni Grave B (V. Michalopoulou, Ch. Katsifas and A. Touloumzidou)
P4. Digital recording of archaeological survey finds and analysis through Geographical
Information Systems (K. Sgouropoulos, D. Urem-Kotsou and P. Chrysafakoglou)
P5. When archives don’t suffice: The use of Photogrammetry on Kiti Tower, Cyprus
(D. Konstantinidou)
P7. 3D Laser Scanning and UAVs in cultural heritage: The case of Old Navarino Castle in
Pylos, Greece (A. Kompoti, V.V. Panagiotidis and N. Zacharias)
P14. The temple at Kardaki in Corfu. Ancient metric system, typology, 3d digital
reconstruction (D. Andrikou)
P15. The use of Blender software in archaeological documentation and research
(J. Stępnik)
P18. Development of an Open Lab for the Virtual preparation of the archaeological
and palaeontological finds in the Museum of Petralona, Chalkidiki, Greece
(Ch. Achillas, D. Tzetzis, E. Tzimtzimis, A. Athanasiou, A. Darlas, E. Karkazi, P. Tzioumakis,
S. Poulios, I. Aspiotis, V. Chatziparadeisi and D. Bochtis)
P19. On-site presentation using augmented reality (AR) technologies: The case study
of Beşiktaş (T. Uçarci, U. Muşkara, G. Ortak and R. Asal)
P20. The Importance of Digital VideoinArchaeologywithin the Twenty First Century
(R. Scott)
P21. Digital museum and the Zakros project (G. Argyrou)
P22. A virtual museum visit in the Teloglion Fine Arts Foundation, Thessaloniki, Greece
(Ch. Achillas, D. Tzetzis, S. Koltsakidis, K. Tsongas, V. Gkonos, M. Babatsikos and
N. Moussiopoulos)
P25. Reuse your pots and pans: Bringing life back to ancient ceramic fragments
(V. Valantou, V.V. Panagiotidis, A. Kompoti, A. Kazolias and N. Zacharias)
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P46. Ancient Thouria lagynos: An organic residue case study (D. Brink, S. Boyatzis and
N. Zacharias)
P63. Tip Enhanced Laser Desorption to combine microscopy and spectroscopy
measurements on complex heterogeneous nanometer-scale systems (T. Cohen,
A.D. Parejo Vidal, M. Gordon and M. de Vries)
P64. Sampling ancient polychromy for pigment provenance research (A.S. Rodler,
C.Brøns, N. Tepe, T. Hofmann, C. Koeberl, R. Frei, A. Van Ham-Meert and G. Artioli)
P65. Digital Microscopy coupled to Image Processing and Hyperspectral Imaging for
the non-invasive evaluation of optical effects in historical miniatures: A first approach
(S. Bottura-Scardina, C. Miguel, F.T. Barata and A.N. Alves)
P66. MA-XRF as a valuable tool in the analysis of paintings (A. Asvestas,
D. Chatzipanteliadis, Th. Gerodimos, G.P. Mastrotheodoros, A. Tzima and
D.F. Anagnostopoulos)
P67. Clustering methods in MA-XRF data analysis (Th. Gerodimos, I. Georvasilis,
A. Asvestas, G.P. Mastrotheodoros, Α. Likas and D.F. Anagnostopoulos)
P68. The APPEAR project at the KHM: Multitechnological research on three mummyportraits of the KHM (K. Uhlir, B. Vak, R. Iannaccone, M. Laubenberger and M. Griesser)
P70. Pigment identification in the work of the painter Nikolaos Gyzis “The Poet at the
Fountain” applying non-destructive spectroscopic techniques and a multispectral
camera (E. Christopoulou, N. Laskaris and Th. Ganetsos)
P71. Analytical studies on Achaemenian pigment lumps from Persepolis, Iran
(O. Oudbashi, A. Shekofteh, Z. Chahardoli and H. Fadaei)
P73. LIBS and XRF investigation of paintings’ materials: A preliminary study
(E. Kechaoglou, G.P. Mastrotheodoros, A. Asvestas, T. Gerodimos, D.F. Anagnostopoulos
and C. Kosmidis)
P76. Archaeometrical investigation of pigments of the iconostasis from Saint Georgios
church of Sohos (M. Tsiapali, S. Vivdenko, H. Tsaggalidis, A. Vasileiadou and
A. Konstanta)
P77. Preliminary results of a study on the color palette of portrait paintings in Greece
during the second half of the 19th and the beginning of the 20th century (S. Kesidis,
A. Kaminari, A. Alexopoulou and N. Zacharias)
P78. Application of the Raman Spectroscopy on Experimental Samples for studying
behavior of natural binders in Coptic Periods (A. Medhat)
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ABSTRACTS OF ORAL SESSIONS
Molecular Biology and Biotechnology of
the Institute of Technology and Research,
the Democritus University of Thrace, the
company TETRAGON).
The programme aims to study the
phenomenon
of
the
Corinthian
colonization of ancient Amvrakia, a city
which was founded at the end of the 7th
century BC and thrived until its
destruction by the Romans in the 2nd
century BC and whose expansion
approximates the one of the modern city
of Arta. The interactive relationship
between the metropolis (ancient Tenea)
and its colony (ancient Amvrakia) is
examined mainly through the study of the
archaeological finds and anthropological
remains that have been found, during the
archaeological researches of recent years
in the extensive cemeteries of Amvrakia.
The approach to the material as a whole
combines in an exemplary way the new
technologies with the utilization of
genomic technology (ancient DNA) and
the assistance of the science of
anthropology
(isotope
analyses).
Specifically, the main goal of the
research program is to trace the
biological imprint of the Corinthians on
the indigenous population of Ambrakia
and
its
subsequent
demographic
development.
Τhe purpose of this announcement is to
present the data that have emerged, as
well as to highlight the overall
contribution of the innovation projects to
scientific research through a brief
presentation of the stages that preceded
the
accession
and
eventual
implementation of the research program.

O-1. THE CONTRIBUTION
OF
THE
INNOVATIVE
RESEARCH
PROGRAM
APOIKIA TO THE STUDY
OF THE PHENOMENON OF
CORINTHIAN
COLONIZATION IN THE
AREA OF THE MODERN
CITY OF ARTA
V.
Papadopoulou1,
Ar.
Vasios1,
1
D. Papakosta and K. Xanthopoulos2
1

Ephorate of Antiquities of Arta, Ministry of
Culture & Sports, Greece;
vpapadopoulou@culture.gr,
avasios@yahoo.gr,
demi.papakosta@gmail.com
2
Department of History and Ethnology,
Democritus University of Thrace, Greece;
ancbiosoc@gmail.com

The employment of new technologies in
the field of Archaeology - such as the
study of ancient DNA - is nowadays in
the focus of worldwide interest by
cultural organizations. In this context, the
Ephorate of Antiquities of Arta
implements in the current period a
research project of an emblematic nature,
entitled "Ancient DNA analysis in novel
multidisciplinary approach of ancient
Corinthian
colonization.
Ancient
Amvrakia and Ancient Tenea as
demonstration examples" with the
abbreviation APOIKIA in collaboration
with four other bodies (the Directorate of
Prehistoric and Classical Antiquities of
the Ministry of Culture, the Institute of
19
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weaning age of individuals based on
measurements of δ15N from incremental
dentine collagen providing an automated
estimation of weaning age.
We evaluated the accuracy of the tool by
re-estimating 87 published weaning ages.
The results show a strong agreement
between the visual observation and the
knee method (mean difference: 0.89
years) underlining that an automatic
mathematical framework can be used for
the accurate estimation of weaning age.
The tool (1) estimates the weaning age,
(2) detects probable evidence of
physiological stress, and (3) illustrates
the results in visually appealing charts
and user-friendly output files in PNG and
CSV format (Figure 1).

O-2. WEaning Age FiNder
(WEAN): A TOOL FOR
ESTIMATING
WEANING
AGE
FROM ISOTOPIC
DATA
OF
DENTINE
MICROSECTIONS
E. Ganiatsou, A.
C. Papageorgopoulou

Souleles

and

Laboratory of Physical Anthroplogy,
Department of History and Ethnoloy,
Democritus University of Thrace, 69100,
Komotini, Greece,
http://anthropologylab.classic.duth.gr

Stable isotope analysis has been widely
applied for the reconstruction of
palaeodiet. The measurement of isotope
ratios from the collagen of tooth
microsections, offers detailed insights
into human diets with a fine-grained
resolution
during
childhood
and
adulthood. In particular, stable isotope
ratios of nitrogen (δ15N) from dentine
increments show the duration of
exclusive breastfeeding, the onset and
offset of weaning, and potential signals
of physiological stress (Tsutaya and
Yoneda
2015;
Beaumont
and
Montgomery 2016). Although the
technique is increasingly applied in
bioarchaeological datasets, the weaning
age is still, estimated visually by
researchers. Taking into consideration
the growing number of datasets, this
manual task is time-consuming, laborintensive, and error-prone.
To standardize the process of weaning
age estimation, we propose a streamlined
procedure based on mathematical
computation, for which we generated the
application WEAN. Our tool utilizes the
knee/ elbow method to calculate the

Figure 1. Screenshot from WEAN interface
showing the individual chart of δ15N values
against the age (dotted line: observed values, black
line: regression line, pink line: weaning age).
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GEOMETRIC
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RECONSTRUCTING THE
POPULATION HISTORY
OF AN URBAN CENTER
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3
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Thessaloniki is a city with continuous
occupation since antiquity. The city was
founded by Cassander in 315 BC. Its
strategic position played a decisive role
in its future development. After the
Roman conquest (2nd c. BC), it became
the capital of the district of Macedonia,
and later on, when the capital of the
Byzantine
Empire
moved
to
Constantinople (330 AD), Thessaloniki
emerged as the second largest city of the
empire.
During
these
historical
transitions, the city flourished and
retained its urbanity uninterruptedly.
However,
despite
the
good
archaeological record, it remains unclear
if there was a biological continuity
among the city’s inhabitants or if there
were major population changes.
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To address this question, we analyzed
208 individuals excavated during the
construction
of
Thessaloniki’s
metropolitan subway. In order to
reconstruct the secular patterns of the
population, we investigate the temporal
bone
anatomy
with
geometric
morphometrics. In addition, 12 skulls
from Mavropigi, a rural settlement of the
late Roman period were used for
comparison.
The bones were digitized and thirteen
anatomical landmarks were collected.
Landmark measurement error was tested
and a Generalized Procrustes Analysis
(GPA) was conducted to extract the
geometric shape from the overall size.
Principal components analysis (PCA) and
Canonical variate analysis (CVA) were
performed to examine shape differences.
Considering the archaeological data, our
study
examines
the
continuity
hypothesis, according to which a
homogenous population pattern is
expected, and the influx hypothesis,
according to which morphological
differentiation between chrono-cultural
groups would appear.
The results show that there is variation
among chronological groups, particularly
between the Hellenistic and Roman
periods. There is also distinct clustering
between the urban sample from
Thessaloniki and the rural from
Mavropigi.
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Figure 1. (a) Temporal bone shape variation
among the chronological groups of the study. (b)
The plot shows the results of CVA where the first
2 eigenvalues account the 89,40% of the total
variance.
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Athena http://aegis.athenarc.gr/) has
sought to employ these technologies in
the archaeology of Northern Greece and
to shed new light on the enormous
potential of their application in the
archaeological research. The purpose of
this paper is to show and discuss the
different possibilities and contribution of
those
applications
through
the
employment of certain case studies.
These include the organization and
analysis of data in the University
excavation in Karabournaki (Tsiafakis
and Evangelidis 2006; see also Figure 1),
the study of the relationship between
environment and settlement in Aegean
Thrace (Tsiafakis and Evangelidis 2021)
and the use of Unity to restore and
explore movement and visibility in
archaeological landscapes of ancient
Thrace (via Egnatia see Figure 2, Kastro
Kalyvas, paleodelta Nestos see Figure 3).
As the experience with GIS and Unity
increases and their use becomes more
and more widespread within the
archaeological community, it becomes
clear that these systems, especially opensource GIS, can provide an extremely
useful toolbox that due to its open and
collaborative nature, can be adapted to
the requirements of each archaeologist
(Orengo 2015). As archaeologists
ourselves, what we want to argue is that
platforms and tools like GIS or Unity
have the potential to evolve as heuristic
devices, tools that will help us think
about our assumptions and formulate our
archaeological questions.

O-4. GIS AND UNITY AS
ANALYTICAL
AND
METHODOLOGICAL TOOLS
IN ARCHAEOLOGY: CASE
STUDIES
FROM
NORTH
GREECE
D. Tsiafakis and V. Evangelidis
Archaeological GIS Laboratory (AeGIS
Athena) http://aegis.athenarc.gr/,
Department of Culture and Creative
Industries of Institute for Language and
Speech Processing (ILSP) Athena Research
Center (Athena RC)

During the thirty years since the first
introduction of the term GIS in
archaeology, digital spatial analysis (and
Geographic Information Systems) has
become one of the key tools for
exploring, analyzing and interpreting
spatial data (Wheatley and Gillings
2003). GIS programs have become
particularly popular, primarily as systems
for interdisciplinary analysis in landscape
archaeology (Verhagen 2012). Their use
has proven to be crucial for the
management
of
stratigraphic
archaeological data, but also as basic
tools
for
their
archaeological
interpretation (Tsiafaki and Katsianis
2021). Today other open data platforms
have emerged as complementary such as
Unity 3D, a powerful game production
engine equipped with a complete set of
tools that allows the user to instantly
create a virtual system into which to
insert, modify and visualize (in a creative
fashion) archaeological data.
Over the last four years, research
conducted at RC Athena and more
specifically at the newly established
Archaeological GIS Laboratory (AeGIS
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archaeology In Proceedings of the GIS
Research UK 14th Annual Conference,
GISRUK 2006, 5th-7th April, 2006,
University of Nottingham, Great Britain,
Priesnall G. and Aplin, P. (eds.), 328-333
Tsiafakis, D. and Evangelidis, V. (2021)
Exploring rivers and ancient settlements in
Aegean Thrace through spatial technology.
In: Kefalidou, E. (ed.) The Riverlands of
Aegean Thrace: Production, Consumption
and Exploitation of the Natural and Cultural
Landscapes. River Valleys and Regional
Economies, Panel 2.4 – 2.7. Archaeology and
Economy in the Ancient World 6, pp. 45-61,
Heidelberg: Propylaeum.
Tsiafaki, D. and Katsianis, M. (2021)
Stewardship of Digital Archaeological Data
in Greece: A landscape of fragmentation,
Internet
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58.
https://doi.org/10.11141/ia.58.8
Verhagen, P. (2012) Biting off more than
we can chew? The current and future role of
digital techniques in landscape archaeology.
In: Kluiving S.J, Guttman Bond E (eds)
Landscape archaeology between art and
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approach. Amsterdam University Press,
Amsterdam, pp. 309-320.
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Spatial Technology and Archaeology: The
Archaeological Applications of GIS. New
York, NY: CRC Press.

Figure 1. Reconstruction of the ancient settlement
at Karabournaki using GIS data and Unity tools.

Figure 2. Reconstruction of via Egnatia near the
modern village Kimmeria using GIS data and
Unity tools.

Figure 3. Reconstruction of the Paleodelta of
Nestos using GIS data and Unity tools.
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subsurface structures. In this work we
demonstrate the advantages of this
approach using data from three
archaeological areas in N. Greece.
In curvelet-based fusion the inputs are
the output grey-scale georeferenced
images of individual geophysical
methods, derived with the typical
processing routine followed for each
method (e.g., Tsokas et al., 2009). Prior
to fusion an additional fine coregistration stage is applied that further
adjusts fine-scale discrepancies related
with inaccuracies due to measurements
taken with hand-held devices and errors
in the relative positioning of the grids
(Karamitrou et al., 2017). Next, each
image is decomposed using the curvelet
transform (CT; Candes and Donoho,
2000) into discrete coefficients, which
are functions of the spatial coordinates,
scale (i.e., size), and azimuth of the
imaged features. The CT is fully
reversable and sparse. A high coefficient
at a specific coordinates, scale and
orientation depicts a linear object with
that size and orientations is imaged at
that specific location. Curved objects can
effectively be represented as a series of
smaller linear segments. This ability of
the CT to distinguish the importance of
imaged features according to their
location, size, and orientation provides
the means for an objective integration of
different geophysical and/or remote
sensing images. The fused image is
created directly in the curvelet domain by
comparing the corresponding CT
coefficients of the initial input images
and choosing the optimal using an
objective criterion such as “the maximum
frequency rule” (i.e., the coefficient with
the maximum amplitude). Furthermore,
in the presence of apriori information
about the properties of the targets/noise,

O-5. IMAGE FUSION: A
SUPERIOR TOOL FOR
INVESTIGATING
ARCHAEOLOGICAL
SITES:
EXAMPLES
FROM N. GREECE
A. Karamitrou1,2 and G.N. Tsokas1
1

Laboratory of Exploration Geophysics,
Aristotle University of Thessaloniki,
http://geophysics.geo.auth.gr/ApplGeo/
2
Department of Archaeology, University of
Southampton, UK, Greece

Geophysical methods have become a
crucial part of the archaeological field
exploration. Recently, geophysicists and
archaeologists have recognized the
importance of employing overlapping
geophysical measurements with different
methods as they provide sensitivity to
dissimilar
underlying
subsurface
properties, allowing a more robust and
holistic representation of the targets.
Commonly the electrical resistivity
method
is
combined
with
the
geomagnetic gradiometry to integrate the
advantages of the resistivity in mapping
targets such as building footings and
other structural remains, with the
sensitivity of the geomagnetic method to
targets with substantial magnetic
susceptibility e.g., ferrous metals,
ceramic objects, and hearths. Towards
this direction, the geophysical image
fusion and in particular the curveletbased fusion method (Karamitrou et al.,
2019) allows the automatic and unbiased
integration of multiple overlapping
datasets from various geophysical
methods, but also remote sensing
imagery (e.g., Karamitrou et al., 2021)
that delineate surface signatures of
25
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additional conditional operations can be
performed in the curvelet domain aiming
to enhance objects or suppress noise
along specific orientations and scales.
We applied the fusion method in three
different archaeological areas in Greece,
the ancient city of Europos, the
archaeological area of Philippi both
located in Central Macedonia Region and
the archaeological area of Doriskos, in
Thrace. Although all three locations are
located in N. Greece, each represent a
different archaeological era with different
environmental conditions. For all three
methods we examined two datasets, the
magnetic gradiometry and the apparent
resistivity. For the archaeological area of
Philippi, we have additional a near
infrared image.
In all cases that fused images represent
the investigated area in more details by
enhancing the interesting features and
suppressing the noise. An example from
the area of Phillipi at N. Greece is shown
in Figure 1. A visual inspection reveals
that the magnetic image contributes more
at the SW region were relatively long
wavelength features exist, while in the
N/NE region, where finer scale structures
are imaged, the resistivity image appears
to prevail. A further statistical
investigation of the fussed image allows
to evaluate some details of the result.
This can be done efficiently on-the-fly
during the fusion by keeping track of the
number of non-zero coefficients that each
image contributes to the fused product
across
different
levels
of
the
decomposition (i.e., scales) and angles
(i.e., azimuths) (Figure 2).

Figure 1. Geophysical data from the area of
Phillipi in N. Greece a) Magnetic gradiometry b)
apparent resistivity image and c) final fused image
using the curvelet method.

Figure 2: Comparison of the contribution of the
magnetic (blue) versus the resistivity (red) image
to the fused product, along different levels and
angles (azimuths). Vertical axes count the number
of coefficients each image contributed. Top row
shows the approximations, where no angular
information is available.

This analysis shows that the contribution
of each image varies significantly over
different scales and orientations. More
specifically,
at
relatively
long
wavelengths (i.e., approximations level-2
coefficients) the magnetic image
contributes larger number of coefficients,
and there is no distinctive angular
preference for non-null coefficients. At
level-3 at angles of ~0° and ~ 180° (i.e.,
N-S) as well as ~90° and 270° (i.e., E-W)
there is a significant increase of the
contribution of the resistivity image,
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nearly matching the contribution of the
magnetic image. At level-4 the magnetic
image contributes significantly more than
the resistivity, however the contribution
of the resistivity image is significant
along the aforementioned orientations. At
level-5 the contribution of the resistivity
image increases more, while now the
same dominant orientations are apparent
in the magnetic image too. Finally at
level-6 the influence of the resistivity
image surpasses the magnetic, and it
clearly provides the most accurate
delineation of the linear features along
the prevailing orientations. Note in this
case the analysis is applied to the entire
grid, therefore in local subregions the
influence of each image may vary.
This methodology among other things
provides a tool for the posterior relative
evaluation of the sensitivity and the
resolution of each method, through the
comparison of the imaged features along
different scales and orientations.
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showing the distribution of the
electromagnetic signal.
The resistance data were subjected to
Cubic splines interpolation (Scollar et.
al., 1990), Compression of the dynamic
range, Wallis, and high pass filtering.
Similarly, they are presented as grey
scale views of the distribution of the
subsurface resistance. Their visualization
in a form like what would be seen if an
excavation had taken place (Scollar et.
al., 1990).
Figure 1 shows the spatial distribution of
resistance in a part of the surveyed area
in the form of grey-scale image. Positive
anomalies corresponding to high
resistances which appear as dark tones.
On the other hand, areas of low
resistances show up as whitish.
Alignments of positive anomalies (dark
tones) are observed which articulate
together to form geometrical images.
These kinds of anomalies were attributed
to the presence of remnants of the ancient
structures in the subsurface.
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Geophysical investigations took place at
the outskirts of the modern village
Chiliomodi in Corinth, at the site where
the ancient city of Tenea stood once upon
a time. Both Ground Penetrating Radar
(GPR) and electrical resistance mapping
were employed aiming to reveal buried
vestiges of the ancient city.
Field work took place during the last
months of 2020 and the early ones of
2021.
Processing was performed employing
The Kim’s (2004) software package as
well as the Sensors & Sofware SSI
(2007). Each radargram (vertical section)
was subjected to a series of mathematical
operations
to
remove
unwanted
frequencies, compensate the losses with
distance, spatial and temporal filtering,
migration (Fisher et al., 1992) and
envelope algorithms.
GPR data are displayed in twodimensional slices of the subsurface

Figure 1. Partial result of the resistance survey.
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The term Peraia of Samothrace is used to
describe the coast opposite the island of
Samothrace in Aegean Thrace. Since
2020, the Peraia of Samothrace Project
conducts
a
multi-disciplinary
archaeological fieldwork to investigate
the diachronic settlement patterns from
Prehistory to the Modern Era. It uses
integrated and non-invasive methods
such as remote sensing, geophysical
prospection, and intensive pedestrian
field walking to explore the regional
topography and the diversity of human
occupation. The project is a collaboration
between the Democritus University of
Thrace, the Ephorates of Antiquities of
Rhodope and Evros, and the Laboratory
of Geophysical – Satellite Remote
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Sensing & Archaeoenvironment of the
Foundation of Research and Technology,
Hellas (FORTH), and is funded by the
Hellenic Foundation for Research and
Innovation (HFRI-FM17-750).
Located at the crossroads between
Europe and Asia and the Northern
Aegean and the Black Sea, the Peraia of
Samothrace stretches from the ancient
city of Maroneia to the modern city of
Alexandroupoli and from the Northern
Aegean Sea to the southern extension of
the Rhodope mountains. The natural
environment is incredibly diverse and
alternates between narrow coastal zones
with small coves, rugged hills covered
with dense vegetation, and a limited
number of upland plateaus. This unique
region became a melting pot of
prehistoric populations, local Thracians,
Greek colonists, Persian soldiers,
Macedonian and Roman victors, and
Christian and Muslim inhabitants.
Τhe Peraia of Samothrace Project adopts
a hybrid approach to studying the
landscape of the Samothracian Peraia
through non-destructive fieldwork. The
aim is to combine complimentary
methods of research, carried out both
onsite and remotely, while embracing
and streamlining born-digital systems of
data collection and artifact analysis
within a finite budget. Large-scale and
rapid methods of landscape analysis,
such as remote sensing and geophysics,
are combined with intensive pedestrian
field walking. All survey data, whether
collected in the field or analyzed off-site,
are combined in the project’s geographic
information system (GIS) database.
The implementation of digital tools in the
archaeological research of the Peraia of
Samothrace and the results of nearly two
years of field-surveys will be the focus of
this presentation.
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networks. At the same time, one more
application of GIS beyond spatial
imaging and prediction modeling is
introduced. That one of the usefulness of
algorithms and the ability to develop
Artificial Intelligence applications in
combination with GIS.
For this paper, the case of Mycenaean
Messenia is examined for two main
reasons. First, the Mycenaean period in
Greece has not produced extensive
written documentation but instead a
limited number of clay tablets, which do
not provide any detailed testimonials of
the exact function/s of residential
complexes developed in the area.
Secondly, during the Mycenaean period,
Messenia emerged to a significant locus
of habitation as it is proven from the
abundant number of sites, both
residential and funeral. In this study, 140
sites constituting the renowned Kingdom
of Nestor are examined, contributing to
the reconstruction of the communication
networks in the area.
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Scientists are regularly troubled with the
way ancient societies communicated,
interacted and functioned even for
historical periods when written evidence
has been found and studied. In most
cases, such testimonies are hard to be
found or they do not exist at all.
Communication networks are usually
inferred by archaeological finds that are
either exotic or share common attributes
and which are found in different sites.
Still, the way that these networks were
operational remains puzzling.
However, often the geographical context
of the settlements and its analysis can
provide answers regarding to the
communication networks in a region. The
aim of this paper is initially to prove the
possibility of interconnection between
the organized settlements of the
Kingdom of Nestor, i.e. the modern area
of the Messenian Prefecture and then
attempt to derive a movement pattern of
interaction among these ancient rural
areas. This methodology could also be
applied to other aspects of organized
societies, enhancing or knowledge on the
so-called and widely unknown ancient
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Ostrów Lednicki is one of the few
archaeological sites where underwater
and terrestrial research are conducted
integrally. The 10th century hillfort built
on the island and two bridges leading to
its shore are a unique example of a
complex architecture commissioned by
the first Polish rulers. It is why only a
comprehensive
interdisciplinary
approach
to
archaeology
allows
conclusions to be drawn about the site.
Underwater survey techniques as well as
modern
ground-based
and
aerial
prospecting technologies were used
during the research.
Underwater prospecting techniques, such
as MBES, SBP were used during the
survey of Lednickie Lake. All
underwater objects were documented
using photogrammetry. In addition to that
the island was scanned using GPR and
ALS. The combination of these new
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prospecting methods allowed to raise
new research questions.
One such research question is the course
of the hillfort ramparts and the potential
process of their collapse, associated with
water level changes. The combination of
elevation models of the island with 3D
documentation of submerged structures
provides a very interesting interpretation
of the past processes. Another research
problem is the direction of the earlymedieval bridges and their location in the
landscape of the Lednickie Lake. Based
on bathymetric maps, the line of these
bridges, as well as their dimensions had
been calculated. New surveys and
digitalization of early documentation
helped to locate and interpret the result of
excavations from a few decades ago.
The combination of different prospecting
methods, both for underwater research
and those directed on land, made it
possible
to
generate
previously
unavailable data. As a result, complex
archaeological sites can be analyzed
more comprehensively. The outcomes of
photogrammetry, MBES, SBP, GPR and
ALS provides cross-reference and
supplementary information.
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Figure 1. DEM of Lednica Lake and Island
Ostrów Lednicki with the course of the bridges
marked.
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the site, this study uses stratigraphic field
survey and mapping data to simulate the
topographical changes of the site during
several
cultural
periods,
obtains
information on the early natural and
cultural landscape of the site area based
on
field
archaeological
and
environmental archaeological data, and
constructs 3D landscapes of the SHS site
during 3D modelling methods. The study
can provide basic data and modelling
support for the conservation, display and
utilisation of the site.
This study combines archaeological
excavation data and field surveying data
to recover the early topography of the
8000aBP-5000aBP-3000aBP at the SHS
site, and collects regional sporulation
data to analyse the process of vegetation
change in the site area. Based on this, we
reconstruct 3D landscapes of the three
periods of the SHS site. Further model
analysis revealed that: (1) the
topographic
models
reflect
the
persistence of the overall 'high north and
low south' topographic characteristics of
the site area. Local topographic change is
more obvious in the Yangshao period,
manifested in the form of triple circular
trenches excavated and rammed earthfilled house surfaces. (2) Based on the
archaeological information, the study
reconstructed the settlement landscape of
the site during the Yangshao culture. The
first people settled in the area and carried
out a series of natural modifications in
accordance with the topographical
features of the site area. These included
the identification of a high plateau as the
centre of the site, the excavation of a
triple ring of trenches around the core,
the creation of a central settlement on
higher ground and the construction of an
altar.
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The Shuanghuishu (SHS) site is a newly
discovered large settlement in the Yellow
River Basin of China, and is considered
to be the centre of a high-level
metropolitan settlement of the Yangshao
period (5000aBP) in China, an important
material for the study of the origins of
Chinese civilization. The multiple
sources of information from field
archaeology
and
environmental
archaeology can reflect the different
levels of landscape characteristics of the
SHS site and are an important basis for a
comprehensive understanding of the site
nature. In order to understand and
visually reveal the features and scenes of
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Figure 1. Evolution of the topography and
vegetation of the SHS site.
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Figure 2. Reconstruction of the SHS site in the
Yangshao period.

How can we begin to understand the
landscape? Which aspects must we - or
can we - consider in seeking a reliable
understanding of the targeted area as a
whole? Can existent data
and
methodologies answer these questions?
The inevitable response is no - such
things can only be properly investigated
by seeking out differing scales and
patterns of landscape development.
The challenge for actual archaeology lies
in determining how these changes in the
distant past might still be reflected - and
detected - in the landscape of the present
day; only new data and new methods of
investigation will enable us to achieve a
reliable interpretation of the way these
developments played out across the
landscape.
This paper shows the firsts results of a
methodological approach in which
Remote sensing technologies (SAR and
LiDAR) combined with GIS analysis are
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being tested like tools to overcome
locally-based interpretations.
Fresh evidence from new holistic
initiatives will delve more deeply, more
widely and at a variety of different scales
into the relation between the twelve
known/selected Early Roman empire
sites and the surrounding landscape in the
right bank of Guadalén River.
With this presentation we will show the
result obtained after applying the
aforementioned
methodology
to
understand the behaviour of this area and
to find new archaeological sites that
would help to bring light to its
knowledge
It is expected that, in next phases, this
methodological approach will allow us to
go deeper in analysing spatial
distribution,
exploitation,
and
interrelation between different Early
Roman empire sites, helping us to fill the
aforementioned
gaps
in
our
understanding of the archaeological
continuum in the region.
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Maintaining systematic and extensive
documentation simultaneously with
physical
excavation
work
in
archaeological sites is an issue of great
importance. However, it should be
remembered that the excavation process
is an irreversible activity, so it is
necessary to document the subsequent
stages of its progress.
Work documentation can range from
classic "paper" documentation to digital
information stored in external databases.
However, in selecting the set of
techniques used, it is necessary to pay
attention to several factors that speak to
their usefulness - i.a. the amount of
manual labour required, the detail of the
description itself and the degree of
objectification of the description.
Photogrammetric techniques are superior
to other methods from the point of view
of the mentioned factors (Sapirstein,
2016). In their case, however, it is
important to establish a consistent
workflow that, on the one hand,
facilitates the work of the work
participants themselves and, on the other
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recent years using solutions adapted from
the field of computer games for
interactive visualization of 3D data, the
final stage of the research also compared
the capabilities of the programs used in
the documentation process to new
software available on the market.
In particular, a comparison was made
between the development process and the
quality of the final products obtained
from the same data sets in Agisoft
Metashape (adopted as the main software
in the work-flow) and the Reality
Capture
–
a
relatively
new
photogrammetric environment gaining
interest in the field of cultural heritage
documentation in recent years.
As a result of our work, we would like to
present the lessons learned from the
implementation of photogrammetric
techniques on a large scale in excavation
work. Above all, we will draw attention
to the impact of these solutions on the
logistics of fieldwork, the quality of the
resulting documentation, the time and
space required for it, but also the validity
of the solutions adopted.

hand, ensures the reproducibility of the
digitization results.
This presentation will share the
experience
of
documenting
the
excavation conducted by the Polish
expedition in Nea Paphos, Cyprus.
Research in the capital of HellenisticRoman Cyprus has been carried out since
1965. Over the decades, the nature and
pace of excavation work have
fundamentally changed. Along with this
the excavation documentation techniques
have significantly developed. Standard
paper documentation, later supported by
photographic documentation, was also
followed by the use of solutions included
in a wide group of photogrammetric
techniques like terrestial laser scanning
and 3D modelling based on close-range
photogrammetry.
Based
on
the
preliminary research, a methodology for
field documentation of the ongoing
excavation sites was formulated.
The workflow outlined in (Hanus et al.,
2016) without major changes is still
being used with success during the
documentation of today's archaeological
fieldwork in Paphos. However, due to the
simultaneous dynamic development of
both hardware and software available for
documentation, extensive analysis and
evaluation of the validity of that
methodology had to be carried out.
Accordingly, the modelling results
generated over the years for nearly a
thousand stages of excavation were
analysed first. The analyses were
multimodal and considered many factors
such as the time of data development,
level of detail, etc. The following part of
the study compared the various
modelling processes to the assumptions
made in 2016, considering their
variability over time.
Due to experiments also conducted in
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Part of the cargo, consisting of fine
ceramic wares and transport amphorae
has been brought to the surface. Among
the recovered materials there are three
Corinthian type A amphorae, ten skyphoi
and four hydriai, all of Corinthian
production, three trilobed oinochoai in
common ceramic and a Corinthian jug.
A
fragmentary
pythos
preserves
numerous skyphoi stacked in neat
horizontal piles of which there are at
least 25 intact.
This material is located in the restoration
laboratory
of
the
National
Superintendence for Underwater Cultural
Heritage to be restored and subjected to
further scientific investigations.
The shipwreck of the Strait of Otranto is
unique for type of materials recovered
and for its dating.
It is the first early-archaic wreck found in
the Adriatic Sea, the first that testifies to
the most ancient phases of trade between
Magna Graecia and the motherland.
In this case, the 3D modelling and
printing of the archaeological finds, like
the skyphoi, proves to be of great
addition in the creation of an exhibition
path in which is possible to guarantee a
tactile experience of the objects. This
element implies a greater possibility to
learn the intrinsic characteristics of the
finds, especially for categories of visitors
that are usually disadvantaged such as,
for example, a blind public.
As part of the organization of the
exhibition, a 1:1 scale copy of one of the
skyphoi was created using the
photogrammetric survey techniques and
the stereolithography 3D printing
technique.
For the realization of the digital model, a
360° photographic recording of the
skyphos was carried out, with each frame
overlapping for at least the 60%. Then

O-13.
DIGITAL
TECHNOLOGIES AND 3D
PRINTING
FOR
THE
COMMUNICATION
OF
ARCHAEOLOGICAL
DISCOVERY: THE CASE
OF THE EARLY-ARCHAIC
WRECKAGE
OF
THE
STRAIT OF OTRANTO
B. Davidde Petriaggi1 and V. Ria2
Pournou
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In recent years, the spread of 3D
modelling and printing technologies has
provided new tools and different
solutions in the field of archaeological
research and communication. This
abstract presents the case of the
shipwreck of Strait of Otranto, dated at
the beginning of the 7th century BC, in
which the use of such technologies has
represented a useful tool to improve the
public disclosure of this important
archaeological discovery.
The modern technics of 3D modelling
and printing of archaeological findings
help integrating traditional research
methods and communication activities.
One of the fields in which the
contribution of photogrammetry and 3D
printing
technologies
has
been
experimented was the early-archaic
shipwreck identified, in July 2019, in the
Strait of Otranto at a depth of 780 m
during the operations for the construction
of the TAP (Trans Adriatic Pipeline) gas
pipeline.
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the photographic shootings were
processed by a software that performs
photogrammetric processing of digital
images and generates 3D spatial data
(Agisoft Metashape).
In this case the elaboration of the digital
models of the ship's cargo as well as
allowing the development of innovative
forms of communication could prove to
be an element of great interest for
estimate the number of items carried on
the ship.
For the 3D printing of the copy was used
the stereolithography apparatus (SLA),
which is based on photopolymerization, a
technique that uses short-wavelength
light beams (UV < 400 nm) to solidify
the resin layers inside the printing
material housing.
The pattern to be realized is obtained
through a laser beam controlled by the
printer firmware that is projected until
the various layers solidify and thus form
the three-dimensional model.

O-14. NEW INSIGHTS INTO
PAST AGRICULTURE: A
MODERN EXPERIMENTAL
CULTIVATION PROJECT
THAT EXPLORES PAST
AGRICULTURE WITH THE
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In this paper we aim to present a new
experimental cultivation project in the
north of Greece, and how this can be
used towards the development of new
tools that will allow investigation of
agriculture in the past.
The project focuses on barley (Hordeum
vulgare L.) and involves their
experimental cultivation under different
cultivation regimes at the Institute of
Plant Breeding and Genetic Resources,
based at Thermi Thessaloniki, north
Greece. The barley genotypes are
originating from various regions of
contemporary Greece and constitute the
traditional landraces of each region up to
the point of the Green Revolution. We
have also included a modern cultivar

Figure 1. Digital model and the 3D printed copy
(1:1 scale) of one of the skyphoi recovered from
the high-archaic wreckage of the Otranto Canal.
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kernels’ weight, protein, and moisture
content of the harvested grains.
Few hundreds of grains from selected
landraces are recorded with a highprecision 3D scanner. This is the first
time that such a method is applied on
cereal grains in archaeology. The highresolution grain models are used for the
extraction
of
3D
Geometric
Morphometric (GMM) measurements.
All this information is then used to train
a machine-learning (ML) algorithm with
the aim to identify distinct landraces.
This ML classifier automatically extracts
this
information
using
solely
measurements taken by the full grain
morphology, and it consists the first step
towards the creation of a cost effective
tool that can be applied on
archaeobotanical material from all
periods, opening new windows into the
past. The preliminary results of this tool
are discussed as well as the next steps of
the project.

from Thessaloniki, which is used as a
control reference.
Different cultivation regimes are
examined by differentiating input levels
of water and manure, simulating
traditional agricultural practices. By
conducting regular observations and
measurements on all the plants during
their growth, we are assessing the
landraces’ response to the climatic and
environmental conditions, as well as
their potential impact on the phenotype
of the grain and its dietary value.
After presenting the experiment we
discuss the ongoing application of a
combination of various methods, such as
stable isotope analysis, geometric
modern morphometrics and artificial
intelligence, on the harvested grains and
how these can be applied to inform on
past agriculture.
A total of 1.7772m2 of land are
cultivated with 22 traditional barley
landraces, and a modern cultivar, from
across Greece. A split-plot design was
used for the creation of controlled
conditions of irrigation and manuring
accordingly. Each plot is replicated three
times, and the barley landraces are
cultivated in random order within each
of the sub plots, to eliminate biases.
Monitoring of moisture levels, early
detection of plant diseases, and manual
extermination of arable weeds or other
pests secure the plants’ growth, and the
crop’s yield.
Data extraction takes place on every
stage of the plants’ development - post
and ante harvest, on selected plant
components. Agronomical observations
involve – but are not limited to, the
plant’s height, chlorophyll, SPAD, ears
count, photosynthesis, heading and
maturity date, single ear and 1000

Figure 2. The high resolution model of a barley
grain from the experimental cultivations. It will be
used to extract detailed measurements that will be
used to feed and train the machine-learning (ML)
algorithm.
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the Holy Church of Agios Georgios
Tropaiophoros in the village of Dali in
the district of Nicosia (CY) is chosen as a
case study. The generated interactive
digital model is presented in a scaled 3D
model using the Augmented Reality
(AR) method and feeds back on the
existing building. Together, they create a
new form of imprinting and, by
extension, the ability to be maintained by
feeding the digital model with continuous
information.
The main parts of the proposed workflow
towards the creation of a Level 1 Digital
Twin consist of the following steps: (1)
The registration of the building using
technologically advanced methods (laser
scanner, drone and photogrammetry); (2)
The clustering of structural elements of
the building based on parametric design
principles and particularly the use of
point vectors (point normals) through the
Grasshopper and Cockroach software,
and Data Labeling of individual
elements-clusters of the building for
more accurate creation of the 3D model;
(3) The creation of the 3D model by
extracting cluster points and by
configuring mesh surfaces from Agisoft
software, which in turn are converted to
Subds through Rhinoceros for easier
processing (Pepe et al., 2021; Tang et al.,
2010).
In conclusion, the specific process of
creating the interactive digital model
offers great accuracy if comparison is
made with the scanned results of the
building, especially in the digital
reconstruction of complex forms such as
the selected part under investigation,
showing an average deviation of ±20 mm
(Figure 1). Also, the integration of the
digital information with AR technology
(Fologram software) shows great
potential for implementation in actual

O-15. A COMPUTATIONAL
DESIGN
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TOWARDS THE
ESTABLISHMENT OF A
DIGITAL
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Cyprus, Cyprusl;
kontovourkis.odysseas@ucy.ac.cy

The rapid technological development in
recent years and the ability to collect a
huge amount of information affects the
field of conservation and restoration as
well. An emerging tool that can be
applied in the field of conservation and
restoration is the Digital Twin, a term
that refers to a digital model of a physical
object, identical in terms of its form and
properties. In contrast to standardized
and conventional approaches, the Digital
Twin allows an effective and efficient
digital recording of the historic building's
information in real time and hence a
deeper understanding, learning and
justification of its behaviour as well as
utilization
of
these
information
throughout a maintenance process
(Evans, 2019).
The present study aims to formulate a
new computational design workflow
based on the Digital Twin approach,
through the creation of a first level of
maturity Digital Twin (3D modelling of
the registered listed building through
schematic models based on surfaces and
shapes) (La Russa and Santagati, 2020),
where
the
workflow
shapes
parametrically and reviews back the final
form of the building under investigation.
For the implementation of the research,
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scale. Finally, future work is discussed
towards the data enrichment and testing
of the 3D model into a comprehensive
Digital Twin.

O-16. HAZARDS DUE TO
DROUGHT AND EXTREME
RAINFALL IN HERITAGE
LANDSCAPES:
AN
ANALYSIS OF THE LAST
30 YEARS BY SATELLITE
BIG DATA
M. Moreno1, Ch. Bertolín2, R. Ortiz1 and
P. Ortiz1
1

Department of Physical, Chemical and
Natural Systems, Universidad Pablo de
Olavide ES-41013, Seville, Spain
2
Department of Mechanical and Industrial
Engineering, Norwegian University of
Science and Technology, Norway;
mmorfal@upo.es

Figure 1. 3D model and Point Cloud comparison
using CloudCompare software.
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In recent years, satellite resources have
grown exponentially. To analyze the
large volume of data available, new
software and workflows have emerged.
One of the most important is Google
Earth Engine, a cloud-based software that
allows the statistical analysis of
thousands of satellite images (Gorelick et
al., 2017).
Although its application in heritage is
still incipient, the analysis of satellite
images on a big data scale is very useful
for archeological survey, as well as for
the design of preventive conservation,
and risk management plans.
From this theoretical framework, the
main objective of this study is to design a
methodological model capable of
assessing precipitation hazards on a
cultural landscape by using remote
sensing.
Precipitation data for the past 30 years
were obtained from Climate Hazards
Group InfraRed Precipitation with
Station data (CHIRPS), a satellite
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Since satellite images are consistent data,
the developed method is easily replicable
and can be used in others cultural
landscapes.

resource from the Tropical Rainfall
Measuring Mission TRMM satellite
constellation. CHIRPS offers daily data
with a spatial resolution of 5 km since
1981.
The model analysis in this contribution
was developed using Google Earth
Engine and the programming language
JavaScript. By using statistical reductions
and map algebra at geobig data scale, a
continuous flow of more than 10.000
satellite images was analyzed. Then
percentiles and drought indices have
allowed to identify hazardous areas
according to extreme precipitation and
drought (Moreno et al., 2022).
This methodological model was applied
to the study of the 250 rammed earth
fortifications located in historic towns in
southern of Spain.
The results obtained enables the mapping
of the 30-year (1991-2020) satellite
products and the analysis of precipitation
trends.
In the southern Spain, two areas with
different precipitation trends were
identified. Figure 1 shows the western
area has stronger extreme precipitation
(Figure 1a) and less intense droughts
(Figure 1b). The eastern area shows a
completely opposite behavior. Both
trends are strongly conditioned by the
teleconnection patterns from the Atlantic
Ocean and Mediterranean Sea.
The conservation of historic rammedearth constructions and the presence of
weathering processes such as erosion,
detachment and fractures are strongly
related to rain and drought (Moreno et
al., 2019). In this context, the proposed
method allows a better understanding of
the presence of hazards, as well as the
design of risk management policies
adapted to the characteristics of a specific
environment.

Figure 1. Classification of areas according to
intensity of: a) extreme precipitation; b) and
annual drought.
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Milos. To this goal, we collected SEM
backscattered electron images and
Energy Dispersive X-ray Spectroscopy
(EDX) data of geological samples. In
typical SEM images (Figure 1), features
like microphenocrysts of different size,
shape and contrast are present. Although
not specific, their average size, density,
number, etc., can be extracted and fed to
a ML algorithm that will find
relationships among them uncatchable by
the human eye. The challenging objective
is to identify the provenance of an
obsidian sample within a limited set of
possible sources using only SEM images,
an easily accessible and minimally
invasive technique, by comparison with a
reference database of pictures of known
origin. However, in addition to
morphological features extracted from
SEM images, relative intensities of EDX
peaks of selected chemical elements can
also be used, at the expense of a
reasonable increase in analysis time, to
enrich the set of parameters exploited by
a suitable ML algorithm (e.g. neural
network, random forest), to properly
classify the provenance of the obsidian
samples of the Mediterranean region. A
critical analysis of the best parameters
and methods is proposed. The validation
of the approach is studied with samples
not used to train the ML model. The
comparison between the algorithm’s
performance on SEM pictures only or on
SEM and EDX data and the scalability of
this approach to larger datasets and to a
more comprehensive list of obsidian
sources will be discussed. Perspectives of
application
of
the
method
to
archaeological artefacts will be explored
by analysing its robustness with a set of
pictures of fragments’ raw surfaces.
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Provenance
studies
of
obsidian
archaeological
artefacts allow to
understand the links among ancient
populations, their trade routes and their
socio-economic
context.
In
the
Mediterranean region, the number of
geological sources of obsidian is limited,
and although chemical analysis remains
the reference technique for sourcing
(Orange et. al., 2017), other techniques
have been investigated for screening
purposes. Among these, the examination
in various samples of granulometry and
morphology
of
iron-based
microphenocrysts embedded within the
vitreous matrix allowed to validate their
provenance according to studies of their
associated magnetic properties (Ferrara et
al., 2019). Building upon these bases, we
aim at exploiting all the micro-crystalline
phases typically present in obsidian rock,
and visible in scanning electron
microscopy (SEM), as a fingerprint to
assess the provenance of geological
samples (Burton et al., 1987). The
identification of the origin of a sample is
a labelling process suited for supervised
machine learning (ML) methods. In this
work, we exploit them for classifying the
sources of obsidian samples coming from
different Mediterranean islands: Lipari,
Sardinia, Pantelleria, Palmarola and
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Figure 1. SEM backscattered electron images of
obsidian fragments of different Mediterranean
sources. The magnification is the same for all the
pictures.

Recently, the digital technologies have
been deeply incorporated into the science
of archaeology. In the context of Greece,
more and more projects on digital
heritage are established by the Ministry
of Culture. The Ephorate of Antiquities
of Chios is currently at the last stage of a
project entitled “Promotion of Chios’
monuments and museums through
interactive digital services”. In the
framework of this project, several digital
applications have been developed aiming
to offer new ways of engagement with
the island’s cultural heritage. Virtual
Reality (VR) applications, 3D models,
360-degree videos and other media
constitute the main tools of this project
which aims to increase the levels of
interaction with Chios’ monuments. By
presenting these digital enterprises and
revealing the methodologies hidden
behind them, this presentation wishes to
contribute to the 7th ARCH_RNT
Symposium that focuses on the use of
New Technologies in the Archaeological
Research.
The project, which is based upon the
relationship between digital technologies
and cultural heritage, consists of the
following initiatives: (i) 3D modelling of
artefacts displayed at the Byzantine
Museum, the Archaeological Museum,
and Nea Moni of Chios, (ii) 3D
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Following the analysis of the project’s
assignments, reflections will be drawn
upon the consequences deriving from
such projects, highlighting the role of
digital technologies in the dissemination
of cultural heritage, and advocating the
implementation of relevant projects in
the future.

modelling of monuments of special
cultural importance in Chios, particularly
the dome of Panagia Krena, the
Katholikon
of
Nea
Moni,
the
Macedonian tomb displayed in the
Archaeological Museum and the ruined
basilica in the archaeological site of
Emporeio, (iii) VR applications for the
Ottoman Bath and Nea Moni of Chios,
(iv) VR 360° videos for the medieval
settlement of Anavatos in Chios and the
minaret that is now part of the Byzantine
Museum, (v) animated video on the
scene of Saint George killing the dragon,
as displayed on a marble plaque of the
Byzantine Museum’s collection, and (vi)
additional media, such as aerial
photographs and videos.
The main purpose of the above initiatives
is to enhance the museal experience and
to promote the museums as well as the
monuments of Chios, not only for those
visiting the island, but also for web users
who wish to virtually experience Chios’
cultural heritage.
The 3D models will be installed in tablets
and info kiosks at the Archaeological
Museum, the Byzantine Museum and
Nea Moni to offer the visitor a better
insight into the displayed artefacts.
Visitors will be able to interact with the
3D models and gain information on the
museums’ collections. The digital apps
within the tablets will be also enriched
with photos to add further vibrancy to
visitors’ experience.
The VR applications and 360° videos
will be available online allowing any web
user to delve deep into Chios’ cultural
heritage by exploring some of the
island’s most famous monuments. It is
expected that -through these applicationsChios’ monuments will be promoted not
only on a national, but also on a global
level.
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teaching the younger generations or the
general public.
The development of storytelling based on
historic personae is a new and exciting
method which helps revive history. It is
the protagonists that remember, explain,
read passages of their works. In this way,
historic sources are put in use and are
taken at face value.
In the specific application, developed, as
methodology, by Digital Innovations and
as content by Time Heritage, the historic
personae are the Greek naval hero
Constantine Kanaris and the local
primate
of
Aegina,
Georgios
Logiotatides. They both lived to old age
and they are shown meeting in Aegina in
1860 and remembering facts and
moments of the Greek Revolution, more
than 30 years after the events.

O-19. HISTORY ALIVE
A. Kamara1 and N. Pachtas2
1

Time
Heritage,
Cultural
Heritage
Consultants; info@timeheritage.gr
2
Digital Innovations; npaxtas@gmail.com

The modern precept of storytelling for
museum applications and cultural
heritage interpretation is leading museum
and
heritage
professionals
to
experimentation with several new
techniques, such as museum theatre and
multimedia applications. The recent
collaboration between two Greek SMEs,
namely Digital Innovations and Time
Heritage, has led to a combination of the
abovementioned techniques and to the
successful digital production “The
Saronic Gulf islands in the Greek
Revolution of 1821’, under the
instigation of the Not-for-Profit cultural
association “Aeginaia” and funded by
CLLD/Leader programme (managed by
the Network of islands of the
Municipalities of Attica). We now
present this application and open a
discussion on how history can be taught
also through alternative media, such as
this one, in order to approach younger
generations but also the broader public
through a historically accurate but
technically advanced method which
makes history “come alive”.
There are two levels in history: (a) the
facts and (b) the interpretation of the
facts. History based on just the facts runs
the risk of being boring; history based on
just the interpretation runs the risk of
becoming theory and hence be biased.
Unfortunately, both approaches tend to
disregard an important aspect which is
that of communicating history and

Figure 1. Kanaris and Logiotatidis in the
Historical Archives and Museum of Hydra.

The narrative is not linear, but broken in
about 30 questions, that can be chosen by
the audience, hence adding a level of
interaction. Once the question is chosen,
the two men start discussing the specific
topic
and
the
visitor
starts
“eavesdropping”.
The dialogues are based on thorough
historic
research.
The
historic
personalities are impersonated by
professional actors, who are chosen
based on their resemblance to both heros.
The background is completed with
iconographic material directly related to
the content of each brief dialogue.
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The objective of this work is to discuss
the advantages and disadvantages of
radiation techniques for the nondestructive study of silver-copper alloys
used to fabricate coins of archaeological
significance. A group of silver coins
from medieval Poland was studied using
surface
techniques
like
X-ray
fluorescence (XRF) spectroscopy, proton
induced X-ray emission (PIXE) and
scanning electron microscopy with
energy-dispersive X-ray spectroscopy
(SEM/EDX).
Furthermore,
neutron
activation analysis (NAA) was conducted
to obtain a bulk analysis.
XRF spectroscopy was first used as a
screening tool to detect the main
elements present at the surface of the
coins. It was found that the coins were
primarily made of silver, copper, and
lead. Silver contents are in the range 8298%. Similar silver and copper contents
were observed after comparing XRF and
SEM/EDX results. In addition to silver
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differences observed for coins containing
gold.
Finally, the results obtained using surface
and bulk methods were analyzed in a
broader context using chemometric
analysis of elements detected in the
coins. The coexistence or separation of
certain groups of trace elements was
confirmed. For example, gold and
bismuth appeared together, while
mercury and gold showed no connection.
A student t-test revealed that the
detection of bismuth, gold, mercury, and
zinc is consistent with the presence and
higher concentrations of copper and
silver. A combination of Kohonen neural
network-based and cluster analysis
allowed to classify the coins into 6 and 7
relevant groups, respectively.
The results have allowed to obtain a
better understanding of the material
sources and manufacturing technology of
the coins. For instance, the larger range
observed in copper to silver ratios of
Boleslaus’ (B) coins relative to those of
his son Mieszko (M) suggest an
improvement in the technology of
production of the latter group (Figure 1).

and copper, the coins are characterized
by the presence of minor and trace
elements. Other elements detected at
trace levels include: iron, nickel, zinc,
gold, mercury, bismuth and bromine.
These trace elements were revealed by
XRF analysis and can be related to
different
ores
or
to
various
manufacturing processes used for their
production
providing
additional
information about a given geographical
region or a specific time period.
Moreover, PIXE was applied nondestructively to confirm the detection of
elements at trace levels taking advantage
of its higher sensitivity compared to XRF
and SEM/EDX. The major elements
detected using PIXE were silver and
copper, while minor elements included
lead, iron, gold, bismuth, and zinc. A
cross-comparison of the XRF and PIXE
results was conducted with the aim of
carrying out a better quantitative analysis
of the coins, especially for elements
present at trace levels. This quantification
procedure allowed to formulate some
hypotheses about the origin of the alloys
used for manufacturing the coins.
It is widely known that surface
techniques may give misleading results if
the objects analyzed show evidence of
corrosion and/or enrichment effects. The
use of NAA allowed to study the bulk
composition of the coins with the aim of
determining if the compositions obtained
with surface techniques were similar to
the overall ones obtained using neutrons.
It was interesting to find that a group of
the evaluated coins showed similar bulk
and surface compositions, while a second
group showed clear deviations indicating
the presence of silver surface enrichment
effects. A correlation between the
presence of silver and gold was detected.
Furthermore, surface to bulk composition

Figure 1. Box plot showing variation in lead/silver
and copper/silver ratios obtained for Boleslaus
and Mieszko coins.
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O-21.
NEUTRON
TECHNIQUES EMPLOYED
TO
STUDY
OBJECTS
FROM THE WALLACE
COLLECTION
A. Williams
The Wallace Collection

As well as being a picture gallery, this
museum holds the largest collection of
European armour in London, and one of
the best collections of Indo-Persian
swords and armour outside the
subcontinent.
While it is possible to analyse plate
armour by microscopic examination of a
cut edge, or a fragment detached from a
hidden interior damaged surface, such as
a sample from the helmet of King Henry
V. Such examination is not possible with
swords, unless they are already broken,
which rules out museum objects,
although archaeological specimens may
be available. So we have for some years
been using neutron techniques to study
swords and helmets from this museum,
as well as from Canterbury Cathedral, at
ISIS the neutron source in the
Rutherford-Appleton
Laboratory,
Harwell, and other neutron sources.
Neutron diffraction can tell us the carbon
content of the steel, the phases present,
and whether any heat treatment to harden
the steel has been carried out.
We have examined a number of swords
and daggers from the Oriental collection
by neutron diffraction (since 2015 up to
now 75). Many Oriental blades were
made
from
crucible
steel,
a
hypereutectoid cast steel, and a
proportion of those were forged in such a
way as to retain a distinctive surface
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pattern (the so-called “Damascus steel”).
The high value of this steel led to many
attempts to simulate its presence by
etching, by differential welding, and even
by welding thin layers of such a steel
onto an iron body. Neutron diffraction
can tell us the quantity of iron carbides
present, any anisotropy in their
distribution (viz. whether there is a
pattern below the surface that has been
hidden by overzealous 19th century
polishing)
and,
possibly,
even
information about its thermal history.
Phase-contrast
neutron
imaging,
developed at the Helmholz Zentrum,
Berlin, has proven to be an invaluable
technique for rendering partly obliterated
armourers’ marks visible again. If these
marks were struck cold, then the strained
metal will change the path of neutrons,
and be detectable, even when covered
over by later polishing. On the other
hand, marks struck before the final heattreatment and assembly, will not show
any signs of microstrain. While
revisualization of such marks will then be
disappointing, new unexpected insights
into workshop practice may arise.

and Armour. In: Il Museo Marzoli e le Armi
Lombarde, Skira, Brescia, pp. 36-41.
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(SEM/EDS) coupled by compositional
analysis are used to illuminate our
understanding of the methods utilised for
their fabrication and the choice of certain
alloys that were common in the Early
Bronze Age workshops. Results have
revealed the predominance of arsenical
copper fabricated by casting, cold
working and annealing and an example
of a Cu/Pb alloy that shows no exact
contemporary parallels. The average
arsenic contents of 2.9% could be the
result of deliberate alloying of copper
with arsenic-bearing minerals or a
conscious selection of mixed ores that
contained both metals. Geological
information is taken into consideration
attempting to locate the possible sources
of copper and arsenic bearing minerals
on the island that were potentially
utilised as raw materials (Vavelidis and
Melfos 2004). The data point to the
possible utilisation of oxidised copper
ores possibly mixed with some sulphides
and arsenic-bearing fahlores (tennantite
in particular) that could yield arsenical
copper during co-smelting. The cooccurrence of arsenic and low silver
contents in the fahlores from Thasos
matches well to the composition of the
artefacts under study. Such preliminary
findings are of special importance as they
contribute to the ongoing discussion
concerning the production of arsenical
coppers across the Aegean during the
EBA (Georgakopoulou 2017).
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BRONZE AGE THASOS
N. Nerantzis1 and S. Papadopoulos2
1

Laboratory of Archaeometry, University of
the Peloponnese, Greece;
nerantzis.nerantzis@gmail.com
2
Honorary Curator of Antiquities,
Archaeological Museum of Kavala, Greece;
efstratiospa@gmail.com

Thasos in the north Aegean is an island
with a long tradition in mining and
metallurgical production, the beginnings
of which could be traced to the end of the
Neolithic and the beginning of the Early
Bronze Age (c. 3200 BC). Previous
studies focusing on prehistoric extraction
of copper from local ores have provided
valuable data underlining the role of
metals technology, essentially as part of
domestic small-scale activities (Nerantzis
et al., 2016; Bassiakos et al., 2019). Since
the procurement of metals required a
complex workflow with specific stages
that demanded a mobilisation of
resources and labour it has become
apparent that investigating metal working
techniques reflects directly onto the
societies that produced them.
The current study is focused on copper
alloy artefacts that were found in several
Early Bronze Age settlements on the
island in order to provide an
understanding of the contexts in which
they
were
produced
and
utilised/consumed by their users.
Application of laboratory instrumental
techniques, namely metallography and
Scanning
Electron
Microscopy
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Despite the abundance of metal objects
from the Late Bronze Age, the lack of in
situ metalworking evidence in the
Carpathian
Basin
is
striking.
Metalworking traces largely in the form
of moulds suggest that the context for
metalworking moved from densely
occupied tells of ca. 1-2 ha in the Middle
Bronze Age to settlements extending
over 10s of hectares to the Late Bronze
Age. This is a remarkable socioeconomic shift, but moulds can only
uncover certain aspects of the
metallurgical chaîne operatoire. The site
of Șagu in Romania represents a uniquely
preserved and complete metallurgical
assemblage including crucibles, moulds,
tuyères, and furnace fragments, along
with finish objects. Here, we present our
recently published study of this
assemblage (Orfanou et al. 2022).
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Analyses demonstrate clear technological
choices in clay recipes and strong
interlinkages between metallurgy and
other crafts, from domestic pottery
production to building structures.
Experimental replications reveal intrinsic
aspects of metallurgical activities at
Șagu. Evidence on the spatial
organisation of metallurgical workflows
suggests a high degree of visibility,
which marks a distinct change to the
MBA
practices.
Combined,
our
archaeometric,
experimental
and
contextual results show that changes in
metalworking activities in the LBA
Carpathian Basin were deeply embedded
in an ideological shift in the aftermath of
the breakdown of MBA tells and the
emergence of new social structures.

Our main aim was to present in detail the
metalworking practices and reconstruct
the metallurgical cycle in the LBA
Carpathian Basin. This is the first study
to place Șagu in its broader cultural
context through the interdisciplinary
investigation of metallurgical ceramics.
Furthermore, we addressed questions of
social
organisation
and
crosstechnological interlinkages at Șagu
starting with the metallurgical practice
and extending to domestic pottery with
implications for the broader LBA
Carpathian Basin.
The crucible, mould, and furnace
fragments
were
examined
nondestructively (handheld pXRF) and
invasively (embedded, cross-sections
under reflected light microscopy and
SEM-EDS; Figure 1) and results were
compared to the analysis of domestic
pottery
sherds
(surface
analysis;
handheld pXRF). Replica metallurgical
ceramics were, then, made based on the
analytical results of the archaeological
samples and the metalworking process
was replicated in several iterations. The
analytical and experimental results were
integrated
with
the
contextual
information
available
from
the
excavations.
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Figure 1. SEM BSE image (400x) of crucible
showing metal prills (light grey) preserved in a
slag matrix (medium grey).
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environment (flux, ashes, sand, etc)
impacting the concentrations of most of
non-reducible elements, in particular the
most abundant ones (Si, Al, K, Ca).
However, several in-situ analyses
revealed abnormal contents of Ti, Mn,
Zr, V. The chemical concentrations of
these elements are affected by the
contamination but the ratios between
elements remain unchanged. In our data,
TiO2/Zr ratios measured in slag inclusion
are consistent with the ratios measured in
hammerscale produced from the same
iron type.
Those results support that hammerscale
can still carry the chemical signature of
smelting system and thus the chemical
fingerprint of the iron worked.
Applying
this
methodology
on
archaeological hammerscale would make
it possible to assess the diversity of
worked irons through time or space and
to provide information about the primary
ore sources. This is a major contribution
for a better understanding of the iron
supply of a workshop.

O-24.
GEOCHEMICAL
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OF
HAMMERSCALE, A NEW
TOOL TO UNDERSTAND
THE IRON SUPPLY OF A
WORKSHOP
J. Rodier1, V. Serneels1 and B. Gratuze2
Département des Géosciences, Université de
Fribourg, Suisse
2
IRAMAT, Centre Ernest Babelon
(UMR7065), Orléans, France
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Hammerscale is the waste formed during
hammering of hot iron on the anvil. It is
mainly composed of iron oxides (wüstite,
magnetite, hematite) with a variable
amount of silica-rich component.
Our ongoing research focuses on the
potential geochemical link between
hammerscale
and
smelting
slag
inclusions contained in the metallic iron.
In the frame of previous research
(Soulignac 2017), the smithing practice
of African Dogon craftsmen (Mali) has
been recorded in details and material
samples collected (slag, hammerscale,
metal). About twenty iron bars of three
different sources and contrasted minor
elements contents and more than one
hundred
experimental
pieces
of
hammerscale produced by Dogon
blacksmiths were chemically investigated
by in-situ energy dispersive X-ray
spectroscopy (SEM-EDS) and by X-ray
fluorescence spectrometry (XRF) in
Fribourg / Switzerland. A small part of
them was also analyzed by Laser
Ablation Inductively Coupled Plasma
Mass Spectrometry (LA-ICP-MS) in
Orléans / France.
The results show a strong contamination
of the hammerscale by the working

Figure 1 Summary of the iron production line by
the bloomery process. The study of the products
and wastes provides information on the smelting
system (ore, flux addition, fO2). In this paper we
investigate the potential of chemical analysis of
hammerscale regarding identification of the
primary ore.
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The monumental bronze statues from the
Roman era represent a grandiose
example of the artistic production and
technological complexity achieved by the
artisans of the time. Making equestrian
monuments, larger than human in scale,
with complex, and intricate draperies to
decorate the main figures, implies high
expertize in direct and indirect bronze
casting as well as the mastery in
combining the several portions. In such
masterpieces it is evident the presence of
brazing, hard soldering, arrangement of
dowels, chaplets, and creative solutions
to repair casting defects and flaws. All
these aspects were non-invasively
investigated by means of Neutron
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features. The main goal of the research
activity was the reliable identification of
the ternary Cu-Sn-Pb content in the
different portions of each statuary group.
Moreover, quantitative phase analysis
and peak profile analysis of metal phases
provided details about the thermal and
mechanical treatments applied for the
statues production (casting, annealing,
repair patch application, brazing,
chiselling etc.). Finally, the analytical
data could identify which portions of the
statues were made in single cast and the
compositional spread among different
cast used in the same group.

Diffraction (ND) and Neutron Imaging
(NI).
This work presents the characterization
of the composition, the microstructure
and all the characteristics related to the
production and manufacturing methods
three sets of monumental bronze statuary
attributed to the Roman age using ND
and NI:
- the “Vittoria Alata di Brescia”;
- the sculptural group of Cartoceto
and Pergola, (consisting of three
incomplete gilded human figures and two
horses);
- a set of 28 bronze fragments,
recovered from the sand cave inside a
lake in the Renai Park (Signa, FI, Italy):
the fragments are made up of portions of
a horse, human figures, draperies and
plates of a basement, and could belong to
an equestrian monument or several
sculptural groups.
ND allowed us to determine accurately
the displacement of the lattice parameter
of the crystalline phase of the
substitutional
Cu-Sn
alloy.
This
measurement provided a reliable and
accurate result in terms of the Cu/Sn
content measuring the characteristics of
the metal phase. Moreover, by exploiting
diffraction analysis, it was possible to
obtain
details
about
dendritic
compositional gradients and casting
related microstructural features. In
particular, by studying the shape and
relative intensity of the diffraction peaks
we obtained information on the grain
size, on the presence and density of
defects and internal stress, and on the
plastic deformation processing or
solidification directions. NI represents
the best option to obtain detailed
information about the casting procedure
to produce bronze statuary concerning
morphological
and
microstructural

Figure 1. A) NI rendering of a bronze left hand. B)
ND Results of bronze limbs.
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investigated
through
Geographical
Information Systems (GIS) spatial tools
combined with previous analytical
studies done in the area, both on the
anthracological and the slag remains
(Socratous et al., 2015; Sdralia et al.
forthcoming). The combination of the
interdisciplinary studies of the materials
of focus in this study, indicates the
reasoning behind choosing each of these
two locations to set up a smelting
workshop, and the effort to transport
non-local materials to the two sites.
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During the last decades it has been
shown that copper metallurgy in Cyprus
continues in large scale at least until the
8th c. C.E., and not only until the 4th c.
C.E. as previously suggested (Zwicker,
1986; Kassianidou, 2013; Socratous et
al., 2015; Kassianidou et al., 2021).
Nevertheless, the character of the Late
Roman copper metallurgy, its scale and
significance are still being explored
(Kassianidou forthcoming). This study
aims to investigate the procurement of
the materials used in the copper smelting
practices during the Late Roman period
in Polis Chrysochous, Western Cyprus.
Two copper slag heaps located within the
Polis Chrysochous area, dating between
the 3rd and the 8th c. C.E., are used as
case studies to explore and understand
the human effort in bringing together all
the materials needed to smelt copper.
More specifically, labour, ore, fuel, flux,
clay and water are the major components
in smelting practices. The availability
and the accessibility to these materials in
two different landscapes have been
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In this presentation, the clay composition
of the pottery found in the Bahçelievler
Neolithic Settlement (BHS) is evaluated
and the quality and causality of the
dough and additive diversity is discussed.
Neolithic settlement at BHS was
inhabited for the first time between 71927052 Cal BC and continued in use until
6063-5971 BC. BHS is located in the
mountain plain transition region in
Northwest Anatolia. Located in the city
center of Bilecik / Turkey, this neolithic
settlement has been heavily damaged by
its modern structures and settlement data
have been reached in very few areas.
The Neolithic pottery from the BHS is
divided into six main ware groups.
Sherds belonging to the buff, cream and
brown wares are more abundant in the
early phases. Significant and intense grit
tempering was observed in the paste of
the vessels found in levels 8 and 7. Grit
inclusions in levels 8 and 7 pottery clays
can be divided into three subgroups. The
first group consists of pebble and coarse
sand in the stone-added wares. The
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second group is basalt or granite
tempered wares, and the third group is
quartz or lime tempered wares (Figure 1).
In Level 6 significant differences were
found in the BHS pottery-making
tradition. One of the obvious differences
in Level 6 is the colour change on the
vessel's surface. Dark tones begin to gain
weight on the surface of the sherds
belonging to this level, and the buffbrown tones have decreased compared to
the previous phases. Orange and red
tones also became more evident in the
pottery paste colours. Mica begins to
appear in Level 6 pottery pastes. Based
on these mica samples, it can be argued
that different clay deposits from the
previous levels began to be used.
With Level 5 of the BHS, the number of
dark wares increased. This pottery clay is
such as Level 6. After this phase quartz
or lime-tempered pastes, which are
detected in levels 8-7, are decreasing, and
basalt-tempered pastes are rarely seen.
Grit addition is usually evident in pastes
of this stage. On the other hand, a small
contribution of sherds was also detected
in this level's potteries. In Level 4 red
and orange wares significantly increased.
In level 3 grit additive predominance is
observed, and the pottery pastes are
generally sandy or coarse sandy and also
the same situation continued in level 2
which represents the highest phase of the
BHS.
BHS is in a belt where clastic rocks,
carbonate rocks and volcanic series are
found as geological formations. While
large amounts of the lime particles,
quartz and grit inclusions can be detected
in the paste of the pottery of the early
phases such as Level 8 to Level 6.
Additionally, grit, sand and granite
particle inclusions became more evident
with the Fikirtepe Culture phase such as

Level 5 to Level 2 (Fig.1). This striking
difference in clay combination can be
explained by the choice of different clay
sources or different techniques from
various contacts.

Figure 1. OSL vs. administered dose for the
studied aliquots.
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2018/30/E/HS3/00867). The aim of the
present study is to reconstruct the
chronology of the settlement and its
cultural connections.
The study is based on pottery and
obsidian artifacts coming from one house
(no. 2). More than 1,100 pottery sherds
were studied. All of them were described
using a standardised database, including
among others, their size, weight, state of
preservation and decorations. Several
forms, such as spherical and open bowls
and vessels with neck were distinguished.
One miniature vessel was also
recognised. Most of the sherds were
badly preserved and almost half of them
had both inner and outer surface
destroyed. Most of the artifacts were
assigned to various technological groups
(according to: Rauba-Bukowska and
Czekaj-Zastawny, 2020). Technological
differentiation was also confirmed by the
analysis of thin sections. Microscopic
analysis of sherds also showed that
different raw material was used;
however, ceramic fabric with an
admixture of grog prevails in the dataset.
Microscopic examinations (using optical
and scanning electron microscope) and
lipid
residues
analysis
(using
chromatographic, spectrometric and
isotopic methods) were used to study the
link between the physical properties and
function of the vessels.
The characteristic features of pottery
technology indicate the youngest
Żeliezovce phase of Linear Pottery
culture (Rauba-Bukowska and CzekajZastawny, 2020), which was also
suggested by the stylistic analysis of the
ceramics. A series of 12 radiocarbon
dates conducted on cereals confirmed
that the house developed mainly between
5100 and 5000 BC.
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The first Neolithic groups in Poland are
represented by the Linear Pottery culture.
The intensively inhabited settlements are
known mainly from the loess areas of the
upper Vistula and the Oder. In recent
years, the most southern settlements in
foothill areas have also been studied
(Czekaj-Zastawny et al., 2020), including
the site of Biskupice excavated in 202021. Remains of four so-called longhouses
were discovered (within the framework
of
the
project
no.
NCN
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Stylistic motifs of the ceramics, such as
those discovered in the unique find of the
face vessel (Korczyńska et al., 2021),
suggests cultural connections with areas
located south of the Carpathian
Mountains, mainly with sites known
from present-day Slovakia and Hungary.
This area of contacts was also indicated
by a study of obsidians (energy
dispersive X-ray fluorescence; financed
by
project
no.
NCN
2018/29/B/HS3/01540) (Werra et al.,
2021).
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Mollusc shells had been raw materials
widely used through prehistory for
ornaments production, tools, and the
manufacture of utensils. Moreover, they
were frequently used as a temper in
pottery production and as ingredients of
building materials (e.g. Anthony, 2007;
Ryzhov, 2002). In the Neolithic Central
Europe, crushed shells were used as
temper in the production of cooking pots
by societies associated with CucuteniTripolye Cultural Complex, Funnel
Beaker Culture and Narva Culture. It was
technological innovation as their
production required different procedures
and knowledge related to resource
management, manufacturing process and
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minerals, and infrequently feldspars. In
all of the samples, the same texture is
clearly visible: shell fragments are
parallel to the surface of the ceramic
fragments.
During the culinary experiments, the
features of the vessels, such as their
resistance to temperature, the cooking
time of selected products and pH
(whether the alkaline pH of shells
influenced the cooked products), have
been investigated. The data obtained
through the conducted experiments have
been compared with the results from
organic residue analysis. Together with
identified compounds of fatty acid
methyl esters (FAME) and triglycerides
(TAG) they provided us with new
insights to reveal function of shelltempered pottery in the Neolithic.

features of the vessels. And they are
precisely those features of the vessels
that are crucial for understanding the use
of shell-tempered pottery by the
Neolithic societies.
Our studies are based on the detailed
examination of pottery assemblages from
three Ukrainian sites attributed to the
Western Tripolye Culture.
Methods: Selected fragments of pottery
have been initially analysed using a
digital microscope Keyence VHX-7000
and SEM (Tescan Vega 4) to identify
mollusc shells used as temper in pottery
production. The petrographic analysis, of
the thin sections, focused on the pottery
composition in terms of raw materials
and technology. All the data was
implemented in conducted experiments –
production of shell temper and ceramic
vessels. The features of the vessels
(resistance to thermal shock and
influence of shell temper on cooking or
stored products) have been tested.
Cooking products for experiments have
been selected according to archaeological
evidence. Pottery fragments and vessels
used during experiments have been
subsequently subjected to organic residue
analysis.
A combined approach using both GC-MS
and UPLC-MS has been employed to
identify lipid residues absorbed into the
ceramic matrix. The results have been
compared with certified reference
material, the NIST database and
experimental pottery vessels.
Results: The temper was made
exclusively of freshwater bivalves of the
Unionidae family, most probably
acquired from local sources. Their empty
shells had been initially baked above the
fire and grated on a grinding stone. They
were added to clay with a small
admixture of quartz, mica, dark-coloured

Figure 1. Shell fragment visible in the thin section
of pottery fragment from Kamenets-Podolskiy.
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Goal: This research aims to get a new
understanding of a previously wellknown type of ceramic (shell-tempered
pottery) in Northeast China.
Importance of research: The shelltempered potteries discovered in
Neolithic sites in Northeast China have
previously only been studied to date the
level of the site they were found in: only
complete (refitted) specimens have been
observed and published. By looking at
the published vessels, but also sets of
sherds and inside their fabric, and then,
by confronting these data with settlement
and zooarchaeological information, this
research
radically
changes
the
perspective and sheds a new light on this
phenomenon.
Methodology: One complete set of
sherds has been studied for technical
analysis and 89 sherds have been selected
for petrographic analysis (Table 1). All
the published information about shelltempered pottery findings (17 excavated
sites: coordinates, quantity of vessels,
shapes, ancient fauna, botanical data,
etc.), sedimentology, lithology and
hydrographic data are recorded into a
database and mapped using ArcGIS,
which allows for quantitative and spatial
analysis.
Main results and interpretations: The
spatial analysis of the diachronic
distribution of the shell-tempered pottery
phenomenon shows for the first time
where this practice originated (the Lower
Nen River Valley, in northwest Jilin and
southeast Heilongjiang Provinces) and
explains how it spreads, recognizing its
limits for each period. Synchronically, it
reveals that the exploitation of unique
resources (large freshwater shells) can be
linked with both specific settlement
patterns (seasonal shore occupations) and
a distinct ceramic technique (shell-
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Shell tempered pottery is ubiquitous in
Northeast China during the Neolithic.
The morphology of these vessels has
been well studied to get chronotypological delimitations of local
archaeological cultures. However, the use
of shell powder in the fabric of the
ceramics has never been questioned from
a technical or a functional point of view.
Through the study of published artefacts,
direct analysis of sherds and thin
sections,
and
confrontation
with
settlement and faunal data, the present
article shows that this phenomenon
emerged in the Lower Nen River Valley
before expanding into only part of the
Northeast China Plain. Furthermore, this
distribution is explained by the
exploitation of the water-dominated
landscape and uniquely rich aquatic
resources provided by only some of the
river valleys in this region.
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tempering). The abundance of shells
eaten and discarded at the sites, the finegrained sediments (loess and silt) and the
absence of rocks made shell powder a
very interesting material for the potters at
the time: easy to obtain, light, suitable for
to repeated heating (cooking), and chockresistant. This research on the shelltempered pottery phenomenon allows to
further refine the concept of “fishinghunting and gathering” generally used to
describe the subsistence mode of
Neolithic Northeast China into more
precise definitions (shell-based in the
Nen Valley, fish-based in the Xinkailiu
Valley, deer-based in the Liaoxi, etc.).
Table 1. Thin section samples
Num. thin
sections
Houtaomuga Lower Nen River 10900-2900
22
Changtuozi Lower Nen River 9100-8200
6
Shuangta Lower Nen River 8200-7800
7
Yitong River
Wutaishan
5500-4500
23
Valley
Honghe Lower Nen River 2500-2000
31
Site

Localisation

Period (BC)

Figure 1. Shell-tempered fabric (Houtaomuga
site).
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coarse ware. To meet this aim, 111
vessels, in addition to 6 clay samples,
will be examined, using an integrated 4step archaeometric approach. In the first
step, macroscopic features of the vessels
(i.e., fingerprints, bulges, cracks...) will
documented
in
hand
specimen
observation and combined with 3D
models.
In the second step, the arrangement of the
pores and particles in the vessels will be
examined in detail, using CT scans.
These two steps combined will permit to
gain insight in the forming techniques
used for producing coarse ware from
Aguntum.
In the third step, thin section
petrographic analysis of the (111) sherds
will be combined with Matrix Group by
Refiring (MGR) and wavelength
dispersive
X-ray
fluorescence
spectrometry (WD-XRF) analysis, to
reconstruct other aspects of the
production technology, including raw
materials, paste preparation and firing
technology. The results will be compared
with the composition of the 6 clay
samples, which have been selected in the
region, to determine the production
location/provenance.
The fourth step is to perform the KilbHennike analysis for selected fragments
to estimate the equivalent original firing
temperature and to collect information
about the method used for deairing
ceramic bodies.
The results indicate that the coarse ware
from Aguntum was produced in several
technologies between the 1st-6th c. AD.
These can be linked to several
workshops, whose practices varied in
time and space.
Changes in the
organisation and practices of the
workshops are in turn to be interpreted in
the context of broader socio-cultural
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The ‘Organisation und Arbeitsweise in
der römischen Keramikproduktion am
Beispiel von Aguntum’ (OAKA) project
aims to reconstruct the chaîne opératoire
of coarse ware from the Roman town of
Aguntum,
Noricum
(present-day
Dölsach, Austria), and to identify
different workshops and their practices
between the 1st-6th c. AD. To this aim,
different steps in the production
sequence, including raw materials
exploitation,
paste
preparation
techniques, forming, finishing (i.e., shape
and surface decoration), and firing
technology will be examined in detail,
adopting a multi-analytical method. The
results will be interpreted against broader
socio-cultural changes that took place
between the 1st-6th c. AD.
Building upon research that has
permitted insight in the typo-chronology
of different shapes of coarse ware from
Aguntum (Auer, 2018), the OAKA
project focuses on the reconstruction of
the production chain of 1st-6th c. AD
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changes,
enabling
a
cultural
anthropological interpretation. More
specifically, excavations have indicated
that the Roman town of Aguntum
experienced a period of prosperity in the
2nd c. AD, which was accompanied by
the greatest population density. In the
following centuries, the importance of
the city declined, and many smaller
settlements developed in the wider area.
Whether these changes in settlement
densities are also reflected in changes in
the organization of pottery-making
activities is a further question to be
answered in the project. More
specifically, an answer will be
formulated to the question whether an
overarching system of few and large
workshops during the 2nd c. AD collapsed
in favour of several small workshops,
which produced coarse ware for the local
population in the various settlements.
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Ancient Tenea was a significant city in
the eastern vicinity of ancient Corinth,
which flourished throughout antiquity.
Since 2013, remnants of the ancient city
have been excavated in the context of the
systematic
archaeological
research,
which is conducted between the area of
modern Chiliomodi-Klenia, under the
direction of Dr Elena Korka. During the
excavation of the city's residential area
and cemeteries, a significant amount of
archaic pottery was collected, among
other findings. Some of the ceramic
vessels have no similar shape in the
international literature, which exists. This
led the excavators to the assumption of
the existence of local pottery production.
To confirm this assumption, pottery
sherds from three different sites were
examined through archaeometric means.
These came from an archaic deposit in
ancient Tenea, from the excavation
conducted in the context of the
construction of a railway station (near the
modern city of Corinth) and from a
rescue excavation at Mageri site, in the
plain of Tenea called Teneatida.
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This paper aims to identify whether those
ceramics originated from the same area
or not and to define the origin of their
fabric and the technics used for the
pottery production. Examination of the
ceramics was conducted through optical
analysis and SEM-EDS in the laboratory
of the Faculty of Sciences of the Aristotle
University in Thessaloniki.
The study of the ceramics showed that
the samples from all the excavations
were very fine-grained, calcareous, and
fired in rather low temperatures. Slight
differences can be found considering the
color of the fabric and the vitrification
stage. These elements could indicate a
different clay origin or different
techniques used in this pottery
production.
Table 1. Compound (%) of main oxides in some of
the samples.
Sample
1 Tenea
4 Tenea
5 Mageri
9 Mageri
11 Ancient Corinth
15Ancient Corinth

Al2O3
19,67
11,46
16,88
18,40
15,32
15,38

SiO2
56,22
67,02
49,75
48,72
51,74
56,55

CaO
10,29
11,07
17,32
15,88
19,41
16,13

FeO
5,19
4,53
11,23
7,59
7,71
6,3

Figure 1. PCA between CaO and FeO in the
ceramic fabric.
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collected and cleaned and experimental
briquettes were prepared and fired
(700oC, 900oC, 1050oC) in a laboratory
furnace (Figure 1). The colour of the raw
materials as well as of the experimental
briquettes was determined using the
Munsell Soil Colour Chart. The
mineralogical composition of clayey raw
materials was examined with X-Ray
Powder diffraction analysis (XRPD)
while the elemental composition was
preliminary determined with a portable
X-ray fluorescence spectrometer (pXRF).
Results and discussion: During the field
survey 23 deposits were identified in
different locations on the island. Most of
the samples were collected near ancient
cities such as Mitillini, Mithimna,
Antissa, Vrisa, Arisvi, Eresos, Petra,
Agiasos, Mantamados (Zachos et al.,
2010; Kotsonas, 2017). The samples
present a considerable variety of colours
according to Munsell Chart, though two
basic clay types can be identified (dark
grey near areas such as Mantamado and
red
near
Mistegna,
Agiasos).
Furthermore, two main mineralogical
groups were identified through XRPD
(Table 1) according mainly to their
carbonate mineral content. The first
group contains siliceous (non calcareous)
clays and comprises sample from
Mantamado, Mesotopos, whereas the
second one encompasses calcareous
samples which were collected from
Agiasos and Mistegna. These clays were
workable and suitable for pottery
production
according
to
their
composition and local craftsmen
preferences.
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Over the last years archaeological and
ethnographic studies have provided
extensive evidence for pottery production
in the East Aegean and Asia Minor
(Zachos et al., 2010; Kotsonas, 2017).
However, the determination of the origin
of production of specific pottery wares in
the East Aegean and particularly on
Lesvos is a complex topic due to huge
variety of available raw materials and the
numerous places of production through
time. The sparseness of well documented
kiln structures for pottery manufacture
further hinders dealing with provenance
issues. Thus, this study focuses on
examining the mineralogical composition
of local materials of Lesvos, which will
help to understand their suitability for
pottery production.
Materials and Methods: After a detailed
literature
review
concerning
the
archaeological,
geological
and
ethnographic background of the area a
field survey of clayey raw materials was
followed. A total of 39 samples were
69

KALAMATA, 6-8 OCTOBER 2022

O-34.
A
NEUTRON
DIFFRACTION STUDY OF
PHASE
ALTERATIONS
DURING
FIRING
OF
ANCIENT POTTERY
Figure 1. Experimental briquettes of representative
samples.
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Table 1. Mineralogical composition and Munsell
colour characterization of representative samples.
Sampling
location
Agiasos
Mistegna
Mantamado
Mesotopos
Polichnitos 2
Mitilini 1
Mithimna 2

Mineralogical
assemblage
qz + cal+ ms+ mnt
qz+ cal+ kln+ vrm
ab+ bt
qz+ab
crs+ or+ hem
qz+ kln+ ms+ ab
qz+ cal+en
crs+ ab

1

Democritus Univ.of Thrace, Dept. of
Production Eng. & Management, 67 100
Xanthis, Greece; jsiou@pme.duth.gr
2
Helmholtz-Zentrum-Berlin, Germany,
3
Rutherford Appleton Laboratory, ISIS
Facility, OX11 0QX Chilton, United
Kingdom

Colour
5YR4/3
5YR4/6
7.5 YR 6/4
5YR4/3
5YR3/4
7.5 YR6/1
10YR6/3

The knowledge of the mineral content
and the firing temperatures are of interest
since they permit an assessment of the
raw materials used and provide clues and
details of the firing procedures. However,
the determination and interpretation of
maximum firing temperatures is the
subject of many debates in the
archaeology community. When oxidizing
firing is considered, the physiochemical
transformations taking place in pottery
clays cannot be reversed by firing again
below the original firing temperature.
Such in-situ measurements of mineral
phase transformation can be well
performed on a neutron diffractometer
that do not require complicated and
delicate detector scans.
In this study, we use different neutron
beams, to characterize ancient pottery
from the north Greece. The ND analyses
aimed to record the evolution of the
mineral transformations taken place
during firing and to deliver quantitative
phase fractions which can be used to
identify the characteristic signatures of
different types of pottery.
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The experiment was performed in two
stages. The TOF experiments were
carried out on the ROTAX instrument at
ISIS UK, followed by measurements
with monochromatic neutrons using the
E6 instruments at the BER II in Berlin,
Germany. First a single piece of “poorly
fired reject shard” was fired and in-situ
ND patterns were collected (Figure 1).
The starting temperature was 25 ºC and
the first significant changes were
observed above 650 ºC.
Then the
temperature was increased from 700 to
975 ºC
in steps of 25 ºC. During the
second stage seven ceramic pieces of
approximate dimensions 3 - 15 cm2 and
0.7 - 1.5 cm thick, were exposed to an
incident neutron beam of 4x4 cm2 for
about 3 hours each, with λ=2.44 Å, at
RT, and the diffractograms were
recorded (Figure 2).
Analysis of the data showed that the
dominant phases are quartz (54%) and
plagioclase feldspars (20%). Diopside,
orthoclase, calcite and iron oxide phases
were also identified. The diopside
content is found to increasing with quartz
feldspar decrease in compositions.
Furthermore, the plagioclase content is
increased almost linearly with the
temperature. The hematite content
remains almost constant above 700 ºC
and is in excess of 7%. The firing
temperatures of the pottery samples
during the second stage were determined
to be within 850 to 950ºC (Figure 2).

Figure 1. ND patterns showing the evolution of
mineralogical changes with temperature in
calcareous clay under controlled oxidizing firing
conditions.

Figure 2. The observed (green) and the calculated
(red) ND profiles of 7 pottery shards.
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the case of the Gharb al-Andalus, where
glazed ceramics have always been
considered imported from the most
important cities in the southern alAndalus. Therefore, unglazed and glazed
ceramics were selected from Évora and
compared with glazed ceramics retrieved
at Mértola and Silves. Ceramic
chronology is comprised between the X
to the mid-XIII centuries CE.
The scarcity of information on
production and distribution of glazed
ceramics in Gharb al-Andalus made
essential
the
development
of
archaeometric studies, focusing on
monochrome honey and bichrome honeyblack/brown glazed ceramics. The goal is
to evaluate local productions and the
presence of exogenous artefacts in each
case. Ceramics were analysed by Optical
Microscopy (OM), X-ray Diffraction
(XRD), X-ray Fluorescence (XRF), and
glaze technologies were determined
using a Scanning Electron Microscope
coupled to an Energy Dispersive
Spectrometer (SEM-EDS).
OM identified 6 pottery fabrics (PF),
depending on mineral and rock fragments
identified in the ceramic paste namely
locally produced in Évora (PF1), Mértola
(PF2, 3) and Silves (PF6). PF4 and 5
were not compatible whit the local
geology in each case. These results were
corroborated by XRF analysis of ceramic
bodies. Moreover, XRD and XRF results
also evidenced that calcium-rich raw
materials were generally chosen in the
production of glazed ceramics. Microstructural/chemical analysis by SEMEDS was utilized to determine glaze
technologies applied. The main use of
lead oxide (PbO) as a fluxing agent
(Figure 1), and the development of
limited glazebody interaction layers were
determined in each case. This is in

O-35. ISLAMIC GLAZED
CERAMICS IN GHARB ALANDALUS
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OF
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AND
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One of the most remarkable materials in
theIslamic world is glazed ceramic. In alAndalus, glazed ceramics were firstly
produced at Pechina, Córdoba and
Málaga during the Emirate using mainly
high lead-silica mixtures; besides,
transition metals such as copper, iron and
manganese as colouring agents. Since
then, high lead glaze technology
popularized in Islamic Iberia, including
the Gharb, being monochrome and
bichrome glazes between the most
widespread ones. Thus, the evaluation of
ceramic provenances and of employed
glaze technologies is extremely useful to
understand trading contacts and to
eventually identify production centres
over the Islamic period. This is especially
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by foreign glazed wares. In the case of
Mértola and Silves, their respectively
strategic riverine and maritime positions
in the southwestern of Al-Andalus made
possible a production and distribution of
glazed wares to a regional and local
level.

accordance with the glaze technology
normally applied for ceramic wares in the
Iberian Peninsula during the Islamic
period (i.e. high-lead glaze and double
firing). In addition, the glaze of some
ceramic samples was enriched in alkaline
oxides (Na2O+K2O) which, in turn,
coincided with foreign PF4 and PF5.
Lastly, the analysis of black/brown
decoration evidenced that FeO or
FeO+MnO rich oxides were utilized to
decorate honey and black/brown glazed
ceramics.
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Figure 1. Renormalized values in a SiO2 ceramic
paste/SiO2 glaze plot, depicting the main use of
lead-silica mixtures (Walton and Tite, 2010).

The analysis of ceramic pastes
determined the local production of
unglazed and glazed wares in Évora,
Mértola and Silves. Moreover, some
glazed ceramics were also imported at
Évora from Mértola, Silves and from the
southern Iberia (i.e. probably). On the
other hand, the glaze technology depicted
the truly Islamic glaze ceramic tradition,
characterized by high-lead transparent
glazes, frits and calcareous biscuit-fired
ceramic bodies. Regarding the glaze and
decoration colours, the application of
transition metals such as iron and
manganese for making honey and
black/brown glazes, respectively, were
identified.
The present study reinforces what is
historically known in Gharb al-Andalus,
the local production of unglazed wares in
Évora wherein regional and supraregional trading networks were detected
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The chemical composition and structure
of the Polish beads was determined using
an electron micro-probe (EMPA), Raman
Spectroscopy and XRD. To obtain more
information about the structure in
relation to the standards, a series of
measurements were carried out on the
experimental material. The results of
spectroscopy and X-ray analysis show
that the artifacts was made ca. in 300oC
and that the the crystal structure is
temperature damaged.
The analyzed beads can be divided into
two groups due to their color. The first
one includes artifacts with an intense red
color and a strong luster. The second
group includes artifacts that do not show
such a strong red color, with a more
matte surface, on which numerous,
brighter spots are visible. Currently, it is
uneven and covered with smaller or
larger voids located unevenly on the
surface of the artifacts. In the case of
beads belonging to the second group,
these irregularities are filled with the
remains of the sediment in which the
artifacts were deposited, which forms
characteristic, lighter spots on the surface
of the artifacts. The formation of this
type of cavities should be associated with
the slow corrosion of arsenic glaze
during the presence of beads in the
archaeological layer. Sometimes, on the
surface of the beads, there are voids
different from those described above.
They are characterized by a spherical
shape and a smooth surface. Similar
structures are also visible inside some
beads. This type of voids was created as
a result of remelting the previously
prepared arsenic sulphide.
The analyses of the chemical
composition of beads from Bodzia
showed high homogeneity of the arsenic
glaze.
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Among all the finds in the early medieval
cemetery in Bodzia (Poland) there is a
unique large collection of 85 small red
mineral beads in the rich burial of an
adult woman (Figure 1). After further
mineralogical
and
archaeometric
research, it was found that the analyzed
beads are made of amorphous arsenic
glaze. The only known analogy to the
Bodzia beads comes from the burial of a
very young woman from the turn of the
10th-11th centuries at Kostolany pod
Tribečom (Slovakia) with the necklage
which included 27 beads interpreted as
made of realgar.
Realgar was known and used since
ancient times in medicine and cosmetics,
but in arts mainly as a pigment. In
alchemy the mineral was considered one
of the main substances of the earth and it
was often used in alchemical operations.
It is not known to be used as a jewelery
material.
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The content of antimony and lead may
indicate that arsenic glaze was obtained
as a result of remelting natural,
crystalline arsenic sulphide, which
coexisted with stibnite and galena or
antimony lead sulfosalts. This mineral
assemblage is typical of low-temperature
ore hydrothermal veins. This type of ore
veins is presence in significant amounts
in the hydrothermal deposits of northern
Romania (near Baia Bare). This area
could be a potential source of raw
material for the production of arsenic
glaze used to make the beads. The
analyzed beads are the oldest known
products made of arsenic glaze. This
indicates that arsenic glaze was produced
as early as the 11th century.

Figure 1. Bodzia. Early medieval cemetery, burial
D 171 with equipment. Items without scale.
Digital compilation by R. Czech-Błónska.
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Materials and Methods: Twenty two
glass samples from Chogha Zanbil were
analysed using EPMA, LA-ICPMS and
TIMS. For EPMA and LA-ICPMS the
samples were embedded in resin blocks
and were ground using SiC papers of
various grits and were further polished
with 3-6 μm diamond pastes.
Content: Our chemical data for Chogha
Zanbil glass has provided evidence for
the use of plant ashes as an alkali source
and in glasses (Henderson 2013) with
CaO contents of c. 6% and above, the use
of dolomitic limestone (Figure 1). Our
presentation will evaluate, for the first
time using trace elements, whether it is
likely that the glasses were made in the
eastern Mesopotamian area of Iran by the
Elamites. The first Sr and Nd results for
Chogha Zanbil glasses plot amongst
glasses from Nuzi and Nippur, which
could support this interpretation (Figure
2).

O-37. THE FIRST TRACE
ELEMENT AND ISOTOPE
ANALYSES OF GLASSES
FROM
THE
WORLD
HERITAGE
SITE
OF
CHOGHA ZANBIL, IRAN
O. Oudbashi1, J. Henderson2, S. Chenery3
and J. Evans3
1

Faculty of Conservation, Art University of
Isfahan, P.O.Box 1744, Isfahan, Iran;
o.oudbashi@aui.ac.ir
2
Department of Classics and Archaeology,
University of Nottingham, UK;
julian.henderson@ac.uk
3
The British Geological Survey, Keyworth,
Nottingham, U.K.; srch@bgs.ac.uk,
je@bgs.ac.ukThe Wallace Collection

The collection of decorative glass
cylinders from the World Heritage
ziggurat site of Chogha Zanbil in Iran
date to the Middle Elamite period (last 3rd
of the 14th century BC). It is one of the
most important groups of Late Bronze
Age glass from Iran. Its significance is its
early date, the technology used to make
the cylinders and its large quantity. The
glass cylinders are 'black' (deeply
coloured translucent hues, including blue
and brown) with opaque white
decoration. They were used to make
herringbone decorative panels on the
ziggurat doors. The collection of glass
was excavated from Chogha Zanbil
between 1946 and 1962 by the late
Roman Ghirshman.
In this paper we present the first set of
trace element and isotope data for the
glasses. Our aim is to investigate the raw
materials used for making the glass and
to provenance it.

Figure 1. MgO vs CaO in Chogha Zanbil glasses.
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Figure 2. Sr vs Nd isotope data for Chogha
zanbil glasses compared to other Late Bronze
Age western Asian glass.
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An increase in the number of
archaeometric studies of Late Bronze
Age glass from Greece has allowed for a
greater understanding of the chemical
and isotopic composition of this material
and the identification of primary
production zones (Henderson et al.,
2010; Zacharias et al., 2018; Kaparou
and Oikonomou, 2022). These studies
have added to the discussion of how this
prestige good traveled across the eastern
Mediterranean, but questions still remain
about the types of vitreous materials
found especially in areas outside the
Mycenaean palatial centers. One such
area is the island of Kefalonia, located
off the coast of southwestern Greece in
the Ionian Sea. Kefalonia, along with the
other Ionian Islands, is a region with
evidence of trade with mainland Greece
and areas further north, east, and west
since the Early Bronze Age (3000-2100
BC) (Souyoudzoglou-Haywood, 1999).
Imported goods and the adoption of
outside styles of tombs and artifact types
have been found, but it is also a place of
local innovation and styles.
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provides another early example of this
compositional type in Greece.

In this paper we present the results of a
compositional and provenance study of
18 glasses from three sites on Kefalonia
(Mazarakata, Metaxata, and KokkolataMenegata) that date to between the 14th11th c. BC. The objects studied are
predominately Mycenaean relief beads,
blue or dark blue in color, but also
include undecorated circular beads. One
chunk of purple glass was analyzed
whose original form was unknown. It
was not clear if it was a fragment of a
larger glass object or a piece of
unworked glass.
Electron probe microanalysis (EPMA),
laser ablation inductively coupled plasma
mass spectrometry (LA-ICP-MS), and
isotopic analysis were used to identify
composition, colorants, and provenances
of the raw materials. The results show
that the beads are predominately sodarich plant ash glasses, with one bead
made using mixed alkali glass. The relief
beads were colored by copper or a
combination of copper and cobalt and
potentially were made in Egypt. The
purple glass chunk, which was colored
with manganese, turned out to be of
Egyptian origin. Several circular beads
were found to be of Near Eastern origin.
The results of the compositional analysis
and sourcing of the Kefalonian beads are
similar to glasses found on Mycenaean
sites on the mainland. However, among
the Egyptian-sourced relief beads was a
bead type that is unique to Kefalonia.
This may suggest local glass working or
the manufacture of a bead type
specifically made for import to the
island. The purple chunk of glass, if
identified as a fragment of a glass ingot,
could also support the suggestion that
glass working occurred on the island.
The identification of mixed alkali glass
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show that most are either of a mixed
alkali or high potassium composition. We
have also found plant ash and natron
glasses. The lime source used in many
Frattesina glasses was dolomite as
reflected in a MgO vs CaO plot (Figure
1), clearly a distinct lime source from
that used in plant ash glasses found on
other Italian sites (Conte et al., 2019). Sr
and Rb concentrations in mixed alkali
glasses from Frattesina and other Italian
sites also show that Frattesina glasses
exhibit considerably more variation
suggesting separate provenances (Figure
2).
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Frattesina is located on the river Po in
northern Italy. It was an important 12th9th century BCE entrepôt on the Adriatic,
with extensive industrial evidence
including the largest amount of glass
production evidence (for mixed alkali
glass) from a European prehistoric site
and which took part in international trade
(Bellintani and Angelini, 2020). Isotopic
work suggests strongly that primary glass
making occurred at Frattesina.
In this paper we present the first set of
trace element data for Frattesina glasses
to investigate the evidence for raw
materials used for making mixed alkali
and high potassium glasses and for
primary
glass
production
and
provenance.
Materials and Methods: Fifty five glass
samples from Frattesina were analysed
using LA-ICPMS at BGS Keyworth, UK.
The samples were embedded in resin
blocks and were ground using SiC papers
of various grits and were further polished
with 3-6 μm diamond pastes.
These first combined major, minor and
trace element data for Frattesina glass

Figure 1. MgO vs CaO in mixed alkali and high
potassium glasses from Frattesina and glasses
from other Italian sites (Conte et al., 2019).

Figure 2. Sr vs Rb in Frattesina and other Italian
mixed alkali and plant ash glasses.
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The rescue excavations in Lamia’s
Gardens (Rome, Italy) have brought to
light a high number of early Roman
architectonic glass dated to the second
half of the 1st century or the beginning of
the 2nd century AD.
The analysis of these fragments aims to
characterize several crucial aspects of the
glass, providing valuable information on
the technological process of production,
the nature, and the provenance of the raw
materials.
Their study is considered important, as
the findings of the recent excavation have
been barely studied until now. Therefore,
there is the need for analyzing the
excavated artifacts and better reconstruct
the history of the site. Moreover,
architectonic glass, except mosaic
tesserae, is rarely studied. For that
reason, the present study will provide
valuable information about the method of
production of architectonic glass and
subsequently the technological level
80
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achieved in the 1st-2nd century AD. It is
worth mentioning that the glass
fragments in this study are the earliest
architectonic glass to be analyzed until
now.
Twenty glass samples of architectonic
glass, representative of different colours,
functions and methods of production,
were chosen to conduct an archaeometric
analysis. The samples were selected from
the stratum US 2541 unearthed between
2006 and 2009 in an excavation across
Lamia’s Gardens.
The selected samples have been studied
through optical microscopy (OM),
Scanning Electron Microscopy coupled
with Energy Dispersive Spectroscopy
(SEM-EDS),
Electron
Microprobe
Analysis (EM-PA) and Laser Ablation
Inductively Coupled Plasma Mass
Spectrometry (LA-ICP-MS).
Most of the fragments analyzed belong to
the natron-lime-silica type. The only
possible exception are the red glass
fragments analyzed, which have elevated
levels of MgO, K2O and P2O5. This data
is usually connected to the addition of
plant ash, which could represent a
particular production method. (Bandiera
et al., 2020).
The glass samples analyzed have a
variety of colours. The main colouring
agents are Cu for the red and orange
colour, Co, alone or with combination
with Cu for the blue colour, lead
antimonate or lead stannate for the
yellow and green colours, calcium
antimonate for the white colour, Mn for
the brown and black colours. Most of the
glass samples are decolourized, mainly,
by the combination of Sn and Mn. The
opacification is achieved through the
addition of calcium antimonate to
produce white, blue, and brown opaque
glasses and of lead antimonate or lead

stannate to produce green and yellow
opaque glasses. On the contrary, opacity
in the red and black glasses is achieved
through the morphology of the particles.
As for recycling, the existence of
samples decoloured by both Sb and Mn
could suggest that some of the glass
samples are recycled (Freestone, 2015).
The indication for recycling related to the
colourants is a further proof for the
addition of recycled glass into the batch
(Ceglia et al., 2019).
Lastly, the comparison between the glass
samples analyzed and previous data for
Egyptian and Levantine glass from the 4th
century AD onwards could indicate that
the glass fragments found in Lamia’s
Gardens could derive from the same
locations as late Roman glass; namely
Egypt and the Syro-Palestinian coast
(Ceglia et al., 2019). Nevertheless,
attention must be paid as the data
compared
belong
to
different
chronologies and the number of samples
analyzed in this study cannot have
statistical significance.
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results is presented here in the broader
Adriatic framework.
The analyses were carried out by electron
microprobe and laser ablation inductively
coupled plasma mass spectroscopy on a
total of 208 samples (Table 1).
The results showed that most samples are
natron-based glass and that Levantine
imports are quantitatively lower than
Egyptian glass (Figure 1). Furthermore,
the centuries between the 5th and 7th are
the best represented by both products.
However, while Levantine glass is
consistently attested up to the 4th century,
the Egyptian ones are less testified in the
earliest centuries.
Although the distinction between fresh
and recycled glass sets known limits,
another interesting result concerns the
distribution of fresh glass in the various
sites. The large amount of fresh glass
found at sites such as San Giusto (inland
fair and religious site) and Salapia
(coastal harbour) stands out from the
abundance of recycled (and intensely
coloured) glass found in glass-working
sites such as Comacchio, Herdonia and
Canusium.
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The study of ancient glass has undergone
a significant acceleration in recent years,
coming to outline the main features of
diachronic development in terms of
production centres and technologies in
the Mediterranean area.
In this framework, a group of
archaeologists and archaeometrists from
the Universities of Venice, Foggia and
Bari has recently undertaken the
investigation of new glass collections
found in the archaeological excavations
of Salapia and Canusium in Puglia and of
Comacchio and Jesolo in Veneto and
Emilia Romagna, respectively (Adriatic
Italy).
The archaeometric studies aim to
characterise each site's contexts and,
using the data also available in the
literature, reconstruct the production and
circulation of semi-finished and finished
glass products in the Adriatic between
the 3rd and 10th centuries (excluding
beads and tesserae).
The results obtained from these four
glass collections are largely unpublished
since only the Salapia collection has
already been published (Gliozzo et al.,
2022). Nevertheless, a summary of the

Site
Salapia

#
Types
41 Beaker/lamp (10), chalice (7),
cup (1), cup/plate (3), jug/bottle
(6), lamp (7), unknown (7).
Canusium 41 Beaker/lamp (5), chunk (1),
goblet (10), jug/bottle (5), lamp
(20)
Comacchio 57 Block (6), chalice (13), fluidity
test (5), lamp? (5), tessera (1),
wall (1), waste (3), window (3),
unknown (1)
Jesolo
69 Block (6), chalice (12), collar (8),
cut (1), drop (8), fluidity test (5),
glass on crucible (1), lamp? (5),
marbled wall (1), tessera (1), wall
(1), waste (3), window (3),
unknown (1)
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O-42.
IDENTIFYING
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PANEL
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Figure 1. The distribution of the investigated
samples in the Al2O3/SiO2-TiO2/Al2O3 binary
diagram.
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Dionysius (b. 1670-1744/5 in Fourna of
Evrytania, Greece) a hieromonk and
religious painter, is widely considered
among the figures who reinforced the
post-Byzantine painting art, especially
for panel paintings. His treatise
“Hermeneia of the Painting Art” (17291732) contains a large number of
iconographical and technical instructions
and recipes and set the rules for the
reformation and reorganization of the
ecclesiastical painting (Kakavas, 2008).
The consecutive editions and various
translations (French, German, Romanian,
Japanese, etc.) confirm the influence of
Dionysius’ treatise and his painting
technique among the scholars and artists
of that period.
Even though his art has been widely
studied, Dionysius’ painting technology
and employed materials largely remain
“terra incognita”. Comparing his painting
technique
in
conjunction
with
83

KALAMATA, 6-8 OCTOBER 2022
‘Hermeneia’ and evaluate whether he
actually applied everything described in
it by himself, it will provide answers to a
central question about the importance
and the necessity of the painting
manuals. Concerning his panel paintings,
even though a large number has been
studied by byzantine art scholars and
attributed to him and his workshop, only
six of them are signed, while the rest are
attributed to him through pictorial
features.
In this context, a study is in progress
involving the greater work, both signed
and unsigned/attributed, to Dionysius; of
these, the unsigned panel paintings (a) in
Pavlos and Alexandra Kanellopoulou
Museum in Athens (Figure 1) (Kakavas
2008), (b) in Estia N. Smyrnis’ Byzantine
Museum, in the area of Athens
(Trifonova 2010) and (c) in the Church
of Transfiguration in Dionysius native
place, in Fourna (Patapios 2014) have
been studied by analytical techniques and
the results are presented here.
Aiming at identifying the inorganic and
organic components in Dionysius’
painting materials, a non-invasive
analytical
research
protocol
was
developed, containing (a) combination of
digital and optical microscopy, (b)
elemental analysis, such as portable XRF
(pXRF, Figure 3), and (c) molecular
analysis through reflection FTIR (rFTIR,
Figure 2) and Raman spectroscopy.
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Figure 2. rFTIR spectra recorded non-invasively
from the painted surface of St. Nikolaos, an
unsigned panel painting; (a) white, and (b) ochre
garment (Estia N. Smyrnis’ Byzantine Museum); a
natural resin (both cases) and lead white (case b)
are detected.

Figure 3. pXRF spectrum from Christ face,
attributed panel painting from Fourna.

This research, attempts to identify the
pigments, that Dionysius used for these
panel paintings and compares the
obtained data with those from his 4
signed panel paintings. For example, in
four of his signed panel paintings, a
combination of minium (Pb3O4) and
cinnabar (Hg) were identified as red
pigment,
hydrocerussite
(2PbCO3·Pb(OH)2
as
white,
and
malachite
(2CuCO3·Cu(OH)2)
was
probably used for green (Mafredas,
Kouloumpi and Boyatzis, 2021). The
analysis carried in the attributed panel
paintings produced an analogous body of
results; in this context, it is interesting to
examine whether similar materials were
applied in the two cases.
The obtained data in the current study:
(a) extend the list of pigments, used by
Dionysius; (b) open a materials
comparison concerning the unsigned and
signed panel paintings; and (c) provide
an assessment for attributing these panel

Figure 1. Christ Pantokrator, an unsigned panel
painting attributed to Dionysius, exhibited in
Kanellopoulou Museum in Athens.
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paintings to Dionysius and his workshop
on a scientific basis.

O-43. REVEALING THE
MATERIALS
AND
TECHNIQUES OF POSTBYZANTINE
ICONS
THROUGH MA-XRF
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Although the technique of oil painting on
canvas supports gradually prevailed in
post-medieval Europe, post-15th century
Greek painters kept on manufacturing
religious panel paintings (i.e. “icons”) by
employing (or adapting) medieval
painting techniques. The activity of these
painters accounts for the thousands of
icons that are nowadays preserved in
collections and worshiped in churches,
convents and in private. During the last
decades a growing interest on these
paintings has emerged among scholars,
which has triggered efforts to reveal the
materials and techniques employed for
their manufacturing through analytical
investigation (Sotiropoulou and Daniilia,
2010; Karapanagiotis et al., 2014;
Mastrotheodoros et al., 2021).
Here we demonstrate the results of a
research focused on the examination of
post-Byzantine icons by means of
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macroscopic
X-ray
fluorescence
spectroscopy (MA-XRF). In particular,
we are employing two different MAXRF setups, namely an in-house built
that embodies a handheld spectrometer
(Tracer 5i, Bruker) and motorized x-y
stages, and the M6 Jetstream (Bruker)
(Figure 1). Data are processed by typical
spectroscopy-related
software
(e.g.
PyMca) and state of the art data analysis
methods such as clustering and neural
networks (Gerodimos et al., 2022).

Figure 2. Left: Cu-distribution map, Virgin Mary,
late 18th century. Right: Au-distribution map, St.
John and a Hierarch, early 19th century.

References
Gerodimos
Th.,
Asvestas
A.,
Mastrotheodoros G.P, Chantas G., Liougos I.,
Likas A. and Anagnostopoulos D.F. (2022)
Scanning X-ray Fluorescence Data Analysis
for the Identification of Byzantine Icons’
Materials, Techniques, and State of
Preservation: A Case Study. Journal of
Imaging, 8 (5): 147.
Karapanagiotis
I.,
Lampakis
D.,
Konstanta A. and Farmakalidis H. (2013)
Identification of colourants in icons of the
Cretan School of iconography using Raman
spectroscopy and liquid chromatography.
Journal of Archaeological Science, 40, 14711478.
Mastrotheodoros G.P., Beltsios K.G. and
Bassiakos Y. On the Red and Yellow
Pigments of Post-Byzantine Greek. Icons,
Archaeometry, 63 (4), 753-778.
Sotiropoulou S. and Daniilia Sr. (2010)
Material Aspects of Icons. A Review on
Physicochemical Studies of Greek Icons.
Accounts of chemical research, 43 (6): 877887.

Figure 1. Left & right: the in-house built XRF and
the M6 scanners during measurements.

The corpus of paintings that has been
analyzed so far includes icons that span
the period between late 17th century and
late 19th century. Through the
interpretation of the pertinent elemental
distribution maps, we are able to unveil
the materials employed in the icons as
well as to reveal interesting technical
details (Figure 2). Moreover, the state of
preservation of the artifacts is
documented, while previous restoration
interventions are often spotted as well.
Ultimately, we aim at building a database
of icons’ materials and techniques, in
order to facilitate future technical
investigations of this idiomorphic
paintings that are a valuable asset of our
cultural heritage.
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purple pigment/paint in prestigious
archaeological findings has been
revealed, as briefly described above. The
identifications
of
indirubin,
6′bromoindirubin and 6-bromoindirubin in
extracts of S. haemastoma was achieved
and it is reported for the first time in the
open
literature.
Other
colouring
compounds which were detected in the
shellfish extracts are: indigotin, 6bromoindigotin, 6,6′-dibromoindigotin
and 6,6′-dibromoindirubin.
Another goal of the study was to
elucidate the effects of the UV radiation
on the relative composition and colour of
shellfish purple when it is attached on
textile fibres. For this reason, wool and
silk samples dyed with shellfish purple
were subjected to artificially accelerated
ageing for various periods of time.
Samples were investigated using HPLCPDA, FTIR and spectro-photometry. A
major message of this study is that the %
relative composition of the shellfish dye
is practically unaffected by the
degradation
process,
induced
by
accelerated ageing.
Furthermore, a critical review and
discussion will be provided regarding the
discovery of the shellfish pigment and
dye, based on the available scientific
evidence. Previously published reports
describing the identification of the
shellfish colourant in objects of the
cultural heritage will be carefully
summarized. Issues related to the purple
pigment manufacturing, developed in the
past will be discussed. Examples of
materials and methods which were used
in the past to produce “fake” purple,
imitating the aesthetic result of the
valuable royal marine material, will be
provided.

O-44. SHELLFISH PURPLE:
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DEGRADATION,
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3
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Shellfish purple, also known as Tyrian
purple and royal purple, has a
documented,
uninterrupted
history
spanning over 3 millennia, from the
Minoan period to the cease of the
Byzantine empire i.e. the conquest of
Constantinople by the Ottomans. Some
of the earliest scientific evidence
suggesting the use of shellfish purple, are
the chemical identifications of the purple
pigment in mural paintings of the Aegean
(Sotiropoulou et al., 2021), the pottery
vessels in Crete (Koh et al., 2016) and
the textile fragments unearthed in Chagar
Bazar (Breniquet et al., 2018) which date
to the second millenium BC.
Despite the extended scientific literature
which is available for shellfish purple,
several important questions are still
pending. In this study, High Pressure
Liquid Chromatography coupled to a
Photo-Diode-Array detector (HPLCPDA) was employed to investigate, in
detail and on a comparative basis, the
chemical compositions of Hexaplex
(Murex) trunculus L., Bolinus (Murex)
brandaris L. and Stramonita (Thais)
haemastoma (Figure 1). These three
molluscan
species
live
in
the
Mediterranean basin where the use of the
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Figure 1. Shells of the three species of shellfish
purple.
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The pigments used by artists since
ancient times play an important role in
historical,
artistic,
and
cultural
investigations, as they allow the
acquisition of useful information for the
study of human and technological
development (Smieska et al., 2017). This
research aims at differentiating the
various sources of azurite exploited in
antiquity, based on the study of minor
and trace elements.
Azurite is one of the most important blue
pigments in art history, widely used
during the Middle Age and Renaissance.
However, very few studies investigated
the provenance of the pigment, so today
it is not yet possible to accurately
identify the sources of azurite exploited
in the past.
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Content: This study is based on the
analysis of several samples of azurite in
the MUST collection (Museum of Earth
Sciences, Sapienza University of Rome;
Figure 1) coming from 8 different
historical
locations
by
electron
microprobe (EMPA) and laser ablationinductively
coupled
plasma-mass
spectrometry (LA-ICP-MS), with the aim
of detecting chemical patterns that are
characteristic of the different sources.
Some of the investigated chemical
elements have proved characteristic of
specific localities, allowing to suggest
valid criteria of discrimination. For
example, Al, Si, and Mg were found
indicative of the presence of clay
minerals
associated
with
azurite
(Bicchieri et al., 2001), while Zn, Pb, and
Fe, were commonly documented as
impurities within the mineral (Driscoll et
al., 2011; Smieska et al., 2017). Finally, a
promising result also relates to the
concentrations of some Rare Earth
Elements (REE), as they might represent
a marker for the discrimination of the
investigated quarries.
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Figure 1. Samples (from left to right) A) 13193/6
(Gollnitz, Hungary), 13228/41 (Chessy, France),
13238/51 (Chessy, France), 16696/87 (Laurion,
Greece), 13247/60 (Solotuschinsk, Siberia),
13240/53 (Cornwall, England); B) 13202/15
(Wolwodina, Banat, modern Serbia), 13210/23
(Siegen, Germany), 13216/29 (Chessy, France),
16695/86
(Laurion,
Greece),
14890/83
(Wolwodina, Banat, modern Serbia), 13466/79
(Campiglia, Italy).
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(ATR/FTIR) and Visible Induced
Luminescence (VIL). The latter was
especially suitable for Egyptian blue
identification.
All samples showed the characteristic
features of calcite and silicate minerals in
their FTIR spectra; white, green, and
blue-black samples also exhibited the
presence of calcium sulphate. For the
white
and
red
micro-fragments,
spectroscopic techniques and SEM-EDX
highlighted the presence of calcite and
red ochre, respectively.
Unfortunately, for the other microfragments, no information was obtained
by Raman spectroscopy because of their
high luminescence signal. The green
fragment analyzed by SEM-EDX
highlighted the presence of green earth,
which has been recognised as the
minerals celadonite and glauconite
thanks to the ATR-FTIR spectrum. The
light blue, blue-black, and black
fragments analyzed by SEM-EDX
showed the presence of a copperbased
pigment; furthermore, the ATR-FTIR
spectrum of the light blue sample
contains the characteristic bands of
Egyptian blue and this result has been
confirmed, also for blue-black pigment,
by VIL analysis. In conclusion, this
multi-technique approach allowed the
identification of the colour palette of the
ancient coffin and also, highlighted the
possible presence of organic materials,
whose characterisation is ongoing.
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The present research aimed to investigate
and recognise the colour palette utilised
for decorating an ancient Egyptian
artifact belonging to the period between
the XXVI and XXX dynasties. The
importance of these types of studies lies
in achieving the complete knowledge
with regard to the materials and pigments
used by ancient Egyptians and their
manufacturing
techniques.
Those
information could be helpful to have
clues on dating the manufacture and
contextualise it geographically and
historically.
In
this
specific
archaeological field, it is also important
to keep in mind that every shade in
ancient Egypt had a symbolic meaning.
In this study, six micro-fragments were
taken from the cover of an
anthropomorphic sarcophagus dated to
the Late Dynastic Period and belonging
to a private collection (Figure 1). White,
red, green, light-blue, blue-black and
black areas were analysed by a multianalytical approach employing Raman
spectroscopy,
Scanning
Electron
Microscopy hyphenated with an Energy
Dispersive
X-Ray
(SEM-EDX),
Attenuated Total Reflection – Fourier
transformed
Infrared
Spectroscopy
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Figure 1. Upper part of the anthropomorphic
sarcophagus.
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In the current project, we aim at taking
advantage of both the mobile use, as well
as the techniques possibility to achieve
molecular images. Therefore, a macroRaman-mapping device has been
developed (Figure 1). This instrument
consists of a mobile Raman spectrometer,
that is mounted on a 3 perpendicular
translation stages. Different cameras and
a triangulator are used to position the
fibre optics probehead accordingly. All
software is programmed in Matlab. The
system is able to record Raman mappings
of areas of several hundreds of square
cm, and by implementing appropriate
data processing, it is possible to obtain
meaningful images. This novel approach
will be illustrated with several examples,
and data recording as well as data
processing will be discussed.
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Raman spectroscopy is a wellappreciated technique for the analysis of
cultural heritage objects. Indeed, the nondestructive character, the high speed of
analysis
and
the
straightforward
interpretation are important pros of the
approach. Moreover, the technique
allows us to study molecular spectra of
inorganic as well as of organic materials.
Moreover, especially when using a
Raman microscope, it is possible to
record Raman spectra with an excellent
spatial resolution, down to 1 µm. When
several
point
measurements
are
performed one after the other, it is
possible to obtain a Raman map, an
approach that is often used to study
minute samples of an object. This allows
to obtain images of the distribution of
molecules, at microscopic scale. On the
other hand, mobile instrumentation is
now commercially available, allowing to
bring the instruments towards the
artefacts, e.g. inside a museum.
Typically, these instruments are equipped
with a fibre optics probe head that can
easily be positioned in front of the object
under study, allowing to perform point
measurements.

Figure 1. Schematic overview of the MacroRaman-mapping stage.
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(c) Elucidation of stability of
pigments in paintings (Bernbeim, 2019),
(d) Development of sampling
with sub-micron resolution to study paint
cross-sections (Owens, 2014).
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Figure 1. Schematic of REMPI technique.

REMPI is a four-stage process,
schematically depicted in Figure 1. (1)
Laser desorption vaporizes the molecules
intact, permitting detection at the parent
mass peak. (2) Jet Cooling in a
supersonic
expansion
cools
the
molecules to ~20 oK. This low
temperature permits very high resolution
spectroscopy in combination with
fragment-free mass spectrometry. (3)
The ionization process is a two-photon
process. The first tunable photon
resonantly excites the molecule in a
vibronic transition and the second photon
ionizes the excited molecule. (4) The
final step is the detection of the ions by a
time-of-flight (TOF) mass spectrometer.
By using both wavelength and mass
selectivity simultaneously, this technique
can clearly distinguish between isomers,
detect compounds in a complex matrix,
and unambiguously identify compounds
with femtomole sensitivity.

Chemical analysis in archaeometry and
cultural heritage often requires molecular
identification, which is a special
challenge
for
complex
organic
compounds.
Resonance
enhanced
multiphoton
ionization
(REMPI)
simultaneously performs high resolution
UV-VIS
spectroscopy
and
mass
spectrometry for detection with high
selectivity and high sensitivity.
We show applications in:
(a) Identification of cacao
biomarkers in Maya pottery (Ford, 2022,
Owens, 2017),
(b) Identification of wine
biomarkers for residue analysis (Callaha,
2008),
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Recently, the study of textiles has gained
attention among archaeologists and
conservators because these materials can
help to recognize processes, methods and
know-how of past civilizations and the
degradation of the objects. The use of the
atomic force microscopy used in
PeakForce mode (AFM PF-QNM) and
the
second
harmonic
generation
microscopy (SHG) have shown their
potential to characterize archaeological
textiles and plant fibres in a new way.
During the last few years, two cuttingedge characterization techniques have
been used to study plant fibres and
archaeological fabrics: the Atomic Force
Microscopy in PeakForce mode (AFM
PF-QNM) and the Second Harmonic
Generation imaging microscopy (SHG)
(Reynaud et al., 2020; Melelli et al.,
2021a,b). The former technique is based
on a tip with a radius of the order of a
few dozen nanometres. The tip mounted
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on a cantilever indents the sample surface
and its movements are recorded thanks to
a laser. The latter technique is based on a
femtosecond pulsed laser in the NIR
region.
The
non-centrosymmetric
molecules in the sample, packed into a
crystalline structure such as cellulose
microfibrils, can generate a secondharmonic (SH) response, a well-known
non-linear optical phenomenon. The
main advantage of the two techniques is
the small sample quantity required (a
small piece of yarn of a few millimetres
or a few elementary fibres of a few
millimetres), which is a crucial point
when
investigating
archaeological
artefacts or artworks.
Thanks to the AFM in PF-QNM mode, it
is possible to identify changes in local
mechanical properties in the cell walls,
i.e. the stiffness, that are linked with
modifications of the biochemistry due to
ageing or for other external causes, such
as biodegradation in Figure 1a (Melelli et
al., 2021a). On the other hand, the second
harmonic can highlight the cellulose
lattice in the fibres, giving a general idea
of their state of preservation, as reported
in Figure 1b (Melelli et al., 2021b), and it
also allows to distinguish the effects of
several degradation processes in the fibre
ultrastructure. Even though the literature
on the application of AFM in PF-QNM
and SHG for archaeology and cultural
heritage is almost inexistent, the trend is
gradually changing due to their great
potential not only to understand the
ageing process of plant fibres but also for
the possibility of studying the interaction
and effects of exogenous materials or
new treatments for the preservation of the
fabrics.

Figure 1. a) Map of indentation modulus of flax
fibres extracted from an Italian painting on canvas,
dated the 18th century. The detail in the top right
shows the biodegradation of the cell near the
lumen and a loss of stiffness (darker colour). Scale
bar of the detail: 1 µm; b) ultra-structure of a flax
fibre extracted from a mortuary linen dated
eleventh Egyptian dynasty. The white dotted circle
underlines the area where the cellulose lattice is
interrupted by internal fractures.
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technology used in ancient Athens
through time. For this purpose nine
mortar samples dating according to the
archaeological data from the 3rd c. BC till
the 7th c. AD where selected (Table 1). In
addition, a geological sample of the
Athenian schist was also analyzed for
comparison purposes.
Optical microscopy and Scanning
Electron Microscopy coupled with
energy dispersive X-ray analyser
(SEM/EDS), X-Ray Diffraction Analysis
(XRD) and Fourier Transform Infrared
Spectroscopy (FTIR) were used for the
characterisation of the binder and the
aggregates. Moreover, Mercury intrusion
Porosimetry (MIP) was used to measure
the porosity of the mortars, while the
particles size distribution of their
aggregates was determined through
sieving.
The analyzed samples consist of well
graded, mainly coarse-grained mortars
besides few samples with fine grained
upper layers. It was found that the binder
fraction in all cases consists of a nonhydraulic high calcium lime. A wide
variety of materials was used for the
aggregates fraction, e.g. quartz, feldspars,
crashed ceramics, calcite, marble, bones
etc., which range between 94-96 % per
weight. The aggregates are angular, in
any case not of fluvial origin despite the
proximity to the river Ilissos. The
abundance of the above mentioned
aggregates
results
to
important
mechanical properties. Similarities to Ca,
Si, Al, C, O and other elements content
reflect probably the same mortar
technology throughout the centuries
within the Makrigiannis archaeological
site. The porosity of the mortar samples
fluctuates between 18-27 % apart from
one sample with total porosity of 38 %.
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In 1997 an archaeological excavation
began in the Makrigianni area, in front of
the Weiler building at the southern
foothills of the Acropolis in Athens,
conducted by the 1st Ephorate of
Prehistoric and Classical Antiquities of
the Ministry of Culture. The purpose of
this rescue excavation was to unearth all
the antiquities buried in the site, which
was chosen for the construction of the
New Acropolis Museum. During this
archaeological research, which was
completed
in
2003,
numerous
architectural remains dating mainly from
the 5th century BC to the middle
Byzantine period have been revealed.
Among other finds, pieces of historic
rendering mortars originating from the
interior surface of the remaining walls of
various houses (A΄, Β΄, ΣΤ΄ and Θ΄) were
collected. This presented a unique
opportunity to investigate the mortar’s
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The results of this study not only
elucidate the mortar technology used in
Athens during different time periods, but
they may also be used in the future to
prepare compatible modern mortars for
an eventual restoration of the ancient
houses walls which are preserved and
now exhibited underneath the New
Acropolis Museum.

O-51.
TECHNOLOGICAL
INVESTIGATION
OF
CERAMICS
AND
MORTARS FROM THE
COASTAL
ARCHAEOLOGICAL SITE
OF KOLONNA BAY IN
AEGINA, GREECE

Table 1. Mortar samples analysed.
Time Period
3rd c. BC
2nd c. BC
3rd c. AD
5 -6th c. AD
7TH c. AD
th

House
House Θ’
House under
house ΣΤ’
House A’
House ΣΤ’
House B’

Sample
MAKR-3
MAKR-10

N.
Zacharias1,
P.
Kalamara2,
1
G. Vlachos , Α. Zampetoglou1 and
E. Palamara1

MAKR-2, MAKR-6
MAKR-5
MAKR-4, MAKR-7,
MAKR-8, MAKR-9

1
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In the frame of a systematic excavation
project, the “Aegina harbor city project”,
conducted by the Ephorate of
Underwater Antiquities of Greece and
the French Archaeological School in
Athens / Aix-Marseille University, a
project the University of Peloponnese,
Laboratory
of
Archaeometry,
is
collaborating with, took place the
technological investigation of selected
materials. More particularly, the samples
comes from the part of a “workshop”
installation at the ‘Kolona Bay’ site,
discovered in 2020. In the excavation
trench of that year came to light three
open basins, the lower part of which is
constructed by the lower part of ceramic
pithoi in second use. These are situated
closely to one another and they rest
against two walls towards the East and
South. Fine white mortar is covering the
internal surface of the basins, their rims
and the surrounding area of them,
connecting them to each other at their
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upper level, and formatting an inclined
plane towards the Eastern wall (the
Eastern wall was not completely
unearthed during 2022). Some finds
indicate that the ground floor of the
workshop was a sturdy rough mosaic.
Tiles of the roof of the installation also
came to light, and also another wall,
perhaps the Northern limit of the room.
As for the recovered ceramics, they date
from the Archaic to the Late Roman or
Early Byzantine period, not providing
stable chronological proof. Additional
survey in the surrounding area confirms
the existence of other similar open
basins, a fact that could attest to an
extended activity in the form of an
organized workshop. The present project
focuses
on
the
technological
investigation of ceramic and mortar
samples collected during 2020, aiming to
characterise the materials and to draw
conclusions on the technology and the
likely function of the structures.
Content: Six ceramic samples (including
three pithoi samples, two fine tiles and a
sample probably from the floor of the
workshop) and seven mortar samples
(collected from the walls, the exterior
and the interior of the open basins) were
analysed in the Laboratory of
Archaeometry of the University of the
Peloponnese in Kalamata, Greece. The
examination of the samples included
microscopic examination with the use of
LED and chemical analysis via
SEM/EDS.
The examination of the ceramics
suggested that the two pithoi samples and
the two fine tiles consisted of a
chemically similar clay, whereas the third
pithos fragment and the part of the
mosaic differed significantly. The major
differences in the composition of the
pithoi samples can lead to the hypothesis

that the pots were not initially made for
the purpose of the current workshop but
should be considered as earlier creations
found here in second use. The identified
inclusions on all ceramic samples were
found to be in accordance to the chemical
composition of the Aeginetan clays, thus
presenting a first indication for a local
origin of samples.
The examination of the mortar samples
showed that they consist of a calcareous
material made of limestone, with a
significantly varying content of calcite
(CaO). The limestone was mixed with
silicon-rich aggregates in varying
concentrations, which enhanced the
durability of the mortar. Most samples
showed poor mixing of the materials and
high amount of aggregates, with the
exception of the samples from the
interior of the open basins, which were
finer and of an overall better quality.
Based on the analyses, it was revealed
that white mortar was covering the entire
inner surface of the open basins even if it
was clearly visible only at the upper part
of them. Sulfur (SO3) was identified in
the majority of the mortar samples,
although its concentration was too low to
suggest the use of gypsum. A link
between SO3 and the function of the
workshop is a probable hypothesis.
Overall, the workshop in Aegina can be
correlated to fulling workshops found in
other areas of the Roman world, such as
Pompeii and Ostia. The architectural
features between these structures present
significant similarities, as do the
materials used for the formation of the
structure. Additionally, the presence of
SO3 identified within the mortar samples
could have resulted from the activities
that took place inside the workshop, such
as bleaching. These preliminary results
were greatly assist the continuing
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excavation and study of the site, which
will hopefully shed more light on the
construction and function of the
workshop.
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This paper presents recent research
undertaken at Naxos in Sicily as part of
the project Cityscape of Sicilian Naxos, a
collaboration between the Archaeological
Park of Naxos and the Finnish Institute at
Athens. It focuses on fragments of
painted plaster which were uncovered
during the 2015-2016 excavations,
combining portable x-ray fluorescence
spectroscopy
(pXRF)
and
photogrammetry in an effort to create a
holistic methodology for non-invasive,
non-destructive analysis of painted
plasters.
Naxos is the first Greek settlement in
Sicily founded in 735/4 BCE (Thuc.
6.3.1), and material from the site offers
an important understanding of Greek
colonies and the interaction between the
East and West Mediterranean. Previous
research of the project Cityscape of
Sicilian Naxos between 2012-2019 has
focused on furthering our understanding
of the city planning and architecture of
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Naxos (Lentini et al., 2021). While
architectural material such as roof tiles
and antefixes have been found
throughout earlier excavations, wall and
floor plasters have not ordinarily
survived due to the acidity of the soil.
However, excavations in 2015-2016
excavated in full a well, where a large
amount of well-preserved painted plaster
material was discovered. The material
comes from domestic contexts, deposited
in the well after the city’s destruction in
403 BCE by Syracuse (Diod.14.15.2-3;
Pakkanen and Lentini, 2022). Due to the
rarity of plaster material from this site,
the first detailed study uses nondestructive and non-invasive analytical
methods to study the plaster composition
and pigments: pXRF is applied for
surface analysis, while photogrammetry
is used to analyse compositional layers of
the plaster fragments (Figure 1).
Architectural
revetments
from
monumental buildings have previously
been documented with photogrammetry
as part of the project (Lentini and
Pakkanen, 2019), and the use of the
technique is developed further in the
analysis of plaster.
This paper presents the initial results of
pXRF analysis and photogrammetry to
discuss the technological aspects of the
plaster from Naxos. It demonstrates how
these two analytical techniques may be
used in tandem to provide a holistic
assessment of plaster technology which
is entirely non-destructive. Furthermore,
the combined techniques can be used to
delimit sample size for further analysis,
thus minimising damage to the material.
The painted plaster from Naxos presents
an
important
case
study
for
understanding
domestic
interior
decoration in a Classical Sicilian Greek
settlement and offers an opportunity to

study fifth-century plaster technology
and pigments. The project will provide
data for comparative research on
technological transfer and composition of
pigments at other sites.

Figure 1. Textured photogrammetry model of the
back side of a plaster fragment from the well at
Naxos in Sicily (JP).
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leads to loss of cohesion of the crystal
aggregates and eventually to degradation
and loss of original material.
Several organic, inorganic and hybrid
chemical consolidants have been tested
taking into account the macroscopic
properties of the different gypsum
varieties. In all cases the main parameter
was
the
compatibility
of
the
consolidating material with the sulfate
substrate in terms of surface coordination
chemistry. This work focuses on the
evaluation of consolidation efficiency
(i.e. the ability of a chemical compound
to provide cohesion to the stone of the
different mineral gypsum varieties) based
on the utilization of a drilling resistance
measuring system (DRMS). It is
demonstrated how this test can provide
information on the penetration depth of
the consolidant as well as the penetration
resistance variations (Delgado Rodrigues
and Grossi, 2007; Sasse, 2001).
Concurrently, DRMS is used as a high
precision sampling tool, because the
drilling residue (dust) can be collected
from specific interval depths and then
analyzed with several other analytical
techniques (eg. powder X-ray diffraction,
SEM, etc.). Hence, useful information
regarding both the state of preservation
of the successive strata of the examined
rock as well as the performance of the
consolidants can be extracted.
A plethora of inorganic-organic hybrid
materials based on metal phosphonates
have been evaluated in our laboratory as
potential consolidants for gypsum. All of
them possess chemical moieties that are
capable of interacting with surface
calcium ions, such as carboxylate
(-COOH) and phosphonate (-PO3H2), of
course, in their deprotonated form. The
layered
structure
of
gypsum
(CaSO4·2H2O) demonstrates calcium
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Mineral gypsum (selenite) stones have
been used extensively by ancient Cretans
in the Minoan Palace of Knossos, mostly
for building and ornamental purposes.
Minoan palatial architecture makes
impressive use of mineral gypsum
(selenite) for building and ornamental
purposes. Interestingly, the mineral
gypsum building and ornamental
elements catalogue of the palatial
complex of Knossos consists of 2.185
entries (Hood, 1981). However, from a
chemical standpoint Knossian gypsum
presents two significant problematic
issues: its rather high water-solubility
and its softness. Consequently, exposure
of mineral gypsum to environmental
stresses (temperature fluctuations, rain,
airborn pollutants, soluble salts, etc.)
causes solubility-driven degradation, and
loss of cohesion of the crystal aggregates,
with ensuing aesthetic degradation. One
of the main issues concerning the state of
preservation of the Knossian mineral
gypsum (selenite) is its solubility, given
that gypsum is a rather soft and watersoluble mineral, with a Ksp of ~
3.14×10-5. The dissolution of gypsum,
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ions (Ca2+) that are “exposed” to the
inter-layer space, and to the crystal
surface. Furthermore, each calcium ion is
coordinated to two water molecules.
In this presentation, we will interpret and
discuss the efficiency of a number of
consolidants by using “tools” provided
by surface coordination chemistry.
Possible structure/function relationships
will be discussed.

O-54. A NEW AQUEOUS
NANOLIME
FOR
ECOFRIENDLY
AND
SUSTAINABLE PRACTICE IN
STONE
CONSOLIDATIONS
TREATMENTS. THE CASE
STUDY OF SAN FRANCESCO
ALL’ IMMACOLATA CHURCH
IN ORTIGIA (ITALY)
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Since their introduction in Cultural
Heritage,
Ca(OH)2
nanoparticles
suspensions,
(nanolimes),
perfectly
match the crucial request of compatible
treatments in the conservation of
calcareous stones. This is due to the
ability of nanolimes to preserve, after
their carbonatation, the chemico-physical
and mineralogical features of carbonatic
substrates. In addition, the ability to
penetrate inside the treated substrates is
expected too. Nevertheless, current
nanolimes are dispersed in short-chain
aliphatic alcohols giving rise to stable
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nanolime treatments on site, some areas
of the facade of the Church were treated,
by applying the aqueous nanolime by
airbrush. Treated and untreated surfaces
in similar positions, taken from less
degraded (LD) and much degraded (MD)
areas, are compared. The results show a
strong increase in the surface cohesion of
the treated areas, with an efficiency
ranging from 50 % up to 98 % in the LD
and MD areas, respectively (Figure 1).
DRMS measures show a little increase in
the average resistance of the treated
stones, but they appeared more
homogeneous respect to the untreated
ones, up to 3 cm in depth.

dispersions but negatively affecting the
completeness of the carbonatation
process and the nanoparticles penetration
ability, with a consequent reduction in
the treatment efficacy. At the University
of L’Aquila, we developed a costeffective and sustainable patented
method to produce nanolimes directly in
water, (aqueous nanolime), at room
temperature and ambient pressure,
starting from cheap or renewable
reagents,
with
low
energy/time
consumption and wastes, and in large
quantities, in order to satisfy extensive
applications as well. The sustainability of
this new product is related not only to the
synthesis method but also to the presence
of water as dispersing medium, which
guarantees the completeness of the
carbonatation process, leading to good
consolidating efficacies and penetration
depth, without any release of organic
volatile compounds (VOCs) in the
environment.
In this work we present the results of a
recent study carried out to test the on-site
efficacy of the aqueous nanolime in the
superficial consolidation of the external
stone of a historic Church in Ortigia,
(Sicily, Italy). The effectiveness of the
nanolime treatments is evaluated in terms
of surface cohesion, (Scotch Tape test STT), and mechanical resistance
(Drilling
Resistance
Measurement
System – DRMS). Several investigations
are also performed in laboratory to assess
the
chemical
and
mineralogical
composition of the stone, as well as the
characterization and the carbonatation
process of the nanolime particles.
Microscopic studies are carried out to
directly observe the formation of the
calcite micro/nanocrystals arising in the
stone samples, after the carbonatation
process. To quantify the efficacy of the

Figure 1. STT results from LD/MD areas at
different positions on the façade. The efficacy, (%
reduction in the material removed in the treated
areas), is reported too.
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O-55. HOW THE PAST CAN
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Despite the recent developments and the
innovative proposals in the field of
restauration, common practices still
involve the use of substances with a high
impact on both the environment and
human health. In recent decades there has
been a growing interest in sustainable
approaches, therefore, one of the main
challenges in the field is the development
of innovative products for restoration that
respect both the environment and the
operator who works on cultural heritage.
In this scenario, mortars and building
materials also have required particular
attention due to both the presence of
dangerous additives and the production
process which produce huge amounts of
CO2. Starting from the ancient recipe of
the hydraulic mortars of the Trajan
Aqueduct (Rome, II century AD)
(Botticelli et al., 2021), ON-Tech project
(Distretto Tecnologico Beni e Attività
Culturali – DTC Lazio and Lazio Innova)
aims at producing innovative hydraulic
mortars for restauration. The test mortars
will be characterized from the
petrographic, chemical, and physical
point of view thanks to the cooperation
of different partners. Sapienza University
of Rome, University of Cassino and
Southern Lazio, The National Research
Council with the expertise of the Tecno
104

7th SYMPOSIUM ARCH_RNT
Archaeological Research & New Technologies

interventions. The strong collaboration
with the restoration company will help to
strength
the
connection
between
university and society, making the
knowledge at the service of the
community.

Edile Toscana company and the restorers
from the Central Institute for Restoration,
will share expertise and knowledge to
produce eco-friendly materials, human
safe and compatible with ancient
materials.
The present work shows the preliminary
results of the first work packages dealing
with the study and characterization of the
starting raw materials considered perfect
in terms of compatibility with the ancient
materials. Indeed, from different
localities in the surrounding of Lake
Bracciano different pozzolans have been
sampled to evaluate their features. A
multi-analytical approach including
Optical microscopy (OM), X-ray powder
diffraction (XRPD), Fourier-transform
infrared spectroscopy (FTIR) and
Scanning Electron Microscopy (SEMEDS) were used to define the
mineralogical petrographic and chemical
composition of the local pozzolan
materials.
Vesiculated
pyroclastic
material with abundant leucite crystals,
clinopyroxenes and high porosity are
identified along with glazed fraction
characterized by high content of Al and
Si.
Thanks
to
the
preliminary
characterization of the pozzolan,
experimental mortars are produced in a
sustainable perspective for the protection
of Cultural Heritage. Low consumption
of CO2 and compatibility with ancient
materials are the bases of a new
conservative approach which aims to be
green, safe for both environment and
operators,
minimizing
future

Figure 1. SEM image of a local pozzolan and EDS
spectrum of the leucite crystal.
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ABSTRACTS OF TECHNICAL SESSION
These components which were used
during the creation phase of the object
and being altered due to the past time as
well as due to restoration - conservation
attempts have as a result this object to
appear to its current state of “existence”preservation. The identification of all
this knowledge related to the materials
and their reaction-affection-alteration
caused by the environmental conditions
and the light, their distribution on the
surface and in depth which is the
technique as well as later significant
interventions to the objects affecting the
current state of preservation - existence
(like
restoration,
consolidation,
overpaintings etc), the micro and macro
characteristics of all these (materials,
techniques, interventions) of the object
comprise the “DNA” of the object.
For the above described case, a mobile
lab, with an holistic in-situ approach,
involving
tomographic,
imaging,
spectroscopic
mapping
imaging,
spectroscopic mapping tomographic
techniques
and
remote
sensing
tomographic techniques for the reveal of
the beauty and the “DNA” of cultural
heritage objects and monuments from
micrometer to meter extension and
resolution from one hand and the support
of the optimal conservation of the
cultural heritage objects and monuments
from the other is developed and
continuously is being evolving according
to the new demands and trends.

TS-1. A MOBILE LAB, WITH AN
HOLISTIC
IN-SITU
NON
DESTRUCTIVE APPROACH,
INVOLVING SPECTROSCOPIC
MAPPING
IMAGING
TOMOGRAPHIC
AND
REMOTE
SENSING
TECHNIQUES
FOR
THE
DOCUMENTATION
FROM
ONE HAND AND THE
SUPPORT OF THE OPTIMAL
CONSERVATION
OF
CULTURAL
HERITAGE
OBJECTS AND MONUMENTS
FROM THE OTHER
G. Karagiannis1,2, S. Amanatidis1,
G. Apostolidis2 and T. Karagiannis2
1

ORMYLIA Foundation;
ormylia@artdiagnosis.gr
2
Diagnosis Multisystems;
info@diagnosismultisystems.eu

Conservation Science or according to the
new mode, Heritage Science after many
years of research experience provides us
with significant tools in order to
“identify” bottom up with high fidelity
information the art objects. Especially,
the reveal of the internal structure stratigraphy which provides important
information related to the materials and
the technique used for the creation of the
object. The materials and the creation
technique are the components of the
“DNA” of the object.
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Figure 1. The devices of the Mobile Lab and the
iTomography support.
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These innovative techniques allow
addressing issues of provenance of raw
materials and determination of the
production technology of Cultural
Heritage artefacts for a wide spectra of
organic
and
inorganic
material.
Additionally, they require the extraction
of very small micro-samples (mm2 to
µm2), proving particularly useful in the
study of Cultural Heritage materials.

TS-2.
MODERN
TEM
APPLICATIONS
ON
CULTURAL
HERITAGE
MATERIALS: HOW TO
ACCESS IN GREECE
E. Palamara1,2
1

ART E SOLUTIONS PC, 18 Sfaktirias str.,
24 133 Kalamata, Greece
2
Laboratory of Archaeometry, University of
the Peloponnese, Old Camp, 24 133
Kalamata, Greece; info@artesolutions.com

Scientific studies of Cultural Heritage
materials are usually focused towards the
characterisation of corrosion product
from artefacts for better preservation,
determination of production technologies
and the identification of raw materials
used in the production of pigments, glass,
decorated pottery, metals, etc. To assist
the above issues, the introduction of
advanced
Transmission
Electron
Microscopy (TEM) techniques aims to
uniquely characterize Cultural Heritage
artefacts and archaeological materials.
ART E SOLUTIONS specializes in the
use of advanced TEM techniques
(Electron diffraction Tomography, Image
Tomography, EDS & Electron Energy
Loss Spectroscopy) for highly localized
analysis down to nm scale for
identification
of
particles,
phase/orientation mapping down to nm
scale.
Additionally,
SEM
Cathodoluminiscence (SEM-CL) in
combination with SEM-EDS can be
applied for the detailed characterization
of metal, alloys, ceramics, glass, (organic
and inorganic) pigments, minerals and
mortars.

Figure 1. Orientation and phase map (d,e) of one
of the pre-hispanic maya red colour pigments from
murals coming from Mayapan archaeological site
(Yucatan Peninsula, Mexico)
(REF: S.
Nicolopoulos, P. P. Das, A. G. Pérez et al., “Novel
TEM Microscopy and Electron Diffraction
Techniques to Characterize Cultural Heritage
Materials: From Ancient Greek Artefacts to Maya
Mural Paintings,” Scanning, 2019).
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ABSTRACTS OF POSTER SESSIONS
circumstances, previous anthropological
research shows a high frequency of
malnutrition
expressed
with
the
prevalence of infections and metabolic
diseases in the population of Abdera,
during its initial occupation phase
(archaic period). In this study, we present
a diachronic dietary reconstruction from
the ancient city of Abdera. We apply the
established method of stable isotope
analysis (δ¹⁵N, δ¹³C) in bone collagen of
74 human skeletons from the cemetery of
ancient Abdera. The sample has a vast
chronological range beginning with the
two phases of the city’s foundation and
refoundation (archaic period) and extends
to the Roman era. Our dataset consists of
carbon and nitrogen isotope values from
adults (n=33, 17 males, 12 females, 4
n.d), subadults (n=31), and unident. ind.
(n=10) dating to the Archaic (n=13),
Classical (n=17), Hellenistic (n=19) and
Roman (n=20) period. Our preliminary
results show a diachronic preference in
terrestrial animals during both periods
with lesser contribution of C3 plants and
no discernable input from marine
recourses. Our pilot observations depict a
diachronic trend of the dietary habits in
Abdera and offer a window to the dietary
differentiation during historically diverse
periods.

P-1.
INVESTIGATING
DIETARY PATTERNS IN
THE ANCIENT COLONY
OF ABDERA (AEGEAN
THRACE,
GREECE).
STABLE
ISOTOPE
ANALYSIS (δ¹⁵N, δ¹³C) IN
HUMAN BONE COLLAGEN
A. Georgiadou¹, A. Zisis¹, E. Ganiatsou¹,
K. Kallintzi² and C. Papageorgopoulou¹
1

Laboratory of Physical Anthropology,
Department of History and Ethnology,
Democritus University of Thrace
²Ephorate of Antiquities of Xanthi,
Archaeological Museum at Abdera, Ministry
of Culture and Sports

During the second Greek colonization
(8th-5th c. BC) numerous of colonies were
founded across the Aegean region.
Abdera is a renowned and prominent
colony located in the littoral of Aegean
Thrace. The geostrategic location in
addition to fertile land and mineral
resources turned Abdera into a notable
commercial and political international
hub, during classical times. The colony
shows a unique case of two-wave
colonization. The city was initially
founded ex nihilo by Ionians from
Clazomenae (c. 655 BC). Due to harsh
environmental and political conditions,
the Clazomenian endeavor did not last in
time and the city was successively refounded about one century later (545 BC)
by a new group of settlers from another
Ionian city, Teos. Within these
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a blind-test sample we used modern left
femurs (n=8) of known sex and age-atdeath from the Human Skeletal
Reference Collection of the University of
Athens.
For histological sample preparation we
developed two protocols one for
cremated and modern bones and one for
unburned bones. We generated four
regression equations based on the
densities of osteons and osteon
fragments: (a) osteon population density
(OPD), (b) osteon fragment population
density (FPD), (c) total population
density (osteon and fragments) (TPD).
The regressions were tested for accuracy
and reliability and compared with
previous published methods.
The regressions based on FPD and TPD
were the most accurate with a mean
estimation error of three years, whereas
the OPD regression were the less
accurate. Our method performs better
than previously published methods which
showed a mean estimation error of 6.71
and 7 years respectively.

P-2.
NEW
HISTOMORPHOLOGICAL
METHOD FOR AGE-ATDEATH ON CREMATED
AND UNBURNED HUMAN
BONES
P.
Bantavanou1,
E.
Valakos2,
3
K. Moraitis and Ch. Papageorgopoulou1
1

Laboratory of Physical Anthropology,
Department of History and Ethnology,
Democritus University of Thrace, Komotini,
Greece; cpapage@he.duth.gr,
panaibad@gmail.com
2
Department of Biology, National and
Kapodistrian University of Athens, Athens,
Greece; evalakos@biol.uoa.gr
3
Department of Forensic Medicine and
Toxicology, National and Kapodistrian
University of Athens, Greece;
kmoraitis@med.uoa.gr

Age estimation on cremated and poorly
preserved skeletons (Figure 1) is a
challenging task. Standard age estimation
methods do not perform efficiently on
skeletal material that has been
taphonomically modified (Figure 2) due
to high temperatures (<300οC) or strong
fragmentation.
In
such
cases,
histomorphological methods can estimate
age-at-death with an estimation error of
±5-15 years. However, existing methods
are not applicable on cremated bones and
exhibit the highest estimation error (>10
years).
In this study, we present a new
histomorhological age estimation method
for cremated bones. For this, we used
femur cross-sections of cremated (n=30)
and unburned individuals (n=45) of the
same archaeological and taphonomic
context (Thessaloniki, Metro osteological
material, Roman Period 1st-4th c. AD). As

Figure 3. Microphotograph of unburned bone from
fragmented skeleton (magnification x100).

Figure 2. Microphotograph of cremated bone at
800-900°C (magnification X100).
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P-3. ARCHAEOMETRIC
INVESTIGATION
AND
CONSERVATION OF AN
IVORY SWORD HILT
FROM THE DERVENI
GRAVE B
V. Michalopoulou, Ch. Katsifas and
A. Touloumzidou
Archaeological Museum of Thessaloniki,
Greece

Tomb B of Derveni, famous for the
masterpiece of Greek art, the exquisite
bronze krater, contained an extremely
rare and composite object, an iron sword.
This sword preserves a richly decorated
ivory hilt with engraved and inlaid
delicate floral ornaments (palmettes and
tendrils), thus far traced in only one
contemporary sword and of worse state
of preservation of its ivory hilt. Perhaps
this is related to the fact that in burial
environment ivory, a biocomposite
material often referred as mineralized
collagen, degrades under a complicate
procedure
that
involves
the
decomposition of the organic part
(collagen) and the demineralization of
the inorganic part (hydroxyapatite).
The scope of this work is to investigate
the special characteristics of the hilt and
its decoration and to evaluate the
physical condition of the ivory in order to
enable the selection of the appropriate
conservation treatment mostly related to
the extent of the interventions as the
decorative areas are covered with a layer
of iron corrosion products that have also
filled almost all the engraved recesses.
At first X- radiography was performed to
clarify the way the hilt was secured to the
sword and at the same time to investigate
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Table 1. The EDS analysis results.
Element
Weight %
Carbon
52.366
Oxygen
35.571
Aluminum
0.133
Silicon
0.369
Phosphorus
0.891
Sulfur
0.502
Calcium
2.716
Iron
7.452

aspects of the decoration technique. Then
in order to understand the extent of the
ivory degradation the object was
examined
visually
and
under
magnification. In addition, SEM and
EDS analysis was performed. Finally, the
metal inlays were characterized using μXRF and the result were compared with
others from the AMTh’s laboratory
archive.
The ivory is identified as an elephant
tusk on the basis of morphological
characteristics, the intersecting Schreger
lines.
The X-Radiography shows the inlay
distribution and the recesses' depth.
SEM- EDX analysis indicates an
extensive degradation of the ivory as it
reveals its microstructure and the
increased Ca/P ratio which is greater than
2 (Table 1). The change in the Ca/P ratio
has been used as a gradient to measure
degradation as it indicates a structural
disruption at a macro-level.
The metal inlays were made of a high
purity gold alloy. An interesting feature
is the existence of two microscopic silver
rings preserved in mineralized condition,
the one found inside a recess and the
other mispositioned but close to another
recess.
From the results it is obvious that the
conservation treatment has to be limited
to the surface where the ivory is in a
better condition and not expanded to the
inside of the engraved decoration.
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settlements in the Prefectures of Rhodope
and Xanthe with the aim to investigate
their intra-site organization and duration
of
habitation,
along
with
palaeoenvironment
and
possible
environmental changes in the settlements'
area that may have affected the
habitation. To this end archaeological
surface survey, geophysical survey, and
geological
investigations
were
undertaken on 8 settlements.
The application of this technique has
significantly reduced the time required
for recording in the field, assuring at the
same time a more efficient, precise and
fast analysis of data. In addition,
confident conclusions emerged regarding
the distribution of the archaeological
finds in the context of the intra-site level
and the site’s extent, taking into account
factors influencing older survey methods.

P-4. DIGITAL RECORDING
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FINDS
AND
ANALYSIS
THROUGH
GEOGRAPHICAL
INFORMATION SYSTEMS
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Democritus University of Thrace, Komotini
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Recent technological developments in the
field of mobile devices have influenced
the way archaeological surveys are
conducted. The collection, management
and analysis of archaeological data were
enriched through the use of new digital
applications and devices. In this work we
present the application of a technique for
digital recording of archaeological
surface finds. This technique relies on the
potentials of modern mobile devices and
web technologies, in combination with
the application of geographic information
systems (GIS). It enables the direct
digital recording of the exact location of
artifacts in the field, using the GNSS
sensor of smart mobile devices, allowing
the rapid extraction of collected data and
their
analysis
with
geographic
information systems.
The technique was developed and used
during the systematic archaeological
survey of selected prehistoric settlements
in the Aegean Thrace, within the research
program MapFarm. The research
program aims to improve the knowledge
about the Neolithic settlers of Aegean
Thrace. The project was carried out in the
last 2 years focusing on the Neolithic

Figure 4. Distribution of the archeological finds in
the site of Diomideia.
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In 1912 a photograph of the fifteenth
century listed Venetian watchtower of
Kiti, Cyprus, was published in Annual
Report of the London-based Society for
the Protection of Ancient Buildings
(SPAB) (Figure 1) (Turner, 1912). It
depicted four men standing next to a
square structure with gaping holes in its
lower part. Works appear to be in
progress: ropes and wooden beams
provide makeshift support. The legend
offers, little, if any, information as to the
proceedings shown. It stands: “watch
tower, Cyprus”. The short accompanying
text is more enlightening: the tower was
on the verge of collapse because the local
population was systematically removing
stones from its lower part. It was featured
in the Report because George Jeffery,
British architect, SPAB member and
Curator of Ancient Monuments in
Cyprus, came up with a unique treatment
that the Society’s Secretary found
noteworthy to his peers in the UK.
Instead of filling the gaps with stones,
Jeffery poured concrete. In his opinion,
not only did this secure the structure, but
it prevented further loss of material as
concrete didn’t have a resale value.
Looking at Jeffery’s body of work,
although he frequently used concrete to
stabilize medieval structures, this was a
unique application and therefore it
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and a letter written in 1910 (Cobham
1910). This together with the texture on
the model, allowed me to produce
photogrammetric images of all sides, on
which I could measure the extent of
Jeffery’s interventions. It amounted to
approximately 32% of the total wall
surface (Figure 2).
In conclusion, Jeffery’s unique approach
to the tower of Kiti remains visible more
than 100 years later. Despite the scarcity
of historic sources, its extend is clear and
measurable due to the application of
photogrammetry.

deserved to be studied closely.
Nevertheless, archival sources didn’t
yield any further information. It was not
featured neither in Jeffery’s annual
reports, nor in later SPAB reports and
contemporary journals, there are no
further mentions in letters held by the
Cyprus State Archives or the National
Archives of the UK and there was no
documentation (in the contemporary use
of the term), such as plans and
photographs showing the before, during
and after the works state of the tower.
Therefore, there was not enough
information as to the extent of the work
and as to how and if the works survived
at least up to Jeffery’s retirement in 1935.
The solution was a site visit. The initial
findings were that the tower indeed
survived into the 21st century and that
the same could be said for Jeffery’s
concrete. Large sections of the lower
parts of the tower appeared to be in a
different colour, whiter than the local
yellow stones. Moreover, although never
mentioned in historical documents or
photographs, Jeffery applied the same
treatment to all four sides of the tower
and mimicked the gaps between the
stones by carving lines. Nevertheless, the
tower was completely inaccessible as it
was fenced with barbed wire and
therefore the material could not be
studied up close (concrete would have a
different composition and temperature on
touch), while no measurements could be
taken.
The method chosen to overcome this
without approaching the tower was
photogrammetry. I took photographs
from different distances to the tower and
used software to produce a 3D
pointcloud. In order to scale the
pointcloud without on-site references, I
used measurements from a historic plan

Figure 5. The photograph of Kiti Tower as
published in the Report of the Society for the
Protection of Ancient Buildings (Courtesy of the
SPAB).
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Figure 6. Orthophotos of the tower’s four sides.
The magenta area shows the parts filled with
cement (By the author).

Recent excavations in Ancient Epidauros
and in its sanctuary of Asclepius show
that we have still much to learn about the
monuments and the history of this
ancient Greek city-state. The application
of modern technologies contributes
greatly to explore further these two
important ancient sites.
Excavations in the sanctuary of
Asclepius and in the ancient city of
Epidauros have recently brought to light
existing monuments, which enrich
greatly the knowledge about the history
and the life of the past in the two sites. In
the sanctuary of Asclepius, a building
with wooden peristasis and a basement
hewn in the rock, dated to around
600 BC, was excavated next to, and
partly under the classical Tholos. Its
location and structure defines it as a
predecessor
of
the
Tholos,
as
underground mansion of chthonic
Asclepius. East of the Tholos and its
predecessor, an altar of the god and his
wife Epione, with more than one phases
bound to the former buildings, has been
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studied and is about to be partly restored.
The same happens with the temple of
Asclepius. These newly enhanced
buildings, combined with the already
restored – or under restoration – edifices
of the Abaton, the Tholos and the
Banquet Hall constitute an ensemble of
monuments, which can now tell to the
visitor a full and vivid story of what
happened
in
the
sanctuary by
implementation of new technologies.
New technologies are and can further be
implemented at the ancient theatre and
the recently located shrine of Asclepius
in the agora of the ancient city of
Epidauros.
High-precision surveying and mapping
techniques were applied on site. The
mapping of the excavated area was held
with photogrammetric methodology
using drone. Due to elevation differences
on the ground, targets surveyed by GNSS
receiver were preferred to geo-refer the
3D point cloud. Photogrammetry was
also performed by using a DSLR camera
capturing the side faces of excavation pit.
Georeferencing
of
captured
side
photographs was fulfilled by targets
attached on the surface and surveyed by
total station and high precision metal
measuring tape. The result of the process
is a unified geo-referred dense point
cloud with an accuracy of less than one
centimeter. The triangulation process of
point cloud created the detailed 3D
model and the Digital Elevation Model
(DEM) of the excavation area. The main
exported data for further study, are the
geodetic orthomosaic and the planar
orthomosaics. The geodetic orthomosaic
is used to create the 2D geo referred
ground plan and the planar orthomosaics
used for extracting the stratigraphy of the
excavation area. 2D contour lines and
layouts of DEM show with high

precision the elevation variations and the
ground morphology. Lateral stratigraphic
orthomosaics with measurement value
were studied in combination with
specific vertical slices of 3D model. The
photorealistic textured 3D model of the
existing remains was used for the digital
restoration of the building.
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terrestrial laser scanner was used in order
to give us a multitude of products such as
textured 3D model, orthophotos, 2D floor
plans, elevations and sections which are
necessary for the complete and accurate
geometric documentation of the current
situation of the Southwest gate of
Palaiokastro. The data will be used in the
future for its digital reconstruction.
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AND UAVS IN CULTURAL
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The archaeological site of Old Navarino,
known as Palaiokastro, is located in
Messinia on Korifasio hill, at the
northern end of Voidokoilia - Navarino
Bay in the SW Peloponnese. Palaiokastro
was built during Frankish rule of the
Peloponnese, in the 13th century on the
site of the ancient classical Acropolis of
Pylos.
The aim of this study is the initial
documentation of the current situation of
the medieval castle of Palaiokastro
applying innovative technology including
terrestrial laser scanner (TLS) and
unmanned aerial vehicles (UAVs). TLS
and UAV photogrammetry has been used
in an integrated design to rapidly
facilitate the acquisition of the whole
gate, eliminating all possible occlusions.
The TLS was exploited for the
acquisition of the facades while the UAV
was used to capture the top view of castle
gate. The recent improvement of the
post-processing algorithms provide us
with the ability to implement fusion
methods of TLS and UAV models and
also deliver an accurate 3D model of the
whole gate.
The combination of photogrammetry
from the UAV with the data of the
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and 2019 onboard IMOS 2 and IMOROS
2 hydrographic units. The main
measuring devices were multibeam
echosounder (MBES), Teledyne Reson
7125 and sub-bottom profiler (SBP),
Innomar SES-2000 Quattro. MBES and
SBP were supplemented with an iXSea
Hydrins motion reference unit and
Trimble BX982 GPS RTK positioning
system.
The working frequency of the MBES was
set to 400 kHz. The quality of the
hydrographic survey was ensured by
frequent measurements of sound
propagation in the water column using
the SAIV CTD SD204 probe. The ship
track lines were planned in a way to
provide 200% coverage of the study site,
meeting the most stringent International
Hydrographic Organization standards
(Special Order). Hydrographic data were
acquired and processed using QPS
QINSy 8 software.
The parametric SBP consisted of four
transducers spread in an 1 m line
perpendicular to the survey track.
Therefore, the design of the measuring
device allowed penetration of shallow
sediments in a grid way. The working
frequency of the SBP was set to 10 kHz.
The first outcome of the survey consisted
of a high-resolution (pixel size of 5 cm)
Digital Elevation Model (DEM) of the
seafloor of the Puck Lagoon. It allowed
covering depths in ranges from -0.94 m
to -3.40 m. Careful analysis of the DEM
enabled the determination of various
archaeological objects: piles, stones,
wooden reinforcements, boat-building
remains and boat wrecks.
SBP survey allowed detailed 3D
investigation of the sediments layered
below
the
seafloor.
Acoustic
palaeohorizons of shallow sediments
were sliced every 5 cm, allowing
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The recent advances in remote sensing
allow detailed exploration of shallow
marine environments. Undoubtedly, the
lack of direct impact on cultural heritage
sites permits their preservation, which is
crucial, particularly in underwater
research. Discovered in the late 80s, the
medieval harbour located in the Puck
Lagoon was one of the significant
locations of this type in the Baltic Sea.
The research carried out within the
Virtual Arch - Visualize to Valorize - For
better utilization of hidden archaeological
heritage 2017–2020 Interreg Central
Europe research project included one of
the first non-invasive surveys on this
cultural heritage site (Pydyn et al., 2021).
The primary purpose of this study was to
investigate the cultural heritage site of
the medieval harbour located in the Puck
Lagoon utilizing underwater remote
sensing technology. The other goal was
to evaluate the suitability of digital
elevation models and palaeohorizons in
the identification of archaeological
objects.
The archaeological site was surveyed
during the early spring seasons of 2018
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from
Puck,
southern
Baltic
Sea.
Archaeological Prospection, 28 (4): 527-542.
Tysiac, P. (2020) Bringing Bathymetry
LiDAR to Coastal Zone Assessment: A Case
Study in the Southern Baltic. Remote
Sensing, 12 (22).

penetration up to ca. 6 m below the
seafloor. Careful analysis of the
palaeohorizons showed some complex
linear structures and anomalies related to
human activity. Some of them were
classified as
buried boats and
palaeochannel.
Comparison of the non-invasive survey
with archival documentation confirmed
the vast majority of archaeological
objects related to consecutive steps in the
harbour development. The detailed level
of the acoustic measurements indicated
some additional objects, like piles and
construction
elements
that
were
documented and surveyed during the
fieldwork by divers. In this way, the
spatial coverage of the cultural heritage
site was confirmed and enriched with
new findings.
Non-invasive surveys of underwater
cultural heritage sites also include other
methods, like bathymetric LiDAR
(Tysiac, 2020). Carrying out from the
plane, this type of survey allows quick
high-resolution mapping of vast shallow
marine areas. The increasing availability
of this type of research permits the
potential exploration and discovery of
new archaeological sites in the close
vicinity of the remaining ones. Results of
the ongoing regional remote sensing
project (expl.im.umg.edu.pl) will allow
potential findings in the Puck Lagoon
and detailed change detection analysis of
the
Puck
medieval
harbour
archaeological site.
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balanced and sustainable development of
the area (Cosmopoulos, 2016).
During the extensive survey on the west
coast of the Pylia a beach named
Armyrolakkas revealed a segment from
what seems to be a wall structure.
Photogrammetric survey of the “wall”
was realized during each survey period,
July and October 2021 and August 2022.
The continuous monitoring of the
structural remains offered a unique view
of the rock formation’s increased
exposure over the 12-month period.
Using an Unmanned Aerial System
(UAS), a high accuracy GNSS GPS and
Total Station the formation was
documented over the three phases while
being closely monitored during the 2022
rescue excavation of the remains. Digital
documentation of the rescue excavation
and the survey area include aerial survey,
digitization
of
findings
via
photogrammetry and 3D modelling,
photogrammetric documentation of the
excavation stratigraphy etc.
The low altitude, detailed survey
produced a high resolution orthophoto
and digital terrain model which in turn
will be used in different applications.
Stratigraphy
sections
from
the
photogrammetric processing was used to
create a comparative scaled model of the
changes through the 12-month period.
Additionally, for documentation and
testing purposes the 3D model of the wall
remains was generated for each survey
period. Each model can be viewed on a
smart device by scanning the relevant QR
code, creating an AR projection
(Panagiotidis and Zacharias, 2022).
Finally, the July 2022 model prior to the
rescue excavation was recreated digitally
and printed using a 3D printer.
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The coastal zone in the area of Pylos,
Messenia, Greece constitutes a landscape
of incomparable beauty and particularly
great historical, archaeological and
environmental importance including the
bay of Navarino, the lagoon of Yialova,
the bay of Voidokolia together with land
masses to the west, the island of
Sphakteria,
the
peninsula
of
Coryphasium
and
opposite
it,
Voidokoilia beach, as well as the hills of
Prophitis Ilias and Koukouras (Korres et
al., 2005).
The five-year research program “Pylos
Geoarchaeological Program – GEAPP”
began activities in 2021. Among the
goals of the Program that stand out are
landscape reconstruction, the use of new
technological tools for archaeological
and environmental research, commitment
to informing local bodies about the rich
cultural heritage and the special
ecosystem, while contributing to the
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The coastal zone in the area of Pylos,
Messenia, constitutes a landscape of
incomparable beauty and of particularly
great historical, archaeological and
environmental importance, while also
providing for great tourist development,
which includes the bay of Navarino, the
lagoon of Yialova, the bay of
Voidokoilia together with the land
masses to the west, the island of
Sphakteria,
the
peninsula
of
Coryphasiumand opposite it, Voidokoilia
beach, as well as the hills of
ProphitisIlias and Koukouras (Korres et
al., 2005).
The five-year research program of “Pylos
Geoarchaeological Program – GEAPP” is
in operation since 2021. Among the goals
of the Program that stand out are
landscapereconstruction, the use of new
technological tools for archaeological
and environmental research, commitment
to informing local bodies about the rich
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data through the GIS platform that has
been created for the needs of the
program. Through this, the spatial
analysis of the area is applied and
answers
to
the
different
archaeological questions expressed
arise. Digital documentation includes
digitization
of
findings
via
photogrammetry and 3D modelling.
During this phase small-scale
excavation investigation in some
cases are in order and have been
implemented both in 2021 and 2022.
Additionally, this phase contains the
endeavor of documenting the entire
survey area via aerial photography
with the use of UAS as well as
LiDAR scanning (Panagiotidis and
Zacharias, 2022). The aerial survey
has been implemented the first two
excavation seasons and will continue
throughout the five-year period. The
digital survey is supplemented with
ground laser scanning. The low
altitude, detailed survey will result in
a high resolution orthophoto and
digital terrain model of the whole
study area which in turn will be used
in numerous applications following
different processing for further
identification
of
structures
of
geoarchaeological interest and the
generation
of
an
optimized
geomorphological map of the area.
The co-evaluation of the data of
remote sensing methods and surface
research will help to better
identification of the space.
3. Geophysical
surveys
using
magnetometry and electric resistivity
techniques have initialized as of 2022
based on the previous year’s survey
results and will continue to be carried
out at points determined following

cultural heritage and the special
ecosystem, while contributing to the
balanced and sustainable development of
the area (Cosmpoulos, 2016).
This study focuses on an overview of the
archaeometric and technological applied
by the GEAPP project, namely:
1. The total aerial documentation,
following the surface survey. The
extensive survey is conducted through
walking survey over the entire area
according to the Program’s yearly
schedule. Findings from the extensive
survey are documented according to
the advanced digital platform. Digital
forms have been created specifically
for the Program in the form of an
Android
applicationby
name
ARCH_DATA
installed
on
smartphones and tablets used in the
field ARCH_DATA name comes
from Archaeological Data and refers
to the application's archaeological
survey functions. It's a program for
collecting, analyzing, and maintaining
all
of
the
field
survey's
archaeological,
cultural,
and
environmental data, as well as
creating
an
archaeological
database.Data registration includes,
recording all movable human induced
remainscollected as well as all
immovable remains in the study area.
Findings registered have either been
identified for the first time during the
Program, or regard findings from
previous reports of earlier surveys and
are confirmed from the current
project.
2. Digital recording and mapping
for the documentation of all
parameters of significance for the
geoarchaeological study. Initially, all
the collected field data are
interconnected with their geospatial
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results evaluation as the program
progresses.
4. Application of absolute dating to
sediments between Υialova lagoon
and Navarino bay in order to obtain
absolute information about their
development and creation of the
ecosystemsare also scheduled to be
utilized.
5. Laboratory analysis of artefacts and
geoarchaeological materials for study
of manufacturing technology and
provenance dating etc. (ceramic, glass
metals, stones, mortars).
6. Pollen residue and stable isotope
studies from collected samples related
to flora and environmental area
temperatures will be produced and
included in landscape reconstruction.
Initial results from the extensive surface
survey, digital recording and mapping,
3D models of findings, conservation
methods as well as storage logisticswill
be presented within the scope of the
digital management platform of the
Program.
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and archaeological research and modern
tendencies in public archaeology.
Τhe final (digital) platform, will consist
of applications allowing the users
(various groups of the “general public”
e.g. tourists, students etc.) to organize a
route of visits in sites of interest
according to their preferences via a
digital map. To support this platform, an
original and extensive research is in
progress on the literary sources of
thirtyfive (35) selected Thracian myths,
as well as their iconography on objects of
the Greco-Roman antiquity, allowing
their
visualization.
The
in-depth
interdisciplinary approach of the project
enables the close collaboration of
philologists,
archaeologists,
natural
language processing linguists and
Information Technology (IT) experts on
the subject in an innovative view, since,
although there is a lot of scientific
literature on various of the topics
addressed by the project, no one has ever
before tried to either study them in a
context like the one already described, or
give the results to the public in a
meaningful way, along with state of the
art digital tools that will enhance the
tourist experience.
The Thracian myths are, of course, the
key-concept that transcends the work of
everybody in the research team, so, in a
sense, ancient texts “lead the way”. For
documenting and managing the collected
material a digital repository was
developed, containing not only myths,
ancient passages and information about
their writers, but also depictions of these
myths in various ancient artifacts, as well
as travel texts, bibliography and, of
course, points of interest (POI) that relate
ancient stories and art with (ancient and
modern) topography.
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Eastern Macedonia and Thrace is a
border region in modern Greece. During
ancient times it was part of a larger
geographical and cultural area, Thrace,
which was legendary for its myths and
the related personalities, including
famous gods like Dionysus, musicians
like Orpheus or even less-known figures.
Today the region is rich in archaeological
sites, museums and monuments, thus
very promising for the researchers of its
antique past, while it remains rather
unknown and unexplored within the
modern tourism itineraries.
The
project
“Mythotopia”
or
“Mythological Routes in Eastern
Macedonia and Thrace” (i.e., the area of
Aegean Thrace) aims to record and
promote the ancient tangible and
intangible cultural heritage of East
Macedonia and Thrace Region, with
ancient myths about Thrace, Thracian
gods and heroes as its main axis. For this
reason, an innovative digital platform
will be developed, combining the charm
of mythology, the relevant philological
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Viewed in a wider perspective, the
project deals with challenges concerning
various target groups, one of them being
of course the final user of the
technologies under development: the
tourist. Thus, the whole project should be
considered an example of state-of-the-art
answer by IT sciences, to the modern
needs of public archaeology in Greece.
However, what became apparent from
the start is that the repository facilitates
the researchers of the team to address
various issues related to iconography and
historical topography. For instance, it is
more than obvious that there is a wide
range of artifact materials that can be
studied
(sculpture,
vase-painting,
mosaics, metal objects etc.) and an even
wider one of their dating, beginning at
least from the Classical period and
ending to the early Christian times.
Moreover, the project shows rather
emphatically that a very interesting
archaeological question is who produces
artifacts depicting Thracian myths, in
which materials and for whom. Although
there is substantial bibliography on the
subject for certain types of artifacts, the
combination
promoted
by
the
“Mythotopia” can be considered a fresh
start.
This paper will focus on specific myths
and artifacts drawn from our corpus and
strongly related to the area of interest
(Dionysus, Orpheus etc.), juxtaposed to
specific sites related to these myths. And
since narrating stories is in fact
considered the means for temporality to
enter space, digital tools, like those of
Mythotopia project, allow its users to
compose their own stories and
consequently their own temporalities of
cultural landscape.
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the most cost-effective route for
travelling between the above locations,
providing also primary data for the
existence of unseen pathways. In
addition, other issues are discussed; such
as, those related to the continuous use of
the road system and the overall social
and trade connection networks between
the aforementioned villages.
The area of Northern Messenia where the
villages of Kallirrhoe, Polichne and
Konstantinoi are located has drawn the
attention of 20th century explorers. The
close correlation between these villages
and the traces of archaeological remains
has inspired quests in search of Andania,
the mythical capital of Messenia, and the
Karnasseion grove where the Andanian
mysteries took place.
These villages are located in sites with
different
geomorphological
characteristics, so in order for them to
communicate a road network is essential.
High altitude areas (>100m) are used as
landmarks
that
provide
visual
communication between the villages.
These landmarks are then used as
touchstones for the construction of the
road network. These roads are still used
and will be explored after their
digitization.
Starting from the south, the village of
Kallirrhoe is built in two parts: a semimountainous slope (Ano Kallirrhoe) and
the neighbouring plain (Kato Kallirrhoe).
Ano Kallirrhoe, which is considered to
be the earliest of the two, has the highest
altitude on the NW part and is connected
with the villages Polichne and
Konstantinoi though a connecting
pathway. The pathway goes through the
hill of Panagia Phonemeni which has
visual contact with all three villages.
Another road was located on the west
part of Kato Kallirrhoe that leads to Ano
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The aim of this paper is the
documentation and digitization of the
20th century road networks between the
villages of Kallirrhoe, Polichne and
Konstantinoi in northern Messenia where
important archaeological finds have been
spotted. A multilayer GIS map will be
created based on historical aerial
photographs and high-resolution satellite
images. New archaeological data
provided by the Northern Messenia
archaeological survey, which started in
2021, local oral history and hand-drawn
maps from travellers and archaeologists
of the 20th century will be also studied for
the documentation and understanding of
the local mountainous pathways.
By applying a GIS least-cost path
analysis model, based on the morphology
of the landscape, the objective is to trace
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Kallirrhoe and the rail station close to a
Spartan outpost.
Polichne village is located on a plain area
with low altitude. A mountainous road
starting from the village of Konstantinoi,
connects it the castle of the Archangel,
which is placed on a high-altitude hill
outside of the village. Another road has
been spotted west of the Divari spring.
According to Valmin the diagramma,
which mentions the mysteries of
Andania, was discovered nearby, in the
20th century and transported to
Konstantinoi. With the assistance of the
least-coast path tool on GIS, a hypothesis
on the roads used for the transportation
of these plaques can be estimated.
Finally, Konstantinoi village was build
on a mountainous area that overlooked
and exploited the fertile agricultural plain
of Polichne until the 20th century. The
village has the highest altitude among the
three and has great visibility of the whole
Stenyclarian plain. The old cemetery
placed on the eastmost side of the village
is a very important landmark as it has
good visibility of the surrounded area and
is believed to be connected with the old
settlement of ‘Paliachora’ (old town) that
was the villages’ previous location on the
north. From the base of the cemetery’s
hill, an old road connects it with the
castle of the Archangel with NW-SE
orientation.
Through historical aerial photographs,
satellite images and GIS models, a leastcost analysis model will be applied to
determine the least cost path and the
most cost-effective route, based on the
distance, time and connectivity between
the villages of Kallirrhoe, Polichne and
Konstantinoi. The model will be further
refined based on landmarks placed on
high altitude (>100m) that provide a
good communication point between the

settlements. Also important were the use
of data about known ancient roads
identified in historical maps and GPS
survey data.
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Twenty years later a second instalment to
the Monastery was added by Pachomios.
The Church of Panagia Hodegetria
(“Aphentiko”) was built as a prestigious
temple
to
commemorate
“the
Renaissance” of the Palaiologos dynasty
(Arvanitopoulos, 2004).
The overall study of the history of
Mystras has been under development
including a digital depiction of the
different phases of the city providing a
visualization
and
projection
of
archaeological data concerning the area
of the Byzantine city (Panagiotidis and
Zacharias, 2022). The digital recreation
of the Monastery, part of this overall
study, is implemented using modern
spatial technologies, an unmanned aerial
system (UAS) for documenting the area,
a high accuracy GPS GNSS receiver,
control points for georeferencing the
drone images and a high resolution
DSLR camera for documenting the
buildings. Photogrammetry is applied to
create the orthophoto of the study area,
which works as the basemap for the
subsequent analysis via GIS, as well as
for the generation of the 3D models of
the buildings of the Monastery. The final
product is a visualization of the
archaeological site and its evolution from
the foundation of the Monastery to the
present.
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The Byzantine city of Mystras is situated
at the foot of Mt. Taygetos, six
kilometres west of the city of Sparta in
the Peloponnese Greece. Mystras was
established in 1249 when the Frank
Commander William II of Villehardouin
built a castle fortress on top of Myzithra
Hill. The Acropolis fortress provided
safety to the population of Medieval
Sparta which eventually transferred to
the hill settlement. The city expanded
outside the Acropolis walls quickly after
its surrender to the Byzantines in 1259.
The Castle City’s location and ties to the
Byzantine capital of Constantinople
boosted the city’s development. Mystras
grew and evolved through a number of
phases, population changes and rulers
(Sinos, 2009).
This study focuses on the digital
depiction of the storyline of the
Monastery of Brontochion of Mystras,
located at the southwest edge of the city.
The Monastery initially included the
church of Hagioi Theodoroi founded by
Pachomios, the enterprising abbot of
Mystras, and built sometime before 1296
(Ministry of Culture and Sports, 2022).
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The temple at Kardaki in Corfu is located
at Mon Repos at Palaiopolis, that is the
district of the ancient town of Korkyra.
The temple lies on the edge of a steep
slope 30 m above sea level. Part of the
slope, as well as the eastern part of the
temple has collapsed into the sea,
probably during antiquity. Its remaining
part was unearthed by the engineers of
the British army G. Whitmore and W.
Railton in 1822 and 1825 respectively
and excavated by W. Dörpfeld in 19111914 and by G. Dontas in 1976-1977.
The ca 510-500 B.C. structure, built of
local limestone, presents rare and unique
characteristics. The entablature has no
frieze; therefore there are no triglyphs
and metopes. In fact this is the only
known exclusively built of stone Doric
temple of this morphology. Moreover,
the entablature lacks the Doric features of
regulae, mutules and guttae. Instead,
cyma moldings adorn the architrave and
horizontal geison, thus adding an Ionian
aura at the building. Yet the origin of
certain moldings was yet to be identified.
The temple has relatively thin columns
with wide interaxial spacing, tending
towards the araeostyle typology.
Furthermore, the correspondence of the
cella walls to the columns of the narrow
sides of the pteron appears to be of the
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Ionic
type.
Previous
scholarship
attributes these abnormalities or unique
features mainly to Ionic influence and
influence of the western Greek colonies.
Although the temple at Kardaki
constitutes the best preserved ancient
temple of Corfu and despite its many
irregularities the documentation of its
existing parts remained fragmentary,
with certain inaccuracies and errancies,
and its characteristics had not been
systematically discussed. In 2009-2017
the author undertook a study on the
temple, under the supervision of
Professor Manolis Korres (NTUA) and
the guidance of Professor Chrysanthos
Kanellopoulos (UOA). Detailed on site
measurements
of
all
surviving
architectural members and topographic
digital data were integrated in 3d space.
3d digital representations of the state plan
and members were produced. This study
answered questions, such as the exact
front and rare interaxial spacing and the
origin of certain cyma mouldings.
Moreover, on the basis of thorough
analysis of all new data the ancient
metric system, plan ratios and principles
that seam to have affected plan
arrangements were explored. The temple
appears to present significant evidence
regarding the actual implementation of a
system of linear dimensions along with
the use of the Ionic foot unit, thus
contributing to the discussion regarding
the range of the value of this foot. In
terms of typology a rare case of an "open
adyton" can be identified. Also, the likely
sequence of stages in the process of
design and the proportional relations
reveal both archaisms and innovations,
thus placing the temple at the transition
from the Archaic to the Classic design
system. The metrological analysis served
also as a tool towards an evidence based

estimation of now lost fundamental
dimensions, such as the number of
columns of the long side and,
subsequently, the stylobate length. The
analysis was followed by a 3d digital
proposed reconstruction of the temple in
its initial form. This allowed the
comparison of various aspects of the
structure thus revealing the likely rational
behind certain decisions of the architect
that appear Ionic but still preserve the
space effect of a Doric pteron. The
temple proves to be closer to the Doric
syntax and system than previously
believed and betrays a connection to the
era of “protorhythmic” wooden temple
architecture.
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of artifacts or contexts increasing our
interpretation abilities.
The capabilities of Blender will be shown
on the example of the Tomb of Ini, from
Gebelein in Egypt, where the field
journal of Virginio Rosa - an early 20thcentury Italian archaeologist - enabled
me to reconstruct the form and
dimentions of the structure and the
distribushon of tomb’s furnishing.
Another example is an early medieval
burial mound from Lipsko-Polesie, in
Poland, that was excavated in the 1950s
by Michał Drewko (Drewko, 1957).
Even though the documentation lacked
level
measurements
and
proper
descriptions using the Blender software I
was able to attempt its reconstruction, to
create three-dimensional plannigraphy of
artifacts,
and
thus,
propose
interpretations
of
its
role
and
construction. Finally, the excavations
conducted at Chodlik (southeast Poland)
in 2021 and 2022 (more about the region
in: Miechowicz, 2018), of an early
medieval burial grounds is an example
how to apply photogrammetry and 3D
modeling software in modern fieldwork.
It enables to create 3D plannigraphy of
artifacts without the use of Total Station.
This technique can be used in remote
areas where there are no possibilities to
work with a total-station.
The results of Blender software use
within archaeological documentation
prove that it should be considered as an
additional tool for archaeologists not
only for virtual reconstructions but also
as a 3D environment for research
purposes. The simplicity of software on
its basic level should also encourage
archaeologists to use it in their work.
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Usually,
the
photogrammetric
documentation in the fieldwork is
restricted to obtain a precise technical
drawing of an archeological feature in its
most simple form. Therefore spatial
analyses and interpretations are being
made later by using two-dimensional
plans and cross-sections of archeological
features.
Using
photogrammetric
documentation within the 3D modeling
software as a standard method in
archaeological research would allow for
a faster work in the field, to create a new
and better quality of analyses as well as
interpretations.
Blender is an open-source software
enabling creation and rendering of
images
and
three-dimensional
animations. With its abilities and easy-tonavigate 3D environment, it has already
found some use in archeology (eg.
Huurdeman and Piccoli, 2021). Besides
the capability to create photorealistic
reconstructions of the sites and artifacts,
it can also be useful as an analytical tool.
The software enables to import of
photogrammetric models, their editing,
and merging within one project.
Furthermore, while using a 3D
environment we can work and analyze
old traditional documentation as well as
to create three-dimensional plannigraphy

133

KALAMATA, 6-8 OCTOBER 2022
References
Huurdeman, H. and Piccoli, C. (2021) 3D
Reconstruction as Research Hubs: Geospatial
Interfaces for Real-Time Data Exploration of
Seventeenth-Century Amsterdam Domestic
Interiors. Open Archaeology, 7: 314-336.
Drewko, M. (1957) Sprawozdanie z
badań przeprowadzonych w 1955 r. na
wczesnośredniowiecznym
cmentarzysku
kurhanowym we wsi Lipsko, pow. Zamojski.
Sprawozdania Archeologiczne”, 3: 165-168.
Miechowicz,
L.
(2018)
Wczesnośredniowieczne grody nad Chodelką
I ich zaplecze osadnicze. Historia Slavorum
Occidentis, 2 (17): 11-41.

P-16. GRAPH ANALYSIS ON
STREET NETWORK IN A
WEB BROWSER
J. Modrzewski, P. Zachar, A. KubickaSowińska, Ł. Miszk and W. Ostrowski
1

Warsaw University of Technology, Warsaw,
Poland; jakub.modrzewski.stud@pw.edu.pl,
paulina.konarzewska.dokt@pw.edu.pl,
anna.kubicka@pw.edu.pl,
wojciech.ostrowski@pw.edu.pl
2
Polish
Centre
of
Mediterranean
Arechaeology, University of Warsaw,
Poland; lukasz.miszk@uj.du.pl

Over the past few years, the application
of spatial analysis, especially street
network analysis, and quantitative tools
in archaeological studies has received
much attention (Crawford, 2020).
Ancient cities were most often created
taking into account conditions, i.e.,
topography, and the development of the
urban fabric was intended to ensure a
variety of socioeconomic interactions
(Altaweel et al., 2021). Therefore,
analyses of street networks can allow the
study of the relationship between human
societies and urban space. Such
relationships can be explored using either
Space Syntax Analysis or Network
Analysis, among others, or using graph
analysis on street networks.
The paper presents a prototype system
created as a result of the research project
‘MA-P Maloutena and Agora in the
layout of Paphos: modelling the
cityscape of the Hellenistic and Roman
capital of Cyprus.’ The main goal of this
paper is to demonstrate the methodology
for performing and visualizing graph
analyses on street networks in a Web
browser, using open standards (IIIF,
Geospatial standards, Web standards) for
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network as input data for analyses,
performing and visualizing results of
network analyses. The main goal of our
system was to simplify the execution of
the above processes in a web browser, to
be used by users without advanced GIS
knowledge or programming skills and
without switching between different tools
to perform such analyses.

sharing and analysing cultural heritage
information linked to geographical
location.
The main contribution is the creation of a
tool that enables analysis of street
networks from the very beginning, that
is, the reconstruction of urban street
systems
based
on
published
archaeological site plans or other Earth
observation data, to the visualization of
the network analysis results.
Using interoperable tools from diverse
disciplines enhances the capability of
cultural
heritage
research.
Open
standards, such as the International
Image Interoperability Framework (IIIF),
were used to deliver high-quality images
to different environments on the Web and
enrich the viewing experience (Raemy
and Schneider, 2019). Except for viewing
digital objects (e.g., archive of scanned
maps), there is a need for connecting
cultural heritage information with
geographical information in order to
carry out a credible network analysis.
The centrality study was performed using
NetworkX, a Python library. The
application of different coefficients that
use node and edge connections as a
measure
to
demonstrate
spatial
relationships and show clear patterns can
improve the understanding of the ancient
urban planning. One of the metrics is
Edge Betweenness Centrality, which
measures the number of shortest paths
that pass through a given node or edge. A
node or edge is more central if it has
many shortest paths that go through it
(Altaweel et al., 2021).
The interoperability between IIIF,
Geospatial standards (e.g. GeoJSON) and
mapping library (Leaflet) allowed us to
create of a system (Figure 1) for
georeferencing scanned maps and plans,
obtaining vector form of the street

Figure 7. Architecture of the system
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With the development and growing
popularity of robotic solutions the
construction of such systems no longer
needs to use external computers and
cameras. Today's RTI domes can be
stand-alone devices that enable data
acquisition in a fully automatic manner.
The research carried out can be divided
into two main phases. The first was the
design and construction of a fully selfcontained measuring instrument for
acquiring the images needed for the RTI
modelling process. Once such a system
was constructed, the second stage of
research was carried out - a comparison
of the capabilities of a measurement
system based on an external and
embedded camera.
The construction of the dome was
inspired by solutions presented in openly
available literature. Regardless of the
specific solutions, any automated RTI
measurement system must consist of
three key elements: the camera, the
dynamic light source and the computer
necessary for their integration. The
solutions used to date treat each of these
components as a separate tool - an LEDbased illumination system with a suitably
prepared programming interface is
connected to a PC, which in turn
communicates with a classic camera via
another connector. This solution is
certainly flexible, but it is a huge
limitation when attempts are made to
further automate the data acquisition
process. The biggest limitation in this
case is the limited ability to control the
camera. For this reason, the constructed
measurement system combines each of
the previously mentioned 3 elements into
a single device. A Raspberry Pi 4B
minicomputer was used as the main
control unit of the entire system. It was
responsible for inter alia controlling the
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Recently Reflection Transformation
Imaging (RTI) technique has been one of
the most prominent methods for the
digitisation and analysis of objects with
numerous geometric surface details
(Lech, Matera and Zakrzewski, 2020).
Many factors contribute to its immense
popularity, but the simple technological
process, the availability of free software
and the high resolution of the resulting
data are the most crucial.
However, the method of modelling the
shape of the surface, based on varying
lighting conditions is challenging when
measurements are conducted manually.
As an effect of this problem, a trend has
developed towards building measurement
systems aimed at automating the process
as much as possible. Automated systems
(domes) usually use built-in diodes to
provide uniform lighting conditions and
guarantee a fixed position. In some cases,
they also support communication with an
external camera.
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Lech P., Matera M. and Zakrzewski P.
(2020) Using Reflectance Transformation
Imaging (RTI) to document ancient amphora
stamps from Tanais, Russia. Reflections on
first approach to their digitalisation. Journal
of Archaeological Science: Reports, 36: 1-8.

hardware, reading, processing and
recording data from the cameras. To
acquire
images
of
objects,
a
programmable miniature Arducam, an
industrial camera module equipped with
a Sony CMOS sensor with a resolution of
16 MP has been used.
In order to assess the feasibility of using
this type of system, a series of tests were
then carried out, where imaging using the
built-in industrial camera and the highresolution Sony A7R III camera were
compared on a number of levels. The
assessment looked at factors such as:
 data acquisition and processing
time,
 the computing capacity and disk
resources required for modelling,
 level of detail of obtained
models.
The subjects of the quality analyses of
the RTI models made using different
measurement systems are the artefacts
recovered during the archaeological
research carried out within the
framework of the grant 'MA-P Maloutena
and Agora in the urban plan of Paphos'
carried out in Nea Paphos, Cyprus. The
group of studied objects includes mainly
ceramic, epigraphic artefacts in the form
of stamps placed on Rhodian amphorae,
richly ornamented discus of decorated
olive lamps and coins with a complex
surface relief. These objects are
characterised by fine, often poorly
preserved relief making them ideal
material for research with usage of RTI.
The results of our study indicate that a
measurement system based on an
industrial camera allows, at a lower cost
and higher level of automation, to obtain
data of sufficient quality for most types
of RTI-based analysis.
References:
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innovative mechanisms for the case of
the Petralona Cave and the Petralona
Museum (Petralona, Chalkidiki, Greece)
and provide an interactive experience for
the museum’s and the cave’s visitors
(Cave3 project, 2022).
In the framework of the Cave3 project, a
multidisciplinary team (comprised by a
technology
provider,
a
cultural
organization, and two SMEs specialized
in
ICT
and
cultural
services,
respectively) has been formed. Among
the project deliverables, an open lab for
the
virtual
preparation
of
the
archaeological and palaeontological finds
has been developed. More specifically,
the open lab system creates a virtual
reality environment that simulates the
findings’ preparation processes. The
open lab consists of a high-specification
computer system, sophisticated and
highly accurate sensors, as well as a userfriendly integrated interface, that allows
the operator/user to actively interact with
the virtual laboratory environment. A
number of tools are virtually available for
the operator to be used for the virtual
preparation of the archaeological and
palaeontological finds, imitating the realworld relevant process. Indicative
screenshots of the open lab developed are
illustrated in Figure 1.
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Late advancements in Information and
Communication Technologies have been
exploited lately towards digitization of
culture. Key aims of using innovative
tools in culture include the following;
promotion of the cultural content to the
wide public, maximization of museum
visitors’ experience, educating the
community, and increase accessibility to
culture for all (Tzimtzimis et al., 2022).
Within this context, the Cave3 project
focuses on the exploitation of state-ofthe-art, digital technologies to develop

Figure 1. Screenshots from the developed open
lab.
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The primary purpose of using AR
technologies at archaeological sites is to
make information more readily available
by visualizing the content of both
temporal and spatial layers. Mobile
applications provide 2D or 3D
reconstruction of architectural remains
and interactive learning on cultural
heritage areas. On-site presentation is
especially significant to enhance the
visitors’ perception of prehistoric sites in
urban areas. This study will present the
preliminary
examination
of
the
archaeological and historical data
obtained from salvage excavations in the
Beşiktaş district at İstanbul to construct
an AR application on-site.
The salvage excavations in Beşiktaş,
Istanbul, Turkey, have been carried out
by Istanbul Archaeological Museums
(IAM) as a part of the Kabataş –
Mecidiyeköy metro project, starting in
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2016. During the excavations, many
archaeological finds enriching the
cultural history of Istanbul, including 47
kurgan tombs and 127 burials dating
back to the Bronze Ages, were identified.
These remains and finds are important
and present new information for the
history of Istanbul and this region, where
modern life continues actively. They
consist of different chronological layers
and five different phases, primarily the
Ottoman-Byzantine-Bronze Age. Among
the finds and ruins, the most important is
the kurgan-type tomb remains to date to
the Early Bronze Age, a unique example
in the region. However, the excavated
area will eventually be removed due to
the construction of the Beşiktaş Metro
station project and planned to be
exhibited in a different location on the
surface.
The AR application will be adapted to
the remains and finds that will be
preserved and exhibited on the surface at
the exact location. With the modeling of
the early Bronze Age tomb architecture
finds at the ground level, the area's
architectural integrity will be sustained
during the transfer. Thus the AR
application
will
provide
more
information about the Bronze Age tomb
architecture, and all other finds in the
Beşiktaş excavation area with the
theoretical background and will facilitate
a
better
understanding
of
the
archaeological site.
This study aims to analyze the remains
and finds removed from the excavated
area without detaching from their
environmental context within the modern
city using the mobile application
designed with AR technology.
A visitor’s en route and the contents of
the proposed AR application are prepared
using AutoCAD, Archicad, and Unity

during the preliminary studies. Design
principles are determined for the 3D
reconstruction of the Kurgans. The
prototype application will be used to
evaluate the visitors’ experiences.

Figure 8. Walkways using AR application in the
area where the kurgans are located..
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an in-built Optical Image Stabilisation
(OIS) software to reduce blurry images.
And 16MP ultra wide angle lens (123⁰).
The camera in 2020 was given a five star
review by Max Parker of ‘Trusted
Reviews’. A best value camera and the
reason for selecting this make and model
of phone.
Why a mobile phone with a camera and
not just a camera. Well the answer is the
cost. One can rent a phone say in Egypt
for £15 per month on a three year
contract in comparison to a hand held
camera, as a single purchase of the same
camera specification at approximately
£800 – 900.
So I set to work and filmed and produced
110 videos on ancient Egypt and
uploaded these videos on youtube on my
channel AVP123 (Archaeology Video
Project).
And this brought up many questions
along this journey. Presenting to an
audience on film. The best layout for
filming. How to condense the
information and capture the audience’s
attention.
A 10 minute video on youtube is
considered long. Most only run for five
to six minutes. How to shoot a film on
archaeology, making the information
informative, interesting and entertaining.
Which is the best video editing package
to learn quickly and cheaply. And of
course how to edit, using green screens,
music and jump cuts. A whole maze of
new skills to be learnt.
So why should Archaeologists use digital
video to communicate with the ‘Public’?
Archaeology as an academic discipline is
roughly 150 years in age. Historically
Archaeologists would recover the
primary data through excavation.
Remove the data to a museum or
university for intellectual study. Maybe

P-20. THE IMPORTANCE
OF DIGITAL VIDEO IN
ARCHAEOLOGY WITHIN
THE
TWENTY
FIRST
CENTURY
R. Scott
scaca.co.uk@gmail.com

This paper examines the use of digital
video for public engagement and why it
is so important to engage the ‘public’ in
archaeology.
My idea of using video for public
engagement started in 2014, at that time I
was investigating a possibility of
developing an app, for a mobile phone.
Which members of the public could use
to download archaeology site information
on to their phones. My particular
question was,‘ how can archaeologists
engage people in the developing world,
in their ancient past.
At that time it was not a practical tool to
develop, because of the lack of wifi
connection on isolated archaeology sites.
So the idea of an app was shelved until
2019.
With the development of mobile phones
and wifi speeds, it is now possible to
download a video on to a mobile phone,
which can be used by members of the
public to engage with archaeology sites.
So for the first time in my life I
purchased a mobile phone. A Samsung
Android Galaxy S10. The reason for the
choice of this phone and model was the
high quality of the camera within the
device.
A 12MP telephoto lens (45⁰) with a 2x
zoom and OIS anti-blur software, with a
12MP wide angle lens (77⁰) a dual
aperture and dual pixel. It also includes
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display some of the finds in a glass case
with a label, within a museum
environment. But all the other outcomes
of the intellectual study would be
published in the archaeology site report
and listed in an academic library, far
from the sight and access of the people
who actually paid for the scientific test
and recovery. The ‘Public’.
Of course the question arises why digital
video? And not just publish on websites.
Well the answer is the audience has now
changed from the Victorian era of 1850
to 2022. The public want fast easy access
to information and the ownership of
smart phones throughout the world is
growing fast. And this is where the
current audience is for archaeology.
How can digital video be applied to a
current audience? If one could imagine
Archaeologists using digital video as a
record and form of communication with
the public. Up loading videos to a
database and in collaboration with say
‘google maps’. A member of the public
could call up google maps and see if a
digital archaeology video has been
uploaded. At that very spot, recreating
the past, within the current landscape.
Hopefully my paper will raise many
questions and consideration in the use of
Digital Video as a means of
communicating and engaging the public
with archaeology.

P-21. DIGITAL
AND
THE
PROJECT

MUSEUM
ZAKROS
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Some
archaeological
sites
are
disconnected from the big cities and
difficult to approach. Those two things
are the main problems for the museum
attendance and for archaeological sites.
Visitors need an easy way to visit a
place. Technology has tools to provide
that convenience.
The main tool of digital heritage is a
digital museum, its actually a platform
that hostess pictures, 3d models, texts
about the artifacts and voice texts that
could help to provide every information
about the archaeological monument.
People with disabilities could use them to
visit the monuments.
This presentation has as a goal to
introduce Zakros palace as heritage
monument in digital age with a unique
platform - museum dedicate to the
ancient glory of the palace. With the help
of digital tools that we will recommend
and we will introduce some of them to
the public.
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The ARTECH project aims to explore the
capabilities and benefits of 3D scanning
in the digitalization process of artworks
for the development of a virtual reality
museum. In order to complete this
ambitious project, 3D data of Teloglion
Fine Arts Foundation premises are
captured through state-of-the-art laser
scanners, as well as a photogrammetry
mapping drone. Furthermore, selected
artworks are digitalized through a
structured light 3D handheld scanner
(Koltsakidis et al., 2022) and introduced
into a VR environment, forming 3D
virtual tours where visitors can zoom,
analyze and receive information at
certain hot spots. The project focuses on
the 3D virtual tours and interactions of
the visitors with the exhibits in the
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premises of Teglolion Fine Arts
Foundation (ARTECH project, 2022).
In the framework of the project, the main
objective is the design and development
of experiential actions and applications to
highlight the iconic works of the
permanent collection of the Teloglion Art
Foundation to the public and to
specialized groups of visitors, as well as
to form training educational workshops.
The
multidisciplinary
partnership
consists of a research organization
(Aristotle University of Thessaloniki), an
ICT company which is primarily active
in the provision of research and
development services for interactive
multimedia applications (Tessera S.A.)
and a culture organization located in
Thessaloniki, Greece (Teloglion Fine
Arts Foundation). The collection of
Teloglion is of historical importance, as
it includes important works which mark
key developments of Modern Greek and
European art. An indicative image of the
developed virtual museum, together with
a 3D representation of an artwork and its
virtual reality embedment are illustrated
in Figure 1.
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Figure 9. Images from the 3D scanned artifact and
the developed virtual reality environment.
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P-23. ECHOES – BUILDING
THE OSTEOBIOGRAPHIES
OF
ANCIENT
THESSALONIANS

Through the cooperation of cultural
institutions and companies in the sector
of creative industries, we develop
alternative narrations and experiential
tours. Our research project aims to
preserve the historical memory of the
transformed
urban
landscape
of
Thessaloniki, point out the significance
of ancient humans as social agents in
archaeological narratives and attract
interest in the city’s multicultural and
diachronic character.
Echoes is an ongoing research project
that aims to present the urban history of
Thessaloniki. More than focusing on the
representation
of
monumental
architecture and material culture, we give
emphasis on the role of the city’s
inhabitants.
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Urban areas are places where
architecture, material culture, and the
organization of space, reflect their
history. The reconstruction of the
historical past of cities brings to light
specific features of past societies. We
propose a methodology for highlighting
the human past of a city, through a key
factor of social expression, the
biographies of its inhabitants.
We study the human remains and the
associated findings of material culture
from the excavations during the
construction
of
Thessaloniki’s
metropolitan subway. By integrating
scientific innovations and cutting-edge
technologies
such
as
geometric
morphometrics, isotopic analysis, virtual
(VR), and augmented (AR) reality, we
reconstruct the health, diet, and
demography of the ancient population as
well as the biographies of everyday and
exceptional individuals.

Figure 1. The sequence of research modules for
the study of human remains and reconstruction of
individual biographies and population trends.
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The human face is a highly specialized
anatomical entity. Its appearance is the
result of a series of evolutionary
processes that include a combination of
biomechanical, physiological, and social
influences. It is also characterized by
high levels of phenotypic diversity that
evolved to express individual identity.
Facial approximation (or reconstruction)
is a method that, based on the relevance
of skeletal and soft tissue anatomy, aims
to reconstruct the face of a person from
the anatomical features of the skull. In
forensics, the technique focuses on the
estimation of the facial characteristics of
unidentified specimens. In archaeological
contexts, it has been widely used for the
representation of hominin evolution and
historic individuals.
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For the facial approximation of the
Petralona man, we digitized a cast of the
original skull with an Artec Spider 3D
scanner of metrological accuracy up to
0.05 mm. Because the Petralona skull
lacks a mandible, a digital model of the
Mauer (Germany) specimen, the
hypodigm of Homo heidelbergensis, was
used to virtually complement the skeletal
anatomy of the face. The resulting .obj
file was imported to Cinema4D (Maxon)
in order to place soft tissue depth
markers, based on regression models
developed from modern human material.
ZBrush (Pixologic) software was used
for the digital reconstruction of facial
anatomy and
skin
texture. To
approximate the facial features, we used
techniques that are based on anatomical
and/or statistical evidence.
Until recently, hominin reconstructions
were mainly artistic.
Nowadays, this practice has started to
incorporate solid scientific results. The
facial approximation of the Petralona
skull, based on the available research
evidence, aims to disseminate scientific
information in museum displays and
contribute to the public understanding of
evolutionary science.
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of the archaeological site of Ancient
Messene in Southern Messinia Greece.
Ancient Messene is one of the most
significant Hellenistic to Roman times
city, with important political, economic
and social role in the area. The
assemblage
belonged
to
debris
accumulated through the ages and a
macroscopical selection was made to
separate diagnostic sherds from Early
Roman times, 1st C. B.C. to 2nd C. A.D.
in order to define their typology, as early
Roman pottery lack of studies in the area
of Ancient Messene.
Two different methods have been
employed in order to recreate the pots,
from 2D drawings in graph paper that
have been elaborated during the initial
study and from original fragments, in
order to investigate their accuracy.
Different approaches have been used for
the digital recreation of sherds such as
the application of structure from light
methodology, 3D laser scanning or the
use of a profilographer. All designs have
provided a realistic replica that
depending on different needs can be used
from studying to exhibition purposes.
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Pottery, the most common finding in
arcaeological excavation is the most
appreciated since it spans all cultural
periods, even though usually fragmented
but unaltered, providing valuable
information about its use, technology and
artistic/aesthetic values of its era, as well
as socio-cultural and economic level of
societies, environmental and material
availabilities and constraints. The
ceramic fragments in many cases cannot
be easily identified as far as their initial
shape, form and usage is concerned.
Beyond common typological methods a
digital recreation of pottery sherds can
offer more possibilities of classification,
understanding and reposition of the pots
and pans in their initial context. The
wider range of Computer to Design
(CAD) software and of low cost 3D
scanners and printers offer the
opportunity to recreate the initial objects
these sherds originated from, in order to
enhance documentation methods and
exhibition purposes.
The assemblage under study consists of
diagnostic sherds of fine- and courseware
pottery and originates from an excavation
trench in the northern Stoa of the Agora
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All painted surfaces, regardless of the
substrate on which they have been
constructed, are characterized by
particular elements that are important for
their study and interpretation. Such
elements include the precise geometric
characteristics of the object, the texture
of the surface, the relief of the
brushwork, the morphological and
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geometric characteristics of the colour
layers, as well as elements linked to the
state of preservation, such as paintings,
interventions,
detachments,
cracks,
mechanical
stresses,
etc.
This
information is usually recorded by
classical imaging techniques, but these
techniques are not able to bring out the
three-dimensional detail of the surface.
The main objective of this paper is to
propose the coupling of two novel digital
tools that have been developed in recent
years and, along with the increase in
computing power of personal computers,
have become widely available. These are
Close-Range Photogrammetry (SfM) and
Reflectance Transformation Imaging
(RTI) which, through the recording of the
third dimension of the painted surface,
can provide information that is crucial for
the
viewing
and
understanding
experience by an observer or art
historian, the study of the materials and
the construction technique by a
researcher, the recording of the state of
preservation by an art conservator and
the management of the object by a
curator while planning an exhibition.
In this paper, the results of the
application of these methods are
presented in the case of the mural
paintings from the Palace of Tiryns. The
application of the methods is highly
promising and the results can justify the
proposal of these techniques as
fundamental techniques in the workflow
of an integrated scientific methodology
for the study of works of art.
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The Minoan peak sanctuary at Ayios
Yeoryios sto Vouno, Kythera, was
founded in the MMIB period and reached
its acme in the MMIIIB-LMIA period. Its
special character is confirmed by the
number and the variety of its bronze
finds, which outnumber all similar finds
made on Minoan peak sanctuaries.
Among these, are found statuettes of
Minoans adorants (106 statuettes intact
and parts of them) as well as a figurine of
a scorpion, human limbs, cut-outs in the
shape of a man and a woman, a small
double axe and various miniature blade
cut-outs.
The paper presents the preliminary
results of elaborate techniques applied on
two categories of bronze finds, namely
48 statuettes and 59 blade cut-outs, in
order to clarify their chemical
composition and the type of the alloy
used for their manufacture, and also to
examine possible particularities of their
technological
characteristics.
The
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less amount of copper in comparison to
arsenical copper. However, the high
copper content indicates, in most cases,
that the metal used should be considered
as pure since copper without alloying
may be the only component from which
objects were made. About the lead
concentrations, should be mentioned that
lead content up to 4 wt% could be
considered as coming from the ore and
low levels of lead are common in copper
smelting slags even from the 3rd
millennium. Moreover, the addition of
lead lowers the melting point of the alloy
and improve the castability, while, when
lead exists in hammered or forged alloys
should be considered as impurity.
However, in the study of ancient alloys,
we should take into account that the lead
creates areas of heterogeneity into the
alloy, a fact that would result in a higher
lead to copper ratio in the measurements,
related to the examined area.
In general, alloys with a high copper
content or pure copper with a small
amount of impurities had been used in
the production of bronze votives from the
Minoan peak sanctuary at Ayios
Yeoryios sto Vouno. Different alloys
depending on the manufacturing
technique had been used. Specifically,
based on the micro XRF technique the
use of leaded copper and ternary copper
alloys of Cu-Sn-Pb was identified in the
statuettes category, while in the blades
category the examined objects were
mostly manufactured of pure copper, of
about 98 wt% and above. Binary copper
tin alloy has been used only in few
objects. Finally, copper containing minor
constituents may also be due either to
recycling or to their initial presence in
the ore.

analyses were done on samples taken
from the objects (after the relevant
licensing). The samples were embedded
in resin and polished sections were
prepared which were examined by micro
XRF and SEM-EDS techniques.
By the combination of the two
techniques, it was revealed that the
examined objects vary in their elemental
composition. Although copper is the
dominant component, tin, lead, arsenic
and iron are also present in various
concentrations; elements such as nickel,
cobalt, zinc, selenium, bismuth, silver
and antimony are recorded in minor or
trace amounts as detected in areal or
linear analyses.
Despite the broad use of tin in the 2nd
millennium
BP,
significant
tin
concentrations have been detected in few
objects only. Tin content from 1 to
9 wt% was recorded in 12 objects of the
statuettes category and in 5 objects of the
blades category. In the other examined
objects, namely 36 statuettes and 54
blades, the tin amount was measured up
to 1wt% or below the detection limit.
Arsenic in both examined categories was
recorded in low amounts up to 1 wt% or
below the detection limit, with only a few
exceptions. As far as lead concentration
is concerned, it is higher in the category
of statuettes, in which it ranges between
4-30 wt% in 25 objects, in one case was
measured on 40 wt% and in 22 objects
was recorded up to 3 wt% or below the
detection limit. About the blades
category, the lead amount is up to 1 wt%
or below the detection limit in all the
objects except from 3 cases.
Concerning the analyses of copper-based
artefacts from the Aegean, they have
shown that during the Late Bronze Age,
when tin is introduced, the copper ratio
decreases and thus, tin bronze requires
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Papadimitriou and Georgios Mylonas in
1952 (Myloans, 1973). From these two
grave circles, 48 swords emerged that
were usable for this research (and that
were mostly intact), including 28 Type A
and 20 Type B swords.
Type A, a long, rapier, fencing-style
sword with a reach of over 1 metre, was
first produced on Crete, and it was likely
of Minoan origin (Molloy, 2014). Type
B, a shorter, thicker weapon used for
slashing and hacking, originated at
Mycenae and has only been found on
mainland Greece (Molloy, 2010). This
currently constitutes the first evidence of
Mycenaean craftspeople producing their
own swords rather than procuring them
from elsewhere.
The
geometric
morphometric
methodology analyses the shapes of
objects using landmark points set on
precise positions on the object.
Landmarks are analysed through
different statistical techniques, formulas,
and mathematical methods, using
computer programs. This allows for the
generation of a range of data, including
the size, position, and orientation of the
landmarks, so that the only variables
observed are based on morphological
properties. This method can also be used
to measure the traditional points (lengths,
widths, depths) and the sizes of features,
points or distances (including between
features/landmarks on an object) (Birch
and Martinon-Torres, 2019).
The results of the multivariate analysis
demonstrate that the Type A sword was
an individualistic weapon. On the other
hand, the Type B results show that
multiple
groups
encouraged
the
innovation of local craftsmen to adapt
Type A into Type B, resulting in the
development of two new sword types,
ABI and ABII. The two new types show
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SWORDS
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MYCENAE
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This submission showcases the results of
a multivariate geometric morphometric
analysis on the two dominant sword
types dating to the Late Bronze Age (c.
1600-1100 BCE) found in shaft grave
circles A and B at Mycenae (Brown,
2021, 2022). The purpose of the research
is not only to highlight the relatively new
use of the geometric morphometric
methodology in the field of material
culture, and specifically any on Greek
material culture, but also to re-evaluate
the current typological definitions of the
swords and to create a digital dataset.
This research concludes that the current
typologies must be re-evaluated and redefined. It also reveals two new possible
sword types that show a link between
Type A and Type B.
Mycenae was at the heart of the culture
to which it gave its name from the
Middle to the Late Bronze Age in
Greece. In this period, two grave circles
were built to entomb the elites of
Mycenae and their magnificent personal
artifacts: Grave Circle A was excavated
by Heinrich Schliemann in 1876, and
Grave Circle B was unearthed by Ioannis
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the clear design innovation and
technological
progression
of
the
Mycenean craftsman, utilizing features
from type A into a smaller blade, then
into a longer blade that is similar to type
B. The research also highlights the
effective use of geometric morphometrics
on material culture and how much data
this technique can produce, collect, and
analyse.
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The deposit of bronzes in early Greek
sanctuaries, of which the cult at Olympia
is the best known, has a long tradition
dating back to the Bronze Age. From the
9th century onwards, metals represent the
majority of inorganic votive offerings
deposited in the sanctuaries of Tegea,
while bronze is the predominant alloy in
the Geometric and Orientalizing periods
(9th-7th century BCE).
An assemblage of 182 copper-based
votive objects of various types, including
miniature weapons, secular utensils and
jewellery, from the sanctuaries of Athena
Alea
and
Demeter
and
Kore
(Persephone) Karpophoroi at Tegea,
Arcadia, dating from the 9th-7th centuries
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results confirm that the Tegea bronzes
are both cast and/or hammered binary
Cu-Sn alloys with an average tin content
of about 8 wt%. In a broader context, this
technological study offers insights into
the role of sanctuaries in the local
community and the agents involved in a
complex social, political and economic
landscape.

BCE, was studied using optical
microscopy
and
elemental
characterisation techniques. The aim of
the study was to (a) investigate the
technology of alloying and metalworking
in the sanctuaries and (b) compare the
elemental data obtained using two
techniques.
Elemental analyses of the samples were
carried out using a portable micro-X-ray
fluorescence spectrometer (μ-XRF) in the
X-ray fluorescence laboratory of the
Institute of Nuclear and Particle Physics
at the NCSR "Demokritos". A selection
of six samples, ensuring statistical
independence, was studied using the
external scanning μ-PIXE (micro-Particle
Induced X-ray Emission) technique at the
facilities of the Accélérateur Grand
Louvre
d'
Analyse
Élémentaire
(AGLAE), C2RMF, Paris. The μ-XRF
was performed on micro-scraped,
polished and corrosion-free surfaces
(micro-invasive approach), whereas μPIXE on polished micro-samples
embedded in resin (invasive approach).
The concentrations obtained for the six
samples by both the micro-analytical
techniques
following
different
measurement protocols, were found in
very good agreement confirming the
overall reliability of the μ-XRF results
obtained by means of a micro-invasive
surface treatment. Further on, the
combined analysis provided comparable
data
to
critically
evaluate
the
complementarity and applicability of
both techniques in the case of the
analysis of copper-based alloys. Given
the relative lack of comparative data, the
present systematic analytical study
proves useful in terms of revealing the
continuous use of tin bronze in the
sanctuaries of Tegea during the
Geometric and Orientalizing periods. The
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obtained data involved to get additional
information about the Thracians and their
habits. In the last 10-15 years special
attention is paid on portable XRF
spectrometers, usually used for in situ
analyses at the archaeological sites or in
museum expositions. Furthermore, the
increasing availability of portable XRF
devices, as well as their moderate cost
when compared to laboratory-based
techniques, more frequently allows the
incorporation of chemical examinations
in material culture studies.
This study presents the results of the
chemical analysis of 8 cuirasses from
burials of Thracian warriors, kept in
different historical museums in the
territory of modern Bulgaria. The
investigated samples belong to two types
dated to the Late Archaic and Classical
times (end of the 6th - 5th c. BC) and by
its material / fabric can be distinguished
in two groups: made of bronze and
bimetalic - bronze and iron.
The chemical analysis was carried out
using p-XRF (Titan S1, Bruker) and
enable focusing the X-ray radiation in a
very small size (spot analysis) and allows
to obtain information about the elemental
content in the specific points, for
decoration on the surface of the armours,
as well as to detect the presence of
corrosion products.
Analysis were carried out in different
parts of the cuirass including blackplates, brest-plates, collars, rivets, rings,
belly guards, hinges depending on the
condition of the samples and possible
regions for the measurements. The total
number of 123 measurements were made
for 29 subsamples of the investigated
cuirasis.
All of the investigated items of the
cuirass are made of tin bronzes, as
average level of tin is about 11%. The
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The panoply of Thracian warriors they
carry invaluable information about
Thracian warfare, the burial rites of their
aristocracy and their technological and
metalwork achievements. Not the least so
because the artefacts also reflect
Thracian beliefs, mythological notions,
aesthetic perceptions and preferences.
The present study is focused on the
cuirasses found in Thrace, and it is a part
of the larger research project on the
defensive armour of the Thracians
(helmets,
cuirasses,
greaves
and
shields)1.
The
archaeometrical
investigation includes both chemical
analyses to determined types of the used
alloys and archaeological data sets for the
artefacts. The combination of the
1

“The Panoply of the Thracian warriors: a
complex in-terdisciplinary study of a bronze
defensive armour from Thrace” (started in 2018)
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concentration of the copper is between
83-88%, no one of the samples contained
Co, Mn and Sb. Ni as well as As and Zn
were detected in several samples, as
impurities.
Only one part of the cuirass is made of
59% Cu and 31% of Ag (sample BR5071-4, rivet from cuirass from Ruec).
Another exception is sample BR-5038-4,
from Tatarevo, decoration, that was made
of almost pure copper (97.84 % Cu).
The cuirass from Ruec belong to the socalled bimetallic ones and it is interesting
with a distinction – namely mitre but the
used alloy for the production of the mitre
is tin bronze, also.
The cuirass from Tatarevo is dated to
Archaic period and was made of tin
bronze again, except the mentioned
above the rivet.
Statistical estimation shows that there are
not correlation and differences depending
on the geographical origin of the samples
and its dating.

P-31. THE USE OF EARTH
OBSERVATION
IN
ADRESSING CULTURAL
HERITAGE ISSUES
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A large volume of metallurgical residues,
mainly slag and furnace fragments, have
been retrieved during excavation at the
ancient city of Pistyros, northern Greece
(Papadopoulos and Zannis, 2022). Most
of the material derives from the surface
and upper layers covering buildings that
date between the 4th and the end of the
2nd century BCE (Nerantzis et al., 2022).
The finds consist mostly of smelting slag
deriving from the reduction of complex
ores and may be distinguished as:
compact (ropey), spongy (highly porous)
and glassy type.
A collection of six slag pieces was
considered
for
a
preliminary
characterisation using XRF, optical
microscopy and SEM/EDX. Thin slices
were cut from each slag piece to produce
environmentally uncontaminated and
polished samples for optical and
SEM/EDX examination. The residual
material was cleaned in an ultrasonic
bath,
dried
and
the
elemental
composition of selected areas was
measured using a Bruker M4 Tornado
XRF spectrometer with XFlash 430 type
detector. The excitation source was a Rh
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Interestingly Au has been detected
showing a wide distribution across the
whole surface of the section.

tube at 50 keV. A total of 60 to 120 data
points (spot size ≈ 20 μm diameter) were
acquired over each sample. After the
initial measurement, four samples were
crushed into small grains (of approximate
size 50 - 200 μm) to provide the
analytical specimens for further XRF
analyses with roughly 10 data points per
grain. The concentrations of the major
and minor elements were evaluated with
a new software package, which uses a
fundamental
parameter
calibration,
developed in our laboratory.
The XRF analysis revealed a series of
major elements (Fe, As, Pb, Mn), and
minor elements (Au, Cu, Ca, K, Si, S, C,
Al, Na, Ti, Sb, Rh and Zr) (Figure 1). It
is of interest to notice that in sample 2
the amount of Fe is considerably low
while As and Pb are high (Table 1)
compared to the other samples,
suggesting different process conditions
for this residue. The presence and the
concentration levels of Al, Si, Ca are
probably related to the choice of fluxes,
while K levels may be related to the fuel
sources used.
Optical microscopy on all samples
revealed a typical ferrous microstructure
with wüstite, magnetite, hedenbergite and
fayalite phases with occasional, globular
metallic prills (Figure 2).
Elemental mapping with SEM/EDX has
provided information concerning the
distribution of various elements across
certain mineralogical phases of the
samples. A characteristic example of
sample 2 (Figure 3) shows that an
extensive bright area is Pb-rich while Fe
concentrates
in
certain
smaller
inclusions. Sb is widely distributed
across the surface and appears at places
concentrated in small inclusions, while
Cu shows a similar pattern although it
seems more concentrated than Sb.

Figure 1. XRF analysis of major, minor and trace
elements.

Figure 2. Optical photomicrograph (sample 3),
showing olivine, wüstite dendrites, glassy matrix
and metallic prill.
Table 1. Presents the average w% values of
analysed samples.
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S3
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S6
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Am

4.8

0.6

1.2

3.5

1.5
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As

12

25.3

4.6

15.6
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34.9
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Cu
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3.2

Fe
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3.3

Mn
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0
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0

0.5

0

0
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0

Pb
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7.3

3

2.1
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0.7
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0.7
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1.5

Rh

1
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0.7

0.8

0.6
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Sb
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1.6

1.2
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4.8

Si

0.1

0.1

0.1

0.1

0.1

2.8

Zn

0.2

0.9

3

0.9

1.3
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Figure 3. SEM/EDX elemental mapping on
sample 2.

The distinctively low Au and Cu contents
found in the slags under study might
indicate efficient smelting skills that
would result in minimal losses of
precious/base metals into the slag or they
might have simply gone unnoticed by the
smelters. At the present level of
investigation we have no certain proof
that such low Au contents were lost
because the smelters were unaware of
their presence in the ore. Yet such
findings are important indicators pointing
to the direction of a potential precious
metals industry organised at Pistyros
during the Hellenistic period. Further
structural-mineralogical investigation of
the selected samples by XRD, FTIR and
EPR spectroscopy is under way and
additional bulk measurements with
PGAA and neutron diffraction (ND) in
order to better characterise the processes
by which metals were extracted on site.
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archaeological objects will be analysed
according to their elemental composition
deep beneath the often falsified surface.

P-32. PRECIOUS METALS
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AND
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INVESTIGATIONS
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NON-INVASIVE X-RAYS
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This poster presents the PhD thesis by
the author, that was started last year at
the University of Cologne. It works on
precious metal in the former roman
colonial town of Augusta Raurica.
Within this research project the round
about 300 objects made of precious metal
are
planned
to
be
discussed
comprehensively and analysed variably.
Next to a comprehensive research in the
material culture, the metal finds are
examined
both
macroand
microscopically.
Furthermore,
the
interdisciplinary
research
project
DEEPμ: A non-destructive and depthresolved element analysis technique
using elementary particles - development
and applications in cooperation with the
Laboratory for Muon Spin Spectroscopy
at the Paul Scherrer Institut (Villigen,
CH) provides a truly non-destructive and
depth-profiling measurement to analyse
the elemental and isotopic composition
of archaeological objects. This is
achieved by the use of high-energy
muonic X-rays. The measurement can go
as deep as 1 cm, depending on the
material’s density. In addition, the
technique is not only sensitive to all the
elements, but moreover, it is possible to
determine different isotopes. Within this
fundamental research, a convolute of
160

7th SYMPOSIUM ARCH_RNT
Archaeological Research & New Technologies

P-33. AMULETS IN A HOARD
FROM THE BALTIC COAST IN
THE
ERA
OF VIKING
COLONIZATION. A UNIQUE
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Figure 1. Studied ornament fragments from
Dramino-Piaski hoard.

Jewelries are included in large numbers
in the early medieval hoards (10th-11th c.)
occurred in the territory of present-day
Poland. The phenomenon of hoards is a
Viking tradition and in Poland during this
period, hoards constitute a significant
number of sources for history.
Technological research on ornaments
form this hoards indicates the use of
several types of chemical solders based
on copper, tin and lead compounds as
well as resin glues and flux.
Technological study of ornaments from
Dramino-Piaski hoard were made by use
of XRF, SEM-EDS and EPMA
techniques. The research results indicate
the use of ancient recipes describing
Mediterranean goldsmithing mainly Cubased recipes to obtain chemical
soldering mixture use as a solder to
attached the granules do the surface.
Provenance study based on lead isotope
ratios (LIA) and silver isotopes (MCICP-MS data) show that the main source

The unique silver amulets and ornaments
originate from Polish early medieval
hoard in Dramino-Piaski were tested by
use of physicochemical multi-tools to
examine their technological aspects and
provenance. The studied artefacts have
been made by use of granulation and
filigree techniques. This type of art is a
post-Moravian heritage being a tradition
of Etruscan goldsmiths.
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of used silver were Asian dirhams being
a common currency in the Viking trade,
and later found in hoards. However, lead
“fingerprint” of local lead deposits from
the Cracow and Silesia Upland was
found. The lead-rich litharge have been a
part of the soldering mixture or/and
"alien" lead have been added to the
cupellation process of Asian silver. There
is strong evidence that Cracov and Silesia
Upland deposits have been used since the
Late Roman Age and their using has its
continuity in the goldsmithing material
from the 10th century.
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Ancient Pallantion southwest of Tripoli,
Peloponnese (Arcadia), was first
excavated by the Italian Archaeological
School at Athens in 1940 (Libertini,
1939-1940), while the most recent
excavations were conducted in 2009 by
the local Archaeological Services
(Φριτζήλας, 2009; Αθανασούλης και
Βασιλείου, 2009).
Pallantion was inhabited from the 7th c.
BC until the end of the 6th c. AD. Its
abandonment at this time can be related
to the Slavic raids in the Peloponnese.
Findings of Slavic pottery in the Early
Byzantine remains of Pallantion indicate
that Slavic people settled here from the
7th-8th c. onwards (Μεταχας, 2008).
In the early 10th c. AD the ruins of two
Early Byzantine churches were restored
and dedicated to Hagios Christophoros
(903 AD) and Hagios Georgios
(Λιβερτινι, 1995; Konti, 1985). From
several graves around these churches,
jewellery was unearthed (Libertini, 1995;
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jewellery’s surface, the alloying elements
of the jewellery were approximately
found. After the analysis, it was possible
to understand that many of the earrings
were made of tin bronzes or a copper
alloy with tin, zinc and lead in different
proportions. Most of the finger rings had
high composition in lead, which was
used to improve the casting properties.
Οn the basis of archaeological typology
and distribution studies, most parallels
can be found so far in areas inhabited by
Slavs guiding us furthermore to question
in which degree Middle Byzantine
jewellery is influenced by Slavic
jewellery, and also, if that one found in
Pallantion could be linked to the Slavs
that settled in its area.
This is the first archaeometric research
on Middle Byzantine jewellery from
Arcadia. So far, our preliminary research
showed heterogeneity in the artifacts’
composition but more non-destructive
complementary techniques will be
applied in the future, such as μ-XRF and
p-Raman. Further work (archaeometrical
and archaeological) will allow us to
present a jewellery assemblage of the
10th-12th c. from the Peloponnese in
detail, enriching our knowledge about the
metals used for the local Middle
Byzantine jewellery, the manufacture
technology of that period as well as the
relations/influences between Byzantine
and Slavic jewellery.

Iozzo and Pagano, 1990-1991) that can
be dated on the basis of parallel findings
between the 10th-12th c. AD. As jewellery
of this period from the Peloponnese, and
especially Arcadia is nearly unknown,
these findings were chosen for an
interdisciplinary research combining
archaeological
typology
and
archaeometry.
In
particular,
the
archaeometrical research focused on
metalworking and elemental composition
issues with the help of the Optical
Microscopy and X-Ray Fluorescence
respectively.
Archaeometry has not been widely
applied to byzantine metal artefacts so
far, even though there are several
archaeological questions that can be
answered with its aid. This research
focuses on the analysis of 27 Middle
Byzantine jewellery items coming from
the graveyards of Hagios Christophoros
and Hagios Georgios that were
discovered at the first excavation in 1940
(Libertini, 1939-1940; Librtini, 1995)
and are being stored at the National
Archaeological Museum in Athens. The
jewellery consists mainly of earrings,
followed by fingerings, buckles and a
bracelet. In order to understand the
elemental composition and manufacture
technology of the jewellery in the
middle-byzantine
period,
optical
microscopy in combination with portable
X-Ray Fluorescence (p-XRF) was
applied on the jewellery from Pallantion.
The optical microscope is used to
identify the manufacture technology,
specifically whether the artefact was
casted or hammered and if it was
engraved. Some of the wires used in the
earrings seem to be drawn, spiral-beaded
or beaded wires.
With the aid of p-XRF, due to the
presence of corrosion layers on the
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Cuojinyin is a particular inlay technique
for delicately decorating the surface of
bronze and iron wares in ancient China.
Shallow grooves were casted or chiselled
onto the surface of metal wares, where
gold and silver wires or sheets were
inserted. Taking advantage of the
ductility of gold and silver, they could be
perfectly embedded into the surface and
filed smoothly. The emergence of this
technique was rooted in the aesthetic
value of metal artifacts, as well as the
transmission
and
interaction
of
metallurgy across the Eurasia.
Inlay design has become popular around
the Mediterranean in late Bronze Age,
around 1500 BC. It appeared on the
metal artifacts unearthed from the Circle
A of Mycenaean in Greece, the palace of
Ugarit on the east coast of the
Mediterranean, and the tombs from New
Kingdom period in Egypt. It is very
likely that similar decorative technique
began to appear on the carriages, horses
and ornaments of the nomadic people in
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Another astonishing find is the evidence
of secondary casting of this hook,
namely, a hollow bronze shell were
casted, on which shallow grooves were
prepared for gold and silver to be inlaid,
and then tin-lead alloy was casted into it
to form an inner core.
On one hand, inlay technique reflects the
long distance interactions across the
Eurasia. On the other hand, cuojinyin, as
a particular inlay technique, shows local
tradition and characteristics in ancient
China. The study of cuojinyin from a
comparative perspective sheds new light
on the technological choices and local
innovations in different regions and
human groups.

Tuva, south Siberia and north western
China around 700 BC. Based on the long
established tradition of sophisticated
bronze
casting
technology
and
complicated
surface
decoration,
Cuojinyin first appeared on bronze wares
dated to the Spring and Autumn period in
ancient China, and flourished in the
subsequent Warring States Period
through Han Dynasty.
This paper presents intensive scientific
analyses of two belt hooks (Figure 1, no.
0592 was perfectly intact, while no. 0517
was broken) with cuojinyin decoration,
which were unearthed from the capital of
East Zhou, Luoyang city, dated to the
Warring States Period. Multiple nondestructive analytical methods were
conducted to obtain analytical data.
Preliminary observations on surface
details, especially the microstructures of
the grooves, the diameters of the gold
and silver wares, as well as the thickness
of the bronze cortex were conducted
using an Ultra-Depth Three-Dimensional
Microscope. Preliminary qualitative
analysis of the elemental composition of
the samples were conducted using an
energy dispersive X-ray fluorescence
spectrometer (XRF) and scanning
electron microscope with energy
dispersive X-Ray spectrometer (SEMEDS). Luckily and significantly,
analytical data of the internal metal
composition was obtained from the
broken area of 0517 hook. The industrial
computerized tomography (CT) was also
applied for a better understanding of the
internal structure reflecting the casting
process.
The result indicates that the surface of
0517 hook is a bronze shell with the
thickness of only 1 mm, composed of
copper, tin and lead, the grooves on
which is only 0.126 mm in depth.

Figure 1. (a) two hook 0592 and 0517 examined;
(b) broken area of 0517; (c) detail of broken area
showed in the microscope.

165

KALAMATA, 6-8 OCTOBER 2022
aiming towards the identification of the
metals
used,
their
alloys
and
concentrations, including the materials
used to imitate gold.
Non-destructive methods such as optical
microscopy and imagining techniques
that take advantage of different wave
lengths (VIS, UV, IR) were used in order
to examine the icons’ making technology
focusing on the materials and techniques
of gilding. Subsequently,
X-Ray
Fluorescence examination using portable
XRF, was carried out on preselected
spots on the icons, in order to identify the
elements
and
determine
the
concentrations of the metallic gilding
materials, while taking into consideration
iron concentrations regarding the bole
and copper in cases where green
pigments had been used near the gilding
area that was selected for examination.
Via this interdisciplinary research on
gilding techniques and their material data
it was possible to correlate the purity of
the metals with the period, style, and
quality of Russian Icons. Research has
shown that there is a correlation between
those and the icons’ artistic backgrounds.
The results of this technical research
were also associated with art history
aspects providing new insights on the
painters’ visual intentions and aesthetic
qualities in different periods. Among
many of the findings is that of the use of
high content silver leaf with the addition
of coloured varnish as an imitation of
gold leaf in 19th century mass-produced
icons (Figure 1). Furthermore, It has also
been found that in the same icon metal
leafs from copper alloys with variation
on concentration can be used. This
intentionally executed technique was
preferred in order to highlight a different
tint between the halos and the
background.
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This study explores the gilding materials
and techniques of 19 Russian Icons from
the Benaki museum collection using nondestructive methodology.
Russian icons are artworks worth being
studied due to the intricate stages of icon
making, their original style of painting
and colour pallet, their gilding and
varnishing techniques, materials etc. In
addition, Russian icons bear many
similarities with other icons such as the
post-Byzantine icons. An indicative
example is the similarity between the
Western water gilding technique and the
Russian
gilding
technique
with
“poliment” that both use a red or yellowearth/bolus substance underneath the
metal leaf (Mastrotheodoros, et al. 2017;
Grenberg, 2000).
Gilding on Russian icons can be executed
in two different stages: before the paint
layer using metal leaf on the background
and halos with the methods of water
gilding / gilding with “poliment” or oil
gilding / gilding without “poliment” and
on top of the paint layer using either
metal leaf with glue or metal dust with a
binder in the form of highlighted details
mainly on clothes (Grenberg, 2000). The
most important research question was
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P-37. NEW SET-UP FOR
NEUTRON
RESONANCE
CAPTURE ANALYSIS (NRCA)
AND NEUTRON RESONANCE
TRANSMISSION
IMAGING
(NRTI)
FOR
CULTURAL
HERITAGE AT THE ITALIAN
NEUTRON EXPERIMENTAL
STATION INES

Figure 11. XRF silver leaf of mass-produced icon
dating in the 19th century (elements: Ag, Ca, Pb,
Fe, Ar, Sr, Cr, Ti, K, P, Si, Cl, S).
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The Italian Neutron Experimental Station
INES, located at the pulsed neutron
source ISIS (U.K.), is a general purpose
neutron diffractometer that was built with
to focus its use on cultural heritage
related studies (Imberti et al., 2008).
Thanks to the high penetration power of
neutrons, archaeometric measurements
performed through neutron diffraction
provide quantitative bulk information on
the artefacts in a non destructive way, in
particular regarding phase analysis and
microstructure. This opens up the
possibility of scientific investigation on
objects otherwise unsuitable, due to their
cultural and/or historical importance.
Complementary to the determination of
the type and amount of the crystalline
phases present in the samples, neutrons
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can provide elemental and isotope
analysis, if neutrons of energy in the eV
range are available. In particular Neutron
Resonance Capture Analysis (NRCA)
(Pietropaolo et al., 2010) and Neutron
Resonance
Transmission
Imaging
(NRTI) (Fedrigo et al., 2019) can be
exploited to determine, non destructively,
the type and spatial distribution of
elements in the artefact under
investigation. The techniques are
isotopically selective.
A few years ago, the suitability of the
INES
beam
line
for
NRCA
measurements was assessed using a
compact γ detector made of a Yttrium
Aluminum Perovskite (YAP) scintillation
crystal
coupled
with a
silicon
photomultiplier (SiPM) readout. The
current NRCA set up has been improved
implementing a larger angular coverage
(Pietropaolo et al., 2010). Recently, a
new detector based on GEM technology
has been used for transmission
measurements, to obtain a 2Dl map of
elements for calibration standards and
archaeological artefacts. As an example
of the potential of the combined approach
of diffraction and elemental analysis, we
present in this work the preliminary
results obtained on two Chinese
bimetallic sword fragments from 2nd or
1st century BCE.
In particular, NRTI provided a 2D map
of the elemental composition of the
artefacts, indicating the nature of the
bronze alloy of the grip and of the iron
blade. The study presented was
complemented by Neutron Diffraction,
Neutron Resonance Capture Analysis
(NRCA), Neutron resonance activation
analysis (NAA) and Neutron Imaging,
providing a characterisation of the
swords fragments in a non destructive
way (Fedrigo et al. 2019).
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Roman Period, a Roman patera, three
oinochoes and one phiale of the Classical
Period.
The combination of conservation and
new technologies allowed us to recognize
and investigate the old restoration
applications and to make the most
appropriate
conservation
decisions.
Firstly, some spot tests were applied, as
the external surface of some artifacts
seemed questionable and likely artificial.
After these applications, the use of pXRF
confirmed the suspicion of the previous
restoration treatments. The majority of
the restoration treatments found on the
artifacts reflect extended interventive
approaches that were applied in the
previous decades. Specifically, the
overcleaning, the use of metal patches,
the welding and the artificial patina
formation onto added metal parts indicate
attempts to achieve an ideal state.
Furthermore, the previous restoration
methods enhanced the deterioration state
that these objects had acquired over their
life. After the study of the results of
pXRF, the most appropriate conservation
approaches were decided in order to
highlight the history of restoration
through the added parts.
Regarding the conservation process for
the original parts, common conservation
methods were applied, according to
modern conservation practices and
ethics. Mechanical cleaning under a
stereomicroscope or a magnifying lens
was generally preferred for the removal
of gross encrustations and corrosion
products from the surface of the artifacts.
To continue with, during the chemical
cleaning Alkaline glycerol salts, EDTA,
NaOH, Na2CO3 were applied. Moreover,
the objects after cleaning were stabilized
with the use of benzotriazole (BTA), 3%
in ethanol, after the rinsing of the
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The present paper presents the recent
conservation as well as the oldest
restoration treatments of 7 cupper alloys
artifacts were investigated by X-Ray
Fluorescence Spectroscopy (pXRF). The
under-study artifacts come from a
collection of 903 archaeological artifacts,
dating from the Early Bronze Age to the
Byzantine era, generously donated, in
2019, to the Museum of Archaeology and
History of Art, by Eleni Martinou.
During the application of conservation
procedures on 7 copper alloy artifacts,
some questions have been raised
regarding the authenticity of all parts of
the objects as some not easily
distinguishable
old
restoration
applications had been detected. More
specifically, the under-study copper alloy
artifacts were: a mesomphalic phiale and
a vessel with engraved decoration of the
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chemicals used and their dehydration, by
immersing them in acetone. Last, the
objects were coated with Incralac, 5-10
% in acetone. Although all the
conservation methods mentioned above
are well known, the aim of the present
study was mainly to highlight the
contribution of the pXRF not only for
archeometallurgical purposes, but also
for identifying not easily visible previous
conservation treatments and additions of
modern metals as gap-fills. Thus, to help
choosing the right methodology, in order
to reveal the original surface of the
artifacts, stabilize their condition and
protect them from further damage.
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way with different densities. However
the concretions found on the Kalkriese
objects show altering layers: first the
easily removable sand-like textured
layers alternating with the second type of
almost fossilized-like sedimented layers,
that are difficult to be removed. These
two kind of layers can alternate multiple
times and therefore form a relatively
even surface with a shell-like function.
Underneath the concretions there is a
mostly well preserved magnetite layer,
while the metallic core is almost entirely
oxidized (see Figure 1).
The project presented here aims to record
similar cases of corrosion from other
locations in Germany. The project also
includes analyses of the ground and soil
of Kalkriese with perspective to
corrosion aggressiveness and elemental
composition. Mainly analyses of objects
corrosion layers will be carried out to
correlate corrosion
to the soil
components. Finally the results of soil
and corrosion product analyses will be
compared
to
natural
geological
conditions in selected grounds in order to
identify corrosion formation parameters.
In addition a corrosion simulation
experiment will be carried out under
controlled lab conditions. By introducing
all identified parameters the simulation
aims to visualize the early stages of the
development of concretion layers on the
Kalkriese objects. The topics significance
is based on its interdisciplinary character
and increased importance of conservation
and restoration in scientific approaches.
The
project
aims
to
facilitate
interdisciplinary approaches among
conservation/restoration,
material
sciences, archaeology and soil science,
which are represented by the University
of Applied Sciences (HTW Berlin), the
Museum
and
Parc
Kalkriese
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Corrosion of iron artefacts in buried
conditions is influenced by various
parameters. Changes of burial conditions
results in the formation of different
corrosion products and effect physical
appearance. Although iron corrosion
products differ in composition there are
similarities like pitting, chloride induced
Akaganeit crystals, as well as warping
and loss of original substance. The most
voluminous concretions consist of iron
ions
chemically
combined
with
surrounding sediment. Similar corrosion
has
been
noticed
among
the
archaeological roman iron finds from the
battlefield of Kalkriese Lower Saxony,
Germany. These objects show a
corrosion phenomenon with concretions
of up to 5 cm in thickness covering the
entire surface of the object (see Figure 1).
In general concretions on iron artefacts
from other sites form in an uneven, bulky
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P-40. THE Kβ/Kα INTENSITY
RATIOS AS A TOOL OF
EXAMINATION
AND
THICKNESS MEASUREMENTS
OF
SURFACE
SILVER
ENRICHMENT
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Figure 12. Roman Pilum found in Kalkriese before
treatment showing bulky concretions and after
restoration.
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The study of ancient coins is one of the
priorities of scientists in the field of
archeology. When examining silver
coins, we often have a problem with a
silver layer covering the tested object
(Beck et al., 2004; Linke, et al. 2004).
This
silver
surface
enrichment,
intentional or accidental, can have
different thickness. Hence, particular
attention should be paid to the surface
tests of the silver-copper alloy. In this
work the ED-XRF (Energy-Dispersive
X-ray Fluorescence) measurements and
FLUKA simulations have been made in
order to discuss the use of X-ray
fluorescence as a tool of examination of
surface silver enrichment thickness.
The XRF spectra of copper samples with
different thickness of silver coating were
registered by use of ED-XRF and
FLUKA simulations. The observed
N(Cu-Kα)/N(Ag-Kα) intensity ratios as
well as the ob-served N(Ag-Kβ)/N(AgKα) and N(Cu-Kβ)/N(Cu-Kα) for copper
samples layered with different thickness
of silver have been analyzed. The results
show variations of these factors with
coating silver layer thickness. Thus the
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Ag intensity ratios measurements can
indicate the presence of silver
enrichment.
The attenuation of N(Cu-Kα) in silver
grows exponentially reaching plato at a
silver layer thickness of about 20
micrometers. Therefore it is not possible
to measure the bulk alloy covered with
silver enrichment by use of spectroscopic
methods. Although the use of nondestructive methods during tests on
ancient silver artifacts may not provide to
obtain reliable bulk results and should be
considered applicable for only surface
analyses, the measured Cu intensity
ratios can be applied as a tool of
estimation of surface silver enrichment
thickness (Figure 1).
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The Kaboud dome of Maragheh is one of
the most important tomb towers in Iran.
The importance of this dome is due to the
use of tile pieces among brickwork and is
one of the prototypes of using tile pieces
with brick. The building belongs to the
sixth century AH. The architecture is
similar to other tomb towers in
northwestern Iran and Azerbaijan. The
building has a brick body, stone plinths
(due to the climatic conditions of the
region), a crypt and an arch in the main
contact, which is one of the main features
of such a building in the region of
Azerbaijan. The building has pieces of
turquoise tiles that have been used among
the bricks.
Several tile pieces of Kaboud Dome
belonging to Seljuk era were examined in
order to observe structural properties of
the tiles. Pigment binders of the enamels
applied were analyzed using XRF, SEMEDS and ICP-EOS techniques. Also,
constituent elements and phases were
detected making use of XRD and XRF
techniques. The results revealed the
nature of the enamels applied as well as
the chemical structures of the samples
used. Furthermore, given the XRDdetected phases, fire temperatures of the
tiles were estimated.

Figure 1. XRF estimated silver layer thickness vs
nominal silver layer thickness.
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P-42.
SPECTROSCOPIC
TECHNIQUE FOR THE
CHARACTERIZATION OF
THE POTSHERDS FROM
TIGRANAKERT
IN
ARTSAKH
Figure 1. Left: Kaboud Dome. Right: Detail of the
mentioned tiles.
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This paper presents study of a set of
ceramic samples from Tigranakert in
Artsach using SEM/EDX technique.
Ceramic materials provide information
on the clay materials employed in their
manufacture thus facilitating the
assignment of their autochthonous or
allochthonous character. SEM/EDX
technique allows obtain information on
the samples (texture and microstructure),
minerals recognition by electron
backscattered
diffraction
without
destruction of the specimen. Chemical
analyzes also provide information about
the origin of ceramics since they are like
a “fingerprint” of the same. Tigranakert
in Artsakh discovered by H. Petrosyan
(Petrosyan, 2021; Petrosyan et al., 2019;
Petrosyan et al., 2009). In the Middle
Ages (4th-13th centuries) Tigranakert
maintained its role as an important urban
center. More than 4000 specimens of
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glazed pottery found during excavations
are the most reliable evidence of urban
life. The vast majority of them are open
vessels: bowls, plates, salt shaker. There
are also small jars, jars, oil lamps. The
color of the ceramics varies with a range
of brown-reddish-yellow colors on the
bottom of some ceramics there are the
so-called
main
marks,
different
geometric compositions, which are
printed with a special stamp on the wet
residue of the amphora. In all these
groups there are also amphorae covered
with only one enamel. The compositions
mainly correspond to the shape of the
amphora: the arrangement of individual
elements (geometric and vegetative),
radius or circular, dispersion of small
ornaments over the entire surface.

P-43. IMPORTED POTTERY
AT THE CEMETERY OF
PERATI IN LIGHT OF
CURRENT RESULTS OF
NEUTRON
ACTIVATION
ANALYSIS
B. Lis1, H. Mommsen2 and J.H. Sterba3
1

Institute of Archaeology and Ethnology,
Polish Academy of Sciences, Poland;
blis@iaepan.edu.pl
2
Helmholtz-Institut für Strahlen- und
Kernphysik, Universität Bonn, Germany;
mommsen@hiskp.uni-bonn.de
3
Center for Labelling and Isotope
Production, TRIGA Center Atominstitut, TUWien, Austria; jsterba@ati.ac.at

Perati, located in eastern Attica, is one of
the largest Mycenaean cemeteries, with
more than 200 excavated tombs, mostly
of the chamber type. It was excavated in
1950s and 60s by S. Iakovidis, and
published in an exemplary fashion soon
after the completion of fieldwork
activities (Iakovidis, 1969). The cemetery
is characterised by a relatively short
period of use, as it dates exclusively to
the LH IIIC period, from ca. 1200 to
1050 BC.
The pottery deposited in tombs,
amounting to more than 1200 vessels,
was considered to be mostly local. Only a
few suspected imports were highlighted
in the final publication. First elemental
analyses were conducted in 1996 within a
large sampling program coordinated by
H. Mommsen and J. Maran. After
preliminary presentation of results
(Mommsen, 2003), they were fully
published in 2021 (Lis et al., 2020). The
analyses made it possible to better
characterize probable local production in

References
Petrosyan, H. (2021) Cultural heritage
Experiences & Perspectives in International
Context. Proceedings of the Rochemp Center
International Conference 23rd-24th January
2020, Armenia, ELECTRUM 28: 163-187
doi:10.4467/20800909EL.21.012.13370
www.ejournals.eu/electrum
Petrosyan, H., Safaryan, V., Karapetyan,
I., Kirakosyan, L., Vardanyan, R.,
Vardanesova, V. and Gabrielyan, A. (2019)
Pithos Burials of Tirganakert in Artsakh,
Archaeology of Armenia in regional context.
Proceedings of the International Conference
dedicated to the 60th Anniversary of the
Institute of Archaeology and Ethnography
Held on July 9-11, 2019 in Yerevan, Edt by
Pavel Avetisyan and Arsen Bobokhyan.
Petrosyan,
H.,
Kalantaryan,
A.,
Karakhanyan, G. and Melkonyan, H. (2009)
Armenia in the Cultural Context of East and
West. Ceramics and Glass (4th-14th centuries),
Yerevan.

175

KALAMATA, 6-8 OCTOBER 2022
Late Mycenaean cemetery of Perati. Journal
of Archaeological Science: Reports, 32: 1-18.
Mommsen, H.
(2003) Attic Pottery
Production, Imports, and Exports during the
Mycenaean Period by Neutron Activation
Analysis. Mediterranean Archaeology and
Archaeometry, 3: 13-30.
Murray, S.C. (2018) Imported Exotica
and Mortuary Ritual at Perati in Late
Helladic IIIC East Attica. AJA, 122: 33-64.

the area of Perati, associated with two
groups: PerA and PerC. In addition, a
few imports were also identified.
In October 2021, another round of
sampling took place. The selection of 25
vessels was focused on potential imports,
based on macroscopic analysis of fabric
(as visible on the surface) and stylistic
analysis of decoration. Only two vessel
types were targeted – stirrup jar and
amphoriskos – being the two most
common grave offerings at Perati.
The results of NAA show two sources of
imports that are present with more than a
single sample in the selection. One is
central Euboea (pattern EuA), the other is
Cyprus (various Cypriot patterns in Bonn
databank).
The connection with central Euboea is
interesting, since it highlights the
opposite side of a flourishing trade in
pottery, as Lefkandi, the major site on the
island, is a recipient of large quantities of
White Ware that is most likely produced
in the vicinity of Perati. Contacts with
Cyprus were previously discussed with
reference to other grave goods and burial
customs in particular (Murray, 2018), but
imported pottery from the island is
identified for the first time.
Additional identified imports showcase
other distant connections of the
community inhabiting the bay of Porto
Rafti at the end of Late Bronze Age.
Some of the elemental singles can also
represent locations that are yet to be
identified.
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foot-stand. It has a simple, schematic
head (slightly broken), a characteristic
bird-shaped torso, and a tail that forms a
window and labium. CT scans indicate
that the acoustic chamber inside the
whistle is irregular and the tail along with
the openings match well with the whole
construction. Microscopic traces visible
on its surface include human fingerprints
most clearly visible on the foot-stand,
and use-wear traces such as damages of
clay structure around the mouthpiece,
smoothed surface around the stand, and
multiple scratches.
The whistle together with a group of 15
pieces of pottery from the same
archaeological context have been
analysed with a portable XRF. The
results indicate that the elemental
composition of the whistle is different
from the local pottery: the artifact has
high levels of silicon, aluminum,
potassium, titanium, and low level of
barium. Therefore, a distinct source of
clay might have been used for the
preparation of the whistle.
In terms of tuning, the studied whistle is
similar
to
Paleolithic
whistles,
characterised by a dominant fundamental
frequency of about 2-4 kHz (Dauvois,
1994) the range quite special for human
hearing. These are the limits within
which the natural frequencies of the
column of air filling the external ear
canal fall, increasing hearing sensitivity
by 10 dB (Drobner, 1972). The
instrument belongs to the group of wind
instruments. It is a vessel flute with duct,
without finger holes.
The
acoustic
experiments
were
performed in two locations: at the
anechoic chamber and in the primeval
forest - to imitate the natural condition in
which the whistle might have been used.
The sound of the whistle is harmonic, the
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The investigated ornitomorphic whistle
was recovered at the archaeological site
in Kiełczewo (western Poland) in an
archaeological context indicating its
Neolithic provenance (Funnel Beaker
Culture, ca. 3500 BC). It is a unique find
across Neolithic Europe as only bone
whistles and clay rattles have been
known in larger amounts, clay whistles
being extremely rare (Pomberger et al.,
2018; Țurcanu, 2018). Therefore, we
decided to conduct detailed studies of the
artifact to try to understand how it was
made and used, and what for purpose.
Methods: Our studies have been based on
detailed microscopic analysis, use-wear
studies, CT examination, analysis of its
chemical composition (XRF), acoustic
studies, and experiments.
The whistle was made of clay and
formed in the shape of a simplified bird.
It is approximately 32,8 cm tall and
34,2 cm wide. Its lower part is a small
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fundamental frequency of its sound
(measured in the chamber) taking values
in the region of 2200Hz when whistling
quietly and around 2700Hz when
whistling loudly. From a distance of one
and a half metres, it reaches a loudness of
108dB. The sound of the whistle spreads
very effectively through the dense forest.
On a windy day, the whistle was audible
up to a distance of 600m with the ability
to indicate the location of the sound
source.
Apart from various possible functions of
whistles (i.e, ritual, symbolic or other
ones), a simple communication role
cannot be disregarded, as they mostly
served as a signal and luring instruments,
especially for tapping birds (Pomberger
et al., 2018). Due to its size, form, and
sound the whistle from Kiełczewo could
have been a simple children's toy to play
with e.g. imitating birds' voices and
interpersonal communication.

Figure 13. Ornitomorphic whistle from Kiełczewo.
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The analytical methodology employed
for the determination of the physical and
technological
properties
(colour,
plasticity and granulometry) of the
clayey materials and their mineralogical
composition was based on the internal
approach developed at Minerals and
Rocks Research Laboratory of the
Department of Geology at the University
of Patras (Xanthopoulou, 2021). First, Xray Powder Diffraction (XRPD) was
performed on a Bruker D8 Advance
system for the mineralogical analysis of
the samples at the Minerals and Rocks
Research Laboratory of the Department
of Geology at the University of Patras.
Furthermore, experimental briquettes
were prepared and fired in a high
temperature furnace at 700oC, 900oC and
1050oC with a soaking time of 6h.
Plasticity was determined after the
calculation of the Atterberg limits (liquid
and plastic limits; plasticity index) that
performed using the Casagrande’s
apparatus. The particle size distribution
was measured using a laser diffraction
particle
size
analyzer
Malvern
Mastersizer 2000 at Laboratory of
Sedimentology of the Department of
Geology at the University of Patras.
The preliminary results show that the
majority of the western Cretan samples
are clays of low plasticity or lean clays
(Casagrande, 1958) (Figure 1) and
characterized as clayey silts and silts
(Shepard, 1954) (Figure 2). They have an
average value of liquid limit and
plasticity limit about 34 wt% and
20 wt%, respectively whereas their
plasticity index is approximately 14 wt%.
Also, it is indicated that some of the
samples are poorly plastic bodies and
others are plastic enough for extrusion
(Marsigli and Dondi, 1997) (Figure 3).
Moreover, the evaluation of the X-ray
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RAW MATERIALS FOR
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Studies of ancient pottery often stress the
potential of clayey materials and material
properties to reflect the origin and
technology of manufacture of ancient
pottery.
This contribution aims to examine the
suitability of clayey raw materials
collected across in the region of Chania
(western Crete, Greece) for ceramic
production. The sampling campaign was
based on the study of the geological
formations and focused mainly in areas
close to major archaeological sites of
both Minoan and post-Minoan periods. In
total, 19 clayey samples were collected
from
Oligocene,
Miocene
and
Pleistocene sedimentary formations
cropping
out
in
the
northern,
northwestern and southern areas of West
Crete.
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diffractograms obtained from the analysis
of the raw materials showed that the
clayey samples are distinguished in
calcareous and non-calcareous (siliceous)
according to their carbonate mineral
content.
The calcareous samples fired at 700oC,
900oC and 1050oC exhibit colours of
light hues, such as pink, pale brown and
yellow, whilst reddish hues are
predominantly observed on the noncalcareous samples. One of the main
parameters that affect the plasticity
values is probably the clay minerals
participation, but further analysis on that
needs to be done.
To conclude, the preliminary results of
this study and show that some of the
clayey samples considered herein could
be used in ceramic production, since
many of them and based on Marsigli and
Dondi’s plasticity chart, are suitable for
extrusion. Also, some of them had a good
enough workability during the molding
of the briquettes, thus the use of those
materials to the ceramic formation would
be satisfactory. However, their plasticity
seems to have rather poor or medium
quality, and therefore tempering agents
could be used for the physical and
technological enhancement of the raw
materials.
When
completed,
the
current
petrographic and geochemical study will
be used comparatively to the study and
analysis of ancient ceramic assemblages
(Nodarou, 2011) with the scope to
provide insights into questions relating to
ancient potters’ choices, clay recipes, and
ultimately,
the
provenance
and
technology of manufacture of ancient
pottery.

Figure 14. Plot of the studied samples on the
Casagrande’s plasticity chart (the symbols used
are associated with the regions of the West Crete
where the sampling took place).

Figure 15. Classification of the studied samples
using Shepard’s (1954) ternary diagram (symbols
as in Figure 1).

Figure 3. Plot of the studied samples on the
plasticity chart according to Marsigli and Dondi
(1997). Symbols as in Figure 1.
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A lagynos vessel ascribed at Hellenistic
times from the Ancient Thouria
archaeological site was found undamaged
in a tomb which was uncovered during a
rescue excavation. Based on the vessel
type and appearance, it was assumed to
have contained wine or oils which were
presumably used in a funerary context.
As the vessel was discovered in a rescue
excavation, it is important to understand
the context of the vessel in addition to its
contents. In order to verify the identity of
the vessel’s possible organic residue,
archaeometric analysis was required.
Thus, it is the goal of this study to
determine if archaeological soils can be
utilized to verify the presence of organic
remains without the destruction of intact
ceramic bodies or potsherds fragments.
Due to the delicate and unique state of
the lagynos, the archaeological soil inside
of the vessel was analyzed in order to
prevent damage to the vessel itself. The
study was conducted through the use of
minimally invasive optical microscopy,
SEM-EDS, RAMAN spectroscopy, and
FTIR spectroscopy. In order to evaluate
the results, the archaeological soil was
compared against reference soils
collected from the Ancient Thouria area
at various distances from the tomb.
Based on the FTIR spectra, unique esters
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fatty substance (i.e. walnut oil, olive oil,
perfume, etc.).

and organic salts can be identified in
fragments of archeological soil from
inside of the Thouria Lagynos vessel
which where were not present in the
reference samples (Figures 1 and 2).
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Figure 16. Spectra of the third depositional event
of A1_ MeOH indicate the presence of esters and
organic salts.

Figure 2. Spectra of the third depositional event of
B1_ MeOH indicate the presence of esters, and
carboxylates or organic salts.

Based on the results of this analysis, the
archaeological soil from inside of the
Ancient
Thouria
Lagynos
was
successfully utilized to identify organic
remains within the vessel without the use
of destruction of the ceramic body or
potsherd fragments.
Method Evaluation: The results of this
analysis support the goal of the study
which was to determine if archaeological
soils could be utilized in the examination
of initially liquid organic residue without
the destruction of intact ceramic bodies
or potsherds fragments.
Organic Residue Identification: Based on
the results of the FTIR analyses, it was
determined that the samples contained
peaks related to fatty esters and
carboxylates - in addition to esters and
organic salts - which are indicators of
fatty substances and oily products.
Additional research is required in order
to determine the specific identity of the
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Fifty-one samples (51) were analysed.
The assemblage consists mainly from
black glazed and red glazed table wares
(plates) and drinking cups (skyhoi,
kantharoi). The vessels are dated from
the Hellenistic and up to the Roman
period and had utilitarian function.
The pottery was examined both
macroscopically and microscopically
with the use of both Munsell Soil Colour
Chart and LED microscopy respectively,
for a preliminary grouping of the fabrics.
Five basic fabric groups were determined
based on the examination of specific
parameters like the: (a) colour of clay
fabric, (b) colour, frequency, size and
shape of inclusions, (c) hardness, and (d)
porosity. SEM/EDS analysis was used to
characterize
chemically
and
technologically the clay body and the slip
of the vessels. Based on the chemical
examination of the clay matrixes four
main groups were determined. Two
groups present a high calcium content
(CaO>6 wt%), and the other two groups
a low calcium content (CaO<6wt%). The
slip of the vessels can be characterized as
of a good quality, as presents the ideal
chemical proportion of a non-calcareous
slip to a calcareous body. This
deliberately choice contributes to a
higher thermal expansion coefficient
(Tmax 850-1050oC), for production of
durable vessels (Maniatis and Tite, 1981;
Tite et al, 1972; Rice, 1987).
The polished, embedded in resin pottery
samples analysed by SEM/EDS were
also examined by scanning micro-XRF
(μ-XRF) analysis.
For proper
quantification of certain trace elements, a
methodology was developed to account
for the finite thickness of the polished
samples. These μ-XRF results were
compared with those obtained noninvasively on the intact surface of the
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This paper focuses on the archaeometric
analysis of a pottery assemblage from the
South Stoa (the so-called Stoa of the
Hellanodikai) in ancient Elis. The Stoa
was in use from the Archaic to the
Roman times (Γιαλούρης, 1976) and
from the 6th and up to the 4th c. B.C. it
served as the seat of the officials who
oversaw the Olympic Games (the
Hellanodikai). The excavation was taken
place in 2018 under the auspice of
Ephorate of Antiquities of Ilia and
revealed numerous findings besides
pottery such as fragments of glass and
metal objects, murex shells etc. Mass
production of goods was taken place in
Ancient Elis especially from the
Classical and up to the Roman period
something which can be confirmed from
the remains of furnaces that have been
found around the city (Γιαλούρης, 1996;
Ανδρέου, 2005).
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pottery fragments.
The current project aims to discuss
technological and provenance issues of a
pottery assemblage from the South Stoa
in ancient Elis, but further to evaluate the
applicability in those studies of microdestructive versus non-invasive μ-XRF
analysis.

P-48. WAYS TO FIND THE
INNER SELF: THE CASE
OF CROSS-DISCIPLINARY
POTTERY STUDIES IN
PHENEOS
R.N. Klöckl
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Pottery studies constitute an established
“meeting point” of archaeological
research and New Technologies. It is the
aim of this paper to present the crossdisciplinary research on pottery found at
ancient Pheneos in Arcadia. From 2011
to 2015, the EFA Korinthias in
collaboration with the University of Graz
conducted excavations on the settlement
hill of Pheneos. Since then, research
focuses on the finds from these
excavations, and currently forms part of
the project funded by the Austrian
Science Funds (FWF), “6500 Years of
Solitude? Investigating Pottery from
Pheneos”. The project aims at identifying
places of pottery production significant
for the Pheneatiké from the Neolithic
through to the Mediaeval era. A
catalogue of locally produced vessel
shapes will be compiled for all periods.
This paper, though, centres on the
historical era, which constitutes part of
the author’s doctoral research.
Archaeological approaches to pottery
studies include designation of diagnostic
sherds and establishment of a system of
macroscopical fabric groups. Diagnostic
sherds allow determination of vessel
shape and a more or less precise dating.
A fabric group comprises pottery of
similar material properties, such as
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(cf. Stibbe 1994, 49-51, figs. 131-146),
though of apparently non-Laconian
fabric.
In
both
instances,
the
archaeological examination suggests a
local origin. This presumption will be
reviewed
by
the
results
from
petrographical analyses and NAA.
New Technologies, therefore, can verify
attributions
of
production
place
established by means of traditional
methods, and elucidate the question of
origin for the remaining fabric groups.
They cannot, however, compensate for
the poor condition of the pottery – the
issue of date and shape will persist in
some cases.
Summing up, this paper explores some of
the benefits and limits of employing New
Technologies in archaeological pottery
studies, using selected examples from
ancient Pheneos.

inclusions, fracture, colour, and porosity.
In combination, these observations can
result in locating the place of production
of a fabric group. As will be shown in
this case study, however, this method is
limited by several factors. Thus, most of
the pottery found at Pheneos is
fragmentarily and poorly preserved, often
impeding determination of shape and
date. Moreover, a large amount of the
diagnostic pottery consists of finely
levigated clay, offering but few
indications for their attribution to a fabric
group. Besides, the involvement of the
“human factor” in the preparation and
application of this process makes the
traditional approach prone to error.
Yet, in the case of Pheneos, macroscopic
fabric analysis detected various imports,
predominantly from the Corinth region,
as well as Athens, the Argolis and
Laconia. Numerous fabric groups,
though, cannot be assigned to a place of
production. Therefore, the archaeological method will be supplemented by
petrographic thin-section analyses and
NAA, which are expected to detect
further sites of manufacture.
Another major contribution of the New
Technologies lies in the identification of
a presumable local and/or regional
production of ceramic vessels. For this
purpose, a team from the University of
Patras conducted a geological survey in
the Pheneos valley. The results of the
clay sampling will assist in characterising
Pheneatic products. The significance of
these investigations is emphasised by two
examples. Firstly, there occur drinking
cups with a dotted shoulder band as
common in the Argolis (e. g. Cook, 1953,
4, fig. 19; Erickson 2018, 124), but from
coarser fabric containing well-visible
inclusions. Secondly, at Pheneos was
found a small goblet of “Laconian” type
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contextual information to the Cucuteni
communities (5th-4th millennia BC)
identified within eastern Romania.

P-49.
CHEMICAL
AND
MINERALOGICAL
ANALYSIS TO EVALUATE
POST-DEPOSITIONAL
DIAGENESIS
OF
THE
SHELL-TEMPERED WARE
IDENTIFIED IN EASTERN
ROMANIA

Figure 17. SE images of shell-tempered pottery
samples showing sintering of clay mineral matrix
(left), a quartz clast (right).
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Laser ablation inductively coupled
plasma mass spectrometry (LA-ICP-MS)
and Scanning electron microscopy
coupled with energy-dispersive X-ray
spectroscopy (SEM-EDX) were used to
determine
the
chemical
and
microstructural features of several
ceramic samples selected from two
different sites located in the nearby area
of Iași.
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Figure 2. SE images of shell-tempered pottery
samples showing calcite crystals composing a
shell fragment (left) and slightly decomposed
small shell fragments (right).

Chemical
and
mineralogical
compositions are commonly used in
archaeology to assess ceramics exchange
networks and raw materials procurement
strategies applied by past communities.
Still, but the effects of post-depositional
diagenesis are most often ignored. This
study addressing diagenesis issues
derives from a previous extended
investigation of the chemical and
mineralogical composition of the shell
tempered ware attributed based on

In addition, X-ray diffraction (XRD) and
Fourier-transform infrared spectroscopy
(FTIR) were used to identify the pottery
samples' mineralogical composition.
First, the physical characteristics of the
potteries like color, texture, and size of
the clay and of the added shells,
combined with the chemical and
mineralogical were used for determining
the technology of manufacture and the
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firing methods adopted by the Cucuteni
communities.
Further on, we could notice that some of
the ceramic samples exhibit an enriched
content of mobile cations at the edges of
the shell fragments and around pores.
The chemical substitution affected, also,
the molecular structure of the clays
under the influence of the firing
temperature and atmosphere, the original
composition of the clays, and the
characteristics of the burial matrix.
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Ceramic materials are usually among the
most abundant and sustainable finds at
each archaeological site. They provide
valuable
information
about
the
development of the society that produced
them. Using the magnetic properties of
the baked clay, it is possible to obtain
more knowledge about the technological
aspects of pottery production and even
perform provenance studies of ceramic
collections. The ability to determine the
maximum firing temperatures and firing
conditions of baked or burnt clay
materials is one of the most important
applications of magnetic characteristics
measurements. In this study, a set of 101
ceramic specimens (both kitchen and
tableware) from two locations in
Bulgaria dated to the Iron Age and
Medieval times were analysed, aiming to
draw conclusions about the firing
187

KALAMATA, 6-8 OCTOBER 2022
thermodynamic state of the magnetic
oxides formed during the rapid single
firing of vessels in antiquity, the average
firing temperature for the tableware
samples is 875 ± 25°C.
The maximum firing temperatures of the
Medieval kitchenware are higher (820 ±
50°C and up to 920°C for the tableware)
but have more inhomogeneously
distributed values compared to those of
the earlier Iron Age samples. This may
be a sign by which the two groups of
samples with different dates can be
distinguished.
The magnetic characteristics of ceramic
samples can serve to distinguish
fragments of different origins and hightemperature production technologies.
Magnetic susceptibility is particularly
useful in this regard.

technology of the pottery during these
two periods.

Figure 1. Tmax of specimen CE71VID determined
by the sharp change in the magnetic susceptibility
values.
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Maximum firing temperatures (Tmax)
were determined by stepwise laboratory
heating and measuring the mass-specific
magnetic susceptibility (χ) of the cooled
specimens at each step (Rasmussen et al.,
2012). Tmax can be recognised after a
significant change in the χ values.
Additional laboratory rock-magnetic
analyses were performed in order to
characterize the complex magnetic
mineralogy of the specimens, which
reflects conditions during the pottery
firing.
A portable device for X-ray fluorescence
(Bruker S 700) was used for the
determination
of
the
elemental
composition of the analysed pottery
sherds.
Results:
The
equivalent
firing
temperature of Iron Age kitchenware has
been determined to be 800 ± 50°C.
Assuming that the gradual changes in
magnetic susceptibility in the interval of
400-700°C
reflect
the
unstable
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remains problematic. So why should
conservators not work with an alternative
that, in addition to longterm stability,
flexible application and adequate
aesthetic
properties,
meets
the
requirement of reversibility in particular?
Removable gap-filling materials are
already used worldwide (Figure 1), but
are hardly discussed in Germanspeaking
countries.
The master's thesis aims to raise
awareness for alternative gap-filling
materials and methods to stabilize and
reconstruct ceramic objects. Under the
consideration of general and ethically
defined
requirements,
binder-based
pastes are selected, analysed and
compared with common plaster materials
in terms of suitable properties for
ceramic objects. Suitable properties refer
to both the gap-filling material itself and
equally to the interaction between paste
and ceramic. Therefore it includes among
others adequate hardness and stability,
fracture strength, flexible applicability
and long-term durability. In this context,
gap-filling materials will be prepared and
tested regarding cohesive and long-term
stability using mechanical and chemical
analysis. Finally, applicable reversible
gap-filling materials will be mounted on
case study ceramics, while evaluating
handling procedures.

P-51. ADHESIVE BASED
GAP-FILLING
MATERIALS: THE FUTURE
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CERAMIC
STABILISATION AND LOSS
COMPENSATION?
A. Gürschner Vidart
HTW, University of Applied Sciences Berlin,
Germany;
Ana.GuerschnerVidart@student.htwberlin.de

Despite
modern
techniques
for
reassembling fragmentary objects, for
instance 3D-digital technology, the insitu gap-filling and reconstruction of
ceramic objects is a long-standing and
frequently used method. Besides
aesthetic aspects, it serves as a
stabilisation. Gap-filling materials and
methods used in Germany are usually
applied directly to the object in a pasty
state - resulting in strong but hardly
reversible fills. However, the possibility
of reversibility is an important
requirement for conservation and
restoration, allowing the removal of aged
materials and the replacement of old
restorations with possible new methods
and materials.
According to survey results in
preparation of a Master's thesis at HTW
Berlin, plaster and plaster-based mixtures
are predominantly used in Germanspeaking countries. Questions about old
restorations revealed that plaster was
already used for reconstruction since the
beginning of the 20th century. Although
signs of ageing on the adhesions and
applied retouching often pose the more
pressing conservation problem, the
removal of plaster - if necessary -

Figure 1. Example of reversible paste preparation.
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This research presents the initial findings
of the analysis of twelve beads from the
cemetery at Ialysos, Rhodes. The glass is
the typical HMG composition expected
of the Late Bronze Age, with some
samples demonstrating the low potash
seen predominantly in cobalt blue glass
(Shortland and Tite, 2000). The analysis
was carried out using SEM-EDS which
allowed imaging of samples, and thus the
identification of inclusions. This research
will show how non-opacifying glass
inclusions can shed light on the raw
materials used to make early glass in a
new way.
The glass in the Late Bronze Age is a
plant ash glass, defined by its high
magnesia levels (3-6 wt%) (Shortland
and Eremin, 2006). The calcium in the
glass is typically considered to have been
accidentally included via the plant ash or
silica source (Tite et al, 2002). It has also
been suggested that calcium may have

190

7th SYMPOSIUM ARCH_RNT
Archaeological Research & New Technologies

magnesia rich inclusion, this may suggest
magnesia came from two sources. While
magnesia may have also been introduced
alongside calcium, it has a lower
correlation than magnesia and potash (r =
0.80; r2 = 0.65). In light of the other
calcium inclusions, this lower correlation
may be explained by a second calcium
source, which does not correlate with
magnesia. If this is the case, then calcium
could have come from at least two
sources. The identification of a dolomitic
inclusion may also help to further expand
research into HMG with low potash
(under 1 wt%), as dolomitic inclusions
would have contributed to the total
magnesia. However, low potash glass at
Ialysos shows strong correlation between
magnesia and potash; such glasses will
be discussed here. These observations
show how important imaging and the
identification of relic raw materials in
‘translucent’
glasses
is
in
the
investigation and reconstruction of Late
Bronze Age glass technology.

been included as lime/limestone due to
its poor correlation with elements found
in plant ash (Shortland and Eremin,
2006). A further point of note is that
some Bronze Age glass, while having
typical levels of magnesia, have low
(under 1 wt%) potash (Shortland and
Tite, 2000). Various explanations have
been suggested, such as a mixture of
natron and plant ash or, magnesia being
included via a magnesia rich natron,
dolomite or an impurity associated with
the colourant (Shortland and Tite, 2000;
Zacharias et al., 2018). These questions
can be further explored by analysing
inclusions.
Out of twelve samples (ten from six
contexts and two from unknown
contexts), four inclusions were identified,
of which two come from the same
sample. One of these inclusions was
calcium antimonate, an opacifier. The
other inclusions relate to the raw
ingredients in the glass. The two
inclusions found in one sample show
elevated levels of calcium oxide with the
other major constituent being silica. The
final inclusion has elevated calcium,
magnesium, iron and titanium while
silica forms just under half of the total
wt%. These would indicate the use of a
material rich in silica and lime (including
dolomitic limestone). While one of the
inclusions shows the addition of
magnesium with calcium, magnesia
shows a much stronger and rather
remarkable correlation with potash
(Pearson’s Correlation Coefficient (r) of
0.91; r2 of 0.82) which rises to 0.99 in
both cases when the two samples from
unknown contexts are discounted. This
strong correlation, despite the small
number of beads, firmly suggests that
magnesium and potassium entered
together. When considered alongside the
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The present study aimed to characterize
the composition of a set of historical
mosaic tesserae through a combination of
non-destructive techniques, as the
prevention of artefact damaging is a
crucial issue in the Cultural Heritage
field.
We have selected a set of about 20 glass
specimens of mosaic tesserae from
archaeological excavations or mosaics
under restoration, dating from the 6th to
the 13th century AD, and coming from
different archaeological sites and
geographical areas (Italy, Greece and
Syria). Aim of the analyses was to obtain
an in-depth characterization of the glass
matrix composition, which cannot be
considered homogeneous due to the
presence of mineralogical phases and
chromophores ions modifying the
starting glass structure. Therefore,
depending on the areas examined,
different results could be obtained due to
the different spatial distributions of the
modifying ions and phases. We
performed a preliminary investigation
with Raman spectroscopy and Ion Beam
Analysis (Particle Induced X-ray
Emission – PIXE, and Particle Induced
Gamma-ray Emission – PIGE), to
examine the phases and elemental
composition (Marcucci, 2021). Despite
the fact that Raman spectroscopy and
PIXE/PIGE are commonly employed for
glasses, they are spot and superficial
analyses.
To
account
for
the
heterogeneity of the mosaic glasses, we
wanted to enlarge the range size of
investigation to the whole bulk of the
samples by applying neutron-based
techniques, like Neutron Resonance
Capture Analysis (NRCA), Time-OfFlight Neutron Diffraction (ToF-ND) and
Prompt Gamma Activation Analysis
(PGAA). As neutrons can penetrate deep
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Ancient mosaic tesserae are a range of
intriguing and complex glasses especially
when we consider the specific
technological knowledge required in
ancient times regarding the selection of
raw materials selection and their
treatments in order to obtain the final
colours and facets of the tesserae. In
general, the major component of glass is
amorphous silica, which acts as a
network-former, while the colour and
opacity were obtained with the addition
of various raw materials, generally
minerals.
Many archaeological studies discriminate
provenance, manufacturing techniques,
commercial connections among different
production and trading centres, and
chronological issues of glass specimens
on the basis of different elemental and
mineralogical compositions.
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into the samples, they can be exploited to
determine and quantify the bulk glass
composition.
NRCA returned qualitative information
that indicated the presence of Sb, Cu, As,
and Pb in the bulk of some samples
(Marcucci 2021), whereas PGAA was
used to quantify almost all the major and
minor components and some trace
elements in the bulk.
ToF-ND was used in a complementary
way to Raman spectroscopy, to identify
the mineralogical phases acting as
opacifiers dispersed in the glass matrix.
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The present study focuses on the first
study of glass findings from the Palace of
Mystras,
Lakonia,
Greece
(via
SEM/EDS, Raman spectroscopy and
TEM) aiming to determine their raw
materials, manufacturing technology and
likely provenance. Out of the overall 140
fragments, 9 were either opaque or
translucent, with white or red colour.
Their date cannot be determined with
specificity but has to span between the
mid 13th and mid 19th c. AD, the period
since the construction of the site and
throughout its continuous use as the
administrative centre of the Despotate of
Mystras.
All white glasses are opacified with
calcium antimonate particles of of
varying size (usually less than 20 μm in
diameter). The three white fragments
which are opaque present a typical
concentration
for
Na-rich
glass.
However, the remaining four, all
translucent glasses, are K-rich. The very
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low content in P and Mg suggests a
similar tradition to the bohemian glasses.
The two samples of opaque, vivid red
glass appear swirled and present strong
macroscopic similarities to glass
recovered
from
a
post-medieval
shipwreck in the northern Adriatic
(Garwood, 2017). Based on the
SEM/EDS analysis, both samples have
similar chemical composition, typical of
the soda glass group of the period. FeO
concentration is high (approx. 3 wt%),
contrary to most published data on red
glass, which do not show high levels of
iron. The relatively high concentration of
PbO and SnO (approx. 3 and 4 wt%,
respectively) is common in red glass,
since both substances are considered to
improve the firing process. Copper was
noy identifed with SEM/EDS or the
Raman analysis of undissolved particles.
However, through TEM analysis it was
possible to identify Cu microcrystals,
with a diameter less than 250 nm, which
acted as themain colourant of the glasses.
Another interesting feature is the
significant differences shown in the
Raman spectra of darker and lighter areas
of the swirled body, offering hints for the
production technique of the colouring
pattern. Orange and brown areas show a
broad band at approx. 940-970 cm-1
(band attributed to lead compounds),
whereas the red areas show strong bands
at 1355 and 1590 cm-1 (attributed to
carbon-carbon vibrations in amorphous
graphite-like material related to organic
compounds).
The site of Mystras presents immense
significance as an administrative,
commercial and art centre of the late
Byzantine and post-Byzantine period.
Glass analyses for this period are
extremely limited throughout the
Balkans, while the present project is the

first analysis of glass from the extended
area of Lakonia. Taking also into
consideration
the
well-documented
successive construction phases of the
various buildings of the Palace, as well as
the available information on the use of
each building, it is possible to provide
with significant insights into the
commercial, artistic and technological
interactions of Mystras with the Ottoman
Empire and Europe.
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Much information on historic samples
can be deduced from property analysis in
a laboratory environment. However, the
need to employ only non-destructive
analysis often poses challenges and
limitations. Experiments that include the
preparation of replicas of historic
samples often allow us to understand
ancient technologies and provide us with
material that can be studied more
thoroughly including by destructive
techniques. Such experiments sometimes
show that a too sterile environment can
overlook the complex interplay of
components in a system. Explicitly, when
the composition of an archaeological
glass sample is reduced to an easier
model composition with less components
or when a modern electric furnace is used
instead of a gas or wood fired furnace.
Alfred University offers a unique mix of
preparation and analytical techniques
through the Glass Art and Glass
Engineering programs. Students often
venture between both worlds, inspired by
vibrant colors, exploring fabrication
techniques from antiquity to modernity.
How does an electric furnace alter a glass
melt compared to the atmosphere of a gas
or wood-fire furnace? What is the impact

Zeyrek mosque (Pantokrator monastery)
is one of the largest religious buildings of
the Byzantine period in Istanbul, dating
back to the 12th century. This study
reports the chemical results of 17 glass
tesserae samples from the Zeyrek
Mosque. These glass tesserae were
characterized by means of scanning
electron microscopy together with energy
dispersive X-ray spectrometry (SEMEDX) to enlighten the micro structural
and micro chemical properties. As a
result of the analysis, the glasses show
the typical soda–lime–silica composition.
The use of gold leaf in 6 glass tesserae
samples was determined both chemically
and micro-image. In addition, high MgO
content in all glass samples indicates the
use of plant ash. The low Na2O and high
SiO2 content of the thin layers, which is
clearly visible in the micro images of
some glass samples were determined as
an irization layer, which is the product of
deterioration.
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of batch material derived from desert
sand and plant ash compared to their
modern, refined equivalents? Can unique
glass pieces using hazardous materials be
reproduced with safer alternative
substitutes? Do glass melt compositions
behave the same when scaled up from a
50g crucible to a 10kg tank?
A multitude of aspects, including color
formulation, glass chemistry, and melt
behaviors, are explored through two
artifact replica studies.
The first case involves fabrication of
aesthetic replicas of glass ingots found on
the Uluburun shipwreck, seen in Figure
1a. Utilizing a composition from the
literature, 50g specimens were fabricated
to ascertain the color produced by trace
dopants present beyond the main
colorants: cobalt and copper. From there,
a modified composition of commercial
soda lime silicate art frit and dopants was
batched in the experimental tank. Using a
casting ladle, the glass melt was poured
into sand-casting molds to create 5kg
aesthetic replicas of the Uluburun ingots.
As an offshoot of the aforementioned
project, the Uluburun composition was
melted in a replica Roman woodfire
furnace created by the art department,
seen in Figure 1b. From there,
glassblowers were able to manipulate the
melt and observe how its workability –
more than thousand years before the
invention of the blow pipe - was different
to modern glassblowing melts.
The second case study encompasses
effort to create Venetian aventurine glass
without the use of lead. An example of
which is photographed in Figure 2. In
trying to perfect the aventurescent quality
of glass, where lead ions are replaced by
bismuth ions, many aspects of the glass
melt environment are examined. As the
process hinges mainly upon the reduction

of copper ions in the system, the role of
various reducing agents and the
atmosphere of the furnace become
forefront.
Additionaly,
factors
influencing the nucleation and growth of
copper nanocrystals are taken into
account to ensure growth at the proper
rate. The crystals must be grown large
enough into the macroscopic scale to
produce the characteristic ‘glitter’ of
aventurine while staying suspended in
the glass matrix without falling out of
solution.

Figure 18. (a) Replicas of glass salvaged from the
Uluburun shipwreck (b) A replica Roman
woodfire furnace.

Figure 2. Lead-free aventurine glass.
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Stained-glasses are a significant part of
cultural heritage and history. However,
the composition of glass, the physical,
chemical,
natural
and
biological
conditions have subjected these materials
to deterioration. In addition to
conventional restoration methods, laser
technology has increasingly become a
unique conservation tool offering
possibilities for the safe and controlled
restoration of stained glasses. In previous
studies nanosecond lasers have shown
their potential in the restoration of glass
but also their technological limitations
and low reliability that could potentially
damage the material. Ultra-short pulsed
lasers are evolving very fast and have
opened up new possibilities in the
development of new safer restoration
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protocols in comparison with traditional
restoration techniques. Due to the
thermal, mechanical, and chemical
properties of glass, specific restoration
protocols are required to preserve the
integrity of the stained-glasses.
In this study a femtosecond UV laser
(238 fs with a wavelength of 343 nm)
was used to effectively removal a matrix
layer of calcium sulphate and carbonate
contamination that had formed, over
centuries, on the surface of a historical
stained-glass from Cuenca cathedral
Spain. The laser system parameters
selected for the unwanted crust removal
process allowed the limiting of the
maximum temperature reached on the
glass surface, thus avoiding thermal
stresses usually created during laser
cleaning processes. The femtosecond UV
laser proved effective in the removal of
the contamination layer without inducing
any damage to the underlying grissaile /
pigments or the glass substrate. The
before and after laser cleaning results
were acquired by FESEM-EDS, confocal
microscopy, and Raman spectroscopy.
Results indicate that ultra-short pulse
lasers are important tools that allow
effective and safe restoration of fragile
stained-glasses.
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Figure 1. Optical micrographs of two regions that
were laser cleaned using (left) 10 series with
Epulse=0.8 µJ/pulse and (right) 5 series with
Epulse=1.12 µJ/pulse.
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archaeological ceramics. The long-term
objective is to find efficient ways to
identify the geological origin and sources
of the used raw materials which may also
offer insight on the location of the kiln.
The sample used for the procedure is a
blue monochrome leaf-shaped bowl
attributed to the Chai kiln柴窑.
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Figure 1. Example of correlative microscopy on
the ceramic glazing interface including (listed
from the bot-tom of the stack) SEM, Optical
microscopy, EDS and Raman data.

To allow thorough analysis a fragmented
vessel was chosen for this study. The
fragment was analysed with micro-CT to
produce a 3D density map. The elemental
composition of the whole polished
surface was analysed with micro-XRF.
Smaller regions were chosen for higher
resolution analysis with EPMA, SEMEDS and Raman microscopy. Possible
future additions to the workflow include
various forms of mass spectrometry.
Elemental information is gathered using
multiple different techniques to allow
direct comparison of the methods. As the
sample
preparation
requirements,
measurement time and accuracy of the
methods differ, this comparison allows us
to estimate how well these methods suit
the workflow for different samples. For
instance,
micro-XRF
allows

Chai Kiln, founded by Chai Rong in the
10th century was known for the high
quality of its products. The exact location
of the kiln and source of the used raw
materials remains an open question. The
high quality and fame of the kiln
encouraged copying of the style and use
of the Chailabel during the later periods
adding
further
complication
for
answering these open questions.
This work seeks to establish a correlative
microscopy workflow for analysing
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measurement of large areas with little to
no sample preparation, whereas the
EPMA allows quantitative analysis but is
time consuming and requires the samples
to be coated for conductivity.
The correlative approach helps in
selecting the areas of interest. The data
from multiple techniques allows more
detailed analysis of the composition and
further,
helps
avoiding
typical
ambiguities of the individual techniques.
As a concrete example from the current
study the source of the blue colour in the
glazing is identified as cobalt. Analysing
the form of the cobalt with Raman
spectroscopy performed through the
glazing can be difficult as the cobalt blue
and anorthite, which is common in
glazings but unrelated to cobalt, have
somewhat similar spectra. Combining the
elemental information with the Raman
maps allows us to conclude that the
colour arises from dissolved Co2+-ions as
the anorthite is observed mostly at the
glazing-ceramic interphase whereas
cobalt is uniformly distributed
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Lajvardina ware refers to lapis lazuli
feature in Persian. It was executed in
simple red, white, black, and gilding
designs on a turquoise or dark blue glaze.
The designs were almost exclusively
abstract, geometric and floral However
they were rarely drawn figurative. Most
of these types of ceramics are excavated
from Shah-I-Zinda in Samarkand, and
Kāshān, Takhti Sulayman, Rayy, and
Alamut in Iran. Lājvardina was a highly
specializes
production under
the
Ilkhanids at the end of the thirteenth
century and into the early fourteenth
century, and later under the Timurids.
Abūl-Qasim Kashani (a member of a
well-known family of Kashan potter) in
his treatise which was written in 1301
AD, described lajvardina type, deep blue
base glaze, enamels, and gilding method
too. Lajvardina has been studied more
compared to mina'i ceramic and less
studied as a separate research. Especially
the lajvardina found in Rayy and Alamut
have not been studied scientifically. This
paper focuses on lajvardina ceramics
from two historical regions Alamut (a
new site with lajvardina type) and Rayy
to identify, the base glaze, enamel, and
gilding process according to modern
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heating process too. Additional results
suggested that the gilding method in
Rayy and Alamut are the same, but in the
compounds of glazes are some
differences. The results of this research
confirm
Abūl
Qasim's
writings
concerning lajvardina and the gilding
process.

technological studies and the historical
document.
The present work describes an analytical
study performed on 4 shards of Iranian
Ilkhanate Lajvardina ceramic excavated
from the Rayy and Alamut Castle
historical region. This research focuses
on defining the chemical analysis of base
glaze (dark blue and turquoise), red and
white colorants, and gilded surfaces.
Using optical microscopy, SEM-EDS,
MICRO_PIXE, and MICRO-RBS, the
chemical composition and microstructure
were investigated to characterize and
identify the Lajvardina technology. EDS
and micro PIXE Interpretation suggest
that lajvardina base glazes were
formulated using both lead and alkaline
glazes. Chemical analyses also indicate
that copper oxide is the colorant for the
turquoise color and cobalt oxide for the
deep blue-based glaze. The colorant of
the red region was identified as High rich
Iron, the white region was high rich tin
and the golden region was identified as
high rich Au. The results also indicate
that the red and white enamels contain
alkali and lead bases. By comparison
with base glazes, the amount of frit
incorporated in the red and white
overglaze colors was much lower. This
change in the formulation helps to further
delay the dissolution of iron and tin in the
glassy phase. The investigations on the
gilded area demonstrate that these shards
have been gilded with gold leaf over base
glaze surfaces. Although Rutherford
Backscattering Spectroscopy data shows
that the gold leaf layer penetrates the
base glaze the result of the thermal
process for adhesion mechanisms
between gold leaf and its substrate.
Furthermore, red enamel has been
applied to the surrounding line over the
pure gold leaf area which confirms the
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volcanic rocks classification diagrams,
such as Total Alkali vs. Silica (TAS) and
FeO vs. Al2O3. Based on the major
element geochemistry, all samples are
very similar, having a rhyolitic
composition (up to 77.5 wt. %). Only one
sample is characterized by a lower Fe
(ca. 0.6 wt %) content than others (2.53.0 wt %). The analyzed obsidian objects
are comendite rocks, i.e., peralkaline
rhyolites (Total alkalis up to 9.5 wt. %)
characterized by an excess of alkali with
respect to alumina content, higher Al and
lower Fe, than pantelleriti. Trace element
concentrations are plotted in the
chondrite-normalized multi- element
diagrams, i.e., spider diagram and
patterns of REE, which permit to
discriminate among samples, and in the
Pearce diagrams, in order to identify the
geodynamic setting of the magmatic
sources. Petrological treatment of the
data suggested that the source of obsidian
probably outcrops in the South-Eastern
Anatolia, not far from the prehistoric
settlement of Helawa.
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Obsidian is one the first raw materials
used since prehistoric populations for
toolmaking, weapons and other uses. Its
glassy nature making it sharper than
other lithic materials for cutting purpose
and therefore it was traded for long
distances from its deposits. For this
reason, scientific studies on obsidian
artefacts
can
provide
important
information concerning provenance,
exchanges and interactions among
ancient populations. This study is
focused on petrological characterization
of finished and semi-finished obsidian
blades from the prehistoric settlement of
Helawa (Iraqi Kurdistan) dated between
5300 and 3700 BC. The chemical
composition of obsidian samples was
performed using Electron Microprobe
Analysis (EMPA) for major and minor
elements, whereas Laser Ablation
Inductively Coupled Plasma Mass
Spectrometry (LA–ICP–MS) for trace
elements. Major elements are used for

Figure 1. Spider diagram of analysed samples
(stars) and other deposits exploited since antiquity.
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P-61. MICRO-RESIDUES ON
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The research focuses on the study of
micro-residues found on quartz chipped
stone artifacts from Bronze Age Toumba
settlement, in Thessaloniki, Greece.
Specifically, 714 quartz artifacts from the
1998-1999 excavation seasons at
Building M constitute a case study of the
Ph.D. research “Quartz in prehistoric
societies of Greece from the Paleolithic
to the Mycenaean Age: uses and
interpretations”. Low-power optical
microscopy approach was performed to
the total of the artifacts using
respectively a stereo microscope
NOVAX with magnification range 1030x. A total of 221 (30,9%) quartz tools
preserve possible micro-residues. The
micro-residues were photographed with a
Levenhuk DTX 90 USB digital
microscope equipped with a 5 Mpx
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developed using more analytical methods
so as to identify the relationships
between residues and tools function. Our
aim is to shed light in a field of research
which is still very limited in Greek lithic
studies.

camera and magnification within 10x300x range. They were documented
according to their characteristics (colour,
structure, position, distribution and
possible co-occurrence of use-wear on
tools).
A selected sample of 33 quartz tools was
additionally observed under a ZEISS
Stemi 508 stereo microscope with 8:1
Zoom and magnification within 0,63x50x range,
equipped with a USB
microscope Jenoptik Gryphax® camera.
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Figure 1. EDXRF spectra of residues documented in situ
on tool KE8276.

They were further subjected to nondestructive
X-ray
fluorescence
spectroscopy at the Laboratory of
Conservation,
Chemical-Physical
analysis and Archaeometry, at the
Archaeological Museum of Thessaloniki
in order to collect information regarding
their elemental composition. The
instrument ARTAX 400 – Bruker AXS
was used for the implementation of the
micro-EDXRF spectroscopy technique.
Small scale blind tests with experimental
samples were also analysed by XRF
creating a reference collection. The
results were compared to stratigraphic
information and published sources. The
synthesis of the data revealed remains of
bone, seashells and plants. Those results
are in agreement with other studies
placing multiple workshop activities at
building M. Our research will be further
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which deals purely with the preservation
of cultural heritage, is the safeguarding
of the integrity of the artefact and the
complete understanding of the object
itslef at the same time. This, as
complicated or oxymoronic as it sounds,
can be addressed to some extent by using
non-invasive
and
non-destructive
techniques.
To design the research protocol, certain
rules must be taken into account. (a) A
fundamental parameter in the design of
the research protocol is the analysis
questions. (b) Also, the understanding of
the principles of each technique, which
also lead to the correct choice of
methodology. These principles include
the type and depth of information
obtained, the necessity of material
removal, the accuracy and limits of
detection (c) The availability and cost of
the methods. And finally, (e) the level of
difficulty in comparing the results with
available reference data and databases
(Artioli, 2010, pp. 106-107).
The most important thing in order to
have a correct design of the
physicochemical methodology, is the
research question that is asked in each
documentation study. This is what
determines the subsequent course of the
research and the depth of the information
required. Now, there is no question that
can be left unanswered, given that any
answer to our question, even a negative
one, is considered as scientific evidence.
The question then defines the
methodology.
The experimental design of an analytical
research ideally begins with the use of
non-invasive, non-destructive techniques,
and then if necessary, we proceed to
micro-sample removal and the use of
non-destructive methods. The noninvasive and non-destructive approach

P-62. INVESTIGATION AND
DESIGN
OF
A
NONDESTRUCTIVE
RESEARCH
PROTOCOL FOR THE STUDY
OF EASEL PAINTINGS
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The main objective of the current
research is the investigation and
application of innovative non-destructive
spectroscopic
techniques
for
the
determination and identification of the
construction materials of easel paintings.
The reconstruction of the palette and
technique of each artist is possible
through the detection and recording of
the materials and construction techniques
(identification of inorganic and organic
materials such as pigments, preparations,
binders, varnishes, etc.) employed. The
formation of a non-invasive, nondestructive research protocol, still
remains one of the major bets of a
museums’ research labs.
All these tools that we now have at our
disposal in order to understand the art
techniques and materials of the past,
require proper management and proper
planning so that they offer the maximum
of information and answer all possible
questions that may have been raised.
Questions concerning the identity,
provenance, state of preservation,
authenticity, etc.
But what constitutes a challenge for a
museums’ physicochemical laboratory,
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involves the use of imaging techniques,
and
non-invasive,
non-destructive
spectroscopic methods.

P-63. TIP ENHANCED LASER
DESORPTION TO COMBINE
MICROSCOPY
AND
SPECTROSCOPY
MEASUREMENTS
ON
COMPLEX HETEROGENEOUS
NANOMETER-SCALE
SYSTEMS

This is also the object that this particular
study investigates. In other words, what
non-invasive
and
non-destructive
methodology and to what extent is it
possible to fully document a painting – in
this particular case from the collection of
the National Gallery – in order to cover
but also answer the possible research
questions that may arise.
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Current
high-resolution
imaging
instruments
provide
detailed
topographical information for the
characterization of surfaces in the
nanoscale. However, these imaging
techniques provide at best limited
chemical information of the constituent
parts of the sample. On the other hand,
spectroscopical approaches give detailed
chemical information but limited spatial
resolution. There are many techniques
that provide either spatial or chemical
resolution,
but
the
simultaneous
identification
and
imaging
of
heterogeneous complex mixtures is still a
grand
challenge
in
material
characterization in archaeometry. With
this goal in mind, we have developed tip
enhanced laser desorption (TELD), a
novel technique that combines Atomic
Force Microscopy (AFM) with a
subsequent chemical analysis by different
techniques.
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Figure 3. MALDI-MS spectrum of a
heterogeneous mixture of coronene and indigo
after TELD sampling of a thin film surface and
subsequent collection on a MALDI plate.

Figure 1. Schematic (TELD) technique.

TELD is based on localized enhancement
of a laser desorption field using a
scanning, optical nano-antenna to
vaporize analyte molecules. A laser pulse
is directed at the AFM probe which acts
as lightning rod enhancing the energy
delivered to the sample. This light-matter
interaction produces a vaporized plume
of intact analyte molecules that are
sampled and collected for various offline
chemical analyses. The images before
and after the desorption are subtracted
using the Gwydion software to measure
the geometry of the crater obtained postdesorption, as shown in Figure 2:

This approach separates the imaging step
and chemical analysis step, providing
high spatial resolution for a large set of
analytical techniques, thus allowing
combined chemical and spatial resolution
for complex heterogeneous systems.
Applications will include paint cross
sections and archaeology artefacts.

Figure 2. AFM topography images of an indigo
film on Si before (a) and after using 100 laser
pulses (b) Direct subtraction of the images yields
panel (c) showing the crater formed due to tipenhanced laser desorption.

Once the desorbed material is collected,
the ex-situ analysis is performed with
various spectroscopic or analytical
techniques such as resonance enhanced
multi photon ionization (REMPI),
MALDI mass spectrometry, or other
methods.
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To approach the cultural significance of
color in acient societies, however, color
must be considered in context of the
period to which it belongs, technological
innovations and contacts it created
(Rodler et al., 2017). Recently, the
geochemical provenance analysis of
ancient pigments and colorants has
opened new avenues in cultural heritage
research. For this, sample chips or
scrapings of the paint layer are needed
for element and isotope analysis by mass
spectrometry. However, often only traces
of the original polychromy remain, and
keeping sampling to a minimum is
therefore key for preserving as much of it
as possible.
The goal of this study was, therefore, to
test a new sampling strategy that
minimizes the impact on the artefact’s
original polychromy while obtaining
enough material for pigment provenance
analysis: (1) how long does the sample
surface need to be swiped for collecting
enough sample material for (2)
evaluating pigment provenance by
comparing to reference data of known
mining districts?
Samples of (a) minium (Pb3O4) from the
red paint layers of a Roman marble
sculpture, which belongs to the collection
of the Ny Carlsberg Glyptotek (NCG) in
Copenhagen, Denmark (1st c. BCE,
excavated in 1898 in Latium, inv. no. IN
1664) and of (b) fused Egyptian blue
(CaCuSi4O10) pellets from Flinders
Petrie's
excavations
of
a
Late
Ptolemaic/Early Roman (1st c. BCE)
Egyptian blue production facility at
Memphis, Egypt (NCG inv.no. ÆIN
1185), were collected at different time
intervals using a cotton swab suffused
with low-concentrated nitric acid. These
samples were subsequently used for trace
element and rare earth element analysis
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The discussion around the material
aspects of the ancient use of color has
largely been dominated by ancient
polychromy studies during the past two
decades. Polychromy is an inherent part
of ancient art and it is by now an
established fact that most, if not all,
ancient art and architecture was painted
in some way. Material attributes, such as
provenance, mattered. This is attested by
color names ascribed to source areas such
as Sinopia, a red ochre that was traded
via the harbor of Sinope, Turkey, during
antiquity. The provenance of the
constituents of polychromy can provide
important in-formation on contacts that
existed throughout the ancient world.
Nevertheless, pigment production, trade
and
commercialization
remain
un(der)explored.
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from ancient Mediterranean artefacts. Journal
of Archaeological Science: Reports 16: 1-18.

by ICP-MS at the University of Vienna
and for Pb-isotope analysis by TIMS at
the University of Copenhagen.
While a sampling duration of 10 s was
too short in most cases, intervals of 30,
60 or 90 s were sufficient for reliable Pbisotope and trace element data. The
quality of the results also matched
previous analyses for the Egyptian blue
samples and with the interpretation of an
Aegean copper provenance (Rodler et al.,
2017). The previously obtained results
for minium from the polychromy of the
Roman
marble
sculpture
were
reproduced with the new sampling
technique. The new Pb-isotope results
support and refine the previous mixing
interpretation by Fink-Jensen (2013) with
overlaps for Iberian and Sardinian (minor
also Balkan) ore deposits. This highlights
the complexity of trade in pigment raw
materials and contributes to the
discussion of trade contacts that existed
in antiquity.

Figure 1. Head of Zeus/Jupiter, marble with red
paint including minium, NCG Inv.no. IN 1664 (©
A.S. Rodler).
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in
laboratory
reproductions
with
historical
pigments
to
determine
qualitatively the chromic influence of
their grain size (Cardell et al., 2017;
Gueli et al., 2017). On the optical level,
differences in chroma of painted
mixtures have a relationship with several
factors (Li et al., 2020), including the
size of a grain of pigment dispersed into
a binding media. More specifically, the
increasing size of a grain of pigment
enhances
the
intensity
of
the
characteristic wavelength reflected by
that crystalloid; the smaller size reduces
this effect, introducing a relative
enhancement of the other effects
contributing to the final chromatic effect.
Usually, these effects are studied either
on laboratory mock-ups or samples with
semi-invasive methods, never in real case
studies. To address the issue, this paper
proposes the first attempt of an
innovative method for the in-situ,
nondestructive analysis of one blue paint
(azurite-based) in illuminated early
printed books (1500-1550). For this
purpose, it coupled digital microscopy
(DM) with an image processing software
(IP) and hypercubes (HSI) acquired for a
cluster of miniatures from a group of
books of the National Library of Lisbon
(BNP, Res. 326.v, 328.v, 5781.p). The
methodology proposes the processing of
DM images of selected areas with IP
software to assess their Particle Size
Distribution (PSD). Later, the extracted
endmembers were studied in their optical
features by comparing some spectral
features to the data from the DM-IP
analysis (Figure 1) to assess semiquantitatively the optical effects of these
PSD values. The results proved a
successful determination of the strong
dependence between the calculated PSD
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The materials and methods of ancient
painting techniques have commanded
considerable attention from the scientific
community. Several studies have
addressed historically and theoretically
the fact that medieval artists were
capable of manipulating strongly colored
minerals to achieve certain optical effects
and trigger a desired psychoperceptual
reaction in the observer, after clear
instructions in such practices (Thompson,
1959).
One
is
the
frequent
recommendation
from
historical
technical texts that artists must pay the
most meticulous care to grind moderately
certain pigments to control a certain
optical quality (Broecke, 2015). This
effect has also been studied scientifically
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alues and the spectral response of the
inspected areas.

P-66.
MA-XRF
AS
A
VALUABLE TOOL IN THE
ANALYSIS OF PAINTINGS
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A. Tzima1 and D.F. Anagnostopoulos1

Figure 19. Left: A sample DM image of a blue
paint, 435 x (0.68 mm x 0.91 mm FOV), from
BNP, Res. 326.v, fol. 46r; the pigment grains are
marked in yellow. Right: the UV-Vis-NIR
endmember of the same spot extracted with HSI.
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Scanning macro-X-ray fluorescence (MA
- XRF) is a well-established technique
for examining paintings, as it provides
information about the identity of
pigments and other materials, painting
techniques and the state of preservation/
conservation history of the painting. The
images of the elemental distribution
obtained by this method, may also allow
the visualization of hidden layers of paint
such as underdrawings, thus providing
information about the creative process of
the artist and in some cases revealing
hidden structures that are otherwise
invisible.
In the current work, we compare two
different MA - XRF spectrometers, the
M6 Jetstream by Bruker (Alfeld et al
2013), and an inhouse built one that
utilizes a handheld spectrometer, Tracer
5i, Bruker. M6 is a state of the art fast
(up to 100 mm/s) large area scanner (up
to 80 x 60 cm2 in a single map), featuring
a polycapillary optic integrated with a 30
Watt Rh target X-ray tube, and delivering
selectable nominal spot sizes of 100 -580
μm, in 100 μm steps. On the other hand,
the inhouse built scanning spectrometer
was developed by our team and allows
for the creation of elemental distribution
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maps using a handheld spectrometer
Tracer 5i, Bruker and a low-cost X-Y
positioning stage allowing sample
movement in an area up to 20 x 20 cm2.
The latter system consists of a
microcontroller board and two linear
motion stages. The spectrometer is
mounted on a tripod above the scanning
area. Tracer is equipped with a 4 Watt Rh
target X-ray tube with standard
collimator spot sizes of 3 and 8 mm;
however, in order to improve scanning
resolution we also built a custom-made
collimator with 1 mm bore hole.
Data analysis was performed using
Bruker's commercial software for data
obtained from M6, while the open source
PyMca software (Solé et al., 2007) was
used for processing the spectra generated
by Tracer.
Although, both setups can be used for
scanning largeareas, the clarity of the
images produced from the M6 Jetstream
is unparalleled (Figure 2-up). The setup
that utilizesthe handheld spectrometer
has lower resolution compared to the M6
but can be very useful considering the
mobility of the system and rather
attractive in view of its significantly
lower cost.

Figure 2. Cr, Hg and Cu distribution maps of a
panel painting (St. Fanourios) Up) M6 Jetstream
Down) Tracer 5i in scanning operation.
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Figure 20. (a) M6 Jetstream is a micro-XRF
analyzer for element distribution analysis of large
objects, Ob) In house developed MA-XRF scanner
using the Tracer 5i handheld spectrometer.
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constantly evolving field. For this reason,
in recent years, several clustering
methods have been proposed (Kogou et
al., 2020; Gerodimos et al. 2022), each of
which yields interesting results. The
diversity
of
approaches
and
methodologies, on one hand, equips us
with many tools in order to analyze the
vast and diverse amount of data resulting
from X-ray fluorescence. On the other
hand, the profusion of options causes
confusion (Xu et Wunsch, 2005).
In this work, we survey several data
analysis methodologies aiming to reduce
the big data from the MA-XRF study of
an 18th-century Greek religious icon (i.e.
panel painting) to a small number of
distinct clusters that involve comparable
spectra. Experimental data were acquired
usingthe
M6-Jetstream
(Bruker)
spectrometer. Several related topics are
discussed, like the clustering algorithm,
the
number
of
clusters,
the
dimensionality reduction methodology,
and the data preprocessing. As an
example, Figure 1 demonstrates the
differences between the cluster maps
generated by employing the same cluster
algorithm, the same number of clusters,
and the same dimensionality reduction
algorithm, if applied to linear or log scale
for the photon intensity distributions
data.

P-67.
CLUSTERING
METHODS IN MA-XRF
DATA ANALYSIS
Th. Gerodimos1, I. Georvasilis2, A.
Asvestas1, G.P. Mastrotheodoros1,3, Α.
Likas2 and D.F. Anagnostopoulos1
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X-ray fluorescence (XRF) spectrometry
has been proved to be a core, nondestructive, analytical technique in
cultural heritage studies, mainly because
of its non-invasive character and ability
to rapidly reveal the elemental
composition of the analyzed artifacts.
With the recent advances in scanning
XRF spectrometers capable of attaining
data on macroscopic dimensions (MAXRF), XRF is excessively used for the in
situ analysis of works of art.
As spectral data are high dimensional,
intelligent data analysis methods are
needed to achieve data summarization
and visualization in view of drawing
conclusions about the existence of
patterns and structures. In this view, the
main objective of data clustering
algorithms is to organize the spectral
information by grouping similar XRF
spectra. More specifically, clustering
methods partition a dataset into groups
(clusters) such that spectra in a given
cluster are close in terms of a distance
measure. Cluster analysis in X-ray
fluorescence data processing is a
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Figure 1. k-means algorithm with ten clusters after
principal components analysis. Above: in linear
data scale for the photon intensity distribution;
below: in log data scale. The differences in the
cluster maps are obvious (see e.g Virgin’s gold
halo).
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In the course of the APPEAR project
(Svoboda and Cartwright 2020), an
international collaboration aiming to
promote the study of mummy portraits
and to gather scientific and historical
findings into a shared database
(https://www.appeardatabase.org/
login/?redirect_to=https%3A%2F%2Fwww.
appeardatabase.org%2F), all 10 mummy
portraits of the KHM were subject of
scientific investigations. The methods
applied comprised the identification of
the wooden panels as well as the study of
painting techniques and the applied
pigments. All 10 portraits were
investigated using Multiband Imaging
(MBI) and µ-X-Ray Fluorescence
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analyses (µXRF). As the KHM runs a
macro-XRF (MA-XRF) scanner since
2019 already three of the mummy
portraits could be investigated also with
this technique. Although the paint
stratigraphy of the portraits is expected to
be quite simple, unexpected results could
be gained and, additionally, the
interpretation of the MBI images
supported.
The poster deals with the investigation of
the three mummy portraits already
analysed with all three available
methods.
One
general
question
concerned the application and materials
of the ground layers. Paint stratigraphy
can hardly be reconstructed using µXRF.
Elemental distributions and conclusions
of the layering construction are better
examined using MA-XRF, which
actually led to new insights. Gypsum
instead of lead white (assumed as ground
layer after the µXRF measurements) was
identified in the Portrait of a young man
with a laurel crown (ANSA X 432). A
lead white ground layer is present in the
Portrait of a woman (AN-SA X301), only
coarsely applied on the background,
whereas in the Portrait of a Woman
(ANSA X297), it acts only in the middle
band as a ground layer for the incarnate
parts. In this object, also a preparation of
the wooden panel with a zinc containing
detergent seems possible, as zinc is
present to the left and the right of the
lead white ground layer (Figure 1).
Other observations deal with later
changes of the paintings, mostly
concerning jewellery in the portraits of
the women. Either these changes were on
demand of the customer, or the painter
decided to adapt the composition for
aesthetic or other reasons. If the portraits
and, therefore, the changes were done
during the life-time of the displayed

person or after their death is still a matter
of discussion and cannot be clarified with
the applied methods.
Additionally, it could be ascertained that
both methods, MBI as well as MA-XRF,
complement each other leading to an
integral interpretation.

Figure 1. Portrait of a woman (ANSA X297).
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P-69 A NON-DESTRUCTIVE
ASSESMENT OF THE 13TH
CENTURY RED CHURCH
WALL PAINTINGS
G.P. Mastrotheodoros1,2,3, A. Asvestas1,
T. Gerodimos1, V. Papadopoulou4,
E. Filippaki3, D.F. Anagnostopoulos1 and
K.G. Beltsios5

Figure 21. North-East view of the Vourgareli Red
Church.

Here authors demonstrate the results
obtained through the non-destructive
portable X-ray fluorescence analysis (pXRF) of several spots of the wall
paintings in consideration. The analysis
was performed in the framework of a
current conservation project: scaffolds
that were installed for the conservation
interventions
offered
a
unique
opportunity to get access even to the
most remote/high parts of the surviving
wall paintings (Figure 2a). Thus, it was
possible to collect several tens of
individual p-XRF spectra that allowed
for a detailed characterisation of the wall
paintings
and
the corresponding
materials. On this basis, it is possible to
infer extensive use of iron-based red and
yellow pigments along with employment
of mercury and lead reds (Figure 2b).
Also, it is shown that at least two
different blue pigments were used (an
organic and a copper-based one), while
employment of green earth is also
attested. Moreover, p-XRF data reveal
that the paintings have received later
interventions/repairs
that
involved
pigments distinct from the original (in
terms of elemental profile) ones.
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Red Church is located at the outskirts of
Palaiochori, Vourgareli village, in the
Tzoumerka mountainous region of Arta
territory (NW Greece). It is a stunning
construction from the end of the 13th
century and is regarded as the most
remote monument of the Byzantines of
Arta. The name “Red Church” is due to
its remarkable ceramic/brick work
decoration on its masonry that imparts a
brick-red appearance to the whole of the
building (Figure 1). However, apart from
its distinct masonry and overall
interesting architectural features, the
monument is also the home of important
wall paintings that are dated to 1295/6
AD
(Papadopoulou,
2002;
Παπαδοπούλου, 2008).
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P-70.
PIGMENT
IDENTIFICATION IN THE
WORK OF THE PAINTER
NIKOLAOS GYZIS "THE
POET AT THE FOUNTAIN"
APPLYING
NONDESTRUCTIVE
SPECTROSCOPIC
TECHNIQUES
AND
A
MULTISPECTRAL
CAMERA

Figure 2. Left: an instant of p-XRF spectrum
acquisition. Right: XRF spectra from two
different red pigments.

Furthermore, authors offer a systematic
computational and statistical treatment of
the raw p-XRF data and present
important
correlations
and
anticorrelations between spectra acquired
from areas of the same “color”. This
innovative approach builds on pre-vious
activity of our group that has already
shown great potential in the field of
artwork analysis (Gerodimos et al.,
2022).
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The present study concerns one of the
three works of the great painter Nikolaos
Gyzis, which belong to the collection of
the Bank of Greece Μuseum. The work
entitled "The Poet at the Fountain" dates
between 1875-1880 and is an oil painting
on canvas. The development of new
methods and data treatment of the
spectral information will be a field of
continuous research in the field of
Cultural Heritage where real samples are
always complex mixtures of original and
degradations compounds that require new
approach to be implemented in the daily
practice of Raman spectroscopy. We
propose for this study the combination of
X-ray
fluorescence
and
Raman
spectroscopy. The use of complementary
Raman
and
X-ray
fluorescence
spectroscopy has hence permitted the
identification of the pigments employed
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scientific software Spectragryph. The
identification of pigments for Raman
Spectroscopy was done using the UCL
(Clark) data base, Pigments Checker and
colour-lex.com for pigment analyses of
paintings.
Before the main process of pigments
identification, Raman spectra were
subjected to a pre-processing procedure
such as baseline correction, Savitzky Golay smoothing and normalization. For
the analysis of data was used the
software Thermo Scientific NDT. The
extracted results of this study are based
on the collaboration of the three
spectroscopic techniques. The results of
this study are of high importance for the
determination of painter’s Nikolaos
Gyzis colour pallet and pigment variety
used by the painters of the same period of
19th century.

in the original. Additionally we are going
to present Multispectral Imaging data,
using the XpeCam X01 camera and the
Acquisition software XpecEye.

In an idyllic landscape near the fountain,
two Nymphs, one of whom holds a lyre,
dance in the waters, which fall from
above. The scene is completed by two
putti, who hurry to catch the mandolin
that has fallen into the lake. This is a
work in which the fantastic element
dominates and in which the lyrical,
poetic atmosphere dominates, while it
has
an
unquestionably
symbolic
character. The painter creates an ideal
world by combining his personal
searches with the style of the artists of
the Munich School.The painter Nikolaos
Gyzis was born in 1842 in Sklavochori
Tinos. He studied painting and engraving
at the School of Arts in Athens and
completed his studies at the Academy of
Fine Arts in Munich where he later
became a professor. He died in 1901. For
the purpose of the present study,
physicochemical analyzes were carried
out
using
the
non-destructive
spectroscopic techniques pXRF and
pRaman as well as a multispectral
camera in order to identify the pigments
used by the artist in this particular
painting. Raman and XRF spectra
analysis were carried out with the help of
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the Painter Nikiforos Lytras from the Chapel
of Agios Georgios, Haidari, Athens.
Archaeology 9 (1), 7-13.
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Study of polychromy and materials and
techniques of architectural decorations in
ancient Near East has been a subject of
interest for archaeologists and scientists.
The Persepolis world heritage site is one
of the famous archaeological royal
complexes from the Achaemenid period
(550-330 BCE). During the study of
Persepolis, remains of polychromy and
pigments are discovered on the surface of
the stone reliefs as well as some small
and large pigment lumps and pellets
during early and recent excavations.
Some of these Persepolis or surrounding
area archaeological finds have previously
been analyzed, and some interesting
aspects of pigment technology during the
Achaemenid period have been identified
(Amadori et al., 2021; Oudbashi and
Hessari, 2021; Stidylski et al., 1984)
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Table 1. Results of ICP-OES analysis of nine
pigment lumps from Persepolis.

Content: Many small and large pigment
lumps with green, red, yellow, blue and
white color from early excavation stages
from 1930s onward are now encased in
the Persepolis museum site and have not
been studied prior to this research (Figure
1).
Identification
of
chemical
composition and production technology
are the main questions to study and
analysis of these materials. Nine lumps
including from blue, green, white, red
and yellow pigments were selected and
submitted
to
multi-analytical
investigations using X-ray diffraction,
scanning electron microscopy with
energy dispersive X-ray spectroscopy,
inductively coupled plasma optical emission
spectroscopy,
and
Raman
spectroscopy. Results showed that the
green sample is made of malachite
(probably natural), white sample is a
refined powder of calcite-dolomite and
red and yellow pigments are iron oxide.
Furthermore, the blue samples are made
of Egyptian blue, an old synthetic
pigment that may have been imported
from western civilizations. These
materials are used as pigment to decorate
the surface of the stone reliefs in the
Achaemenian monuments. The results of
this study are in the line with previously
reported analytical data, although it could
present more details about polychromy
technology during the Achaemenid
period in the Iranian Plateau.
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Figure 1. Two blue pigment lumps from
Persepolis.
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P-72. IDENTIFICATION OF
LAKE PIGMENTS ON GREEK
POST-BYZANTINE ICONS
G.P. Mastrotheodoros1,2, Z. Nikolaidou3,
A. Vasileiadou3, I. Karapanagiotis3 and
K.G. Beltsios4

Figure 1. Left: detail of an early 18th century icon;
arrow indicates sampling position. Right: detail of
the corresponding cross-section.
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Results indicate that the blue dye indigo
was widely used for pigment production
throughout the period between 16th to
early 19th century. On the other hand, it
appears that during 17th century
craftsmen started using cochineal for red
lake production and gradually abandoned
other relevant plant raw materials such as
redwood(s) and madder. This trend has
been also documented in other studies
and presumably relates to the importation
of raw materials from the New World
(i.e. the Americas). On the other hand,
the study of the lake inorganic substrates
revealed the presence of several different
substrate materials which in turn indicate
employment of various manufacturing
techniques (Figure 2). In this view,
authors attempt to correlate the analytical
results with the contents of lake
manufacturing recipes found in postbyzantine painting manuals (Dionysios,
1997).

Lake-type
pigments
have
been
extensively used in the context of postbyzantine religious panel painting
(Dionysios, 1997). The dyestuffs used for
the production of icons’ lakes have
constituted the subject of various studies
(Karapanagiotis
et
al.,
2007;
Karapanagiotis et al., 2009), yet it is well
known that the inorganic substrates of the
dyestuffs play a major role in the
pigment’s hue as well (Kirby et al.,
2005). In the framework of the current
study micro-samples from approximately
20 post byzantine (post 1453 AD) Greek
icons were subjected to a thorough
investigation via a range of analytical
techniques and a focus on the lake
pigments of the icons (Figure 1). In
detail, following preliminary sample
investigation under OM, the organic dye
components were identified through
HPLC and micro- Raman, while the
micromorphological characteristicsand
the elemental compositions of the
corresponding inorganic substrates were
explored using SEM-EDX.

Figure 2. Left: SEM microphotograph showing
lake pigment grains on a cross-section. Right: the
corresponding
EDX
spectrum
showing
predominance of Al which is contributed by the
substrate material.
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Paintings are characterized by their
multilayered structure. For instance,
wooden panels are usually covered by
gesso (ground) on which multiple paint
layers are applied in the framework of
medieval panel painting techniques
(Thompson, 1998). Similar techniques
are more or less employed in the
framework of Greek religious icons’
construction
(Kontoglou,
1993).
However, this particular structure can
impose difficulties in the analytical
investigation of pertinent artifacts,
especially when techniques with depthdependent output are employed. In the
current study authors explore the
potentialities of the hitherto underused in
the field of paintings’ investigation Laser
Induced
Breakdown
Spectroscopy
(LIBS) in comparison with the wellestablished
X-ray
fluorescence
spectroscopy (XRF) (Botto et al., 2019;
Burgio et al., 2001; Mantler and
Schreiner 2000). In this framework, a
series of mock-up samples were
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Operational Programme "Competitiveness,
Entrepreneurship and
Innovation" (NSRF 2014-2020) and cofinanced by Greece and the European Union
(European Regional Development Fund).

manufactured
following
traditional
byzantine painting techniques (Figure 1).
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Figure 1. The mock-up sample. Pigments
employed include orpiment (As2S3) and cinnabar
(HgS).

These samples were subjected to analysis
by LIBS and XRF, and the corresponding
experimental results were evaluated in
view of resolving possible depthdependence of the LIBS and XRF signals
(Figure 2). It is shown that through the
proper manipulation of experimental
conditions and data, one can extract
information pertaining to the depth
profile of relevant paintings.

Figure 2. Plot of LIBS elemental peak intensities
(As, Pb, Hg, Ca) vs number of laser pulses
(“shots”).
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P-74.
MA-XRF
INVESTIGATION OF A
17TH CENTURY ICON
BY
THE
RENOWNED
PAINTER
THEODOROS
POULAKIS

Figure 1. Left: the icon of St John in
consideration, BMI collection (52.7×42 cm2).
Right: detail, upper part (note the scale bar).
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The St John icon was investigated by
means of scanning macroscopic X-ray
fluorescence (MA-XRF) spectroscopy. In
detail, the item was scanned using the
novel M6 Jetstream spectrometer
(Bruker) that allows for the rapid and
convenient XRF scanning of large
surfaces and the creation of highresolution elemental distribution maps
(Figure 2).
Through this approach, we were able to
collect extremely valuable data that, upon
proper processing and interpretation, lead
to the identification of painting
techniques and materials (e.g., pigments).
The current results are evaluated under
the light of other relevant studies
(Christopoulou
et
al.,
2020,
Mastrotheodoros et al., 2021), aiming at
setting sound foundations for a thorough
investigation of the materials and
techniques employed by Theodoros
Poulakis in his paintings.
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Theodoros Poulakis was a famous Cretan
icon painter who was active during the
17th century (ca. 1620-1692). His work is
characterized by the extremely skillful
painting and the incorporation of western
European elements, and played a major
role in the stylistic developments of
Greek religious painting during late 17th
and 18th centuries. Poulakis was also very
productive: today, more than one
hundred icons, that either bear its
signature or are safely attributed to his
hand, are preserved (Χατζηδάκης και
Δρακοπούλου, 1997).
One of the surviving Poulakis’ icons is
nowadays kept in the Byzantine Museum
of Ioannina (BMI) collection (Figure 1left). This painting depicts St John the
Forerunner with scenes from his life and
shows the characteristic features of his
high-quality painting (Figure 1-right).

Figure 2. Left: distribution of lead showing
excessive use of Pb-based pigments. Right:
distribution of copper. Analysis revealed
employment of two Cu-based pigments.
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Although most of the Greek territories
were seized by the Ottoman Turks in the
15th century AD, theGreek religious
painting received a boost during the 16th
century, and many monuments were then
embellished with wall paintings. In
Epirus area (NW Greece) this artistic
creation
shows
idiomorphic
characteristics that allow for its
differentiation from contemporary trends
and its designation as the “NW Greece
School of Painting” (ΑχειμάστουΠοταμιάνου, 1992). The Filanthropinon
monastery church is the birthplace of this
idiom and its wall paintings were
recently investigated by means of
analytical techniques (Mastrotheodoros
et al., 2019a; 2019b). Parts of these
paintings are attributed to Georgios and
Frangos Kontaris, two prominent painters
of the NW Greece School (Δεληγιάννη225
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Δώρη, 1999). St Nikolaos church
(Krapsi, Epirus) wall paintings, part of
the Varlaam monastery katholikon
decoration and the Transfiguration
church (Klimatia, Epirus) paintings are
signed Kontaris’ works.

deterioration processes are still active in
the monument.
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Figure 1. Left: St Ioannis, St Demetrios in
Klimatia church (16th century). Right: smalt grain
(SEM, 10,000×).

The St Demetrios’ (Klimatia village)
church wall paintings are also claimed to
be works of the Kontaris brothers
(Δεληγιάννη-Δώρη, 1999) (Figure 1left). Here authors report on the
analytical investigation of these very
paintings that aimed primarily at
identifying the employed materials and
techniques.
In
this
framework,
microsamples were studied through
optical microscopy (OM), SEM-EDX, μRaman and FTIR spectroscopies.
Analytical data are assessed in the light
of previous pertinent studies (Facorellis
et al., 2011, Mastrotheodoros et al.,
2019a; 2019b).
Results revealed the presence of three
distinct painting phases in the monument;
the oldest one (16th century) bears a
rather rich palette consisting of charcoal,
CaCO3 white, cinnabar, red and yellow
ochre, green earth and smalt (Figure 1right),
and
shows
pronounced
technological/ technical similarities with
Kontaris’ works. Data also indicate
employment of organic binder for
rendering parts of the painted
decorations, while the micro-samples
investigation
revealed that
some

226

7th SYMPOSIUM ARCH_RNT
Archaeological Research & New Technologies

analysis (FTIR, Raman and HPLC) were
performed on the samples. The majority
of inorganic and organic pigments found
in the decoration of the iconostasis have
been used since the antiquity. In general,
the following inorganic pigments were
identified: white lead, cinnabar, minium
– red lead, red ochre-hematite, yellow
ochre-goethite and verdigris. Cochineal
and indigo, natural organic pigments,
were identified. Some of the identified
pigments (synthetic ultramarine, zinc
white and emerald green) date in the first
half of the 19th century. These pigments
were used in the overpainting of the
iconostasis. Their production dates (c.
1800-1850) are setting a terminus post
quem for the overpainting work.
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The research presents the first results of
the archaeometrical investigation of the
painting decoration of the wood-carved
iconostasis from the church of Saint
Georgios in Sohos. The results of this
study are compared with data obtained
from iconostases of other churches of the
Thessaloniki region (e.g. church of Saint
Athanasios from Horouda). At the initial
stage, the study focused on the
identification of the inorganic pigments
of the painting. The samples of pigments
obtained during the conservation work
from (a) the semi-colonnettes which
separate the Despotic Icons zone, (b) the
lower iconostasis zone (thorakia) and (c)
a bema door (entrance to the
Diakonikon). A portable m-XRF device
was used for the in situ non destructive
chemical analysis of the pigments.
Afterwards, optical (stereo and polarizing
microscope)
and
physicochemical
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main style of 19th century Greek painting
(Papanikolaou,
2005).
However,
influences from other artistic centres,
such as France, Belgium and Italy, were
never absent. Nevertheless, the works
produced were aimed at a Greek
audience, which for the most part had
limited knowledge of any form of
modernism. (Plaka, 2013) After Otto's
ouster from the throne, the relationship
between Greek painters and the Munich
School was strengthened, with painters
who graduated from the Munich School,
such as Nikiforos Lytras, Nikolaos Gyzis
and Konstantinos Volonakis, playing an
important role in the later development of
Greek painting (Papanikolaou, 2005).
The course of Greek art began to change
towards the end of the century and early
20th century, when influences from other
centres, such as Paris and Belgium,
began to emerge (Papanikolaou, 2005;
Plaka, 2013).
The study of this unexplored artistic
period will provide a wealth of analytical
data on Greek paintings, most of which
will be studied for the first time.
This preliminary study will present the
results of the application of hyperspectral
imaging (HIS), optical microscopy (OM)
and scanning electron microscopy energy dispersive spectroscopy (SEMEDS) to the group of six portrait
paintings
from the
Gallery of
Contemporary Greek Art of Kalamata,
which is the first step of a complex
methodology that will include more
chemical analyses.
The hyperspectral imaging succeeded in
identifying many pigments of the
paintings, by recording visible and nearinfrared reflectance in the range of 3601000 nm and by applying false-color
infrared imaging, using the Mu.S.I.S. HS
system of the ARTICON Lab-Uni.WA.
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This paper presents the preliminary
results of a study on the color palette of
portrait paintings in Greece during the
second half of the 19th and the beginning
of the 20th century. This group of portrait
paintings, belonging to the Gallery of
Contemporary Greek Art located in
Kalamata, Greece, is the first part of a
larger study, which will include paintings
from many well-known art galleries in
Greece.
The 19th century was a period of
enormous socio-political changes in
Greece. Thus, Greek painting of the
period could not be far from the reality of
the now free Greek state. (Plaka, 2013)
The arrival of King Otto firmly laid the
foundations of classicism and contributed
with a weighty role to the adoption of the
academism of the Munich School as the
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Spectral mapping of the pigments was
also carried out, which led to important
results concerning the technique used by
the Greek artists of the period. Finally,
the sampling points for the microscopy
techniques were safely determined.
(Alexopoulou, et al., 2018).
Optical microscopy and scanning
electron microscopy provided important
information about the stratigraphy of the
paintings,
thus
highlighting
the
technology of the paintings' construction.
Also, the use of EDS led to the
acquisition of the elemental composition
of areas of the samples, as well as their
elemental
mapping,
providing
information on the techniques and
materials used by the artists. (Calvo de
Castillo and Stirvay, 2012; Townsend &
Boon, 2012).
The results of this preliminary study
constitute the first step of a complex
methodology, which aims to draw
conclusions about the impact of the
influences of the Art Schools of that
period on the materials and techniques
used by Greek painters, and to examine
the role played by the discoveries of the
industrial revolution, such as the first
industrial pigments, the paint tube, etc.
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In Coptic Period, artists used variety of
organic and natural materials as paint
binders for their icons and mural painting
to produce particular effects in the
artifacts. The organic substances play
important role in the degradation of the
archeological object, whereas one of the
main dilemmatic is the identification of
the media itself. Most of these
identification methods are destructive. To
prevent this drawback, we used a microdestructive technique, namely the Raman
spectroscopy. Natural polymer binder
from egg yolk and egg white were
studied in terms of the interference
between egg yolk and egg white;
degraded and complex polymers; and
elucidation the mechanisms associated
with thermally aged egg white and egg
yolk
mimic
samples.
Raman
spectroscopy gave valuable results that
explained clearly the behavior of aged
samples and the interactions between the
media used. These results helped us to
conserve and protect the valuable
archeological Coptic objects.
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monuments close to the location of the
HNMS stations.
The main soluble salts considered are
halite (NaCl) and the system of
thenardite/mirabilite
(Na2SO4/Na2SO4*10H2O). Degradation
due to soluble salts is affected by the
transportation,
accumulation
and
crystallization of salt ions at different
depth profiles of the material, while the
thermodynamics of the salts’ equilibrium
(dissolution/crystallization/hydration) are
affected by atmospheric conditions. The
main factor for the transitions in salts’
equilibrium is the daily cycle of relative
humidity (RH) around certain thresholds,
e.g. 75.3% for crystallization of halite
and RHeq=59.11+0.87549*T where
T<22.5°C for crystallization and
hydration of the-nardite to mirabilite. The
later indicates the complexity of the
prediction system for multiphase salts.
The interpretation of atmospheric data
from the 21 stations of HNMS provided a
map with different risk levels for salts
crystallization on porous building
materials. This is an important initial step
for categorizing and prioritizing risk
factors of cultural heritage monuments in
Greece and taking advantage of the
several opportunities provided by ICT
and IoT technologies for safeguarding
built cultural heritage.
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Weather
conditions
affect
the
microclimate of buildings and especially
of archaeological and architectural
monuments
erected
hundreds
or
thousands of years ago. The alteration of
microclimate conditions may create
several new risks for monuments,
accelerating their weathering process.
For a country like Greece, filled with
numerous monuments built through
many different periods and having such
diverse weather and local-climate
conditions, the mapping of those threats
and the identification of the risks that
climate change possess are essential for
planning effective prevention and
mitigation actions.
In this work we study the preservation of
porous building materials found on
cultural heritage monuments, focusing on
the ternary system of weather conditions,
soluble
salts
crystallization
and
weathering rate of natural stones. Daily
observational data provided by 21
stations of the Hellenic National
Meteorological Service (HNMS) for the
period 1980-2004 are used to develop
appropriate algorithms for quantifying
the impact of climate change on
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conservation plans. Furthermore, for a
better understanding of the current
changes in the composition of the
atmosphere, it is important that the areas
under study are diverse (Pozo-Antonio et
al., 2022).
The monuments under study are the
Byzantine (late 12th century A.D.) church
of Ag. Charalambos in Kalamata, the
Byzantine (11th century A.D.) church of
Ag. Theodoroi and the Classical era (5th
century B.C.) Temple of Hephaestus in
Athens, Greece. The church of Ag.
Charalambos is located in a suburban
environment, about 2 km from the
Mediterranean
coastal
line.
The
monuments of Ag. Theodoroi and the
Temple of Hephaestus are located in a
heavily polluted urban centre. The
samples consisted of small (~ 1×1 cm)
black crust fragments, scraped from the
surface of the monuments. The samples
were studied under a JSM-6510LV JEOL
SEM (Scanning Electron Microscope),
coupled with an Energy Dispersive
Spectrometer
(EDS)
by
Oxford
Instruments.
The main types of particles found within
the black crusts’ matrices were: (a)
porous, rough carbonaceous particles,
deriving from diesel exhausts and
domestic boilers, (b) smooth, dense Sirich particles from vehicular emissions
and mineral dust, (c) metallic Ti-rich and
Fe-rich particles from coal combustion
and domestic heating, (d) Pb-rich
particles from past use of leaded
gasoline, (e) particles consisting of
various metallic ele-ments, including a
Cr-Pb-As-Ti particle and Fe-Zn particles, (f) K-rich biogenic particles.
Their mean size was under 10 and over
2.5 μm, showcasing the impact of
particulates of the PM10 fraction on
historic materials. This could be due to
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Air pollution is one of the primary
concerns regarding the future of Earth’s
climate and peoples’ health. In the recent
decades, there is a rising interest of the
scientific community in the way air
pollutants affect the building materials of
historic and modern constructions.
Taking into account the constant changes
in air chemistry and, subsequently, the
concentrations of pollutants affecting
materials, studies should focus on the
impact these changes have on the
deterioration processes of the materials
(Vidović et al., 2022). This is especially
critical when facing conservation
problems regarding built heritage, as
monuments are exposed to air pollution
within a much longer time frame and the
building materials that were used in
antiquity are now much more susceptible
to damage.
The aim of the study is to characterize
the particulate pollutants embedded in
decay layers found in three historic
monuments, according to their size,
micromorphology
and
chemical
composition. It is vital to identify the
type of pollutants participating in the
deterioration processes, in order to
estimate the state of preservation of a
monument
and
devise
accurate
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the more hygroscopic nature of bigger
particles, benefitting the chemical
reactivity of the materials and the gradual
formation of gypsum crusts.

P-81. A SUPERHYDROPHOBIC
AND
OLEOPHOBIC
COMPOSITE COATING FOR
THE
PRO-TECTION
OF
STONE-BUILT
CULTURAL
HERITAGE
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Biomimetic, superhydrophobic materials
have the potential to open new avenues
for the protection of stone-built cultural
heritage which is exposed to the
atmospheric conditions and it is therefore
deteriorated by the direct and indirect
effects of humidity and rainwater.
Superhydrophobicity, first observed on
various plant leaves, originates from
micro/nano-sized features and the
hydrophobic character of epicuticular
waxes (Neinhuis and Barthlott, 1997).
In the present study, solutions and
dispersions
were
prepared
using
Dynasylan SIVO 121, which is a waterborne silane system that contains
fluoroalkyl-functional groups, silica
(SiO2)
nanoparticles
and
a
fluoropolymer. The solutions and
dispersions were sprayed onto white
marble, which was commonly used in
heritage buildings of the Mediterranean.
Table 1 shows the results of contact
angle measurements of water (WCA) and
oil (OCA) drops on marble specimens
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coated by (i) Dynasylan (D), (ii)
Dynasylan and SiO2 nanoparticles (D/S),
(iii) Dynasylan and fluoropolymer (D/F)
and (iv) Dynasylan enriched with SiO2
nanoparticles and fluoropolymer (D/S/F).
According to SEM images, nanoparticles
induced a two-length scale roughness
enhancing the hydrophobic character of
Dynasylan
binder. Hence, WCA
increased from 115.6° (D) to 133.5°
(D/S). The fluoropolymer reduced the
surface energy of the deposited coating,
thus increasing WCA from 115.6° (D) to
129.5° (D/F). According to the results of
Table 1, the synergistic effect of
nanoparticles and low surface energy
agent lead to production of a
superhydrophobic coating (D/S/F) which
corresponds
to
WCA=160.0°.
Interestingly, the composite D/S/F
coating
exhibits
also
enhanced
oleophobicity (OCA=137.0°).
In contrast to other complex methods,
which have been suggested in the
literature to produce superhydrophobic
materials, the method described herein
can be applied for the treatment of very
large stone surfaces in atmospheric
conditions. It is stressed that water
repellency is not the only property for
conservation materials. The latter should
meet several specific criteria regarding,
for instance, their effect on the colour of
the original stone and their resistance to
water
absorption
by
capillarity
(Karapanagiotis and Manoudis, 2022). It
is reported that the D/S/F had only a
minor effect on the colour of white
marble and showed good resistance to the
capillary rise of water.
The study is currently extended to assess
the
efficacy
of
the
produced
superhydrophobic material to protect
limestone from the archaeological site of
Pella.

Table 1. Contact angles of water (WCA) and oil
(OCA) drops on marble specimens treated with
four different coatings, as described in the text.
Coating
WCA (°)
OCA (°)
115.6±1.7
87.9±2.8
D
133.4±1.8
111.5±1.6
D/S
118.9±1.0
D/F
129.5±1.0
137.0±2.0
D/S/F
160.0±1.0
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conservation-restoration phase (20002008).
Mortar samples were characterized
according to their petrographic, chemical,
mineralogical
and
microstructural
characteristics, following a multianalytical approach including: optical
microscopy (OM), stereomicroscope,
scanning electron microscopy coupled
with
energy
dispersive
X-ray
spectroscopy
(SEM/EDX),
X-ray
diffraction analysis (XRD) and grain-size
distribution analysis.
The results indicated the use of three
different types of mortars, namely: limebased,
lime-pozzolan
(ceramic
fragments) and lime-cement mortars
respectively. The data of archaeological
mortars were compared with Minoan
mortars of other archaeological sites in
Crete, in order to define any
technological trends.
Considering the complex issue of the
selection of appropriate conservation
mortars
and
the
multi-variable
parameters
of
compatibility,
the
interpretation of the above analytical data
aim to con-tribute on the on-going
discussion and provide some criteria for
adjusting the properties of conservation
mortars
and
balancing
between
performance,
durability,
ease
of
application, reproducibility as well as
compati-bility with both the mortars
technology of the specific period.
To this end, the establishment and
collaboration of a multi-disciplinary team
comprised of archaeologists, engineers,
materials scientists and conservators
provided the necessary effort for
selecting and evaluating in the field the
most promising conservation mortar mixtures.
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The Palace of Knossos bears unique
testimony to the Minoan civilization,
which was arguably considered as the
first centrally organized civilization to
flourish in Europe. The first palace was
built circa 1900 BC., it was destroyed
around 1700 BC and the new one was
constructed, befitting its character and
function as the center of political,
economic and religious authority.
This work presents and discusses the
analytical results of the mortars
employed
in
three
different
archaeological and historic periods at the
“Hall of the Double Axes” (“King’s
Megaron”), in the Minoan Palace of
Knossos. The samples studied were
representative of (a) the period of the
construction of the building, (b) the
restoration phase, attributed to Sir A.
Evans in the beginning of the 20th
century (1900-1930) and (c) the recent
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A research actual issue is the accurate
dating and chronology of historical and
archaeological mortars. Due to the
irreversible processes that result in
hardening, mortars are one of the few
materials that theoretically cannot be
recycled. Radiocarbon and Optically
Stimulated Luminescence (OSL), two
different dating methods, struggle to be
chosen as the most reliable and robust
method for this material (Hayen et al.;
Hajdas et al.; Urbanová et al.). The sandy
quartz grains must be bleached while the
mortar is being mixed and laid out in the
sunlight for the OSL dating method to
work. As a result, successful quartz
bleaching is a key factor in determining
OSL dates (Laura Panzeri, Cantù, et al.;
L. Panzeri et al.; Laura Panzeri, Maspero,
et al.). Here, we discuss OSL ages from
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two locations in Northern Italy: the
ancient Roman theatre in Padua and the
mediaeval castle of Cannero on a small
island of Lake Maggiore. Along with the
preliminary Radiocarbon ages, Ricci et
al. (2020) previously detailed the
geological, archaeological, and historical
background of these locations (Ricci et
al.). Three regenerated doses to
multigrain (MG) quartz aliquots were
used in the preliminary OSL results
based on the Single Aliquot Regeneration
(SAR) technique. These results showed
distributions of ED (Equivalent Dose),
which significantly mismatched the
results' expected ages. The current work
attempts a further investigation on the
impacts of various data analysis methods,
including
(a)
investigation
on
representative value of different E.D, (b)
find exclusion criteria by various
statistical indicators like: skewness,
kyrtosis, recuperation and recycling ratio
, and (c) appropriate statistical analysis
by selecting the appropriate age model
(descriptive statistics, Central Age
Model, Minimum Age Model (Galbraith
et al.). The contribution of OSL signal
itself (residual distribution analysis,
kinetic parameters, and the percentage
contribution of each OSL component to
the overall signal) was also assessed.
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(2nd- 4th century AD) in situ as essential
parts of the architectural remains. Mortar
samples from these processes have been
collected and studied in the Laboratory of
Archaeometry at the University of
Peloponnese.
The present research is focused on the
mineralogical and chemical identification
of mortars’ raw materials but also on
their
technological
characteristics
acquired due to the manufacturing
process. Through optical microscopy,
ceramic fragments are recognized on
most of the samples referring on typical
cocciopesto mortars. The aggregates and
the additives of ceramic fragments, as
well as the type of the binder of each
sample are investigated by means of
Scanning Electron Microscopy, equipped
with Energy Dispersive Analyzer (SEMEDS) and through X-Ray Powder
Diffraction (XRPD) analysis. The
chemical composition of ceramic
fragments, their interaction with the
binder and the existence of hydraulic
reactions are some of the research
questions. Moreover, other tests on
technical characteristics have been
carried out, regarding the porosity
properties and aggregates grain size
distribution of the mortars.
The results obtained by this analysis
provide valuable information on the
construction of the mosaic mortars, as
well as the identification of their raw
materials and the interaction between
them.
So far, the research indicates the
existence of high quality mortars, due to
the use of a fine lime bedding layer, that
confirms the Vitruvius’ mosaic substrate
model and thus further broadening our
knowledge about the similarities and
alterations
of
production
and
technological elements, that have been
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The fragments of mortar substrates are
often considered to be of secondary
importance in mosaic studies and the
archaeological research usually focuses
on the iconographic analysis, thus
ignoring these supporting mortar layers.
Furthermore, during the conservation
implementations of the past, it was
accustomed to remove and discard these
mortars, especially if they were in poor
condition. The objective of the
excavation program at Ancient Messene
in the Southern Peloponnese, Greece, led
by
the
Society
of
Messenian
Archaeological Studies and directed by
professor P. Themelis, manage to reveal,
conserve and promote the mosaic floors
238

7th SYMPOSIUM ARCH_RNT
Archaeological Research & New Technologies
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Procedure for a mortar type identification: A
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used on different mosaic floors in the
ancient city of Messene.
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the medieval capital of the island. The
castle of Pythagoreio has several phases
which cannot be attributed to a specific
era.
Overall 16 mortar samples were selected,
coming from the inner walls of the
constructions. The walls of the
monuments presented a homogenous
structure. The samples were analysed
with OM and SEM/EDS at the
Laboratory of Archaeometry of the
University of the Peloponnese and their
micromorphological
and
chemical
characteristics were documented.
The samples indicated their lime binder
composition with a considerable number
of aggregates in a variety of sizes. Three
out of four monuments presented the use
of homogeneous mortar indicating that
the mortars represent a singular phase of
construction. The north wall of the castle
of Pythagoreio, the Dodekaporto and the
samples from the north, south and west
wall of Virgin Mary of the river samples
showed a similar mortar mixture pointing
out at a similar period of construction.
The fourth monument, Lazaros church, is
of earlier dating and the mortar samples
presented
a
different,
coarser
consistency.
The first preliminary results are
encouraging in identifying the mortars as
Byzantines,
excluding
any
other
assumption
based
on
the
binder/aggregate ratio (1:2) and the use
of cocciopesto in the mixture.
The selected monuments cover a
relatively large chronological horizon
from the 7th to the 11th century. Since no
archaeometrical research has been
conducted in this area so far, the present
study will contribute not only to the
research field but also to future research
on Samos, as well as its neighboring
islands.
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The island of Samos, on the eastern
Aegean border of Greece, was a
significant naval power from antiquity to
the medieval times. During the last
decade, byzantine Samos has been the
subject of systematic archaeological
research. The examination of some
monuments presented difficulties in
terms of use and chronology, while in
one case it was impossible to say whether
the monument is Byzantine, Frankish, or
Ottoman.
In this sense, four monuments of
particular interest were selected for a
thorough examination of their mortars,
aiming to answer the aforementioned
questions: (1) The church of the Virgin
Mary of the river on the NW coast,
catholicon of an 11th-century monastery
with several reconstruction phases; (2)
The church of Castle Lazaros on the
summit of Ampelos, which is the only
mortared building of this 7th-century
fortification;
(3)
Dodekaporto,
a
monument of unidentified use and
chronology in the southern plain of
Chora, and (4) the castle of Pythagoreio,
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A systematic excavation of ancient
Pistiros, exposed the fortification wall
and unveiled the city’s architecture. The
eastern,
northern
and
western
fortifications are constructed of limestone
blocks of allegedly Thassian origin. The
south sector is made of marble slabs,
attributed to yet undefined local quarries.
The rock fragments selected for analysis
represent both classes of the material
found in the wall, while marble tiles from
the city buildings provide a third
category, which is of “uncertain
provenance".
In this work we report the findings
resulted from measurements of 16 marble
fragments using optical microscopy and
PXRD. The petrographic study showed
that the samples, are of complex
dolomite or calcite-rich nature which
concurs with the XRD finds. The 2θ
diffraction peak positions are shifted with
respect to those expected from the
stoichiometric samples and specific
reflections i.e., h0l, 0kl (l odd), are
strongly attenuated, indicating Mgdeficiency in the dolomite structure.
Different quarries display similar pattern
shifts (Figure 1). The Rietveld refinement
showed that within the same sample exist
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multiple carbonate phases (Fig.2), with
different structural parameters. This is
caused
by
the
unit
cell
contraction/expansion from the random
replacement of Ca2+ mainly by Mg2+ or
[Mn2+, Sr2+] in the calcite lattice or
excess Ca into the dolomite structure.

Figure 2. Profile fitting of sample PS5 (104) peak,
display 3 phases of non-stoichiometric dolomite
with different structural and compositional
features.
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Figure 22. Depicts on the left: the Kavala quarry
calcite type diffraction patterns (purple), the South
wall PS1(red), PS2(green), PS3 (blue). On the
right: the Thassos quarry dolomite type diffraction
profiles (red), North wall PS5 (green) and PS4
(light blue).

Comparing the petrographic and XRD
results, we could identify two marble
clusters. The first dolomitic class is of
Thassian origin and the second limestone
slabs can be attributed to local NestosKavala bedrocks. However, the goodness
of the fit in the Rietveld refinement has
been hindered due to kα2 signal masking
specific Ca-Mg carbonate peaks, and
added to the difficulty in obtaining viable
profile statistics specially on overlapping
phase peaks. Thus, the calculated Mg/Ca
ratios, are affected by moderate
uncertainties. Nevertheless, our results,
demonstrate that XRD data from
defective layer carbonate structures, can
be analysed by Rietveld method to
deliver the characteristic signatures of the
structural and compositional divergencies
among the samples, but also suggests the
need of single wavelength photons at the
highest possible resolution to obtain
more accurate results.
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shades of gray dominate in the entire
lithic assemblage of Kouvaras cave.
Obsidian tools were also found, but in
smaller numbers. The most typical tools
are the geometric microliths, mainly
lunates, backed bladelets and end
scrapers (Mavridis et al., 2009).
Aim of this study is the determination of
the provenance of raw materials (mainly
flint) through various non-invasive
archaeometric techniques. The basic
techniques used were the Microscopic
analysis and utilization of advanced
Electron
Microscopy
(SEM-EDX)
techniques for grouping geochemically
the tools, as well as the chemi-cal
analysis with a portable X-ray
fluorescence (XRF) for the qualitative
and quantitative determination of the
chemistry of minerals and their trace
elements. SEM study was performed in
raw samples without any treatment, in
this study. Most of the measurements
were applied at the Laboratory of
Archaeometry of the University of the
Pel-oponnese, into the framework of the
Postdoctoral research grant ‘ARISTEAS’
and at the Laboratory of Mineralogy,
Petrology and Economic Geology of the
Section of Geological Sciences at the
School of Mining and Metallurgical
Engineering, NTUA, Athens.
Our preliminary results have shown some
geochemical
differences
and/or
similarities among the flint tools,
indicating the predominance of local flint
sources. Our microscopic observations
eliminated the presence of radio-larian
silicate fossils, thus possibly attributing
the silicate content to hydrothermal
activity (Figure 1). In the near future, it is
planned to observe the samples in thin
sections under the microscope for a better
investigation
of
their
subsurface
morphology. More analyses will be
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The Mesolithic cave of Kouvaras, is
located on a hill at an altitude of 173 m,
in the area of the settlement of Kouvaras
in Eastern Attica. This is an ongoing,
interdisciplinary excavation under the
supervision of the Ephorate of
Paleoanthropology and Speleology of the
Ministry of Culture and Sports.
The excavation of this cave has started in
2019 and has so far brought to light
findings of great importance and
significance for the prehistory of Attica
and especially for the Mesolithic period
(10th-9th BC), which is not sufficiently
studied in Greece and especially in the
region of Attica. The presence of many
stone tools found during the excavation
of 2019 is remarkable. The use of quartz
and different varieties of flint, from
reddish-reddish brown color and various
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carried out to pinpoint the distribution of
raw materials during the Mesolithic
period in Attica and mapping some
possible ‘travel routes’ and ‘networks’
for the finding of the raw material.
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